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Background: Todani type 1 and 4 choledochal cysts are associated with a risk of developing cholangio-
carcinoma. Resection is usually recommended, but data for asymptomatic Western adults are sparse. The
aim of this study was to investigate diagnostic interpretation and attitudes towards resection of bile ducts
for choledochal cysts in this subgroup of patients across northern European centres.
Methods: Thirty hepatopancreatobiliary centres were provided with magnetic resonance cholangio-
pancreatograms and asked to discuss the management of six cases: asymptomatic non-Asian women,
aged 30 or 60 years, with variable common bile duct (CBD) dilatations and different risk factors in the
setting of a multidisciplinary team (MDT). The Fleiss 𝛋 value was calculated to estimate overall inter-rater
agreement.
Results: For all case scenarios combined, 83⋅3 and 86⋅7 per cent recommended resection for a CBD of 20
and 26 mm respectively, compared with 19⋅4 per cent for a CBD of 13 mm (P <0⋅001). For patients aged
30 and 60 years, resection was recommended in 68⋅5 and 57⋅8 per cent respectively (P = 0⋅010). There
was a trend towards recommending resection in the presence of a common channel, most pronounced
in the 60-year-old patient. High amylase levels in the CBD aspirate led to recommendations to resect,
but only for the 13-mm CBD dilatation. There were no differences related to centre size or region.
MDT discussion was associated with recommendations to resect. Inter-rater agreement was 73⋅3 per
cent (𝛋= 0⋅43, 95 per cent c.i. 0⋅38 to 0⋅48).
Conclusion: The inter-rater agreement to resect was intermediate, and the recommendation was
dependent mainly on the diameter of the CBD dilatation.
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Introduction

Choledochal cysts are congenital cystic transformations
of the extrahepatic and/or intrahepatic biliary tree. They
are a rare entity in the Western population, although
increasingly diagnosed in adults1. Choledochal cysts have a
female : male predominance of 4 : 1, and are notably more
common in the Asian population2,3. Most choledochal cysts
are diagnosed in children aged less than 10 years, with
only 20 per cent being diagnosed after the age of 20 years.
Although the majority of cases in adults are diagnosed
incidentally, these patients may have various symptoms,
including right upper quadrant pain and jaundice4,5.

The exact aetiology of a choledochal cyst is essentially
unknown. It has been suggested6,7 that reflux of pancre-
atic enzymes into the biliary tree through an anomalous
pancreatobiliary duct union (APBDU) exposes the biliary
epithelium to pancreatic enzymes, contributing to cyst for-
mation. The APBDU implies a junction of the common
bile duct (CBD) and the pancreatic duct occurring outside
the duodenal wall, allowing reflux of pancreatic fluid into
the biliary tree6,8. This ‘long common channel’ is defined as
insertion of the CBD more than 15 mm from the ampulla of
Vater. Long common channels are seen most commonly in
paediatric patients with choledochal cysts, again indicating
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Fig. 1 Magnetic resonance cholangiopancreatograms in the
coronal oblique plane showing fusiform dilatation of the bile
duct, referred as a choledochal cyst

a  13-mm CBD dilatation

b  20-mm CBD dilatation

c  26-mm CBD dilatation

The diameter of the dilated portion of the common bile duct (CBD) was
a 13 mm, b 20 mm and c 26 mm. All three cases were sent to the 30
participating centres.

that the anomaly is also associated with symptoms leading
to an early diagnosis. Amylase levels in the bile are typi-
cally raised in patients with an APBDU. A recent French
study suggested a cut-off value for intrabiliary amylase of
8000 units/l to be indicative of amylase reflux8,9. As an
APBDU has been reported to be present in only 50–90 per
cent of all patients with choledochal cysts8,10,11, there must

be other mechanisms behind cyst formation that remain
unknown.

Choledochal malformations are classified according
to the system of Todani and colleagues12. Some sub-
types (1 and 4) are associated with the development of
cholangiocarcinoma13. The risk of malignant transforma-
tion increases with age, with a cancer incidence rising from
0⋅7 per cent in the first decade of life to a lifetime risk
of more than 14 per cent after the age of 20 years3,14,15.
The risk of cancer development in choledochal cysts has
led to the recommendation to excise the entire extrahep-
atic biliary tree followed by hepaticoenterostomy2,3,16,17.
Although recommendations to resect Todani type 1 and
4 cysts are well established18, they appear primarily to
address clearcut cases and do not allow for any borderline
interpretation of the more subtle variants. Furthermore,
choledochal cysts are rare in non-Asian populations, so
knowledge regarding optimal management and long-term
outcomes in a Western population is limited.

It was hypothesized that incidental findings of subtle
dilatations of the CBD might be interpreted differently
across northern European centres, and hence that attitudes
towards resection might vary. The objective of the present
study was to assess the attitudes of hepatopancreato-
biliary (HPB) surgeons in northern Europe with respect
to definitions of choledochal cysts and the inclination to
resect in asymptomatic non-Asian adults.

Methods

Case scenarios

Three real-life scenarios (cases A, B and C) were selected
from referrals for choledochal cyst evaluation to centres
in Oslo (Norway) and Edinburgh (UK). A representative
single image was extracted from each of their magnetic res-
onance cholangiopancreatography (MRCP) series, show-
ing a fusiform dilated extrahepatic bile duct (Fig. 1). All
three patients were women, non-Asian and asymptomatic,
and the finding of a dilated CBD was incidental. To facil-
itate analysis, two versions of each case were presented:
one with the patient age set at 30 years, and the other at
60 years.

Respondents were asked whether they interpreted the
images as a Todani type 1 cyst, a cyst of another subtype,
or just a physiological dilatation (no choledochal cyst).
Respondents were asked whether they would recom-
mend resection if the patient was 30 or 60 years old,
provided there were no signs of a long common chan-
nel (APBDU) and no aspiration of bile was performed.
Answers were binary as yes or no. The questions regarding
resection were repeated with the additional assumption
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Table 1 Characterization of contributing centres

No. of centres (n=30)

Country

Denmark 3

England 4

Finland 3

Ireland 1

The Netherlands 7

Norway 5

Scotland 1

Sweden 6

HPB resections/year

<200 13

≥200 17

Centre HPB profile

Liver 1

Pancreas 1

Liver and pancreas 28

Discussed by multidisciplinary team

Yes 12

No 18

HPB, hepatopancreatobiliary.

of a common channel longer than 10 mm, and lastly
assuming that aspirated bile showed an amylase content
of more than 8000 units/l. For stratification purposes,
centres were asked for their mean annual HPB surgery
volume and whether the patients were discussed in a
multidisciplinary team (MDT) setting. A cut-off at 200
resections (liver, pancreas and biliary) per year was used
to differentiate high- from low-volume centres. The
survey was distributed by e-mail to a contact surgeon at
each site, and the completed survey forms were returned
by e-mail.

Participating sites and data collection

All major centres performing HPB surgery in Norway,
Sweden, Denmark, Finland and the Netherlands, and six
selected centres in the UK, were invited by e-mail to
participate in the survey.

Statistical analysis

Data are presented as incidences and percentages of the
replies. Each CBD diameter and patient age was considered
an independent case (six in total). Categorical data were
compared with Pearson’s χ2 test, or Fisher’s exact test if the
expected cell count number of any cell was less than five.
Risk factors (none, common channel or bile duct aspirate)
were considered different scenarios of any of the six cases,

and analysed as paired categorical data in cross-table anal-
ysis with the McNemar test with binominal distribution.
Fleiss’ fixed-marginal κ was calculated to estimate the over-
all inter-rater agreement (30 centres (raters), 18 (6 cases
× 3 risk factor scenarios) case scenarios). A κ value below
0⋅40 was considered poor, 0⋅40–0⋅75 as intermediate to
good, and more than 0⋅75 as excellent. P < 0⋅050 was con-
sidered statistically significant. SPSS® version 23.0 (IBM,
Armonk, New York, USA) was used to perform the statis-
tical analyses.

Results

Thirty-two centres were contacted and 30 participated in
the study (Table S1, supporting information). Characteris-
tics of the 30 participating centres are shown in Table 1. All
centres were presented with three MRCP images (cases A,
B and C) within the criteria of a Todani type 1 choledochal
cyst (Fig. 1a–c). Case A, with a 13-mm CDB dilatation, was
interpreted as a Todani type 1 cyst, Todani type 4 cyst and
a physiological variant by two (7 per cent), three (10 per
cent) and 25 (83 per cent) centres respectively. Case B, with
a 20-mm CDB dilatation, was interpreted as a Todani type
1 cyst, Todani type 4 cyst and a physiological variant by 28
(93 per cent), one (3 per cent) and one (3 per cent) centres
respectively. Case C, with a 26-mm CDB dilatation, was
interpreted as a Todani type 1 cyst, Todani type 4 cyst and a
physiological variant by 25 (83 per cent), five (17 per cent)
and no centres respectively. The responses as to whether
to resect or not are summarized in Fig. S1 (supporting
information).

When considering all six cases (combination of duct
size and age) and the three different risk factor scenarios
(no risk factor, common channel and amylase level above
8000 units/l in bile duct aspirate), resection was recom-
mended more often for cases B and C (83⋅3 per cent and
86⋅7 per cent respectively) than for case A (19⋅4 per cent)
(both P < 0⋅001). There was no difference when case B
was compared with case C (P = 0⋅376) (Fig. 2a). Increasing
age had an inverse impact on the recommendation to
resect. For all cases and scenarios, 68⋅5 per cent would
recommend resecting a 30-year-old patient, compared
with 57⋅8 per cent for a 60-year-old patient (P = 0⋅010)
(Fig. 2b). When asked about risk factors, 55⋅0 per cent
would recommend resection in the absence of any risk
factor, compared with 64⋅4 per cent in the presence of
a common channel (P = 0⋅068), and 70⋅0 per cent in the
presence of an amylase level above 8000 units/l in aspirate
from the CBD (P = 0⋅003 versus no risk factor) (Fig. 2c).
The 12 centres that discussed resection in an MDT
meeting recommended resection more often than the 18
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Fig. 2 Results for all case scenarios combined
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centres that did not (69⋅0 versus 59⋅3 per cent respectively;
P = 0⋅022) (Fig. 2d). The 13 centres that performed fewer
than 200 HPB resections and the 17 centres performing
200 or more HPB resections recommended CBD resection
in 59⋅9 per cent and 66⋅0 per cent respectively of the cases

and scenarios (P = 0⋅146) (Fig. 2e). There were no regional
differences for the recommendation to resect: 64⋅4, 62⋅7
and 60⋅2 per cent from the Nordic countries (17 centres),
the Netherlands (7 centres) and the UK/Ireland (6 centres)
respectively (P ≥ 0⋅437) (Fig. 2f ).
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Fig. 3 Impact of age and common bile duct diameter on recom-
mendation for resection
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When considering the answers before the additional
information about any risk factor alone, there was a similar
pattern in the recommendation of resection based on the
age of the patient and diameter of the CBD (cases A–C).
For a 30-year-old patient, three (10 per cent), 26 (87 per
cent) and 27 (90 per cent) of the 30 centres would rec-
ommend resection of a 13-mm (case A), 20-mm (case B)
and 26-mm (case C) CBD dilatation respectively: P < 0⋅001
(A versus B and C) and P = 0⋅687 (B versus C) (Fig. 3a). For
a 60-year-old patient, two (7 per cent), 20 (67 per cent) and
21 (70 per cent) centres would recommend resection of a
13-, 20- and 26-mm CBD dilatation respectively: P < 0⋅001
(A versus B and C) and P = 0⋅781 (B versus C) (Fig. 3a).
Fig. 3b depicts the impact of age for each CBD diameter;
there were no significant differences (case A, P = 0⋅639;
case B, P = 0⋅067; case C, P = 0⋅053).

Participating centres were asked to give their answers
in the absence and presence of a common channel or

Fig. 4 Impact of the presence of a common channel or amylase
in the aspirate from the common bile duct on recommendation
for resection
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amylase concentration above 8000 units/l in aspirate from
the CBD. For case A, the 13-mm CBD dilatation, there
was a trend towards more resection in the presence of a
common channel, irrespective of age (30 years: 3 (10 per
cent) versus 7 (23 per cent); 60 years: 2 (7 per cent) versus 6
(20 per cent) of the 30 centres; both P = 0⋅125) (Fig. 4a).
For the same CBD dilatation, amylase in the CBD was
associated with more recommendations to resect compared
with no risk factor, irrespective of age (30 years: 3 (10 per
cent) versus 9 (30 per cent); 60 years: 2 (7 per cent) versus
8 (27 per cent) of 30 centres; both P = 0⋅031) (Fig. 4a). For
cases B and C (CBD dilatations of 20 and 26 mm), there
were only trends towards more resection recommendations
for the risk factor scenarios; these were more pronounced
for the 60-year-old patient (Fig. 4b–c).

The overall inter-rater agreement between the 30 centres
for the 18 case scenarios was 73⋅3 per cent with a κ value of
0⋅43 (95 per cent c.i. 0⋅38 to 0⋅48).

Discussion

In the this study, the inter-rater agreement between 30
northern European HPB centres with respect to their
recommendation whether to resect a fusiform dilatation of
the CBD in different cases and risk factor scenarios was
investigated. Although there were no regional differences
or differences related to the size of the HPB unit (measured
in terms of annual HPB resections), there was intermediate
agreement with a Fleiss κ value of 0⋅43. This finding
may indicate a need to highlight the difficulty of certain
diagnoses and the timing and role of surgery in these rare
cases.

The Todani classification is based on radiological imag-
ing of the location and shape of the cyst, rather than size,
and does not define when a fusiform dilatation becomes a
true choledochal cyst with malignant potential. The rec-
ommendation to resect is also based on the Todani clas-
sification, which may not be appropriate for the purpose
of surgical decision-making. For instance, in the present
study, case A was defined by external radiologists as a
Todani type 1 choledochal cyst, thus with an implicit
indication for resection. Interestingly, the surveyed consul-
tant HPB surgeons, confronted with the question of resec-
tion, assessed this fusiform dilatation as a physiological
variant (25 of 30 centres). As such, there may be interpre-
tation differences between radiologists and surgeons, the
latter possibly avoiding a disagreement with guidelines rec-
ommending resection. Taken together, this survey suggests
one of two interpretations: either that the link between a
Todani type 1 cyst and risk of development of cancer is not
readily accepted for subtle fusiform dilatations (for example

13 mm or less) or that the definition of a type 1 cyst is
incomplete and lacks a lower cut-off diameter for fusiform
and asymptomatic cases. For the surgeon, this means that,
for subtle cases, the current definitions may not provide a
satisfactory grounding on which to base a recommendation
for resection.

There are a number of theories explaining the aetiol-
ogy and pathogenesis of choledochal cysts. Babbitt’s the-
ory of the ‘common channel’ is that most accepted in the
literature19. According to this theory, the common chan-
nel is formed by an APBDU, which results in reflux of
pancreatic juice into the bile duct and activation of pan-
creatic enzymes causing inflammation and deterioration of
the bile duct wall, leading to biliary dilatation. In patients
with choledochal cysts, associations between the amylase
level, earlier presentation and dysplasia grade have been
reported8,20. It is known that immature neonatal pancre-
atic acini do not produce sufficient pancreatic enzymes to
explain antenatal choledochal cysts21. However, assessment
of amylase in the bile duct may be an easy way to deter-
mine whether pancreatic reflux is present, and may help the
surgeon in decision-making8. In the present study, partic-
ipating centres were asked to give their recommendation
in the presence of high levels of amylase in aspirate from
the CBD. The significance of such a finding is still insuffi-
ciently explored to implement bile aspiration as a routine,
and the question may therefore be somewhat more theoret-
ical than practical. The possibility of other biomarkers in
bile associated with cancer transformation would be inter-
esting to explore in future research protocols.

The literature on choledochal cysts is limited by
single-institution experiences, and little is known about
presentation, management and long-term outcomes in the
adult European population. Moreover, there have been
concerns that, even after cyst excision, the risk of malig-
nancy remains in the bile duct epithelium remote from
the cyst, and increases during long-term follow-up3,4,18. In
children, a questionnaire-based survey among Dutch pae-
diatric surgeons demonstrated a wide variety of opinions
regarding diagnosis, treatment and follow-up, indicating
that these challenges are not exclusive to adults22.

A recently published meta-analysis13 reported the risk of
developing malignancy in choledochal cysts as 11 per cent,
and recommended complete surgical resection of extra-
hepatic bile ducts rather than cystic drainage, as the latter
increases the risk of developing biliary malignancy. How-
ever, 12 of the 18 studies included in the meta-analysis orig-
inated from Asian countries (4 from North America and
2 from France). In contrast, a recent study from China23

claimed that proper bile flow, rather than radical excision of
the choledochal cyst, is the most critical factor determining
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treatment outcome. Thus, the optimal surgical treatment
may still need to be determined. Furthermore, these stud-
ies did not define the ethnicity of the patients and, as the
Asian population in North America is significant, the risk of
malignant transformation in the Western Caucasian popu-
lation is not well documented.

The present study has the following limitations. First,
the shapes of the three choledochal cyst cases presented
were slightly different: case A was more delineated as a
fusiform shape of the CBD, whereas cases B and C had a
more cystic appearance. Consequently, the impact of size
must be interpreted with caution and is likely also to have
been affected by the interpretation of shape. Second, for
the majority of the centres, the cases were interpreted by a
single HPB surgeon (albeit in a leading position) and their
answers may not strictly reflect clinical practice. Twelve
centres discussed the images in a MDT setting and rec-
ommended resection more often. One explanation could
be that the decision to resect a benign lesion, with a not
insignificant potential of morbidity (and mortality), may be
easier to make as a group. In addition, the recommendation
to perform a resection may be more straightforward for a
theoretical case than in clinical practice, and may have led
to more recommendations to resect. Finally, as the majority
would resect case B and the majority would not resect case
A, there seems to be a grey zone between 13 and 20 mm.
In retrospect, a case within this interval would be inter-
esting to reveal possibly even greater disagreement. Fur-
ther, it could have been emphasized that the patients in the
cases had no previous history of gallstones (no cholecys-
tectomy), tumour or inflammation – information that may
have influenced decision-making.

Northern European HPB surgeons do not base their
decision to resect strictly on the radiological definition
of a Todani type 1 or 4 choledochal cyst. There was
a marked lack of consistency in the way the discrete
dilatations were classified. The malignancy potential of
difficult-to-define fusiform CBD dilatations is uncertain;
this could be problematic and may call for revision of
current surgery guidelines. Furthermore, the inter-rater
agreement to resect three fusiform CBD dilatations was
intermediate. Patient age, the diameter and, possibly, the
shape of the CBD dilatation appeared to dictate the rec-
ommendation to resect. Choledochal cysts are rare in the
adult Western population. The rarity of the condition, the
lack of symptoms and the long delay in potential develop-
ment of cancer all pose significant methodological chal-
lenges to further studies, and probably indicate that a
prospective registry may not be feasible. The findings of
this study point to the need to refine international defi-
nitions and explore novel biomarkers in order to estimate

more accurately the malignancy risk and optimal treatment
of choledochal cysts in the asymptomatic non-Asian adult
population.
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