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Abstract

Background: Progressive familial intrahepatic cholestasis (PFIC) is a heterogeneous group of genetic autosomal
recessive diseases that cause severe cholestasis, which progresses to cirrhosis and liver failure, in infancy or early child-
hood. We herein report the clinical outcomes of surgical management in patients with four types of PFIC.

Case presentation: Six patients diagnosed with PFIC who underwent surgical treatment between 1998 and 2020
at our institution were retrospectively assessed. Living-donor liver transplantation (LDLT) was performed in 5 patients
with PFIC. The median age at LDLT was 4.8 (range: 1.9-11.4) years. One patient each with familial intrahepatic choles-
tasis 1 (FIC1) deficiency and bile salt export pump (BSEP) deficiency died after LDLT, and the four remaining patients,
one each with deficiency of FIC1, BSEP, multidrug resistance protein 3 (MDR3), and tight junction protein 2 (TJP2),
survived. One FICT deficiency recipient underwent LDLT secondary to deterioration of liver function, following infec-
tious enteritis. Although he underwent LDLT accompanied by total external biliary diversion, the patient died because
of PFIC-related complications. The other patient with FICT deficiency had intractable pruritus and underwent partial
internal biliary diversion (PIBD) at 9.8 years of age, pruritus largely resolved after PIBD. One BSEP deficiency recipient,
who had severe graft damage, experienced recurrence of cholestasis due to the development of antibodies against
BSEP after LDLT, and eventually died due to graft failure. The other patient with BSEP deficiency recovered well after
LDLT and there was no evidence of posttransplant recurrence of cholestasis. In contrast, recipients with MDR3 or TJP2
deficiency showed good courses and outcomes after LDLT.

Conclusions: Although LDLT was considered an effective treatment for PFIC, the clinical courses and outcomes after
LDLT were still inadequate in patients with FICT and BSEP deficiency. LDLT accompanied by total biliary diversion may
not be as effective for patients with FIC1 deficiency.
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Background

Progressive familial intrahepatic cholestasis (PFIC) is a
heterogeneous group of genetic autosomal recessive dis-
eases that cause severe cholestasis, which progresses to
cirrhosis and liver failure, in infancy or early childhood
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[1]. Molecular analysis of patients with this condition
has revealed distinct genetic mutations, based on which
PFIC is classified into four types. Currently, recognized
forms of PFIC (until recently referred to as PFIC types
1, 2, and 3), are characterized by defects in the biliary
proteins involved in the formation and flow of bile in
the liver. The nomenclature of each entity has changed
according to new understanding of these diseases [2].
Familiar intrahepatic cholestasis 1 (FIC1) deficiency is
caused by a mutation in the ATPase class 8B member 1
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(ATP8B1) gene, which encodes the FIC1 protein. FIC1 is
located on the canalicular membrane of the hepatocyte
and involved in phospholipid translocation. The protein
facilitates movement of phosphatidylserine and phos-
phatidylethanolamine between the outer and inner leaflet
of the plasma membrane of the hepatocyte. Furthermore,
it helps to protect the membrane from high bile salt con-
centration in the canalicular lumen [3]. The FIC1 protein
is expressed in the liver, pancreas, small intestine, and
kidney, indicating that the deficiency is a systemic dis-
ease. The histopathology is characterized by canalicular
cholestasis and the absence of true ductular proliferation
[4, 5]. Because FIC1 is more highly expressed in the small
intestine than in the liver [6], FIC1 deficiency is charac-
terized by cholestatic features and chronic diarrhea [4, 7,
8]. Bile salt export pump (BSEP) deficiency is caused by a
mutation in the ATP binding cassette subfamily B mem-
ber 11 (ABCBI11I) gene that encodes the BSEP protein,
only expressed in hepatocytes. The deficiency of BSEP,
which plays a role in bile acid excretion, leads to impaired
bile salt secretion, causing intrahepatic cholestasis, pru-
ritus, failure to thrive, and progressive liver damage [9,
10]. Multidrug resistance protein 3 (MDR3) deficiency
is caused by a mutation in the ATP binding cassette sub-
family B member 4 (ABCB4) gene that encodes MDR3,
which plays a role in phosphatidylcholine excretion.
Mutations in the ABCB4 gene result in absence or low
levels of functional MDR3 enzyme leading to decreased
level of phospholipids in bile and an abnormality in bile
ducts. Consequently, it leads to cholestasis and injury to
the biliary epithelium and canaliculi [11, 12]. Tight junc-
tion protein 2 (TJP2) deficiency is caused by a mutation
in the TJP2 gene, and defects in tight junctions, leading

Table 1 Demographic characteristics of patients with PFIC
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to severe cholestatic liver disease and extrahepatic mani-
festations [13-16].

Surgical biliary diversion might be useful for resolving
pruritus and has been reported to delay the progressive
course of the disease in patients with PFIC [17-19]. Liver
transplantation (LT) is considered a curative treatment
for patients with PFIC [20-22]. However, some recipients
with FIC1 deficiency who undergo LT contributes to the
development of refractory diarrhea and graft steatohepa-
titis [21]. Furthermore, some patients with BSEP defi-
ciency who undergo LT develop recurrent cholestasis due
to the development of anti-BSEP antibodies against the
liver graft [23—-26]. MDR3 and TJP2 deficiency are both
extremely rare, and there are only a few reports on the
outcomes of LT in pediatric patients with these types [13,
20, 27-31].

We herein report the clinical outcomes of surgical
management in patients with four types of PFIC at a sin-
gle institution.

Case presentation

Patients’ characteristics

This study retrospectively assessed six patients with
four types of PFIC who underwent surgical treatment at
Osaka University Hospital between 1998 and 2020. The
demographic characteristics of the patients are shown in
Table 1. The diagnosis was confirmed via genetic analysis
in four patients (Cases 3, 4, 5, and 6) and via functional
analysis of transcription factors in two patients (Cases 1
and 2). Two patients had homozygous mutations, one in
the ABCB4 gene (Case 5) and the other in the TJP2 gene
(Case 6). The other two patients had compound het-
erozygous mutations in the ABCBII gene (Cases 3 and

Case PFICtype Sex Mutation of gene Genotype First symptoms/Age at Age at Extrahepatic features
onset of PFIC diagnosis
(years)
1 FICT deficiency  Male  ATPSBI Heterozygous Jaundice, hepatomeg- 14 Diarrhea, pancreatitis
aly/3 months
2 FICT deficiency  Male  ATP8BI Heterozygous Jaundice, hepatomeg- 0.6 None
aly/1 month
3 BSEP deficiency Male  ABCBI1 Compound heterozygous Jaundice, hepatomeg- 0.5 None
aly/1 month
4 BSEP deficiency ~ Female ABCBI1 Compound heterozygous Jaundice, hepatomeg- 1 None
aly/3 months
5 MDR3 deficiency Male  ABCB4 Homozygous Abnormal liver function 2.1 None
tests, hepatosplenomeg-
aly/2 months
6 TJP2 deficiency ~ Female TJP2 Homozygous Jaundice, hepatomeg- 5 Sensorineural deafness

aly/1 month

PFIC progressive familial intrahepatic cholestasis, FICT familial intrahepatic cholestasis 1, BSEP bile salt export pump, MDR3 multidrug resistance protein 3, TJP2 tight
junction protein 2, ATP8B1 ATPase class 88 member 1, ABCB11 ATP binding cassette subfamily B member 11, ABCB4 ATP binding cassette subfamily B member 4
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4). Based on the genetic findings, the patients were diag-
nosed with four types of PFIC. A mutation was identified
in only one allele of the ATP8BI gene in Cases 1 and 2,
and FIC1 deficiency was diagnosed in both cases based
on the clinical presentation and the functional analysis
results of the FIC1 protein [32].

Clinical outcomes of patients with PFIC

FIC1 deficiency: cases 1 and 2

The patient with FIC1 deficiency (case 1) rapidly devel-
oped liver failure at 11 years of age following infectious
enteritis. Computed tomography scan of the abdomen
showed a grossly distended gallbladder, and the patient
underwent partial external biliary diversion (PEBD). He
presented with refractory diarrhea, pancreatitis, and
gradually worsening liver dysfunction. At 11.4 years of
age, the patient underwent LDLT accompanied by total
external biliary diversion (TEBD) using a segment of
jejunum. The liver biopsy showed no evidence of steato-
hepatitis. However, the patient presented with refractory
diarrhea, acute renal failure and pancreatitis, and devel-
oped the liver dysfunction due to repeated cellular rejec-
tion after LDLT. His condition gradually deteriorated due
to uncontrolled septicemia and hemophagocytic syn-
drome. He eventually died of sepsis and other associated
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complications 6 months after LDLT (Fig. 1). The other
patient with FIC1 deficiency (case 2) underwent partial
internal biliary diversion (PIBD) at 9.8 years of age, owing
to intractable pruritus. In PIBD, a 25 ¢cm segment of
jejunum was isolated and anastomosed between the ter-
mino-lateral side of the gall bladder and the mid-portion
of the ascending colon. The continuity of the jejunum
was established by jejuno-jejunal anastomosis (Fig. 2).
Thereafter, pruritus largely resolved after PIBD.

BSEP deficiency: cases 3 and 4

The two patients with BSEP deficiency (Cases 3 and 4)
presented with decompensated liver failure and under-
went LDLT at 1.9 and 4.8 years of age, respectively. The
clinical symptoms and laboratory findings of the first
patient with BSEP deficiency (case 3) improved after
LDLT. However, the patient developed symptoms of
cholestatic liver disease at 6 months after LDLT. Immu-
nofluorescence staining of normal human liver sections
with the patient’s serum and the subsequent use of an
anti-human IgG antibody to detect serum antibodies
showed reactivity to the BSEP epitope in the canalicu-
lar membrane and revealed the deposition of antibod-
ies against BSEP in the liver graft [26]. Treatment with
plasmapheresis was initiated for the recurrence of BSEP
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Fig. 1 Clinical course of the patient with FICT deficiency (case 1). FICT progressive familial intrahepatic cholestasis 1, ALT alanine aminotransferase,
D-Bil direct bilirubin, CHDF continuous hemodiafiltration, PEBD partial external biliary diversion, LDLT living-donor liver transplantation, TEBD total
external biliary diversion
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Fig. 2 PIBD using a segment of jejunum (ante-colic) between the gall bladder and ascending colon. A Jejuno-colonic anastomosis (black arrow) B
Cholecystojejunal anastomosis (black arrow). PIBD partial internal biliary diversion

deficiency, followed by the administration of intrave-
nous immunoglobulin and rituximab. However, chol-
estasis and pruritus rapidly reoccurred after treatment.
While waiting for a second transplantation, the patient’s
condition deteriorated due to septicemia and necrotiz-
ing pancreatitis. He eventually died of gastrointestinal
bleeding at 3 years and 4 months after LDLT. The second
patient with BSEP deficiency (case 4) recovered well after
LDLT and was discharged from the hospital. There was
no evidence of posttransplant recurrence of cholestasis.
Seventeen years after LDLT, the latest clinical findings
showed normal liver function, and liver biopsy revealed
the absence of hepatic fibrosis.

MDR3 deficiency: case 5

In the patient with MDR3 deficiency (case 5), despite the
absence of any triggering factors, the patient’s condition
rapidly progressed to terminal liver failure at 6 years of
age. The patient presented with acute cellular rejection
and hepatic artery stenosis 1 month after LDLT and,
therefore, received anticoagulant and steroid pulse ther-
apy. After the treatments, the patient recovered and was
discharged from the hospital. The latest clinical findings
8 months after LDLT showed normal liver function, and
there were no associated complications.

TJP2 deficiency: case 6

The patient with TJP2 deficiency (case 6) was histologi-
cally diagnosed with BSEP deficiency at 1 year of age
based on the absence of BSEP, though she exhibited no
significant genetic abnormalities. Her liver function grad-
ually worsened, and she underwent LDLT at 4 years of
age. The patient presented with drug-induced pancreati-
tis and acute renal failure, the latter of which was treated
with continuous hemodiafiltration. She recovered well

and was discharged from the hospital. Repeat genetic
testing after LDLT showed a previously undetected sig-
nificant mutation in the TJP2 gene, and the patient was,
therefore, diagnosed with TJP2 deficiency. The latest
clinical findings showed normal liver function 5 years
after LDLT, and there were no associated complications.

Discussion

Biliary diversion is the first-line surgical management
strategy for FIC1 deficiency; however, once cirrhosis
has developed, patients often have poor outcomes [22].
Hence, non-transplant surgical management, such as
external or internal biliary diversion, should be consid-
ered in patients with PFIC who do not have cirrhosis.
Surgical biliary diversion with internal or external drain-
age for patients with PFIC decreased bile acid levels in
the enterohepatic circulation and improved the outcomes
of LT [33]. Total biliary diversion during LT has been
documented as a possible explanation for FIC1 deficiency
[34]. Hence, we performed TEBD accompanied by LDLT
in a patient with FIC1 deficiency (Case 1). However,
LDLT accompanied by total biliary diversion was inef-
fective. Meanwhile, PIBD was beneficial for the relief of
pruritus in another patient with FIC1 deficiency (Case 2),
and it also eliminated the disadvantages of a permanent
stoma. The FIC1 deficiency recipient (Case 1) developed
the diarrhea exacerbation after LDLT. The main cause of
refractory diarrhea is thought to be the expression of the
FIC1 protein in various organs, and higher expression
levels are found in the small intestine [6]. After LDLT, a
liver graft excretes a normal amount of bile acids into the
bile, whereas the intestine remains functionally impaired.
Consequently, increased bile acids in the small intes-
tine and colon may cause refractory diarrhea [8, 35, 36].
These findings suggest that combined liver and intestinal
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transplantation may be needed to prevent complications
after LT. When managing FIC1 deficiency, clinicians
should consider genetic findings as well as the timing and
indications of biliary diversion and LT.

In 2009, Keitel et al. first reported the recurrence of
cholestasis after LT [23]. Several studies have subse-
quently reported that an inhibitory antibody against
BSEP most likely causes cholestatic disease [23-26].
The complete absence of BSEP expression in the native
liver is responsible for the failure to develop tolerance to
BSEP. In addition, after the first transplantation, severe
perfusion injury and severe graft damage have been sug-
gested to result in the release of large amounts of BSEP
protein derived from the donor graft [23]. Acute rejec-
tion episodes were recognized in one patient with BSEP
deficiency (Case 3), who developed the recurrence of
cholestasis after LDLT. However, there was no evidence
of posttransplant complications in the other patient with
BSEP deficiency (Case 4). Posttransplant development of
anti-BSEP antibodies may also be associated with severe
graft damage after LT. We recommend monitoring for
the development of BSEP autoantibodies in patients who
undergo LDLT for BSEP deficiency. With regard to donor
selection for LDLT, previous reports have shown that
LDLT has outcomes similar to those of LT from deceased
donors [37, 38]. In Japan, the number of patients who
undergo cadaverous LT is extremely low. Patients who
undergo LDLT from related donors are not at high risk of
failure due to PFIC-related causes [21, 22].

MDR3 and TJP2 deficiency are extremely rare, and only
a few studies have reported the outcomes of LT in pediat-
ric patients with MDR3 deficiency [20, 27-31] and TJP2
deficiency [13, 39]. In our cases, the clinical outcomes
were good in the patients with MDR3 and TJP2 defi-
ciency who underwent LDLT. MDR3 deficiency devel-
ops relatively late, with cholestatic symptoms developing
in late infancy to adolescence [11, 12]. Previous reports
showed that severe ABCB4 genotypes are generally asso-
ciated with reduced liver expression levels of MDR3 and
are more prevalent in children with MDR3 deficiency
[28, 40]. Colombo et al. showed that in children with
mutations in two ABCB4 alleles, a situation that is geneti-
cally similar to the presence of a radical mutation, there
was rapid regression to terminal liver failure [28]. In our
study, the patient with MDR3 deficiency presented with
a homozygous mutation in the ABCB4 gene, and muta-
tions in both alleles might have caused rapid liver failure
in early childhood.

Conclusion

Although LDLT was considered an effective treatment
for PFIC, the clinical courses and outcomes after LDLT
were still inadequate in patients with FIC1 and BSEP
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deficiency. LDLT accompanied by total biliary diversion
may not be as effective for patients with FIC1 deficiency.

Abbreviations

ATP8B1: ATPase class 88 member 1; ABCB11: ATP binding cassette subfamily B
member 11; ABCB4: ATP binding cassette subfamily B member 4; ALT: Alanine
aminotransferase; BSEP: Bile salt export pump; FICT: Familial intrahepatic
cholestasis 1; LT: Liver transplantation; LDLT: Living-donor liver transplantation;
MDR3: Multidrug resistance protein 3; PEBD: Partial external biliary diversion;
PFIC: Progressive familial intrahepatic cholestasis; PIBD: Partial internal biliary
diversion; TEBD: Total external biliary diversion; TJP2: Tight junction protein 2.

Acknowledgements

The authors are grateful to Dr. Takao Togawa in the Department of Pediat-
rics and Neonatology, Nagoya City University Graduate School of Medical
Sciences, for helping in the genetic analysis. We would like to thank Editage
(www.editage.com) for English language editing.

Authors’ contributions

KM drafted the manuscript. TU, KM, TK, RT, RS, YT and HO performed the
surgeries. TU, KB, SM and HO critically revised the manuscript. All authors read
and approved the final manuscript.

Funding
All authors declare that they have no conflict of interest.

Availability of data and materials
The data sets analysed during the current study are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki
(2000) and approved by the institutional research board (no. 18459-2).

Consent for publication
Informed consent was obtained from the patients for publication of this case
report.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Pediatric Surgery, Osaka University Graduate School of Medi-
cine, 2-2 Yamadaoka, Suita, Osaka 565-0871, Japan. 2Departmen‘[ of Pediatrics,
Osaka University Graduate School of Medicine, Osaka, Japan.

Received: 5 November 2021 Accepted: 10 January 2022
Published online: 13 January 2022

References

1. Whitington PF, Freese DK, Alonso EM, Schwarzenberg SJ, Sharp HL.
Clinical and biochemical findings in progressive familial intrahepatic
cholestasis. J Pediatr Gastroenterol Nutr. 1994;18:134-41.

2. Morotti RA, Suchy FJ, Magid MS. Progressive familial intrahepatic cholesta-
sis (PFIC) type 1, 2, and 3: a review of the liver pathology findings. Semin
Liver Dis. 2011;31:3-10.

3. Paulusma CC, Folmer DE, Ho-Mok KS, de Waart DR, Hilarius PM, Ver-
hoeven AJ, Oude Elferink RP. ATP8B1 requires an accessory protein for
endoplasmic reticulum exit and plasma membrane lipid flippase activity.
Hepatology. 2008;47:268-78.

4. Ujhazy P, Ortiz D, Misra S, Li S, Moseley J, Jones H, et al. Familial intra-
hepatic cholestasis 1: studies of localization and function. Hepatology.
2001;34:768-75.


http://www.editage.com

Masahata et al. Surgical Case Reports (2022) 8:10

20.

21.

22.

23.

24.

Paulusma CC, Groen A, Kunne C, Ho-Mok KS, Spijkerboer AL, Rudi de
Waart D, et al. Atp8b1 deficiency in mice reduces resistance of the canali-
cular membrane to hydrophobic bile salts and impairs bile salt transport.
Hepatology. 2006;44:195-204.

Bull LN, van Eijk MJ, Pawlikowska L, DeYoung JA, Juijn JA, Liao M, et al.

A gene encoding a P-type ATPase mutated in two forms of hereditary
cholestasis. Nat Genet. 1998;18:219-24.

van Mil SW, Klomp LW, Bull LN, Houwen RH. FICT disease: a spectrum of
intrahepatic cholestatic disorders. Semin Liver Dis. 2001;21:535-44.
Lykavieris P, van Mil S, Cresteil D, Fabre M, Hadchouel M, Klomp L, et al.
Progressive familial intrahepatic cholestasis type 1 and extrahepatic
features: no catch-up of stature growth, exacerbation of diarrhea,

and appearance of liver steatosis after liver transplantation. J Hepatol.
2003;39:447-52.

Strautnieks SS, Bull LN, Knisely AS, Kocoshis SA, Dahl N, Arell H, et al. A
gene encoding a liver-specific ABC transporter is mutated in progressive
familial intrahepatic cholestasis. Nat Genet. 1998;20:233-8.

Thompson R, Strautnieks S. BSEP: function and role in progressive familial
intrahepatic cholestasis. Semin Liver Dis. 2001;21:545-50.

. Deleuze JF, Jacquemin E, Dubuisson C, Cresteil D, Dumont M, Erlinger S,

et al. Defect of multidrug-resistance 3 gene expression in a subtype of
progressive familial intrahepatic cholestasis. Hepatology. 1996,23:904-8.
Jacquemin E, De Vree JM, Cresteil D, Sokal EM, Sturm E, Dumont M,

et al. The wide spectrum of multidrug resistance 3 deficiency: from
neonatal cholestasis to cirrhosis of adulthood. Gastroenterology.
2001;120:1448-58.

Sambrotta M, Strautnieks S, Papouli E, Rushton P, Clark BE, Parry DA, et al.
Mutations in TJP2 cause progressive cholestatic liver disease. Nat Genet.
2014;46:326-8.

Vitale G, Gitto S, Raimondi F, Mattiaccio A, Mantovani V, Vukotic R, et al.
Cryptogenic cholestasis in young and adults: ATP8B1, ABCB11, ABCB4,
and TJP2 gene variants analysis by high-throughput sequencing. J Gas-
troenterol. 2018;53:945-58.

. Wang HY, Zhao YL, Liu Q, Yuan H, Gao Y, Lan L, et al. Identification of

two disease-causing genes TJP2 and GJB2 in a Chinese family with
unconditional autosomal dominant nonsyndromic hereditary hearing
impairment. Chin Med J (Engl). 2015;128:3345-51.

Wei CS, Becher N, Friis JB, Ott P, Vogel I, Granbaek H. New tight junction
protein 2 variant causing progressive familial intrahepatic cholestasis
type 4 in adults: a case report. World J Gastroenterol. 2020;26:550-61.
Ekinci S, Karnak I, GUrakan F, Yice A, Senocak ME, Cahit Tanyel F, et al.
Partial external biliary diversion for the treatment of intractable pruritus in
children with progressive familial intrahepatic cholestasis: report of two
cases. Surg Today. 2008;38:726-30.

Bustorff-Silva J, Sbraggia Neto L, Olimpio H, de Alcantara RV, Matsushima
E, De Tommaso AM, et al. Partial internal biliary diversion through a chol-
ecystojejunocolonic anastomosis—a novel surgical approach for patients
with progressive familial intrahepatic cholestasis: a preliminary report. J
Pediatr Surg. 2007;42:1337-40.

Ramachandran P, Shanmugam NP, Sinani SA, ShanmugamV, Srinivas S,
Sathiyasekaran M, et al. Outcome of partial internal biliary diversion for
intractable pruritus in children with cholestatic liver disease. Pediatr Surg
Int. 2014,;30:1045-9.

Englert C, Grabhorn E, Richter A, Rogiers X, Burdelski M, Ganschow R.
Liver transplantation in children with progressive familial intrahepatic
cholestasis. Transplantation. 2007;84:1361-3.

Hori T, Egawa H, Miyagawa-Hayashino A, Yorifuji T, Yonekawa Y, Nguyen
JH, et al. Living-donor liver transplantation for progressive familial intrahe-
patic cholestasis. World J Surg. 2011;35:393-402.

Mehl A, Bohorquez H, Serrano MS, Galliano G, Reichman TW. Liver
transplantation and the management of progressive familial intrahepatic
cholestasis in children. World J Transplant. 2016;6:278-90.

Keitel V, Burdelski M, Vojnisek Z, Schmitt L, Haussinger D, Kubitz R. De
novo bile salt transporter antibodies as a possible cause of recurrent
graft failure after liver transplantation: a novel mechanism of cholestasis.
Hepatology. 2009;50:510-7.

Jara P, Hierro L, Martinez-Fernandez P. Recurrence of bile salt

export pump deficiency after liver transplantation. N Engl J Med.
2009;361:1359-67.

Page 6 of 6

25. Kubitz R, Droge C, Kluge S, Stross C, Walter N, Keitel V, et al. Autoimmune
BSEP disease recurrence after liver transplantation for progressive familial
intrahepatic cholestasis. Clin Rev Allergy Immunol. 2015;48:273-84.

26. Masahata K, Uehara S, Ibuka S, Nakahata K, Hasegawa Y, Kondou H, et al.
Recurrence of progressive familial intrahepatic cholestasis type 2 phe-
notype after living-donor liver transplantation: a case report. Transplant
Proc. 2016;48:3156-62.

27. Bassas A, Chehab M, Hebby H, Al Shahed M, Al Husseini H, Al Zahrani A,
et al. Living related liver transplantation in 13 cases of progressive familial
intrahepatic cholestasis. Transplant Proc. 2003;35:3003-5.

28. Colombo C, Vajro P, Degiorgio D, Coviello DA, Costantino L, Tornillo L,
et al. Clinical features and genotype-phenotype correlations in children
with progressive familial intrahepatic cholestasis type-3 related to ABCB4
mutations. J Pediatr Gastroenterol Nutr. 2011;52:73-83.

29. KaurS, Sharma D, Wadhwa N, Gupta S, Chowdhary SK, Sibal A. Thera-
peutic interventions in progressive familial intrahepatic cholestasis:
experience from a tertiary care centre in north India. Indian J Pediatr.
2012;79:270-3.

30. Agarwal S, Lal BB, Rawat D, Rastogi A, Bharathy KG, Alam S. Progressive
familial intrahepatic cholestasis (PFIC) in Indian children: clinical spectrum
and outcome. J Clin Exp Hepatol. 2016;6:203-8.

31. LiuY,Sun LY, Zhu ZJ, Wei L, Qu W, Zeng ZG. Liver transplantation for pro-
gressive familial intrahepatic cholestasis. Ann Transplant. 2018;23:666-73.

32. HayashiH, Naoi S, Togawa T, Hirose Y, Kondou H, Hasegawa Y, et al.
Assessment of ATP8B1 deficiency in pediatric patients with cholestasis
using peripheral blood monocyte-derived macrophages. EBioMedicine.
2018;27:187-99.

33. Schukfeh N, Metzelder ML, Petersen C, Reismann M, Pfister ED, Ure BM,
et al. Normalization of serum bile acids after partial external biliary diver-
sion indicates an excellent long-term outcome in children with progres-
sive familial intrahepatic cholestasis. J Pediatr Surg. 2012;47:501-5.

34. Mali VP, Fukuda A, Shigeta T, Uchida H, Hirata Y, Rahayatri TH, et al. Total
internal biliary diversion during liver transplantation for type 1 progres-
sive familial intrahepatic cholestasis: a novel approach. Pediatr Transplant.
2016;20:981-6.

35. Egawa H, Yorifuji T, Sumazaki R, Kimura A, Hasegawa M, Tanaka K. Intrac-
table diarrhea after liver transplantation for Byler's disease: successful
treatment with bile adsorptive resin. Liver Transplant. 2002;8:714-6.

36. Jansen PL, Strautnieks SS, Jacquemin E, Hadchouel M, Sokal EM, Hooiveld
GJ, et al. Hepatocanalicular bile salt export pump deficiency in patients
with progressive familial intrahepatic cholestasis. Gastroenterology.
1999;117:1370-9.

37. Freise CE, Gillespie BW, Koffron AJ, Lok AS, Pruett TL, Emond JC, et al.
Recipient morbidity after living and deceased donor liver transplantation:
findings from the A2ALL Retrospective Cohort Study. Am J Transplant.
2008;8:2569-79.

38. Hoehn RS, Wilson GC, Wima K, Hohmann SF, Midura EF, Woodle ES,
et al. Comparing living donor and deceased donor liver transplanta-
tion: a matched national analysis from 2007 to 2012. Liver Transplant.
2014;20:1347-55.

39. Zhou S, Hertel PM, Finegold MJ, Wang L, Kerkar N, Wang J, et al. Hepato-
cellular carcinoma associated with tight-junction protein 2 deficiency.
Hepatology. 2015;62:1914-6.

40. Davit-Spraul A, Gonzales E, Baussan C, Jacquemin E. The spectrum of liver
diseases related to ABCB4 gene mutations: pathophysiology and clinical
aspects. Semin Liver Dis. 2010;30:134-46.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Clinical outcomes of surgical management for rare types of progressive familial intrahepatic cholestasis: a case series
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Patients’ characteristics
	Clinical outcomes of patients with PFIC
	FIC1 deficiency: cases 1 and 2
	BSEP deficiency: cases 3 and 4
	MDR3 deficiency: case 5
	TJP2 deficiency: case 6


	Discussion
	Conclusion
	Acknowledgements
	References


