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FIGURE 111-11 Gross pathology sections of the liver in Caroli
disease show multiple saccular dilations of the intrahepatic bile
ducts and black-pigmented calcium bilirubinate stones. Septum-
like fiorovascular bundles (arrow) are seen on the walls of the cut
saccul.

magnetic resonance imaging, and CT have been shown
to be useful in detecting saccular dilation of the intrahe-
patic bile ducts. The sacculi may vary greatly in size and
distribution within the liver.”" CT scans of the liver show
tiny dots with strong contrast enhancement within the
dilated intrahepatic bile ducts or the “central dot sign,”
which corresponds to intraluminal portal radicles sur-
rounded by the dilated intrahepatic bile ducts (Figure
111-11).%4%

The long-term prognosis for patients with Caroli
disease is quite poor, with a marked predisposition to
septicemia, liver abscess, resultant hepatic failure, portal
hypertension, or cholangiocarcinoma.*® Cholangiocarci-
noma has been reported in about 7% of patients.”** The
therapeutic management of Caroli disease is difficult,
whether using conservative medical management or sur-
gical interventions. Liver transplantation should be con-
sidered if the patient’s condition deteriorates.’®*’
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Choledochal Cyst

Hisami Ando '
Department of Pediatric Surgery,

Nagoya University Graduate School of Medicine, Japan

INTRODUCTION

History and Definition

Douglas® reported the first authentic case of
choledochal cyst in 1852. Choledochal cysts
are uncommon anomalies of the biliary system
characterized by localized cystic or fusiform
dilatation of the common bile duct with or without
intrahepatic biliary dilatation and are associated
with pancreaticobiliary maljunction (Figure 1).
The wall of the cyst is usually thickened and
dense connective tissue, fibrocollagenous and
sometimes smooth muscle and elastic elements,
are encountered.

Figure l. Characteristic image of a choledochal cyst
by endoscopic retrograde cholangiopancreatography

characterized by bile duct dilatation and

pancreaticobiliary maljunction.

Pancreaticobiliary maljunction is a congenital
anomaly defined as an abnormal connection
between the pancreatic and common bile duct
that is located outside the duodenal wall and
usuaily forms a markedly long common channel
{215 mm).? Kozumi and Kodama? first conducted a
detailed analysis of pancreaticobiliary maljunction
in an autopsy case with a choledochal cystin 1916.
However, pathologists and physicians did not pay
attention to this anomaly for many years. Babbitt*
reported 3 patients with pancreaticobiliary
maljunction along with his concept of the etiology
and pathophysiology of choledochal cyst in 1969.
Since Komi et al® introduced Babbitt’s article,
many physicians have paid attention to relations
between choledochal cysts and pancreaticobiliary
maljunction.

Incidence

Choledochal cysts had been generally considered
rare, but recently the number of cases reported
in the literature has steadily increased. The
incidence of choledochal cysts in Western
countries is 1 in 50,000-2,000,000 live births.®
However, choledochal cysts are not uncommon in
Asia and a marked prevalence has been seen in
the Japanese population with an incidence of 1 in
1,000.7 The preponderance of female patients is
well known, with the female-to-male ratio being
3 or 4 to 1.7 Choledochal cysts are found at any
age, but almast half of the cases are in children
younger than 10 years.
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EMBRYOLOGY

Mechanism of Bile Duct Dilatation in
Choledochal Cysts

Many theories have been proposed to explain
the origin of bile duct dilatation; narrowing of the
common bile duct from below by persistence of
fetal physiologic epithelial occlusion an obstruction
localized at the junction of the bile duct and
the pancreas, such as an abnormal angularity or
congenital stenosis of the terminal common bile
duct. In addition, there is another theory which is
the inequality of proliferation of the epithelial cells
of the proximal portion in the primitive stage of the
common bile duct with proliferation of the cells of
the upper segment and less proliferation of the
lower portion. The result is that the upper part of
the duct becomes abnormally wide and the lower
part relatively narrow.®2 However, the mechanism
of bile duct dilatation remains uncertain. Amylase
is not a causative factor of bile duct dilatation with
structural weakening of the wall of the bile duct
and then secondary dilatation.

Embryogenesis of Pancreaticobiliary
Maljunction

Pancreaticobiliary maljunction is thought to
develop as a misarrangement of the embryonic
connections in the pancreaticobiliary ductal
system, with the terminal bile duct joined to the
second branch of the ventral pancreas.® During
the development of the bile duct, abnormal
fusion may occur between the bile duct and
branches of the right ventral pancreatic duct.
The site in the bile duct where a branch of
the pancreatic duct joins it is likely to develop
atresia due to disturbance of the recanalization
process.’® However, the embryogenesis of
pancreaticobiliary maljunction remains obscure
because observation of the fetal development
of this anomaly is extremely difficult, and also
there is a lack of suitable animal models.

CLASSIFICATION

Classification of Cystic Disorders of
the Bile Duct

In 1959, Alonso-Lej et al*! classified extrahepatic
bile duct cysts into 3 types: type | is congenital

cystic dilatation of the common bile duct where
the intrahepatic tree is usually normal; type I,
congenital diverticulum of the common bile duct;
type lll, choledochocele, a cystic dilatation of the
distal segment of the common bile duct protruding
intotheduodenallumen. Alonso-Lej’s classification,
however, did not include intrahepatic bile duct
dilatation or pancreaticobiliary maljunction.
Todani et al** refined the classification of bile
duct cysts into 5 types and included the concept
of pancreaticobiliary maljunction (Figure 2).
Type IV-A is a choledochal cyst complicated by
intrahepatic duct dilatation. Type V is single
or multiple intrahepatic duct dilatations.
Pancreaticobiliary maljunction is not included
with type Il, type Il and type V. Therefore, in a
narrow definition, choledochal cyst involves only
type | (except type Ib) and type 1V-A. Choledochal
cysts have been subdivided into those exhibiting
cystic, cylindrical, or fusiform dilatation of
the common bile duct. However, there is no
difference in symptoms, signs, complications, or
surgical care among these types. Consequently,
there is little point in dividing choledochal cysts
into several types by the degree of expansion of
the bile duct.

Forme Fruste Choledochal Cyst
(Pancreaticobiliary Maljunction
without Biliary Dilatation)

Lilly et al*® in 1985 coined the term ‘forme fruste
choledochal cyst’” which has the characteristic
features of a choledochal cyst except for the
cystic component. The first report of a case of
choledochal cyst with minimal dilatation of the
cyst was by Okada et al** in 1981 and it was called
the ‘common channel syndrome’. Now, forme
fruste choledochal cyst is known as a variant
of a choledochal cyst that has minimal or no
dilatation of the extrahepatic bile duct (Figure 3).
In Japan, these cases are called ‘pancreaticobiliary
maljunction without biliary dilatation’. However,
it is not so easy to distinguish between a true
choledochal cyst and the forme fruste because
the definition of common bile duct dilatation is
not clear.

Forme fruste is considered extremely rare
in infants and children, though it is found more
frequently in adults. If dilatation of the common
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Figure 2. Todani’s classification of cystic disorders of the bile ducts.

IV-A

bile duct is not identified by ultrasonography and
endoscopic retrograde cholangiopancreatography
(ERCP) is not performed, this type is easily
overlooked. According to a nationwide survey
in Japan, cases of pancreaticobiliary maljunction
without biliary dilatation in adult were 20.3%
(514 cases) in patients with pancreaticobiliary
maljunction (2,529 cases) and in children they
were only 2.7% (68 cases).?

PATHOPHYSIOLOGY

As the action of the sphincter of Oddi does not
functionally affect the junction of the pancreas
and bile duct, two-way regurgitation occurs with
pancreaticobiliary maljunction: regurgitation
of pancreatic juice into the bile duct, and
regurgitation of bile juice into the pancreatic
duct. This two-way regurgitation brings about
various pathological changes in the biliary tract
and in the pancreas.’

Bile containingregurgitated pancreaticjuice has

Figure 3. Pancreaticobiliary maljunction without
g <0 y y been reported to produce substances hazardous

biliary dilatation (forme fruste choledochal cyst).
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to the biliary epithelium, including activated
pancreatic enzymes, lysolecithin, secondary or
unconjugated bile acids and mutagens.” These
agents may injure the epithelium of the biliary
tract and induce metaplasia or promote cancer.
The incidence of epithelial hyperplasia of the
gallbladder associated with pancreaticobiliary
maljunctions reportedly ranges from 39% to 63%.
K-ras mutations in the noncancerous gallbladder
epithelium have been detected in 22-50% of
the patients with pancreaticobiliary maljunction.
Molecular abnormalities of the biliary epithelium
include activating the K-ras point mutation and
TP53 inactivation. The K-ras mutation occurs
early in multistage carcinogenesis, and TP53
inactivation occurs relatively late.'® Speeding up
of the cell cycle, hyperplasia, and K-ras mutation
begin during childhood. Various oncogenic factors
have been implicated in biliary carcinogenesis
in patients with choledochal cysts. Although
carcinogenesis in the cystic lesions is not yet fully
understood, cholestasis and recurrent cholangitis
may play an important role in provoking malignant
change of the biliary epithelium.

SIGNS AND SYMPTOMS

The classical triad of abdominal pain, jaundice,
and an abdominal mass was originally described
as the key features of choledochal cysts, but
now it is present in fewer than 20% of patients.™
Major clinical symptoms with choledochal cysts
in children are recurrent abdominal pain (81.8%)
that may occur repeatedly for several days,
nausea and vomiting (65.5%), mild jaundice
{43.6%), an abdominal mass (29.0%), and fever
(29.0%).° Abdominal pain is the most frequent
symptom in adult, but it is nonspecific, and
one third of adults are asymptomatic.?* Other
common symptoms in adult are jaundice,
vomiting, and fever. Pancreatitis may be one of
the other major presentations in adults. However,
acute pancreatitis is observed more frequently
in children from 1 to 15 years of age (70.6%)
than in adults {18.6%). Meanwhile, symptoms of
forme fruste cysts in children include recurrent
abdominal pain, jaundice, fever, and pancreatitis
and these closely resemble those seen in patients
with choledochal cysts.

Figure 4. Protein plugs incarcerated in the common
channel (arrow).

The occurrence of these symptoms may
be explained by the disturbance in bile and
pancreatic secretory flow caused by protein plugs,
which resolve spontaneously.?® Protein plugs are
compacted in the common channel, obstruct the
bile and pancreatic ducts, and increase intraductal
pressure, resulting in these symptoms (Figure 4).
Intermittent symptoms may be due to repeated
plug formation.

DIAGNOSIS

Biochemical Examination

There are no specific laboratory tests to identify
choledochal cysts, but patients sometimes show
abnormal levels of serum bilirubin, serum amylase,
lipase, and transaminases. Pancreatic enzymes,
especially amylase, in the bile within the bile duct
and gallbladder are generally present at extremely
high levels of 20,000-200,000 IU/L.?> An elevated
level of amylase in the bile seems to be a useful
biochemical marker of pancreatic reflux into the
bile duct. However, the pancreatic amylase activity
in newborns is 3% of that of adults, begins to
increase at 7-8 months, and reaches adult values
by 5 years. Therefore, the amylase level in the bile
of very young children appears not to be a reliable
biochemical marker of pancreatic reflux. Recently, it
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has become obvious that these refluxes can occur in
individuals without pancreaticobiliary maljunction.
It is called high confluence of pancreaticobiliary
ducts in which the common channel is at least
6 mm long and the effect of the sphincter does
reach the pancreaticobiliary junction.” In addition,
pancreaticobiliary reflux can also occur in cases of
sphincter dysfunction, periampullary diverticula,
and after endoscopic sphincterotomy or endoscopic
papillary balloon dilatation.

Diagnostic Imaging

The  non-invasiveness and  accuracy of
ultrasonography support its use as the initial
investigative procedure. Ultrasonography clearly
identifies the dilated common bile duct, and
shows biliary sludge or stones within the cyst
in some cases. Focal thickening of the cyst wall
raises the suspicion of a carcinoma.

Radiographic visualization of both the biliary
tree and pancreatic duct prior to surgery is helpful
for the surgical manipulation and complete
excision of the cyst. Endoscopic retrograde
cholangiopancreatography particularly provides
an excellent visualization of the cyst, duct
anatomy, and pancreaticobiliary maljunction.
Endoscopic retrograde cholangiopancreatography
provides characteristic images of choledochal
cysts: localized cystic dilatation involving the
common bile duct, stenosis at the lower portion of
the cyst, abnormal junction of the pancreatic and
bile ducts away from the papilla, dilated common
channel, normal dorsal pancreatic duct, dilated
cystic duct, and stenoses at the hepatic ducts
(Figure 1). This examination is important in order
to avoid intraoperative injury of the pancreatic
duct and to recognize protein plugs within the
common channel. However, ERCP is invasive and
associated with a small risk of complications such
as iatrogenic pancreatitis and acute cholangitis.
Additionally, ERCP must be performed under
general anesthesia in children.

A new imaging technique, endoscopic
ultrasonography  (EUS), allows adequate
visualization and high-resolution imaging of the
pancreatobiliary region.?® The muscularis propria
of the duodenum and pancreatic parenchyma
can be examined by EUS, confirming that the
pancreaticobiliary junction lies outside the

Choledochal Cyst M Ando

duodenal wall irrespective of the length of
the common channel (Figure 5). Endoscopic
ultrasonography is helpful in diagnosing
gallbladder cancer, choledocholithiasis, acute
pancreatitis and choledochal cysts as well as
pancreaticobiliary maljunction. It is a safer imaging
technique than ERCP and can be performed in
outpatients; however, it must be performed by an
experienced specialist as its diagnostic accuracy
is operator-dependent.

Endoscopic  ultrasonography has  major
complications, e.g. esophageal perforation,
pharyngeal and duodenal perforation, and

bleeding, in around 0.05%.

Magnetic resonance cholangio-
pancreatography (MRCP) can play an important
role as a non-invasive examination without
radiation exposure and should be considered
a first-choice imaging technique for evaluation
of choledochal cysts (Figure 6). Magnetic
resonance cholangiopancreatography appears
to offer diagnostic information for assessment
of choledochal cysts in adults and provides
a non-invasive method that is particularly
advantageous in postoperative patients, and may
be an efficacious alternative to ERCP.? Its greatest
strength compared with computed tomography
(CT) is its availability for biliary obstructed
patients such as patients with severe jaundice
and protein plugs.?® However, MRCP often fails

Figure 5. Endoscopic ultrasonography findings of
pancreaticobiliary maljunction. The pancreatic duct
(PD) and bile duct (BD) join anatomically outside the
duodenal wall (DW).
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to provide clear imaging in children due to the
difficulty of their holding their breaths.

Computed tomography combined with
intravenous cholangiography is useful for
the demonstration of a cyst or postoperative
evaluation for intrahepatic bile ducts and
bilioenteric anastomoses. The great advantage
of CT is its ability to produce high-quality images
without respiratory artifacts and to provide more
anatomical detail of the biliary tract.?” Helical
CT cholangiography is useful for identifying the
anastomotic site of hepaticojejunostomy and
hepatic ductal stenosis during postoperative
follow-up.?® Three-dimensional CT is useful for
delineating the positions of the intrahepatic
biliary branches and detecting biliary stenoses.

Prenatal Diagnosis

The first case of an antenatally diagnosed
choledochal cyst by ultrasonography was reported
in 1980, and since then the number of cases
of choledochal cysts diagnosed prenatally has
increased.” However, the ratio of cases diagnosed
prenatally is £5% of all cases of choledochal cysts.
There is a report of a diagnosis in the 15th week;
however, most of the cases are detected during
the second or third trimester (4—6 months).3 It
is interesting to note that most of these cysts are
of large size, and there are no reports of fusiform
choledochal cysts detected prenatally.®®

Figure 6. Magnetic resonance cholangiopancreato-
graphy findings of a choledochal cyst.

The diagnosis is suggested by the presence
of a cyst having a size of 2-3 cm in the
subhepatic area in an examination for fetus
ultrasonography or magnetic resonance imaging
(MRI) (Figure 7). The differential diagnosis
of such a cystic mass on the right side of the
abdomen includes duodenal atresia, ovarian cyst,
enteric duplication cyst, meconium pseudocyst,
mesenteric cyst, hydronephrosis, and biliary
atresia.?! Particularly, cystic biliary atresia (type |
cyst) is important in the differential diagnosis of
a choledochal cyst on antenatal ultrasound scan
or MRI, and children with presumed choledochal
cysts should undergo early exploration to rule it
out.

COMPLICATIONS
Cholelithiasis

Cholelithiasis is the most frequent complication
associated with choledochal cysts. The prevalence
of intracystic stones ranges from 9.0% in children
to 24.1% in adults, with the stone site being in
the gallbladder in 12.7%, bile duct in 65.8%, and
liver in 21.5% of cases.® A nationwide survey in
Japan collected 1947 cases (950 children and

Figure 7. Fetal common bile duct. A round cystic
mass is recognized in the subhepatic area.
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997 adults) and reported a higher incidence
of galistones in adults than children (23.3% vs
9.5%).15

Pancreatitis

The frequency of acute pancreatitis in children
with choledochal cysts is reportedly 68% and
ranges from 18% to 23% in adults.®* However,
acute pancreatitis associated with a choledochal
cyst is usually mild and recurrent without
extrapancreatic spread or pancreatic fluid
collection. During an attack of acute pancreatitis,
protein plugs obstruct the common channel by
a ball valve mechanism, and provoke increased
intraductal pressure of the pancreaticobiliary
ducts.3® Most protein plugs are fragile and
disappear spontaneously because they consist of
>98% of protein, which explains the self-limiting
nature of the symptoms.® Radiolucent filling
defects consisting of protein plugs were detected
in a common channel in 40% of patients with
choledochal cysts? (Figure 4).

Pancreatitis is treated conservatively by fasting.
However, some protein plugs do not disappear but
exacerbate symptoms, requiring biliary drainage
for symptomatic relief. Endoscopic drainage
is thought to be an effective pre-operative
treatment when pancreatitis is uncontrollable by
medical therapy and is induced by protein plugs
in the dilated common channel.

Spontaneous Perforation

Dijkstra®* reported the first case of the
spontaneous perforation of the bile duct in
1932. Lilly et al*® in 1974 described a series of
53 cases collected from the world literature and
Yamaguchi’ reported a collection of 26 Japanese
cases in 1,433 patients with choledochal cysts
(1.8%). Spontaneous perforation of the bile
duct is uncommonly encountered in infancy.
However, this is one of the complications of the
choledochal cyst. The exact cause of perforation
still remains uncertain. Some authors believe that
irritation from refluxed pancreatic juice coupled
with an immature bile duct wall is responsible
for the spontaneous perforation of the bile duct,
and it may be the result of the acute increase in
intraluminal pressure by the protein plugs.3**’

CholedochalCyst M Ando

Spontaneous perforation of the bile duct
may manifest clinically as an acute abdomen
with bile peritonitis but many patients do not
present with typical signs of overt peritonitis.
Abdominal guarding and rebound tenderness are
not apparent in many cases. Bile peritonitis is
usually a sterile chemical inflammation and may
not create signs similar to bacterial peritonitis
secondary to bowel perforation. Hence, the
abdominal signs and symptoms are nonspecific.
The serum bilirubin is not markedly elevated
possibly as a result of rupture leading to partial
decompression of the biliary system.¥3® As
mentioned above, spontaneous perforation of the
bile duct can be a diagnostic challenge because
the clinical presentation is often nonspecific.
However, ultrasonography, MRl or CT can
diagnose it without much difficulty. Peritoneal
free fluid with dilated bile ducts is very suggestive
of spontaneous perforation.

Carcinoma

It is well-known that a choledochal cyst has
a significant association with biliary tract
carcinoma.'? However, no attention was paid to
this previously. Irwin and Morison®® described
the first reported malignancy associated with a
choledochal cystin 1944. Malignant transformation
might develop mainly in the gallbladder and bile
duct, because the biliary epithelium is influenced
by both bile stasis and activated pancreatic juice.
According to a nationwide survey performed in
lapan, cancer of the biliary tract was found in
21.6% of 997 patients with choledochal cysts
in adulthood and was in the extrahepatic bile
duct in 32.1% and gallbladder in 62.3%.% This is
significantly higher than the 0.01-0.05% incidence
of bile duct cancer in the general population. The
incidence of bile duct cancer increases with age
from 2% for patients in their 20s to 43% for those
in their 60s.* In addition, gallbladder cancer
is often associated with forme fruste cysts and
was detected in 37.4% of 514 adult patients?®
(Table 1).

The presence of carcinoma in a choledochal
cyst is mainly found in adult patients. However,
carcinoma of patients with choledochal cysts also
tends to occur in the younger age group (younger
than 15 years old) and 9 cases of biliary tract
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Table I.
Incidence of Biliary Tract Cancer in Adult Choledochal Cysts

Number of patients
Biliary tract cancer (%)

215 (21.6)

514

cancer have been reported in Japan. The youngest
reported to have adenocarcinoma arising in
a choledochal cyst was a 3-year-old boy.*
Therefore, once the diagnosis of choledochal
cyst is made, early radical surgery should be
performed, irrespective of the patient’s age.

TREATMENT

History

The first successful report of treatment was a
case who had a cholecystojejunostomy by Swain
et al in 1894 and the next successful report
was a choledochocystojejunostomy in 1897.
Internal drainage had previously been performed
commonly as a safety treatment of choledochal
cyst to relieve stagnation of bile flow. Early
reports suggested that internal drainage (e.g.,
cystoenterostomy) was satisfactory surgical
treatment. However, drainage procedures have
been abandoned because of the high rate
of complications by choledocholithiasis and
biliary malignancy.** Todani et al*® reported
that patients with previous internal drainage
developed cancer at a mean age of 35.6 years,
approximately 10 years after cystojejunostomy
or cystoduodenostomy. This average age was
thought to be 15 years earlier than that of
patients with cancer who had not undergone
previous drainage surgery. Therefore, internal
drainage augmented the risk of malignant change
despite alleviation of cholestasis.

Kasai et al* in 1970 reported that choledochal
cysts should be removed and replaced by a
hepaticojejunostomy in a Roux-en-Y fashion, even
in children, to reduce postoperative morbidity
and prevent cancer. Prophylactic biliary diversion
surgery became the standard operation for
choledochal cysts, because it stopped the reflux
of pancreatic juice through pancreaticobiliary
maljunction.”® This surgical procedure, of bile
duct resection and bilioenteric anastomosis is
referred to as the ‘separation-operation’.

Operative Procedures for Choledochal
Cysts

Complete excision of the extrahepatic bile
duct has been widely adopted as the standard
treatment of choledochal cysts. The aim of this
operation is to excise both the common bile duct
and the gallbladder, where malignancy may arise,
and to prevent both bile stasis and the reflux of
pancreatic juice into the bile duct.

First, the gallbladder is mobilized then,
dissection of the intrapancreatic cyst proceeds
on the outer plane of the epicholedochal plexus
where only loose fibrous tissue exists so as to leave
the plexus with the cyst wall.*® For the resection
of the cyst, there are some other methods. In
Lilly’s method the cyst wall is incised transversely
at first and a plane of dissection is selected in
the posterior wall which will separate it into
a thin outer and thick inner layer®” (Figure 8).
After completing the separation, the inner wall is
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