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Abstract

Background: Progressive familial intrahepatic cholestasis is a disease presenting with severe cholestasis and progressing to the
end-stage liver disease later. Liver transplantation is a treatment modality available for progressive familial intrahepatic cholestasis,
especially in patients with end-stage liver disease or those who are unsuitable for or have failed biliary diversion.
Objectives: To evaluate clinical and pathological characteristics of progressive familial intrahepatic cholestasis patients who had
undergone liver transplantation and to determine post-transplant steatosis and steatohepatitis.
Methods: We evaluated 111 progressive familial intrahepatic cholestasis patients with normal gamma-glutamyl transferase that
performed liver transplantation in Shiraz Transplant Center in Iran between March 2000 and March 2017.
Results: The most common clinical manifestations were jaundice and pruritus. Growth retardation and diarrhea were detected in
76.6% and 42.5% of the patients. After transplantation, growth retardation was seen in 31.5% of the patients, and diarrhea in 36.9%
of them. Besides, 29.1% of the patients died post-transplant. Post-transplant liver biopsies were taken from 50 patients, and 15 (30%)
patients had steatosis or steatohepatitis, five of whom (10%) had macrovesicular steatosis alone, and 10 (20%) had steatohepatitis.
Only one patient showed moderate bridging fibrosis (stage III), and none of them showed severe fibrosis.
Conclusions: Liver transplantation is the final treatment option for these patients, and it can relieve most clinical manifestations.
However, post-transplant mortality rate was relatively high in our center. Diarrhea, growth retardation, and steatosis are unique
post-transplant complications in these patients. The rate of post-transplant steatosis and steatohepatitis in patients with liver
biopsy in our study was 30%, with a significant difference from previous studies.
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1. Background

Cholestatic diseases are among the most serious liver
disorders in infancy and childhood. Cholestasis is defined
as defect of normal bile flow and is classified into extrahep-
atic cholestasis and intrahepatic cholestasis. Progressive
Familial Intrahepatic Cholestasis (PFIC) is an autosomal re-
cessive disorder of childhood in which cholestasis usually
presents in the infancy or first year of life and causes to liver
failure at ages usually varying from infancy to adolescence
(1, 2).

Historically, based on clinical findings, laboratory
data, genetic defect, and liver biopsy, three types of PFIC

were explained. PFIC type 1, or Byler’s disease, is charac-
terized by mutations of the ATP8B1 gene, which encodes
the FIC 1 protein. PFIC type 2 is caused by mutations in the
ABCB11 gene that lead to the decrease or absence of func-
tional bile salt export pump (BSEP) expression. PFIC type 3
is caused by the mutations of the ABCB4 gene contribute
to downregulation of the multidrug resistance class 3 gly-
coprotein. Currently, new types of this disease have been
introduced. The mutations of TJP2 gene with loss of func-
tion of the tight junction protein 2 protein lead to PFIC type
4, and PFIC type 5 is caused by the mutations of the NR1H4
gene, which encodes an essential transcription factor for
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bile acid homeostasis, farnesoid X receptor. A newly ex-
plained type of PFIC is related to a mutation in the MYO5B
gene, critical for the normal trafficking of transporters and
epithelial cell polarization (3-7).

PFIC is a syndrome in which patients develop severe
cholestasis, advancing to the liver failure before adult-
hood. It has general clinical features, including jaun-
dice, severe pruritus, and hepatomegaly. Growth retarda-
tion is also another clinical presentation in some types.
Extrahepatic findings have been reported in PFIC type 1,
such as short stature, diarrhea, sensorineural deafness,
pancreatitis, and liver fatty change (2, 8-10). Also, neu-
rological and respiratory symptoms are reported in PFIC
type 4. Serum gamma-glutamyl transferase (GGT) activ-
ity is low-to-normal in most PFIC types except type 3 (6, 7).
Histopathological findings in the liver biopsy of PFIC pa-
tients include bland centrilobular canalicular cholestasis,
lobular fibrosis with acinar or pseudo-rosette formation,
and variable degrees of giant cell transformation. Ductu-
lar reaction is seen in PFIC type 3 and 5. Over time, there is
progression to micronodular cirrhosis (6, 7, 11, 12).

In the management of patients with PFIC, medical and
surgical treatments play prominent roles. Currently, liver
transplantation (LT) is the final treatment option available
for PFIC when other treatments are unsuccessful (6, 12, 13).
An unwanted outcome of LT in patients with PFIC type 1 is
the potential exacerbation of extrahepatic manifestations
like diarrhea and short stature (14, 15), and diarrhea is often
associated with steatosis on liver biopsy (8, 14, 16). Post-LT
steatosis is also reported in PFIC type 5 (6, 17). Few reports
have discussed post-transplant liver steatosis and steato-
hepatitis in patients with PFIC (8, 16).

2. Objectives

In this study, we evaluated a large population of PFIC
patients with normal GGT who had undergone LT within 17
years in a single-center, namely Shiraz Transplant Center, in
Iran. We investigated the pre-and post-transplant clinical,
paraclinical, and histopathological findings with empha-
sis on post-transplant development of steatosis and steato-
hepatitis.

3. Methods

3.1. Study Population

Between March 2000 and March 2017, 133 patients with
PFIC underwent LT in Shiraz Transplant Center, the only
and major pediatric LT center in Iran. In our center, genetic
testing for confirmation of PFIC was not performed due

to both unavailability and high cost for patients. There-
fore, the diagnosis of PFIC was based on these criteria:
(i) Clinical manifestations including a history of chronic
cholestasis with jaundice, pruritus, and hepatomegaly af-
ter ruling out other causes of childhood cholestasis such
as neonatal hepatitis, biliary atresia, metabolic disorders,
paucity of intrahepatic bile duct, biliary obstruction, and
cholangiopathic disorders (ii) laboratory findings includ-
ing high alkaline phosphatase and normal or low GGT, and
(iii) liver histopathology and immunohistochemical study
if needed. PFIC type 3 patients were not included in our
study because of exclusion of high GGT patients. LT was
performed due to severe liver failure, severe pruritus or se-
vere growth retardation (defined as weight and height be-
low the third percentile for age and sex), and failure of bil-
iary diversion. The patients with missed file data and poor
follow-up and death before one month after transplanta-
tion were excluded from post-transplant evaluation.

3.2. Data Collection

We examined the records of patients for these vari-
ables: Demographic data, date of LT, type of allograft,
weight on the transplant day, history of pre-transplant
biliary diversion operation, pre-transplant clinical man-
ifestations, post-transplant clinical manifestations and
complications, post-transplant immunosuppression ther-
apy protocol, post-transplant laboratory data and liver
histopathological findings, and date and cause of death.

3.3. Histopathological Evaluation

In our center, a post-transplant liver biopsy was taken
when a progressive increase in the liver enzyme level was
observed. Liver biopsies were evaluated by one expe-
rienced pathologist on hematoxylin-eosin, reticulin and
Masson trichrome stains. Histopathological assessment
of liver biopsies with steatosis and steatohepatitis was
graded based on Brunt’s classification (18, 19).

3.4. Immunosuppressive Protocol

Post-transplant immunosuppressive therapy was
started by methylprednisolone; Tacrolimus was added
on the second post-transplant day. As needed in other
immunosuppressive drugs, mycophenolate mofetil is our
choice. Biopsy-proven acute rejection was treated with i.v.
methylprednisolone, followed by a three-day regimen of
tapering.

3.5. Study Design for Evaluation of Post-Transplant Steatosis

We classified the patients with post-transplant liver
biopsy into two groups: (1) patients with steatosis and
steatohepatitis confirmed by histopathological evaluation
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and (2) patients with no steatosis or steatohepatitis in
liver biopsy. Then, the demographic data, pre-and post-
transplant clinical manifestations, laboratory findings,
and post-transplant complications were compared with
each other.

3.6. Statistical Analysis

Statistical analyses were done using SPSS 25. Data are
presented as mean ± SD. The Mann-Whitney U test was
used for analysis. A P value of less than 0.05 was taken to
be significant.

4. Results

Between March 2000 and March 2017, 133 PFIC patients
with normal GGT underwent LT in Shiraz Transplant Cen-
ter, the only pediatric liver transplant center in Iran. Of
133 patients, 13 had missed file data and poor follow-up and
were excluded from the study. Also, nine patients died be-
fore one month of transplantation, so we evaluated only
pre-transplant data and the cause of death for them. Then,
111 PFIC patients with normal GGT that had undergone LT
were included in our study.

4.1. Demographic Data and Pre-Transplant Clinical Findings

The mean age at the time of admission was 39 ± 54
(range 1-240) months. Besides, 72 (60%) patients were boys
and 48 (40%) were girls with a male/female ratio of 1.5.
The mean weight at the time of admission was 12.2 ±
13.6 kg (range 5-90). Also, 15 (12.5%) patients underwent
pre-transplant biliary diversion operation. The most com-
mon clinical manifestations were jaundice and pruritus.
Growth retardation was detected in 92 (76.6%) patients and
pre-transplant diarrhea in 51 (42.5%) patients.

4.2. Post-Transplant Clinical and Laboratory Findings:

In this study, 69 (57.5%) patients were transplanted
from deceased donors and 51 (42.5%) patients from liv-
ing related donors. Transplantations from living-related
donors were from the mother, father, uncle, and aunt in
32 (26.7%), 16 (13.3%), two (1.6%), and one (0.9%) patients,
respectively. Infection was the most common complica-
tion. Growth retardation was seen in 35 (31.5%) patients
and diarrhea in 41 (36.9%) of them. Table 1 shows the dis-
tribution of pre-and post-transplant diarrhea, growth re-
tardation, and steatosis/steatohepatitis in all patients. Di-
arrhea was relieved after transplantation in 31 (27.9%) pa-
tients, did not change in 17 (15.3%) patients, and developed
de novo in 24 (21.6%) patients. Also, growth retardation was
relieved after transplantation in 52 (46.8%) patients, did
not change in 33 (29.7%) of them, and developed de novo

in two (1.8%) patients. Both diarrhea and growth retarda-
tion were decreased after LT; 48 (43.2%) patients with di-
arrhea decreased to 41 (36.9%) patients and 85 (76.6%) pa-
tients with growth retardation to 35 (31.5%) patients. Of all
120 PFIC patients with normal GGT, 35 (29.1%) patients died
post-transplant, and 85 (70.9%) were alive till the time of
this study. Nine (7.5%) patients died one month after LT
due to sepsis (six patients), portal vein thrombosis (two pa-
tients), and unknown cause (one patient).

4.3. Histopathological Evaluation After LT

In this study, 74 post-transplant liver biopsies were
taken from 50 (45%) patients due to the significant increase
in liver enzymes. The most common histopathological
findings are acute rejection (44%), steatosis and steatohep-
atitis (30%), and extrahepatic bile duct obstruction (20%).
We had 15 (30%) PFIC patients with steatosis or steatohep-
atitis in post-transplant liver biopsies, five (10%) of whom
had macrovesicular steatosis alone and 10 (20%) had steato-
hepatitis.

4.4. Patients With Post-Transplant Steatosis/Steatohepatitis

There were 15 patients within this group, and the de-
mographic and other characteristics are presented in Ta-
ble 2. Growth retardation was presented in seven patients
and diarrhea in eight patients. Six patients had diarrhea,
growth retardation, and steatosis together (Table 1). The
time of post-transplant liver biopsy was 291 ± 382 days
(range: 4-1387 days) after transplantation. Table 3 shows
laboratory findings at the time of liver biopsy. The pre-
and post-transplant clinical data, complications, outcome,
cause, and date of death are presented in Table 4. Twenty-
six liver biopsies were taken from these patients; five (10%)
patients had macrovesicular steatosis alone, and 10 (20%)
had steatohepatitis. Eight patients had mild steatohep-
atitis, and two of them showed moderate steatohepatitis.
The percentage and type of macrovesicular steatosis, non-
alcoholic fatty liver disease (NAFLD) activity score (NAS),
degree of fibrosis, and serial changes during the time are
displayed in detail in Table 5. Seven out of 15 patients
showed small-droplet macrovesicular steatosis; two pa-
tients showed moderate steatohepatitis and none of them
showed severe steatohepatitis. Besides, NAS was 4, 5, and
6 in one, seven, and two of them, respectively. Nine pa-
tients with steatohepatitis showed mild fibrosis (stage I or
II), and only one showed moderate bridging fibrosis (stage
III). None of these patients showed severe fibrosis, and the
cause of death in none of them was steatohepatitis.

4.5. Patients Without Post-Transplant Steatosis/Steatohepatitis

There were 35 patients within this group, with demo-
graphic and other characteristics presented in Table 2.
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Table 1. Diarrhea, Growth Retardation, and Steatosis in Pre- and Post-Transplant Period (111 Patients)

Symptoms Pre-transplant Post-transplant Number, %

Diarrhea

Present Absent 31, 27.9

Present Present 17, 15.3

Absent Present 24, 21.6

Absent Absent 39, 35.1

GR

Present Absent 52, 46.8

Present Present 33, 29.7

Absent Present 2, 1.8

Absent Absent 24, 21.6

Diarrhea and GR
Both present in pre-transplant 37, 33.3

Both present in post-transplant 21, 18.9

Diarrhea, growth retardation,
and steatosis

Diarrhea and steatosis present in post-transplant 8, 7.2

GR and steatosis present in post-transplant 7, 6.3

Diarrhea, GR, and steatosis present in post-transplant 6, 5.4

Abbreviation: GR, Growth Retardation.

Table 2. Demographic and Other Characteristics of Groups With and Without Steatosis/Steatohepatitis

Steatosis/steatohepatitis group No steatosis/steatohepatitis group P Value

Number 15 35 -

Age (month) 0.25

Mean ± SD 57 ± 36 70 ± 56.7

Range 11-134 12-228

M/F ratio 0.87 1.91 0.2

Weight (kg) 0.45

Mean ± SD 14.1 ± 5.9 17.2 ± 11.8

Range 7-27 7-55

Type of allograft, No. (%) 0.15

Deceased 11 (73.3) 18 (51.4)

Living 4 (26.7) 17 (48.6)

History of pre-transplant biliary diversion operation, No. (%) 3 (20) 0 (0) Not reliable

Death, No. (%) 10 (66.6) 9 (25.7) 0.02

Lab data in 1-2 months post-transplant, Mean ± SD

INR 1.3 ± 0.45 1.2 ± 0.2 0.13

Albumin (g/dL) 3.5 ± 0.82 3.6 ± 0.9 0.04

AST (U/L) 390 ± 735 71.6 ± 57.8 1.1

ALT (U/L) 257 ± 373 95.7 ± 77.2 1.5

ALP (U/L) 619 ± 392 747 ± 639 0.47

GGT (U/L) 93 ± 156 52 ± 71 0.6

Total Bilirubin (mg/dL) 1.4 ± 1.6 1.6 ± 2 0.24

Abbreviations: INR, international normalized ratio; AST, aspartate transaminase; ALT, alanine transaminase; ALP, alkaline phosphatase; GGT, gamma-glutamyl trans-
ferase.
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Table 3. Laboratory Data in Patients With Steatosis and Steatohepatitis at the Time
of Liver Biopsies (15 Patients).

Lab Test (unit) Mean ± SD Minimum Maximum

INR 1.8 ± 1.1 1 4.5

Albumin (g/dL) 3.6 ± 0.7 2.6 5.3

AST (U/L) 192 ± 296 47 1371

ALT (U/L) 224 ± 184 38 735

ALP (U/L) 623 ± 482 197 2161

Total Bilirubin (mg/dL) 2.2 ± 2.9 0.2 11.2

Direct Bilirubin (mg/dL) 1.1 ± 1.4 0.1 4.5

Abbreviations: INR, international normalized ratio; AST, aspartate transami-
nase; ALT, alanine transaminase; ALP, alkaline phosphatase.

Growth retardation was found in nine patients and diar-
rhea in 12 patients. The time of post-transplant liver biopsy
was 469 ± 832 days (range: 1-3005 days) after transplanta-
tion. The most common post-transplant histopathological
findings consisted of acute rejection (45.7%), extrahepatic
biliary obstruction (28.5%), acute cholestasis (17.1%), and
chronic rejection (14.2%).

4.6. Comparison Between Patients With and Without Post-
Transplant Steatosis/Steatohepatitis

Statistical analysis between the two groups based
on age, gender, weight, allograft type, history of pre-
transplant biliary diversion operation, death, and labora-
tory findings (Table 2) showed significant difference be-
tween two groups in death rate (66.6% in group with
steatosis/steatohepatitis versus 25.7% in other group, P
value: 0.02).

5. Discussion

In this study, we evaluated a single-center large popula-
tion of PFIC patients with normal GGT who had undergone
LT within 17 years in Shiraz Transplant Center in Iran. Also,
this is the largest single-center living related donation for
PFIC.

PFIC is a liver disorder, firstly described by Clayton et
al. in 1965 as Byler disease (20). PFIC is the cause of neona-
tal cholestasis in 10-15% of the cases and 10–15% of children
requiring LT. Jaundice and pruritus are an important clin-
ical signs in all forms of PFIC (2-4). Also, in our study, the
most common clinical manifestations were jaundice and
pruritus.

Treatment of PFIC is composed of surgical and non-
surgical options. In all types of PFIC, medical therapy is
the first line of treatment. The goals are to improve the
nutritional status, alleviate pruritus, treat complications

of chronic liver disease, and correct vitamin deficiencies.
Ursodeoxycholic acid is the most commonly used drug for
pruritus (4, 6, 7, 21, 22). Non-transplant surgical interven-
tions including partial external biliary diversion, ileal ex-
clusion, and partial internal biliary diversion have signif-
icantly improved the outcome of PFIC patients. The bil-
iary diversion procedures delayed or prevented the need
for LT. They are indicated in non-cirrhotic children with
cholestasis, low GGT, and severe pruritus. Partial external
biliary diversion is an older common technique, but the
permanent stoma is the disadvantage of it. On the other
hand, partial internal biliary diversion as a new method
has lower morbidity due to the absence of stoma (23, 24).
LT is now available as the final definitive treatment for PFIC;
it reverses many of the consequences of chronic liver dis-
ease. Several series have been reported the results of LT for
PFIC in which patient survival and graft survival rates were
85.2% and 76.6%, respectively (12). LT can lead to the relief
of cholestasis and pruritus in these patients. The proper
time of transplantation in PFIC patients is still debatable
(14). Unlike in PFIC type 2, early transplantation in PFIC type
1 is controversial (12).

Pre-transplant management of PFIC patients in our
center depends on the intensity of clinical symptoms, es-
pecially pruritus and degree of liver fibrosis. At first, for
the relief of pruritus, medical therapy is started from low
to maximum dose by drugs such as ursodeoxycholic acid,
rifampin, phenobarbital, cholestyramine, and naltrexone.
Biliary diversion is done for non-cirrhotic patients that do
not respond to medical therapy. For cirrhotic patients and
those with biliary diversion and unrelieved symptoms, LT
is indicated.

The usual biliary diversion method in our center is a
partial internal biliary diversion. A recent study in our
center about the effect of partial internal biliary diversion
showed a significant decrease in sleep disturbance and
pruritus after the operation. This operation is a beneficial
approach in non-cirrhotic children with PFIC (23). In our
study, 15 (12.5%) patients had a previous history of biliary di-
version operation; however, our center is a referral center
where the patients at the end-stage period are referred for
LT from all around the country or even neighboring coun-
tries; the precise data from the operation were not avail-
able for more evaluation.

Although LT can result in the relief of symptoms re-
lated to chronic liver disease, the post-transplant out-
comes are varied. Like LT for other liver diseases, vari-
ous complications have also been recorded, such as rejec-
tion and infection after transplantation for PFIC that do
not seem to happen in increased frequency (12, 25). In
addition to these complications, some others are partic-
ularly associated with PFIC. In cases of PFIC type 1, LT can
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Table 4. Patients With Steatosis and/or Steatohepatitis in Post-Transplant Biopsies Interval of Death to transplant

Patient Simple steatosis or
steatohepatitis

Age (month) Gender Allograft History of
pre-transplant

biliary diversion

Pre-transplant Post-transplant Outcome Cause of death Interval of death
to transplant

(days)

Diarrhea GR Diarrhea GR

1 Simple steatosis 42 M L No Present Present Present Present Died Sepsis 35

2 Simple steatosis 11 F L No Absent Absent Present Absent Died Unknown 510

3 Simple steatosis 72 F D Yes Absent Absent Absent Absent Alive - -

4 Simple steatosis 42 F D No Present Present Present Present Died Sepsis 330

5 Simple steatosis 52 M D No Absent Absent Absent Present Died Sepsis 150

6 Steatohepatitis 24 M L No Absent Absent Present Present Died Sepsis 450

7 Steatohepatitis 72 M D No Present Present Present Present Died Unknown 660

8 Steatohepatitis 132 F D No Present Present Absent Present Alive - -

9 Steatohepatitis 134 F D No Present Absent Present Present Alive - -

10 Steatohepatitis 60 F D No Absent Present Absent Present Alive - -

11 Steatohepatitis 30 M D No Absent Absent Present Present Alive - -

12 Steatohepatitis 60 F D No Present Present Absent Present Died Sepsis 1440

13 Steatohepatitis 30 F D No Present Present Present Present Died Sepsis 960

14 Steatohepatitis 66 M D Yes Present Absent Present Present Died Biliary disease 870

15 Steatohepatitis 31 M L Yes Absent Absent Present Present Died Sepsis 120

Abbreviations: M, male; F, female; L, living donor; D, deceased donor; GR, growth retardation.

be associated with an increase in liver steatosis and ex-
trahepatic manifestations, especially chronic watery diar-
rhea and growth retardation. However, the severity and
manifestation of these symptoms are unpredictable (8, 12).
The exacerbation of diarrhea after LT in patients with PFIC
type 1 is a serious problem and may impair the quality of
life (15, 26). Aydoghu et al. reported 19 patients of PFIC
with LT, four of whom developed post-transplant diarrhea
(14). In our study, the frequency of diarrhea after LT de-
creased relatively (43.2% pre-transplant versus 36.9% post-
transplant); however, this reduction was not significant.
Also, we had 24 (21.6%) patients that developed de novo di-
arrhea and 17 (15.3%) patients who did not relieve after LT.
Thus, post-transplant diarrhea was still an important com-
plication in our patients. Medical therapy with cholestyra-
mine could relieve this symptom in our experience. The
rate of growth retardation was reduced significantly (76.6%
pre-transplant versus 31.5% post-transplant) after LT in our
study. Also, we had only two (1.8%) patients that developed
de novo growth retardation after LT.

Post-transplant liver steatosis and steatohepatitis can
also be identified in patients with PFIC type 1 and 5. Table
6 shows the previous studies in which liver steatosis de-
veloped as a post-transplant complication in patients with
PFIC. Miyagawa-Hayashino et al. (8) reported the largest
previous study that specifically focused on post-transplant
steatohepatitis with 11 PFIC type 1 patients, in eight of
whom post-transplant hepatic macrovesicular steatosis
was developed, and seven progressed to steatohepatitis.
Six showed bridging fibrosis, with two of them progress-

ing to cirrhosis. The rate of steatosis and steatohepatitis
in our study was 30% in patients with post-transplant liver
biopsy, which is lower than in previous studies (the largest
by Miyagawa-Hayashino et al. (8) about 73%). The popu-
lation in our study was larger than in the previous ones,
but the PFIC patients were not subtyped by genetic study.
Also, another important difference with previous studies
was the outcome and degree of fibrosis in patients with
steatosis and steatohepatitis. Miyagawa-Hayashino et al.
reported six (54.5%) PFIC type 1 patients with bridging fibro-
sis, and two (18.1%) of whom developed cirrhosis (8). How-
ever, in our study, only one (2%) patient showed bridging
fibrosis, and none progressed to cirrhosis. Also, none of
them led to re-transplantation or death due to steatohep-
atitis. In our center, we prescribed vitamin E as an antiox-
idant for PFIC patients with steatosis. As mentioned, we
had 15 patients with pre-transplant biliary diversion, three
(20%) of whom showed steatosis or steatohepatitis. It is
lower compared to the rate of steatosis and steatohepatitis
in the whole population. The rate of death in patients with
steatosis/steatohepatitis was relatively high in our study al-
though the cause of death was, in most cases, sepsis and
was not related to steatosis. This relatively high rate of
death due to sepsis in this population needs more detailed
evaluation in our center.

Some studies have reported the co-occurrence of post-
transplant diarrhea and steatosis in PFIC patients (8, 25-
29). In our study, diarrhea, and steatosis co-occurred in
eight (7.2%) patients. Aydogdu et al. (14) have shown that
LT increases the growth rate in patients with PFIC due to
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Table 5. Serial Liver Biopsy Results in Patients With Steatosis and Steatohepatitis

Patient
Interval Between Liver Biopsy and Transplantation (Days and Months)

< 10 days 10-20 days 20-30 days 1-2 months 3-4 months 5-8 months 12-13
months

14-16
months

20 months 29 months 38 months 46 months

1 LDMS (5%)

2 SDMS (60%)

3 LDMS (5%)

4 No steatosis LDMS (5%)

5 SDMS (10%) No steatosis

6 LDMS (90%)
Mild SH
Mild fib.
(stage I)

NAS: 5

7 SDMS (90%)
Mild SH
Mild fib.
(stage I)

NAS: 5

SDMS (80%)
Mild SH
Mild fib.
(stage II)

NAS: 5

8 LDMS (90%)
Mild SH
Mild fib.
(stage I)

NAS: 5

LDMS (90%)
Mild SH
Mild fib.
(stage I)

NAS: 5

9 LDMS (90%)
Mod SH
Mild fib.
(stage I)
NAS: 6

10 SDMS (90%)
Mild SH
Mild fib.
(stage II)

NAS: 5

SDMS (90%)
Mild SH
Mild fib.
(stage II)

NAS: 5

11 No steatosis No steatosis SDMS (80%)
Mild SH
Mild fib.
(stage I)

NAS: 5

12 LDMS (80%)
Mod SH
Mod fib.

(stage III)
NAS: 6

13 No steatosis SDMS (95%) SDMS (95%)
Mild SH
Mild fib.
(stage II)

NAS: 5

14 No steatosis SDMS (60%)
Mild SH
Mild fib.
(stage II)

NAS: 4

15 LDMS (80%)
Mild SH
Mild fib.
(stage II)

NAS: 5

LDMS (90%)
Mild SH
Mild fib.
(stage II)

NAS: 5

Abbreviations: LDMS, large droplet macrovesicular steatosis; SDMS, small droplet macrovesicular steatosis; Mod, moderate; SH, steatohepatitis; NAS, NAFLD activity score; fib., fibrosis.

increased vitamin D absorption, production of insulin-
like growth factors, a decrease of portal hypertension, and
increased quality of life. Also, in our study, the rate of
growth retardation decreased after LT. The co-occurrence
of growth retardation and steatosis was 6.3% (seven pa-
tients). Also, the occurrence of diarrhea, growth retarda-
tion, and steatosis was 5.4% (six patients).

The present study had certain limitations and
strengths. The first limitation was that genetic study
was not available for most of the patients, so we diagnosed
PFIC according to the combination of clinical, laboratory,
and pathological findings. Second, standard deviation

scores of weight and height at the time of transplant and
given intervals after transplant were not available. Third,
we excluded the PFIC patients with high GGT from our
study. However, this study is by far the largest experience
with LT for PFIC patients, and we demonstrated important
differences from what has been published to date.

In conclusion, the most common clinical manifesta-
tions of PFIC patients with normal GGT were jaundice and
pruritus. LT is a final treatment for these patients with cir-
rhotic liver or patients not responding to medical therapy
and biliary diversion, and it can relieve most clinical mani-
festations. However, the post-transplant mortality rate was
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Table 6. Previous Studies in Which Liver Steatosis/Steatohepatitis Developed as Post-Transplant Complication

Study Number of PFIC Patients (Type) Hepatic Steatosis and Steatohepatitis Hepatic Fibrosis (Degree)

Lykavieris et al (26) 2 (type 1) 2 (mild to severe steatosis) 2 (mild)

Bassas et al (27) 13 (N/D) 1 (moderate to severe steatosis) N/D

Miyagawa-Hayashino et al (8) and Hori et al
(28)

11 (type 1) 1 (moderate to severe steatosis), 7
(steatohepatitis)

9 (stage III and IV)

Nicastro et al (16) 1 (type 1) 1 (severe steatohepatitis) 1 (mild)

Berumen et al (25) 1 (type 1) 1 (moderate steatosis) N/D

Liu et al (29) 3 (type 1) 2 (moderate to severe steatohepatitis) 1 (stage III)

Gomez-Ospina et al (17) 4 (type 5) 4 (progressive steatosis) N/D

Current study 111 (N/D) 5 (mild to severe steatosis), 10 (steatohepatitis) 10 (9 stage I-II, 1 stage III)

Abbreviation: N/D, not determined.

relatively high (29.1%), and the most common cause was
sepsis. The rate of post-transplant steatosis and steatohep-
atitis in patients with liver biopsy in our study was 30%.
Also, the rate of moderate and severe fibrosis was low. The
rate of growth retardation was reduced significantly after
LT, and the frequency of diarrhea decreased relatively. It is
important to pay attention to these complications in post-
transplant management of PFIC patients.
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