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Abstract
Purpose Progressive familial intrahepatic cholestasis (PFIC) is a hereditary disease characterized by cholestasis, which may 
cause jaundice, severe pruritus, and cirrhosis in the later stages. By the invention of biliary diversion methods, these patients 
were prevented from undergoing liver transplant. Using biliary diversion techniques, the entero-hepatic cycle was inter-
rupted. This lowers the bile acid pool and resolves the pruritus. Herein, we report 44 cases of PFIC who underwent partial 
internal biliary diversion (PIBD) and long-term follow-up of these children. This comprises the largest case series of PIBD.
Methods All patients were diagnosed by liver biopsy as PFIC before the operation. All underwent cholecysto colic bypass 
by jejunal interposition due to severe pruritus unresponsive to medication. Laboratory blood tests, sonography, and physical 
exam were done before and after the operation once every 3 months. Besides, a questionnaire was designed to ask the patients 
about the symptoms after the operation, and a pruritus score was measured using the 5D-itch scale.
Results 44 children (25 boys, 19 girls), between 1.75 and 27.5 years (at the time of this study) were followed for a median 
period of 54 months. Age at operation ranged from 2 months to 18 years, with a median of 29 months. Of these children, 14 
were lost to follow up. Results showed a significant decrease in pruritus and sleep disturbance after the surgery (p < 0.001). 
Also, jaundice decreased from 82.1 before to 7.1% following the surgery. 50% of the patients became medication-free at 
follow-up.
Conclusion PIBD is a safe procedure which helps non-cirrhotic children preserve their liver function. Therefore, PIBD pre-
vents them from undergoing liver transplant. Effective results were achieved in terms of severe pruritus and jaundice, and 
children were able to regain their sleep patterns. It also avoided external stoma, which is more convenient from the patient’s 
point of view.
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Introduction

Progressive familial intrahepatic cholestasis (PFIC) is a 
group of autosomal recessive liver disorders which are 
considered as one of the causes of childhood liver dam-
age and cirrhosis in later stages. It is defined as a defect 
in bile acid secretion and presents as intrahepatic choles-
tasis during infancy or early childhood [1, 2]. It has three 
types based on genetics [3] and may differ in severity, age 
of onset, and treatment options [3, 4]. Type 3 is differ-
ent from the others in terms of lower Gamma-glutamyl 
transferase [GGT] level, less severe symptoms, and the 
range of available treatment options. In types 1 and 2, the 
symptoms are more severe and may not respond to medical 
treatment alone [5].

In this article, we focused on patients with PFIC type 1 
(Byler disease) and type 2 (Byler syndrome). Symptoms 
include persistent or recurrent jaundice, intractable pruri-
tus, subnormal weight and height, and signs of fat-soluble 
vitamin deficiency. Moreover, these types are accompanied 
by abnormal liver enzyme tests, normal GGT, and subnor-
mal cholesterol and Vit D levels [6]. Treatment consists of 
surgical and non-surgical options. In type 1 and 2, Princi-
pal medications consist of ursodeoxycholic acid [UDCA], 
cholestyramine, rifampin, and phenobarbital [7, 8]. In the 
past, the only surgical approach for these patients was liver 
transplantation. The invention of biliary diversion meth-
ods prevented or delayed the need for liver transplantation 
[9]. Biliary diversion techniques break the entero-hepatic 
cycle, lower the bile acid pool, and result in the resolution 
of pruritus [10].

Biliary diversion methods include partial external bil-
iary diversion (PEBD), ileal exclusion, and partial inter-
nal biliary diversion (PIBD), indicated in non-cirrhotic 
children with low GGT, cholestasis, and severe pruritus. 
PEBD is an older common approach, but it has the dis-
advantage of the permanent stoma. Now PIBD as a novel 
approach has less morbidity due to the absence of stoma 
[11].

Herein, we included 44 cases of PFIC who underwent 
PIBD and their long-term outcome, which have been 
sparsely reported. To our knowledge, this study is the larg-
est case series follow up to date.

Patients and methods

Study population

The current study was carried out from November 2010 
to October 2018 on 44 children (25 boys, 19 girls) with 

PFIC referred to the pediatric surgery clinic of Namazi 
and Madarokoodak Hospital of Shiraz University of Medi-
cal Sciences. Genetic study was not available for most of 
our patients, so PFIC was diagnosed on base of clinical 
signs, laboratory findings, and liver histopathology. PFIC 
type I and II mainly manifested by recurrent episodes of 
intrahepatic cholestasis, intractable pruritus, diarrhea and 
failure to thrive in the first several months of life. Bio-
chemical analysis shows normal or mildly elevated serum 
liver enzymes with normal GGT and cholesterol concen-
tration, mildly elevated serum bilirubin, and vitamin K 
deficiency leading to a coagulopathy. Morphological char-
acteristics were evaluated on standard hematoxylin–eosin 
staining and hepatic fibrosis were assessed using Masson 
trichrome staining. All liver biopsy specimens were exam-
ined by an experienced hepato-biliary pathologist. Liver 
histopathology revealed intrahepatic cholestasis with little 
hepatocellular necrosis or giant cell formation. Children 
with PFIC type 1 and 2 from Iran and Iraq were recruited 
in this study.

Patients with PFIC, whose pruritus was unresponsive 
to medication, who underwent PIBD, were included in 
this study. Patients with end-stage liver disease and those 
who were not fit enough to undergo PIBD were excluded.

All patients were given enough information about the 
procedure and informed written consent was obtained.

Study protocol

Children with PFIC types 1 and 2, who underwent PIBD 
were included in this study. Pruritus, as the most disturb-
ing symptom, was the patients’ main chief complaint 
before surgery. All Patients received ursodeoxycholic acid 
(30 mg/kg), rifampin [10 mg/kg], cholestyramine (200 mg/
kg), and phenobarbital (5  mg/kg) for about 6  months 
before surgery. PIBD procedure was done for those who 
did not respond to medication. Patients underwent chol-
ecystocolic bypass by jejunal interposition due to severe 
pruritus non-responsive to the medication.

Serum GGT was measured before the operation. Other 
laboratory blood tests ( AST, ALT, alkaline phosphatase 
(ALK.Ph), total bilirubin, direct bilirubin, albumin, total 
protein, triglyceride (TG), cholesterol, INR), sonography, 
and physical exam were done before and after the opera-
tion. The tests were repeated every 3 months post-op.

A questionnaire was designed by the authors about the 
symptoms before and afteSr the operation. Symptoms 
inquired included pruritus, jaundice, sleep disturbance, 
post-op diarrhea, post-op stool color, and post-op appe-
tite level. Pruritus score was measured using the 5D-itch 
scale [12].
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Operation technique

All procedures were done by two experienced pediatric 
surgeons under general anesthesia.

After right transverse supraumbilical incision, fascia 
and peritoneum were opened. About 15 cm distal to liga-
mentum Treitz, a 15 cm segment of jejunum was dissected 
with its mesenteric base. The two ends of the remaining 
jejunum were anastomosed end to end by PDS 4-0 and 
the mesenteric defect was repaired with PDS 4-0. The 
proximal jejunal segment was passed through the trans-
verse mesocolon and anastomosed with the fundus of the 
gall bladder (end to end) by PDS 5-0 in two layers. The 
other end of the Jejunal segment was anastomosed to the 
transverse colon (end to side) as an interposition between 
the gall bladder and transverse colon by PDS 4-0 in two 
layers. After irrigation, peritoneum and abdominal wall 
muscle were closed with Vicryl 2-0, then fascia and skin 
were closed by Monocryl 4-0. Figure 1 shows a schematic 
sketch of the procedure.

We divided our patients into two groups according to 
their surgical technique. Nakajo procedure was done along 
with PIBD using an intussusception valve in one of the 
groups to avoid ascending cholangitis. In the other group 
standard PIBD was done.

All patients received Intravenous antibiotic before and 
after the procedure. They received a single dose of Met-
ronidazole IV (10 mg/kg) and Ceftriaxone (25 mg/kg) 
before the operation. Metronidazole IV (10 mg/kg three 
imes a day) and Ceftriaxone IV (25 mg/kg twice a day) 
were given for 4 days post-op.

Oral antibiotic ( Metronidazole 10 mg/kg three times a 
day) was continued for a week after they discharged from 
the hospital.

Histopathologic analysis

All patients underwent liver biopsy [needle or wedge 
biopsy], and samples were reviewed by a single patholo-
gist. PFIC was confirmed and the type was determined as 
type one or two on the base of histopathology.

In PFIC type 1 liver biopsy shows bland canalicular 
cholestasis with cholestatic rosette formation without 
ductular reaction, giant cell formation, or portal fibrosis. 
PFIC type 2 shows the presence of cholestasis with giant 
cell hepatocyte formation, marked hepatocellular disarray, 
lobular and portal fibrosis [13, 14].

Patients were divided into two groups using histopatho-
logic criteria.

Fibrosis stage was determined in all biopsies and graded 
from 0 to 5 (0 = no fibrosis; 1 = portal fibrosis; 2 = peri-
portal fibrosis; 3 = bridging fibrosis; 4 = presence of occa-
sional nodule; 5 = cirrhosis).

Statistical analysis

Statistical analysis was performed using the SPSS 22.0 
software package (SPSS Inc., Chicago, IL, USA). The 
results of Kolmogorov–Smirnov test showed that the 
data does not come from a normal distribution (p < 0.05). 
Therefore, non-parametric statistical methods were used to 
analyze the data including Wilcoxon’s test for quantitative 
data and Sign test for qualitative data.

Fig. 1  a Cholecystocolic bypass using a jejunal conduit, b intussus-
ception-type anti-reflux valve (Nakajo procedure)

Table 1  Baseline characteristics of the patients [n = 44]

Median [range] Min Max n [%]

Age now [years] 7.5 [25.5] 2 27.5
Age at diagnosis [months] 8 [118] 2 120
Age at operation [months] 29 [214] 2 216
Follow-up duration 

[months]
54 [95] 10 105

Hospital stay [days] 5 [4] 4 8
Stage
 Stage 0 1 [2.9]
 Stage 1 3 [8.8]
 Stage 2 8 [23.5]
 Stage 3 13 [38.2]
 Stage 4 7 [20.6]
 Stage 5 2 [5.9]
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Results

In total, 44 children (25 boys and 19 girls, aged 
1.75–27.5 years, from immediate to extended post-op) 
were enrolled in the study. Their baseline information is 
summarized in Table 1. From the 44 children who under-
went PIBD, 5 children (11.3%) needed a second operation 
for revision of ileocolic anastomosis and 2 cases (4.5%) 
underwent liver transplantation after the PIBD surgery. In 
five patients liver biopsy showed histopathologic changes 
compatible with type 2 PFIC while other patients showed 
changes compatible with type 1.

Children were divided into six groups before surgery 
according to their liver fibrosis stage. The number and 
percentage of children from the 34 available liver sections 
in each group are shown in Table 1. The most frequent 
category is stage 3 with 38%. Figure 2 shows Masson tri-
chrome staining of liver sections for the degree of fibrosis.

Of these 44 children, 14 were lost to follow up, 2 died, 
and 2 cases underwent liver transplantation. Therefore, 26 
children [12 boys and 14 girls, aged 2–22 years at the time 
of this study] remained in the study who were analysed 
and followed for a median period of 54 months. Their 
Baseline information is summarized in Table 2.

Of the 26 children that we followed, 13 patients (50%) 
went medication-free at follow-up. Table 2 shows post-op 
clay color stool and diarrhea rate. According to this table, 3 
patients (11.5%) had clay color stool and 4 (15.4%) had per-
manent diarrhea at follow-up. In addition, 13 children (50%) 

Fig. 2  Masson trichrome staining of the liver tissue for the degree of fibrosis. a No fibrosis (× 100), b portal fibrosis (× 100), c periportal fibrosis 
(× 100), d bridging fibrosis (× 100), e occasional nodule formation (× 40), f cirrhosis (× 40)

Table 2  Baseline characteristics of the patients (n = 26)

Median [range] Min Max n [%]

Age now [years] 9 [20] 2 22
Age at diagnosis [months] 6 [118] 2 120
Age at operation [months] 29 [166] 2 168
Follow-up duration [months] 54 [95] 10 105
Hospital stay [days] 5 [4] 4 8
Stage
 Stage 0 1 [4.3]
 Stage 1 3 [13.0]
 Stage 2 7 [30.4]
 Stage 3 7 [30.4]
 Stage 4 5 [21.7]
 Stage 5 0 [0.0]

Symptom
 Clay color stool 3 [11.5]
 Permanent diarhhea 4 [15.4]
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had cutaneous lichenification before the surgery and it was 
completely resolved in all of them at follow-up (p < 0.001).

Seventy-four percent of the children had consanguine-
ous parents. Jaundice decreased from 82.1% before to 7.1% 
following the surgery (p < 0.001). 23 patients had jaundice 
before the operation and 3 patients continued to have jaun-
dice post-op.

Furthermore, there was a significant decrease in sleep 
disturbance after surgery (p < 0.001). Sleep disturbance was 
quantified using a questionnaire and graded 1–5, with one 
representing a lack of sleep disturbance and five being fre-
quent sleep disturbance. Table 3 shows sleep disturbance 
scores and pruritus scores before and after the surgery. 
According to this table, sleep disturbance score measured 
4.9 pre-op and dropped to 1.4 post-op. According to the 5D 
itch scale, pruritus score ranged from 18 to 24 with a median 
of 22 pre-op and 5–12 with a median of 5 post-op. Non-
parametric Wilcoxon test shows the above data is significant 
before and after the operation (p < 0.001).

Reduction of < 15 itch scores after the operation or con-
suming any drugs other than UDCA was considered to be a 
surgical failure. According to this, in six cases (23.1%), the 
PIBD operation failed.

Ascending Cholangitis was reported in two separate 
groups according to their surgical technique. In one of the 
groups, PIBD was done using Nakajo procedure while in 
the other it was not. Ascending cholangitis was not statisti-
cally significant between the two groups (p > 0.05). Among 
the group of 12 cases for whom Nakajo was done, 2 cases 
(16.7%) reported episodes of ascending cholangitis, while 

in the other group of 14 cases, 3 cases (21.4%) reported to 
have ascending cholangitis. Overall, the rate of ascending 
cholangitis was 19.2% in the 26 patients.

Patients were separated into two groups (type 1 and 2) 
using histopathologic criteria. From 31 cases, 5 were PFIC 
type 2 and 26 were type 1.

Figure  3 indicates the histopathological differences 
between type 1 and 2.

Results of nonparametric tests showed a significant 
improvement in AST, ALK.Ph, total billi, direct billi, total 
protein, and INR (p < 0.05) after the surgery. However, ALT, 
albumin, cholesterol, and TG improvement was not statisti-
cally significant (p > 0.05). Table 4 shows lab results before 
and after the surgery.

Discussion

Intractable pruritus and jaundice due to cholestasis is 
the most disturbing symptom in children with PFIC. 
These symptoms are usually non-responsive to medical 

Table 3  Sleep disturbance score and pruritus score before and after 
the surgery

n Before
Median [range]

After
Median [range]

p value

Sleep disturbance 26 5 [1] 1 [3] 0.000
Pruritus 26 22 [6] 5 [7] 0.000

Fig. 3  Histopathological differ-
ences between type one and two

Table 4  Lab results measured before and after the surgery

*Statistically significant p values (p < 0.05)

Variable Before
Median [range]

After
Median [range]

p value

AST 76 [1422] 41 [485] 0.005*
ALT 68.5 [1574] 43 [499] 0.103
Alk.Ph 1137 [10437] 800 [1781] 0.007*
Total Billi 2.1 [16.9] 0.9 [8] 0.007*
Direct Billi 0.9 [11.8] 0.25[2] 0.001*
Alb 4.25 [1.7] 4.3 [1] 0.609
Total Pro 7.2 [3.2] 7.1 [2] 0.045*
TG 126 [228] 93 [115] 0.109
Chol 177 [234] 137 [146] 0.285
INR 1 [1] 1 [2] 0.042*
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management, particularly in types 1 and 2. Hence, surgical 
treatment is recommended [7].

Surgery aims to disrupt the entero-hepatic cycle and 
induce remission of cholestasis and pruritus. Biliary diver-
sion is the first-line surgical management in PFIC type I and 
II patients. Retrospective studies have shown that pruritus, 
liver function tests, serum lipid levels, and growth retarda-
tion improved with Biliary diversion.

Liver transplant used to be the only surgical option avail-
able for cirrhotic children in the second decade of their life. 
In, Whitington et al. [9] used PEBD as a novel technique 
in non-cirrhotic children. Although this technique was suc-
cessful in helping children with pruritus, it had long-term 
complications including fluid and electrolyte loss, stoma 
prolapse, cholangitis, unacceptable cosmesis, and need for 
revision [15].

In, Holland et al. [16] suggested ileal exclusion as the first 
diversion technique without an external stoma. It was also 
beneficial in resolving pruritus but the rate of recurrence was 
high due to ileal adaptation [17].

In 2007, Bustorff-Silva et al. introduced a new approach, 
known as partial internal biliary diversion. They performed 
cholecystojejunocolonic anastomosis in two children and 
results were satisfactory as pruritus completely resolved and 
hepatic tests were normalized [11].

After that, different techniques of internal biliary diver-
sion were introduced. Gunaydin et al. performed different 
techniques including cholecystoileocolonic anastomosis, 
cholecystojejunocolonic anastomosis, cholecystocolostomy, 
and cholecysto-appendico-colonic anastomosis on seven 
patients. Pruritus dramatically decreased regardless of the 
surgical technique [10].

Most studies done in the past on PIBD were case reports 
and did not present extensive follow-up [18–22]. However, 
the result were promising and the patients were asympto-
matic following operation. Khan et al. [19] reported four 
patients who underwent PIBD. The patients had improve-
ments in terms of pruritus, sleep pattern, and weight gain, 
but they did not display early improvements in their liver 
enzyme profile.

Mousavi et al. [20] presented a patient who underwent 
cholecystoappendicostomy, but pruritus and icterus relapsed. 
The surgery was revised using cholecystojejunocolic anas-
tomosis and results were satisfying.

There are only a few studies on long-term outcomes of 
PIBD [23–25]. Agarwal et al. used PIBD in three cases 
[23]. Jejunum was used as a conduit between gallbladder 
and mid-portion of the ascending colon. They reported 
resolution of pruritus, cessation of progressive fibrosis 
(based on transient elastography), improvement of labo-
ratory parameters (LFT, bile acid) and normal growth. 
Ramachandran et al. [24] had the same experience with ten 
children. The surgery failed in three patients and resulted 

in liver transplantation and one died due to liver failure. 
Pruritus and serum bile acids decreased in seven cases. 
Improvements in AST and GGT were not statistically sig-
nificant. Erginel et al. [25] did PIBD on six children using 
a portion of jejunum between gallbladder and distal part 
of the ascending colon. One patient died due to sepsis 
post-transplantation and one patient developed diarrhea. In 
others bile acids, AST, ALT, and total bilirubin decreased 
and pruritus resolved.

In our study 44 patients underwent PIBD since 2010. 
Five needed a revision surgery for ileocolic anastomosis and 
two cases underwent liver transplantation after the PIBD. 
One of them died due to cirrhosis 4 years after PIBD while 
waiting for liver transplantation, and the other died 2 weeks 
after the biliary diversion due to multiple complications and 
liver failure. Patients were followed for a median period of 
54 months. There were no post-operative complications in 
43 children. Appetite was good in all patients. Four of them 
developed post-operative diarrhoea which responded to 
cholestyramine.

In Nakajo et al. [26] used a novel technique to create an 
intussusception valve to prevent ascending cholangitis after 
hepatic portojejunostomy. Saha et al. [27] and Yik et al. [28] 
performed Nakajo procedure along with PIBD surgery in 
one child. They did not report any episode of cholangitis in 
their patient.

We divided our patients into two groups according to their 
surgical technique. Nakajo procedure was done in one of the 
groups to avoid ascending cholangitis, but after analysing 
the results, there was an absence of statistical differences 
between the two groups in terms of ascending cholangitis.

Seventy-four percent of children had consanguineous par-
ents which is explained by the autosomal recessive inherit-
ance pattern of the disease. Previous studies are mainly from 
India, Malaysia, and the Middle East. So it can be concluded 
that there is a geographical genetic predisposition for PFIC.

Pruritus score decreased from a mean of 21.7 pre-opera-
tive to 5.8 post-op [according to 5D itch scale (range 5–25)] 
and sleep patterns were normalized in most of the children 
due to resolution of pruritus. Besides, the prevalence of 
Jaundice decreased from 82.1 to 7.1% amongst patients. Our 
results showed that the technique successfully disrupted the 
entero-hepatic cycle, and reduced cholestasis, consistent 
with previous studies [23–25].

Improvement of cholestasis after PIBD caused normali-
zation of cholestatic markers including bilirubin, alkaline 
phosphatase, and AST (p < 0.05). Lipid profiles and ALT 
showed a statistically insignificant improvement.

In conclusion, PIBD is a beneficial technique in non-
cirrhotic children with PFIC. Liver transplantation is the 
ultimate treatment for cirrhotic children. The main goal of 
this technique is to prevent or delay cirrhosis in children. 
PIBD is recommended after or during liver transplantation 
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to prevent graft steatosis, although it cannot reverse cirrhosis 
in the final stages [29].

The present study had certain limitations. First, patients 
were from a wide geographical area which made routine 
follow-ups logistically difficult, hence a few were lost to 
follow-up. Second, genetic study was not available for most 
of the patients. Thirdly, follow-up liver biopsies were not 
performed due to patient refusal and the invasiveness of the 
procedure.

Since PFIC is a rare disorder, data about the long-term 
outcomes of PIBD is incomplete in the literature. Although 
some studies have reported long-term outcomes of PIBD, 
the number of patients were limited [19, 21, 25, 27].

Future studies should incorporate patients from differ-
ent geographic regions, with larger patient populations and 
genetic testing. Potential future therapies could include 
minimally invasive techniques and ultimately genetic 
modification.

Conclusion

PIBD is a beneficial technique in non-cirrhotic children with 
PFIC. It achieved superior results in those with severe pru-
ritus and jaundice, and children were able to regain their 
normal sleep pattern. It prevents or delays liver transplanta-
tion, avoids external stoma, which is more convenient from 
the patient’s point of view.
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