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ABSTRACT

Choledochal cysts are a congenital anomaly, and they
show dilatation of the intra- or extrahepatic biliary
tree. These cysts are uncommon in Western countries,
but are not rare in Asian countries. Choledochal cysts
are classified into five groups based on location or
shape of the cysts. Types | and IV-A cysts are the
most common types, which are associated with ano-
malous pancreaticobiliary junction (APBJ), but other
cysts are not associated with APBJ. Types | and IV-A
cysts appear to belong to a different category from
other cysts embryologically. Types | and IV-A cysts
accompany anomalies of the pancreas. Types | and
IV-A cysts might occur when left ventral anlage per-
sists, and with disturbed recanalization of the com-
mon bile duct. Endoscopic retrograde cholangiopan-
creatography is the gold standard for detecting APBJ,
but it is an invasive procedure. Magnetic resonance
cholangiopancreatography (MRCP) is a non-invasive
imaging tool for detecting pancreatic and biliary trees.
MRCP is the first-choice modality for diagnosing
choledochal cysts and APBJ in pediatric patients.
Cystoenterostomy is been performed because of high
complication and mortality rates. Complete excision
of the cysts with Roux-en-Y hepatojejunostomy is a
standard procedure for choledochal cysts to prevent
postoperative complications, including development
of cancer. In this study, we review classification, patho-
genesis, diagnosis, and treatment of Types | and IV-A
choledochal cysts.

Keywords: Choledochal Cysts; Anomalous
Pancreaticobiliary Junction; Pancreatic Polypeptide;
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1. INTRODUCTION

Choledochal cysts are congenital anomalies of the biliary
tree, and they show dilatation of the intra- and extra-
hepatic biliary tree. In 1723, Vater first described dilata-
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tion of the common bile duct [1]. Douglas wrote the first
clinical report of choledochal cysts in 1852 [2]. In 1959,
Alonso-Lej et al. collected 96 cases of choledochal cysts
and classified them into three categories [3]: cystic dila-
tation of the common bile duct (CBD), diverticula of the
CBD, and choledochocele. In 1977, Todani et al. refined
this classification by adding two categories [4]. Types |
and IV-A cysts are more common in female than in male
patients, and the female-to-male ratio ranges from 3:1 to
4:1 [5-7]. The incidence of cysts was reported to be ap-
proximately 1:100,000 - 150,000 live births in Western
countries [7].

Most of the cysts (85%) are reported to be diagnosed
in the first decade or under 15 years of age. Approxi-
mately 20% of cysts are diagnosed in older patients
[8-10]. The risk of gallbladder or bile duct cancer has
been reported in many studies. The incidence of biliary
tract cancer in patients with choledochal cysts was re-
ported as 6% - 20% in the United States and approxi-
mately 15% - 20% in Japan [11-14]. The incidence of
gallbladder or bile duct cancer increases with age. In
patients with choledochal cysts under the age of 10 years,
the risk of developing biliary duct cancer is 0.7%, and
the risk increases to 14.3% for patients over 20 years of
age in Western countries [15]. The incidence of gall-
bladder or bile duct cancer is 0.3% in children, whereas
it is 15.6% in adults. Gallbladder or bile duct cancer oc-
curs in 26% of patients under 40 years old and in 45.5%
of them over 70 years old in the Japanese literature [16].
The incidence of gallbladder cancer (67.8%) is more fre-
quent than that of bile duct cancer (32.1%) in patients
with choledochal cysts, according to the register of the
Japanese Study Group of Pancreaticobiliary Maljunction
(JSPBM) [13].

2. CLASSIFICATION OF
CHOLEDOCHAL CYSTS AND
ANOMALQOUS
PANCREATICOBILIARY JUNCTION

2.1. Choledochal Cysts

Todani et al.’s classification of choledochal cysts is as
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Figure 1. Todani’s classification of choledochal cysts.
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follows (Figure 1). Type | cysts consist of saccular or
fusiform dilatation of the extrahepatic bile duct. This is
the most common type and represents nearly 80% - 90%
of cases. Type | cysts are further subdivided into type 1A
(diffuse) cysts, type 1B (focal) cysts, and type IC (fusi-
form) cysts. Subtype 1A shows saccular dilatation of the
common bile duct. Subtype IB shows focal, segmental
dilatation of the common bile duct. Subtype IC has fusi-
form dilatation of the common hepatic and common bile
duct [17]. Type Il cysts are a diverticulum of the CBD.
Type Il cysts are also referred to as choledochoceles,
which show dilatation of the intraduodenal portion of the
CBD. Choledochoceles are further subdivided into two
types as reported by Scholz et al. [18]. Other authors
have classified choledochoceles into four or five types
[19,20]. The pathogenesis of choledochoceles is known,
but some authors consider that choledochoceles are a
subtype of duodenal duplication [21,22]. Type Il cysts
or choledochoceles represent 1.4% to 4.5% of cases [23].
Type IV cysts show dilatation of either the intra- or ex-
trahepatic bile duct, or both. Type IV cysts can be subdi-
vided into two subtypes: 1V-A involving multiple intra-
and extrahepatic cysts, and 1V-B, involving only multiple
extrahepatic biliary dilatations. The type IV cyst is the
second most common type in adults, and represents 10%
- 15% of adult cases [24]. Type V cysts (Caroli’s disease)
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present with segmental cystic dilatations of the intra-
hepatic bile duct. Caroli’s disease is an autosomal reces-
sive disorder, and results from malformation of the em-
bryonic ductal plate at different levels of the biliary tree
[25]. This disease results from arrest or derangement in
normal embryologic remodeling of ducts and causes vary-
ing degrees of destructive inflammation and segmental
dilatation [26,27]. Most of Types | and IV cysts are ac-
companied by an anomalous pancreaticobiliary junction
(APBJ). Other cysts are not accompanied by APBJ. Types
I and IV cysts should be classified into different catego-
ries from other cysts, including diverticulum of the ex-
trahepatic bile duct (Type I1), choledochocele (Type II1),
and Caroli’s disease (Type V) embryologically [28,29].

2.2. APBJ

APBJ is defined as a junction between the pancreatic and
bile ducts and is located outside of the duodenal wall
[30]. Types I and IVV-A cysts are the most common types
of choledochal cysts and account for greater than 90% of
cases [24]. Most of these cysts are complicated by APBJ
[31]. In 1969, Babbitt analyzed cholangiograms of pa-
tients with choledochal cysts and found that most of
them were complicated by APBJ [32]. APBJ is classified
according to the types of confluence between the termi-
nal choledochus and pancreatic duct. In 1977, Kimura et
al. classified APBJ into two types by analyzing the fu-
sion pattern between the pancreatic and bile ducts. In the
P-C type, the main pancreatic duct appears to join the
common bile duct, while the common bile duct appears
to join the main pancreatic duct in the C-P type [33]. In
1977, Komi et al. classified types of fusion between
pancreatic and bile ducts in patients with choledochal
cysts into four categories, including type a, type b, type c,
and the miscellaneous type [34]. Types a and b corre-
spond to C-P type and P-C type, respectively. In 1991,
Komi et al. revised their classification according to the
running of the accessory pancreatic duct, and the pres-
ence or absence of dilatation of the common channel and
the CBD, finally classifying the type of fusion between
pancreatic and bile ducts in patients with choledochal
cysts into three groups, namely types I, Il, and Il with
their subtypes (Figure 2). Types I, Il, and Il correspond
to the C-P type, P-C type, and complex type, respectively.
APBJ is type | in 35.3%, type Il in 21.6%, and type Il in
43.1% of cases with choledochal cysts [35].

In 1994, the JSPBM classified APBJ into three sub-
groups, such as type a (right angle type), type b (acute
angle type), and type c (complex type) according to the
type of confluence of the main pancreatic duct and the
CBD. Type a and type b correspond to the P-C type and
C-P type, respectively. In 2003, Tashiro et al. analyzed
1627 patients who were enrolled by the JSPBM, includ-
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Figure 2. Komi’s classification of anomalous union between
pancreatic and bile ducts. APBJ were classified into three types
according to the angle of this ductal union. In type I, the com-
mon bile duct joins the pancreatic duct at a right angle. In type
11, the common bile duct joins the pancreatic duct at an acute
angle. Both types were subdivided into “a” and “b” according
to whether the common channel was dilated or not. In Type I,
the common bile duct and the pancreatic ducts formed a com-
plicated network. Type Il was subdivided according to War-
show’s classification of dominant dorsal pancreatic duct.

ing 1239 patients with choledochal cysts and 388 pa-
tients with the non-dilated type of APBJ. APBJ was type
a in 57.9%, type b in 32.4%, and type c in 5.6% of cases
with choledochal cysts. APBJ was type b in 60.8%, type
ain 29.4%, and type c in 7.2% cases with the non-dilated
type of APBJ [13].

APBJ forms a long common channel, in which pan-
creatic juice regurgitates into the bile duct. The length of
the common channel in patients with APBJ has been
previously reported. Nomura et al. reported that the av-
erage length of the common channel is 22 mm (13 - 67
mm) in APBJ, while it is 5 mm (2 - 20 mm) in normal
cases in adults [36]. Kimura et al. reported that the aver-
age length of the common channel is 28.1 mm (15 - 46
mm) in APBJ, while it is 4.6 mm (2 - 10 mm) in normal
adult controls [37]. The length of the common channel in
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patients with APBJ overlapped with that in normal cases.
Furthermore, the condition in which pancreatic juice
regurgitates into the CBD has been reported in patients
without APBJ [38]. In this condition, the pancreatic duct
connects to the CBD on cholangiopancreatograms, ex-
cept for when the sphincter of Oddi contracts. Consider-
ing these conditions, which are similar to APBJ, APBJ
should be defined as when the long common channel
presents without any relation to contraction of the
sphincter of Oddi.

3. PRESENTATION

The classic triad for choledochal cysts is abdominal pain,
jaundice, and an abdominal mass. Clinical presentation
varies with age, and 80% of the patients present before
the age of 10 years. Children usually have signs and
symptoms, but adults are asymptomatic. Eighty-two
percent of children present with two or more symptoms,
whereas symptoms are found in only 23% of adult pa-
tients [39]. Because children and adults present with dif-
ferent signs and symptoms, the patients can be divided
into two groups: an infant group (less than 1 year old),
and a classical pediatric or adult group (older than 1 year)
[40].

The most common findings in the infant group are
jaundice, hepatomegaly, and an abdominal mass, but
abdominal pain is not usually evident. Jaundice is found
in 64% of infant patients, and an abdominal mass is
found in 82% of infant patients, but few of the patients
present with pancreatitis and cholangitis. The classic
triad is present in a minority of infant patients (0% - 17%)
[9,39,41,42]. In pediatric or adult patients, the most
common findings are abdominal pain, fever, jaundice
and vomiting [43,44]. Abdominal pain is the most com-
mon symptom in adult patients, with an incidence rang-
ing from 78% to 90%. Jaundice, nausea, and cholangitis
are found in 40% - 50% of adult patients. Cholangitis or
pancreatitis is a common symptom in adult patients.
Dilatation of the bile ducts and stricture cause bile stasis,
stone or sludge formation, resulting in ascending cho-
langitis or pancreatitis [45].

4. ETIOLOGY

Etiological theories of choledochal cysts have been pro-
posed by many authors [46,47]. In 1935, Yotsuyanagi
suggested that choledochal cysts arise from unequal pro-
liferation of the epithelium of the CBD [48]. In 1973,
Babbitt considered that choledochal cysts are caused by
anomalous pancreaticobiliary junction. Regurgitation of
pancreatic juice into the CBD leads to inflammation,
epithelial denudation, and weakness of the bile duct wall,
eventually leading to cyst formation [49]. In 2001, Ma-
tsumoto et al. found that the distal end of the CBD is
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connected to the ducts of the ventral pancreas by analyz-
ing cholangiopancreatograms, and they speculated that
APBJ is formed by abnormal fusion between the CBD
and ventral pancreatic duct [47].

In 2003, Types | and 1V-A choledochal cysts and APBJ
without choledochal cysts (non-dilated type of APBJ)
were discovered as congenital anatomical anomalies of
the pancreas (Figures 3(a)-(c)) [50]. The etiology of
Types | and IV-A choledochal cysts has been proposed
based on pathological findings. Examination of lobular
structure, immunohistochemistry for pancreatic polypep-
tide (PP), and contours of islets is used to distinguish
between the ventral and dorsal pancreas [51-57].

Redundant pancreatic tissue has been found in the
head of the pancreas with choledochal cysts. This portion
of tissue is composed of a small and compact lobular
structure with PP-poor cells (Figure 3(d)). The compo-
nent of this portion is different from that of the right
ventral pancreas or dorsal pancreas. The ventral pancreas
is composed of small and tightly packed lobules with
PP-rich islets, whereas the dorsal pancreas is composed
of larger lobules with PP-poor islets under normal condi-
tions. It is unknown whether this portion of redundant
pancreatic tissue is derived from the ventral or dorsal
anlage. In chickens and frogs, the left ventral anlage per-
sists, and the two ventral buds fuse together and become
part of the mature organ [58,59]. Considering the devel-
opment of other species, such as frogs, chickens and
mammals, this redundant pancreatic tissue appears to be
derived from the left ventral anlage [29,50]. Choledochal
cysts might occur when the left ventral anlage persists
and recanalization of the bile ducts is disrupted. Delayed
recanalization of the intra- or extra-hepatic bile ducts
leads to dilatation of the bile ducts (Figure 4). The shape
of the pancreatic head in the non-dilated type of APBJ is
different from that of choledochal cysts. Immunohisto-
chemistry of PP has demonstrated that the ventral pan-
creas is fused to the dorsal pancreas obliquely in the
non-dilated type of APBJ [60]. In normal embryonic
fusion, the ventral anlage is fused with the dorsal anlage
side by side. The ventral anlage is fused to the dorsal
anlage in an oblique position in patients with the non-
dilated type of APBJ, resulting in the developing pancre-
atic duct fusing with developing bile ducts, forming a
long common channel.

Anomalies of the head of the pancreas have been pre-
viously reported. In 1970, Stefanini et al. reported that
the head of the pancreas presented with an abnormal
shape macroscopically at surgery [61]. Li et al. reported
an abnormal anatomical location of the major papilla in
patients with choledochal cysts. The major papilla was
located in the distal portion of the duodenum in ap-
proximately 70% of patients with choledochal cysts [62,
63]. These findings suggested anatomical anomalies of
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the pancreatic head with choledochal cysts.

5. DIAGNOSIS

A preliminary imaging modality for detecting choledo-
chal cysts is ultrasonography, which shows a cystic mass
in the right upper quadrant apart from the gallbladder.
The sensitivity of ultrasonography for diagnosing chole-
dochal cysts is 71% - 97%. Ultrasonography demon-
strates that continuity with the bile duct in 93% in pa-
tients [45]. Other modalities, including computed tomo-
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Figure 3. (a) Type IV-A cysts (a) ERCP showing anomalous
pancreaticobiliary junction with dilatation of intra- and extra-
biliary ducts; (b), (c) Macroscopic view showing a huge ventral
pancreas; (d) Immunohistochemical staining of pancreatic poly-
peptide (PP). Ventral pancreas was divided into two portions,
PP-rich and PP-poor portions. The PP-rich portion was derived
from right ventral pancreas (RVP), while the PP-poor portion
was derived from left ventral anlage. RVP, right ventral pan-
creas; LVP, left ventral pancreas; DP, dorsal pancreas. Pub-
lished with permission of pancreas.

Copyright © 2012 SciRes.

Figure 4. (a) Normal development of the pancreas. The ventral
pancreatic anlage is initially paired, with the left lobe subse-
quently disappearing during development. The ventral pancre-
atic anlage fuses side by side with the dorsal anlage; (b) Persis-
tence of the left ventral anlage disturbs normal bile duct re-
canalization, and leads to dilatation of bile ducts; (c) Non di-
lated-type APBJ occurs when the ventral anlage fuses with the
dorsal anlage in an oblique position. RVP, right ventral pancre-
atic anlage; LVP, left ventral pancreatic anlage; DP, dorsal
pancreatic anlage.

graphy (CT), magnetic resonance imaging (MRI) and
magnetic resonance cholangiopancreatography (MRCP),
are necessary for differentiating other intra-abdominal
cysts or demonstrating continuity of the biliary tree.

CT scanning is a useful imaging tool for detecting
choledochal cysts, but it is difficult to delineate pancre-
atic and bile duct union. Multidetector computed tomo-
graphy (MDCT) allows very thin collimation with a
high-quality multiplanar reformation (MPR), which pro-
vides detailed information on the pancreatic and bile
ducts. In patients with suspected APBJ, MPR images are
useful in addition to axial images for detecting an anoma-
lous junction between the pancreatic and bile ducts.

MPR images allow diagnosis of APBJ, with an accu-
racy of 89% [64]. Curved planar reformation (CPR) has
proved to be a practical and widely used tool for the
visualization of curved tubular structures in the human
body. CPR may be helpful in depicting pancreatic and
common bile ducts [65,66].

CT cholangiography (CTC) is used to evaluate the
anatomy and abnormalities of bile ducts [67]. CTC is a
useful modality to evaluate aberrant bile ducts before
laparoscopic cholecystectomy. This modality can deline-
ate the biliary tree with a sensitivity of 93%. Lam et al.
investigated the usefulness of CTC versus MR cholan-
giography in the diagnosis of choledochal cysts and
APBJ. CT cholangiography can depict choledochal cysts
with an accuracy of 91%, whereas MR cholangiography
visualizes 100% of the cyst. CTC can visualize APBJ in
64% of patients, whereas MR cholangiography shows
this junction in 46% of patients [68]. Because non-
breath-hold MR cholangiography is not invasive and
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does not use ionizing radiation and a contrast agent, it is
the first-choice modality in pediatric patients with cho-
ledochal cysts.

Endoscopic retrograde cholangiopancreatography (ERCP)
is the gold standard for diagnosis of APBJ. ERCP is a
type of invasive direct cholangiography, which may be
associated with significant morbidity and mortality [69].
On the other hand, MRCP is a non-invasive diagnostic
imaging for detecting the pancreatic and biliary tree, and
it can avoid serious complications associated with ERCP
[70]. MRCP has a good accuracy for detecting choledo-
chal cysts. MRCP is able to diagnose choledochal cysts
with an accuracy of 82% - 100% [68,71,72]. MRCP has
difficulty in depicting peripheral bile ducts and small
sizes of pancreatic ducts and small duct abnormalities,
because of decreased spatial resolution, or a physiologi-
cal, non-distended state [73]. In general, MRCP has an
excellent diagnostic performance for biliary strictures,
dilatation, and filling defects larger than 3 mm, but there
are diagnostic limitations for filling defects 3 mm and
smaller [74]. The detection rate of MRCP for APBJ in
pediatric patients ranges from 40% to 69.2% [68,71,75],
whereas that in adults ranges from 82% to 100% [72,75].
The detection rate of MRCP in pediatric patients is much
lower than that in adults. MRCP is considered as the
first-choice modality for diagnosing choledochal cysts
and APBJ in pediatric patients because it is non-invasive
and it does not require breath holding.

Hepatobiliary scintigraphy is often used for evaluation
of acute cholecystitis and neonatal jaundice [76,77]. It is
particularly useful for showing continuity with bile ducts
and diagnosis of cyst rupture in patients with choledo-
chal cysts. Hepatobiliary scintigraphy complements other
diagnostic tools in the diagnosis of choledochal cysts in
pediatric patients [78].

6. TREATMENT

The treatment of choice for choledochal cysts is removal
of the cysts by surgery. Internal drainage by cystjeju-
nostomy or cystduodenostomy has been performed be-
cause of low mortality rates and little technical difficulty
[7,8]. However, cystoenterostomy without total excision
has not been performed, because of complications after
surgery, including recurrent cholangitis, intrahepatic cal-
cification, and carcinoma arising from cysts [79-81]. A
high incidence of complications after internal drainage
has been reported. Chijiiwa and Koga reported complica-
tions of cystoenterostomy, including cholangitis in 88%
of patients, choledocholithiasis in 25% of patients, and
hepatolithiasis in 33% of patients. Seventy percent of
these patients required reoperation [80]. Besner et al.
reported that patients with choledochal cysts who were
treated with either cystduodenostomy or cystjejunostomy
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still had symptoms in 65% of them, and a second opera-
tion was required in 40% of patients [82]. Atkinson et al.
reported that more than 80% of patients who had cystoen-
terostomy performed had recurrent pancreatitis and
cholangitis related to residual cysts [10]. Other compli-
cations, including stone formation, pancreatitis, portal
hypertension, and hepatic abscess after cystoenterostomy
or external drainage have been reported. Reoperation
was necessary because of intrahepatic stone formation in
58.8% of patients who had external drainage or cystoen-
terostomy performed [81].

Cyst remnants lead to malignant transformation of the
cyst wall. A surgical procedure without cyst excision
does not diminish malignant potential [83]. Postoperative
risk without cyst excision has been reported by many
surgeons. The risk of postoperative malignancy of inter-
nal drainage (30%) is higher than that of cyst excision
(6.1%). The risk of reoperation of internal drainage (50%)
is higher than that of cyst excision (6.1%), and the mor-
tality rate is 11% [84]. Todani et al. reported that cancer
developed in 18.6% of patients who had cystoenterostomy
performed approximately 10 years later [11]. The risk of
carcinoma in the retained cyst is approximately 50% in
patients treated with cystoenterostomy and is approxi-
mately 20 times greater than that in the general popula-
tion [5]. A revisional operation should be performed in
patients previously treated by cystoenterostomy.

Currently, complete excision of a cyst with cholecys-
tectomy and Roux-en-Y hepaticojejunostomy reconstruc-
tion (RYHYJ) is the standard therapy in Types | and IV-A
cysts [39]. The incidence of recurrent cholangitis, intra-
hepatic calculi, and postoperative stricture has improved
significantly with this procedure [85].

The incidence of cholangitis after surgery decreases
from 88% (internal drainage) to 2.3% - 10.0% (cyst ex-
cision) [86,87]. Intrahepatic calculi were observed in
10% - 16.7% of pediatric patients who had excision of
choledochal cysts [80,88]. Postoperative complications,
including postoperative cholangitis and intra-hepatic
stone formation, are due to anastomotic stricture and/or
cholelithiasis in patients with total cyst excision of Types
I and IV-A cysts [86]. The reported incidence rate of
anastomotic stricture is 4.1% [89]. A wide anastomosis
between the hepatic hilum and intestine may prevent
anastomotic stricture.

The incidence of postoperative complications varies
with age, surgical procedure, and institutions. The inci-
dence of postoperative complications in children (9.0%)
is lower than that in adults (42.5%) [88], and the inci-
dence of postoperative complication varies in institutions,
ranging from 2% to 40% [90]. Postoperative cholangitis
occurs more frequently in Type IV-A cysts than Type |
cysts, ranging from 33% to 44% [10]. RYHJ has been
reported to be successful in 92% of patients, and the
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complication rate is as low as 7% compared with that of
33.3% with hepaticoduodenostomy [91].

Total excision of cysts reduces the risk of cancer de-
velopment. However, sporadic cancer has been reported
a long time after the excision of cysts. Intrahepatic
cholangiocarcinoma developing after total resection of
choledochal cysts after 10 to 34 years has been previ-
ously reported [92-94]. In summary, complete excision
of cysts is an adequate standard treatment for Types | and
IV-A cysts. Long-term follow-up is necessary to detect
the development of carcinoma.

7. SUMMARY

We reviewed classification, presentation, etiology, diag-
nosis, and treatment of Types | and IV-A cysts. Although
choledochal cysts are classified based on radiological
features, they should be classified considering embryo-
logical aspects. Anatomical and pathological findings of
choledochal cysts have enabled determination of the eti-
ology of Types I and I1V-A cysts. Types | and IV-A cysts
occur when the left ventral anlage persists and disturbs
normal recanalization of bile ducts, leading to dilatation
of intra- or extrahepatic bile ducts. Treatment of chole-
dochal cysts has changed over time because of post-op-
erative complications, especially malignant transforma-
tion. Long-term follow-up is necessary to detect cancer.
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