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Abstract

Purpose Kasai portoenterostomy (KP) is the primary procedure for biliary atresia (BA). However, due to reports of poor
outcomes of KP, primary liver transplantation (LT) is preferred in selected cases. In Japan, primary LT is limited with no
study reports details, particularly regarding the indications. We conducted the first nationwide survey to assess the status of
primary LT in Japan.

Methods Questionnaires were sent to institutions where procedures other than KP were performed as the initial procedure
for BA and registered to the Japan Biliary Atresia Registry. Parameters related to procedure selection were analyzed.
Results Of 2895 patients registered (1989-2013), primary LT (n= 15) or exploratory laparotomy (EL) followed by LT (n=9)
without KP was performed in 24 cases (0.8%). The main reason for primary LT was late diagnosis, and for EL followed by
LT, lack of fibrous tissue at the porta hepatis (o-type). The prognoses of LT without KP was good.

Conclusion Non-KP initial procedures were limited. Clear criteria regarding the timing of diagnosis or patient condition
could not be determined. Reasons for not initially selecting KP varied, but late diagnosis was predominant. Further study is

needed to create guidelines for the initial treatment of BA patients.

Keywords Biliary atresia - Kasai portoenterostomy - Liver transplantation - Primary liver transplantation - Exploratory

laparotomy

Introduction

Kasai portoenterostomy (KP) has been accepted as the
primary procedure for biliary atresia (BA) worldwide. In
Japan, where KP originated, KP is the preferred procedure
and is performed more often than in Western countries. In
fact, the outcome of KP tends to be good in terms of native
liver survival [1, 2]. Limited access to deceased donor liver
transplantation (LT) was another reason for the priority of
KP in Japan, where living donor LT (LDLT) account for
more than 95% of all LTs. There have been reports that some
factors, such as older age at KP, have a negative impact on
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KP outcomes [3]. If these factors are identified at the time
of diagnosis, they may influence the decision for the selec-
tion of primary LT rather than KP, as reported previously
[4]. In contrast, even relatively late KP has been reported to
have good outcomes in some cases [5]. KP at 132 days of
age has been reported to have a satisfactory result [6]. These
reports suggest that even a late diagnosis cannot exclude
the possibility of KP as the primary procedure. With the
establishment of LT in Japan, especially with LDLT, the
hurdles for LT in Japan are lower than ever before. So far,
however, there is no consensus regarding the timeframe or
under what conditions LT should be considered over KP
as the primary procedure in Japan. As the first step toward
defining the appropriate indications for LT without KP, the
present status of primary LT in Japan should be clarified.
The aim of this study was to identify the indications of pri-
mary LT for BA in Japan.
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Methods and patients

BA patients who did not undergo KP as the initial surgi-
cal procedure were identified from the registry data of the
Japan Biliary Atresia Registry (JBAR) containing data accu-
mulated between 1989 and 2013. A questionnaire was sent
to the institutions that treated these patients regarding the
selection of primary LT or exploratory laparotomy (EL) fol-
lowed by LT. In this study, the diagnosis of BA was defined
based on macroscopic findings of the porta hepatis, with

Table 1 Number of patients according to the initial surgical pro-
cedure in the registry data of the Japanese Biliary Atresia Registry
(JBAR) 1989 to 2013

Initial procedure Number of Percentage

patients
Kasai portoenterostomy 2865 99.0
Primary liver transplantation 15 0.5
Explorative laparotomy 15 0.5
(Explorative laparotomy followed by LT) ) (0.3)
Total 2895 100

LT liver transplantation

or without an intraoperative cholangiogram. The answers
from the questionnaires were analyzed at Kumamoto Univer-
sity Hospital. This study was approved by the institutional
review board of Kumamoto University Hospital (Kumamoto
University Hospital IRB #827).

Results

A questionnaire was sent out to 16 facilities, and responses
were received from 15 of them. A total of 2895 patients were
identified in the registry from 1989 to 2013, and 24 patients
(0.8%) underwent LT (n=15) or EL (n=9) followed by LT
as the primary procedures (Table 1).

The patient demographics and characteristics are shown
in Tables 2 and 3. In 15 patients with primary LT, all but 2
patients presented initially with the diagnosis of jaundice
after 100 days of age. The youngest case in the primary
LT group was 45 days old at the time of the first presen-
tation and was initially diagnosed as primary sclerosing
cholangitis (PSC), not BA. However, during the follow-up
period, the patient became cirrhotic, LT was performed, and
BA was definitively determined, both macroscopically and
pathologically. Another patient who presented younger than

Table 2 Demographics and characteristics of patients who underwent liver transplantation as the initial procedure

Pt First visit (day) LT (day) LDLT or DDLT Reason for the selection of the procedure (reply for the questionnaire)
Late diagnosis Growth failure Hepatic failure Poor PVF  Others
on US
1 108 130 LDLT Yes Yes
2 146 202 DDLT Yes Yes Yes
3 316 484 LDLT Yes Yes
4 144 150 LDLT Yes Yes
5 207 332 LDLT Yes Yes
6 144 184 LDLT Yes Yes
7 135 178 LDLT Yes Yes 4
8 45 238 LDLT No b
9 190 304 LDLT Yes Yes
10 259 295 LDLT Yes Yes
11 89 119 LDLT Yes Yes ¢
12 112 132 LDLT Yes Yes Yes
13 135 178 LDLT Yes Yes Yes
14 190 225 LDLT Yes Yes Yes
15 175 189 LDLT Yes Yes Yes

LT liver transplantation, LDLT living donor liver transplantation, DDLT deceased donor liver transplantation, PVF portal vein flow, US ultra-

sonography

Initially the patient could not be diagnosed with biliary atresia. Later the transplant could not be avoided due to advanced hepatic failure

“Initially the patient was diagnosed with primary sclerosing cholangitis. The patient was followed up, and there was no chance for a definitive

diagnosis until the patient became cirrhotic

“The patient underwent needle biopsy of the liver at the time of presentation, which was relatively late. Biopsy with the back-up of the transplant

showed advanced cirrhosis. Thereafter, the transplant was performed
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Table 3 Demographics and Pt

8 . First visit (day) Exploratory lapa- LDLT Reason for the selection of the procedure
characteristics of patients rotomy (day) (reply for the questionnaire)
who underwent exploratory
laparotomy as the initial Late diagnosis Hepatic failure o-type
procedure followed by liver
transplantation without a Kasai 1 117 126 165 Yes Yes
procedure 2 0 107 147 Yes Yes
3 75 85 270 Yes
4 194 246 283 Yes Yes
5 163 169 231 Yes Yes
6 6 27 153 Yes
7 189 196 259 Yes Yes
8 74 76 186 Yes Yes
9 110 124 168 Yes Yes Yes

LDLT living donor liver transplantation

100 days of age in the primary LT group first visited a physi-
cian at 89 days of age for persistent jaundice. Eighty-nine
days old is relatively young for patients in the group but a
little older than the average of BA patient in Japan. As the
standard for that institution, primary LT was chosen after
obtaining informed consent from the parents. Primary LT, in
this case, confirmed BA with liver cirrhosis macroscopically
and pathologically. The case with the latest presentation was
a girl who presented at 316 days old. This patient had been
diagnosed with cytomegalovirus hepatitis in a foreign coun-
try and visited the institution 1 month later, after moving to
Japan. The intrahepatic bile duct was dilated but there was
no passage of the contrast dye to the extrahepatic bile duct in
the percutaneous transhepatic cholangiogram. The finding of
the liver biopsy was consistent with BA. LT was performed
at day 484, after waiting with percutaneous transhepatic bil-
iary drainage and for recovery of the hepatic steatosis of her
mother, the living liver donor. All of the other 13 patients
who underwent primary LT with delayed diagnosis after
100 days showed various degrees of symptoms and findings
of hepatic failure, such as ascites, gastrointestinal bleeding,
encephalopathy, growth inhibition, and no visualization of
portal blood flow on ultrasonography or computed tomog-
raphy, among others.

Nine patients underwent LT after EL without KP. In the
9 cases, the timing of the initial presentation varied from
day O to 194. In 4 cases, the presentation was before day
100, and in the other 5 it was later (Table 3). The reason for
the choosing EL as the primary procedure is more compli-
cated than for primary LT cases. In the group with the age
at initial presentation less than 100 days (n=4), 2 patients
had o-type portal structure. The surgeons considered that
o-type portal structure might predict poor drainage of the
bile after KP and that the trial of KP might cause difficulty
in the following LT. In 1 case in the group less than 100 days
old at presentation, BA had been suspected from birth, but
pediatricians were reluctant to make a definitive diagnosis.

Finally, it was diagnosed on day 107 by EL. At this point
surgeons considered that the advanced hepatic damage
might eventually require LT after KP, and they proceeded
to perform the LT without KP. In the other patient who had
undergone EL at 76 days old, surgeons found advanced liver
damage with signs of portal hypertension. They tried dis-
secting the fibrous portal tissue, but they were unable to
visualize biliary discharge. They decided not to anastomose
the intestine and only placed a drainage tube. The patient
underwent LT later, on day 186. Even though the date of
EL was not particularly late in this case, liver cirrhosis had
advanced significantly. In the other 5 cases of the EL group,
the date of initial presentation was later than 100 days. In
4 of them, the EL revealed the definitive diagnosis of BA
with advanced liver cirrhosis. For this reason, the surgeons
elected to not perform KP at that time. In the other EL group
patient with later presentation, the o-type portal structure
was determined during the EL at day 124. The patient under-
went LT on day 168.

The total bilirubin (T-Bil) levels at the time of primary LT
varied from 8.0 to 58.2 mg/dL, and the median was 18.5 mg/
dL (Fig. 1). Pediatric End-stage Liver Disease (PELD) score
ranged from 7 to 35, and the median at the time of primary
LT was 18. In the EL group, the T-Bil level and PELD score
at the time of LT after the EL ranged from 8.7 to 32.1 mg/dL
(median: 18.5) and from 11 to 24 (median: 18), respectively.
There were no differences in the T-Bil level or PELD score
at the time of LT between the primary LT group and the EL
followed by LT group.

Regarding the outcomes of LT in the studied patients,
1 patient in each group did not survive the LT. The patient
who did not survive in the primary LT group underwent
LDLT at day 178 with a body weight of 7.2 kg. T-Bil was
17.7 mg/dL and the PELD score at the time of LT was 19.
The donor was his mother, and the left lateral segment
was used as the graft. The operation took more than 15 h,
and this was longest in the primary LT group. Difficulty
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Fig. 1 Liver function. The
total bilirubin (T-Bil) level
and pediatric end-stage liver
disease (PELD) score at the
time of operation. One case
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was caused by poor outcome of the portal vein reconstruc-
tion. The patient died on day 42 after the transplant due to
portal vein thrombosis. The only other patient who did not
survive was in the EL group, where the EL was performed
on day 76 and KP was aborted due to advanced liver cir-
rhosis, as described earlier. The patient died 15 days after
the transplant, but the detailed cause was not clear, in part
due to the case having occurred 20 years ago.

Fig.2 Post-transplant patient 0%
survival. The post-transplant
patient survival in cases with

mg/dL

Patient survival after primary LT or LT after EL was
comparable to the outcome after failed KP in a similar age
range (Fig. 2).

Discussion
This study revealed that the rate of liver transplantation

without KP in Japan is quite small in comparison with other
western countries. Only 24 cases were found, which is not
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sufficient for scientific analysis but is important as basic data
for further discussion.

KP with or without LT can ensure the long-term sur-
vival of a patient with BA with a 90% probability [7]. Even
though KP may not ultimately achieve native liver survival,
it can extend the life of the native liver and with reasonable
growth to allow the patient to better tolerate a subsequent
LT. However, it is evident too that the intended outcome of
KP, survival of the native liver, could not be achieved in at
least 39% of all the cases in the JBAR [2]. For those patients,
LT was the best option for survival.

In relatively old reports, the outcome of LT after failed
KP was poorer than that of primary LT [8]. However, in
other reports, in terms of patient and graft survival, the out-
come after KP was not different from that of primary LT,
indicating that KP could prevent or postpone LT [9]. How-
ever, there is still a concern regarding the higher rate of
post-transplant complications, such as biliary complications
and bowel perforation, in cases with a history of previous KP
[10]. Therefore, if the expected possibility of a subsequent
LT is high in selected patients, primary LT should be con-
sidered. From the JBAR data, KP at a later stage is associ-
ated with higher incidence of poor bile discharge [2], and in
turn, a shorter time to the subsequent transplant. In contrast,
however, there have been reports that even patients diag-
nosed with BA after 150 days of age can achieve complete
clearance of jaundice and a longer survival with their native
liver [6]. Because complete differentiation is impossible, an
arbitrarily defined age timeframe or set of conditions should
be recommended for deciding between primary LT and KP.
Japanese pediatric surgeons have reached a consensus that
KP should be performed for BA. As a base for the discus-
sion on the necessity and feasibility of primary LT, the cur-
rent status of primary LT in Japan should be clarified. We
have had some cases of primary LT in our own institution,
but, as with other institutions in Japan, the number is quite
small. Originally, it was our intent to use the registry data
to identify the patients not treated with KP as the initial
procedure for BA patients in Japan. For the initial primary
procedure for possible BA patients, we had expected two
options, primary LT and KP, but we discovered that there
was a third option: EL for the diagnosis and assessment of
the liver condition before proceeding to LT without KP.

In the primary LT group, the most common reason for
the procedure was the age of the patient at presentation.
Most of the patients in this group had later presentations
(after 100 days). Superina suggested that the discrimina-
tion point should be 75 days of age [4], and in our study
all but one were included in this category. However, older
age alone cannot definitively indicate primary LT, because
late KP can provide long-term native liver survival. An
additional reason for non-KP procedures was findings
or symptoms that suggest advanced liver failure. This

included ascites, encephalopathy, gastrointestinal bleed-
ing, and poor portal vein flow or regurgitation of portal
vein flow. Growth inhibition is one of the earliest indica-
tions of liver failure, but it was not enough to influence
pediatric surgeons to proceed to primary LT.

Two patients were diagnosed with BA before the age
of 100 days in this group. One of them had been misdi-
agnosed as having PSC, but the other showed prominent
liver failure even at 89 days of age at first presentation. For
these two cases, the surgeons and pediatricians considered
that primary LT would be better than KP. This means that
an age of less than 100 days cannot completely exclude
the possible indication of primary LT. Even though Supe-
rina recommended the cut-off age of 75 days, in Japan,
a slightly later margin of perhaps 100 days of age may
be acceptable. Therefore, at this moment, age older than
100 days and/or findings of advanced liver failure may be
relevant factors for pediatric surgeons to consider primary
LT.

EL with intraoperative cholangiography is the final
and definitive procedure for the diagnosis of BA. Usu-
ally, KP is performed immediately after the confirmation
of BA. However, in this analysis, a total of 9 cases did
not undergo KP, even after the definitive diagnosis of BA.
The reason why surgeons chose not to proceed with KP in
these patients was an important finding in this study, and
late diagnosis with liver failure was the leading cause for
this in this group, as well as in the primary LT group, but
the anatomical findings of the porta hepatis was another
factor that was considered. A lack of fibrous tissue at the
porta hepatis, or o-type portal structure, comprises 3.5%
(109 in 3155 cases in which the type was specified) of
the registered cases in the JBAR data [11]. The jaundice
clearance rate in the registry is 35.8% in this type and is
evidently poorer than the overall jaundice clearance rate
of 60.9%. In the o-type portal structure, theoretically, no
ductular system exists at the porta hepatis, and this may
indicate poor outcome, even though one report mentioned
that duct diameter at the porta hepatis did not correlate
with surgical outcome [12]. In this analysis, this reason
for not-performing KP was found in 3 cases, and 2 of them
were diagnosed before 100 days. Unfortunately, there is
no consensus on how to handle o-type BA, even in Japan.
If there is no fibrous tissue at the porta hepatis, KP can-
not be technically performed. However, in our personal
experience, only dissection and removal of the peritoneal
membranous tissue over the bifurcation of the portal vein
and a subsequent anastomosis of the intestinal conduit can
achieve biliary drainage in some o-type cases. That may be
the reason why such a low percentage of jaundice clear-
ance has been reported in this type. Considering the poor
outcome of this type of portal structure after KP, which
exist despite the milder findings of liver failure or cirrhosis
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compared to other types, surgeons may select LT with-
out KP. However, this is not yet the standard procedure
accepted by all pediatric surgeons in Japan.

In addition to the consideration of the outcome of a KP,
relatively harder access to LT for BA patients may influ-
ence the selection of the EL followed by LT. At Kumamoto
University, the same team that performs the KP performs the
pediatric LT. This is a unique situation. Most BA patients in
Japan are transferred to the transplant team in the same or
a different institution after a definitive diagnosis by EL. In
this analysis, age, T-Bil level, and PELD score at LT were
not different between the two groups, and this means that the
timing of LT after EL can be selected properly with timely
consultation with transplant centers. These findings may
reflect the current trend of pediatric surgeons deciding the
timing of LT in BA patients, for example, after a failed KP,
after EL, and as primary LT. In Japan, compared to Europe
and the United States, it is inevitable to rely on LDLT [2,
13]. When making the criteria for primary liver transplanta-
tion, donor availability in cases of DDLT should be added.

The number of patients with late KP (later than 91 days
old) can be obtained from the registry data, but the final
outcome of each patient was not reported. So, we have
no exact data about the number of such patients who die
without liver transplantation. However, we can make some
speculations from the available data. The study period in this
series is quite long, and the situation of pediatric LT in Japan
has changed in this time frame. Since 1989, when the first
LDLT was done in Japan, to 1998, when the national insur-
ance system started to cover the cost of LDLT for pediatric
patients (younger than 15 years), around 20 BA patients have
died each year with their native livers [14]. In 1998, 117
new BA patients were registered to the registry, and late KP
(later than 91 days old) was undergone in 22 patients (18.8%
of total registered cases) [15]. Clearance of jaundice was
obtained in 12 of those patients. In that year, no primary LT
was registered. In 2013, the last year of the study period, late
KP was undergone in 17 (18.3%) of the newly registered BA
patients [16]. Jaundice was cleared in 7 of those patients. No
primary LT was registered in 2013, either. Interestingly, in
2013, only one death with the native liver was registered.
Since 2012, only one death has been registered each year in
the registry data. So the rate of late KP does not significantly
change during the study period, and the jaundice clearance
rate also does not change prominently, but the death with
native liver is almost null. This means that most failed KP
cases, even though the KP is done late, may be salvaged with
LT, which has resulted in a significant reduction in mortal-
ity rate with the native liver during the study period. This
is caused by the establishment of LDLT in Japan. Deceased
donor LT is still very limited, but pediatric cases are favored
by splitting the deceased donor liver. Currently, in Japan
the barrier to LT has dramatically been lowered in the last
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30 years. In other words, this is the reason why primary LT
has not gained popularity in Japan.

The next step of the research is the analysis of patients
who were transplanted soon after KP (within a few months).
This may present clinical or pathological findings that may
indicate the avoidance of treatments that are “time-wasting
as a result”. Complete discrimination will be impossible
but tendencies favoring primary LT should be indicated. In
this study, late presentation, advanced liver failure, and a
special type of porta hepatis were shown for candidates of
LT. Compared to western countries, it is possible to rely
more on LDLT in Japan. If LDLT is possible, it presents less
stress for the selection of the timing of LT. However, if LT
is unavoidable, especially in the short term, KP should be
avoided. This is the rationale in Japan for making the criteria
for primary LT. Based on the basic data in this study, we
would like to proceed to the next step.

Conclusions

From the registry data, patients who underwent LT as the
initial or the subsequent procedure after EL comprised 0.8%
of cases in Japan. The most common reason for selecting
a procedure other than KP was older age at diagnosis. A
determination of o-type was a factor for consideration of not
doing KP after EL. Even though it is a very limited possibil-
ity, in future studies, a consensus must be reached regarding
the criteria for the selection of a procedure other than KP as
the initial procedure for BA.
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