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Abstract

Purpose Frequent post-operative cholangitis in biliary atresia (BA) affects the long-term native liver survival. This study
assessed the characteristics of early cholangitis and their influence on the prognosis.

Methods Forty-three patients with BA who underwent surgery between 2000 and 2020 were analyzed for routine inflam-
matory markers. Early cholangitis characteristics were compared between native liver survivor (NLS) and living donor liver
transplant (LDLT) patients.

Results Among the 43 patients, 30 (69.8%) experienced 130 episodes of cholangitis. In the area under the receiver operat-
ing characteristics curve (AUROC) analysis, the cutoff value of the total cholangitis episodes was 3, with an area under the
AUROC curve of 0.695 (95% confidence interval 0.522-0.868). Before 3 years old, 113 episodes (86.9%) of cholangitis
were observed. The white blood cell, C-reactive protein, and alanine aminotransferase values at cholangitis onset did not
markedly differ between the LDLT and NLS groups. Conversely, the neutrophil-to-lymphocyte ratio in the NLS group was
significantly lower than in the LDLT group (0.85 vs. 1.63, p <0.001).

Conclusions Cholangitis in the NLS group was lymphocyte-dominant and atypical in its pathogenesis. Lymphocyte-dominant
cholangitis is non-suppurative, and future research should clarify its pathogenesis to improve the treatment and prognosis
of BA.
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Introduction

Repeated episodes of cholangitis after Kasai portoenteros-
tomy (KPE) adversely affect the outcome of patients with
biliary atresia (BA) [1]. Possible predisposing factors for
cholangitis include an insufficient volume of bile flow due
to inherent hepato-cholangiopathy of the BA liver, tempo-
rary dehydration with reduced bile flow, and infection of
Department of Pediatric Surgery, Research Field in Medicine the intrahepatic bile ducts due to bacteria ascending via the
and Health Sciences, Medical and Dental Sciences Area, bilioenteric conduit with or without its obstruction [2].
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cholangitis episodes [4]. Thus, the pathogenetic mechanism
underlying post-operative cholangitis in BA may not be sim-
ple suppurative cholangitis due to ascending bacteria; rather,
it may involve a more complex cholangiopathy.

This study assessed the characteristics of cholangi-
tis in the early post-operative period and their role in the
prognosis.

Methods
Study population

The medical records of 43 patients with BA (male:
female =20:23) who underwent KPE at our institution from
2000 to 2020 were reviewed to investigate the relationship
between inflammatory biomarkers and outcomes at the
onset of cholangitis. Biomarkers included the white blood
cell (WBC) count, neutrophil-to-lymphocyte ratio (NLR),
lymphocyte ratio (lymphocytes in the total WBC count),
and C-reactive protein (CRP), total bilirubin (TB), alanine
aminotransferase (ALT), and y-glutamyl transferase (y-GTP)
levels.

First, we focused on the number of cholangitis episodes
in each patient in all episodes of cholangitis occurring in
the native liver. Then, we focused on the inflammatory bio-
markers of cholangitis before three years old. Each param-
eter at the onset of all episodes of cholangitis was compared
between patients with native liver survival (NLS) and living-
donor liver transplant (LDLT).

Surgical and post-operative management

The KPE procedure performed in this series included recon-
struction with a long Roux-en-Y jejunal limb (60 cm) follow-
ing portal dissection. Postoperative management included
the administration of ursodeoxycholic acid and methylpred-
nisolone (initial dose: 4 mg/kg/day) starting intravenously on
post-operative day (POD) 2 for 5 days, followed by 2 mg/kg/
day for 5 days, followed by oral prednisone (2 mg/kg/day)
every other day for 2 months.

In addition to this regimen, the patients received sulbac-
tam sodium 80 mg/kg/day intravenously postoperatively.
After the initiation of oral intake, the regimen was switched
to cefdinir (10 mg/kg/day) to further reduce the risk of post-
operative cholangitis.

Definition and treatment for cholangitis
We focused on inflammatory biomarkers of cholangitis.
Cholangitis was defined as a febrile episode with a body tem-

perature of >38 °C without other obvious clinical sources
of infection, as well as a combination of clinical findings.
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Clinical findings included the elevation of direct bilirubin at
least> 1 mg/dL above the previous baseline and an ALT or
y-GTP level increase to>2 or 1.5 times the upper limit of
normal, respectively [5]. Blood culture tests were not included
in the results of this study because they were rarely performed
in this study period. Cholangitis was treated by fasting and
intravenous cefoperazone sodium/sulbactam. Antimicrobial
agents were used until symptoms associated with cholangitis,
such as fever and abdominal pain resolved, WBC and CRP
were within reference values, and liver enzymes (TB, ALT,
and y-GTP) tended to decrease. No drainage was performed
for the bile lake.

Statistical analyses

The predictive ability of the total number of cholangitis cases
for the post-operative outcome over 10 years was assessed
by area under the receiver operating characteristic (AUROC)
curve analyses. The cutoff value was determined based on sen-
sitivity and specificity. The Kaplan—-Meier method was used to
calculate the NLS. Other statistical analyses were performed
using the Mann—Whitney U test for paired comparisons of
serial inflammatory parameters between the NLS and LDLT
groups. Statistical significance was set at p <0.05. Continuous
variables were summarized as medians and ranges.

All statistical analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan), a
graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria). More precisely, it is a modified
version of the R commander designed to add statistical func-
tions frequently used in biostatistics [6].

Ethical approval

A retrospective chart review and data collection were per-
formed after obtaining institutional review board approval
in accordance with the Ethical Guidelines for Medical and
Health Research Involving Human Subjects by the Ministry
of Health, Labor, and Welfare of Japan in 2014. This study
complied with the 1964 Declaration of Helsinki (revised in
2013). It was approved by the Research Ethics Committee of
Kagoshima University Hospital (registration number: 27—133).
All participants and their parents provided their informed con-
sent for registration in this study. The datasets generated and/
or analyzed during the current study are available from the
corresponding author upon reasonable request.
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Results
Clinical characteristics

The 43 patients were divided into 2 prognostic groups based
on their outcomes: the NLS group (n =30, 69.8%) and the
LDLT group (n=13, 30.2%). clinical characteristics of the
NLS and LDLT groups are shown in Table 1. None of the
patients had undergone primary LDLT and deceased donor
liver transplant. There were no significant differences in the
age at KPE between the two groups. LDLTs were performed
at a median age of 1.6 years (range; 0.9-10.4). The follow-
up period was significantly longer in the LDLT group than
in the NLS group (17.5 vs 11.6 years, p <0.05). Thirteen
(30.2%) of the 43 patients had no episodes of cholangitis
during the post-operative period, and none of these patients
subsequently required LDLT.

Total episodes of cholangitis and the outcomes

Among the 43 patients, 30 (69.8%) experienced 130 epi-
sodes of cholangitis (Fig. 1). The number of cholangitis epi-
sodes per person was significantly higher in the LDLT group
than that in the NLS group (4.5 vs 2.4, p <0.05) (Table 1).

We analyzed the NLS rate using the AUROC curve of
the total number of patients with post-operative cholangi-
tis. In the AUROC curve analysis, the cutoff value of the
total number of cholangitis episodes experienced was 3,
with an AUROC curve of 0.695 (95% confidence inter-
val 0.522-0.868) (Fig. 2a). This result showed that those
who had more than 3 episodes of cholangitis were likely to
receive LDLT (p <0.05) (Fig. 2b).

Comparisons of laboratory data at the time
of cholangitis between the NLS and LDLT groups

Before 3 years old, 113 episodes (86.9%) of cholangitis were
recognized (Fig. 3): 19 patients with 71 cholangitis episodes
in the NLS group and 10 patients with 42 cholangitis epi-
sodes in the LDLT group. Table 2 illustrates the character-
istics of laboratory data at the time of cholangitis occur-
rence before three years old. The NLR in the NLS group was
approximately half that in the LDLT group (0.85 vs. 1.63,
p<0.001). Similarly, the lymphocyte ratio was significantly
higher in the NLS group than in the LDLT group (47.75 vs.
33.30, p<0.001).

The TB and y-GTP levels in the NLS group were sig-
nificantly lower than those in the LDLT group (1.2 vs. 3.0,
p<0.001, 436 vs. 668, p<0.01, respectively). However,

Table 1 Clinical characteristics
comparing the NLS group with

the LDLT group

NLS group LDLT group p value
Total number of patients 30 13 -
Number of cholangitis 72 58 -
Number of cholangitis per person 24 4.5 <0.05
Age at KPE surgery (days) 58 (52.5-72.5) 67 (58.5-79.5) 0.14
Age at LDLT (years) - 1.6 (0.9-10.4) -
Follow-up period (years) 11.6 (7.8-14.4) 17.5 (13.4-20.5) <0.05

Statistical analysis results with significant differences are indicated in bold

NLS native liver survivor, LDLT living-donor liver transplant, KPE Kasai portoenterostomy

Fig. 1 Flowchart of the BA
patients with cholangitis. BA
biliary atresia, KPE Kasai por-

BA patients underwent KPE from 2000 to 2020
Patients number = 43

toenterostomy

No episode of cholangitis

Patients number = 13 (30.2%)

Cholangitis after KPE
130 episodes (Patients number = 30, 69.8%)

Cholangitis after the age of 4 years old

17 episodes

Cholangitis before the age of 3 years old
113 episodes (Patients number = 29)
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Fig.2 ROC curve of the cholangitis frequency and the native liver survival curve of the two cohorts. a ROC curve. b Native liver survival curve.
ROC receiver operating characteristic, AUC area under the receiver operating characteristic curve

Fig. 3 Number of episodes of
cholangitis according to age.
The "0" in Age refers to the
period from post-KPE surgery
to 6 months of age, and "0.5"
refers to the period from 7 to 11
months of age

Table 2 Comparison of
laboratory data at the time of
cholangitis before three years
old between the two groups
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NLS group LDLT group p value
WBC 8870 (6255-13,295) 8700 (5640-11,910) 0.59
Lymphocyte ratio 47.75 (37.4-58.0) 33.30 (22.0-43.5) <0.001
NLR 0.85 (0.48-1.53) 1.63 (1.08-2.52) <0.001
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Statistical analysis results with significant differences are indicated in bold

NLS native liver survivor, LDLT living-donor liver transplant, WBC white blood cell, NLR neutro-
phil-lymphocyte ratio, CRP C-reactive protein, ALT alanine aminotransferase, 7B total bilirubin,
v-glutamyltranspeptidase, y-GTP
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there was no marked difference between the groups in the
WBC, CRP, or ALT values at the onset of cholangitis.

Discussion

We investigated the prognostic impact and characteristics of
post-operative cholangitis in patients who underwent KPE
for BA at our institution over approximately 20 years. The
major findings of this study were as follows: (1) among the
43 patients, 30 experienced a total of 130 episodes of chol-
angitis; (2) those who had more than 3 episodes of chol-
angitis were more likely to undergo LDLT than those with
fewer episodes; (3) cholangitis after KPE occurred before
3 years old in 86.9% of cases; and (4) the NLR at the time
of cholangitis in the NLS group was about half that in the
LDLT group.

Recurrent cholangitis is considered a major prognostic
factor affecting the outcomes of KPE for BA. According
to a recent national database study in the USA, the median
number of cholangitis episodes within two years was two
[7]. Similarly, in our series, episodes of cholangitis most
frequently occurred before three years old, and patients
with more than three episodes of cholangitis were likely to
undergo LDLT. Therefore, we focused on short- to mid-term
episodes of cholangitis. Multiple studies have revealed that
recurrent cholangitis episodes cause progressive liver injury
and fibrosis, leading to cirrhosis and liver failure [8—10].
This is likely due to repeated inflammation and cell dam-
age induced by cholangitis spreading from the biliary tree
[9, 11]. However, the detailed mechanism underlying the
frequent incidence of cholangitis in the early post-operative
period is unclear.

Several possible causes of post-operative cholangitis have
been reported [2, 3, 12]. Cholangitis caused by cholestasis
due to obstructive adhesions is a type of cholangitis with a
clear and easily understood mechanism. In post-operative
patients with good bile excretion who suddenly develop
repeated episodes of cholangitis with neutrophilia, it is our
clinical experience to rule out stasis in the jejunal limb [13]
by hepatobiliary scintigraphy using technetium 99 m-N-pyr-
idoxyl-5-methyl tryptophan (PMT) to evaluate the transition
of bile through the Roux-en-Y limb to the upper jejunum.
If there is abnormal limb retention, adhesiolysis of the limb
should be recommended.

Our study suggests that cholangitis with neutrophilia
is not the only cause of post-operative cholangitis. Chol-
angitis in the NLS group was lymphocyte-dominant and
atypical in its pathogenesis. We propose the term "non-
suppurative cholangitis" to describe this pathological
entity more accurately. Recognizing the concept of non-
suppurative cholangitis seems to provide us with insight

into the etiopathogenesis of BA as well as the daily clinical
management of cholangitis in BA from a different aspect.

Davenport et al. reported that the outcome of BA was
predicted by six months post-KPE [14—16] using various
immunological biomarkers, including T helper 17 (Th17)
and regulatory T (Treg) cells, and serum levels of adhesion
molecules. These markers, all of which are accentuated by
IL-6, are not always available in daily clinical practice.
In our previous report, we showed that CRP and lympho-
cyte counts were related to the prognosis of BA [17]. In
the present study, the NLR was focused on characterizing
episodes of post-operative cholangitis in addition to CRP,
which is associated with elevation of IL-6. The NLR of
the peripheral blood is an ordinary product of ubiquitous
biomarkers that underlies the complex pathophysiological
processes of systemic inflammation and immune balance
and has recently been reported in patients with systemic
inflammatory diseases, including cardiovascular diseases,
cancer, and liver transplant patients [18-20].

Episodes of non-suppurative cholangitis seem to reflect
an activated inflammatory environment in the BA liver,
represented by elevated CRP levels, which may also poten-
tially lead to suppurative cholangitis. This concept cor-
responds to a previous report on cholangitis cases that
were refractory to simple antibiotic administration, which
noted that clinical improvement was achieved in 60% of
patients following high-dose, short-duration intravenous
steroid pulse therapy [21]. The more aggressive use of
steroids in the early post-operative period might interrupt
the latent condition of immune-mediated flare-up, pre-
venting diminution of bile flow, which potentially allows
bacterial overgrowth in the bile duct, leading to suppura-
tive cholangitis. Based on this context, our post-operative
protocol, in which all patients receive long-term post-oper-
ative prophylactic antibiotics, was not effective.

In the present study, we demonstrated for the first time
that the NLR is involved in the pathogenesis of cholangi-
tis in BA and affects its outcome. A major limitation of
our study was that the definitive diagnosis of cholangitis
was symptomatic and difficult to differentiate from other
viral infections. Although we evaluated episodes of chol-
angitis, we found that the NLR as a ubiquitous laboratory
biomarker could discriminate between the two types of
cholangitis and may allow us to modify our management
accordingly, such as antibiotics, aggressive corticoster-
oid therapy, or lysis of adhesion of the Roux-en-Y limb.
A prospective study is warranted to investigate lympho-
cyte dynamics, including regulatory T cells, to support
our concept of defining suppurative and non-suppurative
cholangitis, as the Th17/Treg ratio is increased in BA, as
seen in autoimmune diseases and graft-versus-host disease
[15, 16].
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