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Background: Complete cyst excision with biliary reconstruction is the treatment of choice for choledochal cyst (CC). The aim
of this article is to review our experience in patients who underwent reoperation between January 1995 and
December 2014.

Material/Methods: The records of 18 patients (female/male, 15/3) were retrospectively analyzed including age, sex, cyst type, ini-
tial procedure, lab and imaging findings, indications for reoperation, intraoperative findings, and results of re-
operation. The median follow-up period was 6 years.

Results: The rate of reoperation in this study was about 6.8%. Eighteen patients (7 type Ia, 2Ic, 9 IV-A) developed severe
postoperative complications and required surgical intervention. The median time interval from primary sur-
gery to reoperation was 19.5 months (range, 3 days to 8 years). Two early complications required surgery due
to anastomotic bile leakage and intussusception. Sixteen late complications occurred, including 3 intrahepatic
bile duct stenosis with calculi, 5 anastomotic strictures with/without stones, 4 intrapancreatic cyst remnants,
3 adhesive bowel obstructions, and 1 internal hernia. For patients with persistent dilatation of the intrahepat-
ic bile duct or anastomotic stricture, removal of stones and revision of hepaticojejunostomy were performed,
with additional hepatic ductoplasty when necessary. Radical excision of the dilated cystic remnant in the head
of pancreas was performed in 4 patients, with 1 needing additional pancreaticojejunostomy procedure. No
deaths occurred. Sixteen patients recovered uneventfully after reoperation, and 2 wound infections developed.

Conclusions: A wide hepaticojejunostomy with/without ductoplasty is essential to prevent cholangitis, anastomotic stric-
ture, and calculi formation. Complete cyst excision, including the intrapancreatic portion, should be meticu-
lously pursued.
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Background

Choledochal cyst (CC) is a congenital dilatation of the extrahe-
patic and/or intrahepatic bile duct, and is commonly associat-
ed with pancreaticobiliary maljunction. Cyst excision combined
with hepaticoenterostomy (hepaticoduodenostomy or hepat-
icojejunostomy) has become the standard procedure for chil-
dren with choledochal cyst [1-3]. The majority (over 85-90%)
have satisfactory surgical outcomes. However, 6-10% of pa-
tients need reoperative surgery due to severe postoperative
complications, including bile leakage, anastomotic stricture, in-
trahepatic cholelithiasis, recurrent pancreatitis, adhesive bowel
obstruction, and malignancy [2,4,5]. The aim of this study was
to review our experience with 18 patients who underwent re-
operation over the past 20 years.

Material and Methods

Between January 1995 and December 2014, 275 children with
CC were diagnosed and surgically treated in 2 tertiary hospi-
tals (Children’s Hospital of Shanghai Jiao Tong University and
Children’s Hospital of Fudan University). Cysts were catego-
rized according to Todani’s classification: type la (n=176), type
Ic (n=64), type lll (n=1), type IV-A (n=33), and type V (n=1).
The study was approved by the Institutional Review Board and
the Ethics Board of Children’s Hospital of Shanghai Jiao Tong
University and Children’s Hospital of Fudan University. Written
informed consents were obtained from the parents. Regular
follow-up was carried out by phone or interview in our clinics
by an experienced surgeon (Y. Wu). In this study, procedures
performed after primary surgery, such as percutaneous peri-
toneal drainage (n=2) and gastroscopy (n=1), were excluded.
The medical records of 18 patients who underwent reopera-
tion were retrospectively analyzed, including sex, cyst type, ini-
tial procedure, age at time of primary surgery and reoperation,
clinical presentations, lab and imaging findings, indications
for reoperation, intraoperative findings, and type and results
of reoperation. Data were recorded as numeric or nominative
variables. SPSS 17.0 software package (SPSS Inc, Chicago, IL)
was used for statistical analysis. Differences in frequency dis-
tribution were compared using the 2 test or Fisher’s exact
test. Other results are expressed as mean * standard devia-
tion (SD). A P-value of less than 0.05 was considered signifi-
cant (0=0.05, two-tailed).

Results

Initial operation was performed by open or laparoscopic cyst ex-
cision and end-to-side hepaticojejunostomy using a 30- to 40-
cm Roux limb without additional anti-reflux procedure. Enteric
drainage (Roux-en-Y cystojejunostomy) was abandoned after
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January 1995. Twelve children (8 type la, 4 type Ic) were lost
to follow-up. Of the remaining 263 patients, 43 children de-
veloped early (less than 30 days, n=18) or late (greater than
30 days, n=25) postoperative complications. Eighteen (6.8%,
15 females) children required surgical intervention (Table 1).
They underwent definitive primary surgery (16 open, 2 laparo-
scopic) at the median age of 6 years (range, 11 months to 11
years). Diagnostic workup before reoperation was carried out,
including thorough history-taking, meticulous clinical exami-
nation, lab and radiological studies (abdominal X-ray film, ul-
trasonography, computed tomography (CT), and magnetic res-
onance cholangiopancreatography (MRCP). The median time
interval from primary surgery to reoperation was 19.5 months
(range, 3 days to 8 years). Abdominal pain, fever, jaundice, and
vomiting were seen in the great majority of cases. There was
no significant difference in reoperation rate between open and
laparoscopic procedure (7.5%, 16/212; 3.9%, 2/51; P=0.539).

Two early postoperative complications required surgery due
to anastomotic bile leakage (1 case) and intussusception (1
case) (Table 2). A 38-month-old girl presented with fever and
abdominal pain 6 days after the primary procedure. A CT scan
showed perihepatic fluid collection and eventration of the dia-
phragm on the right side (Figure 1). Ultrasonography-assisted
paracentesis demonstrated bilious ascites. The patient recov-
ered after leakage repair and peritoneal drainage. In the other
patient, an 11-month-old girl, vomiting developed 3 days af-
ter primary surgery and intussusception was diagnosed by ul-
trasonography and CT scan (Figure 2). Laparotomy revealed il-
eo-ileal intussusception and manual reduction was performed.
Other early complications were managed conservatively with
good results, including wound infection (n=4), wound dehis-
cence (n=1), gastrointestinal bleeding (n=2), chylous ascites
(n=3), acute pancreatitis with pancreatic juice leakage (n=1),
anastomotic leakage (n=2), and intra-abdominal infection or
abscess formation (n=3).

Twenty-five late complications occurred and 16 of these pa-
tients underwent relaparotomy (Table 3), including intrahe-
patic bile duct stenosis with stones (n=3), anastomotic stric-
ture with or without stone formation (n=5), intrapancreatic
cyst remnant (n=4), adhesive bowel obstruction (n=3), and in-
ternal hernia formation (n=1). No malignant change was ob-
served. Postoperative cholangeitis occurred significantly more
often in type IV-A than in type | patients (27.2%, 9/33; 1.3%,
3/228; P<0.001).

Stenosis of the intrahepatic bile duct and calculus forma-
tion developed in 3 type IV-A patients (Figure 3). The time in-
terval between the initial surgery and the first identification
of intrahepatic stones ranged from 21 months to 7 years.
Intrahepatic stenosis occurred near the orifice of the left he-
patic duct in all 3 children. One patient had multiple stenoses.
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Table 1. Summary of reoperation in 18 patients with choledochal cyst.

Type Initial operation Complications Reoperation Outcome

1 F 8y IV-A Open IHBD stenosis with stones Wide anastomosis Good
"""" 2 M 9  Na  Open  Anastomoticsticture  RedoH)  Good
"""" 3 F 9 k¢ Open  ResidualPCC  Radicalexcision  Good
"""" 4 M 6  NA  Open  Anastomoticsticture  RedoH)  Good
5 F 11y IV-A Open Residual IPCC Radical excision :,:zel:::iin
"""" & T e wanesie vowetavsaction. advasiosooad
"""" 7 F 1y  la  Open  ResidualPCC  Radicalexcision  Good
"""" 8 M 9  la  Open  Adnesivebowelobstruction Adhesiolysis  Good
"""" o F 8  la  Open  Anastomoticstricture  RedoH)  Good
""" 10 F 6  N-A  Open  IHBDstenosiswithstones  Wideanastomosis  Good
11 F 10y la Laparoscopic  ResiduallPCC  RadicalexcsionwithP) Good
o F oy ©  Open Anastomotic stricture  RedoH) Good
13 F 7y WA Open Adnesive bowel obstruction  Adhesiolysis Good
""" 4 F 5 la  laparoscopic  Intemalherniation, Bowelresecton  Good
15 F 9y WA Open Anastomotic stricture ~ RedoH) Good
16 F  1m  la Open  Intssuscepton Manual reduction  Good
17 F 13y A Open  IHBDstenosiswithstones  Wideanastomosis  Good
18 F 3y IV-A Open Bile leakage Repair & drainage ivr\]l;li:iin

y — year; m — month; F — female; M — male; IHBD — intrahepatic bile duct; IPCC — intrapancreatic choledochal cyst;
HJ — hepaticojejunostomy; P) — pancreaticojejunostomy.

Table 2. Early complications after definitive surgery.

Complications Number

Early complications 18 (2)
"""" Wound infecton 4
"""" Wound dehiscence 1
"""" Gastrointestinal bleeding 2
"""" Bile leakage ~ 3@)
"""" Acute pancreatitis with pancreatic leakage 1
"""" Chylous ascites 3
"""" Intra-abdominal infection/abscess 3
"""" Intussusceptlonl(l) Figure 1. CT coronal scan shows suprahepatic fluid and

eventration of the right diaphragm (patient No. 18).

The parentheses demonstrate the number of patients requiring
reoperation.
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Figure 2. CT coronal scan shows intussusception (patient
No. 16).

Table 3. Late complications after definitive surgery.

Complications Number

Late complications 25 (16)
"""" Intrahepatic caleulus ~~ 3@)
"""" Anastomoticstricture  5(5)
"""" Intrapancreatic residual cyst 4@
"""" intemal hemniation 1)
"""" Adnesive bowel obstruction  8(3)
"""" cholangtis 2
"""" Persistent dilatation of intrahepatic bile duct 2

The parentheses demonstrate the number of patients requiring
reoperation. * These two patients had symptoms of cholangitis
without other findings.

No anastomotic strictures were found at the hepaticojejunos-
tomy site. Organisms cultured from the bile were reported:
Escherichia coli (2 cases) and negative culture (1 case). The ste-
notic bile duct was incised from the hepatic hilum to the dilat-
ed segment and irrigated via a catheter. Then a wide oblique
anastomosis was performed.

Anastomotic stricture was identified in 5 patients (3 type
IV-A, 1 type la, and 1 type Ic) (Figure 4). Symptoms of chol-
angitis, including abdominal pain, high fever, and jaundice,
were observed. Stones were found proximal to the site of
the hepaticojejunostomy in 3 children. The mean diameter
of the anastomosis was 4.8+0.8 mm. The stricture including
the proximal hepatic duct and jejunal wall was excised en
bloc, stones were removed, and intrahepatic bile ducts were
lavaged with normal saline. Then a redo hepaticojejunosto-
my was performed.
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Figure 3. Intraoperative cholangiography of patient No. 17
demonstrates left hepatic bile duct dilatation with
multiple calculi formation (arrow).

Figure 4. Postoperative MRCP shows anastomotic stricture
(arrow, patient No. 2).

Postoperative pancreatitis with or without stone formation was
detected in 4 patients (2 type IV-A, 1 type la, and 1 type Ic) after
a median follow-up period of 9.5 months (range, 4 months to
50 months). Elevated serum amylase levels (726+250 U/L) were
detected in all 4 children. Ultrasonographic examination and CT
scan of the abdomen revealed dilated residual cysts in the head
of pancreas (Figure 5). Radical excision of the dilated cystic rem-
nant was completed in 4 children (with 1 needing an additional
pancreaticojejunostomy procedure due to significant pancreat-
ic duct dilatation). It is important to keep the pancreatic paren-
chyma and duct intact during choledochal remnant dissection.
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Figure 5. CT axial scan shows intrapancreatic residual cyst
(asterisk, patient No. 7).

One girl developed acute bowel obstruction due to internal
herniation through the mesenteric defect 2 months after pri-
mary surgery. The patient underwent relaparotomy and ne-
crotic bowel resection. Of the 8 children with adhesive intes-
tinal obstructions, 3 underwent surgical interventions and 5
were treated medically.

The median follow-up period after reoperation was 6 years
(range, 1 year to 13 years). No mortality was documented.
Wound infection developed in 2 patients and was managed
by changing the dressing, and the other 16 patients recov-
ered uneventfully.

Discussion

Complete cyst excision with biliary reconstruction is the treat-
ment of choice for choledochal cyst. Understanding the patho-
physiology and anatomy of CC is crucial for successful man-
agement. Despite recent advances in surgical techniques and
peri-operative management, early and late complications are
not rare in children, while postoperative complications are
more common in adults [5,6]. Reoperation is required in less
than 10% of pediatric patients and remains a great challenge
to pediatric surgeons. The rate of reoperation in this study
was about 6.8%, which is similar to other reports from Japan
and UK [2,4,5].

Our experience demonstrates that most early complications can
be treated conservatively. Anastomotic bile leakage is thought
to be caused by surgical inexperience and severe inflammation.
In some cases, the diagnosis of bile leakage is difficult and de-
layed because the symptoms are nonspecific. Imaging findings
of ultrasonography and CT cannot be differentiated from other
causes of postoperative intra-abdominal fluid collection. Some
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patients might succumb to the subsequent damage, such as
septicemia and septic shock. Chavhan et al. [7] reported gado-
benate-enhanced MR cholangiography can be used to diag-
nose and accurately localize the site of bile leakage noninva-
sively. Minor leakage can be treated effectively by adequate
drainage. Reoperation is considered only after the failure of
conservative treatment. The leakage can be repaired by a cir-
cumferential buried suture around the anastomotic site, perito-
neal lavage, and effective drainage. Postoperative intussuscep-
tion may develop after a variety of abdominal operations [8].
The majority (87.2%) of them were small bowel intussuscep-
tions (jejuno-jenual, jejuno-ileal, or ileo-ileal). The median on-
set time of intussusception was 6 days after the operation.
Relaparotomy and manual reduction was always carried out.
Therefore, intussusception, although very rare, should be con-
sidered, in addition to adhesive ileus and bowel twist.

Based on our experience, unrecognized primary bile duct ste-
nosis, residual debris, and anastomotic stricture are the main
causes of postoperative cholangitis. In the present study, 4
of the 12 patients with cholangitis responded to antibiot-
ics treatment, and biochemical liver dysfunction normalized.
Intrahepatic bile duct dilatations of type IV-A always accom-
pany a downstream ductal stenosis, frequently around the he-
patic hilum. Interestingly, Tsuchida et al. [9] found that 40%
of patients developed postoperative intrahepatic cholelithia-
sis among patients with dilated intrahepatic ducts and down-
stream stenosis, while only 2% occurred in patients without any
dilatation of the intrahepatic bile ducts. Therefore, it is clinical-
ly meaningful to detect the intrahepatic bile ductal stricture.
However, it can be very difficult to distinguish between type
I and type IV-A preoperatively in some cases [10,11]. Excision
of the cyst, ductoplasty, and wide hepaticoenterostomy at
the hilum may be imperative to prevent bile stasis, recurrent
cholangitis, stone formation, and biliary carcinoma. It is also
important to perform endoscopic examination and wash out
debris or stones from the dilated intrahepatic bile duct dur-
ing cyst excision [1,2,12]. Liver resection has been performed
in adult patients with type IV-A CC, but it is too aggressive for
infants and children. Urushihara et al. [13] reported hepati-
cojejunostomy at hilum combined with intrahepatic cystoje-
junostomy (double anastomoses) was an attractive alterna-
tive procedure for more upstream intrahepatic ductal cyst. In
terms of anastomotic stricture, improvement of surgical skills,
preservation of blood supply, no or mild inflammation of cyst
wall, and construction of a wide (larger than 1 cm) and ten-
sion-free stoma are key factors to reduce anastomosis-relat-
ed complications [10,14,15]. There should be no delay in sur-
gical or endoscopic intervention once the biliary obstruction
develops postoperatively, but a great deal of planning and a
thoughtful workup are required. Revision of hepaticojejunos-
tomy with ductoplasty, when necessary, is usually performed in
children. Kim et al. [15] reported that percutaneous transhepatic
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cholangioscopy with stone removal and balloon dilatation was
useful in 7 adult patients with anastomotic stricture. Recently,
Ono et al. [16] successfully treated pediatric patients with intra-
hepatic bile duct stones using double-balloon enteroscopy (via
the limb of the Roux-en-Y reconstruction). However, our team
has no personal experience with this endoscopic technique.

Pancreatitis occurs in patients with CC, both preoperatively
and postoperatively. Fujishiro et al. [17] reported that the in-
cidence of pancreatitis after cyst excision was about 4.2%. In
this study, pancreatitis was observed in 5 (1.9%) children after
primary surgery. Complete resection of the distal portion of the
cyst, removal of debris and protein plugs in the long common
channel and pancreatic duct, and correction of anomalous ar-
rangement of the pancreaticobiliary duct junction are essen-
tial to minimize pancreatic complications after the operation.
Overly aggressive resection might cause damage to the pan-
creatic duct. Recently, Koga et al. [18] reported that intraoper-
ative ureteroscopy during laparoscopic excision of CC was suc-
cessfully used to more accurately dissect the intrapancreatic
cyst. However, a fine-caliber endoscope is not available in our
institutes, so we instead use a flexible catheter to irrigate the
common channel. Intraoperative cholangiography can be per-
formed to confirm the clearance. Intrapancreatic cyst remnant
is a significant risk factor for pancreatic carcinoma [19-21].
Thus, radical excision of the residual cyst is strongly advocat-
ed. In some unusual cases with pancreatic duct stenosis and
upstream dilatation, pancreaticojejunostomy (Puestow pro-
cedure) is required.
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