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Abstract

Purpose The effectiveness of laparoscopic Kasai portoenterostomy (Laparoscopic-KPE) for biliary atresia (BA) has been
reported but remains controversial. We reviewed our own cases and cases described in previous studies of liver transplanta-
tion (LT) for BA after Laparoscopic-KPE to investigate the efficacy of Laparoscopic-KPE.

Methods Subjects were children of <2 years old with LT for BA after KPE who underwent Laparoscopic-KPE (n=10) or
Open-KPE (n=115) between 2009 and 2020. Propensity score matching was performed to reduce the effect of treatment
selection bias. The clinical data regarding the preoperative characteristics and surgical results were compared.

Results The rates of hypoplastic portal vein and retrograde portal vein flow were lower in the Laparoscopic-KPE group than
in the Open-KPE group (0 vs. 40.0%, p=0.02 and 0 vs. 35.0%, p=0.04). There was no marked difference in the operation
time or duration of hepatectomy. For portal vein reconstruction, a vein graft was not required in the Laparoscopic-KPE group
(0 vs. 35.0%, p=0.03). No patients in the Laparoscopic-KPE group developed portal vein complications or required re-lapa-
rotomy for bowel perforation or re-bleeding, in contrast to the Open-KPE group (0 vs. 15.0% and 0 vs. 10.0%, respectively).
Conclusion Laparoscopic-KPE may reduce postoperative complications that necessitate re-laparotomy in LT.

Keywords Liver transplantation - Biliary atresia - Laparoscopic Kasai portoenterostomy - Postoperative complications -
Portal vein complications

Introduction

Biliary atresia (BA) is a progressive disease of the hepato-
biliary system, and Kasai portoenterostomy (KPE) has been
established as an initial radical operation [1]. Even though
KPE may temporarily improve jaundice, 41.1% of patients
ultimately undergo liver transplantation (LT) in Japan [2]. In
recent years, the results of LT for BA have been improving,
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with a 1-year survival rate of 90.5% and 10-year survival rate
of 84.6%, thanks to improvements in surgical techniques,
anesthesia management and perioperative management [3].
However, there is room for further improvement in pediatric
LT for BA, as there are still some cases in which portal vein
reconstruction is difficult, which may lead to graft loss and
death.

The surgical technique and frequency of KPE may also be
a major factor that can affect the outcomes of LT. Previous
studies reported that a history of multiple surgical opera-
tions before LT was a surgical risk factor for postoperative
bowel perforation or vascular complications in subsequent
LT [4, 5].

Laparoscopic-KPE was first performed by Esteves [6],
who reported that it was associated with various advantages
over open surgery, including a fast recovery, prompt oral
feeding, less pain and a reduction in postoperative adhe-
sion, and that it facilitated subsequent LT [7]. Although
minimally invasive surgery has become the main operation
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in the field of pediatric surgery, Laparoscopic-KPE has not
yet been established as a widely used technique because
of the technical difficulty, and many studies have reported
that the improvement of jaundice after Laparoscopic-KPE
was inferior to that with Open-KPE [8-10]. A previous
report indicated that the 10-year native liver survival rate
after Laparoscopic-KPE was 45.5% (5/11), while that after,
Open-KPE was 85.0% (17/20) (p =0.03), indicating that
Open-KPE is still the treatment of choice for BA [9]. How-
ever, several recent studies have reported that the results of
Laparoscopic-KPE were comparable to those of Open-KPE,
mainly in Asia [11-13]. One study reported that the duration
of hepatectomy in LT in patients <2 years old who under-
went Laparoscopic-KPE was significantly shorter than that
following Open-KPE due to less adhesion [14]. However,
the assessment of the degree of intra-abdominal adhesion
is difficult and—in the clinical setting—is mostly based on
subjective descriptions [15].

Considering the impact of intra-abdominal adhesion on
the postoperative complications in LT, as described above
[4, 5], it was hypothesized that the detailed verification of
surgical complications in LT would be effective for assessing
the efficacy of Laparoscopic-KPE.

We herein reviewed the cases that we have experienced
as well as the cases reported in previous studies of LT for
BA after Laparoscopic-KPE and investigated the surgical
complications to evaluate the efficacy of Laparoscopic-KPE.

Methods
Our cases

Patients with BA after Laparoscopic-KPE were referred
to our institute for LT starting in 2009. Between 2009
and 2020, 190 consecutive living donor LTs (LDLTSs) for
BA after KPE were performed at our hospital for children
of <2 years old. LDLT was performed by a single team of
skilled transplant surgeons comprising M.K, S.S and A.F.
Ten patients (5.3%) underwent Laparoscopic-KPE before
LT. Seven patients were referred from two major pediatric
surgery departments in Japan (Nagoya University Gradu-
ate School of Medicine and Juntendo University School
of Medicine) that actively performed Laparoscopic-KPE.
Recent studies reported that the outcomes of Laparoscopic-
KPE performed in these 2 departments were excellent and
comparable to the outcomes of Open-KPE (jaundice-free
native liver survival at 2 years: Open-KPE 63.0 and 71.4%
vs. Laparoscopic-KPE: 70.4 and 73.7% [14, 16, 17]).
Among 180 patients who underwent Open-KPE, we
excluded those who underwent multiple laparotomy pro-
cedures, such as small bowel obstruction or redo-KPE.
The preoperative characteristics and surgical results were
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analyzed in the Laparoscopic-KPE (n=10) and Open-KPE
(n=115) groups. Furthermore, results were compared
between the Laparoscopic-KPE and propensity-matched
Open-KPE (n=20) groups.

The preoperative characteristics, postoperative complica-
tions, length of hospital stay and patient/graft survival rate
were analyzed. Postoperative re-laparotomy was defined as
an operation for bowel perforation, intraperitoneal drainage
or re-bleeding within one month after LT. We also examined
the rate of hypoplastic portal vein and retrograde portal vein
flow before LT as risk factors for portal vein reconstruction
[18]. A hypoplastic portal vein was defined by a diameter
of <4.0 mm on preoperative Doppler ultrasonography [18].

This study was approved by the ethics committee of the
National Center for Child Health and Development (Institu-
tional review board number: NCCHD #404).

Search strategy and inclusion/exclusion criteria

For our review of the relevant literature, we searched all
publications from 2002 to 2020 using MEDLINE with the
following search terms: (biliary atresia) AND (laparoscopic
portoenterostomy OR laparoscopic Kasai portoenterostomy)
AND (liver transplantation). The bibliographies of poten-
tially relevant articles were also manually searched to iden-
tify additional eligible studies. After identifying the relevant
titles and abstracts, the studies were assessed independently
by the authors for inclusion in the literature review. All stud-
ies describing the assessment of adhesion in LT or compli-
cations in LT were included. Studies that only included the
number of LT operations were excluded.

Statistical analyses

The statistical analysis of the difference between the Lap-
aroscopic-KPE and Open-KPE groups was performed, as
appropriate, using the chi-square test, the Mann—Whitney U
test, a Kaplan—Meier analysis, or the propensity score model
using EZR (Saitama Medical Center, Jichi Medical Univer-
sity, Saitama, Japan), which is a graphical user interface for
R (The R Foundation for Statistical Computing, Vienna,
Austria) [19], and a modified version of R commander. Sta-
tistical significance was defined as p <0.05.

For propensity score matching, we mainly selected items
that would affect the outcome of LT, such as the age at LT,
body weight at LT, ascites, pediatric end-stage liver disease
(PELD) score, donor age, ABO blood type incompatibil-
ity and graft-to-recipient weight ratio. To match the back-
ground, we also selected the gender ratio, age at KPE and
incidence of cholangitis. After estimating the propensity
scores, 1:2 nearest neighbor matching was performed.
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Results
Our cases

After 1:2 propensity score matching, all patients in the
Laparoscopic-KPE group were matched to similar patients
in the Open-KPE group (Table 1). The rates of hypoplastic
portal vein and retrograde portal vein flow were signifi-
cantly lower in the Laparoscopic-KPE group than in the
Open-KPE group (Laparoscopic-KPE vs. Open-KPE: O vs.
40.0%, p=0.02; and 0 vs. 35.0%, respectively, p=0.03).

There were no significant differences between the
two groups in operation time for LDLT, duration to the
completion of hepatectomy or intraoperative bleed-
ing (Table 2). Regarding intraoperative findings, 10.0%
(2/20) of the patients in the Open-KPE group required
additional bowel resection (Laparoscopic-KPE group: 0%,
p=0.30). For portal vein reconstruction, a vein graft was
required in 35.0% (7/20) of the cases in the Open-KPE
group (Laparoscopic-KPE group: 0%, p=0.03). Regard-
ing complications, portal vein thrombosis or portal vein
stenosis was observed in 15.0% (3/20) of the patients in
the Open-KPE group, but no portal vein thrombosis or
portal vein stenosis was seen in the Laparoscopic-KPE

Table 1 Characteristics of the laparoscopic-KPE and open-KPE groups

group. In addition, in the Open-KPE group, the rate of
re-laparotomy due to bowel perforation or intraperitoneal
drainage was 10.0% (2/20), while re-laparotomy was not
required in the Laparoscopic-KPE group. One case of bile
leak in the Laparoscopic-KPE group improved with con-
servative treatment.

The 1-year graft and patient survival rates were almost
the same between the groups (Laparoscopic-KPE vs. Open-
KPE: 100 vs. 88.8%, p=0.98 and 100% vs. 94.4%, p=0.98,
respectively). One patient who underwent re-transplantation
for portal vein stenosis died due to worsening of respiratory
failure with intrapulmonary shunt; the other died 1.5 months
after transplantation due to graft dysfunction caused by por-
tal vein thrombosis.

Review of the literature

Our search of the relevant literature revealed 66 reports.
Among these, 15 described LT after Laparoscopic-KPE, and
5 further verified the findings of adhesion or complications
in LT. These five reports were included in the present study
[7, 14, 15, 20, 21].

Three of the five reports assessed adhesion subjectively,
based on the opinion of the transplant surgeon (Table 3)
[7, 20, 21]. Two reports concluded that Laparoscopic-KPE

All patients

Propensity-matched patients

Laparoscopic- Open-KPE group (n=115) p value Laparoscopic- Open-KPE group (n=20) p value

KPE group KPE group

(n=10) (n=10)
Male: female 4:6 49:66 0.87 4:6 9:11 0.79
Age at KPE (days) 64.5 (44.0-74.5) 66.0 (48.0-92.0) 0.21 64.5 (44.0-74.5) 62.5(47.5-94.3) 0.22
Cholangitis (n, %) 6 (60.0) 57 (49.6) 0.53 6 (60.0) 11 (55.0) 0.79
Gastrointestinal bleeding (n, %) 1 (10.0) 12 (10.4) 0.97 1(10.0) 1(5.0) 0.60
Age at LT (months) 10.6 (9.2-14.9) 8.5 (6.3-11.5) 0.37 10.6 (9.2-14.9) 9.1 (7.1-10.9) 0.52
BW at LT (kg) 7.4 (6.6-8.5) 7.0 (6.3-7.8) 0.43 7.4 (6.6-8.5) 7.2 (6.5-7.6) 0.50
Total bilirubin (mg/dL) 5.9(3.3-9.3) 9.9 (3.2-16.4) 0.41 5.9(3.3-9.3) 8.5 (2.3-12.9) 0.68
Albumin (g/dL) 32(2.8-34) 3.1(2.7-3.6) 0.68 32(2.8-3.4) 29(2.7-3.2) 0.15
Platelet count (10%/pL) 24.3 (18.9-28.2) 20.9 (13.3-30.0) 0.29 24.3 (18.9-28.2) 19.2 (13.2-22.5) 0.23
PT (INR) 1.1 (1.0-1.2) 1.2 (1.1-1.3) 0.20 1.1 (1.0-1.2) 1.2 (1.1-1.3) 0.26
Ascites (n, %) 4 (40.0) 52 (45.2) 0.75 4 (40.0) 6 (30.0) 0.58
PELD score 11.4 (8.8-12.8)  13.0(7.0-21.5) 0.88 11.4 (8.8-12.8)  13.0(9.7-16.1) 0.25
Hypoplastic PV (n, %) 0(0) 36 (31.3) 0.04 0(0) 8 (40.0) 0.02
Retrograde PV flow (n, %) 0(0) 34 (29.6) 0.04 0(0) 7 (35.0) 0.03
Donor age (years) 32.0 (30.3-36.5) 33.0(30.0-38.8) 0.54 32.0 (30.3-36.5) 30.5(28.0-36.3) 0.60
ABO-I (n, %) 2 (20.0) 24 (20.9) 0.95 2 (20.0) 4(20.0) 1
GRWR (%) 3.63 (3.33-3.84) 3.20 (2.71-3.66) 0.28 3.63 (3.33-3.84) 3.50 (3.00-4.00) 0.28

Values are presented as the median; values in brackets represent the interquartile range (IQR)

KPE Kasai portoenterostomy, LT liver transplantation, BW body weight, PELD pediatric end-stage liver disease, PV portal vein, ABO-I ABO

blood type incompatibility, GRWR graft-to-recipient weight ratio
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Table 2 Outcome parameters after LDLT for BA between the laparoscopic-KPE and open-KPE groups

All patients

Propensity-matched patients

Laparoscopic-KPE
group (n=10)

Open-KPE group
(n=115)

p value

Laparoscopic-KPE  Open-KPE group (n=20) p value

group (n=10)

Operating time (min) 408.0 (390.0-504.0)

111.5 (88.3-147.3)

467.0 (416.5-514.5)

Duration up to comple- 127.0 (104.3-159.8)

tion of hepatectomy

(min)
Blood loss (g/kg) 60.7 (48.8-83.5) 64.3 (36.3-97.4)
Additional bowel resec- 0 (0) 9(7.8)
tion (n, %)
Vein graft interposition 0(0) 28 (24.3)
for PV reconstruction
(n, %)
Complications (n, %)
Hepatic vein outflow 0 (0) 4 (3.5)
block
PV
Thrombosis 0(0) 10 (8.7)
Stenosis 0(0) 6(5.2)
Hepatic artery throm- 0(0) 0(0)
bosis
Biliary duct
Stenosis 1(14.3) 3(2.6)
Re-laparotomy (n, %)
Postoperative bowel 0(0) 1(0.9)
perforation
Intraperitoneal re- 0(0) 6(5.2)
bleeding
Intraperitoneal drainage 0 (0) 4 (3.5)

Length of hospital stay  43.0 (36.3-55.5) 40.0 (33.0-52.0)

(days)

1-year graft survival (%) 100 97.3

1-year patient survival 100 98.3
(%)

0.50  408.0 (390.0-504.0) 469.5 (405.8-505.8) 0.58
0.84  111.5(88.3-147.3)  123.0 (100.5-147.3) 0.69
0.81  60.7(48.8-83.5)  69.7 (47.2-106.2) 0.47
036  0(0) 2 (10.0) 0.30
0.08 00 7 (35.0) 0.03
055  0(0) 1 (5.0) 0.47
033  0(0) 2 (10.0) 0.30
046  0(0) 1 (5.0) 0.47
0 (0) 0(0)
020 1(14.3) 0(0) 0.15
077  0(0) 0 (0)
046  0(0) 1 (5.0) 0.47
055  0(0) 1 (5.0) 0.47
039  43.0(363-55.5)  36.5(30.8-46.3) 0.12
0.18 100 88.8 0.98
0.18 100 94.4 0.98

Values are presented as the median; values in brackets represent the interquartile range (IQR)

LDLT living donor liver transplantation, BA biliary atresia, KPE Kasai portoenterostomy, PV portal vein

could more effectively reduce postoperative adhesion
than Open-KPE [7, 21]. Another report indicated that
a minimal access approach did not result in a reduction
in peri-hepatic adhesion formation because three of five
cases after Laparoscopic-KPE had mild to dense adhesion
[20]. Two papers evaluated adhesion during LT based on
hepatectomy time, total operating time or blood loss [14,
15]. One paper showed that the hepatectomy time was
significantly shorter in the Laparoscopic-KPE group than
in the Open-KPE group and that the Laparoscopic-KPE
group had a shorter hospital stay, indicating the superior-
ity of Laparoscopic-KPE over Open-KPE [14]. The other
paper concluded that there was no marked difference in
the operating time, hepatectomy time or blood transfu-
sion volume. The authors also noted that, throughout the
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entire abdomen, adhesion was likely to be mild after Lap-
aroscopic-KPE, but the two treatment groups showed a
similar degree of scarring in the portal area [15].

Complications were described in 2 reports, 1 of which
described the necessity of postoperative re-laparotomy
due to insufficient anastomosis in 2 of 8 cases (25.0%) in
the Laparoscopic-KPE group. However, in that study, 4
of the 11 cases (36.4%) in the Open-KPE group required
re-laparotomy for the same reason. Furthermore, no cases
required re-laparotomy due to bowel perforation or re-
bleeding [15]. The other study only mentioned intraopera-
tive complications and stated that none of the eight cases
in the Laparoscopic-KPE group developed complications,
including portal vein thrombosis [14].
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Discussion

In the present study, which examined the complications
in LT after Laparoscopic-KPE in detail, no patients in
the Laparoscopic-KPE group required surgical treatment
after LT due to postoperative bowel perforation or intra-
abdominal re-bleeding. Furthermore, no patients in the
Laparoscopic-KPE group developed portal vein complica-
tions, and there were no cases in which vein graft interpo-
sition was used for reconstruction of the portal vein. The
results regarding the absence of portal vein thrombosis,
postoperative bowel perforation and re-bleeding were in
line with the previous studies that we reviewed.

We investigated the effects of Laparoscopic-KPE by
examining the complications of LT. Our review of the
literature revealed that the influence of adhesion after
Laparoscopic-KPE was evaluated based on the subjective
judgment of the transplant surgeon or the time required for
hepatectomy in LT. Regarding the time for hepatectomy,
two previous reports showed different results [14, 15]. Our
survey did not find any marked difference between the
two groups in the time required for hepatectomy. This was
highly case-specific and indicated that the time required
for hepatectomy did not differ notably between the two
groups. We considered that examining complications in LT
was more clinically meaningful than the time required for
hepatectomy when assessing adhesion after Laparoscopic-
KPE, as previous reports showed that adhesion after repeat
KPE was associated with high rates of bowel perforation
or vascular complications, which represent lethal postop-
erative complications after LT [4, 5].

The incidence of bowel perforation after pedi-
atric LT was reported to be 6.4-20.0% [22]. In the

Laparoscopic-KPE group, none of the patients required
intraoperative additional bowel resection after adhesioly-
sis (Laparoscopic-KPE vs. Open-KPE: 0% vs. 10.0%),
and none required re-laparotomy for postoperative bowel
perforation or re-bleeding (Laparoscopic-KPE vs. Open-
KPE 0 vs. 10.0%). A previous study reported the same
results [15]. In general, most patients with additional
bowel resection, intraperitoneal re-bleeding or postopera-
tive bowel perforation have strong intraperitoneal adhesion
in LT (Fig. 1). Thus, the absence of such bowel resec-
tion or complications in the Laparoscopic-KPE group is
one possible reason for mild postoperative adhesion after
Laparoscopic-KPE (Fig. 2). Intraperitoneal re-bleeding or
postoperative bowel perforation can be fatal in LT; thus,
the low risk of these complications may be an advantage
of Laparoscopic-KPE.

The present study suggested that Laparoscopic-KPE may
associated with a reduction in portal vein complications in
patients undergoing LDLT. The rates of hypoplastic portal
vein, retrograde portal vein flow and using vein graft inter-
position for portal vein reconstruction were significantly
lower in the Laparoscopic-KPE group than in the Open-
KPE group (0 vs. 40.0%, p=0.02, 0 vs. 35.0%, p=0.03,
and 0 vs. 35.0%, p=0.03, respectively). These significant
differences indicate that the risk of portal vein complica-
tions was lower in the Laparoscopic-KPE group than in the
Open-KPE group.

Furthermore, just as two deaths in the Open-KPE group
were actually associated with portal vein complications, por-
tal vein complications are a very important issue in LT that
directly affects the graft function and patient survival. In our
previous report, the rate of portal vein complications was
8.6%, and an interposition graft was used for reconstruction
of the portal vein in 28.4% of cases [23]. However, in 10

Fig. 1 Intraoperative findings of living donor liver transplantation after Open-KPE. In liver transplantation after Open-KPE, severe adhesion was
observed in both the hilar region (A) and the bowel of the lower abdomen (B). KPE Kasai portoenterostomy
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Fig.2 Intraoperative findings of living donor liver transplantation
after Laparoscopic-KPE. In liver transplantation after Laparoscopic-
KPE, adhesion was found in the hepatic hilum (A), similar to Open-

cases in our Laparoscopic-KPE group and 8 cases described
in previous reports [14], there were no intraoperative portal
vein complications. This may be related to minimal inva-
sion around the portal vein in Laparoscopic-KPE compared
with Open-KPE (Fig. 3). In KPE, conservative dissection
around the portal vein may reduce invasion of the portal
vein. Sugawara et al. reported that severe intra-abdominal
adhesion could cause frequent vascular complications due
to difficulty dissecting the porta hepatitis in LT [4]. Fur-
thermore, previous reports indicated that Laparoscopic-KPE
was associated with significantly less intraoperative bleeding

KPE, however, it was rarely observed in the bowel of the lower abdo-
men (B). KPE Kasai portoenterostomy

than Open-KPE as a result of its minimal invasiveness [11,
14]. Delicate surgery using a magnified field of view with
a laparoscope [6] may be a major factor in reducing surgi-
cal invasion to the porta hepatitis in Laparoscopic-KPE. In
contrast, invasion of the portal vein is thought to be affected
by not only KPE but also cholangitis after KPE. Portal
vein complications are highly related to the outcomes of
LT for BA. Taken together, future studies including a his-
topathological evaluation of the portal vein wall should be
performed to examine whether or not Laparoscopic-KPE is
actually associated with portal vein complications.

Fig. 3 Intraoperative findings of Open-KPE and Laparoscopic-KPE.
In Open-KPE, the hepatic artery (black arrows) and portal vein
(white arrows) are exposed well after dissection of the porta hepati-
tis (A). In contrast, in Laparoscopic-KPE, it is possible to dissect just
around the biliary remnant (open arrowheads) with a delicate proce-

dure (B). There is still one layer above most of the hepatic artery and
portal vein after dissection of the porta hepatitis and biliary remnant,
and the portal vein may be less markedly invaded. KPE Kasai por-
toenterostomy, HA hepatic artery, PV portal vein
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Several limitations associated with the present study
warrant mention, including its retrospective design, the
limited number of patients in the Laparoscopic-KPE
group and the fact that multiple factors were involved in
the outcomes of LDLT. Due to its retrospective design,
we were unable to investigate the possibility of a causal
relationship between Laparoscopic-KPE and the outcomes
of LDLT. However, our findings did suggest many other
implications, as described above. In the future, the further
accumulation of data, an increase in the number of Lap-
aroscopic-KPE cases and the performance of prospective
studies will allow us to verify in greater detail whether or
not there is a statistically significant difference in the rate
of re-laparotomy and postoperative complications between
Open-KPE and Laparoscopic-KPE groups. Furthermore,
our main goal in KPE is to improve the jaundice-free
native liver survival, not to reduce the complication rate
of LT. However, as noted above, the institutions that per-
formed Laparoscopic-KPE in this study showed no marked
difference in the native liver survival rate between Open-
KPE and Laparoscopic-KPE [14, 16, 17]. We believe that
it is worthwhile to examine the impact of KPE on LT in
such a group of patients.

Since complications in LT are associated with many
factors, we were unable to conclude that Laparoscopic-
KPE clearly reduces the rate of complications in this
study. However, a review of our own cases and previous
cases suggested that the complication rate in LT after
Laparoscopic-KPE might be low. In an era when a cer-
tain percentage of patients with BA require LT, it may be
worthwhile to verify whether or not Laparoscopic-KPE is
a factor related to complications in LT.

In addition to being the first report to demonstrate the
possible usefulness of Laparoscopic-KPE from the view-
point of post-transplant complications, this study also
highlights the need for future collaboration between pedi-
atric and transplant surgeons.
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