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a b s t r a c t

Background: The Kasai portoenterostomy (KPE) is the only option to achieve native liver survival for 
patients with biliary atresia and yet technical variations exist. We surveyed members of three American 
pediatric surgery research consortia regarding their approach to the KPE.
Methods: Members from the Eastern Pediatric Surgery Network (EPSN), Midwestern Pediatric Surgery 
Consortium (MWPSC), and Western Pediatric Surgery Research Consortium (WPSRC) developed the 
survey which was distributed via REDCap to consortia member institutions.
Results: The survey was completed by 44/45 institutions. KPE is performed by pediatric surgeons at 41 sites 
(93%), a transplant surgeon at one (2%), and both at two (5%). Twenty-six sites (59%) transected into the liver 
capsule, 10 (23%) into the liver, two (5%) into the fibrous cord, and 6 (14%) reported variance. One site (2%) 
reported use of cautery in addition to sharp dissection for porta hepatis transection. The most common length 
for the Roux limb was 25—35 cm (16, 36%), with 14 sites (32%) creating a Roux limb < 25 cm, eight sites 
(18%) > 35 cm, and 6 sites (14%) responding that length varies between surgeons. Surgical diagnosis with 
intraoperative cholangiogram (IOC) was always performed at 33 sites (75%), and twenty-eight sites (64%) obtain 
both preoperative percutaneous and intraoperative biopsies. Two sites (5%) offer partially laparoscopic KPE. 
Conclusion: In the first survey of American surgical practices for KPE, we found consensus regarding 
some technical aspects of the operation. However, the responses to most questions demonstrated 
variability. Future studies will analyze how technical variations impact national KPE outcomes.
© 2026 Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and 

similar technologies.

h i g h l i g h t s

• BA care in the U.S. occurs across a range of institutions.
• Procedural diagnosis of BA using IOC and biopsy varies between centers.
• The technical approach varies at almost all steps of the operation in the U.S.
• Analyzing outcomes tied to differences in care may help identify best practice.
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1. Introduction

Biliary atresia (BA) is a rare hepatic disease of infancy resulting 
in fibrous obliteration of the bile ducts. Diagnosis was uniformly 
fatal until the development of hepatic portoenterostomy in Japan 
in the 1950s. The original clinical series describing the procedure 
was reported by Kasai and Suzuki in 1959 [1]. The Kasai Portoen-
terostomy (KPE) operation involves excision of the fibrosed porta 
hepatis and anastomosis to a Roux limb of the jejunum [2,3]. The 
primary goal of the operation is to remove the obstructed extra-
hepatic biliary tract restoring bile flow thereby preserving the 
native liver [4]. The KPE operation successfully achieves initial 
biliary drainage in 45—80% patients, with 5—20-year native liver 
survival (NLS) rates ranging from 20 to 70% [5—11].

Prior to performing the KPE, an intraoperative cholangiogram 

(IOC) may be completed to ascertain diagnosis [2,12,13]. Once the 
decision is made to proceed with KPE, key steps of the procedure 
include resection of the bile duct remnant, creation of a Roux-en-Y 
jejunojejunostomy, and portoenterostomy [2,4]. Various technical 
variations to performing the KPE operation have been reported 
related to the degree of liver mobilization, depth of porta hepatis 
transection, length of roux limb, and creation of an anti-reflux 
valve [4,14]. The KPE is almost always performed via an open 
approach in the United States, although utilization of a laparo-
scopic approach is increasing internationally [2,15].

Understanding the current national landscape of technical ap-
proaches to the KPE operation could facilitate studies investigating 
which approach leads to the best outcomes. We surveyed mem-
bers of the three American pediatric surgery consortia regarding 
the technical approach to patients undergoing KPE for BA.

2. Methods

A working group comprised of members from the Eastern Pe-
diatric Surgery Network (EPSN), Midwest Pediatric Surgery Con-
sortium (MWPSC), and Western Pediatric Surgery Research 
Consortium (WPSRC) developed the survey. The survey was 
distributed via REDCap to all 45 participating institutions in the 
three consortia. The goal of the survey was to capture institutional 
practice and so was completed by the site content expert and/or 
via group consensus based on input from surgeons and hepatol-
ogists. Responses were aggregated. Non-parametric values were 
reported as median and interquartile range (IQR). Categorical 
values were compared via χ 2 and continuous values via t-test. 
P < 0.05 was considered significant.

3. Results

3.1. Location and characteristics of surgeons from participating 
institutions

The survey was completed by 44/45 institutions surveyed. Of 
the 44 institutions that completed the survey, geographically 12 
centers (27%) were located in the North, 11 (25%) in the Midwest, 
13 (30%) in the South, and 8 (18%) in the West. The median annual 
number of KPEs performed was 4 (IQR 2, 6), with 17 sites (39%) 
performing ≥5 per year. At most sites (38, 86%), 2—5 surgeons 
perform the KPE operation. However, at five sites (11%) KPE is 
performed by only one surgeon. At a single site (2%), KPE is per-
formed by > 5 surgeons. Pediatric surgeons perform the KPE 
operation at 41 sites (93%), with a transplant surgeon performing 
the KPE at 1 site (2%) and either a pediatric or transplant surgeon at
2 sites (5%).

3.2. Preoperative decision-making regarding minimum weight and 
age for KPE

Three sites (7%) had a minimum age for KPE eligibility. Seven 
sites (16%) had a minimum weight requirement before offering a 
KPE. The reported minimum age was a corrected age of 30 weeks 
or gestational age of 28 or 32 weeks (Table 1). The reported min-
imum weight for operative intervention ranged from 1500 to 
3000 g (Table 1).

3.3. Intraoperative diagnosis

The most common preoperative antibiotic for IOC was cefazolin 
(22, 50%) (Table 1). Intraoperative cholangiograms and liver bi-
opsies are commonly performed by surgeons. Three-quarters of 
the sites (33, 75%) always used IOC, 4 (9%) used IOC when percu-
taneous cholangiogram was not feasible, and 7 (16%) used IOC 
selectively (Table 1). Twenty-five sites (47%) performed IOC via an 
open approach with only four sites (9%) routinely performing it 
laparoscopically and four (9%) via a hybrid approach (Table 1). 
Two-thirds of sites (30, 68%) never perform fluorescent cholangi-
ography, while 6 sites (14%) always use it (Table 1).

Thirty-one sites (75%) performed an intraoperative biopsy, 
either core (4, 9%) or wedge (29, 66%). Five sites (11%) did not 
obtain an intraoperative biopsy (all five of these sites obtained a 
preoperative percutaneous biopsy) while biopsy choice was situ-
ational in the remaining 6 (14%). Twenty-eight sites (64%) obtain 
both a preoperative percutaneous biopsy and an intraoperative 
biopsy (Table 1).

Table 1
Preoperative workup of biliary atresia and intraoperative diagnostic approach.

Survey Question N (%)

Number of institutions 44
Preoperative screening protocol 17 (39%)
Minimum age for KPE 3 (7%)
Minimum age type in weeks

Corrected age 1 (33%)
Gestational age 2 (67%)

Procedure age value, median (IQR) 30 (28, 32)
Minimum weight for KPE 7 (16%)
Minimum weight value in grams, median (IQR) 2000 (2000, 2500)
Intraoperative cholangiogram utilization 

Always (when feasible) 33 (75%)
Only when perc cholangiogram not possible or

inconclusive
4 (9%)

Selectively 7 (16%)
Antibiotic choice for intraoperative cholangiogram 

Cefazolin 22 (50%)
Ceftriaxone/Flagyl 2 (5%)
Piperacillin-tazobactam 5 (11%)
Cefoxitin 12 (27%)
Other 3 (7%)

Intraoperative cholangiogram technique
Open 25 (57%)
Hybrid 4 (9%)
Laparoscopic 4 (9%)
Variable 11 (25%)

Fluorescent cholangiogram used
Always (if equipment available) 6 (14%)
Sometimes 8 (18%)
Never 30 (68%)

Intraoperative biopsy sent
Yes, core needle 4 (9%)
Yes, wedge 29 (66%)
No, percutaneous preop 5 (11%)
Situational 6 (14%)

KPE: Kasai portoenterostomy; IQR: interquartile range.
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3.4. Technical considerations

After the decision has been made to proceed with KPE, the 
approach to liver mobilization was evenly distributed between 
complete, partial, and no liver mobilization. The depth of the porta 
hepatis transection is the most nuanced technical aspect of the 
operation. Sharp transection of the porta hepatis, either with knife or 
scissors, is used by most sites (34, 77%) with only one site reporting 
use of cautery in addition to sharp dissection. Two sites (5%) transect 
into the fibrous cord (Fig.1, A), 26 sites (59%) transect into the capsule 
(Fig. 1, B), 10 sites (23%) transect into the liver (Fig. 1, C), and the 
remaining 6 sites (14%) reported variance among surgeons for 
transection depth. One site (2%) sends intraoperative pathology to 
determine final transection depth. Seventeen sites (39%) use stay 
sutures, and 15 (34%) expose the Rex recess (Table 2). Twenty sites 
(45%) always perform an extended dissection at the porta (Table 2).

Following dissection of the porta hepatis, a Roux-en-Y jejuno-
jejunostomy is created. The most common technique for creating 
the jejunojejunostomy was a hand-sewn end-to-side approach 
(26, 59%). Seven sites (23%) create a layered anastomosis (Table 2). 
Choice of suture type and suturing style (running versus inter-
rupted) was highly varied. No sites create a reflux valve. Almost all 
sites (40, 91%) locate the bile draining anastomosis between the 
hilar plate and jejunum as opposed to creating a cholecysto-jeju-
nostomy or cyst-enterostomy (Table 2).

The most common technique for the portoenterostomy anas-
tomosis was interrupted end-to-side (21 sites, 48%) (Table 2). The 
majority of sites used 5/0 or 6/0 PDS (39 sites, 89%) sutures (33, 
75%). The most common length for the Roux limb was 25—35 cm 

(16, 36%), with 14 sites (32%) creating a Roux limb < 25 cm, eight 
sites (18%) creating a Roux limb > 35 cm, and 6 sites (14%) 
responding that length of the Roux limb varies between surgeons 
(Table 2). Forty-two sites (95%) place the Roux limb in a retro-colic 
position. At all but two sites, a Ladd procedure is performed when 
malrotation is discovered intraoperatively. At the case termination, 
twenty sites (45%) leave a peritoneal drain. Nearly three-quarters of 
sites (32, 73%) routinely place a nasogastric tube at case end.

3.5. Use of a minimally invasive technical approach

Forty-two sites (95%) do not offer laparoscopic KPE (Table 3). 
Two sites (5%) offer laparoscopic KPE, with one site performing a 
portion of the portal dissection laparoscopically and one site per-
forming all of the portal dissection laparoscopically. One of these 
two sites uses laparoscopy to perform a hybrid IOC and the other 
site sometimes performs open versus laparoscopic IOC.

3.6. Utilization of revision KPE

Indications for when to offer KPE revision, rather than pro-
ceeding to OLT, remain a subject of debate. Over half (25, 57%) of

sites offer revision KPE, with elevated bilirubin following initial 
normalization as the most common indication (18, 41%) (Table 3). 
Other indications include recurrent cholangitis (5, 11%), persis-
tently elevated bilirubin (3, 7%), bilirubin plateauing or increasing 
after having down trended with no response to steroids or anti-
biotics (one site) and bile lakes (one site) (Table 3).

Fig. 1. Depth of transection at porta hepatis. A description of the depth was not 
provided on the survey. Figure adopted from “Technical standardization of Kasai por-
toenterostomy for biliary atresia” by M. Nio, 2016 [28].

Table 2
Technical approach to the kasai portoenterostomy.

Survey Question N (%)

Number of institutions 44
Location of bile anastomosis

Always between the hilar plate/porta hepatis and jejunum 40 (91%)
Sometimes between the hilar plate/porta hepatis and jejunum 3 (7%)
Varies among surgeons 1 (2%)

Liver mobilization
The liver is mobilized completely 10 (23%)
The liver is mobilized partially 8 (18%)
The liver is not mobilized 11 (25%)
Mixed (some mobilize completely, some

mobilize partially, or some do not mobilize) 
15 (34%)

Instrument to transect porta hepatis
Only a knife 24 (55%)
Knife and cautery 1 (2%)
Scissors 10 (23%)
Varies among surgeons 9 (20%)

Depth of transection (see Fig. 1)
C - into liver 10 (23%)
B - into capsule 26 (59%)
A - fibrous cord only 2 (5%)
Varies among surgeons 6 (14%)

Stay sutures used 17 (39%)
Intraoperative pathology sent for transection depth 1 (2%)
Rex recess exposed 15 (34%)
Extended dissection

Always 20 (45%)
Sometimes 16 (36%)
Never 8 (18%)

Roux length
< 25 cm 14 (32%)
25—35 cm 16 (36%)
> 35 cm 8 (18%)
Varies among surgeons 6 (14%)

Jejunojejunostomy technique
Hand-sewn side-to-side 4 (9%)
Hand-sewn end-to-side 26 (59%)
Stapled side-to-side 2 (5%)
Varies among surgeons 12 (27%)

Jejunojejunostomy performed in layers 7 (23%)
Jejunojejunostomy suture type

Braided running suture 2 (5%)
Monofilament running suture 6 (14%)
Braided interrupted suture 8 (18%)
Monofilament interrupted suture 6 (14%)
Varies among surgeons 8 (18%)
N/A (Stapled anastomosis) 14 (32%)

Roux position
Retro-colic 42 (95%)
Varies among surgeons 2 (5%)

Portoenterostomy technique
Side-to-side interrupted 11 (25%)
Side-to-side running 2 (5%)
End-to-side interrupted 21 (48%)
End-to-side running 2 (5%)
Varies among surgeons 8 (18%)

Portoenterostomy suture type
Polydioxanone suture (PDS) 39 (89%)
Vicryl 1 (2%)
Other monofilament 2 (5%)
Varies among surgeons 2 (5%)

Portoenterostomy suture size
4/0 4 (9%)
5/0 21 (48%)
6/0 12 (27%)
Varies 7 (16%)
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4. Discussion

The results of our survey provide context to the technical as-
pects of how the KPE operation is performed for BA in the United 
States. We also report on distribution of KPE surgeons and cases 
across centers. We found that pediatric surgeons perform the KPE 
operation at most sites (93%), with a combined team used at two 
sites and a transplant surgeon only at a single site. This is consis-
tent with a recent international consensus report which recom-
mended that all pediatric liver surgeries were and should be 
performed by pediatric surgeons [16].

Superior long-term outcomes (clearance of jaundice and native 
liver survival) have been seen from both high-volume regions (i.e. 
Japan and Taiwan) and centralization of care in Europe [17]. Both 
high-volume experience and establishment of a national BA reg-
istry led to improved BA outcomes in Japan [18]. Native liver sur-
vival among high-volume East Asian centers was reported as >55% 
at 5-years [19]. Clearance of jaundice has been reported to be 
greater than 65% in some high-volume Asian countries versus 50% 
or less for centers from the United States [11,17]. In addition, 
several European countries have studied the effect of centralized 
BA care. Following the centralization of BA care in England and 
Wales, 40—45 infants with BA are managed annually across 
designated centers [20—22]. Centralization of BA care resulted in 
reduced age at KPE, improved clearance of jaundice, and improved 
NLS [20—22]. Subsequently, other countries including Finland and 
the Netherlands implemented centralization for BA care [23]. In 
contrast, decentralized BA management in France even with 
implementation of a national registry and systems to enhance 
communication between low-volume and higher-volume centers 
resulted in inferior jaundice clearance rates (<40%) [24]. Presently, 
BA care is not centralized in the United States. We found that sites 
performed a median of four KPEs per year, with only 40% of sites 
performing ≥5 KPE annually. Furthermore, the establishment of an 
all-encompassing national registry to examine standards of care 
and BA outcomes has proven to be a challenge in the United States 
due to data sharing barriers and fragmented healthcare.

The KPE operation has evolved over the last 70 years. A key step 
in the KPE operation is the transection of the porta hepatis/hilar 
plate (Fig. 1). In theory, cutting the remnant too close to the liver 
can injure or close off bile ductules, leading surgeons to aim for 
transection at the level of the liver capsule while avoiding entry 
into liver parenchyma [2,4]. However, cutting the remnant too 
superficially leaves fibrous tissue in place that can block bile 
drainage [4]. The procedure as described and performed by Dr. 
Kasai called for a transection that leaves a thin fibrous remnant 
connecting the right and left bile ducts, an approach that entails 
transection at levels A and B (Figure 1) [2]. Our results show that 
59% of sites reported transection into the capsule but not into the 
liver, which draws attention to the 41% of sites employing a deeper

transection technique than what was originally described by Dr. 
Kasai. The method for transection can also influence viability of 
the bile ductules, with concern that cautery may transmit thermal 
injury [25—27]. Only one site surveyed reported using cautery, 
demonstrating near consensus among sites in this regard.

Following dissection of the hilar plate, a Roux-en-Y limb is 
created. The ideal length of the Roux limb in order to prevent 
cholangitis is controversial. Roux limb lengths range from a fixed 
length between 20 and 50 cm or 10 cm/kg. Alternatively, indi-
vidualized length can be created by securing one end of the je-
junal loop and measuring the distal end to three centimeters 
below the xiphoid process or by measuring the distance between 
the umbilicus and hepatic hilum [2,25,28,29]. Consistent with 
the heterogeneity in the literature, our sites reported creating a 
Roux limb less than 25 cm (32%), between 25 and 35 cm (36%), 
greater than 35 cm (18%), and variable length (14%). Despite the 
theoretical risks of biliary reflux and kinking, Xiao et al. found no 
differences in rates of jaundice, cholangitis, overall complica-
tions, or NLS when comparing long (30—40 cm) and short (um-
bilicus to hepatic hilum) Roux limbs [30]. This suggests that 
either the optimal length has not yet been identified or poten-
tially that Roux limb length does not play a significant role in 
outcomes.

Following the creation of a Roux limb, the portoenterostomy 
anastomosis is performed. The original technique described a two-
layer anastomosis with shallowly placed sutures at the 2 o'clock 
and 10 o'clock positions to avoid extending into the edges of the 
transected biliary remnant [2]. Subsequent evolution has reported 
both one- and two-layer techniques using both interrupted and 
running sutures [2,25,26,31]. While an international survey of 
hospitals found that all surgeons used an end-to-side portoen-
terostomy, slightly more than half of institutions in our study re-
ported an end-to-side configuration, while others reported 
alternative techniques including side-to-side anastomosis [25].

Liver mobilization may or may not be employed to gain expo-
sure during the KPE. This can include complete mobilization with 
division of triangular ligaments on the right and left lobe and 
externalization of the liver, partial liver mobilization where the 
falciform is divided but the left triangular ligament is left in place, 
or no liver mobilization at all [25]. We found that the extent of liver 
mobilization was evenly split between complete, partial, and no 
mobilization among survey respondents. For BA patients, dense 
intestinal adhesions are frequently encountered at the time of liver 
transplantation [32]. The rationale for a limited liver mobilization 
through a small incision is to minimize adhesions, but definitive 
evidence that extended liver mobilization increases transplant-
related complications is lacking. While neither the diagnosis of BA 
nor history of prior laparotomy are independent risk factors for 
transplant-related complications, it is worth noting that bowel 
perforation is more likely at the time of liver transplant if pro-
longed adhesiolysis is required and in patients who have under-
gone revision KPE [33—36].

Benefits of the laparoscopic approach to the KPE remain un-
certain. The International Pediatric Endoscopic Group (IPEG) 
released a consensus statement in 2016 that laparoscopic KPE 
should only be performed at specialized centers with expertise in 
the technique, but also made a strong commitment to ongoing 
research [2]. The statement from IPEG reflects the mixed outcomes 
that have been reported following laparoscopic KPE, with some 
centers finding equivalent length of stay and BA outcomes while 
other have found inferior drainage and inferior NLS 
[15,26,27,37—41]. Only two centers in our survey performed 
laparoscopic KPE, which may be a reflection of low case volume or 
due to the lack of established advantages for the laparoscopic 
approach.

Table 3
Availability of minimally invasive Kasai portoenterostomy and revision.

Survey Question N (%)

Number of institutions 44
Laparoscopic KPE performed 2 (5%)
Extent of laparoscopic dissection

Some of the portal dissection 1 (50%)
All of the portal dissection 1 (50%)

Revision KPE performed 25 (57%)
Revision indication — persistently elevated bilirubin 3 (7%)
Revision indication — recurrence in elevated bilirubin 18 (41%)
Revision indication - recurrent cholangitis 5 (11%)
Other revision indication 7 (16%)

KPE: Kasai portoenterostomy.
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While not a part of the KPE operation itself, diagnostic sur-
gery can confirm or exclude BA as the etiology for cholestasis. 
Intraoperative cholangiography is considered the gold standard 
for BA diagnosis, but some studies have suggested a misdiag-
nosis rate of 7—20% [12,25,42—44]. Cholangiography can be 
technically challenging or impossible when the gallbladder is 
small and atretic. At times, retrograded cholangiography may 
fail to visualize the upstream ducts [2,13,25]. Given these chal-
lenges, fluorescent cholangiography using indocyanine green 
(ICG) has been introduced as a novel technique to assess biliary 
patency with a reported specificity of 100% and sensitivity of 
64% [13]. This method reduces radiation exposure and elimi-
nates the need for cannulation of the gallbladder [12]. It also can 
be used to visualize the biliary anatomy during dissection [12]. 
We found that the majority of respondents (75%) always perform 

intraoperative cholangiography while only a third of sites (32%) 
always or sometimes utilize fluorescent cholangiography to 
assess biliary patency. This number may grow as the technology 
to perform fluorescent cholangiography becomes more widely 
available and more broadly validated. As utilization increases, 
fluorescent cholangiography will require careful interpretation 
and further study.

Identification of areas of technical divergence represents a 
critical first step toward defining optimal surgical strategy. Future 
collaborative studies across American pediatric surgery consortia 
will evaluate whether or not specific technical approaches 
correlate with improved jaundice clearance, reduced cholangitis, 
and overall improved NLS. While this is the first study to assess 
the current surgical practices for BA from over 40 diverse in-
stitutions across the United States, there are limitations. As a 
survey-based study, the findings are limited by the descriptive 
nature and are not directly tied to patient outcomes. Patient-level 
outcomes such as jaundice clearance and NLS were not collected. 
However, the identification of technical variance across the 
United States provides a framework to directly evaluate the 
impact of technical differences on outcomes in the future. Tech-
nical aspects to surgical care for BA remain heterogenous. As 
surgeons continue to strive to improve biliary drainage and NLS 
following the KPE operation, the identified areas of technical 
divergence warrant investigation in hopes of defining which 
strategies can be employed to optimize BA outcomes. Future 
studies will focus on tying practice variation to clearance of 
jaundice and NLS outcomes in the United States.

5. Conclusion

We conducted the first national survey on the surgical 
approach to BA across the United States. There was consensus 
regarding some nuanced aspects of surgical BA care such as retro-
colic placement of the Roux limb, use of sharp dissection for the 
porta hepatis, location of the biliary anastomosis, and performing 
a Ladd procedure if malrotation is found intraoperatively. How-
ever, the responses to the majority of questions overall demon-
strated major heterogeneity, specifically pertaining to porta 
hepatis transection depth, the use of stay sutures, the length of the 
Roux limb, the use of peritoneal drains and nasogastric tubes, as 
well as indications for KPE revision. Further, only two sites 
perform the KPE laparoscopically in totality or partially. The data 
presented here serves as a foundation for future studies in which 
technical aspects of the KPE procedure will be evaluated in the 
context of patient outcomes with the ultimate goal of defining the 
best technical approach for the KPE operation. These findings 
highlight an opportunity to develop a national prospective registry 
for BA in the United States that could integrate operative technique 
with patient outcomes to identify best practices.
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