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Abstract

Background
Previously we reported the presence of portal fibrosis in 31% (n=84) of the grafts in 
protocol biopsy specimens 1 year after pediatric liver transplantation (LTx). 

Methods 
�n order to assess the natural history of graft fibrosis after pediatric liver transplanta-
tion, we extended the analysis of graft histology in follow up protocol biopsy speci-
mens obtained 5 and 10 years after transplantation. We correlated histological results 
with clinical parameters at the time of LTx and during follow-up, to allow identifica-
tion of risk factors for the development of fibrosis. 

Results
From 1 year to 5 years after LTx, the prevalence of fibrosis increased to 65% (n=66), 
but remained stable thereafter (at 10 years, 69%, n=55). At 10 years after LTx, how-
ever, the percentage of patients with severe fibrosis had increased from 10% (at 5 
years) to 29%. Of the 69% of children without fibrosis at 1 year post-transplantation, 
64% (n=39) had developed some degree of fibrosis at 10 years. Fibrosis was strongly 
related to transplant related factors such as prolonged cold ischemia time, young 
age at the time of transplantation, high donor/recipient age ratio and the use of 
partial grafts (p<0.05). Fibrosis was not significantly related to rejection, chronic 
hepatitis or the nature of the immunosuppressive therapy.

Conclusion 
Biopsy specimens after pediatric LTx show that most grafts developed fibrosis within 
5 years. At 10 years after LTx, the graft fibrosis had progressed to severe fibrosis in at 
least 25% of the patients. Development of fibrosis, starting either before or after the 
first year post-LTx, was strongly related to transplant-related factors, indicating the 
importance of these factors to long-term graft prognosis.

Abbreviations
LTx: liver transplantation
C�T: cold ischemia time 
D/R: donor/recipient
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Introduction 

Liver transplantation (LTx) has become the standard treatment for children with end 
stage liver disease. Survival above 80% has been reported at 10 years after pediatric 
LTx.1 �n contrast to adults 2, most pediatric transplant liver recipients do not have a 
primary liver disease with a high tendency of recurrence in the graft. Nevertheless, 
relatively little information is available on the long-term histology and function of 
the liver graft.
Evans et al. 3 recently described a high prevalence of chronic hepatitis, associated 
with fibrosis, in protocol biopsy specimens: 43% at 5 years and 64% at 10 years after 
pediatric liver transplantation. The authors speculated that this chronic hepatitis 
may be a hepatic form of chronic rejection.
Previously, we reported that in 31% of liver grafts at 1 year after pediatric LTx 4 portal 
fibrosis was present. Chronic hepatitis was not observed in these grafts. Transplant-
related factors correlated positively with the presence of fibrosis, including cold isch-
emia time (C�T) and biliary complications. The long-term prognosis of portal fibrosis 
at 1 year after transplantation has remained unclear. Also to what extent fibrosis 
develops after 1 year post- transplantation (“late” fibrosis) and whether “late” fibro-
sis is related to specific transplant-related or follow-up-related factors. �n the present 
study we aimed to elucidate these questions. We evaluated graft histology in protocol 
biopsy specimens to 10 years after pediatric LTx and investigated possible relation-
ships between transplant-related or post-transplantation parameters and progression 
of early fibrosis or development of “late” fibrosis. 
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Patients and methods

�n our center 105 children were transplanted with a total of 132 liver grafts from 
1982 to 1996. We have performed annual protocol evaluations of all our patients 
since the start of our liver transplant program. The annual evaluation comprised 
clinical assessment, biochemical and serological screening and protocol liver biopsy 
specimens at 1, 2, 3, 5 and 10 years after transplantation. Previously we reported the 
histology of the available 1 year biopsy specimens (n=84).4 Seven of these 84 speci-
mens showed miscellaneous changes (rejection, viral infection, or vascular changes) 
and were excluded from evaluation. �n the remaining 77 grafts, three major histolog-
ical categories were observed, the first category showed normal histology, the second 
category showed reactive changes (minimal infiltrates in some portal tracts) and the 
third category showed a variable degree of portal fibrosis. The primary liver disease 
of the included patients is shown in Table 1. 
Biopsies performed at 3, 5 and 10 years of the 77 grafts included in our previous study 
4 were reviewed by the same pathologist (A.S.H.G). Liver biopsies were performed per-
cutaneously with a 16-gauge Menghini biopsy needle. Biopsy specimens were evalu-
ated for the presence and severity of fibrosis. Mild reactive changes, rejection, hepati-
tis and other abnormalities were also noted. Severity of fibrosis was evaluated using 
a four point scale: 0 = no fibrosis, 1 = mild fibrosis, portal fibrosis without bridging, 
2 = moderate fibrosis, portal fibrosis with occasional bridging, 3 = severe fibrosis/cir-
rhosis, diffuse portal bridging. Blood samples were taken concurrently with the liver 
biopsies for biochemical liver tests in relation to the severity of fibrosis and serologi-
cal testing for cytomegalovirus, Epstein Barr virus and Hepatitis B and C virus. 

Table 1. Primary liver disease of the included patients. 

Primary diagnosis 77 liver grafts N (%) Re-transplantation (N)

Biliary Atresia 
Metabolic disease
        Tyrosinemia (n=8)
        α1 antitrypsin deficiency (n=4)
        Hyperoxalosis (n=2)
        Wilson disease (n=2)
        Other (n=3)
Other cirrhosis 
        Auto immune hepatitis (n=4)
        Progressive familiar intrahepatic 
                cholestasis (n=2)
        Primary sclerosing cholangitis (n=2)
        Cryptogenic cirrhosis (n=3)
Hepatoblastoma 
Fulminant liver failure 

39(51%)
19(25%)

13(17%)

1(1%)
5(6%)

6
5

1

1
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To identify predictive factors for the evolution of fibrosis, potential contributing 
factors in the donor and the recipient and parameters of the transplant procedure 
and follow-up were analyzed. �n our previous study 4 the following independent risk 
factors were correlated with fibrosis at 1 year after LTx: C�T, biliary complications, 
cytomegalovirus status of the recipient and the occurrence of an acute rejection 
episode. To these factors we added the following parameters which we hypothesized 
could be related to fibrosis: recipient’s age at the time of LTx, donor/recipient (D/R) 
age ratio, donor age, graft type, type of biliary reconstruction and immunosuppres-
sive regimen. Table 2 shows the demographic data of the included patients.

Table 2. Demographic data.

77 liver grafts Median / N Range/%

Age (yrs) 3.2 0.1-16.8
Weight (kg) 13.5 3.5–65.5

Gender 
     Male
     Female 
ABO Blood group incompatibility 
     Identical
     Compatible
     Incompatible
Graft type
     Full size graft
     Partial size graft
Cold ischemia time (hr) 
Anhepatic phase (min)
Operation time (hr)
Preservation solution 
     Euro-Collins
     University of Wisconsin
     Histidine-tryptophan-ketoglutarate
Immunosuppression 
     Azathioprine, prednisolone
     Cyclosporine azathioprine,        
          prednisolone        
               Cyclosporine withdrawn

38
39

59
15
3

37
40
11
93
6

12
63
2

5

72
44

49%
51%

77%
20%
4%

48%
52%

3.3–19.1
40–219
4–11.6

16%
82%
3%

7%

94%

               Switched to Tacrolimus
Rejection 
     Acute rejection < 1 yr  
     Acute rejection > 1 yr 
     Chronic rejection 
Biliary complications 
     Early  
     Late 
          ITBL
          Stenosis 

11

29
10
3

21
15
7
3

38%
13%
4%

27%
19%
9%
4%

Abbreviations: ITBL ischemic type of biliary lesions



66 Chapter 5

Immunosuppression
The major immunosuppression regimen for these patients was based on a triple 
therapy with cyclosporine (trough levels of 100-150 μg/L after the first month), pred-
nisolone (after 3 months tapered to 0.25-0.4 mg/.kg/2days, alternate-day dosing) and 
azathioprine (2 mg/kg/day). Before 1988, an immunosuppression regimen was used 
in five children consisting of prednisolone (after three months tapered to 0.4-0.6 
mg/kg/2days, alternate day dosing) and azathioprine (2.5 mg/kg/day). Cyclosporine 
was withdrawn in 44 patients after the evaluation at 2 years. These 44 patients con-
tinued with the immunosuppression regimen consisting of azathioprine and pred-
nisolone in the dosages mentioned above.5,6 �mmunosuppression was switched to 
tacrolimus (trough levels of 4-6 μg/L) in cases of severe side effect(s) of cyclosporine, 
severe acute rejections or chronic rejection. �n this group prednisolone was tapered 
to 0.1 mg/kg/day. Rejection in the first 4 weeks after transplantation was treated by 
intravenous bolus injections of methylprednisolone (20 mg/kg/day) on 3 successive 
days. Rejections after this 4-week period were treated with a temporary increase of 
the oral prednisolone dosage (4 mg/kg/day). 

Statist ical  analysis
Data were analyzed using SPSS version 14. Continuous variables are presented as 
median with the range and categorical variables as number with percentages. Con-
tinuous variables were compared using non parametric tests, or with Student t test 
if data were normally distributed. Categorical variables were compared using the 
Pearson’s chi-squared test or the Fisher’s exact test if suspected cell frequency was 
less than 5. For analysis of the association between the ordered fibrosis categories 
and the ranks of laboratory test we used the Jonckheere-Terpstra test, a test for or-
dered alternatives, correcting for unequal numbers in groups. P < 0.05 was consid-
ered statistically significant.

Results

�n the original study of 77 included biopsy specimens at 1 year after LTx, 26 showed 
fibrosis of varying severity (Figure 1). At 3 years after LTx 64 of 77 (83%) of the biopsy 
specimens were available, and fibrosis was present in 31 (48%). At 5 years after LTx, 
66 of 77 (85%) biopsy specimens were available, and fibrosis was present in 43 (65%). 
At 10 years after LTx, 55 of 77 (71%) biopsy specimens were available and fibrosis was 
present in 38 (69%). At 10 years after LTx 16 patients (29%) had developed severe fibro-
sis (grade 3). Thus, the prevalence of fibrosis increased from 31% to 65% of the biopsy 
specimens between 1 year and 5 years after LTx, but remained stable thereafter (at 
10 years, 69%, n=55). Figure 1 shows that the severity of fibrosis progressed during 
follow-up. At 10 years after LTx the percentage of patients with severe fibrosis had 
increased from 10% (at 5 years) to 29%. The incidence of severe fibrosis after 10 years 
was significantly higher in the patients with fibrosis at 1 year after LTx (p= 0.004) 
compared with patients without fibrosis. 
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5Of the 11 missing biopsy specimens at 5 years, six patients had died (four with cir-
rhosis) and two patients had a retransplantation (both with cirrhosis). �n three pa-
tients a biopsy was not performed at 5 years; however biopsy specimens from each of 
the three patients were available at 10 years. Twenty-two samples were missing at 10 
years after LTx: eight patients had died, five had undergone retransplantation, and 
nine patients did not undergo a liver biopsy, in most cases because they were referred 
to the adult hepatology department. Of the patients who died or had a retransplanta-
tion 10 patients had cirrhosis and three patients had normal histology. Of the nine 
patients who did not undergo a liver biopsy at 10 years after LTx, all had a biopsy at 
5 years after LTx, with the following results: no fibrosis in four, mild fibrosis in one 
and moderate fibrosis in four. Analysis of the biopsy results at 5 years did not show 
a difference in the amount of fibrosis and the severity of fibrosis between the group 
with a biopsy at 10 years after LTx and the nine patients who did not undergo a bi-
opsy at 10 years. �f we combine the last biopsy results at 5 years of these nine patients 
with the 10-year biopsy results we see fibrosis in 63% and severe fibrosis in 21% of the 
patients who are still alive and did not have a retransplantation at 10 years. 

Correlat ion between biochemical  l iver tests and progression of 
f ibrosis
As stated, the results were obtained from protocol biopsy specimens at indicated 
time points after LTx. The high incidence of (severe) fibrosis prompted the investiga-
tion of whether the presence and/or severity of fibrosis correlated with biochemi-
cal liver function indices obtained at the time of the biopsies. Table 3 shows the 
biochemical liver tests in relation to the presence and severity (grade) of fibrosis at 
5 years and 10 years after LTx. Jonckheere-Terpstra analysis showed a significant up-

77777777Total (n)

17 (31 %)
11 (20 %))
11 (20 %)
16 (29 %)
22

23 (35 %)
21 (32%)
15 (23 %)
7   (11%) 
11

33 (52 %)
18 (28 %)
5   (8 %)
8   (12 %)
13

51 (66 %)
11 (14 %)
14 (18 %)
1   (1 %)

No fibrosis
Fibrosis 1
Fibrosis 2
Fibrosis 3
Missing

10 year 5 year 3 year1 year 
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ward trend for higher laboratory values with a more severe grade of fibrosis in most 
of the laboratory values [aspartate aminotransferase, alanine aminotransferase and 
γ glutamyl transferase (GGT) at 5 years, alkaline phosphatase and GGT at 10 years]. 
This observation was most pronounced for GGT at 5 and 10 years. However, the re-
sults also indicated a considerable variation in each biochemical liver test among 
the three different categories. Thus, it was not possible to use the laboratory values 
to predict the severity of fibrosis. 

Severe f ibrosis and portal  hypertension 
To evaluate the clinical significance of severe fibrosis in the biopsy specimens we 
evaluated these patients for portal hypertension. As parameters for portal hyperten-
sion we used the number of thrombocytes and the spleen size by the abdominal ul-
trasound performed during the clinical review 10 years after transplantation. Nine 
of the patients with severe fibrosis (9/16, 56%) had an enlarged spleen, whereas in 
13of 38 of the patients with no or mild fibrosis an enlarged spleen was seen (34%, 

Table 3. Biochemical liver tests and histological findings in the liver biopsies 5 years and 10 years 
after transplantation.

Total group No fibrosis Fibrosis
grade 1 and 2

Fibrosis 
grade 3

AP (U/L)
5 yrs 228(58–885) 214(58–346) 229(120–885) 269(117–276)
10 yrs 220(32–658) 172(32–580)# 219(85–356)# 248(32–658)#

AST (U/L)
5 yrs 35(14–98) 28(14–98)# 35(15–90)# 62(44–86)#

10 yrs 

ALT (U/L)
5 yrs 

32(18–22)

25(7–103)

27(19–79)

20(10–60)#

30(18–55)

31(7–103)#

37(19–22)

39(12–43)#
10 yrs 

Dir. Bilir.
(mg/dl)
5 yrs 
10 yrs 

GGT (U/L)
5 yrs 

24(6–191)

0.4(0.1–1.0)
0.3(0.1–2.5)

20(5–979)

22(6–97)

0.2(0.1–0.9)
0.3(0.1–2.5)

14(5–252) #

25(10–53)

0.4(0.1–1.0)
0.3(0.1–0.6)

23(9–407)#

25(13–191)

0.4(0.1–0.5)
0.4(0.1–2.3)

318(67–979) #

10 yrs 20(8–431) 13(8–431)# 18(8–85)# 26(10–343)#

Abbreviations: AP: alkaline phosphatase, GGT: γ-glutamyl transferase, AST: aspartate 
aminotransferase, ALT: alanine amino transferase, Dir Bilir: direct bilirubin
Laboratory values median (range) 
#Significant upward trend (Jonckheere-Terpstra test, p <0.05)
5 yrs after LTx Total group: n=66, no fibrosis: n=23, fibrosis grade 1 and 2: n=36, 
Fibrosis grade 3: n=7
10 yrs after LTx, total group: n=55, no fibrosis: n=17, fibrosis grade 1 and 2: n=22, 
fibrosis grade 3 n=16.
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not significant). Median number of thrombocytes in the patients with severe fibro-
sis was 176 (44-323) x 109/L and 232 (44-562) x 109/L in the patients with no or mild 
fibrosis (not significant).

Predict ive factors of  f ibrosis at  10 years after l iver 
transplantat ion 
We analyzed whether pre-transplantation-related, transplantation-related and post-
transplantation-related variables correlated with graft fibrosis at 10 years after pedi-
atric LTx (Table 4). Post-transplantation-related (follow-up) factors such as rejection, 
biliary complications and immunosuppression (with or without calcineurin inhibi-
tors) were not significantly related to fibrosis. Further analysis of the three different 
immunosuppressive regimens showed that distribution of fibrosis in these three 
groups was almost the same (not significant). 
All variables that significantly correlated with fibrosis at 10 years after LTx were 
transplant- related factors: young age at the time of LTx, high D/R age ratio, a long 
cold ischemia time, and the use of partial grafts (Table 4). �n our previous study 
biliary complications were related to the development of fibrosis and an episode of 
acute rejection seemed to prevent against fibrosis at 1 year after LTx.4 However, these 
factors were not related to the presence of fibrosis at 10 years after LTx.

Table 4. Results of univariate analysis of risk factors for fibrosis in the 10 years biopsies after 
pediatric LTx.

No fibrosis
n = 17

Fibrosis
n = 38

p values

Recipient Age at LTx (yrs) 4.5 (1–16) 2.0 (0.1–16.8) p = 0.013*

Ratio D/R Age 

Donor Age (yrs)

0.9 (0.3–4.8)

4 (0.3–36)

4.6 (0.4–47)

7 (0.5–39)

P < 0.001*

p = 0.097

Cold ischaemia time (hrs) 6.4 (3.5–13.9) 12.0 (3.5–19.1) p = 0.001*
Type of Graft
Full size 14 (82%) 15 (40%) p = 0.03*

Biliary reconstruction 
Hepatico-jejunostomy

Biliary Complications
None

14 (67%)

14 (82%)

24 (56%)

29 (76%)

p = 0.43

p = 0.6

Immunosuppression 
With CNI 

Rejection 
None

CMV recipient status 
CMV negative

5 (29%)

9 (53%)

12 (71%)

12 (32%)

28 (73%)

25 (67%)

p = 0.8

p = 0.13

p = 0.78

Abbreviations: D/R: donor/recipient, CMV: cytomegalovirus, CNI: Calcineurin Inhibitor.
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Predict ive factors of  late  f ibrosis 
To evaluate whether different risk factors correlated with the development of fibrosis 
after the first year after LTx, we performed a subgroup analysis of the patients who 
developed fibrosis after the first year (“late” fibrosis). Fifty-one grafts did not have 
fibrosis in the first-year biopsy specimens after LTx. Liver biopsy specimens from 39 
of these patients were available at 10 years after LTx (71%). The majority of patients 
who did not have fibrosis at 1 year, had developed fibrosis at 10 years [late fibrosis, 
25/39 patients (64%)]. We evaluated whether predictive factors could be identified 
for the development of late fibrosis (Table 5). Late fibrosis was associated with the 
same transplant-related risk factors as were observed for the total group of patients 
in relation to the development of fibrosis in the 10-year biopsy specimens. 

Although all these factors were significantly associated with fibrosis in univariate 
analysis, we realize that they may mutually be associated and interrelated. We tested 
these variables for mutual association in a correlation matrix. Most of the identified 
variables indeed proved to be interrelated. Young age was associated with a long C�T 
(p=0.039) and a high D/R age ratio (p =0.014) A high D/R age ratio was associated with 
the use of partial grafts (p=0.04). 

Table 5. Results of univariate analysis of risk factors for the development of “late” fibrosis after 
pediatric liver transplantation. 

No fibrosis
n = 15

Fibrosis
n = 24

p values

Recipient age at LTx (yrs) 4.7 (1–15.8) 2.7 (0.4–16) p = 0.024*

Ratio D/R Age 0.9 (0.3–4.8) 2.5 (0.5–47) p = 0.001*

Donor age (yrs)

Cold ischemia time (hrs)

4 (0.3–36)

5.4 (3.5–13.9)

6.5 (0.5–39)

11.8 (3.5–17.3)

p = 0.16

p = 0.004*

Type of graft
Full size

Biliary Reconstruction
Hepatico-jejunostomy

13 (86%)

4 (27%)

10 (42%)

14 (58%)

p = 0.005*

p = 0.054

Biliary Complications
None 

Immune suppression
With CNI  

Rejection
None

13 (86%)

4 (26%)

7 (46%)

20 (83%)

18 (75%)

14 (58%)

p = 0.78

p = 0.9

p = 0.47

CMV recipient status 
CMV negative 12 (80%) 19 (83%) p = 0.83

Abbreviations: D/R: donor/recipient, CMV: cytomegalovirus, CNI: Calcineurin Inhibitor.
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Graft  loss and i ts predict ive factors 
Graft loss in the first 10 years occurred in 13 of the original 77 patients. Eight pa-
tients had died, of whom two from complications of cirrhosis, and two from compli-
cations of a retransplantation. Four died from other causes: two patients died from 
a post-transplantation lymphoproliferative disease, one from bacterial sepsis and 
one from toxic epidermal necrolysis. Five patients successfully underwent retrans-
plantation.
Fibrosis in the first-year biopsy specimen correlated with retransplantation in the 
first 10 years after transplantation: five of the seven retransplantations (71%) had 
fibrosis in the first- year biopsy specimens, compared with 21 of 70 (30%) of the pa-
tients without retransplantation (p=0.04). Fibrosis in the first-year biopsy specimen 
did not significantly correlate with mortality. The presence of biliary complications 
was associated with retransplantation. Six of the seven (85%) patients with a retrans-
plantation had biliary complications, compared to 15 of the 70 (21%) of the patients, 
who did not have a retransplantation (p= 0.03). Predictive factors that were related to 
fibrosis after 10 years (C�T, age at the time of LTx, and the use of partial grafts) were 
not associated with retransplantation. 

Discussion
�n this study we have shown a profound increase in the prevalence of fibrosis in pedi-
atric grafts from 31% at one year after transplantation to almost 70% after 10 years, 
and an increase in the severity of fibrosis with a progression to severe fibrosis in more 
than 25% of the grafts after 10 years. Transplant-associated factors are related to the 
development of fibrosis, and even to the development of “late” fibrosis (that is, start-
ing after the first year). �dentified transplant-associated factors that have shown to be 
important include long cold ischemia time (C�T), young age at the time of transplan-
tation, high D/R age ratio and the use of partial grafts. 
A high frequency of histological abnormalities (70-90%) has been reported previously 
in long term follow up biopsy specimens of adult recipients of liver grafts.7-9 However 
these abnormalities were mostly related to the recurrent primary disease. Only lim-
ited data are available on long term graft histopathology after pediatric liver trans-
plantation. Rosenthal et al.10 investigated biopsy specimens up to 3 years after trans-
plantation, and found only minor pathological changes: mild fibrosis in 8% of the 
biopsy specimens. Fouquet et al.11 described results of 10-year liver biopsy specimens 
as part of a clinical follow-up study of patients with biliary atresia after LTx. These 
authors found normal histology in 27% of the biopsy specimens, which is comparable 
to our study. The major abnormalities Fouquet et al. found were mild to moderate 
chronic rejection (41%) and mild centrolobular fibrosis (22%), which is different from 
our findings. However no histopathological details are given in this study. 
�n the most comprehensive study of graft histology up to ten years after pediatric 
LTx, Evans et al.3 reported (near) normal graft histology in 77% at 1 year, 61% at 5 
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years and 31% at 10 years. At 10 years Evans et al. observed fibrosis in 69%, of which 
14% had already developed to severe fibrosis. �n some aspects our data are in accor-
dance with these: (near) normal graft histology in 66% at 1 year, 35% at 5 years and 
31% at 10 years. Also, our data on the prevalence of fibrosis are similar, although in 
our patients we found more progression to severe fibrosis. We observed fibrosis in 
69%, of which 40% had progressed to severe fibrosis at 10 years. Fibrosis in the study 
of Evans et al.3 was associated with an entity described as a “chronic hepatitis of 
unknown cause”. �t was speculated that this chronic hepatitis could be a new pre-
sentation of chronic rejection in the grafted liver. We observed hepatitis in the graft 
histology of only four patients. One patient had hepatitis C. One had a recurrence 
of autoimmune hepatitis, as confirmed by positive auto-antibodies and elevated im-
munoglobulins levels. �n the other two patients no abnormalities could be found in 
the laboratory values. Thus our results clearly differ from those obtained by Evans 
et al. An explanation for this observed difference could be that our different im-
munosuppression regimen, with a continued use of low dose steroids in our cohort, 
prevented chronic hepatitis. 
We attempted to identify the (severity) of fibrosis using biochemical liver functions. 
Laboratory values at 5 and 10 years indeed showed a significant relation between 
biochemical liver tests and grade of fibrosis. However most of the liver tests were 
only mildly elevated, and even normal in most individual cases. Elevated GGT was 
the most consistent finding, which is compatible with biliary damage. However we 
could not find clinical signs of biliary complications, such as abnormalities of the 
biliary tree on ultrasound or elevated bilirubin levels. 
Earlier we had shown that fibrosis at 1 year was related to biliary complications, long 
C�T, positive cytomegalovirus status of the recipient, and a negative correlation with 
acute rejection.4 At 10 years after LTx the presence of fibrosis correlated with a long 
C�T, young age at the time of LTx, high D/R age ratio and the use of partial grafts. A 
subgroup analysis of the grafts without fibrosis at one year after LTx showed that 
fibrosis developed in 64% of these grafts. Even the development of “late” fibrosis was 
related to the same risk factors associated with the transplantation procedure as 
was seen for fibrosis at 10 years. 
We have shown in this study that a long C�T contributes to the development of fi-
brosis in pediatric liver grafts. The biliary tree seems to be more vulnerable for a 
prolonged C�T than the liver parenchyma, which subsequently could lead to more 
ischemic damage and fibrosis in the portal tracts. A C�T above 11.5 hours is asso-
ciated with the development of ischemic type of biliary lesions.12 Conversely, the 
contribution of a long C�T to fibrosis could be caused by confounding factors. For 
example, a long C�T could represent the cut-down procedure for preparation of par-
tial grafts. Young age is related to the use of partial grafts and high ratio of D/R age. 
Partial grafts have to adjust to different blood flow and space after LTx. Partial grafts 
have to expand during growth, especially in small children. We cannot exclude that 
one or more of these factors is involved in the development of fibrosis, even after the 
first year after transplantation. 
Our study also provides information on the clinical significance of the development 
and progression of fibrosis. Early fibrosis (developed in the first year) was associated 
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with retransplantation. Yet these retransplantations were mainly related to biliary 
complications, which was one of the risk factors in the development of fibrosis in 
the first year. Although long C�T, young age and the use of partial graft are associated 
with the development of fibrosis in our study, the function of these grafts still seems 
adequate at 10 years. We do realize, however, that the progression of fibrosis towards 
cirrhosis could endanger graft function and graft survival in the longer term (>10 
years after liver transplantation).
Theoretically, the result of our study might be biased by the missing histology re-
sults of 9 patients who did not undergo a biopsy at 10 years after LTx. But as we have 
shown, analysis of the 5 years biopsy specimens of these patients shows that the 
amount and severity of fibrosis at 5 years after LTx is similar to the patients who did 
have a biopsy at 10 years after LTx. �f we would add the results of the 5-years biopsy 
of these nine patients to the available 10-years biopsy results (n=55) the prevalence 
of fibrosis would be 63% and of severe fibrosis 21%. This slightly better outcome is 
still very similar to our original outcome. 
We evaluated the possibility that the present results are influenced by the fact that 
many patients used an immunosuppressive scheme without calcineurin inhibitor. 
However, in our study 1 year after LTx 4 we found portal fibrosis already present in 
33% of the patients, who at that time all used cyclosporine. Furthermore we did not 
find any significant difference in the prevalence of fibrosis in the patients with or 
without calcineurin inhibitor. And, finally, other studies 3, 11 have shown fibrosis in 
long term biopsy specimens after pediatric liver transplantation. 
�n conclusion we have shown that transplant-related factors are associated with the 
development of fibrosis and cirrhosis of pediatric liver grafts in most patients. Liver 
function does not seem to be influenced by this development of fibrosis at 10 years 
after LTx. Our data do not show a strong impact of the development of fibrosis on 
graft survival up to 10 years after LTx. �t is unclear whether severe fibrosis leads to 
graft failure and subsequent graft loss after this period. 
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