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ABSTRACT
AIM: To better understand the effect of partial external biliary 
diversion (PEBD) in patients with progressive familial intrahepatic 
cholestasis 1 (PFIC1). 
MATERIALS AND METHODS: We analyzed quantitative 
changes in the concentrations of individual bile acids in serum, 
urine, and biliary bile, and concomitant changes in symptoms such 
as pruritus, in 2 patients whose PFIC1 clinically evolved to resemble 
the course of benign recurrent intrahepatic cholestasis (BRIC) upon 
treatment with PEBD. 
RESULTS: Patient 1 showed good therapeutic effect after PEBD 
including improved liver function test results and decreased total 
bile acids in serum, as well as decreased pruritus. The cholic acid 
(CA)/chenodeoxycholic acid (CDCA) ratio in biliary bile also 
decreased. Patient 2, however, experienced little decrease in pruritus 
after PEBD, and showed no clear change in the CA/CDCA ratio. 
Nonetheless, this patient’s course did not rapidly worsen.
CONCLUSION: In PFIC1, increased bile secretion and a 
decreased CA/CDCA ratio in biliary bile may be the most important 
responses after PEBD. Relief of pruritus is also an important sign 
of therapeutic effect. Moreover, progression of symptoms in PFIC1 
sometimes can be delayed by PEBD, resulting in a relatively mild 
BRIC-like course, even when the CA/CDCA ratio and pruritus show 
little change. However, mechanisms underlying clinical benefits 
remain obscure.

Abbreviations
PFIC1: progressive familial intrahepatic cholestasis 1; 
GGT: γ-glutamyltransferase; 
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INTRODUCTION
Progressive familial intrahepatic cholestasis 1 (PFIC1) is a liver 
disease characterized by progressive intrahepatic cholestasis, 
pruritus, diarrhea, failure to thrive, generally elevated serum 
concent ra t ions of t ransaminases , low or normal serum 
concentrations of γ-glutamyltransferase (GGT), normal serum 
cholesterol concentrations, fat-soluble vitamin deficiencies, and 
the characteristic electron microscopic finding of Byler bile[1-

3]. PFIC1 shows autosomal recessive inheritance and is linked to 
chromosomal region 18q21-q22. The responsible gene, the familial 
intrahepatic cholestasis 1 gene (FIC1), is officially designated 
ATP8B1.
    Although patients with PFIC1 may benefit from ursodeoxycholic 
acid (UDCA) therapy[4], most patients require liver transplantation. 
However improvement may occur in patients with PFIC1 after 
partial external biliary diversion (PEBD), as first reported nearly 30 
years ago in 1988[5]. Recently, such surgery has shown promising 
relief of jaundice, pruritus, and failure to thrive, in some patients 
with PFIC1, and even has improved hepatic histopathologic 
findings[3,6]. A success rate of 75% has been reported for patients 
who did not have cirrhosis at the time of surgery[5]. 
    Here we report our experience with PEBD in 2 children with 
PFIC1. We also describe bile acid profiles and clinical features 
before and during PEBD treatment in these 2 patients.

METHODS
Patients
Laboratory data, including total bilirubin (T Bil), alanine 
aminotransferase (ALT), and total bile acids (TBA) at the time 
of hospitalization, as well as the gene mutations identified in the 
patients, are shown in Table 1. 
    We previously have reported Patient 1[7], a 7.8-year-old 
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Japanese girl who manifested mild direct hyperbilirubinemia (9.9 
mg/dL) at the age of 2 months. At that time she showed a high 
serum concentration of TBA (133.9 μmol/L), and normal serum 
concentrations of GGT (41 IU/L) and total cholesterol (191 mg/
dL). Cholescintigraphy detected no technetium excretion 24 hr after 
intravenous injection, but laparoscopic cholangiography displayed 
no obstruction of common or intrahepatic bile ducts. She was given 
medium-chain triglyceride milk formula and was treated with 
UDCA and fat-soluble vitamin supplements. At 5 months, the biliary 
TBA content was extremely low (0.32 mmol/L). At 20 months she 
had intense pruritus and prominent developmental delay, showing 
particularly slow maturation of gait. At 28 months, her height was 
72.5 cm (-4.40 SD) and her weight was 9400 g (-1.85 SD). She was 
found to be a compound heterozygote for mutations of ATP8B1 
(Table 1), and thus was definitively diagnosed with PFIC1. At 3.5 
years, she underwent PEBD. Pruritus resolved, height and weight 
improved, and manifestations of rickets abated. However, cholestasis 
recurred suddenly about 2 years after the operation. Cholestasis 
became less evident after 10 months, but a later recurrence persisted 
for 1 year (Figure 1; Supplemental Table 1).
    Patient 2, a 3.5-year-old Japanese girl, had a normal gestation and 
delivery, and showed no clinical abnormalities at birth. However, 
elevation of serum thyroid-stimulating hormone was detected by 
neonatal metabolic screening using gas chromatography-mass 
spectrometry (GC-MS). She was diagnosed with hypothyroidism 
and treated with levothyroxine. At 2 months, persistent jaundice 
became evident (T Bil, 7.6 mg/dL; direct bilirubin, 5.4 mg/dL). 
A duodenal sonde examination performed to rule out biliary 
atresia detected  bilirubin in the duodenal fluid. UDCA treatment 
was started, but jaundice did not improve. Serum aspartate 
aminotransferases and ALT as well as TBA were elevated, while 
GGT was normal (Figure 2, Supplemental Table 2). No amino 
acid abnormalities were detected. As we suspected PFIC1 or 
2, the patient was admitted to Kyushu University Hospital at 4 
months of age. On admission, she showed hepatomegaly (liver 
edge palpable 5 cm below the costal margin).  Abrasions reflecting 
pruritus were evident, mainly over the head and limbs. No family 
history of liver disease was present. Accordingly, we diagnosed the 
patient with PFIC1 and carried out PEBD when she was 1.5 years 
old. Diagnosis was confirmed when genetic analysis identified 
compound heterozygous mutations of ATP8B1 (Table 1). ALT and 
T Bil roughly paralleled one another in fluctuations occurring over 
3 years (Figure 2). Postoperative values were lower than those 
seen in patient 1, but some TBA in the bile was removed by the 
diversion. Urinary and serum TBA still have not decreased to the 
normal range  (Supplemental Table 2).

Pruritus scale
Pruritus was semi quantitated according to a scale where 0 meant 
none; 1+, rubbing or mild scratching when undistracted; 2+, active 
scratching without evident skin abrasions; 3+, abrasions present; and 
4+, cutaneous mutilation, hemorrhage, or scarring evident[5].

Bile acid analysis
Serum, urine, and biliary samples were obtained from the patients 
with PFIC1 before and during PEBD treatment. Samples were 
stored at -25℃ until analysis. Concentrations of individual bile acids 
in urine were corrected for creatinine concentration (Cr) in each 
subject, and are expressed as micromoles per millimole of Cr. The 
samples of human biologic fluids were prepared routinely for GC-
MS analysis as described previously[8].
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Table 1 Laboratory data from patients with progressive familial intrahepatic cholestasis type 1.
Patient No.
Normal range

1

2

†, at admission; T Bil, total bilirubin; ALT, alanine aminotransferase; GGT, γ-glutamyltransferase; TBA, total bile acids; PEBD, partial external biliary 
diversion; fs, frameshift. ‡ This mutation has been reported in benign recurrent intrahepatic cholestais 1[24].

Age†

5 mo

4 mo

Gender

F

F

T Bil†
0.2-1.0 (mg/dL)

13.7

17.7

ALT†
5-42 (U/L)
 
48

64

GGT†
5-72 (U/L)

24

17

TBA†
<5 (μmol/L)

131.8

190.3

Age at 
PEBD
	
3 yr 6 mo	
	
1 yr 8 mo	

Mutation of ATP8B1	

c.1371del (p.Thr458Hisfs*7)			 
c.2941G>A (p.Glu981Lys)		
c.2124_2125insGAGCTACAGCTATTGAAGGC
(p.Ala703AlafsX46)			 
c.1799G>A (p.Arg600Gln)‡ 

RESULTS 
Changes in ALT, T Bil, and pruritus severity during the clinical 
course of our 2 patients with PFIC1 are shown in Figures 1 and 
2. Additionally, changes in bile acids concentrations and pruritus 
severity at time points before and after PEBD are presented in Table 
2. Decreases in pruritus severity were greater in patient 1, changing 
from 4+ to 0 after PEBD until 18 months postoperatively. Patient 
2 showed less marked decreases in pruritus severity, changing only 
from 4+ to 3+ or 2+ after PEBD. The patients also differed in their 
clinical courses after PEBD. In patient 1, cholestasis worsened 
at 17 months postoperatively after initially showing prompt 
decrease. Subsequently, cholestasis has shown both decreases and 
exacerbations. In patient 2, much less early clinical improvement 
followed PEBD. Showing little correlation with clinical course, 
TBA patterns in these patients showed repeated improvement or 
worsening, as well as resemblances to the course of benign recurrent 
intrahepatic cholestasis (BRIC; Table 2 and Supplemental Tables 1 
and 2).
    Results of bile acid analysis in these patients appeared to show 
a therapeutic effect from increased bile flow after PEBD, with 
increases in biliary TBA and decreases in serum and urine TBA 
(Table 2; Supplemental Tables 1 and 2). Further, chenodeoxycholic 
acid (CDCA) increased among biliary bile acids while the cholic 
acid (CA)/CDCA ratio decreased in patient 1. In patient 2, no 
clear change in the CA/CDCA ratio was apparent after PEBD. 
When serum bile acids reflected cholestasis (elevated TBA in 
serum), serum hyocholic acid (HCA) was increased (Supplemental 
Tables 1 and 2). When TBA were elevated in urine, both urine and 
serum HCA increased. In addition, in the presence of cholestasis, 
percentages of 1β-hydroxylated bile acids and ketonic bile acids 
among TBA rose in the urine (Supplemental Tables 1 and 2).
    Laboratory values such as ALT, T Bil, and TBA did not 
necessarily change in parallel (Table 2; Figures 1 and 2).

DISCUSSION
Previous reports[3,5-7,9-13] have noted therapeutic effect from PEBD 

in patients with PFIC1. However, such benefits are not seen in 
all PFIC1 patients. In general, cholestasis is considered likely to 
improve with reduction of the bile acid pool, but the true mechanism 
is unknown. Patient 1 improved immediately after surgery, while, 
patient 2 did not. Even in patient 1, episodes of jaundice recurred 
during long-term observation (Figure 1); this pattern resembles the 
course of patients with BRIC. Importantly, TBA and ALT elevations 
did not necessarily parallel episodes of jaundice in these patients 
(Table 2; Figures 1 and 2). We believe that the course of cholestasis 
in PFIC1 may change to resemble that of BRIC after PEBD. Our 
patient 2 showed fluctuations in jaundice, ALT, and TBA during 
cholestasis, as are seen in BRIC. 
    In patient 1, a liver biopsy specimen obtained at the age of 2 
months showed slight sinusoidal fibrosis, cholestasis, lymphocytic 
infiltration in portal regions, and poor development of interlobular 
bile ducts. By electron microscopy, the bile lacked normal 
particulate or granular features, a finding designated “Byler bile.” 
At 3 years after PEBD, we performed a second liver biopsy. 
The specimen showed no fibrosis or cholestasis, although fatty 
degeneration was evident near central veins (at zone 3). In patient 
2, a liver biopsy specimen obtained at the age of 4 months showed 
cholestasis and giant cell transformation resembling that seen in 
progressive familial intrahepatic cholestasis 2; however no fibrosis 
was demonstrated. Immunostaining demonstrated expression of the 
bile salt export pump (BSEP) protein. A limited response of PEBD 
sometimes is attributed to advanced liver fibrosis already present 
before PEBD[11,14]. However, pre-existing fibrosis clearly could not 
be blamed for Patient 2’s disappointing response.
    Based upon our results, relief of pruritus may represent an 
indication of PEBD success. In patient 1, pruritus decreased 
sharply soon after PEBD, while patient 2 obtained much less relief. 
Accordingly, serial prutitus scale ratings may be very helpful in 
judging success of PEBD[11,14]. 
    In PFIC1, CDCA is not secreted via bile canaliculi[14,15]. 
The BSEP readily secretes monovalent bile acids, including 
unconjugated CA, glycine-conjugated CA, taurine-conjugated 
CA, and taurine-conjugated deoxycholic acid. We believe that 
this preferential transport takes on greater importance in PFIC1. 

Table 2 TBA analyses of body fluids and pruritus scale ratings from 2 patients with PFIC1.

Patient 1
Biliary TBA (mmol/L)
Serum TBA (μmol/L)
Urinary TBA (μmol/mmol Cr)
Pruritus scale
Patient 2
Biliary TBA (mmol/L)
Serum TBA (μmol/L)
Urinary TBA (μmol/mmol Cr)
Pruritus scale
TBA, total bile acids; PFIC1, progressive familial intrahepatic cholestasis 1; PEBD, partial external biliary diversion; n.d., not done; Pruritus scale ratings[5] 
are described in the Subjects and Methods section.

Pre PEBD

0.3 
72.7 
78.5 
1+

n.d.
143.6 
130.0 
4+

At PEBD

63.2 
n.d.
n.d.
4+

18.9 
95.3 
n.d.
4+

2 wks

1.5 
22.8 
73.7 
2+

0.7 
40.8 
118.6 
3+

1 mo 

13.4 
2.4 
4.4 
1+

2.1 
124.3 
102.5 
3+

2 mo

26.5 
0.0 
0.8 
1+

2.8 
43.0 
87.4 
3+

4 mo

35.0 
0.0 
1.4 
0 

1.9 
71.7 
170.0 
2+

6 mo

57.5 
0.0 
0.9 
0 

1.6 
87.3 
239.6 
2+

12 mo

39.3 
0.6 
0.3 
0 

3.1 
28.5 
176.3 
2+

18 mo

n.d.
n.d.
n.d.
3+

7.8 
5.0 
60.7 
2+

24 mo

0.9 
144.7 
40.0 
3+

0.1 
407.9 
222.2 
3+  

36 mo

35.9 
3.9 
10.3 
0 

48 mo

32.9 
204.9 
161.9 
2+
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Figure 1 Clinical course of patient 1. Patient 1 experienced recurrence 17 months after PEBD, although cholestasis had improved immediately after the 
procedure. Subsequently cholestasis improved or worsened at least twice. This course resembles that of benign recurrent intrahepatic cholestasis.PEBD, 
partial external biliary diversion; T Bil, total bilirubin; ALT, alanine aminotransferase. Normal ranges of T Bil and ALT are 0.2 to 1 mg/dL and 5 to 42 U/L, 
respectively. Numbers in parentheses indicate pruritus scale ratings[5], as described in the Subjects and Methods section.
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Figure 2 Clinical course of patient 2. No clinical improvement was evident after PEBD in patient 2. During cholestasis, serum concentrations of T Bil and 
ALT varied in a manner resembling the course of benign recurrent intrahepatic cholestasis. PEBD, partial external biliary diversion; T Bil, total bilirubin; 
ALT, alanine aminotransferase. Normal ranges of T Bil and ALT are 0.2 to 1 mg/dL and 5 to 42 U/L, respectively. Numbers in parentheses indicate 
pruritus scale ratings[5], as described in the Subjects and Methods section.
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Figure 3 Proposed mechanisms underlying clinical evolution of PFIC1 symptoms to BRIC-like disease following PEBD. We believe that differences 
between individual patients’ symptoms such as duration, rapidity of development, or improvement of cholestasis may be influenced by bile acid pool size. 
Important laboratory tests for patient monitoring include total cholesterol and TBA in serum. Dehydration from loss of bile via PEBD could contribute 
to cholestasis, as could changes in pressure within the bile duct. BRIC, benign recurrent intrahepatic cholestasis; PFIC1, progressive familial intrahepatic 
cholestasis 1; PEBD, partial external biliary diversion; TBA, total bile acids; FIC1, familial intrahepatic cholestasis 1 gene; BSEP, bile salt export pump; FXR, 
farnesoid X receptor.

Mutation of FIC1

Disordered transfer of aminophospholipids
between membrane leaflets

Downregulation of BSEP

FXR regulation 
Secretion of bile acid due to BSEP

Absorption of bile acid at intestinal wall

Increased bile acid pool

Cholestasis and pruritus

PEBD

30% to 50% of bile enters diversion

Interrupting the enterohepatic circulation

Decreased bile acid pool

FXR regulation
Secretion of bile acid due to BSEP

Absorption of bile acids at intestinal wall

Improved cholestasis and pruritus

Further decrease of bile acid pool

During PEBD

Cholestasis and pruritus

Increased bile acid pool

FXR regulation
Secretion of bile acid due to BSEP

Absorption of bile acids at intestinal wall

Exhaustion of bile acids
Subclinical dehydration

Decreased total cholesterol

In addition, when cholestasis is severe in PFIC1, the relative 
amount of HCA increases among urine and serum TBA[15]. This 
increase also occurs during cholestasis resulting from biliary 
atresia. In the urine of infants with biliary atresia, the proportion 
of 1β-hydroxylated bile acids among TBA increases as cholestasis 
persists[8,16]. However, as liver function deteriorates, the proportion 
of 1β-hydroxylated bile acids is reduced while the proportion of 
ketonic bile acids increases[17].
    Importantly, Jericho et al compared the therapeutic effect between 
PEBD and liver transplantation in PFIC patients with low GGT[18]. 
They found that bile acid fractional turnover rates were excellent 
in PEBD, and that bile acid pool sizes have similar between these 
treatments, but hydrophilic bile acids were more prevalent with 
PEBD. Their findings suggest that the bile acid pool is not greatly 
altered after PEBD, and that a increased CA/CDCA ratio could 
account for improvement of PFIC1 patients after PEBD. However, 
the bile acid pool size and composition of biliary bile was not 
compared in detail between samples obtained before and after 
PEBD. In patients obtaining relief after PEBD, the change in bile 
acid pool size resulting from the treatment is unknown. We suggest 
that bile acid pool size most likely is decreased, because choletasis 
is eliminated after successful PEBD. Moreover, Jericho et al did 
not compare CA/CDCA ratios in samples obtained before and after 
PEBD. Kurbegov et al have reported, increased total bile acids 
concentrations and a decrease in the CA/CDCA ratio in biliary bile 
from patients benefiting from PEBD[3]. 
    When the 2 patients in our study exhibited cholestasis, as evident 
from jaundice and increased TBA in serum, we administered UDCA 
therapy (Figures 1 and 2). The most abundant bile acid in the “other” 
category becomes UDCA during UDCA therapy, with bile acids are 
such as CA, CDCA, HCA, 1β-hydroxylated bile acids, and ketonic 
bile acids becoming relatively less abundant.
    We underwent the conjugated bile acid analysis in biliary bile at 
the time before and during PEBD. The main conjugated bile acids of 
CA and CDCA during PEBD were changed to glycine-conjugated 
type (Supplemental Table 3). This change might depend on the 
age. In general, at neonatal and infantile period, main conjugated 
bile acids are taurine-conjugated bile acids. Thereafter, glycine-
conjugated bile acids gradually increase.

    Cholestasis in PFIC1 is believed to have the following 
mechanism. Normal FIC1 protein function involves transfer of 
aminophospholipids such as phosphatidylserine from the outer 
membrane leaflet to the cytoplasmic leaflet, maintaining the normal 
asymmetry of phospholipids and normal bile secretion via the BSEP. 
When ATP8B1 function is lost, as in PFIC1 patients, the membrane 
becomes more symmetric, interfering with function of the BSEP. 
Consequently, bile acid secretion is inhibited and cholestasis 
develops. Concomitant with loss of canalicular bile secretion, 
cholestatic bile acid uptake increases and the bile acid pool increases 
across the intestinal wall because of reduced in farnesoid X receptor 
expression[19-22]. 
    When the course of PFIC1 comes to resemble BRIC after PEBD 
(Figure 3), the most important cause appears to involve the size 
of the bile acid pool. Variability of the pool could contribute to 
individual patient differences in symptom patterns such as duration, 
development, and abatement of cholestasis. Careful observation of T 
Bil, ALT, and TBA in serum is needed to appreciate this variability 
between patients and over time. Relative dehydration from loss of 
bile via PEBD also may trigger cholestasis[12], as could changes 
in pressure within the bile duct. However, mechanisms favoring 
decreased cholestasis remain elusive. 
    Our study limitation is that it might be a small number of patients 
to mention the effect of PEBD for PFIC1.
    In conclusion, increased bile secretion and a decreased CA/
CDCA ratio in biliary bile may be the most important findings 
after PEBD. Pruritus relief was found to be an important sign of 
therapeutic effect. Moreover, PFIC1 may evolve to resemble BRIC 
following treatment of PFIC1 by PEBD. Bile acid pool size is likely 
to contribute to this change. Cholestasis and dehydration require 
close monitoring. Despite limitations, PEBD may be the best non-
transplantation therapy for PFIC1 patients. Interestingly BRIC 
sometimes can evolve to resemble PFIC[23]. In such patients, PEBD 
also might conceivably delay progression of symptoms. In addition, 
it might need to accumulate further data in the future.

CONFLICT OF INTERESTS 
The authors declare that they do not have conflict of interests.



1975

Kimura A et al . External biliary diversion in PFIC1

Supplemental Table 1 Results of bile acid analysis in patient 1.

Biliary bile (mmol/L)
Cholic acid
Chenodeoxycholic acid
1β-Hydroxylated bile acids
Hyocholic acid
Ketonic bile acids
Other bile acids
Total bile acids
Serum (μmol/L)
Cholic acid
Chenodeoxycholic acid
1β-Hydroxylated bile acids
Hyocholic acid
Ketonic bile acids
Other bile acids
Total bile acids
Urine (μmol/mmol Cr)
Cholic acid
Chenodeoxycholic acid
1β-Hydroxylated bile acids
Hyocholic acid
Ketonic bile acids
Other bile acids
Total bile acids
PFIC1, progressive familial intrahepatic cholestasis 1; PEBD, partial external biliary diversion; --, not detected; n.d., not done; 1β-Hydroxylated bile 
acids, included 1β-hydroxycholic acid and 1β-hydroxychenodeoxycholic acid; ketonic bile acids, included 7α, 12α-dihydroxy-3-oxo-4-cholenoic acid and 
12α-dihydroxy-3-oxo-4-cholenoic acid; other bile acids, included ursodeoxycholic acid, deoxycholic acid, lithocholic acid, and 3β-hydroxy-5-cholenoic acid.

Pre PEBD

0.3 
--
--
--
--
--
0.3 

34.0 
27.7 
--
6.3 
--
4.7 
72.7 

21.7 
2.8 
10.7 
9.1 
5.9 
28.3 
78.5 

At PEBD

47.2 
9.4 
0.2 
2.1 
--
4.3 
63.2 

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

2 wks

1.2 
0.3 
--
--
--
--
1.5 

7.2 
12.2 
--
1.8 
--
1.6 
22.8 

8.3 
3.2 
18.6 
7.1 
13.5 
23.0 
73.7 

1 mo 

6.1 
7.2 
--
--
--
0.1 
13.4 

0.6 
1.6 
--
--
--
0.2 
2.4 

0.4 
0.1 
--
--
3.8 
0.1 
4.4 

2 mo

13.6 
12.5 
--
--
--
0.4 
26.5 

--
--
--
--
--
--
--

--
--
--
--
0.6 
0.2 
0.8 

4 mo

16.3 
14.5 
--
1.6 
--
2.6 
35.0 

--
--
--
--
--
--
--

0.1 
--
--
--
0.9 
0.4 
1.4 

6 mo

26.3 
27.5 
--
0.7 
--
3.0 
57.5 

--
--
--
--
--
--
--

0.1 
--
--
--
0.4 
0.4 
0.9 

12 mo

21.3 
11.2 
--
--
--
6.8 
39.3 

--
--
--
--
--
0.6 
0.6 

--
--
--
--
0.1 
0.2 
0.3 

24 mo

0.8 
--
--
--
--
0.1 
0.9 

77.5 
35.6 
0.4 
9.5 
--
21.7 
144.7 

6.0 
4.6 
--
7.4 
0.1 
21.9 
40.0 

36 mo

22.8 
9.8 
--
0.1 
--
3.2 
35.9 

1.5 
1.7 
--
0.1 
--
0.6 
3.9 

0.4 
0.5 
0.4 
0.1 
4.5 
4.4 
10.3 

48 mo

18.5 
5.8 
--
1.4 
--
7.2 
32.9 

43.1 
46.3 
0.6 
18.9 
0.7 
95.3 
204.9 

12.8 
17.8 
6.8 
7.8 
9.0 
107.7 
161.9 

Supplemental Table 2 Results of bile acid analysis in patient 2.

Biliary bile (mmol/L)
Cholic acid
Chenodeoxycholic acid
1β-Hydroxylated bile acids
Hyocholic acid
Ketonic bile acids
Other bile acids
Total bile acids
Serum (μmol/L)
Cholic acid
Chenodeoxycholic acid
1β-Hydroxylated bile acids
Hyocholic acid
Ketonic bile acids
Other bile acids
Total bile acids
Urine (μmol/mmol Cr)
Cholic acid
Chenodeoxycholic acid
1β-Hydroxylated bile acids
Hyocholic acid
Ketonic bile acids
Other bile acids
Total bile acids
PFIC1, progressive familial intrahepatic cholestasis 1; PEBD, partial external biliary diversion; --, not detected; n.d., not done; 1β-Hydroxylated bile acids, 
included 1β-hydroxycholic acid and 1β-hydroxychenodeoxycholic acid; ketonic bile acids, included 7α , 12α -dihydroxy-3-oxo-4-cholenoic acid and 12α 
-dihydroxy-3-oxo-4-cholenoic acid; other bile acids, included ursodeoxycholic acid, deoxycholic acid, lithocholic acid, and 3β-hydroxy-5-cholenoic acid.

Pre PEBD

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

87.3 
36.9 
0.1 
1.9 
--
17.4 
143.6 

36.9 
18.3 
4.4 
3.6 
6.7 
60.1 
130.0 

At PEBD

16.0 
1.7 
--
0.2 
--
1.0 
18.9 

50.7 
26.5 
0.3 
2.7 
--
15.1 
95.3 

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

2 wks

0.6 
0.1 
--
--
--
--
0.7 

20.6 
10.5 
0.2 
1.2 
--
8.3 
40.8 

31.7 
8.7 
5.0 
2.1 
34.9 
36.2 
118.6 

1 mo 

1.8 
0.2 
--
--
--
0.1 
2.1 

63.7 
39.7 
0.1 
1.9 
--
18.9 
124.3 

36.0 
16.1 
1.6 
1.0 
11.3 
36.5 
102.5 

2 mo

2.4 
0.3 
--
--
--
0.1 
2.8 

19.6 
12.4 
0.2 
1.0 
--
9.8 
43.0 

32.9 
12.8 
2.9 
1.0 
7.1 
30.7 
87.4 

4 mo

1.7 
0.1 
--
--
--
0.1 
1.9 

37.0 
18.4 
0.2 
2.0 
--
14.1 
71.7 

87.1 
12.1 
8.9 
2.2 
10.8 
48.9 
170.0 

6 mo

1.3 
0.2 
--
--
--
0.1 
1.6 

32.7 
40.2 
0.1 
1.9 
1.8 
10.6 
87.3 

137.0 
26.0 
4.2 
2.7 
17.7 
52.0 
239.6 

12 mo

2.3 
0.4 
--
--
--
0.4 
3.1 

12.3 
8.6 
--
0.6 
--
7.0 
28.5 

64.8 
21.3 
4.3 
1.1 
10.0 
74.8 
176.3 

18 mo

4.8 
2.4 
--
--
--
0.6 
7.8 

2.1 
1.6 
--
--
--
1.3 
5.0 

8.0 
8.1 
0.9 
--
28.5 
15.2 
60.7 

24 mo

0.1 
--
--
--
--
--
0.1 

156.8 
81.7 
0.3 
12.5 
0.4 
156.2 
407.9 

61.1 
24.3 
6.9 
9.6 
7.3 
113.0 
222.2 

Supplemental Table 3 Analysis of conjugated cholic and henodeoxycholic acids in biliary bile.

PEBD, partial external biliary diversion; taurine, taurine-conjugated; glycine, glycine-conjugated; %, percentage of each bile acid in total bile acids. Age at 
PEBD operation of patient 1 is 3 years 6 months old. Age at PEBD operation of patient 2 is 1 year 8 months old.

Patient 1
Cholic acid
Chenodeoxycholic acid
Patient 2
Cholic acid
Chenodeoxycholic acid

Pre-PEBD		
taurine (%) / glycine (%)
53.7 / 42.6		
1.6 / 2.2		
taurine (%) / glycine (%)not 
done		
not done		

At PEBD operation	
taurine (%) / glycine (%)
20.9 / 63.7		
3.1 / 7.5		
taurine (%) / glycine (%)
51.6 / 36.5
7.2 / 4.4

Post-PEBD		
taurine (%) / glycine (%) 
5.3 / 51.8		
4.5 / 35.9 
taurine (%) / glycine (%)
23.2 / 71.2	
0 / 5.5
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