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ABSTRACT

Objective: In Taiwan, a screening system using an infantl stolor card to promote
the early diagnosis of biliary atresia (BA) wasabdished in 2002. This study aimed
to investigate and compare the long-term outcomBAifbefore and after using the
infant stool color card screening program.

Methods: Biliary atresia patients were divided into thregharts according to their
birth dates. Cohort A (n=131) were born before $kt@ol card screening program
(1976-2000); cohort B (n=28) were screened by tloel scard regional screening
program (2002-2003); and cohort C (n=74) were s@edy the stool card universal
screening program (2004-2005)he relative odds ratios were computed by logistic
regression model to compare the different factiecting survival time.

Results: The rate of the age at Kasai operation before && @ld was 50.4% and
65.7% in cohorts A and B+C, respectivghz0.019). The jaundice-free rate 3 months
after surgery was 37.4% and 60.8%, respectivgly0.001). The three-year
jaundice-free survival rate with native liver waS.®% in cohort A and 56.9% in
cohort (B+C) p=0.001), while the three-year overall survival sateere 64.9% and
89.2%, respectivelyp&0.001). The five-year jaundice-free survival ratieh native
liver was 32.3% in cohort A and 64.3% in cohort @8{.002), and the five-year
overall survival rates were 58.5% and 89.3%, respady (p=0.002). Those who were
jaundice-free at 3 months after surgery had sigmtiy better survival rates than
those who were not jaundice-free.

Conclusions: The stool color card screening program for BAwHdor early Kasai
operation, which increases the jaundice-free rat& anonths post-surgery. With
higher surgical success rates, the long-term outcain BA patients in Taiwan

improves remarkably.



INTRODUCTION

Biliary atresia (BA) is an inflammatory, progressivfibro-sclerosing
cholangiopathy of infancy that variably affects lb¢the extra- and intra-hepatic bile
ducts™resulting in the destruction and obstruction of bilry tract>> If untreated,
it progresses to cirrhosis with portal hypertensionl liver failure leading to death
within 2 to 3 years. Since the Kasai operation fua$ used for BA in 1959, there
have been encouraging results in treating thisadesesuch that it has become the first
line treatment. Kasai operation can restore boevfthrough a reconstructed hepatic
portoenterostomy to a jejunal loop. Once the chates progresses and/or
complications of liver cirrhosis occur, liver trgh@ntation remains the salvage way
for BA. Although ongoing cholestasis, which further aggravates lisierhosis, is
present in most BA childréha successful Kasai operation may still delay cnev
decrease the need for liver transplantation.

It is generally accepted that the Kasai operatiomore successful in children
when performed earlier than 60 days of &fj@he reported successful bile flow rate
was 91%, 56%, 38%, and 17% in patients operatdaetore 60 days, in 61-70 days,
in 71-90 days, and beyond 90 days, respectivéty.recent years, many studies
directly show that patients with earlier Kasai @tiem have better survival. However,
early identification and timely surgery, which ameicial for better prognosis, remain
challenging.

In Taiwan, a pilot regional study using the infatdol color card to increase the
efficacy of early identification of BA was startethce 2002. Universal screening for
BA using the infant stool color card was launched2004. This was the first
nationwide screening program for BA using an infstol color card in the world.

The present study aimed to compare the outcoméneofBA patients after Kasai



operation before versus after the launch of thannfstool color card screening

program.

MATERIALSAND METHODS
Infant Stool Color Card

An infant stool color card was designed with 6 phaapis of different colored
stool samples from Taiwanese infants. Three colmisthis card were labeled
abnormal (clay-colored, pale yellowish, and liglallgwish), whereas the other 3
were labeled normal (yellowish, brown, and greeni3elephone and fax numbers
for consultation were also printed on this card] parents, guardians, and medical
personnel were instructed to inform the stool aagistry center if abnormal stools
were noticed. In 2002, 47180 newborns from 49 hakgpand clinics in Northern and
Central Taiwan were enrolled. In 2003, the rangeoaiperation extended to Southern
and Eastern Taiwan, and 72793 newborns from 96itatspvere enrolled. In 2004,
the universal stool color screening program wasdhad and the stool color card was
integrated into the child health booklet. All netasgaborn in Taiwan participated in
the screening program since then.
Participants

All of the participants had a diagnosis of BA mdale clinical, biochemical,
imaging data, surgical findings, and liver histoglo@he children were divided into 3
cohorts by their birth date. The historical contcohort was derived from the 185
cases diagnosed as BA in the National Taiwan UsityeHospital from January 1976
to December 2000. Twenty-two patients who did reeeive Kasai operation and 32
patients who underwent Kasai operation but werefaitmtwed-up for at least 3 years

post-operatively were excluded. The remaining 18tlepts became cohort A. All of



them were followed-up for at least 5 years excegt who was followed-up for only 3
years post-operatively. Cohort A represented tlwumrof patients born in the era

before the stool card screening program.

There were 29 BA children born between 2002 and32@ne who did not
receive Kasai operation was excluded. The othepaknts who were followed-up
for at least 5 years post-operatively were enraiedohort B, which represented the

era of the regional pilot study of the stool cactkening program in Taiwan.

Seventy-five BA children were born between 2004 @n@5. After excluding
one patient without Kasai operation, the 74 whoenfetlowed-up for at least 3 years
post-operatively were enrolled to cohort C, whiokpresented the nationwide
screening data in Taiwan. Cohort (B+C) was the eedata of cohorts B and C and

represented the era of the stool color card sanggsmogram.
Satistical Analysis

Statistical analyses were performed using the STAJ&ckage software
(StataCorp LP, Texas, USA). Chi-square test wagl use compare categorical
variables, including age at Kasai operation be@frelays old, jaundice-free rates at 3
months after Kasai operation, 3- and 5-year sulviates with native liver, 3- and
5-year jaundice-free survival rates with nativeetivand 3-year and 5-year overall
survival rates between different cohorts. Ovenail/val included those survived with
either native liver or transplanted liver. Jaunehe® was defined as total serum
bilirubin <2.0 mg/dL (34umol/L).

Quality outcome was defined as jaundice-free satvivith native liver. All
survival time was calculated after the date ofKlasai operation. Relative odds ratios

were computed by logistic regression models to @mpthe different factors



affecting survival time. Kaplan-Meier method andj lank test were also used to
assess factors affecting survival. p\ value <0.05 was considered statistically

significant while g value of 0.05-0.1 implied a trend of difference.

RESULTS
Comparisons of Cohort A versus Cohort (B+C)(Table 1)

There was no difference in the gender between taghand cohort (B+C). The
rates of Kasai operation performed before 60 ddgsmere 50.4% in cohort A and
65.7% in cohort (B+C) p=0.019). At 3 months after Kasai operation, the
jaundice-free rate was significantly higher in cal{8+C) than in cohort A (60.8% vs.
37.4%, p<0.001). The three-year survival rate with natiieerd in cohort A and
cohorts (B+C) was 55.7% and 61.8%, respectivelye Three-year jaundice-free
survival rate with native liver was significantlygher in cohort (B+C) than in cohort
A (56.9% vs. 35.9%p=0.001). The three-year overall survival rate wds9% in
cohort A and 89.2% in cohort (B+()<0.001).

The five-year follow-up was not yet finished in @ohC so only cohort B was
compared with cohort A in the analyses of five-ysarvival time. The five-year
survival rate with native liver in cohorts A andvwis 45.4% and 64.3%, respectively
(p=0.07). The five-year jaundice-free survival ratéhwative liver was significantly
higher in cohort B than in cohort A (64.3% vs. 32,3=0.002) and the five-year
overall survival rate was 89.3% and 58.5%, respelsti(p=0.002).

Jaundice-Free at 3 Months after Kasai Operation (Table 2)

In univariate and multivariate logistic regressamalyses of jaundice-free rate at

3 months after the Kasai operation, those who wneler surgery before 60 days old

had odds ratios of 2.67 and 2.45, respectively, pgyed to those who underwent



surgery after 60 days ol@<0.001 and=0.001, respectively). For every day of delay
of the Kasai operation, jaundice-free rate at 3 ttim®mpost-operatively declined by
2.37% (OR: 0.977, 95% CI: 0.965-0.9§8,0.001).

Cohort (B+C) had significantly higher jaundice-fremte at 3 months
post-surgery than cohort A by univariate and maltiate logistic regression analyses
(OR 2.59,p<0.001 and OR 2.34=0.002, respectively). These implied that the a@ge a
Kasai operation and the intervention by stool caoieening program strongly
correlated to the jaundice-free rate at 3 montlss-porgery.

Survival with Native Liver

The three-year survival rates with native liver those who received Kasai
operation before 60 days old and after 60 days wée 65.4% and 49.0%,
respectively (OR: 1.97, 95%CI: 1.16-3.350.012). The five-year survival rates with
native liver in those who underwent surgery be®edays old and after 60 days old
were 57.3% and 39.5%, respectively (OR: 2.06, 95%4()9-3.88, p=0.026). The
three-year survival rates with native liver in taosho were and those who were not
jaundice-free at 3 months after Kasai operationevd8.5% and 32.8%, respectively
(OR: 13.12, 95%CI: 6.76-25.49<0.001). The five-year survival rates with native
liver in those who were and those who were not daeifree at 3 months
post-surgery were 82.1% and 24.2%, respectively: (DR38, 95%Cl: 6.54-31.60,
p<0.001).

Jaundice-Free Survival with Native Liver (Table 3)

Jaundice-free survival with native liver was coesetl as quality outcome.
Cohort (B+C) had higher rates of 3- and 5-year ¢ggrfree survival with native
liver than cohort A (OR 2.3§=0.002, and OR 3.7Hh=0.002, respectively). Those

who received Kasai operation before 60 days old batter 3- and 5-year



jaundice-free survival with native liver than thoggerated on after 60 days of age
(OR 2.79,p<0.001, and OR 2.12, p=0.025, respectively). Moeepthose who were
jaundice-free at 3 months post-surgery had bettan8 5-year jaundice-free survival
with native liver than those who were not jaundiee (OR 40.60p<0.001, and OR
29.04, p<0.001, respectively). Gender did not affect outeormtervention by the
stool card screening program, Kasai operation bef60 days of age, and
jaundice-free at 3 months post-surgery were thdigi@s of quality outcome for BA
patients.
Overall Survival (Table4 and Figures1 and 2)

Those who were jaundice-free at 3 months after Kagaration had better 3-
and 5-year overall survival rates than those whoewmt jaundice-free (OR 12.57,
p<0.001 and OR 12.9$<0.001, respectively). Cohort (B+C) had betterrdd &-year
overall survival rates than cohort A (OR 4.48;0.001 and OR 5.92p=0.005,

respectively).

DISCUSSION

Biliary atresia (BA) is an obliterative cholangidpg of unknown etiology. It is
the most common cause of end-stage liver diseaséildren, with an incidence of
0.51 per 10000 in Fran¢&0.60 per 10000 in the U.K*,0.70 per 10000 in Swedéh,
and 0.85 per 10000 in North AmeritaThere is a higher incidence in Asia, including
1.04 per 10000 in Jap&rt“and 1.78 per 10000 in TaiwhTaiwan is one of the areas
with highest incidence in the world.

Kasai operation is the primary surgical therapy Béx even in the era of liver
transplantatiort® Survival of BA patients with their native liverlies mainly on the

success of the Kasai operatiSnyhich is correlated with the age at surg€rin the



Swiss national stud¥, four-year survival with native liver is 75% in paits who
underwent Kasai operation before 46 days, 33%asdloperated on between 46 and
75 days, and 11% in patients operated on after & ©=0.02). In long-term
follow-up, the 20-year survival with native lives significantly better in children
operated on before the age of 90 days than thosete on after 90 days (28% vs.
13%,p=0.006)° In the current study, those who underwent Kaseratpn before the
age of 60 days have significantly better survivdahwative liver than those operated
on after 60 days.

The earlier age at Kasai operation is indeed amitapt predictive factor of
better long-term survival with native liver. Forrlgadiagnosis of BA, the stool card
screening program was started in Taiwan in theoreddiareas in 2002 and extended
nationwide in 2004. The rate of the children withg&i operation before 60 days old
significantly improved in the stool card screenerg.

The three-year survival rate with native liver imetera before the stool card
screening program was 55.7%, which increased 8% 1n the stool card screening
era. Why is this improvement not as evident as el Persistent and/or
progressive jaundice is usually the first alarmmopaired bile flow and progressive
liver cirrhosis. In the early years before the btward screening program, the skills
and care of liver transplantation were not fully tana as they are nowadays.
Moreover, the concept of living-related donor had yet been well accepted by the
general population. The requirement and timingwdrltransplantation thus tended to
be more conservative and delayed. Some patientgtthloved with their native liver
despite severe jaundice-related complications.

In the era of the stool card screening prograney livansplantation have become

more polished and have gained more social accept&edliatricians and surgeons in
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recent years have preferred to choose an apprepbat earlier timed liver
transplantation for those patients with persisjeahdice, before many complications
occur. Hence, the three-year survival rate withwvediver in the stool card screening
era is only slightly better than that of the erahwut screening. As time goes by,
fewer and fewer patients can survive without tréarsation if their jaundice is
persistent. So in the analyses of five-year sutwith native liver, those born in the
stool card screening era already show a trend ttéroeesults.

We believe that jaundice-free survival rate withiveliver can reflect the true
outcome of BA without the interference of the tignichange of liver transplantation.
This study defined those who were of jaundice-fseevival with native liver as
quality outcome. Data shows that with interventioy the stool card screening
program, there are significantly more BA childrethaguality outcome than before.

In the study by Shneider et &f.jaundice-free (total bilirubin <2 mg/dL) at three
months after Kasai operation is an excellent ptediaf two-year survival with native
liver. In the current study, patients who are jacedree at three months post-surgery
have significantly higher survival rates with natiféver and overall survival rates, as
well as more quality outcome in both the three- ivelyear analyses. Jaundice-free
at three months after Kasai operation can be aicdatat for success of the surgery
and a valuable predictor of five-year outcome.Ha &nalyses here, jaundice-free at
three months after surgery is significantly conedato the implementation of the
stool card screening program and earlier age gesyr

Overall survival is significantly better in the eod the stool card screening
program. Other studies show that the better thelteesf the Kasai operation, the
better overall survival®'® Though more developed transplantation techniquehe

stool card screening era partly contribute to satyithe need for liver transplantation
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still adds the risk to impair the prognosis. SustidsKasai operation still provides
children with the best chances of survival and yediort should be made to improve
its results'® The stool card screening program is a step indinéstion as it efficiently
increases the success rate of Kasai operationartdlutes to better overall survival.
The five-year survival rate with native liver andefyear overall survival rate in
other studies range from 30.1% to 59.7% and frorB%50 85%, respectively:'**°
In Taiwan, these are 64.3% and 89.3%, respectiVélig corroborates the promising

results of intervention using the stool card sciregprogram.

CONCLUSION

The stool card screening program for biliary aesnhances early Kasai
operation and increases the jaundice-free ratere¢ thonths post-surgery, which is a
valuable predictor of long-term outcome. In Taiwdhe infant stool color card

screening program has remarkably improved the teng-outcome of BA patients.
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FIGURE LEGENDS

Figure 1. The 5-year overall survival rate in cohort B (édttine), which represented
the era of stool color card screening program,iammdhort A (actual line), which
represented the era before the stool color caskrorg program, was 89.3% and
58.5%, respectively (p=0.003).

Figure 2. The 5-year overall survival rate in those who watendice-free (dotted line)
versus those who were not jaundice-free (actu&) lat 3 months after Kasai

operation was 91.0% and 44.0%, respectively (p<gLp0
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