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Abstract The efficacy of early Kasai portoenterostomy
has been repeatedly reported. However, the optimal age
for performing this procedure remains controversial. This
article reviews the literature on the age of patients at the
time of Kasai portoenterostomy and its utility as a prog-
nostic indicator. The age at the time of surgery is a known
predictor of outcome; however, its exact predictive value in
this context is unclear. Multicenter studies involving large
volumes of data have tended to show advantages of early
Kasai portoenterostomy, and there is no clear evidence to
recommend any delay in the timing of surgery. At present,
a reasonable strategy would be to perform a Kasai portoen-
terostomy as early as possible. The stool color card system
has recently been implemented in Japan as part of a nation-
wide screening program, and it is expected to work well
based on the early reports. However, efforts to identify an
optimal screening system for ensuring the earliest diagno-
sis of biliary atresia should continue. An early diagnosis of
biliary atresia is difficult, and global efforts are required to
improve the early diagnosis rates.
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Introduction

Kasai portoenterostomy was developed in the 1950s and
was a significant milestone in the treatment of biliary
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atresia. The procedure has offered the chance of survival
to patients with an uncorrectable type of biliary atresia that
was previously considered to be fatal. Morio Kasai had
expected to cure 80 % of patients with biliary atresia with
this surgery. However, according to a recent report from
the Japanese Biliary Atresia Registry (JBAR), the jaun-
dice-free native liver survival rate unfortunately remains at
approximately 60 % between six and 18 months after Kasai
portoenterostomy.

Many studies have been performed to determine the fac-
tors that may influence the surgical outcomes, and much
attention has been paid to the age at the time of the opera-
tion, which was reported as a significant risk factor by
Kasai [1]. He reported a better surgical outcome in patients
younger than 60 days old at the time of surgery. Since then,
the efficacy of early surgery has been reported by numerous
studies [2-8]. However, the optimal timing of Kasai por-
toenterostomy remains controversial [9-15]. Although the
prognosis for patients aged >3 months is generally poor,
there is no consensus whether 2 months is a critical age that
can impact the prognosis. The role of neonatal surgery is
also a matter of debate. This review discusses the literature
on the significance of the age at Kasai portoenterostomy as
a risk factor for a poor prognostic outcome.

The age at Kasai portoenterostomy and the jaundice
clearance rate

Many papers have supported the effectiveness of early sur-
gery. In Japan, more than 2,600 cases of biliary atresia had
been registered in the JBAR by 2012. The highest jaundice
clearance rate (JCR) achieved among patients who under-
went neonatal surgery and whose data were recorded in the
JBAR was 71 %. The JCR worsened as the age at surgery '
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Fig. 1 The age at Kasai portoenterostomy and the jaundice clearance
rate among the patients in the Japanese Biliary Atresia Registry. The
best jaundice clearance rate (JCR), 71 %, was achieved by patients
who underwent neonatal surgery. The JCR was worse among patients
with an age at the time of the procedure >3 months, but it was essen-
tially the same among those aged between | and 3 months old
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Fig. 2 The age at Kasai portoenterostomy and the jaundice clear-
ance rate among the patients at Tohoku University Hospital. A total
of 242 patients with type III biliary atresia were assessed to identify
the relationships between their age at Kasai portoenterostomy and
the jaundice clearance rate (JCR). The patients were classified into
six groups based on their age at Kasai portoenterostomy. The age at
portoenterostomy and the JCR were significantly inversely correlated
(p <0.0001)

increased past 3 months old, but was essentially the same
among patients aged 1-3 months old [16] (Fig. 1).

Among 242 patients with Type III biliary atresia (atre-
sia at the porta hepatis, the most common type) at Tohoku
University Hospital (TUH), the correlation between the age
at portoenterostomy and the JCR was assessed using a Chi
squared test. They were found to be significantly inversely
correlated (Fig. 2).

Numerous multicenter studies have been performed in
countries other than Japan. One Canadian group reported
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a 10-year native liver survival rate of 49 % among patients
who underwent neonatal surgery, but the rate was 15 %
among those with an age of >3 months old at the time of
the operation [17]. Better outcomes following early surgery
have also been reported from France [ 18], Switzerland [19]
and Brazil [20] (Table 1).

On the other hand, some authors, including McKiernan
[10], Wildhaber [12] and Shneider [14], have reported no
significant relationship between the age at Kasai portoen-
terostomy and postoperative jaundice clearance. In the
German registry, no significant advantage of early surgery
was found [21]. Davenport et al. [22] reported the poten-
tial for reasonable medium-term survival in approximately
one-third of infants aged >100 days undergoing portoen-
terostomy. At TUH, while some patients had an unfavora-
ble postoperative course even after early portoenterostomy
(before they were 2 months old), others achieved excellent
bile drainage even after late surgery at >3 months of age. A
33-year-old female patient who underwent Kasai portoen-
terostomy at TUH at the age of 148 days is now a healthy
mother of two children.

The reasons for these different outcomes among coun-
tries and institutions remain unclear. Although differences
in surgical techniques and postoperative management may
have some impact on the outcome, the severity of the path-
ological involvement of the hepatobiliary system, which is
partly associated with the age at the operation, is believed
to be a more important factor influencing the prognosis.

If the timing of disease onset varies greatly between
cases due to various mostly unknown etiologies, then the
age at the operation would be less significant as a predic-
tive factor. On the other hand, if patients with similar dis-
ease characteristics, including the etiology and timing of
disease onset, are treated using the same therapeutic strat-
egy, including surgical techniques and postoperative man-
agement, then the age may be a significant risk factor.

The age at the operation is known to be an important
predictive factor, but its predictive value is unclear at pre-
sent. Therefore, the selection of Kasai portoenterostomy
versus primary liver transplantation should not be decided
based on a patient’s age [15].

The age at Kasai portoenterostomy and the long-term
outcome

As the number of long-term survivors following Kasai por-
toenterostomy has grown, the relationship between the age at
the operation and the long-term prognosis has also been stud-
ied; however, the relationship has not been fully elucidated.
Lykavieris et al. reported that the 20-year native liver sur-
vival rate was significantly better in patients whose age was
<90 days at the time of the operation, even though <18 %
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Table 1 The age at Kasai portoenterostomy and the native liver survival rate in various countries

Canada Number of centers 12

Years of native liver survival >10 years
France Number of centers 45

Years of native liver survival 4 years
Swiss Number of centers 7

Years of native liver survival 2 years
Brazil Number of centers 6

Years of native liver survival 4 years
Netherland Number of centers 6

Years of native liver survival 4 years

Age at Kasai operation <30 days >91 days

Native liver survival % 49 % 15 %

Age at Kasai operation <45 days >45 days

Native liver survival % 51% 40 %

Age at Kasai operation <45 days 4675 days >75 days
Native liver survival % 75 % 43.7 % 11.3%
Age at Kasai operation <60 days 61-90 days >90 days
Native liver survival % 54 % 333% 26.6 %
Age at Kasai operation <60 days >60 days

Native liver survival % 56 % 34 %

of patients in their long-term series who were treated with
Kasai portoenterostomy avoided liver transplantation [23]. In
contrast, Shinkai et al. [24] reported that the age at the opera-
tion had no significant effect on either the short-term or long-
term prognosis following Kasai portoenterostomy.

According to findings from the TUH study of Type III
biliary atresia patients who became jaundice-free follow-
ing Kasai portoenterostomy, while the long-term outcome
was influenced by the age at the time of the operation until
the patients were 30 years old, the difference was smaller
thereafter, and the native liver survival rate of each age
group eventually tended to be concentrated at approxi-
mately 30 % [25]. The 40-year life expectancy may there-
fore be approximately 30 % even in patients who become
jaundice-free following Kasai portoenterostomy, regardless
of their age at the time of the procedure. This would be due
to the existing liver pathology, which is determined very
early in life in the majority of cases.

However, we still believe that better long-term results
can be expected in more recent cases because the surgi-
cal outcomes improved remarkably during the 1970 s.
Besides the age at the time of Kasai portoenterostomy, the
time required for jaundice to disappear and an association
between early cholangitis and portal hypertension have also
been suggested as potential predictors of the prognosis after
>20 years [26]. However, no reliable indicator for predict-
ing very long-term prognosis (>30 years) has been identi-
fied so far. Further investigations are required to identify
definitive factors that can determine the ultimate outcome
of biliary atresia. Follow-up JBAR registration is ongo-
ing, and the current status of 20-year survivors is gradually
becoming apparent. After another 10 years, we should be
able to determine 30-year outcomes using the JBAR data.

Repeat Kasai portoenterostomy

After the initial Kasai portoenterostomy, a second Kasai
portoenterostomy may be required in some cases. The

main indications for the repeat procedure are insufficient
bile drainage after the first surgery, or a cessation of bile
drainage due to cholangitis or another cause. I hypothesize
that the optimal timing of the initial and repeat Kasai por-
toenterostomy would be as follows: In the early phase of
biliary atresia, the bile flow in the intrahepatic bile duct
may be severely decreased due to the original pathology.
If early surgery can be performed during this phase, good
bile drainage cannot be achieved because there is insuf-
ficient bile reaching the porta hepatis, and thus, this area
will rapidly be replaced by another fibrous mass before an
enterobiliary anastomosis is established. In such cases, the
drainage route of the bile in the liver may recover after a
certain period due to the regeneration of the intrahepatic
biliary network, and good bile drainage may be achieved
after a timely repeat Kasai portoenterostomy.

If this hypothesis proves to be correct, then there is cer-
tainly an optimal time for Kasai portoenterostomy, and we
should refrain from performing early surgery for this select
subset of patients. However, neonatal surgery currently
yields the best JCR, and it is difficult to confirm the above
hypothesis clinically.

At TUH, jaundice was resolved in three quarters of the
patients who achieved good bile drainage, but was not
resolved at all in patients with poor or no bile drainage fol-
lowing initial Kasai portoenterostomy. Thus, the patients
who develop sudden cessation of bile flow after achieving
sufficient bile drainage following the initial Kasai por-
toenterostomy are currently the best candidates for repeat
Kasai portoenterostomy, which should be employed only
once for this select subset of patients. This is the widely
accepted indication for repeat Kasai portoenterostomy
[27].

The JBAR data indicate that the incidence of repeat
Kasai portoenterostomy declined from 28 % between 1989
and 1999 to 15 % between 2000 and 2011 (p < 0.0001).
The JCR after repeat surgery (34 vs. 36 %) and the jaun-
dice-free native liver survival rates (57 vs. 55 %) were
essentially the same between the two groups (Table 2).
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Table 2 Redo Kasai portoenterostomies recorded in the Japanese
Biliary Atresia Registry

Period 1989-211 1989-1999 2000-2011 p

N 2,630 1,423 1,207

JCR % after the 61 63 61 ns
initial Kasai surgery

Redo % 21 28 15 <0.0001

JCR % after Redo 35 34 36 ns

JCR jaundice clearance rate

The incidence of repeat Kasai surgery was significantly
reduced, but the overall survival rate was significantly
higher in the later period (90 vs. 95 %, p < 0.0001).
These results may be attributed to the improved availabil-
ity of early liver transplantation and the limited number
of patients selected for repeat surgery in the latter period
[28].

Regarding the efficacy of repeat surgery among all
patients, a further analysis of patients who have under-
gone repeat surgery may provide important information
for determining more precise indications for repeat sur-
gery. Even in the JBAR data, the number of neonatal cases
remains limited, and the efficacy of repeat surgery for early
neonatal cases is uncertain. Accumulated experience with
repeat surgery for neonates would enable the elucidation of
the disease process of biliary atresia and the optimal timing
of Kasai portoenterostomy.

Trends regarding the age at Kasai portoenterostomy

The relationship between the age at Kasai portoenteros-
tomy and the surgical outcome is not straightforward.
While the prognosis is poor in some patients even after
early surgery, it is excellent in some patients who undergo
late Kasai portoenterostomy at an age >4 months. Multi-
center studies with a large volume of data have tended to
show that early Kasai portoenterostomy is advantageous,
and there is no clear evidence to recommend a delay in the
timing of surgery as yet. At this stage, a reasonable strat-
egy would be to make every effort to ensure that Kasai
portoenterostomy is performed as early as possible, and to
select patients for repeat Kasai surgery or liver transplan-
tation on a case-by-case basis according to their condition
and the extent of liver damage after a failed initial Kasai
portoenterostomy.

Despite the importance of early Kasai portoenteros-
tomy having been advocated for a long time, the age of the
patients at the time of surgery has not significantly decreased
since the JBAR was initiated. The age has also remained
unchanged in the TUH series over the past 40 years.
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The outcomes of medical treatment have improved
markedly among small children in Japan, including those
with biliary atresia. This is primarily due to a high stand-
ard of public health care, careful monitoring and manage-
ment of expectant and nursing mothers, the development
of new medical equipment, technical advances and free
infant medical checks. However, earlier Kasai portoenter-
ostomy has not been realized. The main reason for this may
be that in Japan, the health checks of newborn babies are
mainly performed by obstetricians who have no experience
with biliary atresia. A prenatal diagnosis of biliary atresia
remains difficult, because the condition does not present
with any detectable signs during the prenatal period except
for cystic structures at the porta hepatis in a minor subset
of cystic types, such as Type I and Type IIId cysts accord-
ing to Kasai’s classification. Most patients develop no con-
spicuous symptoms except for jaundice, which is a com-
mon symptom in healthy neonates during the first month of
life. The color of the meconium is normal in the majority of
patients with biliary atresia. Whitish or clay-colored stools
are passed early in life by only a quarter of patients, and
direct bilirubin is rarely assessed for neonatal jaundice even
by neonatologists. Thus, an early diagnosis of biliary atre-
sia is very difficult.

Approaches to the early diagnosis of biliary atresia

The need to establish a screening system has been remarked
upon for a long time [29]. Currently, the stool color card
is regarded as the most promising approach. The stool
color card was originally developed by Matsui et al. and
has been utilized in several areas of Japan since the early
1990s. Comparing the sample color shown in the card with
the stool passed by the baby, the family member or another
caregiver may be able to notice an abnormality of the stool
color, and the baby can be taken to a specialist hospital for
treatment [30]. In Taiwan, a similar card system was intro-
duced nationwide early this century, and a successful out-
come in terms of an early diagnosis was reported [31]. A
pilot study of this system was introduced in Switzerland in
2009 [32].

In 2012, a nationwide stool color card system was
introduced in Japan. The stool color card is inserted in the
maternal and child health handbook, and the instructions
indicate that it should be checked at least twice: once at the
I-month regular health check and again at a later date. The
stool color card is based on a subjective color assessment,
and it has the advantages of simplicity and low cost. On the
other hand, color decisions made primarily by mothers may
be incorrect, partly because mothers tend to have difficul-
ties recognizing severe illness in their children due to the
so-called normalcy bias.
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It is important that mothers and caregivers are aware
that patients with biliary atresia usually pass yellow-
ish stools in the early neonatal period, and that the stool
color then becomes pale yellow or whitish. The color
card screening system was introduced to help increase the
rate of early diagnosis of biliary atresia by double-check-
ing the stool color, and more importantly, this system is
expected to highlight the existence of biliary atresia,
which is a very rare disease, and increase the awareness
of the condition by mothers, physicians, and public health
nurses.

In some areas in Japan, urinary sulfated bile acid
(USBA) is used for the early diagnosis of biliary atre-
sia [33]. Compared with the stool color card system, this
method is quantitative, and thus, more objective. The
method may be promising, but it has numerous disadvan-
tages related to cost effectiveness, the proper handling of
urine samples, and control of the false-positive rate, which
all need to be resolved before it can be adopted as a nation-
wide screening system. An appropriate combination of
USBA and the stool color card system may be a practical
solution for overcoming the disadvantages of using each
method individually.

Direct bilirubin [34] and serum bile acid [35, 36] meas-
urements have previously been evaluated for screening for
biliary atresia. However, these approaches were associated
with problems related to the timing of sampling and the set-
ting of appropriate cut-off levels that could not be resolved.
Thus, no screening system was established. A trial of a new
protein biomarker has also been reported [37].

The stool color card system has just begun nationally in
Japan, and the system is expected to work well based on
the initial results and the findings in other countries. How-
ever, we should continue to pursue an optimal screening
system for ensuring the earliest possible diagnosis of bil-
iary atresia.

Future prospects

Every effort has been made to achieve better outcomes fol-
lowing Kasai portoenterostomy since its development half
a century ago. Currently, the 1- and 10-year native liver
survival rates are approximately 60 and 50 %, respectively
(Fig. 3). However, 30-40 % of patients require a liver trans-
plantation several years after a Kasai portoenterostomy.
Some patients have undergone a liver transplantation after
surviving >40 years due to advanced liver cirrhosis or
severe complications.

Several reports have been published regarding hepatic
regeneration using iPS cells, and this is a promising area
for future therapies [38]. Biliary atresia may be treated
using this technology in the near future.
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Fig. 3 The current status of the patients in the Japanese Biliary Atre-
sia Registry. The current status has been recorded for most patients
included in the registry. While the short-term native liver survival rate
is approximately 60 %, approximately 40 % of patients have required
a liver transplantation within several years of a Kasai portoenteros-
tomy

Great advances in the treatment of biliary atresia can
be achieved by elucidating its etiology. Our ultimate goal
is the prevention of biliary atresia. Until such a time, eve-
rything possible should be done to improve the outcomes
following Kasai portoenterostomy, including finding ways
to ensure an earlier diagnosis and the implementation of
appropriate surgical techniques and postoperative care,
including the management of long-term survivors.

Difficulties related to the early diagnosis of biliary atre-
sia are not a problem limited to Japan [39], and efforts must
be focused on improving the rates of the early diagnosis of
biliary atresia worldwide.
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Abstract

Purpose This study aimed to assess outcomes of liver
transplantation (LTx) in patients with biliary atresia (BA).
Methods The Kasai procedure was performed for 358
patients at Tohoku University Hospital between January
1955 and December 2013; 64 (17.9 %) required L'Tx. These
64 patients were divided into 4 groups according to their age
at the time of transplantation: Group 1, aged <2 years
(n = 27); Group 2, aged 2-9 years (n = 16); Group 3, aged
10-19 years (n = 11); and Group 4, aged =20 years
(n = 10). Clinical parameters were evaluated retrospectively.
Results Both living-donor (n = 57) and deceased-donor
(n = 7) LTx were performed. Indications were irreversible
jaundice (n = 53), intractable cholangitis (n = 3), hepa-
topulmonary syndrome (n = 6), portopulmonary hyper-
tension (n = 1), and intestinal bleeding (n = 1). Jaundice
occurred more frequently in Groups 1 and 2 than in Groups
3 and 4 (p = 0.031). Survival rates were 81.5, 100, 90.9,
and 80 % in Groups 1, 2, 3, and 4, respectively.
Conclusion Although the overall LTx survival rate was
satisfactory, some adult recipients experienced LTx-related
difficulty. Close follow-up, meticulous assessment of phys-
ical and social conditions, presence of a multidisciplinary
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support system, and appropriate time course for LTx are all
essential factors in the treatment of BA.
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Introduction

Outcomes for patients with biliary atresia (BA) have
greatly improved since the introduction of the Kasai pro-
cedure in the mid-1900s. According to data from the Jap-
anese Biliary Atresia Registry, 55 % of patients with BA
have a >10 year survival without liver transplantation
(LTx) [1]. However, Shinkai et al. [2] reported a 20-year
native liver survival rate of 44 % and various severe
complications among patients showing native liver survival
of more than 20 years. Therefore, a substantial number of
patients eventually required LTx. The settings of LTx in
Japan are different from those in Western countries. Par-
ticularly, living donors are widely available, whereas
deceased donors are rare [3]. Therefore, patients requiring
LTx are confronted with various difficulties, such as
obtaining a suitable donor and psychological conflict
related to donations from relatives. We hypothesized: that
these problems could be characterized according to the age
of the patient at time of LTx. In this study, we compared
the clinical course following the Kasai procedure and the
outcomes of LTx among patients in different age groups.

Methods

Between January 1955 and December 2013, 358 patients
underwent the Kasai procedure at Tohoku University
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Hospital in Japan. Of these, 258 patients received the Kasai
procedure before 1990. Of the 258 patients, 189 died without
LTx. However, only seven patients died without LTx after
1990. Finally, 64 patients (17.9 %) required postoperative
LTx for various reasons such as persistent jaundice and sever
portal hypertension. The transplantations were performed in
six hospitals, in Japan and overseas, including Tohoku
University Hospital. The patients were divided into four
groups according to their age at the time of LTx: Group 1,
aged <2 years (n = 27); Group 2, 2-9 years (n = 16);
Group 3, 10-19 years (n = 11); and Group 4, =20 years
(n = 10). Patient characteristics are shown in Table 1. The
type of obstruction varied: 6 patients had type I BA (atresia of
the common bile duct), 4 had type II BA [atresia of the
hepatic duct(s)], and 54 had type III BA (atresia of the porta
hepatis) (Table 1). We retrospectively reviewed the clinical
course after the Kasai procedure and compared them
between the groups. Variables measured were postoperative
jaundice clearance, preoperative treatment of portal hyper-
tension, indications for LTx, donor and graft types, outcomes
after LTx, and psychosocial problems encountered. Statis-
tical analysis was performed using Fisher’s exact test or the
Chi square test, and a p value <0.05 was used to determine
statistical significance. The Ethics Committee of Tohoku
University approved this retrospective study.

Results
Jaundice clearance after the Kasai procedure
In Group I, 22 patients experienced persistent jaundice,

whereas 5 developed recurrent jaundice after postoperative
resolution of jaundice. Of the 37 patients in the other

Table 1 Patient characteristics

Group Group Group Group p
1 2 3 4
Number 27 16 11 10
Male:female 12:15  4:12 3:8 4:6 .55
Median age at LTx 1.1 6.1 14.5 323
(years)
Type of obstruction
I 0 2 1 3 .19
I 1 1 1 1
111 26 13 9 6
Treatment for portal hypertension
Only EIS 1 2 0 0 0411
Only intervention for 0 2 2 2
hypersplenism
Both treatments 0 3 3 2

EIS endoscopic injection sclerotherapy

@ Springer

groups, 35 achieved jaundice clearance after the Kasai
procedure before developing a recurrence and/or other
severe complications such as irritable cholangitis and sec-
ondary pulmonary perfusion disorder necessitating LTx.

Treatment of portal hypertension before LTx

Fourteen patients developed severe portal hypertension and
underwent treatment such as endoscopic injection sclero-
therapy (EIS) and partial splenic embolization (PSE) after
the Kasai operation; these patients subsequently underwent
LTx. One, five, three, and two patients in Groups 1, 2, 3,
and 4, respectively, underwent EIS. Five, four, and one
patient in Groups 2, 3, and 4, respectively, underwent PSE.
One and four patients in Groups 3 and 4, respectively,
underwent splenectomy. Three, three, and two patients in
Groups 2, 3, and 4, respectively, underwent EIS and
intervention for hypersplenism including splenectomy and
PSE (Table 1). The patients who underwent EIS, PSE, and
splenectomy did not always have persistent jaundice.
Esophageal varices and hypersplenism in patients who had
relatively preserved hepatic function were well controlled
by EIS and/or intervention for hypersplenism such as
splenectomy and PSE. None of the patients had portal
hypertension that required LTx.

Indications for transplantation

Persistent or recurrent jaundice was the primary indication
for LTx in 38 patients (90.4 %) aged <9 years (Groups 1
and 2) and 14 patients (66.7 %) aged >10 years (Groups 3
and 4) (p = 0.031) (Fig. 1). In Group 1, jaundice led to
liver failure in 26 patients and intractable cholangitis in 1
patient. In Group 2, 13 patients experienced jaundice,
intractable intestinal bleeding occurred in 1 patient, and
hepatopulmonary syndrome (HPS) occurred in 2. In Group
3, jaundice occurred in six patients, intractable cholangitis
associated with intrahepatic biliary dilatations occurred in
one, and HPS occurred in four. In Group 4, jaundice
occurred in eight patients, intractable cholangitis associ-
ated with intrahepatic biliary dilatations in one, and por-
topulmonary hypertension (PPH) in one (Table 2).

Donor types

Fifty-seven (89.0 %) and seven patients (11.0 %) under-
went living- and deceased-donor LTX, respectively. Liv-
ing-donor LTx was predominant in each group (Table 3).
For the 48 patients in Groups 1, 2, and 3, the donor was a
mother or father of the recipient. In Group 4, six relatives
other than the parents (2 siblings and 1 spouse) were the
donors. One (3.8 %), four (25 %), one (10 %), and one
(10 %) patient in Groups 1, 2, 3, and 4, respectively,
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Table 2 Primary indication for liver transplantation

Group 1 Group 2 Group 3 Group 4
Jaundice 26 13 6 8
IC 1 0 1 1
HPS 0 2 4 0
PPH 0 0 0 1
1B 0 1 0 0

IC intractable cholangitis, HPS hepato-pulmonary syndrome, PPH
porto-pulmonary hypertension, /B intestinal bleeding

Table 3 Status of liver transplantation

Group  Group  Group  Group p
1 2 3 4
Donor
Deceased 1 4 1 1 .19
Living 26 12 10 9
Lobes/segments of living graft
Lateral segment 23 6 0 0 <.0001
Left lobe 3 3 2 0
Right lobe 0 0 5 9
Unknown 0 3 3 0
ABO- 2 3 1 0 27
incompatible
Outcome
Survival 22 16 10 8 .28
Death 5 0 1
50
w |-
30
10
0
Groups 1 &2 Groups 3 &4

Fig. 1 Differences in primary indications for liver transplantation in
biliary atresia in younger and older age groups, p = 0.031 (open bar
jaundice, closed bar not jaundice)

underwent deceased-donor LTx. Six of the deceased-donor
transplantations were performed in hospitals in four
countries (USA, France, Australia, and Taiwan) prior to
2004, the seventh was performed at our institution in 2008.

ABO-incompatible grafts were used in 2, 3, and 1 patients
in Groups 1, 2, and 3, respectively. The oldest patient who
received LTx with an ABO-incompatible graft was aged
11 years.

Grafted lobes and segments

Fifty-seven patients received living-donor LTx; 37
received left-sided hepatic lobes, including lateral lobes; 14
received right lobes; and six received unnamed lobes.
Twenty-six patients in Group 1 received living-donor
grafts; 23 (88.5 %) were lateral segments and three were
left lobes. Of the patients aged <9 years (Groups 1 and 2),
none required the right lobe. In the older age groups (Group
3 and 4), 12 patients (70.6 %, excluding the patients for
whom data could not be retrieved) required the right lobe
because of their larger body size (Table 3, p < 0.0001). In
Group 4, the nine patients who received living grafts all
received right lobes.

Transplantation outcomes

The follow-up period after transplantation was between 0.4
and 24 years (average 13.6 years). Fifty-six recipients
(87.5 %), including six ABO-incompatible recipients, sur-
vived; eight recipients, including one who received a
deceased-donor LTx, died (Table 3). Five patients died of
postoperative complications such as vascular problems and
graft failure during the early postoperative course.

A 39-year-old man had advanced hepatic failure with
poor general condition at the time of LTx. He developed
severe complications, including portal thrombosis, and
eventually died of graft failure on postoperative day 20. A
2]-year-old woman died of deteriorated PPH associated
with postoperative pneumonia 1 month after transplanta-
tion. An 11-year-old boy died of an unrelated event 1 year
after undergoing a successful deceased-donor LTx. All
living donors survived without significant morbidity fol-
lowing donor operation.

Psychosocial problems

The six patients who underwent deceased-donor LTX in
overseas hospitals faced financial difficulty because of
increased medical costs compared to those in domestic
hospitals, where medical insurance is available. Most of
these patients had their expenses covered through public
donations. However, the fund-raising campaigns were
associated with stress for the patients and their families. In
Group 4, two recipients who were on the waiting list for a
deceased-donor LTx did not choose living-donor LTx for a
prolonged time because they felt guilty about receiving a
graft from a family member. After being persuaded by their
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families, both agreed to living-donor L'Tx. The 39-year-old
man mentioned above had already developed severely
advanced hepatic failure by the time of transplantation and
died of postoperative complications. Two patients who
received living-donor transplantations had difficulties
finding appropriate living donors and obtaining donor
consent.

Discussion

The outcomes of the Kasai procedure have greatly
improved over the past five decades. LTx is performed for
approximately 30-40 % of infants and small children with
BA in Japan [!, 4]. The number of adult long-term survi-
vors has been increasing recently. Most younger patients
received liver donations from their parents, as living-donor
LTx is common in Japan, LTx using a left or right living
lobe is initially considered in adult patients.

The unique donor situation in Japan is attributed to
difficulties in obtaining deceased-donor grafts. Sensitive
factors, such as religious sentiments and ethics of the
Japanese, are thought to be obstacles for acceptance of the
concept of brain death. In Japan, deceased-donor LTx has
been legally approved, and the Japan Organ Transplant
Network, which is similar to the United Network for Organ
Sharing (UNOS), was created in 1997. Before that time, a
deceased-donor LTx was practically impossible. This cir-
cumstance explains the overseas deceased-donor trans-
plantations observed in our patient population.

From 1997, LTx has been dependent on living donors in
Japan [3]. According to the UNOS report, 113,889
deceased-donor LTxs (96 % of all transplantations) were
performed between 1988 and 2012 in the USA. According
to the registry of the Japanese Liver Transplantation
Society, 139 deceased-donor LTxs (2.1 % of all trans-
plantations) were performed between October 1997 and
December 2011, whereas 6,642 LTxs were performed
between January 1964 and December 2011 in Japan. The
widespread adoption of LTx is still slow in Japan, even
after revision of the Japan Organ Transplant Law in 2010,
prompted by the Istanbul Declaration restricting transplant
travel [5].

According to Japanese Biliary Atresia Registry, the
incidence of types I, II, and III BAs is 12, 2, and 86 %,
respectively [1]. Type III BA is believed to be the most
severe with the worst prognosis. In fact, all 24 patients in
Group 1 had type III BA. However, patients with types [
and II BAs were present in the other groups. Group 4
included three patients (30 %) with type I BA and included
the most patients with a correctable type of BA. For
patients with type I BA, a better jaundice clearance rate
correlated with a longer native liver survival time. These

‘2’_] Springer

patients, however, tended to develop long-term morbidi-
ties, including intractable cholangitis associated with
intrahepatic biliary dilatation and/or stone formation, as
mentioned in our previous research [6]. Some of these
patients required LTx in their clinical course. Further
investigation into the differences among the types of BA is
necessary to improve survival in patients with long-term
retention of their native liver.

The primary indication for LTx was predominantly
persistent or recurrent jaundice in the younger age gréups.
In the older age groups, there was an increased incidence of
another pathology including pulmonary perfusion abnor-
malities secondary to liver cirrhosis (e.g., HPS) [7]. PPH
was a secondary pulmonary perfusion abnormality [8].
PPH can progress subclinically; therefore, it can be
severely advanced at the time of diagnosis, as observed in
our 2l-year-old female patient who died of severe PPH
after LTx.

Esophageal varices and hypersplenism were the most
common symptoms of portal hypertension following the
Kasai procedure; these affected the quality of life for the
Jong-term survivors. Esophageal variceal rupture associ-
ated with a severe bleeding tendency from hypersplenism
necessitates LTx in some cases. In our experience, esoph-
ageal varices and hypersplenism did not require LTx,
because these pathologies were well managed by EIS and
PSE, respectively [4, 9]. Therefore, to provide an appro-
priate disease management protocol and to avoid missing
the optimal time for LTx in long-term survivors of BA,
close follow-up according to a systematically designed
program, including esophageal fiberscopy and diagnostic
imaging focusing on the hepatic pathology and pulmonary
circulation, is strongly recommended.

Other issues with living-donor LTx include size-
matching and the health status of aged donors as well as
ethical problems. Size-matching is problematic for adult
recipients with a large physique; therefore, right lobes were
primarily used for these recipients. However, utilization of
the right lobe as a graft may be hazardous for the donors
because right lobe donation is associated with a higher
complication rate than left lobe donation [10]. That, how-
ever, was unavoidable in our society, where obtaining a
deceased-donor graft is extremely difficult. Marginal
grafts, which have a risk of initial poor function or primary
non-function, from aged and ABO-incompatible donors
were also utilized often for the same reason. Recent
advances in immunosuppressive regimens can control
acute rejections in young recipients after ABO-incompati-
ble LTx [1I]. Our study included four patients aged
<11 years who underwent ABO-incompatible LTx; all
these patients survived without episodes of severe rejec-
tion. However, because of the absence of ABO-compatible
donors, adult patients with deteriorated hepatic function
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had to wait on the deceased-donor liver transplant list for a
long time.

Psychosocial problems are serious issues in patients
with advanced cirrhosis [12], and most patients and their
families were subjected to a great deal of stress because of
the necessity for LTx. Difficulties in decision-making
regarding receiving living-donor grafts and obtaining
consent were major problems. One patient in this study was
confronted with these problems. This patient was in poor
general condition at the time of LTx and died of multiple
complications. However, this patient may have been saved
with earlier transplantation. To resolve the problems
experienced by long-term survivors who require LTx, it is
essential to use a multidisciplinary support team that
includes pediatric and transplant surgeons, psychiatrists,
clinical psychologists, transplant coordinators, skillful
nursing staff, and social workers.

One limitation of our current study is that it is a retro-
spective case series. Our hypothesis is that a multidisci-
plinary support team can be useful, especially for long-term
native liver survivors with BA. It is important to evaluate
this hypothesis with a prospective controlled study.

Another limitation of this study is insufficient assess-
ment of adult patients requiring LTx and their relatives.
Quantitative analysis using a psychological questionnaire
can be useful to address this limitation.

In conclusion, while there was satisfactory overall sur-
vival after transplantation, many difficulties were encoun-
tered, such as donor selection and psychosocial problems,
particularly in adult recipients. The number of adult native
liver survivors who experienced such problems will
increase if the number of deceased donors does not
increase. Close follow-up, meticulous assessment of
physical and social conditions, presence of a multidisci-
plinary support system, and appropriate time course for
LTx are all essential factors in the treatment of BA.

Conflict of interest The authors declare that they have no conflict
of interest.
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Case Report of Living Donor Liver Transplantation for Biliary Atresia
With Severe Hepatopulmonary Syndrome

Yusuke Yanagi, Toshiharu Matsuura, Makoto Hayashida, and Tomoaki Taguchi

Department of Pediatric Surgery, Faculty of Medical Sciences, Kyushu University

Here, we report a case of successful resolution of severe
hepatopulmonary syndrome (HPS) in biliary atresia by living
donor liver transplantation (LDLT). A 14-year-old girl diag-
nosed as having biliary atresia (BA) with HPS was referred
to our hospital for LDLT. She underwent Kasai portoenter-
ostomy 65 days after birth. Her jaundice and hypoxia wors-
ened from 11 days after birth. On admission, her data on
oxygenation were as follows: SpO, in room air was approxi-
mately 80%, arterial blood gas analyses showed Pa0O, of 39
mmHg, and perfusion scintigraphy showed a shunt ratio of

Key words: biliary atresia, hepatopulmonary syndrome,
liver transplantation

Correspondence to: Yusuke Yanagi, Department of Pediatric Surgery,
Faculty of Medical Sciences, Kyushu University, 3-1-1, Maidashi,
Higashi-ku, Fukuoka-shi, Fukuoka, 812-8582 JAPAN

41%. From these findings, this patient was determined to
have severe HPS. LDLT was performed using an extended
left lobe graft from her father. She underwent relaparotomy
and ileostomy twice owing to bowel perforation 6 and 9
days after LDLT. One month after LDLT, the shunt ratio
increased to 59.9% transiently, but her respiratory condi-
tion improved gradually. Six months after LDLT, her data on
oxygenation significantly improved as follows: SpO, in room
air, 100%; Pa0,, 90.0 mmHg; and shunt ratio, 11.9%. We
recommend that although the complication rate after LDLT
for BA with severe HPS is relatively high, LDLT should
be performed with utmost care. However, there is no sig-
nificant evidence for the long-term prognosis after LDLT;
therefore, it is necessary to closely monitor such a patient
for a long period of time.
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Daily-life situations and subjective-life satisfaction
of living liver-transplanted adolescent children

'Division of Nursing Science, Department of Health Sciences, Faculty of Medical Sciences, Kyushu University,
‘Department of Pediatric Surgery, Faculty of Medical Sciences, Kyushu University

Ayaka FUJITA', Makoto HAYASHIDA’, Tomoaki TAGUCHI*

[Summary]

[Objective] This study examines the daily-life situation and the subjective-life satisfaction of living liver-
transplanted preadolescent and adolescent children.

[Design] Cross-sectional survey

[Methods] Our study sample consists of 9 preadolescent and adolescent children who had undergone liver trans-
plantation. Data were collected through semistructured interviews and questionnaires about their daily-life experi-
ences. Descriptive statistics and qualitative descriptive research methods were used for the data analyse.

[Results] Our survey showed how elementary school children (fourth to sixth grades) could manage their health
by themselves with parental support. They did know that they experienced an operation in their childhood period,
but did not sufficiently understand the “transplantation” itself. Self-management of high-school children differs ac-
cording to their transplantation period or their perception about the transplantation. In regard to subjective-life satis-
faction, all the elementary school children had scores higher than the standard value; however, half of the high
school children showed scores lower than that value. In particular, the subjective-life satisfaction did not always
correspond with their physical situations.

[Conclusion] Preadolescent children could manage their health with parental support. Their satisfaction score was
higher than the standard value. However, they did not sufficiently understand the “transplantation” itself. Self-
management of adolescent children differs according to their transplantation period or their perception about the
transplantation. The satisfaction score did not necessarily correspond to their physical situation. Medical staffs
should support children with due consideration of their past experiences and understanding of the disease, the treat-
ment, and the transplantation itself.

Keywords: liver transplantation , children, quality of life
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