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Abstract

It is uncertain whether prior Kasai procedures negatively impact the outcomes of liver transplantation (LT).
The prior meta-analysis did not distinguish between Kasai early failure (K-EF) and late failure (K-LF).
Numerous studies have been recently published; therefore, we perform a systematic review and meta-
analysis.

‘We searched PubMed and Embase databases to identify studies comparing the outcomes of biliary atresia
(BA) patients undergoing primary LT versus patients with prior Kasai procedures. Subgroup analysis was
done at the time of Kasai failure (early vs. late).

Twenty-five studies comprising 6,408 patients receiving LT were included in the analysis. We found a
statistically significant increase in one-year graft survival in K-LF versus primary liver transplant (pLT) (P =
0.0003). One-year patient survival was also increased in K-LF, although not statistically significant (P =
0.09). No difference in the one- and five-year graft and patient survival, reoperation rate, infection, and
biliary complication was seen in pLT vs overall prior Kasai (K-EF and K-LF).

These results suggest that prior kasai procedure does not negatively impact the outcome of LT. In addition,
BA patients with prior Kasai undergoing LT later in life tend to perform better than primary liver transplants.

Categories: Pediatric Surgery, Gastroenterology, Transplantation
Keywords: pediatric liver t kasai hepatico-por primary liver t ion, biliary atresia,
kasai procedure

Introduction And Background

Biliary atresia (BA) is the major cause of pediatric end-stage liver disease and a common indication for liver
transplants worldwide. It is characterized by obliteration of bile ducts; the exact cause of BA is not well
established. BA has a worldwide distribution, affecting different ethnicities. The Kasai procedure remains
the initial and standard treatment for infants with BA. However, the procedure has a high failure rate. There
is concern about increased surgical complexity during salvage LT for patients with prior portoenterostomy,
subsequently impacting the postsurgical outcomes in this population [1,2]. Moreover, over half of BA infants
with prior Kasai procedures will eventually be listed for LT [3], and the outcomes of liver transplants have
dramatically improved in recent eras, which led to the hypothesis of primary liver transplant instead of
initial Kasai portoenterostomy in selected infants with BA [2,4].

It is debatable whether prior por has a negative impact on the outcome of LT. Previous studies
have reported conflicting outcomes [1,2,4-7]. A prior meta-analysis of 1,560 patients reported comparable
patient and graft survival between patients with primary LT (pLT) and prior portoenterostomy, and reduced
infection rate in the pLT group [8]. However, there was no distinction between patients with prior Kasai
procedures who had early portoenterostomy failure (failure within one year of the procedure) and late Kasai
failure (after the first year of the procedure). Studies have shown differences in the clinical characteristics
and outcomes between these two distinct groups [1,5-7].

‘The impact of prior portoenterostomy on LT for BA remains controversial. Several recent studies on this
theme have been published. Therefore, we performed an updated systematic review and meta-analysis and
explored the subgroup analysis of patients who had Kasai early failure (K-EF), Kasai late failure (K-LF), and
PLT.

Review
Methodology
Search Strategy

This systematic review and meta-analysis were conducted according to the recommendations of the
Cochrane Collaboration and the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) statement guidelines [9]. Two authors (V.S. and W.J.) independently reviewed the literature.
Disagreements were resolved among three authors (V.S., W.J., and T.F.). The pre-specified research protocol
was not published. A systematic search was performed in PubMed and EMBASE databases from inception to
April 2023 for studies published with the following heading terms: “Biliary atresia,” ‘transplantation,” “liver
transplantation,” “hepatic t i e

,” “port ,” “Kasai hepatopor )’ “Kasai
procedure,” and “biliary-enteric drainage.” In addition, the references of the retrieved studies were
evaluated for additional studies. There were no restrictions on the language and publication year.

Selection Criteria

Studies that met the following criteria were included (1) studies with BA patients; (2) those comparing the
outcome of LT in BA patients with prior Kasai procedure versus BA patients without prior Kasai procedure;
and (3) reported at least one of the outcomes of interest. Reviews, case reports, and editorials were
excluded.

Endpoints

The authors independently extracted baseline characteristics and the endpoints included for the analysis
using pre-specified criteria were search, data extraction, and quality assessment. We performed a systematic
review and meta-analysis on the following endpoints: one-year and five-year patient survival, one-year and
five-year graft survival rate, biliary ication, vascular lication, infection, reoperation rate,
retransplantation, and length of hospital stay. We compared these outcomes between patients who had prior
Kasai vs. pLT. We further subdivided the prior Kasai group into two groups for subgroup analysis. K-EF when
a liver transplant was performed within one year of the initial Kasai procedure, and K-LF when LT was
performed beyond the first year of the initial Kasai. Each of these groups was compared with the pLT group.

Quality Assessment

The risk of bias and quality assessment of each individual study was performed independently. Quality
assessments of non-randomized controlled trials were appraised using the Cochrane Collaboration tool for
assessing the risk of bias in non-randomized studies (ROBINS-T) [10]. Each study was categorized as critical,
serious, moderate, and low risk in all seven domains: confounding, selection, classification, deviations from
intended interventions, missing data, measurement of the outcomes, and selection of reported results.
Publication bias was investigated with funnel-plot analysis of the primary outcomes.
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Statistical Analysis

This systematic review and meta-analysis was performed according to the recommendations of the
Cochrane Collaboration and PRISMA statement guidelines. For binary outcomes, the effect of the
intervention was compared using pooled odds ratios (OR) with 95% confidence intervals (CI), and for
continuous outcomes, weighted mean differences were used. Heterogeneity was evaluated with the Cochran
Q test and I? statistics; p-values < 0.10 and I? > 25% were considered significant for heterogeneity. Random-
effects models were used in pooled outcomes with high heterogeneity, and a fixed-effect model was used for
endpoints with I? < 25%, low heterogeneity. We used Review Manager 5.4 (Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark) for statistical analysis.

Results

Study Selection and Characteristics

The initial search yielded 1,801 results; 64 studies remained for full-text review after duplicate removal and
exclusion of studies that did not meet the inclusion criteria based on title and abstract screening. We finally
included 25 studies [1-7,11-28], of whom three were identified from relevant references and met the
inclusion criteria (Figure 7). All studies were non-randomized, comprising 6,408 BA patients, 22% were
primary liver transplants and 72% had prior portoenterostomy. Table / summarizes the pretransplantation
baseline characteristics between pLT and the prior Kasai group.
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Pooled Analysis

A total of 14 studies reported a one-year patient survival rate, eight reported a one-year graft survival and
five-year patient survival rate, five reported five-year graft survival rates, and 13 reported reoperation rates.
The meta-analysis did not show a significant difference in the one-year patient survival rate between pLT vs.
prior Kasai group (OR 1.10; CI 0.78 - 1.54; P = 0.59; Figure 2) and one-year graft survival rate (OR 0.98; CI
0.76 - 1.28; P = 0.90; Figure 5). The five-year patient and graft survival rates were comparable between the
groups (OR 1.07; C1 0.69 - 1.65; P = 0.76 and OR 0.86; CI 0.68 - 1.08; P = 0.20), respectively (Appendix). In
addition, there was no statistically significant difference in the reoperation rate (OR 0.94; CI 0.55 - 1.61; P =
0.83; Figure 4). Biliary complications were reduced in the patients with pLT, although the difference was not
statistically significant (OR 0.69; CI 0.47 - 1.01; P = 0.06; Figure 5A). Similarly, the infection rate was lower in
the pLT group but was not statistically significant (OR 0.58; CI 0.29 - 1.15; P = 0.12; Figure 5B).
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FIGURE 2: One-year patient survival rate: pLT vs. prior Kasai
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FIGURE 3: One-year graft survival rate: pLT vs. prior Kasai
pLT - primary liver transplant, LT - Liver transplantation
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FIGURE 4: Reoperation rate: pLT vs. prior Kasai

pLT - primary liver transplant, LT - Liver transplantation
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FIGURE 5: (A) Biliary complication rate: pLT vs. Prior Kasai. (B) Infection
rate: pLT vs. prior Kasai

Subgroup Analysis

Four included studies subcategorized the prior Kasai group into K-EF and K-LF; therefore, we performed a
subgroup analysis on patients with pLT and K-LF. The primary LT group had a significantly reduced one-year
graft survival compared to the K-LF group (OR 0.44; CI 0.29 - 0.69; P = 0.0003; Figure 6A). One-year patient
survival was also decreased in the pLT group, although there was no statistically significant difference (OR
0.61; C10.34 - 1.08; P = 0.09; Figure 65). No statistically significant differences were found for biliary
complications and the reoperation rate between patients with pLT and K-LF (OR 1.37; C1 0.31 - 5.96; P = 0.68
and OR 1.55; C1 0.74 - 3.22; P = 0.24), respectively (Appendix). No difference was seen in one-year patient
and graft survival when comparing pLT vs. K-EF (OR 1.35; CI 0.53 - 3.42; P =0.53) and (OR 1.14; C10.70 -
1.88; P = 0.59), respectively (Appendix).
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Liuetal, 2022(7) N 43 82 83 33% 025(002,284) I

Neto etal, 2015 (6] 19 138 109 115 216% 034(013,089) ——

Yoeli etal, 2022 (5] 302 436 430 453 T719% 0.48[0.28,0.80] -+

Total (95% CI) 639 700 100.0%  0.44[029,0.69) L J

Total events 573 668

Heterogeneity: Tau*= 0.00; Chi*= 0.87, df=3 (P = 0.83), F= 0% T 7

Test for overall effect Z= 3,59 (P = 0.0003) FABRLE ERRT

B) pLT KLF 0dds Ratio 0dds Ratio
Study or Subgroup Events Total Events Total Weight M.H,Random, 95% Cl M.H, Random, 95% CI
Alexopoulos etal 2012(1] 2 22 47 49 55%  0.89(0.08,10.41] —
Liu etal, 2022[7) 40 43 80 83 122% 050(0.10,259) —
Neto etal,, 2015 [6) 128 138 108 115 331% 083(0.31,226) ——

Yoeli etal, 2022 [5] 419 436 444 453 492% 050(0.22,1.13] —

Total (95% CI) 639 700 100.0% 061[0.34,1.08] >

Total events 608 679
Heterogeneity: Taw? = 0.00; ChP = 0.74, of= 3 (P= 0.86), F= 0%
Testfor overall effect Z=1.69 (P = 0.09)

0.1 10 100
Favours K-LF Favours pLT

FIGURE 6: (A) One-year graft survival: pLT vs. K-LF. (B) One-year patient
survival: pLT vs. K-LF

pLT - primary liver transplant, K-LF - Kasai late failure

Quality Assessment

‘We included 25 non-randomized studies in this meta-analysis. The appraisal of each individual study is
reported in Table 2 for non-RCTs. In general, most of the studies were classified as having a moderate risk of
bias and two as a critical risk. There was no evidence of publication bias by funnel plot analysis (Figure 7).
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FIGURE 7: Funnel analysis on reoperation
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Bias in Bias in Bias due to deviations  Biasdueto Bias in Overall risk of

Bias due to Bias in selection of
Study. selection of classification of from intended missing measurement of bias

confounding the reported result

data outcomes judgement

Yoeli etal.,

Moderate Low Low Low Low Low Low Moderate
2022 5
Yang etal

Moderate Low Low Low Low Low Low Moderate
2018 [28]
Wood etal.,

Moderate Low Low Low Moderate  Low Low
1990 [12]
Wang etal.,

Moderate Low Low Low Low Low Low Moderate
2013 [29]
Visser etal.,

Moderate Low Low Low Moderate  Low Low Moderate
2004 [16]
Tiao etal.,

Moderate Low Low Low Low Low Low Moderate
2008 [18]
Tambucc et

Moderate Low Low Low Low Low Low Moderate
al, 2021 [21]
Sandler et al.,

Moderate Low Low Low Low Low Low Moderate
1996 [4]
Safwan etal.,

Moderate Low Low Low Low Low Low Moderate
2016 [27]
Neto etal.,

Moderate Low Low Low Low Low Low Moderate
2015 [6]
Mills et al.,

Moderate Low Low Low Low Low Low Moderate
1998 [11]
Meister etal.,

Moderate Moderate Low Low Low Low Low Moderate
1993 [13]
Malhotra et al.,

Moderate Low Low Low Low Low Low Moderate
2015 [26]
Liu et al,, 2022

Moderate Low Low Low Low Low Low Moderate
lyl
Lietal, 2019

Moderate Low Low Low Low Low Low Moderate
20]
Lemoine et al.,

Moderate Low Low Low Low Low Low Moderate
2022 [22)
LeeVan etal.,

Moderate Low Low Low Serious Moderate Low Serious
2018 12
Karakayali et

Moderate Low Low Low Low Low Low Moderate
al., 2008 [25]
Diem et al.,

Moderate Low Low Low Low Low Low Moderate
2003 [
Cowles etal.,

Moderate Low Low Low Low Low Low Moderate
2008 [17]
Choungboonsi
etal, 2021 Moderate Low Low Low Low Low Low Moderate
[24]
Chardot etal.,

Moderate Low Low Low Serious Low Low Serious
2001 [14]
Alexopoulos et

Moderate Low Low Low Low Low Low Moderate

al, 2012[1]

TABLE 2: Risk of bias summary for non-randomized studies (ROBINS-I)

Discussion

This systematic review and meta-analysis of 25 studies and 6,408 BA patients compared the outcomes of LT
in infants with prior Kasai portoenterostomy versus primary LT. The main findings were as follows: (1)
comparable outcomes were seen in one-year patient and graft survival between pLT vs. prior Kasai; (2) no
difference was seen in the patient and graft five-year survival and reoperation rate; (3) subgroup analysis
demonstrated a significant reduction in one-year graft survival in the pLT group compared to K-LF; there
was a reduced although a not significant difference in one-year patient survival in pLT compared to K-LT; (4)
comparable outcomes in reoperation and biliary complications were seen between the two groups; and (5)
there were no differences in the outcomes after pLT or K-EF.

The Kasai procedure is the preferred initial treatment for infants with BA. Primary liver transplants for BA
are usually reserved for advanced diseases at the time of diagnosis [30]. Many patients who undergo the Kasai
procedure will eventually fail and require a salvage LT (sLT). The high failure rate of the Kasai procedure and
advances in the pediatric liver transplant field with an excellent outcome led to the question of whether the
Kasai procedure should remain the initial treatment for infants with BA. Studies have investigated the
influence of prior Kasai procedure on the outcomes of LT. LeeVan et al., in their retrospective analysis of 313
PLT patients and 147 sLT, reported a higher risk of mortality in patients who had prior Kasai compared to pLT
(HR 0.43; P = 0.03). Similarly, higher post-transplant surgical complications were reported in a prior Kasai
group by Tambucci et al. On the contrary, several other studies reported no significant difference in the
patient and graft survival rate [5,21,22]. No significant statistical difference was seen in the patient and graft
survival rates between pLT and prior Kasai group in this meta-analysis (P = 0.59 and P = 0.90), respectively.
In addition, there was no difference in the reoperation rate.

Yang et al. investigated the impact of the Kasai procedure and nutritional status. They reported a
significantly lower incidence of severe pulmonary infection in the prior Kasai group than pLT (P = 0.01).
Similarly, Liu et al. reported a higher incidence of cytomegalovirus infection in patients in the pLT group.
Conversely, the prior Kasai group was reported to have an increased infection complication rate and higher
mortality risk than the pLT group by LeeVan et al. We report a reduced infection rate in the pLT group,
although this was not statistically significant between the groups (OR 0.58; CI 0.25 - 1.15; P = 0.12).

Previous meta-analyses did not include biliary complications in the analysis. However, it is an important
complication in pediatric LT, with a rate of approximately 15% according to Registry data from pediatric-
focused liver transplant programs in North America [31]. There is heterogeneity in the reports of biliary
complications; some studies reported no difference in the incidence of biliary complications between groups
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[7,24], whereas others reported a lower incidence of biliary complications in the pLT group [6]. Cumulative
data demonstrates non-statistically significant differences in the incidence of biliary complications between
pLT and the prior Kasai group (OR 0.69; 0.47 - 1.01; P = 0.06).

‘Two distinct populations can be seen in the patients who underwent prior Kasai group. However, most
studies have not distinguished between these patients when performing analysis, which might have
contributed to the heterogeneity of the outcomes reported across the studies [1-5,11-28]. Patients with K-EF
tend to display similar characteristics to pLT at the time of transplantation, such as lower body weight and
higher PELD score, in contrast to the K-LF group [1;5-7]. Additionally, lower body weight is known to be
predictive of reduced patient and graft survival rates after LT [32]. A subanalysis of pLT vs. K-LF reported a
56% decrease in the odds of one-year graft survival in the pLT group (P = 0.0003) and a 39% decrease in the
odds of patient survival after pLT. However, comparable outcomes were seen when comparing pLT to K-EF.

This study had some limitations. First, our meta-analysis included retrospective studies that were
susceptible to bias in all retrospective studies. Second, most of the included studies had a moderate risk of
bias. Third, the population number in this study may still be unpowered to detect differences in the major
outcomes between pLT and prior Kasai.

Conclusions

Our study investigated posttransplant outcomes in BA patients with prior Kasai procedure and pLT. In
addition, we subcategorized prior K-EF and K-LF and compared their outcomes to the pLT group. This study
found no difference in one- and five-year patient and graft survival outcomes between pLT vs. prior Kasai
group. However, we did find decreased odds of a one-year graft survival rate in pLT compared to the K-LF
group. According to our results, K-EF and pLT d ble survival and K-LF d
a superior graft survival rate to the pLT groups. These results support the findings that patients with prior
Kasai are clinically distinctive and may have different transplant outcomes depending on the time of their
initial Kasai procedure failure.

Appendices
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FIGURE 8: Supplemental Appendix

(E) One-year patient survival rate: pLT vs. Kasai late failure (K-EF). (F) One-year graft survival rate: pLT vs. Kasai
late failure (K-EF).
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(A) Five-year patient survival rate: pLT vs. prior Kasai. (B) Five-year graft survival rate: pLT vs. prior Kasai.
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FIGURE 10: Supplemental Appendix

(C) Reoperation rate: pLT vs. Kasai late failure (K-LF). (D) Biliary complication rate: pLT vs. Kasai late failure (K-
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