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Abstract Choledochal cysts are rare congenital disorders
first described by Vater and Ezler in 1723. Their exact etiol-
ogy remains incompletely understood; however, an anoma-
lous pancreaticobiliary union (APBDU) and subsequent
reflux of biliary contents into the biliary tree are thought to
play a role. Accordingly, APBDU-associated choledochal
cyst patients are significantly more likely to have evidence
of hepatitis, cholangitis or pancreatitis and pathologically
confirmed inflammation. In 1977, Todani and colleagues
modified the original Alonso-Lej classification to include
five types of CC. Type I and IV are the most common and
most likely to be associated with malignancy. The majority
of choledochal cysts are diagnosed in childhood. Clinical
presentation varies and most often consists of nonspecific
abdominal pain. Diagnosis is typically accomplished using
multimodality imaging techniques including computed
tomography, magnetic resonance imaging, ultrasound and
MRCP. The use of diagnostic PTC and ERCP in CC has
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been largely replaced by MRCP. Appropriate management
consists of prompt, complete cyst excision followed by res-
toration of biliary enteric continuity when necessary. Mini-
mally invasive CC resection in the pediatric population
has demonstrated acceptable outcomes. Prognosis is gen-
erally excellent; however, malignancy risk remains higher
than the general population even after complete surgical
excision.
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Introduction

Choledochal cysts (CC) are congenital dilatations of the
biliary tree. Although they are diagnosed in patients of
all ages, CC are primarily seen in children, particularly in
Asian populations. CC can be associated with severe com-
plications such as cholangitis, perforation, liver failure
and malignancy. Prompt complete surgical excision is the
mainstay of treatment when possible. Resection is typically
deemed necessary to prevent further complications and
long-term sequelae. We present an evidence-based review
of CC disease with a particular emphasis on accurate diag-
nosis and proper management in the pediatric population.
A search of the available English literature, including
MEDLINE/Pubmed, was utilized.

Incidence and etiology

Choledochal cysts (CC) are extremely rare congenital dis-
orders manifested by intra- and/or extrahepatic biliary
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dilatation. CC were first described by Vater and Ezler in
1723 [1] and are more common in Asian populations with
an incidence of 1 in 13,000 versus 1 in 100,000 in West-
ern populations [2]. Females are at higher risk for the dis-
ease with a nearly 4:1 female preponderance compared
with males [2—4]. Nearly 80% of CC are diagnosed in early
infancy [2, 5]. Appropriate management is critical to avoid
long-term possible complications such as liver failure and
malignancy.

While CC are thought to be congenital, the exact eti-
ology of CC remains incompletely understood. In 1969,
Babitt [6] described an anomalous pancreaticobiliary union
(APBDU) in 3 children with CC and hypothesized this as a
possible etiology. APBDU is defined as union of the pan-
creatic and biliary ducts outside of the duodenal wall and
proximal to the Ampulla of Vater [7]. Embryologically,
abnormalities during early development of the hepatic
diverticulum are thought to be responsible for APBDU
[8]. Ando and colleagues [9] postulated that the embryo-
genesis of pancreaticobiliary maljunction can be inferred
from the development of duodenal atresia. Specifically, the
impairment of vacuolation is common to both processes.
With regard to APBDU, the impairment of vacuolation
is thought to create a stenosis where the pancreatic duct
inserts into the upper and lower bile duct, leading to com-
mon bile duct dilatation [9].

Patients with APBDU are more likely to have an ectopic
distal location of the papilla of Vater [10]. Accordingly,
as the ampulla of Vater is found more distally, the longer
the common channel becomes [10]. A common channel
greater than 15 mm is considered abnormal [11] (Fig. 1).
The APBDU leads to reflux of pancreatic juice into the
common bile duct resulting in chronic inflammation, bile
duct wall damage and cystic changes. Animal models of
murine APBDU have demonstrated this mechanism [12,
13]. APBDU in the absence of choledochal cyst disease has
been reported and its management remains controversial.
However, most agree that early intervention is prudent to
avoid long-term complications [7, 14—16]. APBDU is seen
in up to 90% of patients with CC [17, 18] and this seems
to have important clinical implications. In a comparison
of APBDU-associated CC versus non-APBDU-associated
CC, APBDU-associated CC patients were significantly
more likely to have evidence of pathologically confirmed
inflammation including hepatitis, cholangitis and pan-
creatitis [19, 20]. In a retrospective review of 80 pediatric
patients who underwent choledochal cyst excision, Jung
et al. [21] found that patients with high biliary amylase
levels were significantly more likely to be diagnosed later
(median age 48 versus 4 months), present with abdominal
pain, and had predominantly portal inflammation on histo-
logical examination after excision.
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Fig. 1 Common channel in a 7-year-old female with type I chole-
dochal cyst. Coronal MRCP (a) shows a long common channel
(arrow) in a patient with anomalous pancreaticobiliary duct union
(APBDU) and type I Choledochal cyst. Notice diffuse dilatation of
the extrahepatic common duct. ERCP (b) confirms the diagnosis

The presence of CC in the absence of APBDU likely
relates to other underlying pathophysiologies including
weak bile duct wall, distal biliary obstruction or sphincter
of Oddi dysfunction. Embryologic and motility disorders
have also been postulated after some patients with biliary
cysts were noted to have fewer ganglion cells than expected
[18, 22].
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The association of CC with congenital anomalies
remains ambiguous. Previous reports have demonstrated an
association of pediatric CC and congenital cardiac anoma-
lies. In an analysis of 1646 patients with choledochal cysts
in the United States, cardiac anomalies were detected in
44.9% of infants younger than 12 months old who were
diagnosed with CC, thereby suggesting that screening for
cardiac anomalies may be prudent in this population [23].
Other reports have postulated an association of CC with
duodenal atresia, colonic atresia, gastroschisis, annular
pancreas and pancreatic cysts [2, 24-29].

Classification

Alonso-Lej and colleagues proposed the first classification
system of CC in 1959 [30]. The original classification iden-
tified 4 types of biliary cysts (type I-IV). In 1977, Todani
and colleagues [31] modified this classification and added
a fifth category of CC, Type V biliary cysts or Caroli dis-
ease [2]. Type I CC are fusiform or spherical dilatations of
the extrahepatic biliary tree (Fig. 2). Importantly, the intra-
hepatic biliary tree is sometimes dilated secondarily due to
biliary stasis. Type I CC are the most commonly encoun-
tered CC (80-90% of all CC) (Fig. 3). Radiographically,
this type of CC appears as anechoic cystic lesion that com-
municates with the biliary tree [2]. Type I CC, along with
type IV cysts, have the highest risk of malignancy [2]. This
is not surprising given that both types of these CCs have

Fig. 2 Choledochal cyst clas-
sification. Used with permission
from Rozel et al. [32]
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CLASSIFICATION OF CONGENITAL BILIARY CYSTS

extrahepatic involvement and are typically associated with
APBDU [18]. Type I cysts can be further subdivided into
Type IA, IB and IC cysts [2, 32]. Type IA CC have the gall-
bladder arising directly from the CC with a dilated extrahe-
patic biliary tree and a non-dilated intrahepatic tree. Type
IB CC contain no evidence of APBDU and a focal segment
of the common bile duct is dilated [32, 33]. Finally, type
IC CC are represented by a fusiform dilatation of the com-
mon hepatic duct and common bile duct in the presence of
APBDU [2, 32, 33].

Type II CC consist of a diverticular dilatation of the
extrahepatic bile duct system. This type of CC is rare (2%
of all CC); of note, this type of CC is considered a true
diverticula. Cholangiography will demonstrate opacifica-
tion of the diverticulum from the common bile duct, which
can sometimes be confused with gallbladder duplication
[2] (Fig. 4).

Type III CC (4% of all CC), or choledochoceles, are
located within the duodenal wall at the pancreaticobiliary
junction [18] (Fig. 5). Unlike other types of CC, type III
CC tend to be evenly distributed between the sexes and
have a much lower incidence of malignant transformation
[2, 34]. APBDU is also rare. These characteristics have
lead authors to suggest that type III CC should not be clas-
sified as a type of CC [18, 34, 35].

Type IV CC are multiple cysts which can involve both
the intrahepatic and extrahepatic biliary tree. Type IV CC
can be further subdivided into Type IVa and IVb cysts
depending on intrahepatic involvement. Type IVa CC refers

4b Extrshepatic
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Fig.3 Type I choledochal cyst in an 18-year-old male. Coronal
MRCP image (a) shows fusiform dilatation of the common duct
(large arrow) and normal intrahepatic ducts (small arrows). ERCP
(b) shows similar findings

to extrahepatic biliary dilatation with at least one intrahe-
patic cystic dilatation (Fig. 6). Type IVb refers to multiple
extrahepatic biliary cysts without intrahepatic involvement
[18]. Type IV CC are the second most common CC repre-
senting 15-20% of all reported CC.

Finally, Todani’s modification added type V CCs,
or Caroli disease, which appear as intrahepatic cystic
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Fig.4 Type II choledochal cyst in a 13-month-old male. Doppler
ultrasound (a) shows a cystic structure (arrow) near the common duct
(arrowheads). Coronal MRCP image (b) shows diverticular dilatation
of the distal common bile duct (arrow). Debris is noted within the
diverticulum (small arrows). The communication with the distal com-
mon duct is well demonstrated (arrowhead). The intra- and extrahe-
patic ducts are normal

dilatation without evidence of extrahepatic dilatation
(Fig. 7). Cancer is seen in up to 8% of patients with Car-
oli disease with most malignancies presenting in adult-
hood [18, 36, 37]. Caroli disease-associated malignancy
remains rare in the pediatric population [37].
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Fig. S Type III choledochal cyst (choledochocele) in a 20-year-old
male. Coronal MRCP image shows cystic ductal dilatation of the dis-
tal common bile duct (arrow). The intra- and extrahepatic ducts are
normal

Clinical presentation

The majority (80%) of CC are diagnosed in childhood
[2]. Clinical presentation varies and most often consists
of nonspecific abdominal pain. The classic triad of jaun-
dice, abdominal pain and right upper quadrant mass is
rare and seen mainly in the pediatric population [2, 17,
38]. Jaundice, cholangitis, pancreatitis, portal hyperten-
sion, liver function abnormalities and coagulopathy are
also seen [2, 17, 39, 40]. Jaundice mainly occurs in type I
and IV CC where APBDU allows for the reflux of biliary
and pancreatic juices leading to protein plugs and stone
formation [39, 41]. Biliary amylase levels may be ele-
vated and correlate with clinical severity [21, 42]. Type
V CC typically presents with cholangitis and stone for-
mation [17]. In 1-2% of cases, CC may present with rup-
ture and biliary peritonitis prompting emergency biliary
drainage [3, 43-45]. This presentation is typically seen
in neonates and infants. Incidental identification is rare in
the pediatric population, but seen in nearly one-third of
adult CC patients [46].

Presentation in infancy (<1 year old) compared with the
classical pediatric group (1-18 years old) is different. Spe-
cifically, infants are more likely to present with jaundice,
clay colored stools whereas the classic pediatric group is
more likely to present with abdominal pain [47]. Less com-
monly seen presentations include duodenal obstruction and
perforation [29]. Compared with adults, the pediatric CC

patient is more likely to present with an abdominal mass
and an APBDU [48].

Irwin and Morrison reported the first CC-associated
malignancy in 1944 [49]. The mechanism by which CC
develop malignant change remains unclear; however, pan-
creatic reflux, biliary stasis and formation of mutagenic
secondary biliary acids are thought to play a role [50].
Although a malignancy may develop anywhere within the
biliary tree, over 50% of tumors develop within the cyst
itself [50]. Pediatric CC are less likely to be associated with
malignant transformation [48, 51]. In a review of 5780 CC
cases in the literature, Sastry et al. [51] reported that 7.5%
of patients had cancer [cholangiocarcinoma (70.4%) and
gallbladder cancer (23.5%)]. The incidence of malignancy
before the age of 18 was 0.42 versus 11.4% in adults [51].

Diagnostic evaluation

The diagnosis of CC is typically first accomplished using
transcorporeal ultrasound (US). Ultimately, multimodality
imaging techniques are often utilized including computed
tomography (CT), magnetic resonance imaging (MRI),
and/or endoscopic retrograde cholangiopancreatography
(ERCP) to confirm the extent of ductal involvement or the
presence of extrahepatic disease [18]. In the absence of
intrahepatic biliary dilation, US alone may be sufficient
[52, 53]. Otherwise, the presence of intrahepatic biliary
dilatation is an indication for further imaging to differenti-
ate type I CC from type IVa. The presence of a right upper
quadrant cyst separate from the gallbladder or a direct com-
mination between the biliary tree and the cyst should be
considered CC until proven otherwise [2].

Although highly sensitive, percutaneous transhepatic
cholangiography (PTC) or ERCP are utilized less fre-
quently given their invasiveness and associated risks
including cholangitis, bleeding, pancreatitis and perfora-
tion [54]. Moreover, PTC and ERCP can be technically
challenging and require general anesthesia in the pediatric
population. Magnetic resonance cholangiopancreatography
(MRCP) has also significantly decreased the use of diag-
nostic ERCP and PTC in CC disease [2, 55-57]. However,
as referenced earlier, many CC patients initially present
with obstructive jaundice due to biliary stones or proteina-
ceous plugs. Accordingly, there is still a role for PTC and
ERCP in CC disease for the management of complications
such as cholangitis or obstructing biliary stones to stabi-
lize these patients and prepare them for definitive surgical
resection [11, 58, 59].

MRCEP is noninvasive and highly sensitive (70-100%)
and specific (90-100%) in the diagnosis of CC disease
[56, 60-62]. Additionally, there is no irradiation and mod-
ern scanners have alleviated the need for protracted breath
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Fig. 6 Type IV choledochal cyst in an 18-year-old female. Dop-
pler ultrasound (a) shows diffuse dilatation of the common duct
(arrows). Coronal CT image in the portal venous phase (b) shows
dilatation of the common duct (arrow). More anterior coronal view
(c) shows cystic dilatation of the left hepatic duct (arrow). The intra-

holds making it more amenable to the pediatric population
[2, 63]. Both ultrasound and CT are highly sensitive and
specific in the diagnosis of CC; however, MRCP is better
able to delineate CC subtype and associated abnormali-
ties [61]. For example, ultrasound is unable to accurately
identify APBDU whereas MRCP can readily define the
pancreato-biliary ductal anatomy [61, 64, 65]. Endoscopic
ultrasound and ERCP are also able to detect a long com-
mon channel; however, their invasive nature and inherent
risks make MRCP the preferred diagnostic modality in the
pediatric population [61, 62]. MRCP has been shown to be
as effective as intraoperative cholangiography for operative
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hepatic ducts are also dilated (small arrows). Coronal MRCP image
(d) shows diffuse dilatation of the common duct (arrow) and cystic
dilatation of the left hepatic duct (arrowhead). The gallbladder is also
seen (small arrows)

planning [66]. Moreover, MRCP reliably detects CC-asso-
ciated cholangiocarcinoma, choledocholithiasis and is asso-
ciated with lower cost and morbidity compared to other
imaging/diagnostic modalities [53, 61].

The differential diagnosis among patients presenting
with suspected CC is broad, including biliary atresia, infec-
tious hepatitis, embryonal hepatic rhabdomyosarcoma, bil-
iary lithiasis, pancreatitis, biliary hamartoma, among others
[2]. Neonatal obstructive jaundice is typically explained by
either biliary atresia or CC. Cystic biliary atresia (CBA),
a subtype of biliary atresia, is particularly difficult to dif-
ferentiate from CC disease. The management of CBA is
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Fig. 7 Caroli disease in a 40-year-old male. Axial CT (a) shows
intrahepatic cystic ductal dilatation (arrows). There are mild spleno-
megaly and retroperitoneal varices (arrowhead). Axial (b) and coro-
nal (¢) T2 images from MRCP show diffuse intrahepatic cystic ductal

entirely different and, therefore, prompt accurate diagno-
sis is critical [67]. Cystic biliary atresia (CBA) patients
typically present earlier (<3 months of age) and their cysts
appear smaller with less dilatation of the intrahepatic bil-
iary system [2, 68]. An atretic gallbladder with irregular
and hypoplastic biliary radicles is typical of CBA on ultra-
sound and cholangiography [69-71]. Conversely, infan-
tile CC demonstrates a communication of the cyst with a
dilated gallbladder in addition to a dilated intrahepatic bil-
iary tree [69].

Biliary rhabdomyosarcoma is a rare soft tissue tumor
affecting 1% of children [72]. The differentiation of bil-
iary rhabdomyosarcoma and CC is difficult yet important

dilatation, with sparing of the extrahepatic common duct. d Percu-
taneous transhepatic cholangiography shows similar findings, with
cystic dilatation of the intrahepatic ducts (arrows)

given the therapeutic implications [72-74]. Pediatric cases
where obstructive jaundice is associated with a mass or
intraductal growth make the diagnosis of CC less likely and
should prompt evaluation for rhabdomyosarcoma [73, 75].
Differentiating obstructive common bile duct dilatation
and congenital common bile duct dilatation can be diffi-
cult. When evaluating the cholangiographic characteristics
of 85 consecutive children with common bile duct dilata-
tion, Oh and colleagues [76] noted that the children with
congenital common bile duct dilatation did not differ sig-
nificantly in clinical characteristics compared with chil-
dren who had obstructive CBD dilatation. It is, therefore,
prudent and essential to rule out a distal biliary obstruction
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and secondary biliary dilatation in the pediatric population
with dilated biliary trees.

As noted above, type I choledochal cysts may present
with intrahepatic biliary dilatation secondary to biliary
stasis, thus resembling a type IVa CC. This distinction is
critical given the therapeutic implications and the need to
include hepatic resection (in the case of type IVa CC) in
addition to extrahepatic biliary tree excision.

Pathology

Grossly, CC appear as diffuse dilatations of the bile ducts.
Histologic evaluation demonstrates epithelial hyperplasia
with round cell infiltration and as well as bile duct wall
thickening and fibrosis [77, 78]. Additionally, inflam-
mation is present in nearly 80% of CC, particularly those
associated with APBDU [19, 79]. Increased cell prolifera-
tive activity in the presence of APBDU can be seen any-
where in the biliary tract, including the gallbladder [78].
Histologic hepatic changes are seen in most patients with
CC with varying degrees of severity [79]. Importantly,
the presence of APBDU, more severe symptoms, type [Va
CC, and younger age correlates with higher degree of liver
damage [69, 79—-81]. On follow-up liver biopsies, most of
these changes resolve after surgical excision; however, pre-
operative portal fibrosis and central venous distension may
remain stable or increase in severity [79].

As noted above, carcinogenesis is most frequently seen
in type I and IV CC; however, this is extremely rare in the
pediatric population [50]. Malignant transformation typi-
cally leads to cholangiocarcinoma or gallbladder cancer.
Carcinogenesis is more commonly seen in APBDU-asso-
ciated CC. Although the exact pathogenesis to carcinoma
remains unknown, the reflux of pancreatic contents into the
biliary tree in combination with the presence of mutagenic
secondary biliary acids due to biliary stasis is thought to
play a role. Carcinogenesis most likely occurs as a multi-
step process with Kras and p53 mutations commonly seen
[2, 82].

Management

Cyst excision is the definitive treatment for CC. This has
become the preferred management strategy over inter-
nal drainage procedures (choledochocystoduodenostomy
or choledochocystojejunostomy) which were historically
attempted but had high morbidity, likely due to a deficiency
of drainage procedures to relieve biliary stasis [83, 84].
Furthermore, the risk of malignant degeneration is only
fully mitigated by complete resection: a critical point in
the pediatric population with a large number of expectant
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life years. The specific approach is largely a function of the
type of cyst, but generally aims to fully excise the cyst and
restore biliary enteric drainage, either primarily into the
duodenum or via Roux-en-Y hepaticojejunostomy (RYHJ).
Surgical intervention should be elective and patients should
be medically optimized prior to operative intervention.
Cholangitis or pancreatitis should be adequately treated
with broad-spectrum intravenous antibiotics and biliary
decompression if needed.

Treatment of type I CC, the most common type, com-
prises resection of the extrahepatic biliary tree and chol-
ecystectomy with hepaticoenterostomy. After exposure of
the portal structures, the common bile duct is skeletonized
and transected as distally as possible with the intent to
resect the entirety of the cyst without injuring the pan-
creaticobiliary ductal junction. If the duct is dilated at the
distal margin, the mucosa of any remaining residual lumen
can be stripped. The cyst itself is then elevated anteriorly
off the portal vein with care taken to identify aberrant or
variant biliary or vascular anatomy. Proximal transection
is typically performed at the hepatic bifurcation, which is
carefully examined for stricture or inflammation prior to
anastomosis. If these are noted, more proximal transection
should be considered.

Type II CC are saccular, non-fusiform diverticula of the
common bile duct which are not as likely to be associated
with pancreaticobiliary malunion [20] and are typically
managed with diverticulectomy or simple cyst excision.
Closure can be performed primarily or over a T-tube, and
occasionally RYHJ reconstruction is required if there is sig-
nificant luminal narrowing.

Endoscopic sphincterotomy has been used to manage
pediatric patients with type III CC, or choledochoceles,
without excising the cyst. Various reports denote adequate
symptom control with this approach [85, 86]; however,
long-term follow-up is lacking. Cysts not amenable to
endoscopic intervention may benefit from lateral duodenot-
omy with sphincteroplasty and unroofing or marsupializa-
tion of the cavity.

Type IVb cysts are treated in the same fashion as type
I. Management for I'Va disease differs due to the presence
of intra- as well as extrahepatic involvement and is dic-
tated by the extent and pattern of the intrahepatic involve-
ment, as well as the presence of functional liver disease. Of
foremost importance is the characterization of actual type
IVa as opposed to type 1 with upstream ductal dilatation
due to stasis and functional obstruction [33]. If the dilata-
tion is anatomic and isolated, partial hepatectomy may be
warranted due to the ongoing risk of malignant transforma-
tion in the intrahepatic biliary system [87]. If the pattern is
more diffuse or imaging is inconclusive, treatment in a type
I paradigm with close postoperative surveillance to follow
intrahepatic ducts has been utilized [88]. In some reported
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cases, the intrahepatic component has actually resolved in
3-6 months following adequate drainage [89]. Preopera-
tive percutaneous biliary drainage to decompress the intra-
hepatic biliary ductal system to differentiate type IVa from
type I has been advocated in adults [90] but not reported
in children, likely due to the difficulty maintaining exter-
nal tubes in the pediatric population. Intrahepatic cystojeju-
nostomy in addition to hepaticojejunostomy has also been
described as a way to avoid liver resection of type [Va cysts
[91], though long-term results are unknown. In the pres-
ence of bilobar unresectable intrahepatic cysts, complete
extrahepatic excision with hepaticoenterostomy and either
internal or external drainage of the remaining cysts should
adequately ameliorate biliary stasis.

Intrahepatic cysts in Caroli disease vary from limited
disease restricted to a single segment or lobe to diffuse
disease involving the entire intrahepatic biliary tree. Uni-
lobar cystic disease in the absence of cirrhosis and portal
hypertension should be treated with anatomic hepatectomy
and biliary enteric bypass. For bilobar disease, nonopera-
tive management including litholytic agents such as urso-
diol should be considered in addition to symptom-directed
treatment including antibiotics and percutaneous drainage
as appropriate. Aggressive surveillance for malignant trans-
formation is indicated. Orthotopic liver transplantation is

Table 1 Pediatric choledochal cyst selected case series

not indicated prophylactically, but should be considered the
treatment of choice in patients with diffuse symptomatic
disease with cirrhosis or portal hypertension [92].

Surgery for CC disease can be performed open or lapa-
roscopically based on patient characteristics and surgeon
preference. Laparoscopic cyst excision with reconstruction
was first described in 1995 [93] and has been demonstrated
in children as young as 3 months [94] and as small as 6 kg
[95]. Laparoscopy is associated with longer operative time
and shorter hospital stay [96-99] with otherwise compa-
rable outcomes to open approaches, and is rendered most
feasible when there is a lack of cholangitis or pancreati-
tis (Table 1) [100]. Either four or five ports are typically
employed [94, 101, 102] in a conventional laparoscopic
approach. Single site laparoscopy [103] as well as use of
a robotic surgical system [104] has been reported. Routine
postoperative drainage has been shown to be unnecessary
in a prospective randomized study of 121 children undergo-
ing laparoscopic cyst excision with RYHJ [105].

Hepaticoduodenostomy and RYHJ are the two most
commonly utilized techniques of reconstruction, although
other replacement conduits such as appendix have been
reported [109]. Hepaticoduodenostomy has been favored
by some groups [110, 111] but most series suggest signifi-
cantly more bile reflux compared with RYHJ [112], which

First author n Age, years, mean Types of chole-  Lap versus open  Biliary enteric Morbidity Mortality
(year) (range) dochal cyst reconstruction
Senthilnathan 110 (55 children) 7.2 (2-13) Type I: 41 Lap RYHIJ 29 3(5.5%) 0
et al. (2015) (74.6%), type (52.7%), HD 26
[46]* IVa: 14 (25.4%) (47.3%)
Qiao et al. (2015) 956 4.01 (0-18) Type I: 956 Lap RYHJ 45 (4.7%) 2 (<0.01%)
[102]
Jung et al. (2012) 80 0.33 (0-14) Type I: 73 Open RYHJ 0 0
[21] 91.3%), type
IV: 7 (8.7%)
Diao et al. (2011) 418 Lap 4.16 (0-18) Type I: 358 Lap 218 (52.2%), RYHJ Lap 6 (2.8%), NR
[97] open 4.59 (85.6%), type open 200 open 82
(0-17) IV 60 (14.4%) (48.8%) (41%)
She et al. (2009) 83 children (75  3.75 (0,16) Type I: 53 (68%), Lap 10 (13.9%), RYHJ 16 (21.3%) 0
[106] resected) type II: 4 (5%), open 65
type I1I: 2 (3%),  (86.1%)
type IV: 15
(19%), type V:
4 (5%)
Miyano (1996) 180 children 4.3 (0-15) Type I 180 Open RYHY 172 NR 0
[107] (96.7%), HD 2
(0.01%), CE 6
(0.03%)
Yamataka (1997) 240 (200 chil- <5 I or IVa (unspeci- Open RYHIJ 188 (94%), 18 (9%) NR
[108]* dren) fied) HD 11 (6%)

*Data pertain only to pediatric population in mixed adult and pediatric series

RYHJ roux en hepaticojejunostomy, HD hepaticoduodenostomy, CE cystenterostomy, NR not recorded

@ Springer



646

Pediatr Surg Int (2017) 33:637-650

is currently the most commonly utilized reconstruction.
When RYHI is employed, an end-to-end anastomosis of the
jejunum to the common bile duct is recommended if tech-
nically possible to avoid the elongation of a blind pouch as
the child grows [113]. If the bile duct is too small or an
end-to-side anastomosis is required, it should be as close
as possible to the closed end of the jejunal limb. The length
of the Roux limb is not predetermined but should be appro-
priate to the child’s overall bowel length considering future
growth.

Choledochal cysts can be diagnosed at any age and can
be symptomatic or incidentally discovered. Furthermore,
antenatal diagnosis of cysts is increasingly common with
modern improvements in ultrasound screening and tech-
nology. Symptomatic disease is an indication for surgery
at any age, though the timing of repair in asymptomatic
newborns is controversial [114]. Classic recommendations
were to undergo repair by age 6 months [115], though there
is some evidence for repair as early as the first month of
life in asymptomatic neonates. In a randomized trial of 36
infants, the incidence of hepatic fibrosis was significantly
increased when surgery was postponed to after 1 month
of age [116]. Moreover, type IVa CC have a propensity to
cause irreversible liver damage in the infantile period [80].
In the presence of concomitant pancreatitis or cholangitis,
operative timing should consider the dangers of surgery
during active inflammatory response as well as the desire to
limit subsequent flares [117]. The risk of malignancy in the
first decade of life is less than 1%; however, this increases
to over 10% after the age of 30 [11, 50].

Prognosis

Resection of pediatric CC is generally well tolerated. In
the postoperative period, early complications can include
anastomotic leak, postoperative bleeding, wound infec-
tion, acute pancreatitis, and pancreatic or biliary fistula [39,
118]. However, most series are without early mortality and
report rates of acute complications including wound infec-
tions from 0 to 17%, without significant difference between
infants and children [17, 47, 96, 119, 120] (Table 1). Late
complications include anastomotic stricture, cholangitis,
hepatolithiasis, cirrhosis, and malignancy. Benign anasto-
motic stricture with recurrent cholangitis is less common
than in adults but is still seen in as many as 10-25% of
patients and can be associated with both intrahepatic and
bile duct stone formation [83, 107, 121, 122].

Rigorous long-term follow-up after pediatric CC resec-
tion is limited, but the risk of biliary carcinoma, most often
cholangiocarcinoma, clearly remains elevated even after
CC excision compared to the general population [50, 123].
Malignant disease has been noted in up to 14% of patients
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after CC resection as a child [17, 121, 122]. In fact, cancer
is the most frequent cause of late mortality in pediatric CC
series. Continued surveillance is, therefore, strongly rec-
ommended, though it is not known whether there are risk
factors such as retained portion of cyst that predispose to
malignancy after excision.
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