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Abstract

Aim  The aim of this report was to present the laparoscopic
portoenterostomy (LapPE) procedure developed by the
Department of Pediatric General and Urogenital Surgery,
Juntendo University School of Medicine (JLapPE). We also
attempted to obtain an understanding of the current status
of laparoscopic portoenterostomy in the world as reported
in the English literature to compare with our experience.
Methods There were 22 BA patients who had JLapPE
between 2009 and 2016. BA classification was type III
(n=19) and type II (n=3). There was 1 case of syndromic
BA and 1 case was positive for cytomegalovirus. A system-
atic search in PubMed of all BA patients treated by LapPE
in the English literature was conducted. Jaundice clear-
ance (JC) and survival with the native liver (SNL) were
compared.

Results Mean age at JLapPE was 67.1 days (range
29-119). Mean postoperative follow-up was 4.6 years (1.3—
8.3). Mean operative time was 514 min (240-662) and mean
blood loss was 13.4 g (3-21). Postoperative JC (Total biliru-
bin < 1.5 mg/dL) was 77.3% (17/22) at 3 months and 90.9%
(20/22) at 6 months. SNL at 6 months of age was 90.9%
(20/22); at 1 year of age was 77.3% (17/22), at 2 years of age
was 73.7% (14/19); and at 3 years of age was 81.3% (13/16).
Conclusions Despite recent reports that outcome of
LapPE for BA may be unfavorable compared with the con-
ventional open portoenterostomy, our results would sug-
gest that JLapPE can be performed successfully, because
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it is performed exactingly according to a standard protocol.
JLapPE will continue to be our procedure of choice for treat-
ing BA.

Keywords Biliary atresia - Kasai - Portoenterostomy -
Laparoscopic portoenterostomy - Survival with native liver

Introduction

Biliary atresia (BA) is a progressive inflammatory disease
that causes deterioration and obliteration of the intra- and
extrahepatic biliary ducts [1]. After Kasai [2] reported his
original portoenterostomy (KPE) procedure for BA, the
number of cases achieving jaundice clearance (JC; total bili-
rubin < 1.5 mg/dL) and long-term survival with the native
liver (SNL) increased to such an extent that KPE came to be
regarded as the procedure of choice for treating BA. Unfor-
tunately, as KPE spread around the world, it began to be
modified by surgeons in the hope of achieving better JC and
SNL with the result that dissection was extended laterally
with a wider anastomosis and the valuable concepts of KPE
devised to treat BA were largely lost [3].

Minimally invasive surgery (MIS) has evolved signifi-
cantly in the past few decades and has already replaced
open surgery for many routine procedures because of less
surgical stress and better wound cosmesis, faster postop-
erative recovery, and shorter hospital stay, appealing to
parents with children requiring surgery. However, some
procedures have been considered to be too complicated to
be performed laparoscopically. Hepato-biliary surgery is
one such field because of the complexity of hepato-biliary-
pancreatic anatomy with numerous anomalous variations
that render orientation and performance extremely diffi-
cult because of the limited surgical field. Laparoscopic
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intervention at the porta hepatis thus requires technical
expertise to work in a limited space and mastery of nor-
mal and variant anatomy to proceed safely with limited
visualization.

The first laparoscopic portoenterostomy (LapPE) was
performed by Esteves et al. in Brazil in 2002 [4]. There-
after, reports from San Francisco and Buenos Aires con-
firmed that the procedure was feasible and safe [5, 6].
However, skeptical scientific belief that JC and SNL could
actually be improved by LapPE, with some centers report-
ing worse outcome than the conventional open portoen-
terostomy (COPE) [7], and a misconception that LapPE
was more a demonstration of technical prowess than a
therapeutically superior procedure led the International
Pediatric Endosurgery Group (IPEG) to discourage LapPE
as a viable option for treating BA in 2007 [8].

After IPEG’s decision, which was a major blow to sup-
porters of LapPE, a video of KPE performed by Kasai
himself [9] was reviewed exhaustively by one of the co-
authors (AY) to establish how the various COPE proce-
dures, including KPE, and modified KPE, varied by com-
paring them directly with techniques recorded on video.
AY was moved to reproduce the original KPE procedure
as performed by Kasai as a laparoscopic procedure that
would combine the benefits of MIS with the physiologic
and anatomic concepts that Kasai devised to treat BA
directly to ensure good outcome [10]. In that video [9],
important techniques were identified, such as shallow tran-
section of the biliary remnant, preservation of the fibrotic
connective tissues connecting the right and left biliary
remnants, because they could conceivably contain micro
bile ducts, and using continuous sutures in the edges of the
transected biliary remnant except at the 2 and 10 o’clock
positions where the original right and left bile ducts would
have been, where sutures appeared to be deliberately
placed shallowly, that is, only to the connective tissues at
the porta hepatis, not to the edges of the transected biliary
remnant. In addition, when the Department of Pediatric
General and Urogenital Surgery at Juntendo University
Medical School undertook the task of resurrecting KPE as
a laparoscopic procedure in 2009, technology and instru-
mentation had evolved to the stage where more delicate
suturing could be performed laparoscopically than previ-
ously with the result that AY was confident that KPE could
be performed laparoscopically according to the principles
of MIS. Such diligent perseverance based on the belief of
the brilliance of KPE enabled Juntendo to perfect JLapPE,
a modified LapPE procedure, with encouragingly good
outcome [10-13]. Recently, Uchida et al. in Japan also
reported good outcomes by not transecting too deeply, that
is, by reverting to the original KPE technique rather than
persevering with extended lateral dissection [14].
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Methods

The 22 BA patients treated by JLapPE between 2009 and
2016 were compared for age at JLapPE, operative time, JC,
SNL over time, and incidence of complications including
cholangitis. JC and SNL were used as indicators of success.

For the literature review, an unrestricted search was per-
formed on PubMed until April 2017 using the following
keywords: biliary atresia, Kasai, portoenterostomy, laparos-
copy, and laparoscopic Kasai. Case series, case reports, and
reports (both abstracts and papers) of outcome of LapPE
in the English language were chosen for assessment, while
reports including COPE, robotic cases, or not involving
LapPE were excluded. The reference lists from each article
were also reviewed for thoroughness.

JLapPE
Preoperative technical considerations

Most patients with BA have abnormal liver function test
results and vitamin K deficiency by the time of diagno-
sis. All infants should have parenteral vitamin K2 (mena-
tetrenone 2.0 mg/day) supplementation, usually given for
several days before surgery. Bowel preparation should com-
mence with oral kanamycin and glycerin enemas to decrease
abundant colon microbiota to minimize intestinal gas that
could hinder visualization during JLapPE. Patients should
be nil by mouth for 24 h prior to surgery. Parenteral broad-
spectrum antibiotics should be administered preoperatively
just before inserting the initial trocar. Preoperative blood
tests should include complete blood count, coagulation pro-
file, and liver function tests.

Patient/port positioning and initial preparation

Operating room setup is important for saving time and
ensuring smooth progress of surgery. The patient is posi-
tioned at the foot of the operating table; the surgeon at the
patient’s feet, a laparoscope assistant stands on the left side
of the operating surgeon, and another assistant on either the
left or right sides of the operating table. A monitor is placed
at the head of the operating table facing the surgeon. Surgery
is performed under general anesthesia. Vascular access is
obtained, an orogastric tube is placed, and a urinary catheter
is inserted. A 30° 5-mm or 10-mm laparoscope is inserted
through a 10-mm trocar placed supraumbilically using the
open Hasson technique. Pneumoperitoneum is created with
CO, pressure at 8 mmHg, and increased to 10 mmHg if
required, using CO, gas at a flow rate of 0.5-1.0 L min.
Three additional ports are placed under direct vision, two
5-mm ports are placed on both sides of the supraumbilical
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port, for the surgeon’s right and left hands, slightly above
the umbilicus, just lateral to the rectus abdominis; another
5 mm is placed between the supraumbilical port and the
left upper quadrant port, slightly below the umbilicus (para-
umbilical port) (Fig. 1). Stay sutures and rubber O-rings
are used to stabilize the trocars and prevent displacement.
The use of a Nathanson retractor (Teleflex Medical, High
Wycombe, UK) inserted directly through the abdominal wall
in the epigastrium, and an additional trocar placed in the
epigastrium is crucial for exposing the porta hepatis at the
time of anastomosis.

Percutaneous stay sutures are used to improve exposure
and elevate the liver; one just below the xiphoid process to
snare the falciform ligament and one each to the right and
left lobes of the liver.

Dissection of the porta hepatis and biliary remnant

Meticulous dissection of the cystic duct and the mid-to-
distal biliary remnant is performed with hook diathermy,
tissue forceps, and a Ligasure® device (Valley lab, Boul-
der, CO, USA); the latter is used through the existing para-
umbilical port. Special attention is required for identifying
all anatomic features and avoids unnecessary dissection
around the biliary remnant. The fibrotic distal remnant

is clipped and transected at the level of the duodenum,
elevated and dissection proceeds from the hepatic artery
and portal vein to the porta hepatis; in other words, the
fibrous biliary remnant cone is dissected free.

The additional 5 mm trocar placed in the epigastrium
is also used for the Ligasure® device, while dissecting the
proximal biliary remnant and to ensure that only the tips
of the device make contact with the portal vein branches
at the porta hepatis draining into the caudate lobe; the
device can be inserted into the abdomen almost vertically
(Fig. 2). We are unique in that we do not use monopo-
lar hook diathermy to divide these branches, because we
believe that diathermy causes extensive lateral thermal
injury that could extend as far as the fibrotic biliary cone
and damage any viable microscopic-sized bile ducts that
may be present. Instead, we use the Ligasure® device,
because it generates far less lateral thermal energy, and
to prevent any risk of complications secondary to direct
pressure and heat on the right or left portal veins, such as
portal vein thrombosis. In its counterpart during COPE,
these branches are usually ligated and transected.

Using our approach, then the level of transection of the
biliary remnant is more akin to that of KPE [15] (Fig. 3)
not the extended dissection previously described as part of

Fig. 1 Trocar positions during laparoscopic portoenterostomy (LapPE). Note the 5-mm trocar in the epigastrium specifically for the Ligasure

device. Numbers indicate trocar size (mm)

®
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Fig. 2 Ligasure® device (LD) is inserted through an extra 5 mm trocar at the epigastrium being used to dissect the biliary remnant (BR) and
divide portal vein branches (PB) (arrow) at the porta hepatis draining into the caudate lobe. Portal vein (PV)

the extended COPE that would actually not be technically
possible to perform using laparoscopy.

Extracorporeal transumbilical jejunal Roux-en-Y

The ligament of Treitz is identified and the jejunum 15-cm
distal of ligament is exteriorized through the umbilical
port site to create the Roux-en-Y jejunal loop extracor-
poreally. Pneumoperitoneum is paused and the jejunum is
divided and the length of the Roux limb is determined by
bringing it up to above the xiphoid process on the anterior
abdominal wall. All our Roux limbs are customized and
we never predetermine a Roux limb to be 30, 40, or 50 cm
in length. A jejunojejunostomy is performed extracorpor-
eally. This customized Roux limb is approximated to the
native jejunum for 8 cm cranially to prevent intestinal con-
tents of the native jejunum refluxing into the Roux limb
(Fig. 4). The jejunojejunostomy should fit naturally into
the splenic flexure after anastomosis [11, 16]. Finally, a
10-mm-long antimesentric enterotomy is made near the
closed end of the Roux limb and the jejunum returned to
the abdominal cavity, the pneumoperitoneum is reestab-
lished, and the jejunal limb is passed through a retrocolic
window to lie without tension at the porta hepatis. For the
enterotomy, a scalpel should be used for creating the enter-
otomy in the jejunum to prevent burning of the jejunal
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wall that will be used for the portoenterostomy anastomo-
sis; we never use diathermy for the enterotomy, since it is
associated with burning and can cause scarring along the
anastomotic line of the portoenterostomy.

Portoenterostomy

An extracorporeal surgical knot or Roeder knot-tying
method and anastomotic interrupted sutures (5/0 or 6/0
PDS: Ethicon, Inc., Somerville, NJ, USA) are placed
between the enterotomy and liver parenchyma around
the margins of the transected portal plate. The posterior
margin is performed first and sutures should be placed
deep enough to prevent leakage, but they should be shal-
low enough to prevent injury to any remnant ductules that
may be present. At the 2 and 10 o’clock positions, where
the original left and right micro bile ducts should be, no
sutures are placed or if there is a risk for leakage, shallow
sutures are placed in the connective tissue over the left
and right hepatic arteries (Fig. 5). The mesocolic win-
dow around the Roux loop is closed, avoiding any kinking
or strangulation. A tube drain is inserted into the pouch
of Winslow and ports are withdrawn under direct vision;
wounds are closed conventionally with infiltration of
0.25% bupivacaine.
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Fig. 3 Shallow transection of the biliary remnant in JLapPE is more akin to that of Kasai’s original portoenterostomy. Biliary remnant (BR) and

Hepatic artery (HA)

Postoperative management

Intravenous fluids and nasogastric aspiration are continued
until bowel activity can be confirmed (usually 3—4 days).
Careful monitoring of blood glucose levels, electrolytes, and
coagulation is important in the early postoperative period.
Blood tests including complete blood count, liver function
tests, and cholinesterase are assessed routinely for the first
7 days postoperatively, then as required. Liver biochemistry
(including bilirubin) may well worsen in the first postopera-
tive week whatever the eventual outcome, and should not
been seen as discouraging. By about the fourth postopera-
tive week, there should be a definite fall in bilirubin and
consistently pigmented stools in those who will do well.
During the 4 weeks after portoenterostomy, daily monitor-
ing of stool color and C-reactive protein (CRP) is crucial,
since if pigmented stools become pale or CRP increases, the
antibiotics being administered may need to be changed. Pre-
venting inflammation in the portoenterostomy in the first 4
week after portoenterostomy is crucial to enable bilioenteric
fistulae to develop. Strict attention to nutritional needs is
important and all postoperative JLapPE cases require vita-
min supplementation that may need to be aggressive in some

cases especially with regard to vitamin K. Medium-chain
triglyceride (MCT) formula milk such as Caprilon® (SHS,
Liverpool, UK) is advocated to maximize calorie input and
facilitate lipid absorption, as MCT is processed by the portal
vein and is readily available as a source of cellular energy.
Intravenous administration of double-agent broad-
spectrum antibiotics (usually a cephalosporin and an
aminoglycoside) is commenced at the start of surgery
and continued postoperatively until CRP is < 0.3 mg/dL
or leukocytosis has resolved. Prophylactic antibiotics of
the treating surgeon’s preference are then commenced
orally. The role of corticosteroids is controversial, but
we strongly believe that they are choleretic and decrease
inflammation at the anastomosis site [17, 18]. Ursodeoxy-
cholic acid is used for augmenting bile flow. Juntendo’s
standard protocol includes usage of cholagogues and
a decreasing dose regimen of corticosteroids [19]. An
intravenous cholagogue (usually dehydrocholic acid) is
commenced on day 2 after surgery and continued until
JC. Oral cholagogues such as ursodeoxycholic acid or
aminoethylsulfonic acid are administered once oral feed-
ing is commenced, generally on day 5 after surgery and
continued thereafter. Once CRP falls below 1.0 mg/dL a
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Fig. 4 The length of the
Roux-en-Y limb is determined
by placing the jejunal loop at
the umbilicus and bringing

the distal end (E) to be 3 cm
above the xiphoid process. The
jejunojejunostomy (arrowheads)
will then fit naturally into the
splenic flexure after anastomo-
sis. Arrows show approximating
the Roux-Y limb to the native
jejunum for 8 cm cranially to
streamline flow into the distal
jejunum and eliminate reflux
into the Roux-Y limb preventing
biliary stasis

decreasing dose regimen of prednisolone is commenced
by intravenous administration. Each dose is given for 3
days, starting with an initial dose of 4 mg/kg/day, then
3, 2, 1, and 0.5 mg/kg/day. This 15-day cycle can be
repeated up to four or five times if there is evidence of
clinical benefit such as lower serum bilirubin or improved
stool color. However, if jaundice persists (total biliru-
bin > 1.5 mg/dL) without evidence of apparent clinical
benefit, only three cycles of corticosteroids are admin-
istered and the patient is actively considered for liver
transplantation (LTx). An important feature of this pro-
tocol is that if stools begin to turn pale, the cycle is either
recommenced from the beginning, or the previous dose
is readministered, depending on clinical circumstances.

Postoperative cholangitis is a serious setback and can
occur in the early postoperative period, especially before
bilioenteric fistulae have developed, and should not be
undertreated. It is defined as elevated serum bilirubin
(>2.5 mg/dL), leukocytosis, and a change from normal
to acholic stools in a febrile patient (> 38.5 °C). It must
be treated by intravenous antibiotics according to each
center’s protocol. Once resolved, prophylactic antibiotics
such as sulfamethoxazole/trimethoprim should be admin-
istered orally.
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Ethics

This study was approved by the Ethics Committee of Jun-
tendo University School of Medicine and complies with
Helsinki Declaration of 1975 (revised 1983).

Results

We reviewed 22 JLapPE cases (19 type III and 3 type II)
treated between 2009 and 2016. Female:male ratio was
1.2:1. Mean age at LapPE was 67.1 days (range 29-119),
mean weight 4.3 kg (range 3.3-6.2), mean operative time
was 514 min (range: 240-662), and blood loss was minimal
13.4 g (range 3-21). One patient had syndromic BA and
another was positive for cytomegalovirus. We divided our
subjects according to when JC was achieved; <3 months
was 77.3% (17/22) and > 6 months 90.9% (20/22). SNL at
6 months of age was 90.9% (20/22); at 1 year of age was
77.3% (17/22), at 2 years of age was 73.7% (14/19); and at
3 years of age was 81.3% (13/16).

For the literature review, 49 reports were found on Pub-
Med. Of these, 18 reports including two meta-analyses and
systematic reviews were excluded, leaving 31 reports for
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Fig. S Sutures (arrow) at the anastomosis are deliberately shallow but deep enough to prevent leakage. No sutures are placed where the original
right and left bile ducts were present, at 2 and 10 o’clock. Left hepatic artery (LHA)

review. Table 1 summarizes published LapPE cases. Ini-
tially, 449 cases were identified, but with careful scrutiny,
duplications, repetitions, and combined reports from differ-
ent centers were deleted leaving 274 actual cases (Table 2).
Because of varying reporting styles and different criteria
for categorization, we focused on SNL at 6 months of age
and > 1 year of age postoperatively, JC (T-Bil: <20 pmol/L
or <2 mg/dL), and SNL > 1 year old without jaundice as
predictors of success and incidence of postoperative com-
plications, which included cholangitis to compare reports
in the literature.

Only one-third of the reports in the literature mentioned
the type of BA treated, which was usually type III. All data
were not available for all cases. Mean age at surgery in 194
cases was 63.7 days (range 20-98). Mean operative time
in 194 cases was 295.2 min (range 169.5-514). Data for
conversion rates to open surgery were only available for 177
cases and ranged from O to 8.3% per center, with an over-
all conversion rate of 2.8% (5/177 cases were converted to
open).

JC in 210 cases was 54.7% (range 17-100) at 10/16 cent-
ers; the other centers either did not provide actual data or
just made vague comments such as good bile drainage or

colored stools after surgery or disappearance of clinical
cholestasis. SNL at 6 months of age (n=134) was 77.6%
(range 33-100); and at > 1 year of age (n=235) was 65%
(range 22-100). SNL > 1 year old and jaundice-free was
47.3% (range 8—71.7) from 57 patients.

Postoperative complications reported from all centers for
all 274 cases in decreasing order of incidence included chol-
angitis (72/274 patients; 26.2%), bleeding (5/274 patients;
1.8%), volvulus (4/274; 1.4%), wound infection (2/274,
0.7%), internal hernia secondary to not suturing between
the mesocolon and the Roux loop jejunum during the retro-
colic route (2/274; 0.7%), variceal bleeding (1/274; 0.3%),
accidental transection of the hepatic artery (1/274; 0.3%),
and bile leakage (1/274; 0.3%). There have been no sequelae
of CO, pneumoperitoneum on overall growth/development
or liver function in any JLapPE case despite the prolonged
operative time [26].

As part of the literature review which we conducted, we
also summarized the recommendability of LapPE centers for
treating BA based on experience and outcome into three cat-
egories; recommended, unspecified, and not recommended
(Table 2). Again, data were not available for every center,
but some centers were downgraded over time, while the rest
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Table 2 (continued)

&

year

old wi_thout
jaundice (%)

SNL > 1

year o_ld

(%)

SNL > 1

SNL at
6 months
old (%)

Incidence of
complications

T-Bil < 20pmol/L

clearance (%)
or <2m

Conversion Jaundice
rate Lap —
Open (%)

Mean opera-
tive time
(mins)

at LapPE
(days)

Type of BA Mean age

Number of
cases

Center first
author

Year(s) pub-
lished

Springer

o/dL

42 NA

0%

16.6

12 NA 57 NA

Hannover

2012, 2011

Medical

School (Ger-
many)

NA

22

33

Volvulus 2/9

NA

9 NA 68.6 NA

University of

2008

22%)
Internal hernia

Hong Kong
Medical
Center,

219 (22%)

Queen Mary
Hospital

(Hong Kong)

NA not available, LapPE laparoscopic portoenterostomy, BA biliary atresia, Lt. Left, HA hepatic artery, 7-Bil total bilirubin, SNL survival native liver

maintained their status, which, unfortunately, for some cent-
ers, was ‘“not recommended”.

Discussion

We encountered numerous limitations during the literature
review, most seriously a lack of definitions to allow direct
comparison. This was most problematic with JC. Good flow,
disappearance of jaundice, or improved stool color give
no indication of bilirubin levels, and where recorded, the
discrepancy in definitions was large; for example, JC was
defined as T-Bil <20 umol/L or T-Bil <2 mg/dL, but 2 mg/
dL is actually 34.2 umol/L. Bilirubin is critical for JC and
predicting prognosis. We suggest bilirubin levels be used
to define JC all the time and recommend that JC be defined
as T-Bil < 1.5 mg/dL or <20 umol/L (SI unit). In addition,
not all criteria could be compared between centers, because
the emphasis of each report was different, some focusing
on demographics, others on operative technique, and oth-
ers on management issues. Complications could also not
be adequately compared, because some centers had only a
few patients meaning that any percentage incidence seemed
unreasonably high, preventing realistic comparison. Raw
data are presented in the tables.

Our efforts to resurrect KPE as a laparoscopic procedure
in 2009 hoping to emulate the original procedure so mas-
terfully developed by Kasai and achieve the SNL and JC he
achieved safely with his open procedure have been highly
encouraging. Despite lengthy operative time, JLapPE would
appear to be as effective as COPE based on comparisons
with historical reports in the literature, and LapPE series
from elsewhere [25]. This is an important issue, because
the early diagnosis and appropriate surgical intervention
greatly influence outcome of BA. In addition, we believe
that limited dissection, performed carefully according to
Kasai’s original instructions, is probably associated with
better results. We now promote this as the principle reason
for the success of JLapPE.

Meticulous postoperative management is mandatory for
achieving good outcome and it includes a standardized cor-
ticosteroid protocol. This includes continuity of care. In too
many countries, the pediatric surgical team performs suc-
cessful surgery and the child is then managed only or mainly
by pediatricians or hepatologists. This may be sufficient after
discharge from hospital, but in some countries, management
is transferred immediately after surgery for biliary atresia.
In Japan, at the majority of centers, pediatric surgical cases
continue to be monitored and managed mainly by pediatric
surgeons even until adulthood, because the only reason those
cases are alive is because of successful surgery. Surgeons
are more aware of the physical because of the very nature of
surgery itself, so any change in stool color, bilirubin levels,
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or CRP must be acted upon immediately. The treating sur-
geon is thus most appropriate for managing the abdomen of
a postoperative BA patient and should be encouraged and
supported at all centers.

Conclusions

JLapPE is an excellent example of combining state-of-the-
art surgery and technology successfully. We believe eve-
ryone benefits from using MIS to treat BA; patients from
excellent cosmesis, less requirement for analgesia and res-
piratory support, minimal incidence of postoperative mor-
bidity such as bowel adhesions and incisional hernias, and
less adhesions for LTx; parents from shorter hospital stay
and less compromise to quality of life; and hospital staff
from routine postoperative management, stable recovery,
and generally reliable outcome.
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