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Abstract This study evaluated the efficacy of measuring
urinary sulfated bile acids (USBA) for diagnosis of
bacterial cholangitis in patients with biliary atresia.
Eight infants with biliary atresia were recruited. The
USBA level was measured when they were admitted to
hospital with a fever of unknown origin. Clinical man-
ifestations and laboratory data were reviewed. The
standard USBA value for each patient (S-USBA) was
defined as the level measured when they had no fever,
and USBA ratio (R-USBA) was calculated as the USBA
level during the febrile episode divided by the S-USBA.
Then R-USBA values were compared between febrile
episodes with and without cholangitis to assess the
diagnostic ability of USBA. Twenty-three febrile epi-
sodes occurred in eight patients during a 15-month
period. Nine episodes were diagnosed as being due to
cholangitis, five were due to non-cholangitis, and nine
were of undetermined origin. The R-USBA value ranged
from 1.5 to 15.4 during cholangitis episodes and from
0.4 to 1.2 during non-cholangitis febrile episodes. When
fever was of undetermined origin, R-USBA was found
to be increased during some episodes and not in others.
USBA increased immediately in patients with cholangi-
tis. The measurement of USBA is a useful non-invasive
test for cholangitis in patients with biliary atresia who
had undergone Kasai’s operation.
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Introduction

Ascending bacterial cholangitis is a major management
problem in patients with biliary atresia after hepatic
portoenterostomy. Early treatment is very important
because bacterial cholangitis may aggravate cholestasis
and worsen liver function, accelerating progression to
cirrhosis. However, the diagnosis is often empirical and
it is not always easy to detect cholangitis accurately and
promptly.

It is known that urinary excretion of sulfated bile
acids (USBA), which are water-soluble, increases as an
alternate metabolic pathway in patients with cholestasis
[1–3]. Accordingly, we investigated the efficacy of mea-
suring USBA for the early diagnosis of cholangitis in
patients with biliary atresia.

Materials and methods

From November 2001 to March 2003, 18 infants
underwent surgery for biliary atresia at Kobe Children’s
Hospital. Eight of these patients were admitted to the
hospital with cholangitis after Kasai’s operation be-
tween May 2002 and March 2004, and were recruited for
this study. The USBA level was measured each time
when they were admitted with fever. Clinical manifes-
tations and laboratory data were reviewed, including the
complete blood count, C-reactive protein (CRP), serum
bilirubin, and hepatic enzymes [glutamic-oxaloacetic
transaminase (GOT) and glutamine pyruvic transami-
nase (GPT)].

A diagnosis of cholangitis was made on the basis of
otherwise unexplained fever (>38�) associated with ele-
vated serum CRP and an increase of serum bilirubin.
Febrile episodes without cholangitis were due to upper
respiratory tract infection, enterocolitis, influenza, and/
or fever after endoscopic sclerotherapy. When the source
of infection was unidentified and there was no increase
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in serum bilirubin, this was defined as fever of unde-
termined origin.

About 5 ml of urine was obtained from each patient.
The measurement of USBA was performed by enzy-
matic assay at a contract laboratory (FALCObiosystems
Co., Ltd., Kyoto, Japan). The standard USBA value (S-
USBA) of each patient without jaundice was defined as
the minimum USBA level measured when they had no
fever. In icteric infants, S-USBA level was defined as the
level measured while temperature and liver function
were stable within a few weeks before or after a febrile
episode because the value was dependent on the degree
of cholestasis. The USBA ratio (R-USBA) was calcu-
lated as the USBA level at the time of a febrile episode
divided by the S-USBA value.

Results

Five of the eight patients had no jaundice and the
remaining three suffered from jaundice (cases #6, 7, 8).
Twenty-three febrile episodes were documented in these
eight patients during the 15-month study periods. Nine
episodes were due to cholangitis, five episodes were
definitely not due to cholangitis, and the remaining nine
episodes were fever of undetermined origin. The data
from the episodes of cholangitis, non-cholangitis fever
and undetermined fever are summarized in Tables 1, 2,
and 3, respectively. R-USBA ranged from 1.5 to 15.4
during episodes of cholangitis (Table 1). In three of the
nine episodes, USBA was elevated 2 days before the
elevation of total bilirubin (episodes No. 2, 3, and 7).
The cause of fever and the USBA levels during the non-
cholangitis episodes are summarized in Table 2. During
the non-cholangitis episodes, R-USBA ranged from 0.4
to 1.2 (Table 2). In episodes of undetermined fever, R-
USBA ranged from 0.3 to 4.8 (Table 3).

When the cut-off value of R-USBA was set more than
2.0, the sensitivity, specificity, and positive and negative
predictive values of this test was 66.7, 100, 100 and
62.5%, respectively, for the diagnosis of cholangitis
(Table 4).

Discussion

Cholangitis has been one of the most important and
difficult sequelae to manage after Kasai’s portoenteros-
tomy for biliary atresia. It has been reported that 33–
90% of patients with biliary atresia experience at least
one episode of cholangitis [4–6]. Pediatric surgeons are
very sensitive about febrile episodes in patients with
biliary atresia because cholangitis can lead to obstruc-
tion of bile flow and deterioration of liver function.
Early treatment, including nil orally and intravenous
antibiotics, is required for the successful management of
cholangitis in order to minimize adverse effects on the
liver. However, it is not always easy to make a prompt
and an accurate diagnosis of cholangitis, since there are
no fixed diagnostic criteria. Although it is generally
considered that cholangitis is characterized by unex-
plained fever with elevation of CRP and jaundice (or
acholic stools) [6–8], the increase of CRP is well known
to be delayed by 24 h or so and the serum bilirubin level
does not necessarily increase. In three of the nine epi-
sodes of cholangitis in this series, USBA increased
2 days earlier than the elevation of total bilirubin. Al-
though blood culture can directly detect the organism
causing cholangitis, the rate of positive blood cultures is
low [6, 9]. Some authors have proposed the efficacy of
liver biopsy [10, 11], but such a procedure is clearly too
invasive when measurement of USBA is simple and only
requires a urine sample.

Sulfated bile acids have a high water solubility and
are immediately excreted into the urine if the serum
concentration of these bile acids increases sufficiently.
We demonstrated that the USBA level showed an
immediate increase in patients with cholangitis. The
mechanism of the increase of USBA in cholangitis is
thought to be an obstruction due to inflammatory cell
infiltration around the intrahepatic bile ducts. As a re-
sult, excretion of bile from hepatocytes into the bile
canaliculi and drainage of bile are impaired, and chole-
stasis occurs. Cholestasis increases the serum bile acid
level and renal excretion, as USBA occurs.

Table 1 Laboratory data and USBA values for each febrile episode confirmed as cholangitis (T-bil total bilirubin, GOT glutamic-
oxaloacetic transaminase, GPT glutamine pyruvic transaminase, CRP C-reactive protein, USBA urinary sulfated bile acids, R-USBA the
USBA ratio) (day a = a days from the febrile day)

Febrile
episode NO.
(case NO.)

Age at
examination
(months)

Serum T-bil
(mg/dl)
(baseline value)

Serum T-bil
(mg/dl)

CRP
(mg/dl)

USBA
value
(lmol/l)

R-USBA

1(#1) 18 0.57 1.29 (day 0) 2.9 (day 0) 140.63 (day 0) 15.4
2(#2) 12 0.41 2.51 (day 2) 5.3 (day 0) 242.64 (day 0) 4.9
3(#2) 15 0.5 2.17 (day 2) 4 (day 0) 76.89 (day 0) 1.6
4(#3) 7 0.34 1.56 (day 0) 6.4 (day 0) 30.28 (day 1) 2.1
5(#4) 7 0.86 1.54 (day 1) 3.7 (day 1) 41.8 (day 1) 1.5
6(#5) 5 0.59 1.91 (day 4) 6.18 (day 4) 209.75 (day 4) 10.3
7(#6) 3 1.91 2.86 (day 2) 12.42 (day 2) 174.64 (day 0) 3
8(#7) 6 2.19 2.91 (day 2) 4.91 (day 2) 51.16 (day 2) 1.5
9(#8) 4 2.78 6.2 (day 2) 4.39 (day 2) 563.85 (day 2) 3.9
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We demonstrated that the R-USBA value increased
immediately in cholangitis, but not in non-cholangitis.
However, in the treatment of febrile episodes in post-
operative patients, the biggest problem is how to manage
an undetermined fever. Most of pediatric surgeons treat
such episodes as suspected cholangitis; i.e., hospitaliza-
tion and intravenous administration of antibiotics with
nil orally are done empirically. Such treatment is not only
costly but also decreases the quality of life of patients.

The R-USBA value was variable in the undeter-
mined fever group in this study. The episodes of in-
creased R-USBA showed that cholestasis could occur
when the body temperature rose. However, conven-
tional tests such as total bilirubin did not reveal cho-
lestasis. It is possible that these were episodes of
cholangitis with cholestasis. On the other hand, the
febrile episodes without an increase of R-USBA were
not associated with cholestasis and were unlikely to be
cholangitis. For example, in febrile episodes no. 17 and
18, the hepatic enzymes were elevated more than twice

their usual value (GOT/GPT = 161/205 and 286/233,
respectively) without elevation of serum total bilirubin.
It is very difficult to determine whether these two feb-
rile episodes were due to cholangitis or non-cholangitis.
However, R-USBA showed cholestasis, so these two
febrile episodes may be considered as cholangitis.

There are some problems with using the measurement
of USBA as a test for cholangitis. Firstly, in biliary
atresia patient, the standard USBA level cannot be
determined because it fluctuates with potential associ-
ated cholestasis. For this reason, the R-USBA value was
used in the present study. Secondly, fever associated
with cholestasis does not pathopysiologically corre-
spond to cholangitis. To solve this problem, a prospec-
tive study using USBA to detect cholangitis is necessary
in the future.

In conclusion, measurement of USBA is a helpful and
non-invasive diagnostic test for postoperative cholangi-
tis in patients with biliary atresia and could be included
in the routine work-up for suspected cholangitis.
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