'.) Check for updates

Pediatric Transplantation WI LEY

I ORIGINAL ARTICLE

Primary Liver Transplantation for Biliary Atresia: Another
Piece of the Puzzle

Jean de Ville de Goyet? 2 | Giovanni Boroni®® | Daniela Liccardo* " | Daniele Alberti*® | Marco Spada®® |
Valeria Casotti® (2 | Raffaele Iorio’ @ | Pier Luigi Calvo® @ | Nicolo Rizzitello® | Giusy Ranucci®? | for the Italian Society
of Paediatric Gastroenterology, Hepatology, and Nutrition (SIGENP) AVB Network Working Group

!Paediatric Liver Unit, ISMETT, Palermo, Italy | 2UPMC Italy, Palermo, Italy | 3SCDU Chirurgia Pediatrica, ASST Spedali Civili di Brescia—Ospedale
Dei Bambini, Brescia, Italy | “Division of Hepatology and Metabolic Diseases, Liver Transplant Unit, Bambino Gesu Children's Hospital, IRCCS, Rome,
Italy | °Division of Hepatobiliopancreatic Surgery, Liver and Kidney Transplantation, Bambino Gesu Children's Hospital, IRCCS, Rome, Italy | °Paediatric
Hepatology, Gastroenterology and Liver Transplant Unit, Ospedale Papa Giovanni XIII, Bergamo, Italy | “UOS Epatologia Pediatrica, Universita di Napoli
Federico II, Napoli, Italy | 3Gastroenterologia Pediatrica. Ospedale Infantile Regina Margherita, Azienda Ospedaliero-Universitaria Citta Della Salute e
Della Scienza di Torino, Turin, Italy | °Statistics and Data Management Services, ISMETT, Palermo, Italy

Correspondence: Jean de Ville de Goyet (jdeville@ismett.edu)
Received: 28 May 2026 | Revised: 29 August 2026 | Accepted: 5 September 2026

Keywords: biliary atresia | national registry | outcome | primary liver transplantation

ABSTRACT

Background: Primary liver transplantation (PLT) remains a controversial alternative strategy for children with biliary atresia
(BA). This national study of BA management in Italy over a 10-year period aimed to better define the indications, limitations,
and outcomes of PLT.

Methods: This was a retrospective, multicenter, observational study based on the Italian BA Registry, including 312 infants
with BA managed in Italy between January 2012 and December 2021. All children who underwent PLT were selected for
analysis. Children who underwent liver transplantation (LT) after Kasai portoenterostomy (KPE) failure were used as a
comparison group.

Results: Primary liver transplantation was performed in 37 children with BA and established advanced liver disease; 181 other
BA patients who underwent LT were selected for comparison. Minimum follow-up was 3 years for all patients. PLT infants were
significantly older at diagnosis (13 were diagnosed after 120days of life). They had a significantly worse clinical condition both
at diagnosis and at listing for transplantation. No child died before LT in the PLT group, whereas 5 patients died before LT in the
early rescue-LT group. Post-transplant outcomes were comparable across groups.

Conclusions: Kasai portoenterostomy should remain the recommended first-line treatment for most infants with BA, but its
benefit is limited to only a proportion of patients. Some patients may be processed rapidly to LT because they present too late or
with advanced disease: these patients have excellent outcomes as well.

1 | Introduction preserving the native liver. Without KPE, untreated BA pro-

gresses inexorably to biliary cirrhosis and end-stage liver fail-
Kasai portoenterostomy is the standard initial treatment for BA ure [1-4]. However, KPE is not an absolute cure: it fails in at
and remains the only procedure aimed at restoring bile flow and least one-third of patients during the first year after surgery, and

Abbreviations: BA, Biliary Atresia; IQR, Interquartile range; KPE, Kasai Portoenterostomy; LT, Liver transplantation; PLT, Primary liver transplantation.
SIGENP representative (https://www.avb-sigenp.org/site/home (see also Table S1)).
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long-term native liver survival decreases progressively, reaching
about 25%-30% at 10years in many series.

In this context, PLT has periodically been proposed as an alter-
native strategy, with the rationale of offering a treatment in a
single step and avoiding deterioration associated with progres-
sive cirrhotic liver disease. This approach remains controversial
because KPE still offers native liver survival to a substantial pro-
portion of infants, and previous KPE does not appear to compro-
mise subsequent LT outcomes in experienced centers.

The Italian Biliary Atresia Network was established in
2018 under the auspices of the Italian Society of Pediatric
Gastroenterology, Hepatology, and Nutrition and created a cen-
tralized platform collecting data on Italian BA patients from
2012 onward (https://www.avb-sigenp.org/site/home) [5]. The
present report describes the retrospective analysis of this regis-
try over a 10-year period, focusing specifically on the role of PLT
in the management of BA.

2 | Patients and Methods
2.1 | Study Design and Ethics

This was a retrospective, observational, multicenter national
study based on the Italian Biliary Atresia Registry: the registry
had collected retrospectively the information about all children
diagnosed with BA in Italy between January 2012 and December
2021, who had been managed and cured in the 13 participat-
ing centers of the Network; in Italy, the Health Ministery does
not designate national centers, as health care is regionalized:
BA management, as any other care, follows a decentralized
care model. Details of participating centers were reported in
Supporting Information in the draft manuscript.

This analysis focused on children managed with PLT and was
conducted in parallel with a larger study of BA patients under-
going KPE during the same period. For this study, only 7/13
network centers contributed as the other centers didn't manage
PLT cases; these 7 centers were the largest centers of all, having
enrolled altogether 81% of the patients of the registry. Of note,
all consecutive PLT performed in the study period have been
identified, as the former 7 centers included all Italian pediatric
transplant centers.

The study was approved by the SIGENP scientific board
(NP3854), the National Italian Ethics Committee, and the local
ethics committee of each participating center. Parents or legal
representatives provided informed consent for inclusion in the
registry and participation in the study. The protocol conformed
to recognized ethical standards and to the ethical principles of
the Declaration of Helsinki. Informed consent was obtained
prospectively, covering the retrospective use of registry data for
clinical research purposes and scientific publication.

2.2 | Patient Selection

All patients with confirmed BA who were registered between
January 2012 and December 2021 and were proposed for PLT

were included as Group 1. For comparison, all infants in the
registry who underwent LT after KPE were identified as “failed
KPE” and divided into 2 groups according to timing of LT. Group
2 included infants who underwent early LT for failed KPE, de-
fined as LT before 485days of age, a threshold selected to best
match the age distribution of LT in the PLT group. Group 3 in-
cluded registry patients who underwent late LT after 485days
of age. The cut-off of 485days was decided on the basis that all
(but one outlier [6]) PLT were performed in infants aged up to
485days.

To analyze the effect of decentralized care as it is in Italy (BA
diagnosis and KPE in non-designated centers), the native liver
survival (days) and the age at listing (days) were compared be-
tween two groups as follows: group A consisted of all children
who had their KPE and their transplant in the same (transplant)
center, and group B was formed of all other patients (who had
their management and/or their operations in different centers).

Collected variables included demographic data, clinical infor-
mation before and around surgery, anatomical and histological
findings, and follow-up information.

2.3 | Statistical Analysis

For descriptive and exploratory analyses, categorical variables
were summarized as counts and percentages, whereas contin-
uous variables were described as mean and standard deviation
when normally distributed, or as median and interquartile range
(IQR) otherwise. Group comparisons were performed with
analysis of variance and ANOVA/Tukey testing for normally
distributed continuous variables, with Kruskal-Wallis test for
non-normally distributed variables, and with the chi-square test
or Fisher exact test for categorical variables. Statistical analyses
were performed using SAS version 9.4. All tests were two-sided,
and a p value <0.05 was considered statistically significant.

3 | Results

Among 312 BA patients registered in the Italian BA Registry,
37 infants (11.9%) underwent PLT (Group 1). A further 181
transplanted patients were selected for comparison: 127 un-
derwent KPE followed by early rescue-LT before 485days of
age (Group 2), and 54 underwent late LT after 485 days of age
(Group 3). Minimum follow-up for all patients was 3years
(Figures 1 and 2).

In the PLT group, 11 infants underwent exploratory laparotomy
without KPE. KPE was not performed because of advanced cir-
rhosis documented (macroscopically or by liver biopsy in all 11),
with clinical ascites in 8, or portal vein agenesis with caverno-
matous transformation in 1. In the latter group, exploration had
been proposed after Ultrasonography had not anticipated clearly
the presence of a contraindication for KPE—decision that was
made in fact extemporaneously by the surgeon. Two of the 37
PLT patients had other congenital malformations and had pre-
viously undergone abdominal surgery in the first days of life (1
jejunal and 1 ileal atresia) with the liver disease (then at a very
early stage) being not recognized.
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FIGURE1 | Flow diagram of the cohort, subgroups and outcomes.

PLT infants were significantly older at diagnosis, with a mean
age of 108days, and 13 were diagnosed after 120days of life
(Table 1). Late diagnosis was associated with a worse clini-
cal condition at initial assessment, including more advanced
hepatopathy and significant differences in direct bilirubin,
ALT, GGT, and INR compared with the other groups (Table 1).
PLT infants were younger and smaller at the time of listing
for LT compared to those in the other groups; surprisingly,
they also had significantly higher PELD scores (Table 1 and
Figure 3). Despite the early decision to proceed to PLT (deci-
sion made at diagnosis), 27 of these 37 infants had developed
refractory ascites by the time of listing, and 18 had severe co-
agulopathy (Table 1).

Waiting time was similar in Groups 1 and 2 (Table 1). No death
occurred before LT in the PLT group, whereas 5 patients died
before transplantation in Group 2. Five children in Group 2
died before transplantation. One child died at age 18.5months
during an acute episode of hemorrhage: he had been on the list
for 4.5months. Four infants died before the age of one year, in
relation to prematurity with chromosomal abnormalities (N=1)
or multiple anomaly syndrome (N'=1), acute hemorrhage (N=1)
and RSV infection (N=1).

Two PLT patients died after LT (95% survival rate), a rate
comparable to that observed in the other transplanted groups
(Figures 1 and 4).

To analyze the possible effect of decentralization, the age at list-
ing (days) and the native liver survival (days) were compared
between group A (children who had KPE and transplant in the
same center—63% of cases) and group B (all others—37% of pa-
tients). The median (IQR1-3) age at listing was 234 (176-343)
days and 254 (169-487) days, respectively in group A and B
(p=0.74). The median (IQR1-3) survival time of the native liver
was 210 (154-413) days and 281 (157-569) days, respectively in
group A and B (p=0.75).

4 | Discussion

In this national registry-based study, PLT accounted for about
11% of BA management in Italy between 2012 and 2021.
This rate lies within the broad range reported worldwide.
Reported incidences of PLT in the world vary between 0.5%-
16% [7-16](only one outlier Brazilian center reporting rates as
high as 40% [16]). Two series (Japanese registry and England/
Wales program) report rates as low as 0.5% and 2.9%, respec-
tively—likely reflecting a combination of earlier diagnosis, an
aggressive KPE policy even in late-presenting infants, and lim-
ited deceased-donor organ availability [7, 17, 18]. In this cohort,
PLT was mainly reserved for infants who presented late with
advanced liver disease, often with associated malformations.
Splenic Malformation syndrome (BASM) was overrepresented
in the PLT group (22% vs. 9%, p=0.030, Table 1).
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FIGURE2 | Timing of Native liver loss in a cohort of 218 Biliary Atresia children who underwent liver transplantation (Italy 2012-2022), accord-

ing to clinical indication: Primary liver transplantation (no Kasai portoenterostomy), early failure of Kasai (transplant within 485 days of age), or late

failure after Kasai (> 485days of age).

In our cohort, at diagnosis, PLT candidates had a significantly
worse clinical profile than infants undergoing KPE followed
by rescue LT, with more severe cholestasis, coagulation abnor-
malities, and liver injury. This difference persisted and widened
over time, as PLT infants had significantly higher PELD scores
at listing and more frequent refractory ascites and severe coag-
ulopathy. Thus, PLT in this series was not a strategy chosen for
convenience or preference, but rather one reserved for a particu-
larly sick subgroup of patients.

Despite this severe baseline profile, no PLT infant died on the
waiting list, whereas 5 deaths occurred among infants listed
after early KPE failure; although the latter is not significantly
different, it doesn't seem to incentivize against PLT per princi-
ple—mostly indicating the need for further studies. This obser-
vation suggests that early KPE failure may define a subgroup at
particularly high risk of pretransplant deterioration and death,
even when their condition at diagnosis appears less severe than
that of infants selected for PLT. At the same time, it highlights a
paradox in the PLT pathway: although the decision to forgo KPE
had already been made at diagnosis (median 108days), listing
for LT was only completed at a median of 169 days (an interval of
roughly 2 months), during which clinical condition continued to
worsen (Table 1 and Figure 3).

These results are in line with recent literature showing that LT
outcomes for BA are now excellent whether transplantation is
primary or follows KPE (Figure 4) [19-25]. Contemporary series

report patient survival after PLT above 90%, with similarly fa-
vorable outcomes after sequential LT [22-24], while earlier
reports showed wider variability and higher pretransplant mor-
tality. These data also support the established concept that KPE
does not compromise subsequent LT outcomes in experienced
centers, reinforcing its place as first-line treatment for most BA
infants.

Nevertheless, the present data raise the important question of
whether all BA infants should continue to follow the same KPE-
first pathway. A substantial subset of children derives little long-
term benefit from KPE and ultimately proceeds to urgent LT in
poor condition after early failure. For these infants, earlier iden-
tification of poor KPE candidates could allow more appropriate
transplant-oriented strategies. Although literature brings in-
creasing information about prognostic markers for a successful
KPE, the latter studies analyze either histology at KPE or blood
parameters after KPE; until now there is little or nothing that
has been proposed for predicting -with enough sensitivity and
specificity- a successful KPE ahead of the operation. As far as
the research is today, there is no test that would allow selecting
the right candidates for successful KPE, while proposing others
to PLT for high likelihood of KPE failure. Further research is on
the way and is necessary before one can develop a new model for
managing BA more selectively.

From a pediatric transplant perspective, several practical im-
plications emerge. Earlier listing should be considered once the
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Note: ANOVA and Tukey Test, or Chi-Square (C2) comparisons. Values are expressed as Mean (SD), or as Median (IQR1-IQR3), or as n(%).

Abbreviation: LT, liver transplantation.
aSevere Ascites defined as presence of ascites despite diuretic treatment.

bSevere coagulopathy defined as INR ratio > 1.7.
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FIGURE 3 | Age and PELD score at registration on the list for
Liver Transplantation in two groups of infants with Biliary Atresia.
Patients proposed to LT after failed Kasai portoenterostomy (sequential
LT) (blue) and patients having primary transplantation (Primary LT)
(orange).

decision for PLT has been made rather than waiting for weight
gain or further stabilization outside the waiting list. Intensive
nutritional and medical support while awaiting LT is essential,
and broader use of split grafts, living donor transplantation,
ABO-incompatible transplantation in selected infants, and ad-
vanced graft-reduction techniques may further improve access
to timely LT in this vulnerable population. These approaches
are particularly relevant for high-volume pediatric transplant
centers.

Future work should focus on defining robust preoperative pre-
dictors of KPE failure, integrating clinical, biochemical, imag-
ing, and composite prognostic markers [25-30]. Such tools could
help distinguish infants likely to benefit from KPE from those
more appropriately managed with early transplant strategies.
The key issue is therefore not PLT versus KPE in general, but
which sequence and timing of surgery and transplantation best
serve each individual child.

This study has several limitations. Its retrospective registry-
based design resulted in some missing data, and subgroup
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analyses were limited by sample size. In addition, the multi-
center nature of the registry introduced heterogeneity in refer-
ral pathways, medical management, and transplant practice.
However, this real-world heterogeneity also reflects everyday
clinical practice and increases the general relevance of the
findings.

5 | Conclusion

KPE should remain the recommended first-line treatment for
most infants with BA, but its benefit is limited to only a pro-
portion of patients. A sizeable subgroup proceeds rapidly to LT
after early KPE failure or presents too late with advanced dis-
ease and is considered for PLT from the outset. Earlier identi-
fication of infants unlikely to benefit from KPE, prompt listing
once a transplant-first strategy is chosen, and broader access to
technical options for very small recipients (split, living-donor
and ABO-incompatible LT) are the key elements to reduce pre-
transplant waiting and the associated clinical deterioration,
and optimizing the BA management at a national level.
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