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Choledochal Cysts
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Abstract

Choledochal cysts are congenital dilatations of the intra- and extrahepatic biliary
tract that cause various pancreatic and hepatobiliary disorders. Pancreaticobiliary
maljunction (PBM) results in choledochal cysts. PBM is a congenital pancreatic and
bile duct juncture anomaly. It is widely accepted that the clinical presence of PBM
is an etiological factor in the pathogenesis of biliary carcinogenesis in patients with
choledochal cysts. For definitive diagnosis, ultrasonography sometimes shows the
relationship with the biliary tract. If USG findings cannot rule out other causes,
ideally MRI should be performed together with MRCP. CT may be the initial test for
undiagnosed common bile duct malformations. In rare cases where conventional
imaging results are uncertain, nuclear hepatobiliary iminodiacetic acid (HIDA) scan-
ning enables the evaluation of radiological trace of involvement and accumulation in
cystic structures associated with the biliary system. Todani added five anomalies and
organized the most commonly used classification system. There are five subtypes. A
type I cyst, A choledochal diverticulum (Todani type II), Choledochoceles (Todani
type III), type IV cyst, Caroli disease (Todani type V). Surgical treatment should be
based on the extent of biliary involvement based on the widely used Todani clas-
sification and anatomical findings and the presence or absence of PBM. The standard
treatment in most CCs is the resection of the bile duct up to the lobar bifurcation.
Residual postoperative intrapancreatic choledochal cyst may also lead to secondary
carcinogenesis and associated morbidity. The localization of the pancreatic cyst
is inside the head of the pancreas, close to the neck and to the left of the bile duct.
Surgical treatment options include laparoscopic treatment. Its main advantages
include excellent visualization and low blood loss.

Keywords: choledochal cysts, pancreaticobiliary maljunction, choledochal
diverticulum, choledochoceles, caroli disease, cholangiocarcinoma

1. Introduction

Choledochal cysts are congenital dilatations of the intra- and extrahepatic biliary
tract that cause various pancreatic and hepatobiliary disorders, collectively known as
congenital cystic dilatation of the common bile duct [1]. Its total incidence is about
1/100,000-1/150,000 in the Western population and 1/1000 in the Asian population
[2]. The male-to-female ratio was reported to be approximately 1:3 or 1:4 [3]. Since
they do not contain an epithelial structure, they are not real cysts. They are chole-
dochal malformations that can be detected by imaging and cover various morpho-
logical anomalies of the biliary ductal system [4-6]. The exact cause of choledochal
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malformations is unclear. However, a number of theories were proposed about their
pathogenesis, ranging from complete congenital anomaly to sequelae of multiorgan
disease process [2]. Choledochal malformations are prone to complications such as
cholestasis, pancreatitis, cholangitis, and cholelithiasis. Moreover, some of them,
especially those associated with chronic inflammation, have a 50% higher probability
of malignant transformation [2]. Choledochal malformations are mostly observed in
the pediatric population. An estimated 25% of them are detected in the first year of
life and after, while 35-55% by the age of 10 [2]. Up to 20% of them occur in adult-
hood and have a worse prognosis than in childhood [7, 8].

The similar incidence rates of choledochal cysts in the Western and Eastern
cohorts are probably associated with similar etiology. Babbitt’s theory is the most
commonly proposed one. According to this theory, pancreaticobiliary maljunction
(PBM) results in choledochal cysts. PBM is a congenital pancreatic and bile duct
juncture anomaly caused by the union of the common duct and pancreatic and bile
ducts outside the wall of the duodenum [9]. It is widely accepted that the clinical
presence of PBM is an etiological factor in the pathogenesis of biliary carcinogenesis
in patients with choledochal cysts. Here, the pancreatic duct and the bile duct are
united at a position 1-2 cm proximal to the sphincter of Oddi [10-14]. The presence of
pancreaticobiliary ductus junction anomaly allows reflux of pancreatic secretions into
the biliary tree. This is the accepted theory for etiopathogenesis of cysts [15, 16]. The
clinical presence of PBM is widely considered to be etiological in biliary carcinogen-
esis in patients with choledochal cysts [17-20]. PBM induces the reflux of pancreatic
enzymes into the bile duct, which is thought to be involved in the formation of the
bile duct cysts and the development of cancer within the biliary cyst [21]. Biliary cysts
(BDC) have a 100-1000 times lower incidence rates in Western series [22-24]. Most
of the studies with Western series reported BDC in adults, which had less association
with PBM compared with Eastern series [25]. The common duct theory posits that
the PBM above the sphincter of Oddi complex causes reflux of pancreatic and diges-
tive enzymes into the bile duct. As a result, wall weakness and subsequent dilatation
occur. Moreover, high levels of phospholipase A2 and trypsinogen in the bile of
choledochal cyst patients were suggested to exacerbate inflammation and epithelial
deterioration in the bile duct [26].

There is no consensus for the diagnosis of PBM, at least in Western countries.
Diagnosis includes MRCP, ERCP, and functional criteria (measurement of intrabiliary
amylase level). The diagnosis of PBM is based on two strict criteria: (1) The presence
of conclusive evidence for the intraduodenal junction between the choledochal and
the main pancreatic duct, and (2) the presence of an abnormal common duct longer
than 10 mm. PBM is found in only 50-80% of choledochal cyst cases [27].

In a multicenter study conducted in France, 72.2% of patients with BDC were
found to have PBM. While 66.8% of the patients were adults, 33.2% were children
(<15 years old). The most common symptoms were abdominal pain (64.3%), jaundice
(24.7%), cholangitis (24%), and pancreatitis (23.6%). At the same time, the most
common types were C-P type I (57.2%), P-C type II (34.5%), and type III (complex
type) (8.3%). The mean common duct length was 15.8-6.8 mm while children had
shorter common ducts (5.3-13.8 mm). The common duct was longer than 6 mm in
97.6% of the patients and longer than 10 mm in 90.5%. Considering the abnormal
common duct longer than 8 mm based on the diagnosis, the sensitivity and specificity
rates were 97.6% and 80%, respectively, while the positive and negative predictive
values were 99.2% and 57.1%, respectively. In the same study, the coexistence of the
common duct longer than 8 mm and amylase values above 8000 UI/L were associated
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with positive predictive and specificity rates of more than 90%. In terms of the
association between PBM and Todani BDC types, there was a coexistence rate of
78.4% for type I and IVb, 16.6% for type II, 33.3% for type III, and 19% for type IVa.
Although the relationship between type IV and type I BDC and PBM was not signifi-
cant, the incidence of biliary cancer in type I and type IV patients with PBM was 83.3
and 25%, respectively. The relationship between PBM and BDC is similar in Asia and
the West cohorts as 72% [22, 23]. Likewise, coexistence of PBM is more frequent in
type IV and type I (69 and 78%, respectively), which is less in type II and III (16.6 and
33.3%, respectively) [9, 22-25]. However, there was no association between type V
(Caroli disease) and PBM [28]. PBM type P-C subtype is more commonly found with
BDC-type Ic (fusiform) while PBM-type C-P subtype is more common with BDC-
type Ia. Therefore, in patients with slightly large choledochal (approximately 20 mm),
the evidence of the presence of P-C-type PBM represents a key indication for the
diagnosis of Todani BDC type Ic diagnosis. Then, complete resection is planned

[29, 30]. Anatomical studies showed that 80-85% of adults have a short common
duct, whose mean length was reported to be 4.6 mm + 2.2 mm. In the last study, the
mean common duct length was found to be 13.8 + 5 in patients with suspected PBM.
This also confirmed Kawisawa’s notion of considering common duct length as the
main morphological diagnostic tool for PBM [24]. However, there is no consensus for
the cutoff value for the abnormally long common duct. This length is variable during
infancy. More than 90% of adults and infants had a common duct length equal to or
greater than 10 mm. Taking a cutoff value of 8 mm for the abnormal common duct
length may indicate high precision for the diagnosis of PBM. Apart from morphologi-
cal tools, functional methods using intrabiliary amylase measurement are easy to
perform. In one study, intrabiliary mean amylase values were significantly higher

in patients with PBM compared with those without PBM (> 50,000 versus <2000,
respectively). A literature survey also showed that intrabiliary amylase value of
>10,000 UI/L is an important functional tool to confirm the diagnosis of PBM [31].
Intrabiliary amylase concentration can be measured by the following methods: (1) by
intraoperative sampling from the gallbladder during cholecystectomy prior to cholan-
giography or any other manipulation; (2) preoperatively through transhepatic fine-
needle aspiration from the gallbladder; and (3) less frequently through bile aspiration
during ERCP [32]. In the case of intrabiliary amylase level > 8000 UI/L and common
duct length of >8 mm, a definitive diagnosis of PBM can be made with a sensitivity of
87% and a positive predictive value of 90%. However, if the intrabiliary amylase level
is normal, the diagnosis of PBM cannot be completely ruled out. When the intrabili-
ary amylase level is normal and the common duct length is <8 mm, negative predic-
tive value is close to 90%. Therefore, this could be an appropriate method to rule out
PBM and then BDC diagnosis. Likewise, the level of amylase in the gallbladder is
slightly higher than in the biliary tract, which may support the stagnation theory in
carcinogenesis. These theories blamed pancreatic fluid reflux and its attack to biliary
tract as the main culprit of cancer degeneration in especially dilated segments against
the cholangiocarcinoma degeneration in the distal part of the biliary tree even when
these observations were not directly related to Caroli disease, with or without PBM. In
the presence of PBM, especially the Todani type I BDC, the incidence of biliary cancer
seems to increase. Cholangiocarcinoma cancer degeneration develops 10 years earlier
than those without PBM [33]. There is a high risk of cancer degeneration in patients who
underwent cyst enterostomy due to BDC [34, 35]. The global cancer incidence of 8.3%
in patients with PBM also including children observed in a Western cohort study was
similar to what was reported in Eastern series, albeit at a slightly higher rate [22, 23].
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Each entity has different imaging findings, diagnostic features, and surgical
management. When it is not detected incidentally in prenatal imaging, it is frequently
found in the right upper quadrant ultrasound examination performed for the symp-
toms and signs of pain, palpable mass, or cholestasis in childhood and young adults
[2, 36]. Bile duct larger than 10 mm without obstruction in childhood is always associ-
ated with choledochal malformation [37]. For definitive diagnosis, ultrasonography
sometimes shows the relationship with the biliary tract. If USG findings cannot rule
out other causes, ideally MRI should be performed together with MRCP [36]. The
T2-weighted technique routinely used in MRCP allows for a quality depiction of
the hepatobiliary system [9]. MRI-MRCP with or without contrast enhancement is
a method of choice in preoperative planning. Contrast application indicates malig-
nant change and the choice of alternative approach [38]. CT may be the initial test
for undiagnosed common bile duct malformations that are detected later in life or
incidentally. The frequency of incidentally detected choledochal cysts in adults has
increased from 10-36% due to the availability and convenience of CT [7]. The sensi-
tivity of CT cholangiopancreatography in showing the common pancreatobiliary and
pancreatic duct is 64% [39]. Due to concomitant sedation requirements, ERCP and
percutaneous cholangiography carry independent risks and should be reserved for
situations that are difficult, complicated, or contraindicated for MRI [40]. Diagnostic
confirmation is more difficult in individuals with a cholecystectomy history. MRCP
has been used more than ERCP or intraoperative cholangiography in the last 10 years
for the diagnosis of PBM. MRCP is the most useful method for detecting PBM as it
shows the junction of the common pancreatic duct and the common bile duct outside
the duodenal wall even in patients with a clearly normal common duct. In the most
recent series, the detection rate of PBM by MRCP is 82-100% [41]. Therefore, in
patients with or without BDC, MRCP has been indeed used more frequently as the
first-choice method than the endoscopic ultrasound or ERCP for focusing on the
pancreatic head region [42]. In rare cases where conventional imaging results are
uncertain, nuclear hepatobiliary iminodiacetic acid (HIDA) scanning enables the
evaluation of radiological trace of involvement and accumulation in cystic structures
associated with the biliary system. This is especially important in distinguishing of
true choledochal malformation from imitations such as pancreatic pseudocyst and
duodenal duplication cyst [43]. Combining preoperative and intraoperative imaging
methods during surgical intervention planning reduces the need for preoperative and
postoperative ERCP or percutaneous transhepatic cholangiography. Indeed, the addi-
tion of intraoperative cholangiopancreatography to preoperative MRCP, especially in
pediatric patients, effectively determines intrahepatic biliary structures. This, in turn,
may change surgical planning and diagnostic classification by reducing invasive pre-
operative imaging methods [44]. Ultrasound, MRI-MRCP with or without contrast
enhancement, and CT are considered in evaluating complications and examining
malignant transformation.

2. Clinical presentation and diagnosis

In adults, symptoms are usually nonspecific, vague abdominal pain being the most
common [15]. When specific symptoms arise, they are typically of acute biliary tract
and pancreatic origin [45]. In some patients, the classic symptom triad of abdominal
pain, palpable abdominal mass, and jaundice occurs in only 25% of adults, while 85%
of children have at least two features of the classic triad. Unexpected presentations
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such as gastric outlet obstruction, cyst perforation, giant cystolithiasis, giant cyst,
and mixed type were reported [46]. Although the frequency of emerging symptoms
is similar in Western and Eastern populations, associated biliary conditions such as
cholecystitis, cholangitis, and choledocholithiasis are more common at presentation
in the Eastern population [20, 22]. Recently, ultrasound has been found to have high
sensitivity in the examination of biliary tract diseases [47]. Prenatal diagnosis was
also defined in some cases at the 15th week of gestation [48]. In the evaluation of
intrapancreatic residual choledochal cyst, it is important that the soft tissue neoplasm
is found within the cyst wall, and the wall has a uniform and smooth structure, which
should be indicated in the imaging [49]. Peripancreatic lymph nodes are classified as
abnormal growth in residual choledochal cysts to prevent carcinogenesis misdiagnosis
[50]. In this context, spiral CT-type B has higher resolution than ultrasound and
MRCP. All three diagnostic methods can be used together. Serum CA19-9 and car-
cinoembryonic antigen are listed in the routine preoperative examination of chole-
dochal cyst and are used as important reference indices for the prediction of bile duct
carcinogenesis [51]. Caroli syndrome may present with right upper quadrant pain or
signs of portal hypertension. It is usually a childhood or young adult disease.

3. Classification of common bile duct malformations

It is important to categorize malformations for the purpose of appropriate man-
agement and risk classification. First in 1959, Alonso-Lej proposed a classification
scheme that included four anomalies of the biliary tree. Later, in 1977, Todani added
five anomalies and organized the most commonly used classification system [33, 52].
In the Todani classification, a type I cyst features fusiform or spherical dilatation in
the entire extrahepatic bile duct. It is the most common type in both the Western and
Eastern populations. It is observed in 65-84% of the Eastern cohort and 67-73% in
the Western cohort. It is divided into three within itself: type Ia: diffuse cystic dilata-
tion, type Ib: focal saccular cystic dilatation, and type Ic: diffuse fusiform dilatation.

Type Ib cystic dilatation typically results from the more distal common chole-
dochal segment. Type II cyst, which involves the lateral wall of the common bile
duct, is also called an extra-hepatic supraduodenal biliary diverticulum. Type III
cyst choledochal is a cystic dilatation of the duodenal intramural segment of the
common bile duct. It can also have a mass effect while protruding into the lumen of
the duodenum. Todani identified type IV cyst also as multiple extrahepatic biliary
cysts. It could be either isolated in extrahepatic bile duct (type IVb) or combined with
multiple large intrahepatic biliary cysts (type IVa). Type V cyst, on the other hand, is
known as Caroli disease. It is characterized by multiple large and small intrahepatic
biliary dilatations. Coexistence of Caroli disease and congenital hepatic fibrosis is
called Caroli syndrome. In 2004, Visser proposed a revised classification to facilitate
the diagnosis and management of choledochal bile duct malformations [53]. Here,
the spectrum of Todani type I and type IV anomalies was classified under the name
of congenital choledochal cyst. Type II koledokal divertikiil and type III koledokosel.
Likewise, depending on the way it manifests, Caroli disease or syndrome was called
type V. In the Visser’ classification, congenital choledochal cysts (Todani types I and
IV) consist of focal or diffuse extrahepatic bile duct dilatation with varying degrees of
intrahepatic involvement. It is the most common type of malformation with incidence
rates of approximately 1/100,000-1/150,000. Common duct syndrome is the most
commonly considered cause. Other proposed causes include increased intraluminal
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pressure due to narrow biliary stricture (stenosis), abnormal recanalization during
organogenesis, reovirus infection, and insufficient ganglion cells in narrow bile duct
part resulting in dilatation [8, 38].

4, Choledochal diverticulum

A choledochal diverticulum (Todani type II) is described as outpouching in the
extrahepatic supraduodenal common bile duct. It is rare, has an incidence rate of less
than 1/1,000,000 and accounts for approximately 2% of Todani-type malformations
[2, 6]. Itis a true diverticulum lined with biliary epithelium [2]. Histologically, it is
similar to gallbladder duplication. It is associated with the common bile duct with a
thin stalk. Increased intraluminal pressure as a result of sphincter of Oddi dysfunc-
tion was suggested as the cause.

5. Choledocele

It was first described by Courcy Wheeler in 1940 [54]. Choledochoceles (Todani
type III) are poorly understood entities of the choledochal malformations. It is
different from other choledochal cysts (CCs). True choledochoceles are the dilated
segment of the common bile duct that prolapses or herniates into the small intestine
[2, 55]. Their origin has long been the subject of debate. One hypothesis is that these
cysts may be caused by an anomaly acquired by the ampulla of Vater’s rudimentary
lower embryonic bud or by dysfunction or obstruction of the sphincter of Oddi [56].
Although multiple etiological factors are considered, the most commonly blamed
factor is inflammation after stone (calculus) passage or damage to the wall. It could be
lined with biliary epithelium or ectopic mucosa of the intestine, or it may lie com-
pletely bare. It is very rare with an incidence rate of less than 1/1,000,000. It accounts
for 1-4% of choledochal malformations [6]. Its differential diagnosis from submu-
cosal duodenal lesions or periampullary duodenal duplication cysts is difficult. The
diagnosis is typically made by cholangiography or endoscopic ultrasonography [57].

6. Caroli disease and syndrome

It was first defined by French gastroenterologists in 1958 as congenital multiple
intrahepatic cystic dilatation pattern. Caroli disease (Todani type V) is a rare auto-
somal recessive disorder. It is the second most common type of malformation. It
is observed at a ratio of 6-30% in the West and 18-19% in the East. It is the most
common type of choledochal malformation with an incidence rate of approximately
1/500,000 in Western countries [2, 6]. Caroli disease is characterized by in utero
malformation product of the ductal plate and congenital intrahepatic ectasia of the
bile duct. When Caroli disease is observed together with congenital hepatic fibrosis, it
is called Caroli syndrome [2, 6]. The intrahepatic biliary tract originates from mono-
layer cells around the portal branches, called the ductal plate [55]. These cell layers are
structured to produce small ducts in the periphery and large bile ducts in the hilum.
Ductal plate malformation at the level of the great bile duct results in Caroli disease
[2, 58]. Imaging studies show varying size of intrahepatic saccular cystic structures
associated with the biliary system. On MRI and CT, it appears as ectatic bile ducts
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around enlarged portal branches. It is called the central dot sign, which is thought to
be highly indicative for the diagnosis of Caroli disease [2]. Complications of Caroli
disease include intraductal stone formation due to bile stasis and recurrent cholangitis
[2, 6]. Besides causing intrahepatic cysts by blocking the large bile ducts, Caroli
syndrome also affects peripheral bile ducts as a result of congenital hepatic fibrosis [2,
59]. Associated conditions include congenital choledochal cysts, cholangiocarcinoma
(7-10% incidence), autosomal recessive polycystic kidney disease, and renal cystic
diseases involving medullary sponge kidney [2]. Here, the association of renal and
hepatic diseases is the common genetic locus (PKHD1 gene on 6p21 chromosomal
region) [58].

7. Complications

Complications of common bile duct malformations range from cholestasis with
stone formation to recurrent cholangitis, pancreatitis, biliary and hepatic fibrosis, and
malignant transformation (cholangiocarcinoma). Cholestasis is the result of external
compression of a large extrahepatic cystic malformation causing a regional mass
effect or inadequate prolonged biliary drainage by the malformed biliary tract [60].
Stone formation can occur anywhere along the affected biliary system. Recurrent
cholangitis and cholecystitis are probably multifactorial. The reasons blamed for this
are static lithogenic bile salts as well as chronic inflammation, reflux of pancreatic
enzymes, and intestinal bacterial reflux [2]. Regardless of the underlying cause,
recurrent cholangitis attacks lead to fibrosis in the cyst wall, ductal sclerosis, and an
increased risk of malignant degeneration [6]. Hepatic fibrosis may develop when
chronic inflammation affects the intrahepatic biliary system as in congenital chole-
dochal cysts (Todani type IVa) and Caroli disease (Todani type V). Malignant trans-
formation is the best known and feared complication of choledochal malformations.
The thesis that chronic inflammation in the malformation-affected biliary system
results in cellular dysplasia is assumed to be correct. Chronic inflammation destroys
protective mucin-producing epithelial cells. This effect is also enhanced by carcino-
gen products such as bile salts metabolized by Escherichia coli.

The risk of developing malignancy is between 6% and 30% in patients with
choledochal cysts. This risk is low in childhood (<1%) but increases by 30-40% at the
age of more than 50 years [45, 61]. The malignancy of choledochal cysts originates
from both the gallbladder and the choledochal. In a large-scale Japanese study with
patients who had choledochal cysts and developed cancer, 62.3% had gallbladder
cancer, 32.1% bile duct cancer, and 4.7% had both, which was consistent with other
reports [15, 62]. Gallbladder cancer is found in 5% of choledochal cyst patients with
PBM [63]. An evaluation of the adult cohort revealed that this is usually observed in
the sixth or seventh decade of life [64]. With the cumulative effect of biliary stasis
and chronic inflammation itself, the risk of malignancy increases with age [2, 7].
Cholangiocarcinoma develops in a small subgroup of patients (0.7-3%), especially
in type I and IV, after surgical resection [18, 22, 65, 66]. This shows that the risk of
malignancy does not completely regress after resection in this group of patients. The
etiology of this residual malignancy is unclear. Many studies performed in the East
and West do not have follow-up periods long enough to determine persistent risk
because it takes more than three decades to occur [67, 68]. However, currently, there
is a 6% risk of malignancy after complete cyst resection, while there is a 33% risk of
malignancy after incomplete cyst resection [69]. The most common type of cancer is
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adenocarcinoma, followed by anaplastic carcinoma, undifferentiated carcinoma, and
squamous cell carcinoma [70]. About 70% of malignancies originate from the cystic
wall. Cholangiocarcinoma in adults and rhabdomyocarcinoma or adenocarcinoma

in children are frequently observed. Twenty-four percent of them originate from the
gallbladder. The remaining 6% are hepatocellular carcinoma and pancreatic carci-
noma [7, 70, 71]. Intrahepatic cysts have a low malignant potential depending on the
extent of the involved area and the extent of inflammation and hepatic parenchymal
atrophy [20, 72, 73]. Among the different types of choledochal malformations,
extrahepatic choledochal cysts (Todani types I and IV) have the highest risk of
developing cancer. They are followed by intrahepatic choledochal cysts (Todani type
IVa), Caroli disease (Todani type V), choledochal diverticulum (Todani type II), and
choledochocele (Todani type III). A surveillance strategy is proposed for patients
treated primarily for cyst types I and IV and unresected type V using annual liver
function tests, Ca 19-9 measurement and biannual ultrasound assessment for 20 years
post cyst resection, with biannual liver function testing, Ca 19-9 measurement and
3-yearly ultrasound assessment thereafter [74]. it has been opined that long- term
follow-up strategies might not be associated with a better prognosis. One report sug-
gested that follow-up with regular clinic reviews alone does not affect the resectability
of cholangiocarcinoma [75].

8. Surgical treatment

Surgical treatment should be based on the extent of biliary involvement based on the
widely used Todani classification and anatomical findings and the presence or absence
of PBM [76]. The treatment goal for choledochal malformations is to eliminate the risk
of malignancy and to treat complications. Surgical treatment depends on the localiza-
tion and size of the cyst rather than the morphological features [53, 55, 72]. The stan-
dard treatment in most CCs is the resection of the bile duct up to the lobar bifurcation,
specifically toward the pancreatic parenchyma close to the pancreatic duct junction.
Biliary tract continuity is provided by roux-en-Y hepaticojejunostomy (HJ), hepatico-
duodenostomy (HD), or jejunal interposition [64, 77, 78]. Hepaticoduodenostomy pres-
ents an effective approach to biliary reconstruction following surgical interventions for
choledochal cysts. It presents a faster alternative to hepa ticojejunostomy in both opera-
tive times and length of stay, with similar rates of complications, including the feared
cholangitis [79]. Proximal cyst excision is a non-precisely programmable procedure that
needs attention to preserve the portal vein and hepatic artery. Although extrahepatic
congenital choledochal cysts usually require complete excision of the entire extrahe-
patic biliary tree using cholecystectomy and hepaticojejunostomy, more conservative
surgical options can be used if there is limited involvement in the distal bile duct,
and the interventional approach is based on a 3-cm-size threshold [5, 60]. When the
cyst extends into the pancreas, its management is critical and sometimes challenging.
During recurrent cholangitis attacks, adhesions in the tissues surrounding the portal
vein and pancreas could develop. For these reasons, complete excision may not be pos-
sible due to peritoneal infection, bleeding, and the risk of postoperative pancreatic leak
[80-82]. The residual intrapancreatic portion of the choledochal cyst hosts multiple
pathological changes such as pancreatitis, secondary calculus in the bile duct, and even
carcinogenesis [83, 84]. Acute pancreatitis is often secondary to the intrapancreatic por-
tion of the postoperative residual choledochal cyst [85]. Residual postoperative intra-
pancreatic choledochal cyst may also lead to secondary carcinogenesis and associated
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morbidity. Some previous reports showed that stone formation not only stimulates
cancer, but also some carcinogenic factors may exist in the residual intrapancreatic part
of the choledochal cyst [86]. These findings indicated the necessity of surgical excision
of asymptomatic residual choledochal cysts. Intrapancreatic choledochal cysts carry

a 0.7-6.0% risk of malignant transformation [5]. There has been no consensus so far
on whether excision of the intrapancreatic common bile duct cyst is necessary if there
are no clinical symptoms. At the same time, the optimal timing of surgery is unclear.
The proximal and distal endpoint of the biliary malformation including involvement
of the ampulla of Vater expanding into the pancreatic head should be determined
preoperatively [72]. Generally, the localization of the pancreatic cyst is inside the head
of the pancreas, close to the neck and to the left of the bile duct [87]. Investigation and
differentiation of a residual intrapancreatic choledochal cyst should be started from
the back and right side of the pancreatic head. Then, it is gradually deepened into the
left field. During this procedure, the direction of the bile duct is confirmed at intervals
by fine needle aspiration and finger control [88]. The separation should be close to

the bile duct wall. When the lumen terminates abruptly near the end of the bile duct,
attention should be paid to the junction of the pancreatic and bile ducts. The diagnosis
of a residual intrapancreatic cyst is relatively easy with type-B ultrasonography, CT,
and magnetic resonance cholangiopancreatography (MRCP) [89]. Preoperative MRCP
examination is crucial to prevent pancreatic duct injury during surgery. It clearly shows
the specific anatomy of the pancreatobiliary junction [90]. Different cholangiopancrea-
tography angles of duct reveal the angle of the cholangio-pancreatic duct junction, the
rough flow direction to the main pancreatic duct, and the length of the stenosed portion
of the lower portion of the bile duct [91].

Because of the high risk of malignancy arising from inadequate resection of the
mucosa, any residual area should be excised and always followed up regularly. It is
difficult to distinguish pathological changes in choledochal cysts from the inflamma-
tory bile duct. The extent of the excision is mainly based on radiological and intraop-
erative findings. Surgical treatment is ideally adopted for type I CC. In Todani type
IV with intrahepatic and extrahepatic cysts, extrahepatic cysts should be definitively
excised. If intrahepatic cysts are limited, biliary-enteric reconstruction is performed
along with partial hepatectomy. Especially in patients with bilobar involvement and
with diffuse intrahepatic dilatation associated with complications such as stones,
cholangitis, and biliary cirrhosis, liver transplantation should be considered [92, 93].
In the distal management of choledochal cysts, if there is no relationship between
the choledochal cyst and the pancreatic duct in the preoperative imaging, the distal
cyst is excised at a distance of about 5 mm at the junction with the pancreatic duct of
the visible bile duct, and the stump is sutured [94]. If the choledochal cyst extends
to the junction of the pancreatic duct, the same procedure is adopted. Sometimes,
the insufficiency of the ampulla of Vater is observed along with a cylindrical cyst.
The distal end of the choledochal cyst opens directly into the duodenum with the
insufficient ampulla, and the pancreatic duct appears to be attached to the cyst. In
this case, the cylindrical cyst and papilla are excised, and duodenum mucosa and
pancreatic duct are subjected to ductoplasty as a modified procedure of local excision
of early noninvasive adenocarcinoma and benign lesions in the papilla. Secondary
infections may require antibiotics, drainage, and sometimes surgery. Partial hepatec-
tomy and liver transplantation are disputable. However, it is successful in the presence
of diffuse intrahepatic ductal dilatation, stenosis, and multiple intraluminal stones
[72]. If resection is not performed, long-term follow-up of intrahepatic biliary cysts
is required [20, 72]. Despite their low malignant potential, choledochal diverticula
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(Todani type II) are prophylactically excised to prevent the sequelae of compression
effect on adjacent structures [55]. Usually, these cysts are ligated at the neck and
excised without the need for reconstruction of bile duct [12]. However, sometimes
extrahepatic bile duct excision may be required. In this case, sometimes patients with
tight adhesion of the diverticulum to the extra- or intrahepatic biliary tract due to
inflammation may be encountered. Releasing the diverticulum from the bile duct
could be technically challenging [95]. The isolated segment is removed, and primary
repair is performed via T-tube with a low recurrence rate without the need for chole-
cystectomy [60, 96]. Choledochoceles, which are very similar to choledochal diver-
ticulum, have a low malignant potential of approximately 2.5% throughout life [5].

If they cause biliary or intestinal obstruction, they are excised [6, 55, 56]. Due to the
low risk of malignancy, unroofing (endoscopic or transduodenal sphincteroplasty) or
transduodenal excision (in large cysts) is the optimal treatment. Endoscopic moni-
toring should be considered for younger patients treated with sphincterotomy. The
prognosis of Caroli disease or syndrome depends on the extent of involvement, but

is generally poor. Localized disease is treated with prophylactic hepatic lobectomy.
Recurrent and life-threatening cholangitis, liver failure, cirrhosis, portal hyperten-
sion, or malignant disease requires orthotopic liver transplantation [97, 98]. Surgical
treatment options include laparoscopic treatment. Its main advantages include
excellent visualization and low blood loss [99]. In addition, it has better postoperative
recovery, less surgical trauma and postoperative pain, less abdominal wall trauma,
less cavity drainage time, reduced postoperative paralytic ileus time, and shorter hos-
pital stay. The overall complication and mortality rates are also lower compared with
the series involving treatment with open surgery [100, 101]. Recent report supports
HD as an effective alternative to the conventional Roux-en-Y HJ reconstruction in
laparoscopic excision of choledochal cyst in children [102]. Exposure of the anas-
tomotic site and IHBD is very difficult to achieve by conventional endoscopy. DBE
provides a direct view of these sites and enables diagnostic assessment and minimally
invasive therapy to be performed simultaneously. It will replace more invasive treat-
ments such as percutaneous transhepatic intervention and surgical procedures [103].
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