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Abstract

Aim: To compare clinical presentation, operative management and short- and long-term outcomes of

congenital bile duct cysts (BDC) in adults with children.

Methods: Retrospective multi-institutional Association Francaise de Chirurgie study of Todani types

I+IVB and IVA BDC.

Results: During the 37-year period to 2011, 33 centers included 314patients (98 children; 216 adults). The

adult population included more high-risk patients, with more active, more frequent prior treatment (47.7%

vs 11.2%; p < 0.0001), more complicated presentation (50.5% vs 35.7%; p = 0.015), more synchronous

biliary cancer (11.6% vs 0%; p = 0.0118) andmore major surgery (23.6% vs 2%; p < 0.0001), but this latter

feature was only true for type I+IVB BDC. Compared to children, the postoperative morbidity (48.1% vs

20.4%; p < 0.0001), the need for repeat procedures and the status at follow-up were worse in adults (27%

vs 8.8%; p = 0.0009). However, severe postoperativemorbidity and fair or poor status at follow-upwere not

statistically different for type IVABDC, irrespective of patients’ age. Synchronous cancer, prior HBPsurgery

and Todani type IVA BDC were independent predictive factors of poor or fair long-term outcome.

Conclusion: BDC is a more indolent disease in children compared to adults, except for Todani type IV-

A BDC.
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Introduction

In contrast to Asian countries, congenital bile duct cysts (BDC)
are rare in the United States and Europe.1−7 This might explain
the lack of recent publication of large multicenter or retrospec-
tive nationwide series outside Asia. The disease is most
frequently discovered in childhood, but 20% of patients are
diagnosed in adult life.1 The proportion of presence of bile duct
cyst in adults has probably been underestimated. In USA, Europe
and India, an increasing number of adult patients have been
reported. This trend might reflect an institutional referral bias or
the lack of attention to the disease in regions with a low preva-
lence, but might also possibly be due to improved accuracy of
non-invasive imaging studies.8–10 Only six single-center Western
studies with greater than 30 patients have compared results be-
tween adult and pediatric populations.2–7 These series showed
that complications at presentation (such as cholangitis, pancre-
atitis and bile duct cancer) or following surgery were significantly
more frequent in adults than in children. However, these com-
parisons were not made according to the BDC subtype of the
classical Todani classification.2,3,5,11 Furthermore, worse short
and long-term outcomes were also reported in Todani type IVA
BDC with intrahepatic disease involvement.12−15 There is little
available information in the Western literature about the man-
agement and long-term results in adult and pediatric populations
relating to BDC type I or IVA in the Todani classification. The
aim of the present study was to compare clinical presentation,
operative management, and short- and long-term outcome in
adults and children patients according to the BDC subtype in the
Todani classification in a large retrospective multicenter Euro-
pean study.
Methods

Study population and patients’ data collection
This multicenter retrospective study was conducted by mem-
bers of the Association Française de Chirurgie (AFC). Data from
patient medical records were included in an online database
(http://www.chirurgie-viscerale.org) using a standardized ques-
tionnaire. Between 1974 and 2011, 33 centers (including 24
academic centers) from six different European countries
included 314 patients (250 females and 64 males; 216 adults
and 98 children) operated with Todani type I, IVB and IVA
BDC. Recorded data included patient demographics, past his-
tory of surgical and/or endoscopic interventions for hepato-
biliary and pancreatic (HBP) disease, clinical symptoms (prior
to initial surgery), laboratory and imaging studies, details of
surgical procedures, pathological data, duration of follow-up,
and short- and long-term postoperative outcome. Additional
data were obtained from e-mail or phone exchanges with the
referral centers. To ensure homogeneous disease classification
and to exclude doubtful cases (such as intrahepatic stones
secondary to biliary strictures), operative and pathology reports
HPB 2016, 18, 529–539 © 2016 International Hepato-P
as well as imaging studies were systematically reviewed by the
three senior authors (JYM, RK, and JFG). Accordingly, from an
initial 600 patients, 95 were excluded, leaving 505 patients with
confirmed BDC.
A pediatric patient was defined as being <15 years of age.

Patients’ operative risk was evaluated by using the American
Society of Anesthesiology physical status score (ASA).16

Complicated clinical presentation was defined by the presence
of cholangitis or pancreatitis, portal hypertension, biliary peri-
tonitis or HBP carcinoma. Postoperative morbidity and mor-
tality were defined at three months or during hospital stay.
Postoperative morbidity was graded according to Dindo-Clavien
classification17 and grade III and IV complications were
considered as severe morbidity.
505 BDC subtypes were classified according to the Todani

classification11 based on imaging studies. These subtypes
included type I in 47.3% (n = 239), type II in 3.8% (n = 19),
type III in 2.6% (n = 13), type IVA in 14.5% (n = 73), type IVB
in 1.2% (n = 6) and type V in 30.7% (n = 155). Due to the
similarity of extra-hepatic disease involvement in both subtypes,
Todani type I and type IVB were grouped together. Conversely,
Todani subtypes II, III and V were excluded from the present
study, leaving 318 patients with only extra-hepatic disease (Type
I and IVB BDC) and a combined extra- and intrahepatic disease
(type IVA BDC) to enable comparison between adult and pe-
diatric populations. Disease involvement of the main biliary
convergence (MBC) was classified according to the classification
reported previously.18 From these 318 patients, 314 were
operated and represented the final cohort of patients of the
present study. Surgery was not performed in three patients of
the adult group due to carcinomatosis (n = 1, a type IVa BDC
patient who died 6 months later) and refusal of intervention
(n = 2). In the children group, one patient was considered to be
too young for surgery (<3 months). Major surgical procedures
included hepatectomy and/or pancreatectomy and/or cancer
resection.
Long-term outcome after 3 months was evaluated according to

the dedicated clinical evaluation score reported by the Mayo
Clinic:6 excellent if the patient remained free of symptoms
without further re-intervention; good if the patient had occa-
sional and mild episodes of cholangitis or pancreatitis not
impairing the quality of life; fair if the patient had repeated ep-
isodes of cholangitis or pancreatitis, or had portal hypertension
without further re-intervention; poor if the patient required later
biliary or liver-related surgical procedures, developed biliary
cirrhosis or complications because of portal hypertension, or
died from cyst-related malignancy or liver and biliary-related
complications.

Statistical analysis
Comparison between adults and children was performed using
the chi-squared test (or the Fisher’s exact test when conditions
for the chi-square test were not fulfilled) for categorical variables
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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and using the Student t-test (or the Mann–Whitney nonpara-
metric rank sum test in case of non-normality) for continuous
variables. Variables significant at the 0.15 level in univariate
analysis were introduced in a multivariate logistic regression. A
Kaplan–Meier analysis was used to estimate the postoperative
survival rate. The log-rank test was used to compare adults and
children. Statistical analysis was performed using SAS® version
9.2 (SAS Institute Inc, Cary, North Carolina, USA). A p value
<0.05 was considered statistically significant.
Results

Adult and pediatric demographic and imaging data are presented
in Table 1, and Fig. 1. Data regarding prior intervention, clinical
presentation and coexistent HBP diseases are presented in
Table 2. Details of surgical procedures and short-term and long-
term postoperative outcome are presented in Table 3. There were
significantly more female (p = 0.0354) and high-risk patients in
adults (p = 0.0055).
The imaging studies used to diagnose BDC differed between

the two groups. More non-invasive studies were performed in
children, including mostly percutaneous ultrasound (US) (93
of 98 children versus 159 of 216 adults; p < 0.0001) as well as
percutaneous transhepatic cholangiography (16/98 children
and 8/216 adults; p < 0.0001) in the early period of the study.
Significantly more contrast imaging studies and endoscopic
techniques were performed in adults. Magnetic resonance
(MR)-cholangiography was increasingly used over time both in
adults and in children. In three patients, occult BDC was
discovered during other abdominal surgery and no preopera-
tive imaging study was thus performed in these patients
(Fig. 1).
There was no difference between the Todani subtypes of BDC

between adults and children. However, in Todani type I, there
were significantly more subtype Ia (cystic subtype) in children
and more subtype Ib (cylindrical subtype) in adults. There was
no difference between the two groups regarding main biliary
convergence (MBC) disease involvement while an anomalous
pancreato-biliary malunion (PBM) was significantly more
frequently detected in children. Similar observations were made
in children for the type I+IVB but not for type IVA.

Prior surgical and/or endoscopic biliary procedures
(Table 2)
Prior surgical and/or endoscopic and/or radiological biliary
procedures were significantly more frequently performed in
adults both in BDC types I+IVB and IVA. Adult patients un-
derwent significantly more cholecystectomy and cyst-
enterostomy. However, regarding cyst-enterostomy, the differ-
ence was significant in BDC type I+IVB for adults compared to
children but not for BDC type IVA. There was significantly more
incomplete BDC resection in adults.
HPB 2016, 18, 529–539 © 2016 International Hepato-P
Clinical presentation (Table 2)
Forty-one patients (13.1%) were asymptomatic at the time of
diagnosis and the median delay between disease first symptoms
and diagnosis was three months, being significantly longer in
adults. Pain was the most common presenting symptom and
children presented more often with an abdominal mass and
jaundice. Adults presented more often with cholangitis, weight
loss and a complicated presentation. The median delay between
first symptom and diagnosis was significantly longer in adults in
both subtypes I+IVB and IVA BDC. Similarly, abdominal mass
was more frequently encountered in children in both BDC
subtypes. However, in subtype IVA BDC, there was more pain
and cholangitis but less pancreatitis in adults.

Coexistent hepato-biliary and pancreatic (HBP)
diseases (Table 2)
Both liver and biliary disease was significantly more frequent in
adults compared to children. Coexistent biliary stones were more
common in adults in the whole group of patients but only in
BDC subtype IVA. Pancreatic disease rate was similar in adults
and children. Synchronous biliary cancer was not encountered in
children.
In covariate analysis, there was a significant correlation

between occurrence of cancer and prior history of cyst-
enterostomy (p = 0.0002). There was a significantly greater
rate of synchronous cancer in adult patients with previous
cyst-enterostomy (6 out of 22; 27%) compared to patients
without previous cyst-enterostomy (19 out of 194; 9.7%)
(p = 0.0270).

Preoperative treatment and surgery (Table 3)
Preoperative biliary drainage was performed in 29 patients, 25
of whom were adults. All patients underwent surgical explo-
ration. However, seven adult patients did not undergo BDC
resection because of locally advanced gallbladder or intra-
hepatic cancer in two patients, peritoneal carcinomatosis in
another and severe inflammation of hepatic pedicle in two
patients. Cholecystectomy alone was performed in one patient
and intervention on the gallbladder was not known in the
remaining patient. Repeat surgery was more frequent in adults.
Concomitant cyst excision and hepatectomy was performed
more frequently in adults but only in Todani type IVA BDC
(Table 3). Bile duct stone extraction was required more often
in adults. A significant difference was also observed for type
I+IVb BDC between adults and children but not for type IVA
BDC. Bile duct anastomosis was performed more frequently
on the main biliary convergence (MBC) in adults in total and
in subtype I+IVB BDC. Major surgical procedures were more
frequent in adults compared to children group for type I+IVB
BDC. Management and postoperative morbidity and mortality
of BDC complicated by synchronous cancer was detailed in
Fig. 2 and Table 4.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 1 Comparison between adults and children of patients’ and disease’ characteristics according to BDC subtype in the Todani

classification

Whole series p value Type I-IVB BDC p value Type IVA BDC p value

Children
n [ 98

Adults
n [ 216

Children
n [ 79

Adults
n [ 164

Children
n [ 19

Adults
n [ 52

Median age (years) 3 [0–15] 41.5 [16–81] <0.0001 3 [0–15] 43 [16–81] <0.0001 2.7 [0–15] 36.9 [16–72] <0.0001

Sex ratio (F/M) 2.6 4.8 0.0354 3.43 5.07 0.0230 3.75 4.1 1.0000

Ethnical origin

� Caucasian 74 (75.5%) 178 (82.4%) 0.2325 60 (75.9%) 136 (82.9%) 0.4946 14 (73.7%) 42 (80.8%) 0.2386

� West and
south African

7 (7.1%) 5 (2.3%) 6 (7.6%) 5 (3%) 1 (5.3%) 0

� North African 9 (9.2%) 13 (6.0%) 6 (7.6%) 10 (6.1%) 3 (15.8%) 3 (5.8%)

� Asian 4 (4.1%) 9 (4.2%) 4 (5.1%) 6 (3.7%) 0 3 (5.8%)

� Others 4 (4.1%) 11 (5.1%) 3 (3.8%) 7 (4.3% 1 (5.3%) 4 (7.7%)

ASA score

� 1 or 2 98 (100%) 201 (93.1%) 0.0039 79 (100%) 153 (93.3%) 0.0181 19 (100%) 48 (92.3%) 0.5678

� �3 0 15 (6.9%) 0 11 (6.7%) 0 4 (7.7%)

Todani BDC types

� Type I 78 (79.6%) 159 (73.6%) 0.2537 – – – – – –

� Subtype Ia 50 (64.1%) 67 (42.1%) 0.0112 50 (64.1% 67 (42.1%) 0.0112 – – –

� Subtype Ib 6 (7.7%) 22 (13.8%) 6 (7.7%) 22 (13.8%) – – –

� Subtype Ic 22 (28.2%) 67 (42.1%) 22 (28.2%) 67 (42.1%) – – –

� Not reported 0 3 (1.9%) 0 3 (1.9%) – – –

� Type IVB 1 (1%) 5 (2.3%) 0.3577 1 (1.2%) 5 (3%) 0.6669 – – –

� Type IVA 19 (19.4%) 52 (24.1%) 0.6696 – – – – – –

Main biliary
convergence
(MBC) adequately
analyzed

83 (84.6%) 183 (84.7%) 0.3541 68 (86.1%) 140 (85.3%) 1.0000 15 (78.9%) 43 (82.7%) 0.7362

Cyst Involvement
of MBC

23/83 (27.7%) 63/183 (34.4%) 0.2780 12/68 (17.6%) 40/140 (28.6%) 0.0879 11/15 (73.3%) 23/43 (53.5%) 0.1790

� MBC-1 20 41 0.932 11 31 0.1540 9 10 0.0440

� MBC-2 3 22 1 9 2 13

Presence of
pancreatobiliary
malunion (PBM)
adequately
explored

71 (72.4%) 170 (78.7%) 0.7568 56 (70.8%) 134 (81.7%) 0.0038 15 (78.9%) 35 (67.3%) 0.3948

Anomalous PBM 64/71 (90.1%) 119/170 (70%) 0.0008 51 (91%) 98 (73.1%) 0.0063 13 (86.6%) 21 (48.8%) 0.0597

Abbreviations: ASA score, The American Society of Anesthesiology physical status score.
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Postoperative mortality and morbidity (Table 3)
Only one adult patient died postoperatively. Median post-
operative hospital stay, overall morbidity and severe complica-
tions rates was greater in adults. Biliary and pancreatic
complication rates were greater in adults. The median hospital
stay and overall complications rate were significantly greater in
adults for type I+IVB and type IVA. However, severe morbidity
rate (Dindo-Clavien grade III and IV) was significantly greater in
adults only for types I+IVB BDC. The postoperative morbidity
HPB 2016, 18, 529–539 © 2016 International Hepato-P
rate in patients without major surgical procedures was greater in
adults compared to children regardless of BDC Todani subtype
and type IVA BDC.

Long-term outcome (Table 3)
Two hundred fifty-eight patients (82%) were followed-up for
more than 3 months, during a median duration of 36 months
(range: 4–372 months). Patient status at follow-up was worse
in adults (Table 3). When comparison between BDC subtypes
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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was made (Table 3), worse status at follow-up was observed in
adults for subtype I+IVB BDC while for subtype IVA BDC
long-term outcome was not significantly different between
adults and children. Only one adult patient suffering from
subtype IVA BDC with MBC disease involvement presented
with metachronous intrahepatic cholangiocarcinoma, 70
months after primary BDC resection and 57 months after
revision of an anastomotic stricture. Chemotherapy was
initiated for metastatic disease but the patient died a few
months after diagnosis.15 Previous cyst-enterostomy signified a
worse long-term outcome (Table 5).

Univariate and multivariate statistical analysis of poor
long-term outcome according to Mayo clinical score
(Table 6)
Univariate analysis in the 258 patients identified 12 predictive
features of fair or poor long-term outcome; adult patients,
subtype IVA BDC, prior HBP surgery, cyst-enterostomy, chol-
angitis and pancreatitis at initial clinical presentation, coexistent
biliary disease, stones and synchronous cancer, MBC disease
involvement, repeat treatment and occurrence of post-operative
complications. Multivariate analysis identified only coexistent
synchronous cancer, prior HBP surgery, Todani type IVA BDC as
independent predictive factors of fair or poor long-term
outcome. Independent predictive factors of synchronous
cancer included previous cyst-enterostomy (Odd ratio: 5.3
[1.583–17.746]; p < 0.0001), patient age (OR: 1.047
HPB 2016, 18, 529–539 © 2016 International Hepato-P
[1.021–1.073]; p < 0.0001), and weight loss at the time of
diagnosis (OR: 12.683 [3.604–44.616]; p < 0.0001).

Survival
The overall 1 and 3 year survival rate of adult patients (97% and
91%, respectively) was significantly lower than in children (both
100%, p = 0.0238) after exclusion of cancer patients, the overall
survival at 1 and 3 years for adult patients (98.6% and 98.6%,
respectively) was not different from children. Similar results were
observed for Todani types I+IVB BDC. In contrast, for type IVA
BDC, the overall survival at 1 and 3 years was similar between
adults and children with (95% and 92% vs both 100%,
p = 0.6016) or without inclusion of cancer patients (97% and
97% vs 100% and 100%, respectively, p = 0.5385). Finally, the
overall survival rate for Todani type I+IVB and IVA BDC at 1 and
5 years was significantly worse in type IVA BDC (100% and 83%
vs 100% and 100%) (p = 0.0339) but there was no significant
difference after exclusion of cancer patients (p = 0.5385).
Discussion

The present series represents the largest multicenter series on
BDC from European centers with the aim of comparing pre-
sentation, treatment and outcome between adult and pediatric
populations as well as BDC subtype based on the Todani clas-
sification. A previous small study has already been reported
under the auspices of the Association Française de Chirurgie but
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 2 Comparison between adults and children of previous surgical and/or endoscopic procedures, clinical presentation, coexistent hepatobiliary and pancreatic (HBP)

disease according to BDC Todani subtype (please refer to Supplementary Table 2 for full results)

Whole series p value Type I+IVB BDC p value Type IVA BDC p value

Children n [ 98 Adults n [ 216 Children n [ 79 Adults n [ 164 Children n [ 19 Adults n [ 52

Prior surgical and/or radiological and/or endoscopic procedures

� Prior biliary tract surgery and/or
endoscopic procedures

11 (11.2%) 103 (47.7%) <0.0001 10 (12.7%) 72 (43.9%) <0.0001 1 (5.3%) 31 (59.6%) <0.0001

� Surgery alone 4 (4.1%) 62 (28.7%) <0.0001 4 (5.1%) 45 (27.4%) <0.0001 0 17 (32.7%) 0.0035

� Cyst-enterostomy 0 22 (10.2%) 0.0011 0 16 (9.8%) 0.0041 0 6 (11.5%) 0.1824

Clinical presentation

� No symptom 8 (8.2%) 33 (15.3%) 0.0803 6 (7.6%) 27 (16.5%) 0.0587 2 (10.5%) 6 (11.5%) 1.0000

� Isolated pain 47 (48%) 86 (39.8%) 0.1760 36 (45.6%) 70 (42.7%) 0.6708 11 (57.9%) 16 (30.8%) 0.0371

� Cholangitis 17 (17.3%) 78 (36.1%) 0.0008 15 (19.0%) 49 (29.9%) 0.0710 2 (10.5%) 29 (55.8%) 0.0007

� Pancreatitis 25 (25.5%) 38 (17.6%) 01045 18 (22.8%) 33 (20.1%) 0.6330 7 (36.8%) 5 (9.6%) 0.0120

� Abdominal mass 30 (30.6%) 3 (1.4%) <0.0001 22 (27.8%) 2 (1.2%) <0.0001 8 (42.1%) 1 (1.9%) <0.0001

� Jaundice 42 (42.9%) 46 (21.3%) <0.0001 34 (43.0%) 31 (18.9%) <0.0001 8 (42.1%) 15 (28.8%) 0.2906

� Complicated presentation 35 (35.7%) 109 (50.5%) 0.0151 27 (34.2%) 77 (47.0%) 0.0594 8 (42.1%) 32 (61.5%) 0.1438

Coexistent hepatobiliary and pancreatic (HBP) diseases

� Liver disease 2(2%) 23 (10.6%) 0.0090 2 (2.5%) 8 (4.9%) 0.5061 0 15 (28.8%) 0.0072

� Biliary disease 14 (14.3%) 77 (35.6%) 0.0001 12 (15.2%) 49 (29.8%) 0.0134 2 (10.5%) 28 (53.4%) 0.0011

B stones 13 (13.3%) 51 (23.6%) 0.0350 11 (13.9%) 30 (18.3%) 0.3943 2 (10.5%) 21 (40.4%) 0.0173

B Synchronous cancer 0 25 (11.6%) 0.0118 0 19 (11.6%) 0.0016 0 6 (11.5%) 0.1777

� Pancreatic disease 5 (5.1%) 15 (6.9%) 0.5356 4 (5.1%) 10 (6.1%) 1.0000 1 (5.3%) 5 (9.6%) 1.0000
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Table 3 Comparison between adults and children of short- and long-term outcome and preoperative treatment and types of surgery according to BDC Todani subtype (please

refer to Supplementary Table 3 for full results)

Whole series p value Type I+VB BDC p value Type IVA BDC p value

Children n [ 98 Adults n [ 216 Children n [ 79 Adults n [ 164 Children n [ 19 Adults n [ 52

TYPES OF SURGICAL PROCEDURES

B Incomplete cyst excision 10 (10.2%) 29/209 (13.8%) 0.4630 4 (5.0%) 21/158 (13.3%) 0.0702 6 (31.6%) 8/51 (15.7%) 0.1393

ASSOCIATED PROCEDURES

B Hepatectomy 1 (1%)* 28 (12.9%) 0.0002 0 6 (3.7%) 0.4327 1 (5.2%) 22***(42.3%) 0.0031

B Pancreatoduodenectomy 1 (4%) 12 (5.5%) 0.0707 0 8 (4.9%) 0.0564 1 (5.3%) 4 (7.7%) 1.0000

B Cancer excision 0 23 (10.6%) 0.0002 0 18 (10.9%) $ 0.0003 0 5 (9.6%) 0.329

� Combined resection� 2 (2%) 51 (23.6%) <0.0001 0 25(15%) <0.0001 2 (10%) 26 (50%) 0.0509

EARLY POSTOPERATIVE OUTCOME

� Mortality rate (%) 0 1 (0.5%) 1.0000 0 1 (0.6%) 1.0000 0 0 1.0000

� Complications rate (%) 20 (20.4%) 104 (48.1%) <0.0001 15 (19%) 72 (43.9%) 0.0001 5 (26.3%) 32 (61.5%) 0.0085

o Grade III-IV 4 (4.1%) 49 (22.7%) <0.0001 2 (2.5%) 33 (20.1%) 0.0003 2 (10.5%) 16 (30.7%) 0.1238

LONG-TERM OUTCOME n=80 (82%) n=178 (82.4%) n=66 (83.5%) n=132 (80.5%) n=14 (74%) n=46 (88.5%)

� Median follow-up (months) 42 (4-732) 36 (4-292) 0.0619 39.5 (4-372) 36.5 (4-292) 0.2060 45 (8-351) 24.5 (4-228) 0.1592

� Mayo clinic score

B Excellent + Good 73 (91.2%) 130 (73%) 0.0009 61 (92.4%) 102 (77.3%) 0.0084 12 (85.7%) 27 (58.7%) 0.1080

B Fair + Poor 7 (8.8%) 48 (27%) 5 (7.6%) 30 (22.7%) 2 (14.3%) 19 (41.3%)

� Repeat procedures 5/78 39/161 <0.0001 3/64 25/118 0.0066 2/14 14/43 0.3347

*One total hepatectomy for transplantation in a child.
**Two total hepatectomy for transplantation in adults.
***Two patients underwent biliary stone extraction.
$ A secondary central hepatectomy was performed after good response of chemotherapy.
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No resec on
(1 pa ent)

Figure 2 Flow chart of management of patients suffering from bile duct cysts with synchronous cancer

Table 4 Presentation of synchronous cancer according to Todani

subtype of bile duct cyst (BDC)

Type I+IVb
BDC

Type IVA
BDC

p value

Patients with cancer 19 6 0.8072

Median age (years) 47 (22–70) 51 (30–67) 0.8622

Previous cyst
enterostomy

n = 5 n = 1 1.0000

Location of cancer 0.8915

� Gallbladder n = 7 n = 0

� Extrahepatic bile duct n = 5 n = 3

� Intrahepatic bile duct n = 0 n = 3

� BDC n = 6 n = 0

� Pancreas n = 1 n = 0

Presence of
pancreatobiliary
malunion

0.9796

� Not explored n = 6 n = 3

� Abnormal n = 10 n = 1

� Normal n = 3 n = 2

Type of surgery 0.5996

� No resection
(carcinomatosis)

n = 1 n = 1

� BDC resection n = 7 n = 0

� BDC resection
+ hepatectomy

n = 6a n = 3

� BDC resection
+ pancreaticoduodenectomy

n = 5 n = 2b

Mortality and Morbidity 0.8859

� Grade 1 n = 3 n = 1

� Grade 2 n = 2 n = 1

Table 4 (continued )

Type I+IVb
BDC

Type IVA
BDC

p value

� Grade 3 n = 4 n = 1

� Grade 4 n = 0 n = 1

� Grade 5 (death) n = 1 n = 0

Staging of
tumour (UICC)c

– 0.9144

� Stage 0 n = 2 n = 1

� Stage IA n = 3 n = 1

� Stage IB n = 5 n = 1

� Stage IIA n = 4 n = 1

� Stage IIB n = 3 n = 1

� Stage III n = 0 n = 0

� Stage IV n = 2 n = 1

Median follow-up
time (months) (range)

12.5 (3–34) 12 (6–88) 1.0000

Status at final follow-up 0.7472

� Alive without complications n = 9 n = 3

� Alive with complications n = 1 n = 1

� Alive with cancer recurrence n = 1 n = 0

� Death related to cancer n = 6 n = 2

� Death related to
disease complications

n = 1 n = 0

� Death not related to
disease complications

n = 0 n = 0

a One patient underwent central hepatectomy 6 months after
chemotherapy.
b One patient underwent pancreatectomy+hepatectomy.
c UICC staging (www.uicc.org) 7eme edition distal extrahepatic duct
BDC bile duct cyst.

HPB 2016, 18, 529–539 © 2016 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Table 5 Comparison of long-term outcome of adult patients

suffering from bile duct cyst according to previous cyst-

enterostomy (CE)

Patients with
previous CE

Patients
without
previous CE

p value

Patients 19 159

Median follow-up
(months) (range)

36 (12–175) 36 (4–292) 0.9283

Mayo clinic score

� Excellent 7 (36.8%) 104 (65.4%) 0.0077

� Good 2 (10.5%) 16 (10%)

� Fair 0 9 (5.6%)

� Poor 10 (52.6%) 30 (18.8%)

Mayo clinic score

� Excellent + Good 9 (47.4%) 120 (75.5%) 0.0143

� Fair + Poor 10 (52.6%) 39 (24.5%)
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the results did not compare outcomes specifically for adults and
children.9 Several comparative studies have been reported ac-
cording to age population but there were retrospective with small
patient numbers.2−7,19−22 The recent large Western multi-
institutional comparative study reported by Soares et al.23

mostly included American surgical departments with very few
European centers of which none (except one for 20 patients)
participated in the present study.
The present study has to be critically analyzed for its strengths

and weaknesses. First, it should emphasized that there is an
obvious selection bias related to the predominant participation
of HBP centers treating only adult patients, with only 3 centers
managing both pediatric and adult patients. For this reason,
Table 6 Predictive factors of fair or poor long-term outcome accord

(including cancer patients) suffering from Bile Duct Cyst (BDC)

Covariate Univariate analysis

Odd Ratio 95% c
interva

� Adults (�15y), Adults vs Children 3.960 1.706–

� Todani BDC subtypes, Type IV-A
versus Type I +IV-B

2.508 1.317–

� Prior hepatobiliary surgery, Yes vs No 3.486 1.888–

� Prior cyst-enterostomy, Yes vs No 4.662 1.792–

� Cholangitis, Yes vs No 2.152 1.172–

� Pancreatitis, Yes vs No 3.620 1.241–

� Coexistent biliary disease, Yes vs No 2.368 1.291–

� Coexistent biliary stones, Yes vs No 2.351 1.075–

� Coexistent synchronous cancer, Yes vs No 8.909 3.171–

� MBC involvement, Yes vs No 2.391 1.23–4

� Repeat treatment, Yes vs No 3.920 1.212–

� Post-operative complications, Yes vs No 2.145 1.178–

HPB 2016, 18, 529–539 © 2016 International Hepato-P
children represent only one third of the study population.
Furthermore, 73% of the participating centers were highly-
specialized academic HBP teams representing 97.5% of patient
inclusion. This series thus reports expert centers’ experience with
BDC, a feature that might explain the low reported mortality
rate. Additionally, a selection bias of recruitment may also
explain the overrepresentation of rare type V BDC.
Potential study weakness include the retrospective design, the

long time span of diagnostic and treatment strategies, the sub-
stantial number of centers having included patients and the
number of patients without available long-term follow-up. The
comparison between adults and children for subtype BDC type
IVA should also be considered with caution due to the small
number of pediatric patients suffering from such a subtype.
Strengths include the large number of patients and the central
revision of diagnostic criteria, disease classification and details of
surgical treatment by three senior experts. Additionally, Todani
types II, III, and V BDC were excluded due to their lower inci-
dence, different clinical presentation and surgical approach, and
to achieve homogeneous disease comparison between adults and
children.
Jaundice, abdominal mass, pancreatitis and pain symptoms

were the most common presenting symptoms in children while
in contrast, complicated clinical presentation (cholangitis, biliary
lithiasis) was predominant in adults.2−7,15,19,20,21−23 Our strati-
fication according to BDC subtype demonstrated that cholangitis
and pancreatitis were more often associated to subtype IVA BDC.
In studies comparing clinical presentation between subtype I and
IVA BDC, an increased rate of cholangitis has already been re-
ported in the latter group.7,12,24,25 Additionally, the rate of pre-
vious HPB surgical and/or endoscopic procedures was
significantly greater in adults whatever the BDC subtype in the
ing to the Mayo clinical score in the whole series of 258 patients

Multivariate analysis

onfidence
l

p value Odd
Ratio

95% confidence
interval

p-value

9.192 0.0014 1.859 0.739–4.679 0.1878

4.775 0.0051 2.075 1.025–4.199 0.0425

6.435 <0.0001 2.640 1.327–5.252 0.0057

12.129 0.0016

3.949 0.0134

10.559 0.0185 2.895 0.911–9.200 0.0715

4.346 0.0054

5.138 0.0322

25.032 <0.0001 6.354 2.148–18.798 0.0008

.651 0.0102

12.673 0.0255

3.907 0.0126

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Todani classification.2−7,19−22 However stratification according to
BDC subtype shows in the present series that cyst-enterostomy
was more often associated to subtype I+IVB BDC. Treatment
was also reported to be different with significantly more
pancreatic and hepatic resections in adult patients.15,23 This was
confirmed in the present study with also more hepatectomies
performed for subtype IVA BDC. Such an aggressive surgical
approach is clearly related to a greater rate of coexistent biliary
disease (especially intrahepatic lithiasis), sometimes complicated
by liver atrophy or abscess26 and by coexistent synchronous
cancer in adults. Zheng and colleagues have recently reported
that hepatectomy brings better long-term outcome than extra-
hepatic cyst resection for adult patients suffering from Todani
subtype IVA BDC.15 The low mortality rate encountered in the
present study in both adults and children is in line with that
reported in the literature.2,3,5,19,21 The significant mortality
(6.9% in adults vs 3% in children) reported in the multi-
institutional series of Soares et al. is surprising and might be
related to inclusion bias of end-stage BDC disease and trans-
planted patients. However, the morbidity rate related to BDC
resection remains significant, despite issued from expert HBP
surgical departments, being increased in adults compared to
children (range: 6–41% vs 0–16%, respectively)2,3,5,19,21,23 and
significantly greater in two studies.5,23 Biliary complications
represents the most common complications.2,3,19,21,23 According
to BDC subtypes stratification, the present study found that
severe morbidity and pancreatic complications rates were
significantly increased in adults only for subtype I+IVB BDC. On
the other hand, Lal et al.24 reported a significantly greater
morbidity rate for subtype IV BDC (17% versus 3%, p = 0.01)
when comparing postoperative morbidity of subtypes I and IV
BDC.
Several comparative retrospective studies reported a greater

incidence of long-term complications in adults (32.8%) than in
children (13%).2,21,27 The present series confirmed a higher rate
of repeat procedures and worse clinical outcome according the
Mayo clinic clinical scoring system in adult patients. Most of the
long-term complications (stenosis and stones) with consecutive
cholangitis are reported for patients with type IVA BDC of the
Todani classification.12−14 However subgroup analysis in the
present study confirmed that worse outcome results were
encountered in subtype IVA BDC in the whole series whatever
age stratification (data not shown) but that when BDC subtype
and age stratification are combined, worse outcome results exist
only for subtype I+IVB in the adult population. In other words,
the results of subtype IVA are similar independent of age
stratification. It might be considered that subtype IVA BDC
represent a more complex disease form. However, these results
might be influenced by the small number of subtype IVA in
children. Previous cyst-enterostomy clearly had a worse impact
on the long-term outcome of patients. More complex surgical
procedures were used for patients with a previous cyst-
enterostomy, mainly due to an increased need for
HPB 2016, 18, 529–539 © 2016 International Hepato-P
pancreaticoduodenectomy especially for type I+IVB BDC and
hepatectomy for type IVa BDC. Such extensive procedures were
related in half of these patients to the presence of coexistent
synchronous carcinoma, necessitating tumor resection with a
wide tumor-free margin.
As already reported,23,28 survival is mostly impacted by the

presence of synchronous cancer at the time of surgery. This was
confirmed in our series with a better survival in children for
subtype I+IVB and for the whole series when cancer patients are
included while survival was not affected by cancer in subtype IVA
BDC. However, the short median time of follow-up may have
influenced these results. Interestingly, some disease features
(BDC subtype IVA), coexistent cancer and prior HBP surgery
were identified by multivariate analysis in the present study as
independent predictive factors of poor or fair outcome.
Conclusion

BDC in children is associated with a less complicated presenta-
tion, less coexistent HPB disease and synchronous cancer rate,
and better short and long-term outcome following resection.
Type IVA BDC represents a more aggressive disease, a feature
illustrated by the lack of difference regarding early and late
outcome between adults and children.
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