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Fig. 3 Cholangiography of subtype o. The cholangiography demon-
strated a patent hepatic duct (arrow)

Fig. 4 Cholangiography of subtype $. The hepatic ducts (arrow) are
shown as small ductules forming a fine network

hepaticojejunostomy, 3 underwent revision Kasai portoje-
junostomy. Of the 22 patients in subtype B, all underwent
Kasai portojejunostomy (p < 0.001).

Jaundice clearance

Jaundice clearance was achieved in 16 (89 %) and 19
(86 %) patients in subtypes o and B, respectively. There
was no significant difference (p = 0.81).

Cholangitis

Five (28 %) and 16 (73 %) patients in subtypes o and B,
respectively, developed early cholangitis within 1 year

Table 2 Patient characteristics and outcomes

an=18) f@®m=22) p
Sex (M/F) 5113 7115 0.78
Age at initial surgery
Mean (SD) (days) 61.2(24.9) 596 (24.3) 0.77

Type of obstruction (I or T cyst)

1 2 8 0.067
T cyst 16 14
Procedure
H-J 14 0 <0.001
HP-J 4 22
Jaundice clearance 89 % 86 % 0.81
Cholangitis 28 % 73 % 0.0046
Portal hypertension 1% 23 % 0.34
Treatment of portal hypertension
EIS 0 1
PSE 1 2
EIS + PSE 0 1
Splenectomy 0 1
Splenectomy + SR-shunt 1 0
Current status
Alive with native liver 13 12 0.18
Alive following LTx 3
Dead 2

Current age of survivors with native liver

Mean (SD) (years) 233 (11.6)  255(12.3) 042

H-J hepaticojejunostomy, HP-J hepatic portojejunostomy, EIS
endoscopic injection sclerotherapy, PSE partial splenic embolization,
SR-Shunt splenorenal shunt, LTx liver transplantation

after surgery. The difference in the incidence of cholangitis
was statistically significant (p = 0.0046).

Portal hypertension

Two (11 %) and 5 (23 %) patients in subtypes o and J3,
respectively, developed clinical bleeding or impending
rupture of esophageal varices was suspected, which was
endoscopically confirmed; they underwent treatment of
portal hypertension during the postoperative course
(p = 0.34). Treatment included partial splenic emboliza-
tion (PSE) and splenectomy with splenorenal shunt place-
ment in one patient each in subtype o; in subtype B,
endoscopic injection sclerotherapy (EIS), EIS followed by
PSE, and splenectomy were performed in one patient each
and PSE was performed in two patients.

Outcomes and current status

Of the patients in subtype o, two with persistent jaundice,
who underwent initial surgery at the age of 66 and 92 days,
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Table 3 Patients who died or underwent liver transplantation

Case Pattern of Sex Age at initial surgery Procedure Age at death Age at LTx Current age
obstruction (days) (m, months/years) (years) (years)

1 Tcyst-o M 91 H-J - 27 42

2 Teyst-o F 59 H-J* - 25 39

3 Teyst-o M 66 H-J 3m - -

4 Icyst-o F 92 H-J* S5m - -

5 Teyst-a F 79 HP-J 4 21

6 Teyst- F 72 HP-J 7m - -

7 1-B F 41 HP-J - 25 36

8 Ieyst-B F 88 HP-J 11m - -

9 Teyst-B M 73 HP-J 5 - -

10 Teyst-f3 M 82 HP-J 14 - -

11 -8 M 47 HP-J Ty 10 -

12 1-B F 30 HP-J 29 - -

13 Icyst-B F 140 HP-J 8m - -

14 Teyst-p F 49 HP-T 5 - -

15 I-B F 55 HP-J - 6 25

H-J hepaticojejunostomy, HP-J hepatic portojejunostomy, LTx liver transplantation

* Two patients underwent revision by HP-T following H-J
* A patient died of complications following L.Tx
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Fig. 5 Kaplan-Meier native liver survival curves. There was no significant difference in cumulative native liver survival rates between subtypes

o and B (p = 0.43, log-rank test)

respectively, died of pulmonary complications 12 days and
2 months after surgery, respectively. Of the patients in
subtype B, three with persistent jaundice, whose operative
ages were 72, 82, and 140 days, respectively, died of liver
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failure at the age of 3 months, 14 years, and 3 months,
respectively. In total, two patients died and three under-
went liver transplantation in subtype o, and seven patients
died and three underwent liver transplantation in subtype .
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One patient in subtype B, who underwent liver transplan-
tation at the age of 10 years, died of postoperative com-
plications at 11 years of age. Six patients (two of subtype o
and four of subtype B) died or required liver transplantation
after surviving 10 years or more (Table 3).

Currently, 13 (72 %) and 12 (55 %) patients are alive
with native liver in subtypes o and P, respectively. No
significant difference was found in the cumulative survival
rate between the two subtypes (Fig. 5, p = 0.43). The
mean age of native liver survivors in subtype o and B is
23.3 and 25.5 years, respectively (p = 0.42).

Discussion

The clinical courses of patients with type 1 biliary atresia
are generally better than those of type IIT biliary atresia [3].
Among them, some patients have an exceptionally better
prognosis than others. Caponcelli et al. [4] reported that
cystic biliary atresia was a clinically distinct variant asso-
ciated with a better prognosis. However, we found no
difference between type T atresia and type I cysts with
respect to jaundice clearance rates or native liver survival
rates in our series (data not shown). Thus, we focused on
the proximal subtype as a potential predictor of short- and
long-term outcome.

In type III biliary atresia, the size of small bile ducts at
the porta hepatis has been studied, and the existence of
larger bile ducts has been associated with better outcomes
[5, 6]. On the other hand, some researchers failed to
identify a relationship between the size of bile ducts at the
porta hepatis and clinical outcomes [7, 8].

No study has evaluated the relationship between the
morphology at porta hepatis and the clinical outcome in
type T cases. In JBAR [2], 2630 cases were registered
between 1989 and 2011. Of 214 cases in which patent
hepatic ducts were confirmed from intraoperative findings,
81 and 133 were subtypes o and f, respectively. The dif-
ference in jaundice clearance rates in subtypes o and 3 was
statistically significant (93 vs. 77 %; p = 0.002). In con-
trast, the carrent study showed that the difference in the
jaundice clearance rate between subtypes o and  was not
significant (86 vs. 89 %, p = 0.81). Of the 22 patients
experienced during the past 30 years in our hospital, 21
(95 %) became jaundice-free (data not shown). The
remaining patients underwent hepaticoenterostomy at the
age of 92 days and died of pneumonia 2 months after
surgery. Overall, our results were comparable to those of
JBAR. How can we explain the difference between the
clinical outcomes of our study and those of JBAR, partic-
ularly in subtype  cases? In JBAR, a total of 150 patients
underwent hepaticoenterostomy. Thus, at least 62 patients
with subtype B (150 reduced by 88 of subtype o) underwent

hepaticoenterostomy. Considering that some patients with
subtype o may have undergone Kasai portoenterostomy,
more than 62 patients, approximately one-half of patients
with subtype P possibly, underwent hepaticoenterostomy
[2].

Lilly et al. [9] recommended Kasai portoenterostony
instead of hepaticoenterostomy for patients with the cor-
rectable type of biliary atresia. On the other hand, Taka-
hashi et al. [10] reported good results following
hepaticoenterostomy for the cystic type of biliary atresia.
We have employed many modifications in the surgery for
biliary atresia. Since 1972, most of our surgical approaches
have been standardized, and Kasai portoenterostomy has
been a standard procedure even for type I biliary atresia if
stenosis of the bile drainage route is revealed between
patent hepatic ducts and intrahepatic biliary tree, including
all subtype B cases. We employ hepaticoenterostomy only
in patients with subtype o without stenotic segments in the
extrahepatic ducts.

We speculated that the lower jaundice clearance rate in
patients with subtype B than in patients with subtype o in
JBAR may be attributable to the higher incidence of
employment of hepaticoenterostomy in subtype B. In terms
of short-term results, there may have been no conspicuous
difference between subtypes o and [ if Kasai portoen-
terostomy had been universally employed in patients with
subtype B.

Masumoto et al. [11] reported a case of cystic biliary
atresia and suggested that correctable biliary atresia may
change into uncorrectable biliary atresia. Suzuki et al. [12]
reported a case of the correctable type of biliary atresia in
which the morphology of the extrahepatic bile ducts
extensively changed during the early postoperative course.
We also experienced a case in which a type I cyst changed
into type III-d (atresia at the porta hepatis with an iso-
lated cyst) during the early postoperative course. We
believe that hepaticoenterostomy by anastomosis between
the cyst wall and jejunum should be avoided in patients
with subtype B, because reported cases and our experience
indicate that the minute bile ductules at the porta hepatis
may become atretic during the early disease process of
biliary atresia.

In our current series, jaundice persisted in five patients
following initial surgery, including two who died of pul-
monary complications during the early postoperative
course. This group also included patients with late opera-
tive ages and a patient with mild jaundice who survived
more than 10 years. This series included a very limited
number of patients in whom jaundice persisted because of
advanced liver disease. Thus, we believe that early surgical
intervention and appropriate surgical management are very
important to achieve excellent short-term results in type I/I
cyst biliary atresia.
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Regarding long-term outcomes, a considerable number
of long-term survivors of even type I developed liver
failure necessitating liver transplantation despite good
short-term outcomes [13]. The incidence of postoperative
cholangitis was significantly higher in subtype B than
subtype co. Although no significant difference was
observed, more patients in subtype B than in subtype o
developed portal hypertension, which required treatments
such as EIS and PSE, and more patients survived with
native livers in subtype o than subtype B. Based on these
results, we believe that there is some possibility that the
morphology at the porta hepatis may predict long-term
results in type T biliary atresia.

We admit several limitations to this study. The number
of cases of both subtypes was insufficient and only the
morphology of the extrahepatic bile ducts was considered,
and no observations of intrahepatic pathology were made.
We will further try to identify prognostic indicators by
analyzing the morphology of both extra- and intrahepatic
biliary systems by combining information from cholan-
giograms and pathological evaluations of our accumulated
clinical experience.

In conclusion, early employment of appropriate surgery
and careful postoperative management are expected to
achieve satisfactory short-term results in type I/T cyst bil-
iary atresia. Approximately 40 % of our patients developed
liver failure during the postoperative course and proximal
subtypes were not sufficient to distinguish good from poor
long-term results at this stage. Thus, close long-term fol-
low-up is essential even in type I/l cyst, regardless of the
hepatic hilum morphology.
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ARTICLE INFO ABSTRACT

Background: We assessed the long-term outcomes of patients with biliary atresia with splenic malformation
(BASM).

Methods: We retrospectively assessed outcomes of 255 patients who underwent the Kasai procedure (KP) at our
hospital between 1972 and 2014. Clinical outcomes of 11 patients with BASM (group A: nine with polysplenia,
two with asplenia) and 244 patients with isolated BA {group B) were compared.

Results: The incidence of early cholangitis and hepatopulmonary syndrome (HPS) was significantly higher in
group A than in group B. Of the 11 group A patients, three died of severe cardiac defects during early infancy.
Seven became jaundice free following KP, with three patients subsequently requiring liver transplantation
(LTx). Four survived with their native livers for 2, 5, 22, and 23 years, respectively. Overall 20-year survival
rates were 63.6% and 66.5% and 20-year native liver survival rates were 29.0% and 47.3% in groups A and B, re-
spectively. No significant difference in cumulative survival rates was observed between both groups.
Conclusions: Long-term outcomes in BASM patients without lethal cardiac defects were comparable to patients
with isolated BA. Careful follow-up may be required in patients with BASM because of a potentially higher risk
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of secondary complications such as HPS.
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Biliary atresia with splenic malformation {(BASM) is recognized to
have a poor prognosis. However, long-term outcomes in this clinical
subset of patients are yet to be fully elucidated. Therefore, we assessed
long-term outcomes of patients with BASM at our hospital.,

1. Materials and methods

We retrospectively analyzed 255 patients who underwent the Kasai
procedure (KP) at Tohoku University Hospital between 1972 and 2014.
They were divided into two groups: group A comprised 11 patients with
BASM (nine with polysplenia, two with asplenia) and group B com-
prised 244 patients with isolated BA. Subsequently, clinical parameters,
including age at surgery, postoperative bile drainage, number of epi-
sodes of early cholangitis, requirement for treatment of portal hyper-
tension, and native liver/overall survival rates, were determined and
compared between both groups (Tables 1 and 2).

Jaundice clearance was defined as the blood level of total bilirubin
<2.0 mg/dl. Early cholangitis was defined as the development of
cholangitis before 1 year of age.

The study protocol was approved by the Clinical Research Ethics
Board of our institution.
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Statistical analyses were performed using the chi-square test or Stu-
dent's t test, where appropriate. The cumulative survival rates were an-
alyzed using the Kaplan-Meier survival curves, and the statistical
difference was assessed using the log-rank test. A probability (p) value
of <0.05 was considered statistically significant.

2. Results
2.1. Age at surgery

The mean patient age at surgery was 56.6 days [standard deviation
(SD), 28.1 days] and 66.3 days (SD, 22.2 days) in groups A and B, respec-
tively. There was no significant difference between both groups (p =
0.056).

2.2. Type of obstruction

The types of extrahepatic biliary obstruction were classified accord-
ing to the Japanese Society of Pediatric Surgeons [1].

All 11 patients in group A had type Ill biliary obstruction (atresia at
the porta hepatis), whereas 41, 14, and 189 patients in group B had
type I/ cyst (atresia of the common bile duct), type 1l (atresia of the he-
patic duct), and type I, respectively (p = 0.075). The condition of the
bile duct can be further divided into the following subtypes: subtype
a, patent common bile duct; subtype b, atretic common bile duct; sub-
type ¢, absent common bile duct; and subtype d, unclassified. In group
A, 1 patient, 2 patients, 7 patients, and 1 patient had subtypes a, b, c,
and d, respectively. In group B, 45, 163, 16, and 19 patients had subtypes
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Tabie 1
Patient Characteristics.
GroupA  GroupB p
No. of Patients 11 244
Female:Male 6:5 159:85 0.065
Age at the Kasai Procedure {days) (mean,SD} 566,281 663,222 0059
Type* i1 cyst 0 41
il 0 14 0.075
i 1 189
Subtype* a 1 45 <0.001
b 2 163
c 7 16
d 1 19

Type*: 1/l cyst, atresia of common bile duct; II, atresia of hepatic duct; 11}, atresia at porta
hepatis.

Subtype™: a, patent common bile duct; b, atretic common bile duct; ¢, absent common bile
duct; d, unclassified.

Table 2
Clinical Course.
Group A Group B p
Jaundice Disappearance Yes 7 178 0.74
No 4 66
Early Cholangitis® Yes [¢] 122 0.032
No 11 122
EIS*/EVL* 8] 16
PSE* 0 16
ET* and PSE (both) 0 15
HPS*/PPH” Yes 2 8 0.013
No 9 236

Early Cholangitis*: cholangitis developing before the age of 1 year.
EIS™: endoscopic injection sclerotherapy.

EVIL*: endoscopic variceal ligation.

PSE™: partial splenic embolization.

ET*: EIS and/or EVL.

HPS*: hepatopulmonary syndrome.

PPH*; portopulmonary hypertension.

a, b, ¢, and d, respectively. Subtype ¢ was the most common in group A,
and subtype b was the most common in group B. There was a significant
difference in subtype distribution between both groups (p < 0.001).

2.3. Jaundice clearance
Jaundice clearance was achieved in seven (63%) and 178 (73%) pa-

tients in groups A and B, respectively. No significant difference between
both groups was observed (p = 0.74).

Table 3
Outcome of Group A Patients.

2.4. Early cholangitis

The incidence of early cholangitis was assessed in each group. Al-
though no patient developed early cholangitis in group A, 122 (50%) pa-
tients developed early cholangitis in group B. There was a statistically
significant difference in the incidence of early cholangitis between
both groups (p = 0.032).

2.5. Portal hypertension

Esophageal varices, hypersplenism, hepatopulmenary syndrome
{HPS), and portopulmonary hypertension (PPH) were evaluated to as-
sess portal hypertension. No patient in group A required endoscopic
treatment (ET) such as endoscopic injection sclerotherapy (EIS) or en-
doscopic variceal ligation (EVL) for esophageal varices or partial splenic
embolization (PSE) for hypersplenism. In group B, 16 patients
underwent EIS/EVL, 16 underwent PSE, and 15 underwent both ET
and PSE. Two patients in group A (18%) developed HPS and eight pa-
tients in group B (3.3%, six HPS and two PPH) developed conditions as-
sociated with portal hypertension (p = 0.013).

2.6. Patient outcomes and current status

In group A, two patients with asplenia and one with polysplenia died
of severe cardiac defects in early infancy (patients #1, #2, and #4 in
Table 3). Of the remaining eight patients, seven became jaundice free
following KP; however, three patients subsequently required liver
transplantation (LTx) at ages ranging from 18 months to 12 years. Indi-
cations for LTx were liver failure and HPS in one and two patients, re-
spectively. Four patients survived with their native livers for 2, 5, 22,
and 23 years, respectively.

In group B, a total of 159 patients {109 with native livers and 50 fol-
lowing LTx) survived and 185 patients died, inclading seven who
underwent LTx. Four patients were associated with cardiac defects
which were all successfully treated medically or surgically; thus, no pa-
tient died of cardiac defects in group B.

Native liver survival and overall survival rates more than a 20-year
period were 29.0% and 63.6% in group A and 47.3% and 66.5% in group
B, respectively. No significant difference was found in the cumulative
survival rate between both groups (Figs. 1 and 2). On exclusion of the
three patients with cardiac defects from group A, 20-year native liver
survival and 20-year overall survival rates were found to be 40.0% and
87.5%, respectively (Fig. 3).

Currently, four (36.3%) and 109 (44.7%) patients are alive with their
native liver in groups A and B, respectively. On exclusion of the three pa-
tients with cardiac defects from group A, the native liver survival rate
became 50.0% (4/8), which was almost the same as that of group B.

No. Current Age Sex Age at Kasai {days) Type*1 Associated Anomaly™2 HPS*3 Qutcome Age at Death/LTx*4 {years)
1 * F 69 M-b AS, S, MAL, CD - Dead 03

2 * F 40 -¢ PS, SI, MAL, €D - Dead 0.12
3 * F 128 Til-c PS, SI, MAL - Dead 1.62
4 * M 61 -d AS, PDPV, MAL, CD - Dead 0.33
5 24.6 M 73 il-a PS, St - LTx*4 154
6 234 M 33 M-¢ PS, 51, MAL - Native Liver -

7 228 M 39 -c PS, St - Native Liver -

8 175 F 65 -b PS, PDPV, MAL Yes LTx*4 1218
9 6.0 M 30 lil-c PS, MAL - Native Liver -

10 53 F 45 lil-¢ Ps, S1, MAL Yes LTx*4 335
IR 25 F 39 Iil-c PS -~ Native Liver -

Type*1: Ili: type 1I; atresia at porta hepatis.

a: subtype a; patent common bile duct, b: subtype b; atretic common bile duct, c: subtype ¢; absent common bile duct, d: subtype d; unclassified.

Anomaly*2: AS: asplenia. CD: cardiac defect. SI: situs inversus. PS: polysplenia. MAL: malratation. PDPV: preduodenal portal vein.

HPS*3: hepatopulmonary syndrome.
LTx*4: liver transplantation.
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Fig. 1. {A) Comparison of native liver survival: Group A (n = 11} vs. Group B. Although native liver survival rates appeared higher in group B, no statistical difference was observed between
groups A and B. (B) Comparison of native liver survival: Group A (n = 8) vs. Group B. On exclusion of the three patients in group A with cardiac defects, native liver survival rates in groups

A and B were almost identical.

The ages of survivors with their native liver in group Awere 2, 5,22, and
23 years, respectively.

3. Discussion

According to the Japanese Biliary Atresia Registry (JBAR), 67 patients
with splenic anomalies (51 with polysplenia, 12 with an accessory
spleen, and four with asplenia) were identified among the total of
2630 patients registered between 1989 and 2011 in Japan [2]; thus,
the incidence of BASM in this cohort was 2.5%. In the current study,
the incidence of BASM was 4.3%, which was similar to the incidence re-
ported by the JBAR. However, these values were much lower than the
incidence, ranging from 7.3% to 14%, reported by studies from Europe
and North America [3-7]. The incidence of BASM may intrinsically differ
between western countries and Japan. Davenport et al. suggested that
this discrepancy is attributable to the higher incidence of isolated BA
in Southeast Asia and Japan than in western countries and not to the
lower incidence of BASM in Asian countries.
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The absent common bile duct is a typical finding in BASM patients
{8]. In the current study, absent common bile duct, termed subtype c,
was the most common subtype in group A patients. On the other
hand, fibrotic atresia of common bile duct, termed subtype b, was the
most common subtype in group B patients. A significant difference in
the distribution of subtypes was observed between the two groups. Al-
though the underlying cause of this discrepancy in subtypes is un-
known, it may be attributable to differences in the etiology and/or
timing of disease onset between both groups.

In BASM, rates of both jaundice free and overall survival are reported
to be lower than those in isolated BA [3,9]. Thus, it has been suggested
that BASM defines a subset of BA patients with a poorer prognosis.

The prognosis of patients with BASM appeared to be dependent on
the presence of associated cardiac defects in our study. When the
three patients with fatal cardiac defects who died during early infancy
were excluded from the analysis, the long-term native liver and overall
survival rates of the remaining patients were comparable to those of iso-
lated BA patients. BASM patients tended to have better clinical courses
with respect to the incidence of early cholangitis and the requirement
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Fig. 2. (A) Comparison of overall survival: Group A {n == 11) vs. Group B. No statistically significant difference in cumulative overall survival was observed between groups A and B.
{B) Comparison of overall survival: Group A (n = 8) vs. Group B. On exclusion of the three patients in group A with cardiac defects, the overall survival rate in group A was consistently
higher than in group B. No statistical difference was observed between groups A and B.
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for treatment of portal hypertension, such as EIS/EVL or PSE, unless they
had associated cardiac defects. However, Davenport et al. [3] reported
no significant difference in native liver survival between BASM patients
with and without significant cardiac disease.

A high incidence of HPS was found in this study. The association
of HPS and PPH with BASM was previously reported [3,10]; howev-
er, the mechanisms underlying this association are currently
unknown.

In the current study, the outcomes of BASM were found to be
no worse than isolated BA unless these were severe associated
cardiac defects, a finding contradicting previous studies. Howev-
er, considerable biases may have been present in our study;
only older cases had associated cardiac defects, the age of all na-
tive liver survivors were 23 years or younger, and the number of
patients with BASM was small. Further studies are required to
elucidate the true influence of splenic malformation on postoper-
ative outcomes of KP,

In conclusion, we found the prognasis of BASM and isolated BA pa-
tients following KP to be similar, unless severe associated cardiac de-
fects were present. We believe these findings that indicate long-term
management of BASM patients following the Kasai procedure should

be similar to that of isolated BA patients. A careful follow-up to monitor
the development of secondary pulmonary vascular disorders such as
HPS is recommended.
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Abstract Pancreaticobiliary maljunction (PBM) is a
congenital malformation in which the pancreatic and bile
ducts join anatomically outside the duodenal wall. Japanese
clinical practice guidelines on how to deal with PBM were
made in 2012, representing a world first. According to the
2013 revision to the diagnostic criteria for PBM, in addi-
tion to direct cholangiography, diagnosis can be made by
magnetic resonance cholangiopancreatography (MRCP),
3-dimensional drip infusion cholangiography computed
tomography, endoscopic ultrasonography (US), or multi-
planar reconstruction images by multidetector row com-
puted tomography. In PBM, the common channel is so long
that sphincter action does not affect the pancreaticobiliary
junction, and pancreatic juice frequently refluxes into the
biliary tract. Persistence of refluxed pancreatic juice injures
epithelium of the biliary tract and promotes cancer devel-
opment, resulting in higher rates of carcinogenesis in the
biliary tract. In a nationwide survey, biliary cancer was
detected in 21.6 % of adult patients with congenital biliary
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dilatation (bile duct cancer, 32.1 % vs. gallbladder cancer,
62.3 %) and in 42.4 % of PBM patients without biliary
dilatation (bile duct cancer, 7.3 % vs. gallbladder cancer,
88.1 %). Pathophysiological conditions due to pancre-
atobiliary reflux occur in patients with high confluence of
pancreaticobiliary ducts, a common channel >6 mm long,
and occlusion of communication during contraction of the
sphincter. Once the diagnosis of PBM is established,
immediate prophylactic surgery is recommended. How-
ever, the surgical strategy for PBM without biliary dilata-
tion remains controversial. To detect PBM without biliary
dilatation early, MRCP is recommended for patients
showing gallbladder wall thickening on screening US
under suspicion of PBM.

Keywords Pancreaticobiliary maljunction - Congenital
biliary dilatation - Gallbladder cancer - Bile duct cancer

Introduction

Pancreaticobiliary maljunction (PBM) is a congenital
malformation in which the pancreatic and bile ducts join
anatomically outside the duodenal wall. The sphincter of
Oddi is normally located at the distal end of the pancreatic
and bile ducts and regulates the outflow of bile and pan-
creatic juice. In PBM, the common channel is so long that
action of the sphincter of Oddi does not directly affect the
pancreaticobiliary junction. As a result, reciprocal reflux of
pancreatic juices and bile occurs. As the fluid pressure in
the pancreatic duct usually exceeds that in the bile duct,
reflux of pancreatic juice into the biliary tract frequently
occurs in PBM. Persistence of refluxed pancreatic juice
injures the epithelium of the biliary tract and promotes
cancer development, resulting in higher rates of
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Fig. 1 The pathophysiology of
pancreaticobiliary maljunction

[3]

Bile duct
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carcinogenesis in the biliary tract of PBM (Fig. 1). PBM
can be divided into PBM with biliary dilatation (congenital
biliary dilatation) and PBM without biliary dilatation [1, 2].

Japanese clinical practice guidelines on how to deal with
PBM were created in 2012, as the first in the world [3].
Diagnostic criteria for PBM were revised in 2013, taking
recent advances in diagnostic imaging techniques into
consideration [4]. Based on the guidelines and new diag-
nostic criteria, we describe herein recent topics and prob-
lems in the management of PBM, with a focus on biliary
cancer.

Diagnostic criteria for PBM 2013

Diagnostic criteria of PBM were proposed in 1987 [5], and
were slightly revised in 1990 and published in English in
1994 [6]. In 2013, these criteria underwent thorough revi-
sion, 23 years to the day since the previous version
(Table 1) [4]. Although no significant changes have been
made to the definition of PBM, diagnostic modalities have
undergone substantial advances in recent years. As no
radiological modalities were initially available that could
show the status of the pancreaticobiliary junction outside
the duodenal wall, PBM was diagnosed when a lack of
effect of the sphincter of Oddi on the pancreaticobiliary
junction was verified on direct cholangiography such as
with endoscopic retrograde cholangiopancreatography
(ERCP).

Magnetic resonance cholangiopancreatography (MRCP)
has now become popular as a noninvasive method for
obtaining high-quality images of the pancreaticobiliary
tree, and it is replacing diagnostic ERCP for many pan-
creatobiliary diseases. Many PBM cases can be diagnosed

@ Springer

Pancreatic juices t:b Reflux and retention in the bile duct

Cp Biliary tract cancer, Cholelithiasis

/
Pancreatic duct

Bile c;> Reflux and retention in the pancreatic duct

r) Pancreatitis

......................

Duodenal wall

—— Sphincter of Oddi

from MRCP based on findings of an anomalous union
between the common bile duct and pancreatic duct in
addition to a long common channel [7-10]. MRCP is thus
useful for diagnosing children and screening for PBM [7].
However, accurate diagnosis of PBM is difficult in cases
with a relatively short common channel (Fig. 2a, b) [11]. In
cases with a common channel <9 mm on MRCP, direct
cholangiography is needed to confirm PBM [12]. PBM can
be diagnosed if junction outside the wall can be depicted by
high-resolution images with multiplanar reconstruction
(MPR) provided by multidetector row computed tomog-
raphy (MD-CT), and endoscopic ultrasonography (EUS)
[3, 13, 14].

Amylase levels in bile are wmarkedly -elevated
(>10,000 TU/1) in most cases of PBM, but are not elevated
at all in some cases [15, 16]. Furthermore, elevation of
pancreatic enzyme levels in bile and hyperplastic changes
to the gallbladder mucosa are sometimes observed in some
cases with a relatively long common channel in which the
effect of the sphincter reaches the pancreaticobiliary
junction (high confluence of pancreaticobiliary ducts) [17~
19].

Since the maximum diameter of the common bile duct
correlates positively with age, standard values for the
maximum diameter of the common bile duct in each age
group appear appropriate for accurate evaluation of the
presence of bile duct dilatation [20-22].

Biliary cancer associated with PBM

Incidence and characteristics

Biliary cancers are frequently observed in adult patients
with PBM [23-25]. According to a nationwide survey in
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Table 1 Diagnostic criteria for pancreaticobiliary maljunction 2013%

1. Definition

Pancreaticobiliary maljunction is a congenital malformation in which
the pancreatic and bile ducts join anatomically outside the duodenal
wall.

IL. Pathophysiology

In pancreaticobiliary maljunction, the duodenal papillary sphincter
(sphincter of Oddi) fails to exert any influence on the
pancreaticobiliary junction due to the abnormally long common
channel. Therefore, reciprocal reflux between pancreatic juice and
bile occurs, resulting in various pathologic conditions, such as
inhibiting the excretion of bile and pancreatic juice, and biliary
cancer, in the biliary tract and pancreas.

TI1. Diagnostic criteria

Pancreaticobiliary maljunction is diagnosed by either imaging test or
anatomical examination.

Imaging diagnosis

a) An abnormally long common channel and/or an abnormal union
between the pancreatic and bile ducts must be evident on direct
cholangiography, such as endoscopic retrograde
cholangiopancreatography (ERCP), percutaneous transpehatic
cholangiography (PTC), or intraoperative cholangiography; magnetic
resonance cholangiopancreatography (MRCP); or three-dimensional
drip infusion cholangiography computed tomography (3D-DIC-CT).
However, in cases with a relatively short common channel, it is
necessary to confirm that the effect of the papillary sphincter does
not extend to the junction by direct cholangiography.

b) Pancreaticobiliary maljunction can be diagnosed if the
pancreaticobiliary junction outside the wall can be depicted by
endoscopic ultrasonography (EUS) or multi-planar reconstruction
(MPR) images provided by multi-detector row computed
tomography (MD-CT).

Anatomical diagnosis

It should be confirmed by surgery or autopsy that the
pancreaticobiliary junction lies outside the duodenal wall, or
pancreatic and bile ducts unite abnormally.

1V. Supplementary diagnosis

The following findings strongly suggest the existence of
pancreaticobiliary maljunction.

Elevated amylase levels in bile

Pancreatic enzymes, especially amylase, in the bile within the bile duct
and gallbladder obtained immediately after laparotomy,
endoscopically or percutaneously are generally at extremely high
levels. However, levels close to or below the normal serum value are
occasionally observed in patients with pancreaticobiliary
maljunction.

Clinical features similar to pancreaticobiliary maljunction, including
elevation of pancreatic enzymes in bile, are observed in some cases
with a relatively long common channel, showing the effect of the
sphincter on the pancreaticobiliary junction.

Extrahepatic bile duct dilatation

Pancreaticobiliary maljunction includes one type that is associated
with bile duct dilatation (congenital biliary dilatation), and another
that is not (pancreaticobiliary dilatation without biliary dilatation).
When cystic, fusiform, or cylindrical dilatation is detected in the
extrahepatic bile duct, careful investigations are needed to determine
whether pancreaticobiliary maljunction is present.

Standard values for the maximum diameter of the common bile duct at
each age are useful for diagnosing pancreaticobiliary maljunction
with or without biliary dilatation.

Japan (n = 2561) [2], biliary cancer was detected in
21.6 % of adult patients with congenital biliary dilatation
and in 42.4 % of PBM patients without biliary dilatation.
In patients with biliary cancers in association with PBM,
the location ratio of cancers in the bile duct and gallbladder
were 32.1 % and 62.3 % in congenital biliary dilatation,
and 7.3 % and 88.1 % in PBM patients without biliary
dilatation, respectively. The mean age at which PBM
patients developed biliary cancer was 60.1 years for gall-
bladder cancer and 52.0 years for bile duct cancer among
patients with congenital biliary dilatation, and 58.6 years
for gallbladder cancer in PBM patients without biliary
dilatation. Such patients develop biliary cancers
15-20 years earlier than patients without PBM [26].

In PBM patients, biliary cancers frequently develop as
simultaneous and/or metachronous double cancers. Of 37
patients with simultaneous double or multiple biliary can-
cers, 19 patients (51 %) suffered from concurrent PBM [3,
27-31].

The ratio of gallstone detection in PBM patients who
developed gallbladder cancer was lower than that in the
biliary cancer population without PBM [2, 3, 32]. In our
series, the ratios were 10 % and 62 %, respectively [1].

Mechanism of biliary carcinogenesis

The mechanisms of carcinogenesis in PBM appear to be
related to the persistence of refluxed pancreatic juice into
the biliary tract. Refluxed proteolytic pancreatic enzymes
and phospholipase A2 are activated in the biliary tract and
strongly cytotoxic substances such as lysolecithin are
produced. The resulting chronic inflammation provokes
repeated cycles of damage and healing in the biliary
mucosal epithelia. These alterations in the mucosal epi-
thelia, in conjunction with DNA mutations, finally promote
cancer development and progression (Fig. 3) [1, 3, 33, 34].
The sequence of hyperplasia-dysplasia-carcinoma, regar-
ded as the prevailing mechanism underlying the develop-
ment of biliary tract cancer in PBM, is thought to differ
from both the adenoma-carcinoma sequence and de novo
carcinogenesis associated with biliary tract cancer in the
population without PBM [35-37].

In our series, the gallbladder mucosa was significantly
higher in PBM than in controls. The incidence of epithelial
hyperplasia of the gallbladder and the Ki-67 labeling index
of the gallbladder epithelium were significantly higher in
PBM than in controls. K-ras mutations in the noncancerous
epithelium of the gallbladder were detected in 36 % of
PBM patients [1, 19]. Considering that increased cell
proliferation is linked to the development of cancer by
means of tumor promotion and an increased rate of random
mutations, the gallbladder mucosa of PBM patients can be
considered to represent a premalignant region.
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Fig. 2 Pancreaticobiliary
maljunction without biliary
dilatation was suspected by
magnetic resonance
cholangiopancreatography
(MRCP) (a) and confirmed on
endoscopic retrograde
cholangiopancreatography
(ERCP) (b). Ultrasonography in
this patient showed gallbladder
wall thickening (c)

Treatment of PBM

Once a diagnosis of PBM has been established, immediate
prophylactic surgery is recommended before the onset of
malignant changes. Cholecystectomy and resection of the
extrahepatic bile duct (flow-diversion surgery) is an
established standard for the surgical treatment of congen-
ital biliary dilatation [3, 22]. Internal drainage operations
have been abandoned because of the high risk of postop-
erative carcinogenesis.

On the other hand, treatment of PBM without biliary
dilatation and without cancer is controversial. Prophylactic
cholecystectomy is performed in many institutes, as most
biliary cancers that develop in PBM patients without bili-
ary dilatation are gallbladder cancers {38, 39]. However,
some surgeons propose excision of the extrahepatic bile
duct together with the gallbladder for PBM patients with-
out biliary dilatation [23], because the frequency of bile
duct cancer in PBM patients without biliary dilatation is
higher compared to that in the general population [2], and

A Springer

K-ras and/or p53 gene mutations are also reportedly seen
in the bile duct of PBM patients without biliary dilatation
[23, 40].

Strategy for early diagnosis of PBM

Compared to congenital biliary dilatation, PBM cases
without biliary dilatation rarely evoke symptoms, and most
patients are not diagnosed until the onset of advanced stage
gallbladder cancer [1, 38]. Detecting PBM before the
development of biliary cancer is important in order to allow
for prophylactic surgery. Epithelial hyperplasia of the
gallbladder induced by longstanding continuous stasis of
the bile intermingled with refluxed pancreatic juice is a
characteristic pathological change in PBM patients [41-
43]. To achieve early detection of PBM without biliary
dilatation, MRCP is warranted in patients showing thick-
ening of the gallbladder wall on screening US under sus-
picion of PBM (Fig. 2c) [44].
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Fig. 3 Mechanism of biliary carcinogenesis in pancreaticobiliary
maljunction [1]

High confluence of pancreaticobiliary ducts

The frequency of common channel formation ranges from
55 % to 91 % [17], and the mean length of the common
channel has been reported as 4.5 mm [45]. To investigate
the clinical significance of a relatively long common
channel, we defined high confluence of pancreaticobiliary
ducts (HCPBD) as a disease state in which the common
channel length is >6 mm and communication is occluded
when the sphincter of Oddi is contracted (Fig. 4a, b) [17].
In our series of 95 HCPBD patients, reflux of contrast
medium into the pancreatic duct was detected in 86 % of
patients who underwent postoperative T-tube cholangiog-
raphy. Elevated amylase levels in bile were observed in all
patients, although the mean levels were significantly lower
than those in PBM patients. Gallbladder cancer was identi-
fied in 11 HCPBD patients (12 %). Similar to PBM patients,
hyperplastic changes with increases in both the proliferative
activity of epithelial cells and K-ras mutations were also
detected in the noncancerous epithelium of the gallbladder
in HCPBD patients [1, 18, 19]. A relatively long common
channel also appears to represent an important risk factor for
the development of gallbladder cancer. However, several
differences exist between HCPBD and PBM without biliary
dilatation in terms of other features, such as gender predi-
lections, age at diagnosis, incidence of concomitant gall-
bladder cancer, and biliary amylase levels. HCPBD appears
to represent an intermediate clinical condition that is both
morphologically and functionally difficult to differentiate
clearly from PBM. We consider that HCPBD should cur-
rently be managed as a disease entity independent of PBM in
terms of the appropriate therapeutic strategies [1, 22].

Conclusions

Biliary cancers occur frequently through proliferative
processes provoked by chronic inflammation resulting from

Fig. 4 Tmages from endoscopic retrograde cholangiopancreatogra-
phy of high confluence of pancreaticobiliary ducts (HCPBD) [3]. The
bile and pancreatic ducts form a common channel (arrows) 8 mm
long during sphincter relaxation (a). Communication between these
two ducts is interrupted during contraction of the sphincter of
0ddi (b)

the persistence of pancreatic juice refluxed through a long
common channel. Once PBM is diagnosed, immediate
prophylactic surgery is recommended before malignant
changes develop. It is important to diagnose PBM before
the onset of biliary carcinogenesis. To achieve early
detection of PBM without biliary dilatation, MRCP is
recommended for patients showing gallbladder wall
thickening on screening US under suspicion of PBM.
Further investigations and surveillance studies are also
needed to clarify appropriate surgical strategies for PBM
without biliary dilatation.
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