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This study describes the clinical and anatomic features of infants enrolled in the prospective Childhood Liver Disease Research and
Education Network undergoing Kasai portoenterostomy for biliary atresia, and to examine associations between these parameters and
outcomes.
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Objective—The goals of this study were to describe the clinical and anatomic features of infants
undergoing Kasai portoenterostomy (KPE) for biliary atresia (BA), and to examine associations
between these parameters and outcomes.

Methods—Infants enrolled in the prospective Childhood Liver Disease Research and Education
Network, who underwent KPE were studied. Patients enrolled in a blinded, interventional trial
were excluded from survival analysis. Primary end-points were successful surgical drainage (total
bilirubin less than 2 mg/dL within the first three months), transplant-free survival (Kaplan-Meier),
and time to transplant/death (Cox regression).

Results—KPE was performed in 244 infants (54% female; mean age 65± 29 days). Transplant-
free survival was 53.7% and 46.7% at 1 and 2 years post-KPE. The risk of transplant/death was
significantly lower in the 45.6% of patients who achieved successful bile drainage within 3
months post-KPE (HR 0.08, p<0.001). The risk of transplant/death was increased in patients with
porta hepatis atresia (Ohi Type II and III vs. Type I; HR 2.03, p=0.030), non-patent common bile
duct (Ohi Subtype b, c, and d vs. a; HR 4.31, p=0.022), BA splenic malformation syndrome (HR
1.92, p=0.025), ascites > 20 ml (HR=1.90, p=0.0230), nodular liver appearance compared to firm
(HR=1.61, p=0.008), and age at KPE ≥ 75 days (HR 1.73, p<0.002). Outcome was not associated
with gestational age, gender, race, ethnicity, or extent of porta hepatis dissection.

Conclusion—Anatomic pattern of BA, BASM, presence of ascites and nodular liver appearance
at KPE, and early postoperative jaundice clearance are significant predictors of transplant-free
survival.
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Introduction
Biliary atresia (BA) is an idiopathic neonatal hepatobiliary disease characterized by
progressive fibrosing obstruction of the extrahepatic biliary tree. BA is the most common
cause of neonatal direct hyperbilirubinemia, occurring in approximately 1 in 8,000 to 18,000
live births.1 In the United States, there are approximately 250 to 400 cases of BA annually.
The only effective treatments of BA are surgical drainage of the biliary tree or liver
transplantation.1 Without drainage, BA inevitably progresses to cirrhosis, end-stage liver
failure and death within three years of life.2 BA is the most common indication for pediatric
liver transplantation in the world, accounting for nearly 50% of all transplants transplants in
children and 10% of all transplants.1, 3 In the United States, $77 million is spent annually on
pediatric liver transplantation-related costs, disproportionately representing 0.2% of total
health care expenditures for only 0.0006% of the entire pediatric population.1

The pathogenesis of BA is incompletely understood but appears to be multifactorial.
Between 10 and 20 percent of patients with BA have associated congenital malformations,
such as abdominal and thoracic heterotaxia, polysplenia, asplenia, intestinal malrotation, and
preduodenal portal vein. The association of BA with these anomalies suggests a
developmental defect in ductal plate formation.4 BA has also been associated with prenatal
exposure to viruses such as cytomegalovirus, reovirus, and rotavirus.5–8 Additionally,
environmental toxins and neonatal immune dysregulation have been implicated in the
pathogenesis of BA.9, 10 Indeed, BA may represent a final common pathway of bile duct
injury in response to a combination of these factors.1, 11
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In 1959, Kasai first reported the surgical technique of portoenterostomy for the treatment of
BA.12 In the Kasai procedure, the obliterated biliary remnant is excised and the portal plate
is drained with a Roux-en-Y hepatojejunostomy. Successful drainage of the biliary tree is
essential for transplant-free survival. However, successful drainage does not necessarily
predict transplant-free survival as progressive or irreversible liver injury can occur despite
adequate drainage. Over the past several decades, numerous clinical, surgical, and
pathologic factors predictive of a successful portoenterostomy and/or transplant-free
survival have been defined.1, 13–15 Early diagnosis, absence of associated congenital
malformations, certain anatomic variants of BA, and freedom from postoperative ascending
cholangitis are factors that are predictive of drainage and survival.16 Defining accurate
prognostic factors in children with BA has been limited because most studies have been
from single institutions, are retrospective, and limited in size. To date, there has been no
large-scale prospective analysis of the clinical and surgical factors affecting outcome after
portoenterostomy in the United States.

The Biliary Atresia Research Consortium (BARC) was formed in 2002 as a National
Institutes of Health (NIH)–sponsored collaborative network of 10 pediatric institutions and a
data coordinating center for the purpose of conducting prospective clinical and basic
research in BA.17 In 2010, BARC merged with the Cholestatic Liver Disease Consortium
(CLiC) to form the NIDDK-supported Childhood Liver Disease Research and Education
Network (ChiLDREN). There are currently 16 children’s hospitals and medical centers in
North America, which participate in ChiLDREN. Investigators from each site included
pediatric hepatologists, pediatric surgeons, pediatric pathologists, and others. Herein, we
report on prospectively collected clinical, surgical, and outcome data of 244
contemporaneously treated BA patients who have undergone Kasai portoenterostomy. From
this prospective database, we attempt to identify clinical and surgical variables associated
with subsequent successful biliary drainage, as defined by achieving a total serum bilirubin
concentration of less than 2.0 mg/dL in the first three months post drainage as well as longer
term transplant-free survival.

Methods
Study participants

Between June 1, 2004, and March 31, 2010, 530 infants were enrolled in a prospective
longitudinal study of cholestasis in infancy (PROBE: Clinicaltrials.gov NCT00061828)
performed by ChiLDREN. To be eligible to enroll in PROBE, subjects needed to present to
a participating clinical center prior to 180 days of age with cholestasis, defined as a serum
direct or conjugated bilirubin greater than or equal to 2 mg/dL and greater than 20% of total
bilirubin. Infants who had undergone previous hepatobiliary surgery with dissection or
excision of biliary tissue prior to presentation at a ChiLDREN site were not eligible for
enrollment. Informed consent was obtained from the study participant’s parents or
guardians, and the protocol was carried out under IRB approval.

Of the subjects enrolled in PROBE, 267 were subsequently diagnosed with BA and they
represent the baseline cohort in this report. After September 1, 2005, PROBE subjects
diagnosed with BA who underwent a drainage procedure were also eligible to be enrolled in
a prospective randomized double-blinded, placebo-controlled trial of corticosteroid therapy
after hepatoportoenterostomy for BA (START: Clinicaltrials.gov NCT 00294684). While
ChiLDREN has successfully reached the target enrollment (n=140) for START, the subjects
are in active follow-up and the study remains blinded. As a result, the outcomes analysis
reported herein excludes all PROBE subjects who were also enrolled in START in this
baseline cohort (n=108), resulting in 159 patients studied.
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Data collection
Data were collected by study research coordinators and clinical investigators and were
entered into a centralized database at the DCC. Baseline data collected included
demographics, medical history, and laboratory studies. Operative details were recorded on a
case report form by the attending surgeon. Variables included an assessment of the gross
appearance of the liver and biliary tree (Ohi type and subtypes, Figure 1), as well as the
presence and amount of ascites. Other data recorded included the presence of specific
abdominal anomalies (polysplenia, asplenia, intestinal malrotation, situs inversus, midline
liver, and pre-duodenal portal vein); type of drainage procedure performed and the extent of
hilar dissection at the portal plate (left-to-right and anterior-to-posterior); intraoperative
diagnosis; complications at surgery; and volume of blood transfusions. The presence of
splenic malformations (polysplenia or asplenia) documented anytime during the evaluation
and treatment phase was used to classify the infant as having BA splenic malformation
syndrome (BASM). Subjects not classified as BASM, but who were noted intraoperatively
to have any of the other above abdominal anomalies, were classified as having non-BASM
abdominal anomalies.

Follow-up visits for data collection occurred at one, two, three, six months, and eighteen
months post operatively. Thereafter, annual follow-up was performed on the subject’s birth
date. Follow-up continued until liver transplant, death, withdrawal from the study, or
January 31, 2011.

Liver biopsy histology obtained during the initial evaluation process or at time of surgery
was evaluated centrally by the ChiLDREN Pathology Committee using a validated
standardized assessment instrument.18 Fibrosis was quantified using the Ishak scoring
system. This Pathology Committee evaluation of liver and bile duct histology is an integral
aspect of the PROBE study, and is blinded with respect to diagnosis and outcomes.

Data analysis
Descriptive data were summarized as the mean ± standard deviation (SD) for continuous
variables and as percentages for categorical variables. Outcomes were summarized using
Kaplan Meier analysis. In addition to the descriptive analysis of baseline and intraoperative
variables, we evaluated their impact on outcomes following surgical drainage. The
probability of achieving a successful surgical drainage, defined as achieving a total serum
bilirubin less than 2.0 mg/dL in the first 3 months post drainage19 was evaluated using
univariate conditional (matching on study site) logistic regression. The role of these factors
in transplant-free survival was evaluated using Cox models for time to transplant or death
with native liver, after ensuring assumptions of proportionality were maintained and
clustering for study site. In both outcome analyses, the extent and randomness of missing
data was evaluated. Missing baseline data were managed with multiple imputation utilizing
the entire baseline cohort. The functional forms of specific individual variables were
explored and optimized. Of specific note, age at KPE and liver biopsy fibrosis scores were
evaluated as both continuous variables and as categorical variables with thresholds
determined by inflection in the risk of transplant or death. In all outcomes analyses, subjects
were censored at date of last follow-up. As mentioned previously, all outcome analyses were
restricted to the 159 PROBE subjects with BA who were not enrolled in the START trial.

All analyses were performed using SAS/STAT (SAS Institute Inc. 2008. SAS/STAT® 9.2
User’s Guide. Cary, NC: SAS Institute Inc).
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Results
Baseline

A total of 267 infants enrolled in PROBE were diagnosed with BA. Of these infants, 17 did
not undergo any surgery and 6 underwent surgery but no drainage procedure was performed.
The primary reason cited for not proceeding with drainage was severity of liver disease and/
or late age at presentation. Of patients without surgical drainage, all but a few progressed to
end-stage liver disease and death or transplant within the first year of life (Figure 2). The
remaining 244 underwent surgical exploration and drainage of the biliary tree. Nearly all
who underwent a drainage procedure had a Roux en-Y Kasai performed (n=237). There
were 6 subjects who had a portocholecystostomy (gallbladder Kasai) and 1 subject
underwent a choledochojejunostomy. Five of the drainage procedures were performed
laparoscopically. Infants who did not undergo surgery or who were explored but did not
undergo drainage, were significantly older at time of enrollment (142.8 ± 37.6 and 155.2 ±
69.7 days, respectively) compared to those who underwent a drainage procedure (61.8 ±
25.7 days).

Baseline demographics of the 244 subjects who underwent surgical drainage are
summarized in Table 1. There was a female predominance and a history of prematurity
(gestational age < 37 weeks) in 26.6 % of infants. Operative findings are summarized in
Table 2. Mean age at surgery was 64.6 ± 25.1 days. Intestinal malrotation was the most
frequent abdominal malformation noted (9.4%). Polysplenia or asplenia was noted
intraoperatively in 5.7% of infants. BASM, as defined as polysplenia or asplenia determined
at any time during evaluation or treatment, was reported in 19 (7.7%) of subjects.

At time of exploration, the attending surgeon also evaluated the Ohi classification. The
distribution of Ohi types, subtypes, and subgroups is summarized in Table 3. We evaluated
the distribution of Ohi type and subtype across quartiles of age and found no evidence
suggesting an association of age at surgery and the distribution of Ohi type and subtype
(data not shown). Intraoperative blood transfusions were given in 44 cases (18.0%).

Outcomes Analysis
Outcomes were evaluated in the infants diagnosed with BA who were not enrolled in the
START trial (i.e. PROBE only subjects; n=159). Of these infants, 17 had no surgery
performed and 6 underwent abdominal exploration without any drainage procedure. The
impact of no surgical drainage on transplant-free survival is demonstrated in Figure 2,
comparing these two groups with the 136 subjects who had a drainage procedure. Among
the infants who did not undergo surgical drainage, transplant-free survival was poor.
Transplant-free survival in the subjects who underwent a drainage procedure was 53.7% and
46.7% at 1 and 2 years post drainage, respectively. The demographic and baseline
characteristics for infants who underwent a drainage procedure in the outcomes analysis
subgroup were similar to the baseline population (data not shown). In the drainage
procedure population, there were 132 Roux-en-Y Kasai’s, 3 gallbladder Kasai’s, and 1
choledochojejunostomy. Nearly all of the procedures were done via an open surgical
approach. After exclusion of two patients who were enrolled in START, three patients
undergoing a laparoscopic Kasai procedure remained available for analysis. Two of the three
patients who underwent a laparoscopic procedure underwent liver transplant within two
years. Given the small number and unique characteristics associated with these laparoscopic
cases, they were excluded from subsequent univariate analyses.

A primary aim of our study was to evaluate the impact of specific factors on achieving
successful surgical drainage, as defined by achieving a total bilirubin less than 2.0 mg/dL
anytime within the first 3 months following surgery. Overall, 45.6% (n=62) of the 136
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infants who had a drainage procedure achieved successful drainage by this definition. The
impact of specific factors was evaluated using logistic regression (Table 4). An odds-ratio
greater than 1 indicates the variable is associated with a better outcome, i.e. greater
probability of achieving a total bilirubin less than 2 mg/dl within 3 months. Ohi type II or III
(atresia at the porta hepatis) was associated with a lower probability of achieving successful
drainage compared to Ohi Type I (atresia of the common bile duct or so called correctable
atresia) although this difference did not achieve statistical significance (OR 0.29, p=0.086).
Ohi subtypes b, c, or d were not as likely to be associated with surgical success as subtype a
(patent common bile duct), but this also did not achieve significance (OR 0.43, p=0.080).
While the presence of BASM had no effect on the probability of successful drainage, none
of the five infants with non-BASM abnormalities achieved successful drainage. Older age at
portoenterostomy was associated with lower likelihood of surgical success, but was not
statistically significant when age was evaluated as a continuous or categorical variable. In
addition to the other non-significant variables reported in Table 4, gender, race, ethnicity,
gestational age, age at portoenterostomy corrected for gestational age, gross CBD
inflammation, liver appearance, and intraoperative blood transfusion were not associated
with outcome. Additionally, the extent of hilar dissection, as defined by left-right dimension,
anterior-posterior dimension, or area (left-right dimension × anterior-posterior dimension)
had no effect.

We also evaluated risk factors associated with transplant-free survival over the follow-up
period using Cox models (Table 4). A hazard-ratio greater than 1 indicates the variable is
associated with a worse outcome, i.e. a greater probability of transplant or death prior to
transplant. In contrast to the weaker association of anatomical features with bile drainage,
these variables impacted significantly on transplant-free survival. Paralleling the
observations related to successful drainage, Ohi classifications were associated with
survival. Specifically, Ohi type II or III (atresia at the porta hepatis) was associated with a
greater risk of transplant or death compared to Ohi Type I (HR 2.03, p=0.030). The non-
patent Ohi subtypes b, c, or d were associated with a greater risk of transplant or death than
subtype a (patent common bile duct) (HR 4.31, p=0.022). The effect of Ohi Type and
subtype on transplant-free survival is demonstrated in Figures 3 and 4, respectively. The
presence of greater than 20 cc of ascites and a nodular appearance of the liver noted at the
time of the Kasai procedure were associated with poor outcome. BASM was similarly
associated with a worse prognosis (Table 4). Children 75 days of age and older fared less
well than those who were younger (HR 1.73, p=0.002). Successful surgical drainage was the
best predictor for the risk of transplant or death (HR 0.08, p < 0.0001). Although there was a
trend towards lower transplant-free survival, histological severity of liver fibrosis as
measured by the 6 grade Ishak score was not significantly associated with worse outcomes
(Table 4). In addition to the other non-significant variables reported in Table 4, gender, race,
ethnicity, gestational age, gross CBD inflammation at surgery, and intraoperative blood
transfusion were not associated with probability of transplant or death. Additionally, the
extent of hilar dissection had no effect.

Discussion
BA remains an enigmatic disease, almost 100 years after it was first described and more
than a half century since the Kasai portoenterostomy was first reported.12, 20 Since the initial
description by Kasai, the operation has undergone a number of modifications aimed at
improving chances of establishing and maintaining bile flow.21, 22 However, even when bile
flow is re-established and jaundice resolves, progression to biliary cirrhosis and end-stage
liver disease develops in a substantial portion of patients.23, 24 As a result, outcomes for
infants with BA following portoenterostomy still remain unpredictable, unsatisfying, and
relatively disappointing. This study represents the first report from our North American-
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based, multi-institutional collaboration to prospectively collect clinical data on infants with
BA cared for at 16 academic medical centers and children’s hospitals with specialized
expertise in hepatobiliary diseases.

Published data regarding the impact of age at time of surgery on outcome are somewhat
conflicting. Younger age at diagnosis and surgery was originally cited by Kasai as an
important prognostic factor; however, this was not corroborated in the larger subsequent
report from the Japanese registry.25, 26 Since then, other authors also reported age at time of
surgery as an important determinant of outcome. Notably, a recent analysis of a large cohort
of Taiwanese children showed that increasing the fraction of children who underwent
surgery before 60 days of age with earlier diagnosis through screening, improved the rate of
resolution of jaundice as well as 3 and 5 years survival rates with their native livers.27

Paradoxically, Davenport reported a 5-year 45% transplant-free survival in a limited number
of children who had surgery at more than 100 days of age.28

In our study, we observed resolution of jaundice in 46% of infants postoperatively, similar
to results reported by the French (40%), Swiss (39.5%), and British (56%) although lower
than that reported by the Japanese (60%).8, 29–31 Average age at time of the
portoenterostomy procedure was 58 days, also consistent with those reported by the British
(58 days), French (60 days), American (61 days) and Japanese (60–70 days).19

Disappointingly, there has been no appreciable improvement in terms of earlier referral and
diagnosis of patients with BA in the U.S. between 1997 and 2006 in a survey of both
academic and non-academic centers, as reported by Raval et al.32 In our study, there was no
improvement in age at portoenterostomy compared to previous reports. In fact, nearly 10%
of infants were deemed to be too old or as having such advanced liver disease, that they did
not undergo portoenterostomy but were listed for primary liver transplant.

We found that infants younger than age 75 days undergoing Kasai portoenterostomy were
no more likely than infants older than 75 days to achieve a total bilirubin less than 2.0 mg/
dL within the first 3 months. However, being less than 75 days old at time of surgery was
associated with improved transplant-free survival compared to the older infants. Previous
studies indicate a difference in the outcome of portoenterostomy between extremes of age
with patients younger than 30 days attaining greater transplant-free survival than those older
than 120 days.33, 34 In our study, the impact of age on outcomes may have been blunted by
the limited number of infants who underwent Kasai portoenterostomy at an early age.
Additionally, there were a significant number of older children who did not undergo Kasai
portoenterostomy because it was felt that this intervention would be unlikely to impact the
need for transplantation. The decision to list these infants for transplant is affected by other
indicators of chronic liver disease such as failure to thrive, portal hypertension, and
cholangitis, and not solely based on persistence of jaundice. It may be that age is only a
gross reflection of the cumulative damage to the liver and that many other factors may alter
the tempo of progression to cirrhosis and irreversible damage. Others have suggested that
age at surgery may not be independent of other variables such as inflammation, fibrosis, size
of ductules in the excised specimen, hepatic stellate cell activation, poor nutritional status,
and phenotype of the BA.30, 35–39

Extra-hepatic malformations have historically been associated with BA, particularly splenic
anomalies known as BASM, which has been associated with a poorer prognosis.40 We
categorized our associated anomalies either as those associated with BASM or those not
associated with BASM. In both instances, the presence of BASM or non-BASM associated
anomalies did not influence the clearing of jaundice after portoenterostomy but was
associated with decreased transplant-free survival over two years.
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The incidence of the various types, subtypes, and subgroups in our series did not differ
dramatically from those reported by Ohi.41, 42 Consistent with the published literature,
patients in the Ohi type III group had significantly worse outcome than those in the other
two groups, and patients with subtype “a” had a higher probability of clearing jaundice after
surgery and surviving two years without a transplant than patients in the other subgroups.
Unfortunately, there were not enough patients to test the hypothesis that patients with
subgroup ”a” had better results and survival with a “gallbladder” Kasai than with a
conventional portoenterostomy.

This study was not designed to address the issue of predicting outcome based on histological
criteria. The gross appearance of the liver at the time of surgery was predictive of survival,
but the histologic grade of liver fibrosis did not have an association with either the clearance
of the jaundice or the 2-year transplant free survival.

In our series, there were five laparoscopically-performed Kasai portoenterostomies. We
opted to include the laparoscopic cases in our outcomes analyses since there were so few
cases. Although not statistically significant, these patients tended to do poorer than those
who underwent open Kasai procedures. This is consistent with the recently published
observations of Ure et al, where infants undergoing laparoscopically-performed Kasai
procedures did so poorly compared to conventional open, historical controls that the authors
halted the study.43 It is unclear why patients undergoing laparoscopically-performed Kasai
procedures do poorly. We speculate that the complexity of the procedure combined with the
very limited experience any one surgeon is likely to amass likely contribute to poorer
outcomes for patients who undergo laparoscopically-performed procedures. Regardless,
currently, the conventional, open Kasai portoenterostomy remains the standard approach for
re-establishing biliary drainage in BA patients.

Success of the Kasai procedure in achieving biliary drainage is modest at best. Beyond this
however, successful drainage is not a perfect predictor of survival with one’s native liver. As
such, efforts to improve transplant-free survival should extend beyond “fine-tuning” the
surgical procedure alone. Our analysis partially supports the concept that diagnosis and
treatment of BA is associated with better drainage and transplant-free survival. Accordingly,
efforts to identify and treat infants with BA at an earlier age may be worthwhile. Given the
high rates of liver transplantation in BA patients, efforts to improve drainage or halt the
progression of liver fibrosis towards cirrhosis and end-stage liver disease remain critical. We
have recently completed enrollment of patients in our prospective, randomized, double-
blinded, placebo-controlled trial investigating the efficacy of corticosteroids to improve
biliary drainage following portoenterostomy and results of the trial will become available in
two years. Continued efforts to better understand the pathogenesis of BA and to identify
intervention points within the disease progression remain ongoing.

In conclusion, this study represents the first contemporary North American collaborative
effort to prospectively collect demographic and operative data in a group of children with
biliary atresia. Our findings largely validate those of past retrospective and registry analyses.
The distribution of anatomic variants is essentially unchanged compared to past published
reports. Age does appear to impact survival with one’s native liver. Early clearance of
jaundice is similarly predictive of transplant-free survival. Our observations establish North
American benchmarks for future studies and provide a framework to guide clinicians and
families regarding prognosis and the potential need for transplantation.
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Figure 1.
Schematic of Ohi (A) main types, (B) distal subtypes, and (C) proximal subtypes.
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Figure 2.
Transplant-free survival in infants with BA stratified by no surgery (n=17), surgery but no
drainage procedure (n=6), and surgery with drainage procedure (n=136).
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Figure 3.
Transplant-free survival in 136 infants with BA who underwent a surgical drainage
procedure stratified by Ohi Type.
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Figure 4.
Transplant-free survival in 136 infants with BA who underwent a surgical drainage
procedure stratified by Ohi Subtype.
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Table 1

Baseline demographics of 244 BA subjects who underwent surgical drainage

N (%) or Mean ±SD

Gender: (N)

    Male 113 (46.3%)

    Female 131 (53.7%)

Race:

    White 146 (59.8%)

    Black/African American 38 (15.6%)

    American Indian/Alaska Native 2 (0.8%)

    Asian 18 (7.4%)

    Native Hawaiian/Pacific Islander 3 (1.2%)

    Other 29 (11.9%)

    Unknown 3 (1.2%)

    Refused to Answer 5 (2.0%)

Ethnicity:

    Hispanic 55 (22.5%)

    Non-Hispanic 188 (77.0%)

    Unknown 1 (0.4%)

Gestational Age (Weeks) 38.1 ± 2.32 (233)

Gestational Age Categorical:

    <= 37 Weeks 65 (26.6%)

    > 37 Weeks 168 (68.9%)
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Table 2

Operative details for 244 BA subjects who underwent surgical drainage

N (%) or Mean ±SD

Age at Surgery (Days) 64.6 ± 25.1 (244)

Age at Surgery Adjusted for Gestational Age (Days) 50.8 ± 27.2 (233)

Liver Appearance:

    Firm 170 (69.7%)

    Nodular 49 (20.1%)

    Normal 24 (9.8%)

Ascites

    No Ascites or <=20 cc 205 (81.0%)

    Ascites > 20 cc 39 (19.0%)

CBD Inflamed:

    Yes 77 (31.6%)

    No 143 (58.6%)

Abdominal Anatomy Abnormalities:

    No abnormality identified 118 (48.4%)

    Intestinal Malrotation 23 (9.4%)

    Situs Inversus 7 (2.9%)

    Midline Liver 9 (3.7%)

    Polysplenia 13 (5.3%)

    Asplenia 1 (0.4%)

    Pre-duodenal Portal Vein 10 (4.1%)

    Other 23 (9.4%)

Hilar dissection

    Left to Right (LR) Dissection (mm) 18.0 ± 12.8 (182)

    Anterior to Posterior (AP) Dissection (mm) 9.9 ± 8.5 (182)

    Total Dissection Area (LR × AP; mm2) 285.9 ± 1026.6 (182)
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Table 3

Distribution of Ohi Type, Subtype, and Subgroup in 244 subjects who underwent surgical drainage.

Ohi Type Ohi Subtype
(Patterns of distal ducts)

Ohi Subgroup
(Pattern of radicles at porta hepatis)

I (CBD atresia): 10.2% a (Patent CBD): 20.1% α (Dilated hepatic ducts): 0%

II (Hepatic duct atresia): 7.4% b (Fibrous CBD): 45.9% β (Hypoplastic hepatic ducts): 2.9%

III (Atresia at porta hepatis): 80.7% c (Aplasia of CBD): 24.6% γ (Bile lake): 2.5%

d (Miscellaneous): 4.1% μ (Fibrous hepatic ducts): 7.4%

ν (Fibrous mass): 78.7%

ο (Aplasia of hepatic ducts): 7.0%

CBD = common bile duct
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Table 4

Univariate analysis of variables on probability of achieving total bilirubin < 2 by 3 months post drainage and
risk of transplant or death with native liver.

Probability of Achieving Total
Bilirubin < 2.0 by 3 Months

Risk of Transplant or Death with
Native Liver

Variable Odds Ratio P-Value HR P-Value

Ohi Type II + III (Ref= Type I) 0.29 0.086 2.03 0.030

Ohi Subtypes b, c, or d (Ref=a) 0.43 0.080 4.31 0.022

Ascites > 20 (Ref=None or <=20) 0.41 0.065 1.90 0.023

Liver appearance Normal (Ref = Firm) 1.16 0.785 1.21 0.473

Liver appearance Nodular (Ref = Firm) 0.55 0.216 1.61 0.008

BASM (Ref = no anomaly) 0.33 0.108 1.92 0.025

Isolated non BASM Abdominal anomaly (Ref =no anomaly) * * 2.33 0.088

Fibrosis (Ishak): Stages 3–6 (Ref=Stages 0–2) 0.51 0.089 1.54 0.074

Age at Kasai (days, continuous) 0.99 0.075 1.01 0.316

Age at Kasai (≥ 75 days) 0.47 0.086 1.73 0.002

Total Bilirubin < 2 by 3 Months - - 0.08 <0.0001

*
Odds ratio cannot be determined as none of the 5 infants achieved a total bilirubin less than 2 mg/dL in the first 3 months.
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