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Introduction and outline of the thesis
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The first human liver transplantation was performed by Thomas Starzl in Denver 
in 1967. The recipient was a 3-years old boy with biliary atresia, who died during 
the transplantation because of severe bleeding.1 The first successful orthotopic liver 
transplantation with a survival beyond the immediate perioperative period, was 
performed in a 1.5-year old girl with a hepatocellular carcinoma in 1967.2 She sur-
vived for more than one year, but nevertheless liver transplantation remained an ex-
perimental therapy with an 1-year survival of only 30%.3 One of the reasons of early 
graft loss was uncontrollable rejection. �mmunosuppression in the early years con-�mmunosuppression in the early years con-mmunosuppression in the early years con-
sisted of high-dose steroids with 6-mecaptopurine and in later years azathioprine. 
The introduction of Cyclosporin A (CsA) in 1979 resulted in an profound increase 
of survival.4;5 �n 1983, liver transplantation was declared an accepted treatment for 
end stage liver disease for adults as well as children during  the National �nstitute of 
Health consensus development conference.6 This decision was based on the results 
of four liver transplant centers active at that time. One of these four pioneering cent-
ers was the Academic Hospital Groningen, nowadays known as University Medical 
Center of Groningen. �n 1989, tacrolimus (TAC) was introduced.7 TAC had a stronger 
immunosuppressive effect than CsA, a similar safety profile and fewer cosmetic side-
effects.8 Despite the development of new immunosuppressive drugs since then, TAC 
has remained the cornerstone of immunosuppressive therapy after pediatric liver 
transplantation in most transplantation centers. 
From the beginning of transplantation medicine, however, it had been realized 
that immunosuppression comes with a price. Long-term immunosuppression is as-
sociated with an increased risk of infections and neoplastic diseases. Side effects 
of calcineurin blockers (TAC and CsA) include nephrotoxicity, neurotoxicity and 
hypertension. CsA is additionally associated with cosmetic side effect as hirsutism 
and gingival hyperplasia. Side effects of steroids are hypertension, stunting of linear 
growth and osteoporosis. 
Apart from development in immunosuppression, advances in organ preservation, 
surgical techniques and peri-operative care have dramatically improved long-term 
patient and graft survival following liver transplantation. A patient survival above 
80% at 10 years after pediatric liver transplantation has been reported.9 Long term 
survival and quality of life is mainly determined by proper functioning of the liver 
graft and no or only minor side effects of immunosuppressive medication. As chil-
dren have a longer life span following liver transplantation than patients who are 
transplanted at adult age, an even greater emphasis should be placed in the former 
on long-term prevention of end organ damage. Pediatric liver transplant recipi-
ents face the challenge of maintaining long-term graft function, while long-term 
immune and non-immune complications due to immunosuppressive medication 
should be minimized. 
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1Aim and outline of the thesis 

Pediatric medicine should evaluate its benefits and costs both in short and long term 
time frames. The same holds for pediatric liver transplantation, which is a rather new 
treatment modality. The aim of this thesis is to evaluate the consequences of various 
immunosuppressive regimens on (long-term) side effects and on graft histology after 
pediatric liver transplantation. The particular side effects which were studied were 
kidney function, growth retardation and infections with Epstein Barr Virus.
�mmunosuppressive medication has been associated with a higher risk on post trans-
plant malignancies. �n children the most frequent malignancy is a post transplant 
lymphoproliferative disease (PTLD). PTLD is associated with Epstein Barr virus infec-
tion, which can develop into an uncontrolled lymphocyte proliferation. �t has re-
mained difficult to screen for PTLD. One possible screening tool involves the determi-
nation of the high EBV viral load in blood. We evaluated the prospective value of EBV 
viral load determinations in the first 6 months after pediatric liver transplantation, 
with respect to the development of a primary, symptomatic EBV infection or a PTLD 
(Chapter 2 The value of prospective monitoring Epstein-Barr virus DNA in blood 
samples of pediatric liver transplantation recipients.) 
The transplantation program in Groningen was started in 1979, and the first child 
was transplanted in 1982. �n 1986 Cyclosporine A was introduced in the standard im-
munosuppressive protocol. �n 1999 CsA was substituted in the standard protocol by 
TAC. Patients transplanted before 1986 had done reasonably well with an immuno-
suppressive protocol consisting of cyclophosphamide, azathioprine and prednisolo-
ne. The 1986 protocol with CsA included controlled withdrawal of CsA at two years 
after transplantation to prevent long-term side effects, mainly renal damage. With-
drawal of CsA was only attempted when the patient and graft function were doing 
well and when liver biopsy at 2 years after transplantation did not show histological 
rejection. We evaluated the success rate of this protocol, with respect to occurrence 
of rejection, long term kidney function and plasma lipid concentrations in chapter 
3: Cyclosporin withdrawal after pediatric liver transplantation.  
One of the side effects of immunosuppression, especially steroids is linear growth 
retardation. This is of particular relevance since children with end stage liver disease 
frequently have already growth retardation (i.e. before liver transplantation). We eval-
uated growth and final height in children who underwent a liver transplantation 
between 1982 and 2000 (chapter 4. Growth and final height after liver transplanta-
tion in childhood.) 
As stated above, pediatric liver transplantation is still a relatively new treatment. There 
is still a lack of long-term clinical and histological data. �t still has remained unclear to 
what extent a pediatric liver transplantation is a permanent or a temporary solution. 
Peeters et al 10 described that 31% of the patients had mild portal fibrosis in their liver 
grafts in protocol biopsies at 1 year after pediatric liver transplantation. We evaluated 
the histological and clinical follow up of grafts and patients, respectively, up to 10 
years after transplantation (chapter 5: Graft fibrosis after pediatric liver transplanta-
tion, ten years of follow-up.) For this study we used a cohort of patients who all were 
treated with a CsA based immunosuppressive regimen (1986-1996).  
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�n 1999, the standard immunosuppressive protocol was adapted by replacing CsA by 
TAC. Since CsA was associated with a high frequency of graft fibrosis (Chapter 5), we 
questioned whether a similar phenomenon was observed in transplanted children 
on a TAC based immunosuppressive regimen (chapter 6:  High prevalence of histo-
logical hepatitis and portal fibrosis at 1 year after pediatric liver transplantation 
on a tacrolimus-based immunosuppressive regimen.) 
Chapter 7 concludes this thesis with a summary, a general discussion of the results 
of the studies, recommendations and future prospects.  
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Abstract

Background
Post-transplant lymphoproliferative disease (PTLD) is one of the major causes of mor-
bidity and mortality in liver transplant patients. A primary Epstein-Barr virus (EBV) 
infection is a major risk factor for developing PTLD. 

Aim
The aim of this study was to determine circulating Epstein Barr virus (EBV) DNA af-
ter liver transplantation (LTx) in pediatric patients in relation to primary EBV infec-
tion and development of post transplant proliferative disease (PTLD). 

Patients and methods
All pediatric patients who underwent LTx in 2000 and 2001, and survived the first 6 
months, were included in the study. EBV serology was performed before LTx. Every 
4 weeks after LTx a competitive quantitative polymerase chain reaction (PCR) assay 
for EBV nuclear antigen-1 was performed. Patients were followed for development 
of a PTLD. 

Results
Thirteen patients were included in the study. Before LTx 4 patients were EBV positive 
and 9 patients were EBV seronegative. �n one of the 4 patients who were EBV seropos-
itive before LTx, EBV DNA became detectable after LTx, with a peak load of 3600 cop-
ies/ml. None of these 4 patients developed a PTLD. Eight of the 9 patients who were 
EBV seronegative before LTx developed positive EBV DNA samples. EBV DNA was first 
detected at a median of 64 days after LTx (range 38-89). The median peak EBV DNA 
load was 20,600 copies/ml (3600-446,000). Two of these patients developed PTLD, but 
they could not be identified based on prior or concomitant EBV PCR results. 

Conclusions
�n pediatric LTx EBV DNA load is higher in patients with a primary infection than 
in patients who were EBV seropositive before LTx. The EBV PCR cannot be used to 
identify individual patients who develop PTLD. However, elevated EBV DNA load can 
be used to detect a group of patients at increased risk for PTLD. 

Abbreviatons
Epstein-Barr virus = EBV
Liver transplantation = LTx
Post-transplant proliferative disease =PTLD
Polymerase chain reaction = PCR 
Cytomegalovirus = CMV
Epstein-Barr nuclear antigen = EBNA
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Introduction

The Epstein-Barr virus (EBV) is related to the development of post-transplant lym-
phoproliferative disease (PTLD) in immunosuppressed patients.1;2 The probable 
pathofysiological mechanism underlying PTLD is imbalance between EBV-induced 
B lymphocyte proliferation and T cell surveillance.3 PTLD is characterized by un-
controlled B lymphocyte proliferation after LTx.4  PTLD is one of the major causes 
of mortality and morbidity after the direct postoperative period among children 
undergoing solid organ transplantation. The incidence of PTLD after liver transplan-
tation (LTx) is much higher in children than in adults and ranges from 3 to 20%.3 The 
high incidence of PTLD in children may be a result of the predominant occurrence 
of primary EBV infections after LTx in this age group, which is one of the important 
risk factors for developing PTLD. Most children do not undergo an EBV infection 
before LTx, and frequently receive a (partial) graft from an adult donor in which 
EBV resides. As a consequence, most pediatric LTx patients undergo a primary EBV 
infection in the first months after LTx, in the period with the highest level of im-
munosuppression. 
Presentation of PTLD varies from a relative benign proliferation of B lymphocytes to 
a malignant lymphoma. The cornerstone of treatment of PTLD involves reduction of 
immunosuppression, for a more effective T cell response against the EBV-infected, 
proliferating B cells. Treatment is not without risk; however, because reduction of 
immunosuppressive treatment increases the risk of rejection of the transplanted 
organ. Pre-emptive strategies such as immunomodulation in risk groups to prevent 
PTLD have been described.5;6 To enable a pre-emptive strategy early recognition of 
patients at risk is important. A high EBV DNA load in the peripheral blood has been 
associated with an increased risk on PTLD.7-10 Recently, tools have become available 
to quantitate EBV DNA load in peripheral blood by using a quantitative polymerase 
chain reaction (PCR) for EBV. �t has remained unclear, however, if serial determination 
of EBV DNA load in peripheral blood of pediatric liver transplant patients allows 
identifying patients at high risk for the development of EBV-associated disease. To 
estimate the diagnostic potency of the quantitative EBV DNA load, longitudinal 
studies are warranted.  
�n the present prospective study we determined the relationship between the 
circulating EBV DNA load in the first 6 months after LTx and primary EBV infection 
and development of PTLD in pediatric patients. We investigated the relationship 
between EBV DNA load and clinical or biochemical parameters. We analyzed whether 
patients at high risk for developing PTLD, being possible candidates for pre-emptive 
therapy, could be identified at an early stage. A recently developed quantitative EBV 
PCR was used that required only small amounts of whole blood, which is particularly 
useful for studies in children. 



18 Chapter 2

Patients and methods

�n the Netherlands all pediatric LTx are performed in the University Medical Center 
Groningen. Approval was obtained from the Medical Ethical Committee of this 
hospital.  All pediatric patients transplanted between January 1, 2000 and December 
31, 2001 and surviving the first 6 months after LTx were included in the study. EBV 
serology was routinely performed before LTx (immunofluoresence assay based on 
�GM antibodies against virus capsid antigen and �gG antibodies against virus capsid 
antigen, early antigen and against Epstein-Barr nuclear antigen-1 [EBNA-1]).11

�n the study period, 13 pediatric patients were included. Table 1 shows clinical 
details of the included patients. The mean age was 5.7 years (range 0.6-16). Six 
children were under 4 years of age. The indications for LTx were biliary atresia 
(n=6), autoimmune hepatitis (n=2), Alagille’s syndrome (n=1), primary sclerosing 
cholangitis (n=1), alpha-1-antitrypsin deficiency (n=1), cryptogenic liver fibrosis (in 
combination with end-stage renal failure; combined liver-kidney transplantation, 
n=1), and hepatic metastasis of insulinoma (n=1). �n 4 patients a retransplantation 
was needed. �n total 8 full-size liver grafts were used and 9 partial grafts. The mean 
cold ischemia time was 8.9 h (range (5.6 -12.5 h).and the mean anhepatic phase was 
109 min (range 65-225 min). The age of the donors varied between 2 and 58 years, 
with 60% over 20 years. 
The immunosuppressive regimen consisted of tacrolimus and prednisolone in 10 of the 
13 patients.  During the first 3 months after LTx trough levels of tacrolimus were aimed 
at 10–15 µg/l, and at 5–10 µg/l thereafter. Prednisolone was started at a dose of 1 mg/
kg at day 1 after LTx and was tapered to a dose of 0.2 mg/kg/day at 3 months. Patients 
with autoimmune hepatitis or primary sclerosing cholangitis received a cyclosporine-

Table 1. Demographic data of the included patients. 

Patient 
number
 

Age
(years)

Fullsize/partial 
liver 

Retrans
plantation 

Immuno-
suppresson

Rejection Rejection 
treatment

1 0.7 Partial Graft - tacrolimus no -

2 6 Partial Graft Re: partial graft tacrolimus yes yes

3 9 Partial Graft - tacrolimus yes yes

4 0.5 Partial Graft - tacrolimus no -

5 1 Partial Graft Re-partial graft tacrolimus no -

6 1 Full Size - tacrolimus yes yes

7 16 Full Size - cyclosporine yes yes

8 3 Full Size Re: partial graft tacrolimus yes yes

9 3 Full Size - tacrolimus yes yes

10 7 Partial Graft - tacrolimus no -

11 11 Full Size - cyclosporine no -

12 14 Full Size Re: full size cyclosporine no -

13 11 Full Size - tacrolimus no
-
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based immunosuppressive regimen aiming for trough levels at 200 – 250 μg/l the first 
4 weeks and at 100-150 μg/l thereafter. Biopsy-proven acute rejection was treated with 
intravenous methylprednisolone (20 mg/kg) for three days. The follow-up for clinical 
signs of PTLD ended June 30, 2003 (mean follow-up 32 months).
All patients received oral acyclovir during the first 4 weeks after LTx. �f a cytomegalovi-
rus (CMV)-negative recipient received a CMV-positive graft; oral ganciclovir was adminis-
tered after day 10 for 3 months after LTx.  Upon indication of CMV infection as inferred 
from quantitative determination of pp65-antigen in peripheral blood,12 intravenous 
ganciclovir or foscarnet was started until pp65-antigen levels dropped below limit of 
detection. Oral ganciclovir was then restarted for an additional period of 3 months.
Blood samples were taken from every patient included in the study at monthly 
intervals after LTx. Blood samples for EBV PCR assay were stored in NASBA buffer 
at –80 °C as described previously 7 in blinded fashion until analysis. The clinicians 
involved in the patients’ care were not informed about the test results for the 
first half year after LTx. Thus, the EBV PCR values did not lead to alteration of 
immunosuppression during the study period. Biochemical values were determined 
at identical time points as EBV PCR sampling. Clinical information was obtained 
from outpatient clinic records and from diaries that each patient held. 
Quantitative competitive EBV polymerase chain reaction (PCR) was performed as 
described previously.7;13 �n short, the DNA equivalent of 5 µl of whole blood was 
amplified in a qualitative EBNA-1 PCR, using the QP1/QP2 primer pair. Negative 
samples were subsequently tested by beta-globin PCR to check for DNA quality and 
sample inhibition, and if negative, DNA isolation was repeated and qualitative PCR 
was performed on the new isolated sample. The EBV DNA load in positive samples 
was subsequently determined by quantitative competitive EBNA-1 PCR (QP1/QP2 
primer pair). As internal control for accuracy and reproducibility of quantification, 
a fixed amount of calibrator plasmid DNA, containing an internally randomized 
sequence of 23 nucleotides, was co-amplified in each experiment in duplicate. �n 
addition, all samples were screened blindly, and appropriate negative and positive 
controls for DNA isolation, preparation of PCR master mix and enzyme immune 
assay detection were included (1 negative control for each 10 tested samples and 1 
positive control per experiment). 
An EBV infection was defined by a positive EBV PCR above the detection limit of 2000 
copies/ml. A primary EBV infection was defined by a positive EBV PCR in a patient 
with negative EBV serology prior to LTx. EBV reactivation was defined as a positive 
EBV PCR in a patient with a positive EBV serology prior to LTx. 

Results

Figure 1 and Table 2 show the results of EBV serology before LTx and the develop-
ment of infection and PTLD during the 2-year study period in the 13 patients. As 
could be expected in the age group studied, the majority of patients (9 of 13, 69 %) 
was EBV seronegative at het time of LTx. One patient died 7 months after LTx on 
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the waiting list for retransplantation due to biliary cirrhosis, attributed to ischemic 
type of biliary lesions.  

EBV DNA in seroposit ive patients
�n one of the four patients that were EBV seropositive before LTx, EBV PCR was found 
positive at 4 time points after LTx (Fig. 2). �n this patient, the first positive EBV PCR 
was found at 11 days after LTx. The peak value of EBV PCR, at 5 months after LTx, 
was relatively low, less than twofold the lower level of detection (3,600 copies/ml). 
The patient passed an EBV infection just a month before LTx, with clinical signs 
of fever and lymphadenopathy, as confirmed by a positive �gG and �gM antibodies 
for EBV viral capsid antigen on the day of LTx. There were neither clinical signs 
nor biochemical indications of EBV reactivation after LTx. None of the other three 
patients who were EBV seropositive before LTx developed a positive EBV PCR during 
the observation period. 

EBV DNA in seronegative patients
Nine patients were EBV seronegative before LTx. The EBV status of the donor organ 
was not routinely tested, but the age of the donors was over 20 years in 60%. �t is 
well known that 90% of persons at 20 years of age have undergone an EBV infection. 
The likely presence of EBV in the donor organs was confirmed by the development 
of positive EBV PCR in most of these 9 patients in the first 6 months after LTx. Eight 
patients passed a primary infection after LTx based on an EBV viral load that was at 
least above the threshold of detection. The primary infection was confirmed by sero-
conversion a half year after LTx. Two of these 8 patients who underwent a primary 
EBV infection developed a PTLD. The longitudinal biochemical and viral parameters 
will be discussed below for the patients who passed a primary EBV infection and for 
each of the PTLD patients. 

Total number
of patients

N=13

EBV seronegative
N=9

EBV seropositive
N=4

EBV PCR positive
N=8

EBV PCR negative
N=1

PTLD
N=2

No
clinical symptoms

N=6

EBV PCR positive
N=1

EBV negative
N=3

Figure 1. Epstein-Barr virus (EBV) serology status before liver transplantation (LTx) and EBV PCR 
results of the study group after LTx.
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Patients with a  primary infect ion,  who did not develop a PTLD 
Six patients underwent a primary infection after LTx, but did not develop a PTLD. 
Figure 2 shows the EBV results in one of these patients. None of the patients, how-
ever, developed clinical symptoms related to a primary infection or any elevated 
liver enzymes that could be related to the elevated EBV PCR. The mean peak viral 
load in the fist half year after LTx in this group was 16,600 copies per ml (SD 13,800). 
The highest peak viral load varied in the six patients between 3550 and 38,890 cop-
ies/ml. All patients did well during follow-up of at least 20 months after LTx. Until 
June 2003 none of these patients had any clinical signs that could be attributed to 
a PTLD. 
Four of these six patients developed an acute rejection (all grade 2, 2 in the first 
week and 2 at 4 months after LTx), which was treated successfully with methylpred-
nisolone intravenously. A high EBV PCR was found only in one patient at the time of 
rejection. The liver biopsy of this patient was consistent with rejection and not with 
viral hepatitis, and normalized after methylprednisolone treatment. 

Patients with a  primary infect ion who developed PTLD
Two of the total 13 included patients developed a PTLD. PTLD was diagnosed at 4 
months and at 20 months after LTx. Figure 2 shows the longitudinal data of EBV PCR 
levels of the first patient. This patient, 15 years old at LTx, developed fever, a lympho-
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Figure 2. Circulating EBV load in four patients in the first half year after liver transplantation 
(LTx). Horizontal axis: days after LTX, vertical axis: EBV PCR in copies/ml, logarithmic scale. 
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ma in the cervical region, and diarrhoea at 4 months after LTx. The lymphoma was 
surgically removed for histological analysis. Histological samples were also obtained 
from a colonic ulcer that was found during colonoscopy. Pathology of both lesions 
showed a monomorphic monoclonal PTLD. The patient was treated with reduction 
of immunosuppressive medication and intravenous ganciclovir. Since clinical signs 
did not resolve, patient was subsequently treated with four courses of monoclonal 
anti-CD 20 antibodies (rituximab, 375 mg/m2) after which the clinical symptoms 
resolved. Follow-up computed tomographic (CT) imaging and colonoscopy no lon-
ger showed presence of PTLD lesions.  This patient developed a biliary cirrhosis, 
however, probably secondary to ischemic type of biliary lesions, as demonstrated by 
ERCP. Due to end stage liver failure the patient died while on the waiting list for a 
retransplantation 4 months later.  At 52 days after LTx, EBV PCR became positive for 
the first time. The maximum level of EBV copies was 20,500 copies/ml at 4 months, 
when PTLD was diagnosed. Reduction of immune suppression caused a rapid de-
cline of the EBV viral load in blood, even until below the limit of detection before 
rituximab treatment was initiated.  �nterestingly, however, the symptoms of fever 
and lymphadenopathy remained present at this stage, and only disappeared after 
rituximab treatment.   
The second patient who developed PTLD was 3 years old at LTx.  This patient had 
clinical symptoms of fatigue and fever starting 3 months after LTx. Figure 2 shows 
the longitudinal data of EBV PCR in this patient. The first EBV PCR positive sample 
was found at 44 days after LTx. The maximum EBV load was 446,000 copies/ml at 
119 days after LTx. About 3 months after LTx liver enzymes increased and a liver 
biopsy was performed. Histology showed indications for a viral hepatitis. An in situ 
hybridisation of EBV-encoded mRNA-1 (EBER-1) to detect EBV infected B lymphocytes 
was negative.14 However the liver histology, in combination with a high circulating 
EBV viral load, led to the suspicion of active EBV infection, although this could not 
be confirmed by the EBER-1 staining. �mmunosuppression was reduced, what re-
sulted in biopsy-proven resolution of the hepatitis at twelve months after LTx.  The 
presenting symptoms of fatigue and fever seemed to improve but did not completely 
resolve. Also, the circulating viral load and the liver enzymes remained elevated. At 
18 months, the patient developed diarrhea. Colonoscopy did not result in an expla-
nation for the diarrhea, neither macroscopically, nor in colon biopsies. CT studies 
of abdomen and thorax did not show lymphomas. Since a PTLD was nevertheless 
suspected, tonsillectomy was performed at 20 months after LTx, which showed hy-
perplasia of polymorphic EBER-positive, B lymphocytes without abnormalities of tis-
sue architecture. These histological features can be interpreted as a pre-PTLD form,4 
but this form has also been accepted as part of the continuum of EBV disease, and 
included under PTLD.3 As stated above, the clinical symptoms persisted and even 
increased during reduction of immunosuppression. Therefore, rituximab treatment 
was initiated, which cleared the symptoms. 
Both patients had undergone an acute cellular rejection shortly after LTx. Patient 
1 had in the first week, a grade 2 rejection which responded well to methylpred-
nisolone treatment. Patient 2 had a grade 3 rejection 2 months after LTx. At the 
time of this rejection period a high EBV PCR was found; however, the histopatho-
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logical findings were consistent with the diagnosis of rejection and responded well 
with methylprednisolone treatment. At 3.5 month after LTx, a liver biopsy specimen 
showed atypical inflammation, probable compatible with a primary Epstein Barr vi-
rus infection. 
Figure 3 shows the peak viral loads of all the patients with positive EBV PCR.  The 
highest peak viral load was seen in the patient with clinical symptoms of a primary 
infection, who developed a PTLD after LTx. Both PTLD patients had high circulat-
ing EBV loads during the first half year after LTx, but similar values were found in 
patients with a primary infection. �n the patient with a reactivation of EBV infection 
the peak viral load was just above detection level. EBV serology a half year after LTx 
showed positive EBV �gG antibodies against EBV viral capsid antigen in all patients 
who passed a primary infection. �n neither patient, however, antibodies against EBV 
nuclear antibodies were found. �n each patient with a primary EBV infection EBV 
PCR became first positive between 30 and 90 days (mean at 64±20 days) after LTx. 
�n the two PTLD patients the first detectable viral load was found at 44 and 54 days 
after LTx, respectively. 
Five of the eight patients with a primary EBV infection received ganciclovir for 3 
months after LTx. �n four patients ganciclovir was used as prophylactic treatment 
against primary CMV infection. One patient had received ganciclovir intravenously 
for 2 weeks as treatment for a reactivation of CMV infection, followed by oral gan-
ciclovir treatment for 3 months. �n the patients who used oral ganciclovir, EBV PCR 
become first positive at 61±20 days after LTx (n=4). Patients that had not received 
ganciclovir treatment were EBV PCR positive at 76±18 days after LTx (n=3). The peak 
viral load was 21,900±14,000 copies/ml in the patients, who used ganciclovir and 
15,700±15,800 copies/ml in the group who did not. Thus, in this small cohort of 
pediatric liver transplant patients, pre-emptive treatment with ganciclovir did not 
lead to a retardation of the primary EBV infection or a lower peak DNA load.  
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Discussion

We investigated the relationship between EBV DNA load in peripheral whole blood 
and primary EBV infection and the development of PTLD The majority of the includ-
ed patients underwent a primary EBV infection after LTx. �n these children, the cir-
culating EBV DNA load could be used as a parameter to follow the EBV infection. The 
circulating EBV DNA load was higher in the patients with a primary infection than 
in patients who were EBV seropositive prior to LTx. Two patients who developed a 
PTLD had a high circulating viral load, but nevertheless they could not have been re-
liably identified on the basis of preceding EBV DNA load levels. Most of the patients 
did not have clinical symptoms or elevated liver enzymes that could be related to 
elevated EBV DNA load. The two patients, who had clinical symptoms related to an 
EBV infection, developed a PTLD. 
The relation between high circulating EBV DNA load and a primary EBV infection af-
ter LTx was previously described by Savoie et al.9 �n pediatric patients with a primary 
EBV infection after LTx a higher amount of EBV infected lymphocytes was seen com-
pared with patients who were seropositive before LTx, using lymphocyte cultures. 
One patient with PTLD was described, who had the highest number of infected lym-
phocytes. Smets et al.15 concluded that patients with a primary infection and high 
EBV DNA load were at risk for developing a PTLD, but could not identify the patients 
that developed  a PTLD based on the quantitative EBV PCR results alone, similar to 
our present findings. A high amount of EBV primary infection in pediatric patients 
after LTx with a limited number of clinical symptoms was also observed by Smets et 
al.16 and Spada et al.17 Smets et al. described that 80% of all patients who were EBV 
seronegative before LTx underwent a primary EBV infection in the first months post 
LTx using a qualitative EBV PCR. Only four patients had clinical symptoms and all 
developed a PTLD, but also one of the patients without symptoms developed a PTLD. 
Spada17 reported a cohort of 100 pediatric patients, who had been EBV seronegative 
prior to LTx. Only 12 children developed an EBV infection with clinical symptoms, 
and one of these a PTLD. Similar to what we have seen, the combination of clinical 
symptoms and a primary EBV infection seems particularly relevant for the develop-
ment of a PTLD.  
PTLD has been associated with high EBV DNA load in the peripheral blood.9 Quanti-
tative PCR techniques have been used as a method for early detection and for evalu-
ation of treatment of PTLD.7-9;18;19 Our present data indicate, however, that similarly 
elevated EBV viral loads are observed in patients with a primary EBV infection with-
out clinical symptoms, with a normal function of the liver graft, and without the 
subsequent development of PTLD during follow-up period of 2 years. �t is tempting to 
speculate that the inhibited T cell function is just enough to prevent (completely) un-
controlled B cell proliferation. The present results therefore imply that quantitative 
EBV PCR does identify a group of patients at increased risk for developing a PTLD, 
but that it lacks the sensitivity to identify individual patients actually developing a 
PTLD in an early stage. �t can not be excluded that the simultaneous quantification 
of EBV specific T-cell function15 could increase the specificity to detect PTLD. Unfor-
tunately, presently described methodologies for determination of EBV specific T cell 
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function are very laborious and not (yet) available for routine clinical application. 
�n this study, we used a competitive quantitative EBV PCR for a prospective follow-up 
of serial EBV DNA load determination in pediatric patients after LTx. We do realize 
that the number of patients is relatively small. Yet the present approach allowed for 
the follow-up of all patients, whereas in other studies a transsectional design was 
applied or only selected patients were followed. 9;15;20;21 The study design to sample 
every 4 weeks might not have been frequent enough, and high peaks might have 
been missed. A very short doubling time in a patient with a primary infection was 
shown previously.7 A sampling frequency of every week during primary EBV infec-
tion might be more appropriate, but this is difficult to effectuate in an out-patient 
setting. Histological material was gathered on indication of clinical symptoms, and 
not on the basis of an elevated EBV DNA load or primary infection. Nevertheless, it 
is not likely that we have missed a clinically relevant PTLD considering the clinical 
history of these other patients.  
�n three patients with a primary infection we have seen an elevation of liver enzymes 
after the period of the first 2 weeks post LTx, attributed to rejection based on the 
biopsy result. All were treated with methylprednisolone. Retrospectively we found 
in two patients a high EBV PCR result at the same time. �n one of these patients 
hepatitis attributed to an EBV infection developed 1 month later. �n retrospect, the 
events are compatible with the possibility that the treated rejection period might 
in fact have been a first presentation of EBV hepatitis. The differential diagnosis of 
EBV hepatitis and rejection can be difficult. �n a study of liver biopsies in patients 
with PTLD, a combination of rejection and hepatitis was seen in 80%, and in only 
two-thirds an EBV staining was positive.22 Our finding underline that the diagnosis 
of rejection is difficult during a primary EBV infection, and that the decision to treat 
rejection should be made with caution. 
The initial treatment of PTLD involves reduction of immunosuppression.4 �f this ap-
proach is not successful, anti-B cell (CD20) monoclonal antibodies have been used, 
as we did in our patients. The role of antiviral medication, immunoglobulins, che-
motherapy and experimental treatments such as infusion of cytotoxic T cells is not 
yet clear. More recently, pre-emptive treatment in patients at increased risk has been 
advocated. Mc Diarmid et al. treated all patients with EBV negative serology prior 
to LTx with the antiviral medication ganciclovir after LTx.5 Our data do not support 
a protective effect of ganciclovir on the development of a primary EBV infection. 
Oral ganciclovir treatment for the first three months post LTx did not prevent or 
retard primary infection, nor did it affect the peak height of EBV copy number in 
peripheral blood. Oral ganciclovir may not be absorbed sufficiently to reach clini-
cally relevant levels. Alternatively, lytic viral replication may be not important in 
the pathophysiology of post-LTx EBV infection. Another approach of pre-emptive 
therapy involves reduction of immunosuppressive therapy in risk groups identified 
by a high EBV DNA, such as in patients with a primary infection. Mc Diarmid dem-
onstrated that this strategy decreased the incidence of PTLD pediatric patients after 
LTx with 10 to 5%.5 The risk of reduction of immunosuppression is rejection of the 
transplanted graft. �t has been shown however, that reduction of immune suppres-
sion when there is a high  EBV DNA load can be done without rejection23 or with re-
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jection in only a small percentage of patients.17  Based on these observations, a high 
EBV PCR could reflect an over-immunosuppressed condition, in which reduction 
of immunosuppression could re-establish the T cell control function and prevent 
PTLD.  �f we would have used a pre-emptive approach in our patients, such as reduc-
tion of immunosuppression, a cut off level of 20,000 copies/ml would have included 
all PTLD patients but also three patients who spontaneously recovered from the pri-
mary infection without signs of PTLD. 
�n conclusion, our data show that serial EBV DNA load in pediatric liver transplant 
recipients allow identification and monitoring of primary EBV infection. Clinical 
symptoms during a primary EBV infection could indicate patients at risk for devel-
oping a PTLD. Elevated EBV DNA loads without clinical symptoms, however, do not 
seem specific for the development of PTLD 
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Abstract

Background 
�t is unclear whether Cyclosporine A (CsA) can be withdrawn safely during follow-up 
after pediatric liver transplantation (LTx). �n our transplant program we have been 
using a strict protocol to withdraw CsA.

Aim
To retrospectively assess the effects of CsA withdrawal after LTx on the incidence of 
rejection and renal function. 

Patients and methods
Between 1986 and 2001, 91 children received CsA for at least 2 years after liver 
transplantation. Specific criteria for eligibility to withdraw CsA were set.

Results
�n 53 of the 91 children CsA was withdrawn. �n 35 patients (66%) withdrawal of CsA 
did not cause rejection. �n these patients the renal function improved compared 
with baseline values (glomerular filtration rate (GFR) 1 year after withdrawal: +16 
ml/min/1.73 m2, p <0.001; 2 years: +11 ml/min/1.73 m2, p < 0.05). After CsA with-
drawal, 18 patients developed rejection (34%) which could be effectively treated by 
methylprednisolone and restarting CsA. Failure to withdraw CsA was not associated 
with increased incidence of graft loss.  A body weight below 10 kg at the time of 
transplantation correlated significantly with successful withdrawal of CsA (< 10kg, 
85%; vs. > 10 kg, 60%; p<0.05) 

Conclusion
CsA can successfully be withdrawn in a major proportion of selected pediatric 
LTx patients during follow-up.  The success rate is the highest in children with a 
body weight below 10 kg at the time of LTx. Successful withdrawal improves renal 
function, whereas failure to withdraw is not associated with graft loss or persisting 
morbidity.

Abbreviations 
CsA = cyclosporine A
LTx = liver transplantation 
GFR = glomerular filtration rate
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Introduction 

Soon after its introduction in 1979, cyclosporine A (CsA) became the cornerstone 
of immunosuppressive therapy after liver transplantation (LTx) due to its strong 
immunosuppressive effect.1 However, it has also been associated with side effects, 
such as nephrotoxicity and hyperlipidemia.2;3 The risk of acute rejection decreases 
in time after transplantation, which may decrease the need for maintenance of 
immunosuppression during follow-up. Microchimerism, the persistence of low 
levels of donor cells in the recipient’s blood and tissues, may be responsible for this 
phenomenon.4-6 �n selected cases, withdrawal of CsA after LTx was associated with 
initial improvement of renal function and blood pressure.7;8 However, inconclusive 
data were reported on the incidence of rejection after withdrawal of CsA, ranging 
from 6 to 50% for cellular rejection and from 12 to 25% for ductopenic rejection.7;9

Pediatric patients may be the most important category to minimize side effects af-
ter LTx, because of their prolonged life expectancy compared to adult patients. �n 
the Groningen Pediatric Liver Transplant Program, triple therapy consisting of CsA, 
prednisolone and azathioprine was used as standard immunosuppressive regimen 
between 1986 and 1998. Simultaneously with the introduction of this regimen, a 
protocol was implemented for withdrawal of CsA treatment from 2 years after trans-
plantation. The extensive use of the CsA based immunosuppressive regimen for 10 
years, with the withdrawal according to protocol after at least 2 years, provides a 
unique opportunity to retrospectively evaluate the risks and benefits of withdrawal 
of CsA in pediatric patients after LTx. �n the present study we evaluated the conse-
quences of CsA withdrawal on development of rejection (liver histology) and kidney 
function (based on plasma parameters). We also determined if patient characteris-
tics or surgical parameters concerning the transplantation were associated with a 
successful withdrawal. 
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Patients and methods

�n the study period between February 1986 and January 2001 a total of 91 patients 
younger than 18 years underwent a LTx in the University Medical Center Groningen, 
started with a CsA-based immunosuppressive regimen and had a follow-up of at 
least 2 years after LTx. Ten patients developed rejection during CsA treatment, and 
were switched to a tacrolimus-based immunosuppressive regimen. CsA treatment 
was withdrawn earlier than two years after LTx in 16 patients because of side effects 
of CsA. These patients were not included in this study. Of the remaining 65 patients, 
12 did not meet the criteria for withdrawal and continued with CsA. �n 53 patients 
CsA was withdrawn according to protocol. The medical records of these 53 patients 
were reviewed and data were collected concerning indications for LTx, age, type of 
graft, liver and kidney function, and plasma lipid levels in the years following LTx, 
at the time of CsA withdrawal and 2 years afterwards. The censoring date for the 
present evaluation (January 1, 2005), allowed for at least 2 years of follow-up after 
attempted withdrawal of CsA. 
�mmunosuppressive medication after LTx consisted of cyclophosphamide in a dose of 
3 mg/kg during the first 7 days (from 1986 to 1998, deleted from the protocol there-
after), prednisolone (initially 1 mg/kg/day, gradually tapered to 0.25-0.4 mg/kg/2days, 
alternate day dosing) and azathioprine (2 mg/kg/day). CsA was introduced at the 
second day after transplantation (trough levels first 4 weeks post-transplantation 
200 -250 µg/ml, after this period 100 – 150 µg/ml).  From 1998 onwards, a tacrolimus-
based regimen was used and only patients with an autoimmune hepatitis or scleros-
ing cholangitis received the CsA-based regimen. Clinically evident and biopsy proven 
rejections in the first 4 weeks were treated with methylprednisolone intravenously. 
Rejections after this period were treated with methylprednisolone intravenously or 
with increasing the oral dose of prednisolone. CsA was withdrawn after the second 
annual evaluation after transplantation, provided that the graft was functioning 
well, there were no periods of rejection in the second year and there were no signs of 
rejection in the biopsy specimen. �f criteria were not met, withdrawal of CsA could 
be reconsidered at later annual evaluations. Withdrawal of CsA was combined with 
an alteration of the dosages of other immunosuppressive drugs. The withdrawal 
procedure started with increasing the dosage of prednisolone to 0.25-0.4 mg/kg/day 
and of azathioprine to 2.5 mg/kg/day. After 4 days the dosage of CsA was decreased 
by 50% for 1 week, and completely discontinued thereafter. Over a subsequent 6 
weeks period, prednisolone dose was tapered to 0.4-0.6 mg/kg/2days, alternate day 
dosing, azathioprine was continued in the same dose. 
Liver biochemical tests and serum creatinine were measured monthly and in case 
of suspected rejection (elevation of liver enzymes, unexplained fever) a liver biopsy 
was performed. Liver biopsies according to protocol were performed 1, 2, 3 and 5 
years after LTx. Since the maintenance dosage of prednisolone was increased, we 
reviewed the prednisolone dose 2 years after the CsA withdrawal and in 2004, evalu-
ated the height and most recent bone density (2000–2005) of the lumbar spine by 
dual-energy X-ray absorptiometry of all the included patients.
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Reject ion,  retransplantat ion and survival 
Outcome parameters were the number of rejections, the number and causes of re-
transplantations, survival, histology of the liver biopsy specimens, and liver and kid-
ney function. Patient survival was defined as the time between LTx and either the 
censoring date or patient death. 

Kidney funct ion
Kidney function was evaluating by using an estimation of the glomerular filtration 
rate (GFR) with the Schwartz formula: GFR (ml/min/1.73 m) = [height (cm)/ creatinine 
(μmol/L] x K, K being a constant reflecting age and muscle mass.10 

Graft  funct ion
Liver biopsy specimens taken before and 1 year after withdrawal were analyzed for 
the presence of histological changes. Rejection was graded according to Banff cri-
teria for grading liver allograft rejection.11 Liver biochemical tests consisted of as-
partate aminotransferase and alanine aminotransferase reflecting cellular damage, 
γ-glutamyl transferase and total bilirubin as indicators for cholestasis, and albumin 
as indicator of protein synthesis.

Plasma l ipid levels
Plasma levels of triglycerides and cholesterol were analyzed from blood samples 
from the year preceding and 1 year after CsA withdrawal.

Analysis of  possibly predict ive factors for success/fai lure of 
CsA withdrawal
To determine whether predictive factors for a successful CsA withdrawal could be 
identified, potential contributing factors (such as primary diagnosis, type of graft, 
age and weight at time of LTx, and the occurrence of early rejection) were analyzed. 

Statist ical  Analysis
Continuous variables are presented as mean with standard deviation and categori-
cal variables as number with percentages. Categorical variables were compared us-
ing the Pearson’s chi-square test or the Fisher’s exact test if suspected cell frequency 
was less than five. The Student’s T-test was used for continuous variables. p < 0.05 
was considered statistically significant.

Results

Table 1 shows the demographic details of the 53 included recipients and details of the 
donors and the LTx procedure. The most frequent indication for LTx was biliary atresia 
(25 of 53 patients, 47%), followed by a heterogenic group, including various metabolic 
diseases (9 of 53, 17%) and fulminant hepatic failure (4 of 53, 8%). CsA withdrawal 
occurred at 2.5±1.1 years after transplantation (mean±SD), and the length of follow-up 
after (attempted) withdrawal was 8.4±3.5 years. 
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Incidence of  reject ion and mortal i ty
Of the 53 patients in which CsA was withdrawn, 35 (66%) did not develop a rejec-
tion. Eighteen patients (34%) developed an acute cellular rejection (table 2). Of these 
18 patients, 15 (83%) developed a rejection in first half year after withdrawal. One 
patient developed a grade 1 rejection 3.5 years after withdrawal of CsA (figure 1). All 
rejections responded to rejection treatment, consisting of intravenous methylpredni-
solone and subsequent restarting CsA. Five of these patients who restarted with CsA, 
switched to tacrolimus at a later stage because of side effects of CsA. �n one patient 
in whom CsA was restarted, it could be withdrawn successfully at 5 years after trans-
plantation. Thus, in 36 patients (68%) CsA was eventually withdrawn successfully. 

Table 1. Demographic data of the recipients and variables related to donors and the last 
transplantation of the 53 patients included in the protocol. 

Recipients

Gender  
          Male
          Female
Age (y)
Weight (kg)
Previous operations  
          None
          One of more

25(48%)
28(52 %)
2.7(0.1–17)
14.6(3.5–56)

19(36%)
33(64%)

Donors

CMV match 
          D-/R-
          D+/R-
          D+/R+ D-/R+
ICU stay (d)
Age (y)
D/R age ratio
Weight (kg)
D/R weight ratio

22(42%)
17(33 %)
13(25%)
2.2(1–9)
12(0.5–51)
5.1(0.1–42)
35(6–85)
2.6(0.5–10.4)

Transplantation

First  transplantation
Retransplantation
Cold ischemia time (h)
Anhepatic phase (h)
Type of transplantation 
          full-size
          partial size

42(81%)
10(19 %)
10.6(3.5–18.3)
1.7(0.9–3.65)

25(48%)
27(52%)

Continuous variables are presented as median (range) and categorical variables as number 
(percentage).
Abbreviations: CMV: cytomegalovirus; D/R: Donor/Recipient: ICU: Intensive Care Unit.
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We reviewed the mortality in the 53 patients where CsA was withdrawn. Of the 
patients in whom CsA could be successfully withdrawn, three patients died. One 
patient died from hepatitis C virus infection, complicated by a sepsis. A second pa-
tient died from a NK cell lymphoma. The third patient died 10 years after LTx from 
complications of cirrhosis caused by a stenosis of the biliary system. We could not 
reasonably relate the causes of death to graft failure caused by the withdrawal of 
CsA. �n the group in which CsA was restarted no patients died.

Graft  funct ion
�n the 53 patients in whom CsA was withdrawn according to protocol, biochemical 
liver tests before, and 1 and 2 years after withdrawal, did not differ in parameters 
for cellular damage, cholestasis or protein synthesis (Table 3). Histology of the liver 
1 year after successful withdrawal did not show significant changes compared with 
the biopsy specimens before withdrawal. Chronic or ductopenic rejection was not 

Table 2. Characterization of the rejections after CsA withdrawal.

Rejection after withdrawal
Time after withdrawal (months)
Histological classification (BANFF criteria)
   Grade1 
   Grade 2
   Grade 3
Rejection in patients weight  < 10 kg 
Rejection in patients weight  > 10 kg 

18/53(34%)
6.8±9.5

4/18(22%)
12/18(67%)
2/18(11%)

3/21(14%) #

13/32(41%) #

# p <0.05
Continuous variables are presented as median (range) and categorical variables as number 
(percentage).
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Figure 1. The rejection free 
period after withdrawal of 
cyclosporine (CsA) in children 
after liver transplantation 
(n = 53).
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seen in any of the liver biopsy specimens 1 year after withdrawal of CsA. According-
ly, no graft loss was reported during the 8.4±3.5 years of follow-up after withdrawal 
of CsA. One or 2 year after attempted CsA withdrawal, biochemical liver tests did 
not differ between those in which CsA could be withdrawn successfully and those in 
which CsA was restarted (not shown).

Prednisolone dosage
At two years after CsA withdrawal the dosage of prednisolone was 0.34 ± 0.07 mg/
kg/2 days in the CsA-free group and 0.26 ± 0.04 mg/kg/2 days in the group where CsA 

Table 3. Biochemical liver tests before withdrawal and 1 and 2 years after withdrawal of 
cyclosporine (CsA). 
Differences between the three time points were not statistically significant for any of the studied 
biochemical tests; there were no significant differences between the group with successful 
withdrawal of CsA and the group in whom CsA had to be restarted. 

Before CsA 
withdrawal

1 year after CsA 
withdrawal

2 years after CsA 
withdrawal

AST (0-40 U/L) 44±19 48±50 49±30

ALT (0-30 U/L) 30±27 40±29 38±35

GGT (0-65 U/L) 48±92 59±138 69±137

Tot. Bilirubin (3-26 μmol/L) 14±10 14±11 14±11

Albumin (33-47 g/L) 43 ±6 45±4 45± 4

Normal values < 12 years between brackets, mean ± standard deviation 
Abbreviations: AST: aspartate aminotransferase, ALT: alanine amino transferase GGT: γ-glutamyl 
transferase

Table 4. Prednisolon dosage, height and bone density in patients, in whom cyclosporine (CsA)
could be withdrawn and patients, in whom CsA had to be restarted.

CsA free group
N=36

CsA restart group
N=17

Prednisolone dosage two years after 
attempted CsA withdrawal (mg/
kg/2days)

Prednisolone dosage (2004)
(mg/kg/2days)

Height (2004)
(in Z score)

Bone density
Lumbar spine
(in Z score)

0.34±0.07

0.22±0.08

–1.2±1.3

–1.0 ±1.1

0.26±0.04 #

0.16±0.08 #

–1.2 ±1.0

–1.3±1.1

# p < 0.05
Height and bone density are expressed as the Z-score or standard deviation score of the mean 
for age. 
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was restarted. �n 2004 the prednisolone was slowly decreased in most of the patients, 
but the dosage of prednisolone remained slightly higher in the CsA-free group than 
in the restart CsA-group. The higher dosage of prednisolone in the group, where CsA 
was successfully withdrawn did not result in a difference in height or bone density 
between the 2 groups (table 4).

Renal  funct ion
Renal function was evaluated using estimated GFR before withdrawal, and 1 and 2 
years after withdrawal (table 5). The estimated GFR in children, in whom CsA was 
withdrawn successfully, showed an increase compared with baseline values (1 year: 
+16 mL/min/1.73m2, p < 0.001; and 2 years: + 11 mL/min/1.73 m2, p < 0.05).  The esti-
mated GFR in children, in whom CsA had to be restarted, did not alter significantly. 

Plasma l ipids
Evaluation of the levels of triglycerides before and after CsA withdrawal in patients, 
in whom CsA could be successfully withdrawn, showed a significance decrease (be-
fore: 1.6 ± 0.7 mmol/l, after: 1.2 ± 0.6 mmol/l, p < 0.05). Cholesterol levels did not 
show a significant change after CsA withdrawal. 

Evaluation of  prognostic factors related to  successful 
withdrawal 
We analyzed whether specific factors were correlated with a successful withdrawal 
of CsA. There was no significant correlation between characteristics of the donor or 
the transplantation procedure, and a successful withdrawal of CsA. Also the primary 
liver disease (biliary atresia or metabolic liver disease), type of liver graft, age at the 
time of LTx, or the occurrence of early rejection were not associated with successful 
or non-successful (failed) withdrawal of CsA. We did find a significant correlation, 
however, with weight at the time of LTx. �n 18 of 21 (85%) children, with a weight of 
less than 10 kg at the time of LTx CsA, could be successfully withdrawn, compared 
with 19 of 32 (60%) patients, who had a weight above 10 kg at the time of LTx (p <0.05), 
as shown in figure 2.  

Table 5. Estimated glomerular filtration rate (GFR) before withdrawal of cyclosporine (CsA) and 1 
and 2 years after withdrawal in patients in whom CsA could be withdrawn successfully. 

Before CsA 
withdrawal

1 year after CsA 
withdrawal

2 years after CsA 
withdrawal

GFR CsA-free group 
GFR CsA restart group 

75 ± 21
81 ± 20

91 ± 17*
85 ± 18

86 ± 14**
77 ± 15

Mean ± SD, GFR in mL/min/1.73 m²
* p<0.001, GFR before and one year after withdrawal
 ** p<0.05, GFR before and two years after withdrawal. 
Other differences are not significant.
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Discussion

We describe a unique cohort of pediatric patients in whom it was attempted to with-
draw CsA during follow-up after LTx, according to a strict protocol. �n most of these 
patients CsA could be withdrawn without the occurrence of rejection or indications 
of failure or malfunction of the liver graft. Successful withdrawal of CsA was associ-
ated with improved kidney function. A weight below 10 kg at the time of LTx was 
associated with successful withdrawal. 
After LTx the risk of acute rejection decreases in time, which allows for a lower level 
of immunosuppression. �n this study we withdrew CsA at least 2 years after LTx in 
patients, who had not experienced any recent rejection. The withdrawal of CsA led 
to rejection in a third of the patients. This may be a worrisome sign, but all rejection 
episodes could be treated successfully with methylprednisolone and restarting CsA. 
During follow-up of at least 2 years after the (attempted) withdrawal of CsA, we did 
not find any graft loss or histological indications of ductopenic rejection either in 
the group were CsA could be withdrawn with success, or in the group in which CsA 
had to be restarted.
The immunosuppressive regimens in most transplantation centers include a de-
crease in steroids in time. Our cohort is unique with respect to CsA withdrawal 
and steroid increase. The protocol was introduced in 1986 with the introduction 
of CsA to prevent long-term side effects of CsA. As CsA could be withdrawn in most 
patients, the protocol was continued until the introduction of a tacrolimus based 
protocol in 1998. The CsA could be withdrawn at the cost of a higher prednisolone 
dose, but the difference between the two groups was relatively modest with a dose 
of only 0.34±0.07 mg/kg/2days, alternate dosing, in the group with successful CsA 
withdrawal.
We found a significant decrease of approximately 25% in the triglycerides levels af-
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ter withdrawal of CsA, but no change in cholesterol levels. Recently, we reported in 
a subgroup of our patients, that withdrawal of CsA increased bile salt synthesis and 
concomitantly decreased triglyceride (23%) and cholesterol (18%) levels.12 Apparently 
this beneficial effect of CsA withdrawal on plasma lipids is consistent for triglycer-
ides in this much larger cohort studied now.  
Nephrotoxicity is one of the most serious side effects of calcineurin inhibitors, 
such as CsA. Acute nephrotoxicity has been associated with toxic levels of calcineu-
rin inhibitors, and is usually reversible after dose reduction. On the other hand, 
chronic nephrotoxicity is associated with parenchymal renal lesions: interstitial 
fibrosis, tubulopathy, and glomerulopathy.13 There is a general trend to minimize 
or discontinue calcineurin inhibitors in patients with chronic renal dysfunction 
after LTx. The available literature, however, does not consistently indicate that renal 
function persistently improves by this strategy. Withdrawal of CsA in patients after 
LTx was previously described in a selected group of adults with renal dysfunction. 
Sandborn et al.7 showed only a transient, relatively modest improvement of renal 
function after withdrawal of CsA. Chan et al.14 and Herrero et al.15 observed an im-
proved renal function after withdrawal of CsA. Similarly, a prospective randomized 
study in adult liver transplant patients with moderate renal impairment16 indicated 
improved kidney function after CsA withdrawal. �n the present study of pediatric 
patients after LTx, who had only mild or no impairment of the renal function, a sig-
nificant improvement of the kidney function was observed, in accordance with the 
data discussed above. �t has been shown that there is a further impairment of kidney 
function in time with the use of calcineurin inhibitors.17 Withdrawal of CsA could 
therefore not only improve renal function but could also prevent further damaging 
of renal function. 
All patients that could be successfully weaned from CsA continued with an immu-
nosuppressive regimen of azathioprine and prednisolone. The prednisolone main-
tenance dose was increased to a dose of 0.4 - 0.6 mg/kg/2 days. Sandborn et al.7 used 
a comparable immunosuppressive regimen after withdrawal of CsA, but these au-
thors observed acute rejection in 50% of the patients and a ductopenic rejection in 
another 25%, leading to the death of two patients. Similarly, Te9 maintained liver 
transplantation patients on a regimen of azathioprine and prednisolone, but re-
ported acute rejection in 11% and ductopenic rejection in 22%, yet without any graft 
loss. �n both studies the patients were adults, and concerned relatively small num-
bers, 12 and 17 respectively. More recently the withdrawal of calcineurin inhibitors 
with an immunosuppressive regimen based on mycophenolate mofetil has been de-
scribed in several randomized prospective studies in adult patients with impaired 
renal function.16;18;19 One of the trials 18 in which a regimen of mycophenolate mofetil 
monotherapy was used had to be prematurely stopped, however, after three of the 
five included patients developed a ductopenic rejection needing retransplantation. 
�n the trial by Schlitt16 in adult patients a lower percentage of rejection was found, 
particularly in patients, who received an immunosuppressive regimen consisting of 
mycophenolate mofetil and prednisolone after withdrawal of CsA.  
The rationale to withdraw CsA in all these patients was related to side effects of the 
drug, whereas we describe a group of 53 pediatric patients in whom CsA was elec-
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tively withdrawn. �t seems very well possible that the methodological differences 
to select our patients and younger age of our patients account for the profoundly 
better results of our present study. The pediatric immune system may be more ame-
nable to tolerance than that of adults, caused by more circulating naive T cells and 
a still full functional thymus.20 This is might be especially true for younger children, 
supported by the fact that we found a significant association between a weight be-
low 10 kg at the time of LTx and successful withdrawal of CsA. 
Pediatric patients face long-term, possibly even life-long treatment with immuno-
suppressive medication. CsA has serious side effects on the renal function, cardio-
vascular system and promotes the development of neoplasms. The present data in-
dicate that CsA can be withdrawn in a selected group of pediatric liver transplant 
patients from 2 years after LTx with a success rate of approximately 70%. A failed 
attempt to withdraw CsA does not have apparent negative effects on graft function 
during prolonged follow-up. �n young children with a weight of less than 10 kg at 
the time of LTx. CsA can be withdrawn successfully in 85%. This suggests that immu-
nosuppressive schemes can be reduced in children, especially young children after 
LTx. The greatest challenge in the future of immunosuppression, however, remains 
to predict which particular immunosuppressive regimen would be the best for each 
individual patient.    
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Abstract

Aim  
To evaluate the effect of end-stage pediatric liver disease and liver transplantation 
on growth and final height. 

Patients and methods 
We evaluated growth at 2 years (n=101) and 5 years (n=63) after pediatric liver 
transplantation (LTx). Twenty-three children reached final height. Height was 
expressed as a standard deviation score of the target height (Z

TH
 score) of each 

individual patient.

Results
The first 2 years after LTx, the Z

TH
 score significantly increased from -1.7 to -1.3 SD 

(p<0.05).  Growth in the first 2 or 5 years after LTx, expressed as Δ Z
TH

 score was 
positively correlated with pre-transplant growth retardation (p<0.05). �n comparison 
to patients with a non-cholestatic primary liver disease, patients with a cholestatic 
primary liver disease were more severely growth retarded before LTx (Z

TH
 score -2.0 

vs. -1.2 SD, p< 0.05), and had better growth in the first two years after LTx (Δ Z
TH

 score 
+0.6 vs. -0.1 SD, p<0.05). Twelve out of the 23 patients, who achieved final height, had 
a final height below -1.3 SD of their target height.

Conclusion 
Growth retardation is a common finding in children before LTx, particularly in 
children with a primary cholestatic liver disease. After LTx, catch up growth was 
partial, and only prominent in cholestatic children that had been severely growth 
retarded before LTx. After LTx during childhood, approximately 50% of patients 
reach a final height lower than -1.3 SD of their genetic potential 

Abbreviations 
LTx = pediatric liver transplantation 
TH = target height 
Z

TH
 score = Z score of the target height

SD = standard deviation 
CsA = Cyclosporine
TAC = Tacrolimus
�GF = insulin-like growth factor
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Introduction

Transplantation is a life-saving treatment in children with end-stage liver disease. 
Quality of life after pediatric liver transplantation (LTx) is not only determined by 
the function of the grafted organ, but also depends on factors such as growth and 
final height. �nsufficient growth may be an additional psychological burden for the 
child.1 Many children have growth retardation before LTx.2-4 Several studies have in-
dicated that growth retardation remains after LTx, while others have reported catch-
up growth.4-10 So far, 7 reports have become available on growth during 5 years after 
LTx.4,11-16 Although final height is the most important growth parameter, there are 
only limited data on the final height in children after LTx.17 �n the study of Viner et 
al.4 14 patients reached final height with a mean Z score of -0.55. 
�n healthy children final height is predicted mainly by parental height.18-20 Normal 
growth is defined as being within 1.3 SD of the target height (TH). The TH is calculat-
ed from the parental height.21 The potential of a child’s growth is further dependent 
on bone age. Thus actual height in combination with bone age will provide informa-
tion on the growth potential of the child.22

�n the present study, growth in relation to chronological age and bone age was evalu-
ated in 101 children 2 years after LTx and in 64 children 5 years after LTx. We also re-
port on final height after LTx, inasmuch as 25 % of our patients reached final height 
during follow-up.
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Patients and methods

Between 1982 and 2000, 200 liver transplant procedures were performed in 150 
children younger than age 17 years in the University Medical Center Groningen, the 
Netherlands. Of those patients, 49 were followed for less than 2 years and were not 
included in this study. The remaining 101 patients were followed for at least 2 years. 
Sixty-four patients were followed for at least 5 years. �n 23 children, final height was 
achieved during follow-up. 
�mmunosuppressive medication after liver transplantation consisted of cyclospo rine 
(CsA), prednisolone and azathioprine for most patients. CsA was introduced on the sec-
ond day after transplantation (trough levels during the first 4 weeks post-transplan-
tation, 200-250 μg/ml, after 4 weeks 100-150 μg/ml). Prednisolone dose was initially 
1 mg/kg/day and subsequently tapered in the first 3 months after transplantation to 
0.25-0.4 mg/kg/2days (alternate-day dosing).The azathioprine dose was 2 mg/kg/day. 
Between 1982 and 1998 cyclophosphamide23 was given in a dose of 3 mg/kg during 
the first 7 days after liver transplantation. Five patients underwent transplantation 
before 1986 and received a similar immunosuppressive regimen, but without CsA. 
The initial dose of prednisolone was similar, but the maintenance dose was tapered 
to 0.4-0.6 mg/kg/2 days, and the maintenance dose of azathioprine was 2.5 mg/kg/
day. Fifteen patients underwent LTx after 1998, and were treated with a tacrolimus 
(TAC)-based regimen. This consisted of TAC (trough levels of 10-15 μg/l during the 
first 3 months post-transplantation, afterward, trough levels of 5-10 μg/l) and predni-
solone (initially 1 mg/kg/day, subsequently tapered to a dose of 0.2 mg/kg/2 days, at 
3 months). Rejection therapy in the first 4 weeks after LTx consisted of intravenous 
bolus injections of methylprednisolone of 20 mg/kg/day for 3 days. Thereafter, rejec-
tion was treated with increasing dosage of oral prednisolone to a maximum of 4 
mg/kg. Twenty-three underwent transplantation more than once, two of these 23 
patients more than twice. Most of these retransplantations were performed within 
4 weeks after the previous LTx due to transplant-related complications. Because this 
study focuses on growth after LTx, the last LTx is taken as entry point of the study in 
patients who underwent LTx more than once. The following data were prospectively 
collected: height, weight and bone age. The underlying disease leading to liver insuf-
ficiency was also recorded.
Height was measured by use of the Harpenden stadiometer to the nearest 0.1 
cm. Final height was recorded when radiography of the hand and wrist showed 
epiphysial closure.22,24 Height is expressed as the Z-score or standard deviation score 
(SDS) calculated by

where x(t) denotes the individual’s body measurement score at age t (e.g. its height), μ(t) 
denotes the population mean at age t, and σ(t) the corresponding standard deviation. 
As reference values the Dutch nation-wide growth curves of 1997 were used.18

The target height (TH) of each patient was calculated using the formula according to 
Tanner21, adjusted for secular growth changes.18 

z(t)=
x(t) — µ(t)

σ(t)
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For boys: mother’s height + father’s height + 13/2 + 4.5 cm. 
For girls: mother’s height + father’s height – 13/2 + 4.5 cm. 
To correct for parental height for each patient a Z score of the target height (Z

TH
 score) 

was calculated by subtracting the target height (expressed in SD) from the actual Z 
score delivering the Z

TH
 score. Normal growth is considered as growth following 

a growth curve ± 1.3 SD from the TH, calculated from parental height.18 Catch-up 
growth is defined as changes in Z

TH
 score of more than 0.25 SD a year.25

Bone age was determined on radiographs of the left hand using the calculation of 
the 20 bones.22 One investigator (RJO) performed these analyses. The height is ex-
pressed as Z

TH
 score for bone age, the standard deviation score of the target height, 

using the bone age instead of the chronological age.

Statist ics
Continuous variables were expressed as median and range and categorical variables 
as number with percentage. Categorical variables were compared using the Chi 
square test. Comparison of continuous variables between groups was done using 
Students T test. Paired continuous variables were compared with a paired samples T 
test. Correlations were determined by Pearsonís correlation coefficient. 
P< 0.05 was considered as being statistically significant. 

Results

The clinical data of the patients included in the study are given in Table 1. The me-
dian age at LTx was 3.6 years (range 0.1-17.1) of the total group (n = 101) and 4.6 years 
(range 0.1-16.9) of the subgroup followed for 5 years (n = 64). �n the subgroup that 
reached final height (n = 23) the median age at LTx was 13.3 years (range 2.8 -16.9).  
End-stage liver disease due to biliary atresia was the most frequent indication for 
LTx. Other indications can be found in Table 1.
Figure 1 shows the distribution of the height deviation score corrected for parental 
height (Z

TH
 score) at LTx. The median of the Z

TH
 score at LTx was -1.7 SD with a wide 

range from – 6.3 to + 1.7 SD. Of the 101 patients, 61 had a Z
TH

 score below - 1.3 SD 
and were therefore considered to be small. Thirty-eight had a Z

TH 
score below -2.0 

SD and were considered severely growth retarded. Figure 2 shows the distribution 
of the Z

TH
 score at LTx and 2 years after LTx. There was a significant improvement 

of the Z
TH

 score of the total group: -1.7 ± 1.6 SD before LTx, to – 1.3 ± 1.3 SD at 2 yr 
after LTx (p < 0.005). Two years after LTx, 54 patients had a Z

TH
 score below -1.3 SD, 

and 29 had a Z
TH

 score below -2.0 SD. Of the included 101 patients, 38 decreased in 
Z

TH
 score (range of 0 to -2.2 SD) while 63 increased in Z

TH
 score (range of 0 to 3.3 SD) 

as calculated for the period between LTx and 2 years thereafter. Of the 63 patients 
who gained height, 48 did so with at least 0.25 SD per year, which has been defined 
as catch-up growth.25 Of these 48 patients, 34 increased height with at least 0.7 SD, 
which is used as the criterion for a good reaction in international growth hormone 
studies.26
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Table 1. Clinical data of included patients who underwent liver transplantation (LTx) during 
childhood. Subgroup analyses were performed in patients with at least 5 years follow-up, and 
in patients, who reached their adult height. Abbreviations: The ZTH score is the height Z score 
adjusted for parental height (for details, see text). LTx = liver transplantation, PFIC = progressive 
familial intrahepatic cholestasis.

All patients Subgroup
 5 years follow-up

Subgroup
Final height

Number 101 64 23

Age (yrs) at LTx (median and 
range)

3.6
(0.1–17.1)

4.6
(0.1–6.9)

13.3
(2.8–16.9)

Sex M/ F 47/54 31/33 8/15

Target Height (median and 
range)

0.2
(-2.1–2.6)

0.2
(-2.1–1.8)

-0.3
(-2.1–1.2)

ZTH score at LTx
(median and range)

-1.7
(-6.3–1.7)

-1.7
(-6.3–1.7)

-1.0
(-4.6–1.0)

Patients with a previous LTx (n) 24 (24%) 13 (20%) 7 (30%)

Biliary atresia 52 (52%) 34 (53%) 7 (30%)

Metabolic Disease 24 (24%) 17 (26%) 6 (26%)

Acute Liver Failure 5 (5%) 4 (6%) -

Intrahepatic cholestatic 
diseases (PFIC, Alagille)

7 (7%) 5 (8%) 4 (17%)

Other diseases 13 (13%) 4 (6%) 6 (26%)
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Figure 1. Height at liver transplantation (LTx) for different pediatric ages. Height is expressed as 
ZTH scores, i.e. the height Z score adjusted for parental height (for details, see text).
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Figure 2. Height expressed as ZTH 
score at the moment of LTx and at 2 
years after LTx in 101 patients that 
were transplanted during childhood.  
ZTH score is the height Z score 
adjusted for parental height (for 
details, see text).
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Figure 3. Height expressed as ZTH 
score at the moment of LTx and at 
2 years and 5 years after LTx in 64 
patients that were transplanted 
during childhood and of which at 
least 5 years follow up data were 
available. ZTH scores is the height Z 
score adjusted for parental height 
(for details, see text).
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Figure 3 shows the Z
TH

 scores of the 64 patients who were followed for 5 years. Be-
tween 2 and 5 years after LTx only a limited (further) improvement of the Z

TH
 score 

was observed, from -1.4 ± 1.2 SD to -1.2 ± 1.2 SD (p < 0.05). Catch up growth was ob-
served in 17 % (11/64) between 2 years and 5 years after LTx. 
Figure 4 shows the change in Z

TH
 score from 0 to 5 years after LTx in relation to the 

Z
TH

 score at LTx. �mprovement of growth as expressed in Δ Z
TH

 during 2 or 5 years 
after LTx, was positively correlated with pre-transplant growth retardation (2 yr: 
r=0.63, p<0.001, 5 yr: r=0.62, p<0.001). Figure 4 also shows that in the majority of 
the patients improvement of growth occurred between LTx and 2 years after LTx. 
The improvement in growth between 2 and 5 year after LTx did not significantly 
correlate with pre-transplant growth retardation. 
The mean final height was 158.9 ± 7.6 cm (range 139.5 - 170.0 cm) in female and 
173.5 ± 6.1 cm (range 165 -184 cm) in male patients. The height of these children 
at LTx had been - 1.0 SD (expressed as Z

TH
 score), compared to a final height of - 1.4 

SD. Twelve out of 23 patient had a final height below -1.3 SD, and 3 patients were 
severely growth retarded with a final height below -2.0 SD.
Patients younger than 2 years at LTx tended to have more severe growth retardation 
at LTx, than did patients older than 2 years, but this was not significant. These 
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Figure 4. Development of the ZTH score between the moment of LTx and 2 (black dots) or 5 (white 
dots) years follow-up in patients were transplanted during childhood. ZTH score is the height 
Z score adjusted for parental height (for details, see text). The development of the ZTH score is 
expressed in Δ height ZTH score 0 - 2 years after LTx (ZTH score at second year - ZTH score at LTx) 
and in Δ height ZTH score 0 – 5 year (ZTH score at fifth year - ZTH score at LTx). The Δ ZTH scores are 
plotted against the ZTH score at transplantation. Both the Δ ZTH score 0-2 yr and the Δ ZTH score 
0-5 yr were significantly correlated with the ZTH score at transplantation (p<0.001, r = 0.63 and 
p<0.001, r = 0.62; respectively). 
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younger patients had a greater improvement of the Z
TH

 score in the first two years 
after LTx than did patients who underwent transplantation at the age of at least 2 
years (Δ Z

TH
 score 0.6 ± 1.2 SD at age<2 years; 0.1 ± 0.9 SD at age≥2 years, p<0.05).

We did not find a significant relationship between the different immunosuppres-
sive regimens and growth. Of the included patients 81 (80%) received an immuno-
suppressive regimen that consisted of CsA, azathioprine and prednisolone. Fifteen 
patients (15%) received an immunosuppressive regimen that consisted out of TAC 
and prednisolone. Growth retardation in both groups before LTx was similar (Z

TH
 

score CsA A: - 1.7 ± 1.5 SD, TAC: - 1.7 ±1.6 SD). The maintenance dosage of prednisone 
was higher in the CsA-based regimen compared with the TAC-based regimen (0.4 – 
0.6 mg/kg/2days versus a dose of 0.2 mg/kg/.2days). Nevertheless, the changes in Z

TH
 

score were similar in the first 2 years after LTx (Δ Z
TH

 score CsA: 0.3 ±1.1 SD, tacroli-
mus: 0.3 ±1.1 SD). 
Evaluation of the primary liver disease and growth failure before LTx showed more 
severe growth retardation at LTx in the group with a primary cholestatic liver 
disease (biliary atresia, intrahepatic cholestatic diseases)  versus the group with a 
noncholestatic primary liver disease (Z

TH
 scores at LTx:  – 2.0 ± 1.5 SD and -1.3 ± 1.5 SD, 

respectively, p < 0.05). The growth was significantly better in the cholestatic group 
during the first 2 years after LTx (Δ Z

TH
 score cholestatic disease versus noncholestatic 

disease at 2 years: 0.6 ± 1.0 SD vs. - 0.1 ± 1.1 SD; p < 0.05). This observation was also 
illustrated by the fact that catch-up growth in the first two years after LTx was more 
frequently found in children from the cholestatic group compared with those from 
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Figure 5. Relationship between bone age and chronological age at LTx. The bone age was 
determined based on the calculation of the 20 bones according to Tanner/Whitehouse. The 
bone age was positively correlated with the chronological age at LTx (r = 0.99, p < 0.001).
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the noncholestatic group (33/60 or 55% and 10/41 or 24% respectively,  p< 0.005). 
Cholestatic disease as the indication for LTx was more prevalent in children who 
underwent transplantation before 2 years of age than in children of 2 years old or 
older (30/38 or 78% and 30/63or 47%, respectively, p< 0.005). �n the group of children 
of 2 years or older, primary cholestatic disease was also significantly related with 
growth retardation before LTx (Z

TH
 score: -2.0 ± 1.5 vs. –1.1 ±1.6 in noncholestatic 

disease, p< 0.05), and with better growth in the first 2 years after LTx (Δ Z
TH

 score: 0.5 
± 0.9 vs. – 0.3 ± 0.8 in noncholestatic liver disease, p<0.05).
Bone age was evaluated in 96 children. Median height at transplantation expressed 
as Z

TH
 score for bone age was -1.2 SD (range -6.4 - 2.5 SD). There was a significant 

strong correlation between bone age and chronological age at LTx, r = 0.99, p < 0.001 
(Fig.5). No change in median height expressed for bone age was observed in the 
period between LTx and 2 years thereafter (Table 2). 

Table 2. Height before and after liver transplantation (LTx) during childhood. Subgroup analyses 
were performed in patients with at least 5 years follow up, and in patients who reached their adult 
height. Height expressed as ZTH score for chronological age and for bone age (median and range) 
at LTx, at 2 and 5 years follow-up and at final height. ZTH score is the height Z score adjusted for 
parental height (for details, see text).

ZTH score  for chronological age

All patients Subgroup
5 years follow-up 

Subgroup
Final height 

At LTx n = 101
-1.7 (-6.3–1.7)

n = 64
-1.7 (-6.3–1.7)

n = 23
-1.0 (-4.6-1.0)

2 years n = 101
-1.3 (-3.9–1.3)

n = 64
-1.3 (-3.9–1.3)

n = 23
-1.0 (-3.9–0.9)

5 years n = 64
-1.2 (-3.7–1.0)

n = 16
-1.2 (-3.7–0.4)

Final height n = 23
-1.4 (-3.6–0.8)

ZTH score  for bone age

At LTx n = 96
-1.2 (-6.4–2.5)

n = 61
-1.4 (-6.4–2.5) 

n = 21
-1.1 (-4.0–1.2)

2 years n = 98
-1.4 (-5.5–2.0)

n = 63
-1.4 (-5.5–1.6)

n = 23
-1.2 (-3.1–0.4)

5 years n = 62
-1.5 (-3.9–2.7)

Final height  n = 15
-1.2 (-3.2-0.8)
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Discussion

We show in this study that growth retardation is a common finding in children 
before LTx, particularly in children with a cholestatic disease. Catch-up growth after 
LTx was related with growth retardation before LTx, and was predominantly ob-
served in patients with a primary cholestatic liver disease. �mprovement of growth 
was also seen in young children, but this could also be an effect of cholestatic dis-
ease, inasmuch as this was a common feature in these patients. Catch-up growth 
was mainly observed in the first 2 years after LTx. Our longitudinal data indicate 
that after LTx in childhood, approximately 50% of patients reach a final height of 
less than -1.3 SD of their genetic potential. 
Several studies have evaluated growth after LTx. 4,5,7-14 Our finding that children with 
the most severe growth retardation at the time of LTx show better growth after 
LTx is comparable to most studies. 5,10,11,15  The finding of greater catch-up growth in 
children who underwent LTx at an age younger than 2 years was also comparable 
to most studies, 4,5,10,15,16 although 1 report showed better growth if transplantation 
was delayed until the child was older than 2 years.27 Most studies show growth re-
tardation at the moment of LTx with catch-up growth during the two years there-
after.4,5,8,10 -13.16,27-31 At the beginning of this 2-year post-transplant period, growth may 
become further retarded, followed by catch-up growth during the next 18 months. 
The initial growth retardation has been attributed to the use of prednisolone.13-32 De-
creasing the prednisolone dosage is thought to be accompanied by catch-up growth.
Although the Z score at 2 or 3 years post LTx in most studies was higher than the Z 
score at the moment of LTx, the Z score was invariably still below zero in the major-
ity of patients. Our data are comparable to those obtained in previously described 
cohorts.5,12,14 We also found improvement in Z score during the 2 years after LTx, but 
this improvement was less prominent thereafter. Growth did not return to the val-
ues expected from the target height. The majority of children after LTx with growth 
retardation at the moment of LTx can therefore expect to have a final height below 
their genetic potential. Our data further indicate that final height can be estimated 
from the growth curve 2 years after LTx. This is in accordance with the results from 
the children reaching final height.
There are different reasons why growth retardation may be prevalent at the mo-
ment of LTx. �t might be due to the malabsorption caused by liver insufficiency 
and/or insufficient intake of energy and proteins.33 This possibility is supported by 
the observation in our study that growth retardation was especially prominent in 
patients with a primary cholestatic liver disease. �n addition, endocrine factors may 
also play a part in the poor growth observed in children with chronic liver disease. 
The liver produces insulin-like growth factor-� (�GF-�) and �GF-binding proteins. Also, 
growth hormone is degraded in the liver. �n patients with chronic liver disease, in-
creased levels of growth hormone and decreased levels of �GF-1 and �GF-B3 have been 
described.34-37 A decrease in �GF-l level and GH insensitivity may be secondary to a 
combination of impaired hepatic function and protein calorie malnutrition.
Catch-up growth may be due to the elimination of the factors causing the delay in 
growth during the illness.38 When the growth delay occurs during the so-called criti-
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cal period of life, the first few years in human life, imprinting may prevent a complete 
restoration of growth.19 Catch-up growth in our patients did not result in a complete 
restoration of normal height of the children. �n the youngest children, especially the 
group with primary cholestatic disease, this may be caused by the growth retarda-
tion in early life. Return to normal values, however, was also not found in children 
transplanted at an older age, despite the fact that liver failure in this group started 
predominantly after infancy.
The growth delay in patients after LTx is often attributed to the use of corticosteroids. 
Bartosh et al5 observed a negative correlation between the dose of prednisolone and 
growth. However several arguments draw into question, that the delay in growth in 
patients after LTx is exclusively or primarily due to the use of prednisolone. First the 
main delay in growth occurs before transplantation, a period when prednisolone is 
usually not administered. Second, we did not observe a more prominent improvement 
of the Z score in patients who were treated with a TAC-immunosuppressive scheme and 
a much lower prednisolone dosage (0.2 mg/kg/2 days). Third, interference with growth 
was found in children after LTx at a prednisolone dose of 0.25 mg/kg/day 5, 39 which is 
considerably higher than that given to our patients: in most of our patients predni-
solone started with a dose of 1 mg/kg/day and was tapered to 0.25 –0.4 mg/kg/2days 

within 12 weeks. Fourth, catch-up growth did occur in almost 50% of the patients 
during the first two years after transplantation, despite the fact that in this period 
prednisolone was given. Finally, steroid withdrawal does not always show clear benefit 
on linear growth. 17,39,40 although some studies show a favorable effect of early steroid 
withdrawal.41 These considerations suggest that the use of prednisolone might not be 
the only cause of the persistently delayed growth in pediatric liver transplant patients. 
We do realize however, that a steroid-free immunosuppressive scheme showed signifi-
cantly improved linear growth in the first year after liver transplantation.42 �t can not 
be excluded that prednisolone irreversibly impedes catch-up growth.25

�n our study bone age corresponded to chronological age (Fig. 5). Bone age was not de-
layed in children with severe growth retardation, suggesting that growth retardation 
was not due to delayed maturation. The increase in height Z score (Fig.4) and the close 
correlation between bone age and chronological age during follow up indicate that 
puberty was not delayed and did not influence the growth effect of LTx. Expressing the 
height in Z scores minimizes the influence of puberty. During puberty the standard de-
viation of the reference population is much higher than before or after puberty. Only 
in the case of extreme early or late puberty, will the patient’s Z score be abnormal.
�n summary, growth retardation in children with LTx mainly originates in the period 
before LTx. After LTx there is some catch-up growth in the youngest and most severely 
growth-retarded patients, which correlates with a primary cholestatic liver disease. �n 
general, however, transplanted children do not have a complete catch-up growth and 
achieve a final height below their genetic potential. The present data indicate that 
improving final height of children that are candidates for LTx should be aimed at the 
period before LTx. Studies to determine the cause of growth retardation before LTx are 
needed.
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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-
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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 



Graft fibrosis after pediatric LTx: Ten years of follow-up 73

5

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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Abstract

Background
Previously, we described that an immunosuppressive regimen based on cyclosporine 
A (CsA) is associated with fibrosis in 1-year liver biopsy specimens in 30% of pediatric 
patients after liver transplantation (LTx). 

Aim 
To determine whether a tacrolimus (TAC)–based immunosuppressive regimen induc-
es a similar prevalence of fibrosis. 

Patients and methods 
Patients who received a TAC–based immunosuppressive regimen and underwent trans-
plantation between 1999 and 2006 (n=77) were included in the study. One year after 
LTx, a protocol biopsy specimen was available in 74/77 patients. 

Results
Compared with our earlier study with a CsA-based immunosuppressive regimen, the 
prevalence of fibrosis was similar (CsA 31%, TAC 35%; not significant). We found four 
major histopathological categories in the biopsy specimens: 1. normal findings (n = 
23; 31%), 2. reactive changes (n= 7; 10%), 3. portal fibrosis (n= 26; 35 %) and 4. hepati-
tis (n= 16; 22%). We observed histological hepatitis more frequently in patients who 
received TAC (23%) compared with CsA (CsA 1%; p< 0.001). This histological hepatitis 
was predominantly graded as mild (“mild” in 12/16, 75%; “moderate” in 4/16, 25%) 
and was not associated with elevated liver enzymes. Evidence of active viral infection 
was more frequent in patients with hepatitis, 12 (75%) had a positive EBV PCR, posi-
tive CMV �gM antibodies or both, in contrast to 20/58 (34%) of the patients without a 
histological hepatitis (p=0.008). But nevertheless in situ hybridization with EBV en-
coded RNA (EBER) of liver biopsy specimens was negative in all hepatitis cases. 

Conclusions
The prevalence of graft fibrosis 1 year after pediatric LTx is similar in a CsA- or a TAC-
based immunosuppressive regimen (~30%), but TAC is specifically associated with 
a high prevalence of mild histological hepatitis. Our results indicate that neither 
over- nor under-immunosuppression is a major contributor to the high prevalence 
of graft fibrosis at 1 year post-transplantation. 

Abbreviations
LTx: liver transplantation
TAC: tacrolimus
CsA: Cyclosporin A 
D/R: donor/recipient
CMV: Cytomegalovirus 
EBV: Epstein Barr virus 

EBER: EBV encoded RNA 
ANA: anti nuclear antibodies
SMA: anti smooth muscle antibodies
LKM: anti-liver-kidney microsomial 
antibodies
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Introduction 

Liver transplantation (LTx) has evolved into standard treatment for children with 
end-stage liver disease. Patient survival has steadily improved with survival above 
80% at 10 years after LTx.1 However, we and others have reported a high prevalence 
of abnormal histopathological findings in protocol biopsy specimens of long-term 
survivors after pediatric LTx.2-4 The etiology and clinical significance of these histo-
logical abnormalities are as yet undetermined. The histological abnormalities in-
clude fibrosis and chronic hepatitis, with possible negative consequences for the 
graft function on the longer term. We have reported fibrosis in 31% in 1-year biopsy 
specimens increasing to 69% in 10-year biopsy specimens in patients who received a 
Cyclosporine A (CsA)-based immunosuppression regimen.2;5 We found that fibrosis 1 
year after LTx was strongly related to transplant associated factors such as prolonged 
cold ischemia time and biliary complications. Ten years after LTx fibrosis was still 
related to transplant associated factors such as prolonged cold ischemia time, young 
age at the time of LTx and the use of partial grafts. �n a sub-group of patients CsA was 
withdrawn 2 years after LTx,6 but fibrosis in 10-years biopsy specimens was not relat-
ed to the used immunosuppressive regimen. Evans et al 3 reported that fibrosis was 
associated with chronic hepatitis in a cohort of patients who received a CsA-based 
immunosuppressive regimen. The authors suggested that fibrosis was the result of 
a hepatic form of chronic rejection. �f (part of) the fibrosis was indeed due to under-
immunosuppression, it may be expected that the introduction of tacrolimus (TAC) 
-based immunosuppressive regimens decreases the percentage of transplant-related 
fibrosis. TAC has a stronger immunosuppressive effect compared with CsA, and is 
associated with less rejection.7 Moreover CsA but not TAC has been implied in in-
duction of hepatic TGFβ1 expression,8 the main fibrogenic cytokine in chronic liver 
disease.9 To test our hypothesis that a specific immunosuppressive regimen affects 
the development of fibrosis after pediatric LTx we evaluated 1-year graft histology in 
patients receiving a TAC-based immunosuppressive regimen. We compared our find-
ings with the result from our previous study,5 that described 1-year graft histology 
in patients, who were treated with a CsA-based regimen.
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Patients and methods

103 children underwent 130 liver transplantations between 1999 and 2006. We in-
cluded all children transplanted in this time span, who had a follow-up of at least 
1 year after LTx and who received a TAC-based immunosuppressive regimen (n=79). 
Two patients were switched to CsA within the first year after LTx because of severe 
side effects of TAC. These patients were not included in the analysis. All transplant 
patients were evaluated at our centre using a protocol based clinical evaluation at 1 
year post LTx. The protocol comprised clinical assessment, biochemical and serologi-
cal screening and a liver biopsy. The biopsy was performed in 74/77 patients at 1 year 
post LTx. The primary liver disease of these 74 included patients and the 84 patients 
from our previous study (who underwent transplantation in the period between 
1984 and 1996) are shown in Table 1.
All liver biopsies were performed with a 16-gauge Menghini biopsy needle, fixed 
in 4% buffered formalin and embedded in paraffin. Slides were stained with hae-
matoxylin-eosin, Masson’s thrichrome, PAS after diastase digestion, reticulin, Perl’s 
iron staining and rhodanine copper staining. Biopsy specimens were evaluated by 
the same pathologist (A.S.H.G.). Blood samples were taken concurrently with the 
liver biopsy, for biochemical liver tests to correlate with histopathological findings 

Table 1. Primary liver disease of patients who underwent liver transplantation at a pediatric age.

Primary diagnosis patients TAC  (n=74)
N(%)

CsA (n=84)
N(%)

Biliary Atresia 
Metabolic disease 
         Tyrosinemia 
          α1 antitrypsin deficiency
          Wilson disease
          Hyperoxalosis
          Cystic Fibrosis
          Other
Other cholestatic disease 
        PFIC  (n=2)
        Alagille (n= 4)
        Non syndromatic paucity of bile ducts (n=3)
        Other (n=2)
Fulminant Liver Failure
Auto immune disease
        Auto immune hepatitis (n=2)
        Primary Sclerosing Cholangitis (n=1)
Other 

41(55%)
6(8%)

2
2
-
-
2
-

11(15%)
2
4
3
2

7(9%)
3(4%)

2
1

6(8%)

42(50%)
22(26%)

9
4
3
3
-
3

4(5%)
2
-
-
2

6(7%)
6(7%)

4
2

4(5%)

TAC: study group, patients who used a tacrolimus based immunosuppression 
CsA:  history control group, data on the Cyclosporine A treated patients were obtained from our 
previous study (5).
PFIC = progressive familial intrahepatic liver disease
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and serological testing for cytomegalovirus, Epstein-Barr virus, and hepatitis B and 
C virus. A quantitative EBV PCR was performed, considered positive when levels ex-
ceeded 2000 copies/ml whole blood. A positive CMV �gM serology was considered 
indicative of an active CMV infection. 
�mmunosuppressive medication after LTx consisted of TAC (trough levels of 10-15 
µg/l during the first three months post LTx, and levels of 5-10 µg/l after this period) 
and prednisolone (initially 1 mg/kg/day, subsequently tapered to a dose of 0.1 mg/
kg/day on alternate days at 3 months). Rejection therapy after LTx consisted of in-
travenous bolus injections of methylprednisolone of 20 mg/kg/day for three con-
secutive days. From 2002 basiliximab was given as induction therapy, at day 0 and 
day 4 post-LTx. �n 15 patients with a compromised kidney function, mycophenolate 
mofetil was added as a calcineurin sparing immunosuppressant. To identify risk 
factors for histological abnormalities, potential contributing factors in donor and 
recipient and parameters from the transplantation procedure and follow-up were 
analyzed. �n our previous studies 5;10 the following parameters were correlated with 
fibrosis: cold ischemia time, recipient age at time of the transplantation, donor/
recipient age ratio, graft type, biliary complications, occurrence of acute rejection 
and cytomegalovirus status of the recipient. Table 2 shows the demographic data 
of the included patients as well as the ones from our previous study who received a 
CsA-based immunosuppressive regimen.5

Table 2. Demographic data of patients who underwent liver transplantation at a pediatric age.

TAC (n=74) CsA (n=84)

Age(yrs) 4.1(0.2–17) 3.2(0.1–16.8)
Weight(kg) 17.0(5–70) 14.0(3.5–65)
Gender 
     Male
     Female 
Graft type
     Full size graft
     Partial size graft
Cold ischemia time(hr) 
Anhepatic phase(min)
Operation time(hr)
Acute rejection          

38(51%)
36(49%)

37(50%)
37(50%)

8.7(1–15)*
81(41–247)

9.3(4.4–14)*
22(30%)

41(48%)
43(52%)

39(47%)
4(53%)

11(3.3–19)*
94(40–241)
6(4–11.6)*

33(39%)

Median (range), N (%)
* p<0.05
TAC studygroup, patients who used a tacrolimus based immunosuppression 
CsA:  history control group, data on the Cyclosporine A treated patients were obtained from our 
previous study (5).
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Statist ical  analysis
Data were analyzed using SPSS version 16 software. Continuous variables are pre-
sented as median with the range and categorical variables as number with percent-
ages. Continuous variables were compared using nonparametric tests, or with Stu-
dents 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 the suspected cell 
frequency was less than 5. P < 0.05 was considered statistically significant. 

Results

We identified four major histopathological categories in the reviewed biopsy speci-
mens. Three categories were similar to our previous study.5 The first category 
showed normal histological features, and was found in 23 biopsy specimens (31%). 
The second category, 7 (9%) biopsy specimens, showed reactive changes, minimal 
amounts of predominantly lymphocytic inflammatory cells in a few portal tracts 
without bile duct damage or endothelialitis. The third category, 26 (35%) biopsy 
specimens, showed variable degrees of portal fibrosis. The severity of fibrosis was 
graded using a three point scale: 1. mild fibrosis: portal fibrosis without bridging, 
2.moderate fibrosis: portal fibrosis with occasional bridging, and 3. severe fibro-
sis/cirrhosis: diffuse bridging.11 �n 18 of the 26 (69%) biopsy specimens the fibrosis 
could be graded as “mild”; and in 8 (31%) as “moderate”. The fourth category, 16 
(22%) biopsy specimens, showed histological hepatitis; portal and lobular inflam-
mation without signs of biliary pathology. �nflammation was graded according to 
the METAV�R activity criteria.12 Twelve of the 16 biopsy specimens (75%) were grad-
ed as mild hepatitis, 6 (25%) as moderate hepatitis. Miscellaneous findings were 
found in 2 biopsy specimens: one biopsy showed signs of acute rejection grade 1 
according to the Banff classification,13 and another showed microvesicular steatosis. 
Figure 1 shows the major histopathological findings of patients who received TAC-
based immunosuppressive regimen compared with our previous study of patients 
who received CsA. The number of biopsy specimens with normal findings and the 
number with fibrosis were similar in the two groups. �n patients on a TAC-based im-
munosuppressive regimen, the prevalence of biopsy specimens with minimal reac-
tive changes was lower than in patients with CsA [7/74 (9%) versus 21/84 (25%) respec-
tively, p = 0.007]. On the other hand, we found a higher prevalence of histological 
hepatitis in the patients receiving TAC compared with those on CsA [16/74 (22%) and 
1/ 84 (1%) respectively, p<0.001]. 

Fibrosis
The prevalence of fibrosis was similar in biopsy specimens in the TAC and the CsA 
group: 26/74 (35%), versus 26/84 (31%) respectively. Fibrosis tended to be more severe 
in the patients with CsA than with TAC, but these differences were not significant, 
grade 1: 11/26 (42%) versus 18/26 (69%); grade 2: 14/26 (54%) versus 8/26 (31%); and 
grade 3: 1/26 (4%) versus none. Patients with fibrosis had similar liver biochemical 
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Major histological categories
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Figure 1. Histological 
analysis of protocol 1-year 
biopsy specimens after liver 
transplantation in the study 
group with a tacrolimus based 
immunosuppressive regimen 
(TAC: n= 74) compared with 
the results from our previous 
study in patients treated with 
Cyclosporin A (CsA, n= 84). 
Four major histopathological 
categories were found in the 
biopsy specimens: 1. normal 
(normal findings,) 2. reactive 
(minor reactive changes), 
3. fibrosis, 4. hepatitis and 
miscellaneous findings.  

Table 3. Results of univariate analysis of risk factors for histopathological fibrosis in protocol 
biopsies at 1 year after liver transplantation of TAC-treated patients. 

Normal Findings
 (n=23)

Fibrosis 
(n=26)

Age recipient (yr)
Age donor (yr)
D/R age ratio
Cold Ischemia Time (hr)
Type Graft
  Full size graft
  Reduced/split graft 
Biliary Reconstruction
  Roux-Y
  Duct-duct
Biliary complications
  No 
  Yes 
Rejection 
  No 
  Yes
CMV status recipient
  Positive
  Negative

TAC trough levels at 1 yr (ng/ml)
Basiliximab
  Yes 
   No

6.3(0.2-16.7)
15.5(1-60)

2.7(0.3-60)
7.5(4-15)

14(60%)
9(40%)

18(78%)
5(22%)

20(87%)
3(13%)

19(82%)
4(18%)

15(33%)
30(67%)

7.5(4.5-15.1)

17(74%)
6(26%)

3.0(0.7-17.0)
18.5(1-54)

3.3(0.4-36)
8.5(2.1-12.9)

11(42%)
15(58%)

23(88%)
3(12%)

19(74%)
7(26%)

18(69%)
8(31%)

13(46%)
15(54%)

8.0(4.3-17.0)

16(62%)
10(38 %)

All associations were statistically not significant. Abbreviations: D = donor, R = recipient,  
TAC = tacrolimus
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tests if compared with patients without abnormalities. Table 3 shows the results of 
the univariate analysis of risk factors for fibrosis. Fibrosis tended to be associated 
with younger age of the recipient, longer cold ischemia time, partial grafts and 
biliary complications, but statistical significance was not reached in either of these 
parameters. 

Histological  hepati t is 
In patients receiving TAC, we found a notable prevalence of histological hepatitis 
in 22% of the biopsy specimens compared to only 1% in the CsA group (p<0.001). As 
stated, the severity of the hepatitis was mild in the majority of cases (75%). Table 
4 shows the biochemical liver tests in the patients with normal findings and in 
those with hepatitis in 1-year biopsy specimens. Except for direct bilirubin, all liver 
tests tended to be elevated in the group with hepatitis, but statistical significance 
was not reached. Only in two patients with hepatitis, aspartate aminotransferase 
and alanine aminotransferase levels were elevated more than twice above the 
normal values. Four of the 16 patients with histological hepatitis had biochemi-
cal indications of hepatitis, including persistently elevated liver enzymes between 
1 and 8 months after LTx. In one patient, biochemical hepatitis was associated 
with a chronic adenovirus infection, the other three had a primary Epstein Barr 
virus infection and the hepatitis was attributed to this infection, but in situ hy-
bridization for EBV early RNA (EBER) in biopsy specimens performed at the mo-
ment of abnormal biochemical liver tests however were negative in all three pa-
tients. The other twelve patients did not have any clinical symptoms nor elevated 
liver enzymes suggesting hepatitis prior to the biopsy at 1 year after LTx. TAC lev-
els at one year after LTx were virtual identical and the number of patients who 
had received induction with basiliximab or additional immunosuppression with 
mofetil mycophenolate did not differ significantly between the two groups (Table 5).  
We analyzed whether the presence of histological hepatitis was associated with a 
positive EBV viral load or positive CMV IgM serology at the time of the biopsy (table 
5). Nine of the 16 patients with histological hepatitis (56%) had an EBV PCR above de-
tection level, not significantly higher than in the patients without hepatitis [18/58 
(31%), p = 0.064]. In all patients an EBER was performed on the biopsy specimen, with 
negative results. At 1 year after LTx the prevalence of CMV IgM antibodies was signif-
icantly higher in patients with histological hepatitis compared with those without 
(6/16(37%) versus 4/54(7%), p = 0.003). Three of these patients had both a positive EBV 
PCR and CMV IgM antibodies. In four patients neither active EBV nor CMV infection 
could be identified, one of these patients was the patient with a chronic adenovirus 
infection described before. If we combine the results of the EBV PCR and CMV IgM se-
rology we find a significantly higher fraction of patients with an active viral infection 
12/16 (75%) in the histological hepatitis group compared with patients without hep-
atitis [20/58 (34%)], p = 0.008]. Hepatitis B and C serology was negative in all patients. 
We analyzed as well whether de novo auto-immune hepatitis could contribute to 
the histological abnormalities. No patient fulfilled the criteria of auto-immune 
hepatitis.14 IgG levels were increased in two patients, but without elevation of the 
liver enzymes. One of these patients was a patient with Cystic Fibrosis with fre-
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Table 4. Biochemical liver tests and histopathological finding in TAC treated patients who had 
either normal histology or hepatitis in protocol biopsies at 1 year after liver transplantation.

Normaal (n=23) Hepatitis (n=16)

AP (13-300U/L)

AST (0-40 U/L)

ALT (0-30 U/L)

γGT (0–65 U/L)

Direct Bilirubin (0-0.3 mg/dl)

195(83–697)

35(13–59)

29(11–112)

17(11–112)

0.6(0.2-2.1)

235(14–703)

41(26–339)

37(14–340)

27(14–213)

0.5(0.3–1.9)

Median (range).  Abbreviations: AP, alkaline phosphatase; γGT, γ-glutamyl transferase, AST, 
aspartate aminotransferase, ALT alanine aminotransferase.

Table 5. Results of univariate analysis of risk factors for histological hepatitis in protocol 
biopsies at 1 year after liver transplantation of TAC-treated patients. 

No hepatitis (n=58) Hepatitis (n=16)

Immunosuppression 

TAC trough level 1 yr  
Basiliximab 
 Yes 
Mofetil mycophenolate 
  Yes 
 
Rejection 
  Yes 

Infection 

EBV PCR 
 Positive at 1 yr 
 
CMV IgM
  Positive serology
  
EBV or CMV

Auto-immune

IgG levels (g/l)

Autoantibodies 
  positivity 
(ANA and/or SMA) 

8.3±2.7

37(64%)

11(19%)

15(26%)

18/58(31%)

4/54(7%)

20/58(34%)

10.2±3.3

18/53(34%)

7.5±2.9

10(62%)

4(25%)

7(43%)

9/16(56%)

6/16(37%)

12/16(75%)

12.1± 4.7

8/13(62%)

p=0.27

p=0.92

p=0.62

p=0.17

p=0.064

p=0.003

p=0.008

p=0.064

p=0.068

Abbreviations: TAC = tacrolimus, EBV = Epstein Barr Virus, CMV = Cytomegalovirus, ANA 
antinuclear antibodies, SMA  anti-smooth muscle antibodies. 
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quent pulmonary infections. The other patient had an active EBV and CMV infection, 
and developed a PTLD at 1.5 years after LTx. Patients with histological hepatitis did 
not have significantly higher levels of IgG than patients without hepatitis (12,1 g/l 
versus 10,2 g/l respectively; p = 0.064). Autoantibodies were not routinely tested 
at 1 year after LTx. Afterwards in 2008, autoantibodies were determined during 
the annual evaluation in most patients included in this study (66/74, 90%) at a 
follow-up of 5 years (median, range 2-9 years) after LTx. Antinuclear antibodies 
(ANA), anti-smooth muscle antibodies (SMA) and anti-liver-kidney microsomial an-
tibodies (LKM) were determined. We found positive autoantibodies in 26 patients 
(36%), in 24 patients positive ANA and in 7 patients SMA. Five patients had both 
positive ANA and positive SMA. Autoantibody positivity tended to be higher in the 
group with hepatitis 1 year after LTx compared with the group without hepatitis, 
but this did not reach significance [8/13 (62%) and18/53 (34%) respectively, p = 0.068].  
In six of 16 patients with hepatitis, we have extended the follow-up to 5 years post LTx. 
None of the 5-year biopsy specimens of these patients showed histological hepatitis. 
Three out of six did not show abnormalities, the other three showed portal fibrosis. 

Discussion 

�n previous studies we reported that graft fibrosis develops in a considerable per-
centage of pediatric patients after LTx treated with a CsA-based immunosuppres-
sive regimen.2;5 �n the present study we analyzed if the introduction of a TAC-based 
immunosuppressive regimen improves the prevalence of fibrosis. Our data show 
that graft fibrosis is present in 35% of pediatric patients 1 year after LTx receiving 
TAC, which is a similar prevalence as found previously in patients who received 
CsA.5 We did observe a high prevalence of histological hepatitis (22%), only seen 
in 1% of the CsA treated patients. Patients with histological hepatitis usually did 
not usually have significantly elevated biochemical liver tests, but most had sero-
logical or viral load indicators compatible with an active CMV or EBV infection.  
There are only a limited number of studies on graft histopathology after LTx in 
pediatric recipients, and those available describe the results of CsA-based im-
munosuppressive regimens. Rosenthal et al.15 found only mild abnormalities in 
protocol biopsy specimens up to 3 years after LTx in pediatric patients. However 
patients with elevated biochemical liver tests or biopsy specimens with abnor-
mal findings (hepatitis or fibrosis) were excluded in their analysis. The prominent 
findings were low grade inflammation in the portal zones (48% of the biopsy 
specimens) or in the parenchyma (25%) and mild fibrosis (8%). Evans et al.3 re-
ported the results of protocol liver biopsy specimens 1, 5 and 10 years after LTx 
in pediatric patients. One year after LTx they found (nearly) normal histology in 
68%, hepatitis in 34% and fibrosis in 13% (mostly in combination with hepatitis). 
Low grade inflammatory changes were seen in the majority of the normal biopsy 
specimens, and were considered normal findings. �n our previous study5 we found 
(near) normal findings in 60% and fibrosis in 31% of the 1-year biopsy specimens. 
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Minimal inflammatory (reactive) changes were seen in 25% of the biopsy speci-
mens. �n our present study of patients who received TAC, 1-year biopsy specimens 
were (near) normal in 40%, showed fibrosis in 35% and histological hepatitis in 22%.  
We found the same prevalence of fibrosis in the 1 year biopsy specimens in patients 
who used TAC compared with our previous study in patients who used CsA, despite 
a stronger immunosuppressive effect7 or an attributed less fibrogenic effect8 of TAC. 
This supports the finding in our previous study that the development of fibrosis 
was not related to the withdrawal of CsA 2 years after LTx.2;16 �n our previous study 
we found that several factors related to transplantation (long cold ischemia time, 
young age of the recipient at the time of transplantation, the use of partial grafts 
and biliary complications) had a significant relation to the development of fibro-
sis. Possible explanations include subclinical biliary or venous outflow obstruction 
manifesting as fibrosis on follow-up or either growth of the transplanted partial graft 
under chronic immunosuppression resulting in fibrosis.16 Although fibrosis in our 
present study tended to be associated with younger age of the recipient, longer cold 
ischemia time, biliary complications and the use of partial grafts, statistical signifi-
cance was not reached, so our previous findings can not be confirmed in this study. 
�n our present study we found two histological differences compared with the previ-
ous CsA results. First, the TAC-based regimen was associated with a lower percentage 
of minimal inflammatory (reactive) changes (9%). �t is tempting to speculate that the 
reported reactive changes are prevented by the stronger immunosuppressive com-
petence of TAC. Second, we found a high number (22%) of biopsy specimens with 
hepatitis, albeit predominantly (75%) mild. This histological hepatitis was not as-
sociated with elevated liver enzymes. Our results on the prevalence of histological 
hepatitis in TAC-treated patients are quantitatively similar to those reported earlier 
by Evans et al. on a CsA based regimen.3 Evans et al. reported histological hepatitis in 
22% of the grafts 1 year after LTx also predominantly of a mild grade (73%). Based on 
the prevalence over time (up to 91% at 10 years) and increased number of autoanti-
body positivity, the authors hypothesized that the histological hepatitis might pres-
ent a form of chronic hepatic rejection. As steroids were withdrawn at three months, 
and patients received CsA monotherapy at one year after LTx, they suggested that a 
continued steroid therapy might have prevented the chronic hepatitis. Our present 
data do not strongly support this hypothesis, since the prevalence of hepatitis was 
similar despite the use of TAC in combination with a continued low dose of steroids. 
�n our study the group with histological hepatitis also tended to have more autoan-
tibody positivity. Significance was not reached; this may be explained by the fact 
that the autoantibodies were determined at a later time span. Recent reports have 
shown a high prevalence of autoantibodies from 26% up to 70% after LTx.17;18 Avitzur 
et al.18and Evans et al.3 related the finding of autoantibodies to chronic rejection 
or to autoimmune hepatitis, but this relation could not be confirmed by Richter et 
al17, who found the clinical significance of autoantibodies limited. �nterestingly in 
the patients with histological hepatitis we found indirect indications of over- rather 
than under-immunosuppression. Patients with hepatitis more frequently had an ac-
tive CMV infection or were carrier of an EBV infection, suggestive for over-immuno-
suppression. EBER staining was negative in all liver biopsy specimens, but Suh and 
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Rogers19;20 have shown that EBER-positive cells detected by in situ hybridization in 
active EBV hepatitis are sparse in number in most cases. Although careful examina-
tion of EBER in situ hybridization did not reveal EBER-positive cells in the hepati-
tis cases with evidence of elevated EBV viral load, a (previous) episode of mild EBV 
hepatitis cannot be excluded. Another indication that does not support the concept 
of under-immunosuppression may be derived from the available follow-up 5-year 
biopsy specimens in 6 patients. The hepatitis has subsided despite lower trough lev-
els of TAC, which would not be the case when we were dealing with chronic rejec-
tion. �n conclusion, graft fibrosis 1 year post LTx is as prevalent in children receiving 
a TAC-based immunosuppressive regimen as in patients who received a CsA-based 
regimen. �n patients treated with a TAC-based regimen we did not find a significant 
association of fibrosis with transplant related factors, such as cold ischemia time or 
the use of partial grafts. The TAC-based regimen is associated with a high prevalence 
of histological hepatitis at 1 year after transplantation, which seems rather due to 
over-immunosuppression than to under-immunosuppression. The etiology of the 
high prevalence of fibrosis in transplanted grafts after pediatric LTx, irrespective of 
the used immunosuppressive regimen, remains to be elucidated. Our present results 
indicate that neither over- nor under-immunosuppression is a major contributor to 
the high prevalence of graft fibrosis at 1 year post-transplantation. 
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The aim of this thesis is to evaluate the consequences of various immunosuppressive 
regimens on (long-term) side effects and on graft histology after pediatric liver 
transplantation. 
One of the consequences of immunosuppressive medication is an increased risk 
on post-transplantation malignancies. Post transplant lymphoproliferative disease 
(PTLD) is the most frequent malignancy in children after liver transplantation (LTx). 
PTLD is in most cases associated with the Epstein Barr virus (EBV). Chapter 2 de-
scribes the results of a prospective study in which monitoring EBV DNA in blood 
samples of pediatric liver transplant recipients was assessed in relation to the occur-
rence of primary EBV infection and the development of PTLD. Every 4 weeks after 
LTx a quantitative polymerase chain reaction (PCR) assay for EBV nuclear antigen-1 
was performed in 13 patients transplanted in 2000 or 2001. Patients were followed 
for development of PTLD. Before LTx, four patients were EBV seropositive and nine 
patients were EBV seronegative. �n one of the four patients who were EBV seroposi-
tive before LTx, EBV DNA became detectable after transplantation, indicating a reac-
tivation of viral replication. However, none of these four pre-transplant seropositive 
patients developed PTLD after LTx. Eight of the nine patients who were EBV serone-
gative before LTx developed positive EBV DNA samples within the first half year after 
LTx. EBV DNA was first detected at a median of 64 days after transplantation (range 
38-89). The median peak EBV DNA load was 20,600 copies/ml (3,600-466,000). Two 
of these patients developed PTLD, but they could not be identified based on prior 
or concomitant EBV PCR results. The majority of pediatric patients underwent a 
primary EBV infection after LTx. We found a high circulating EBV DNA load in these 
children. The circulating EBV DNA load can be used as a parameter to follow the 
development of the EBV infection, and may reflect a parameter for the immunosup-
pressive balance needed to control the EBV infection. 
Calcineurin blockers, like cyclosporine A (CsA) and tacrolimus (TAC) are associa-
ted with other side effects than the development of post-transplant malignancies. 
Nephrotoxicity is one of the most serious side effects of calcineurin blockers. Pedi-
atric patients face long-term, probably even life-long treatment with immunosup-
pressive medication. Reduction or withdrawal of immunosuppressive medication is 
expected to prevent or minimize the risk on side effects. �n Chapter 3 we describe a 
unique cohort of pediatric patients in whom we attempted to withdraw CsA during 
follow-up after LTx according to a strict protocol. �n this study CsA was withdrawn, 
at least 2 years after transplantation, in patients who had not experienced any re-
cent rejection of the liver graft. Between 1986 and 2001, 91 children received CsA for 
at least 2 years after LTx. �n 53 of the 91 children CsA was withdrawn. �n 35 patients 
(66%) withdrawal of CsA did not cause rejection. �n these patients the renal function 
improved compared with baseline values (glomerular filtration rate at 1 year, +16 
ml/min/1.73 m3, p <0.001; at 2 years: +11 ml/min/1.73 m3, p < 0.05). After CsA wit-
hdrawal, 18 patients developed a rejection (34%) which could be effectively treated 
by methylprednisolone and restarting CsA. Failure to withdraw CsA was not associa-
ted with increased incidence of graft loss. A body weight below 10 kg at the time of 
transplantation correlated significantly with successful withdrawal of CsA (< 10kg, 
85%; vs. > 10 kg, 60%; p<0.05). These data indicate that CsA can be withdrawn in a se-
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lected group of pediatric liver transplant patients from 2 years after transplantation 
with a success rate of approximately 70%. We found a significant improvement of 
the kidney function in patients in whom CsA was successfully withdrawn
One of the goals of successful LTx is the attainment of optimal final height. Many 
children have growth retardation before LTx. Several studies have indicated that 
growth retardation remained after LTx, while others reported catch-up growth. �m-
paired growth after LTx is often attributed to the use of corticosteroids. �n Chapter 4. 
we determined the relationship between end stage pediatric liver disease and LTx on 
the one hand and growth and final height on the other hand. �n a retrospective stu-
dy we evaluated growth during the first 2 years (n=101) and 5 years (n=63) after LTx. 
Height was expressed as a standard deviation score of the target height (Z

TH
 score) of 

each individual patient. �n the first 2 years after LTx, the Z
TH

 score significantly incre-
ased from -1.7 at LTx to -1.3 SD (p< 0.05). Growth between LTx and 2 or 5 years after 
LTx, expressed as Δ Z

TH
 score was positively correlated with pre-transplant growth 

retardation (p<0.05). �n other words, those children who had the most severe growth 
retardation before transplantation had the most improvement of growth after LTx. 
The type of primary liver disease influenced the severity of growth retardation be-
fore LTx. Patients with a cholestatic primary liver disease were more severely growth 
retarded before LTx in comparison with a non-cholestatic primary liver disease (Z

TH
 

score -2.0 vs. -1.2 SD, p< 0.05), and had better growth in the first 2 years after LTx (Δ 
Z

TH
 score +0.6 vs. -0.1 SD, p<0.05). Of the included patients, 80% used an immunosup-

pressive regimen that consisted of CsA, azathioprine and prednisolone, and 15% 
used an immunosuppressive scheme that consisted of TAC and prednisolone. The 
maintenance dosage of prednisolone was higher in the CsA-regimen compared with 
the TAC-regimen. Nevertheless, the changes in Z

TH
 score were similar in the first two 

years after LTx (Δ Z
TH

 score CsA: 0.3 ±1.1 SD, TAC: 0.3 ±1.1 SD).Twelve out of the 23 
patients who reached final height during the study period had a final height below 
-1.3 SD of their target height. Our data indicate that growth retardation is a com-
mon finding in children before LTx, particularly in children afflicted by a cholesta-
tic disease. Catch-up growth after LTx is related with growth retardation before LTx, 
and is predominantly observed in patients with a primary cholestatic liver disease. 
Catch up growth can predominantly be expected in the first two years after LTx. 
Based on our data we conclude that the use of prednisolone after transplantation is 
probably not the only cause responsible for persistently delayed growth in pediatric 
liver patients. Our longitudinal data indicate that after LTx in childhood, ~50% of 
patients reach a final height of less than -1.3 SD of their genetic potential. 
Pediatric LTx is still a relatively new treatment modality and relatively little infor-
mation is presently available on the long-term histology and function of the liver 
graft. �n Chapter 5 we describe the result of a study on graft histology up to ten years 
after LTx. Follow up after LTx was performed according to protocol, and included 
liver biopsies of transplanted pediatric patients at 1 year, 5 years and 10 years after 
LTx. CsA was the principle immunosuppressive medication. Peeters et al have de-
scribed the presence of portal fibrosis in 31% (n=84) of the grafts in protocol biopsies 
1 year after LTx 1. Using the same cohort of patients, we extended the analysis to 
follow-up protocol biopsies obtained 5 and 10 years after transplantation. From 1 
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year to 5 years after LTx, the prevalence of fibrosis increased from 31% to 65%, but 
remained stable thereafter (at 10 years, 69%). Whereas the prevalence of patients 
with some form of fibrosis stabilized at 5 years, the severity of fibrosis increased 
between 5 and 10 years after transplantation. At 10 years after LTx, the percent-
age of patients with severe fibrosis had increased from 10% (at 5 years) to 29%. At 
1 year after LTx 69% of the biopsy specimens did not show fibrosis. However two 
third of these patients (64%) had developed some degree of fibrosis after the first 
year of follow-up (“late” fibrosis). Transplant associated factors were related to the 
development of fibrosis after LTx, both “early” (< 1 year) and “late” fibrosis. �denti-
fied factors are a prolonged cold ischemia time, young age at the time of transplan-
tation, high donor/recipient age ratio and the use of partial grafts. Fibrosis is not 
associated with the occurrence of rejection, chronic hepatitis or the withdrawal of 
CsA 2 years after LTx. The development of fibrosis did not affect the function of the 
transplanted liver nor the graft survival up to ten years. �t is obviously still unclear 
what the natural course of the fibrosis beyond 10 years after LTx will be, but the 
present results underline the value of continued protocol biopsies to better under-
stand and predict the long-term graft function and histology after pediatric LTx.  
Theoretically the development of fibrosis could be due to low-grade ongoing rejec-
tion that occurs below the level of biochemical or clinical detection. TAC is known to 
have a stronger immunosuppressive profile than CsA 2 �f indeed (part of) the fibrosis 
was due to under-immunosuppression, one would expect that the introduction of 
tacrolimus (TAC) -based immunosuppressive regimens would decrease the rate of 
fibrosis after transplantation. TAC is known to have a stronger immunosuppressive 
profile than CsA 2. �n chapter 6 we report on graft histology at 1 year after LTx in 
pediatric patients who used TAC as main immunosuppressive medication. Patients 
transplanted between 1999 and 2006, with at least 1 year post LTx survival and who 
used a TAC-based immunosuppressive scheme were included in the study. A 1 year 
post LTx protocol biopsy was available in 74 of the 77 included patients. Compared 
with our earlier study with a CsA-based immunosuppressive regimen, the preva-
lence of fibrosis was similar (TAC 35%; CsA 31%, NS). We observed histological hepa-
titis more frequently in patients who used TAC (22%) compared with the CsA group 
(CsA 1%; p< 0.001). The histological hepatitis was predominantly graded as mild 
according to the METAV�R scoring system (75% mild, 25% moderate) and was not 
associated with elevated liver enzymes. Twelve of these sixteen patients had signs 
of an active viral infection, either EBV or CMV. �mmuno-staining of the liver tissue 
with EBV encoded RNA (EBER) in situ hybridisation however, was negative in all 
hepatitis cases. Nevertheless the histological hepatitis seems rather due to over-im-
munosuppression than to under-immunosuppression. Our present results indicate 
that neither over- nor under-immunosuppression is a major contributor to the high 
prevalence of graft fibrosis at 1 year post-transplantation. 
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Conclusions 

The results in the present thesis indicate that pediatric LTx has matured to an accep-
table treatment modality for end stage liver disease. Our findings also indicate that 
the individual prognosis after LTx still knows variability, partly based on patient 
related factors. �t may become the greatest challenge in the future to develop post-
transplant surveillance and treatment regimens which may account for the indivi-
dual variability. 
�t seems that the (risk on) side effects of immunosuppression such as the develop-
ment of PTLD can be minimized by pre-emptive therapy: lowering the dose of calci-
neurin blockers in patients at risk. Patients at risk may be identified by a high EBV 
DNA. Mc Diarmid demonstrated that the use of pre-emptive therapy decreased the 
incidence of PTLD in pediatric patients after LTx from 10 to 5%.3 The concurring 
counterpart of this strategy however, is that this increases the risk of rejection of the 
transplanted graft. �ndividualized and stringent monitoring holds promise. Reduc-�ndividualized and stringent monitoring holds promise. Reduc-Reduc-
tion of immune suppression in patients with a high EBV DNA load can be installed 
without rejection4 or with rejection in only a small percentage of patients.5 Based on 
these observations, a high EBV DNA load could reflect an over-immunosuppressed 
condition, in which reduction of immunosuppression could re-establish the T-cell 
control function and prevent PTLD. �t remains to be determined to what level and for 
what duration the dose of immunosuppression has to be adjusted. We have shown 
that the majority of pediatric patients undergo an EBV infection the first half year 
after LTx. A high circulating EBV DNA load can be found in patients who develop a 
PTLD, as well as in patients with an uncomplicated primary EBV infection. Our data 
indicate that such a pre-emptive therapy would not only lead to reduction of im-
munosuppression in patients, who may develop PTLD, but also in patients, who will 
spontaneously recover. We still need more precise tools to predict patients at risk of 
developing PTLD and to evaluate the effect of pre-emptive therapy on the immuno-
suppressive state of each individual patient. 
We have shown that in a majority of a selected group of pediatric patients calcineu-
rin blockers (cyclosporine A) can be withdrawn two years after transplantation. We 
found a significant improvement of the kidney function in these patients. �t has 
been shown that there is a further impairment of kidney function in time with the 
use of calcineurin inhibitors.6 Withdrawal of CsA could therefore not only improve 
renal function but could also prevent further decline of renal function. Withdrawal 
of CsA was more successful in the younger patients. The liver is the most immuno-
tolerant organ in solid organ transplantation, which means that patients after LTx 
need less immunosuppressive medication than after transplantation of other so-
lid organs. �n 20%-25% of the patients in whom immunosuppression was stopped 
(as in PTLD or inadvertently, upon non-adherence to treatment) liver function was 
well maintained without restarting medication.7 Our present results suggest that 
especially young children who are transplanted at a younger age (below 2 years of 
age) will have a higher change on developing immuno-tolerance of the transplanted 
liver. The pediatric immune system may be more amenable to tolerance than that of 
adults, caused by more circulating naive T cells and a still full functional thymus.8 
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CsA could be withdrawn at the cost of a higher prednisolone dose, but the differ-
ence in prednisolone dosage between the group in which CsA was withdrawn and 
the group in which CsA was continued was relatively modest. The higher dose of 
prednisolone did not result in a difference in height.
Growth delay after LTx is often attributed to the use of corticosteroids. Our data 
suggest that the use of prednisolone might not be the only cause of the persistently 
delayed growth in pediatric liver transplant patients. We have shown that growth 
retardation in children with LTx mainly originates in the period before LTx. After 
LTx there is some catch-up growth in the youngest and most severely growth retar-
ded patients, which correlates with a primary cholestatic liver disease. After LTx in 
childhood, ~50% of patients reach a final height of less than -1.3 SD of their genetic 
potential. �mproving final height of children that are candidates for LTx should al-
ready start at the period before LTx. Growth retardation before LTx might be due to 
malabsorption caused by liver insufficiency and/or insufficient intake of energy and 
proteins.9 This possibility is supported by the observation that growth retardation 
was especially prominent in patients with a primary cholestatic liver disease. �n ad-�n ad-
dition, endocrine factors may also play a part in the poor growth observed in child-
ren with chronic liver disease. The liver produces insulin-like growth factor-� (�GF-�) 
and �GF-binding proteins. Also, growth hormone is degraded in the liver. �n patients 
with chronic liver disease, increased levels of growth hormone and decreased levels 
of �GF-1 and �GF-B3 have been described.10-13 A decrease in �GF-l level and GH insensi-
tivity may be secondary to a combination of impaired hepatic function and protein 
calorie malnutrition.
Long term survival after LTx is not only determined by side effects of medication but 
also by long term function of the transplanted liver. We found mild to severe graft 
fibrosis in the majority of a cohort of pediatric patients 10 years after LTx. Although 
liver function was still preserved in these patients, the long-term prognosis of liver 
grafts with severe fibrosis or cirrhosis seems worrisome. Fibrosis was associated with 
a prolonged cold ischemia time (C�T), young age at the time of transplantation, high 
donor/recipient age ratio and the use of partial grafts. The origin and pathofysiolo-
gical mechanism underlying the fibrosis is still unclear. Our data show that a long 
C�T contributes to the development of fibrosis 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. The development of fibrosis could theoretically reflect subclinical biliary ste-
nosis which eventually manifests. Our present data, however, do not provide positive 
indications for this possibility.
Conversely, the contribution of a long C�T to fibrosis could be caused by confoun-
ding factors. For example, a long C�T could represent the cut-down procedure for 
preparation of partial grafts. Young age is related to the use of partial grafts and a 
high donor/recipient age ratio. Partial grafts have to adjust to different blood flow 
and space after LTx. Partial grafts have to expand during growth, especially in small 
children. Growth of the transplanted partial graft under chronic immunosuppres-Growth of the transplanted partial graft under chronic immunosuppres-
sion could result in fibrosis.14 Fibrosis was not associated with withdrawal of CsA, 
which suggests that this process is relatively independent to the amount of immu-
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nosuppression. Our results differ from centers that have reported graft fibrosis in 
long- term biopsy specimens after LTx to be associated with chronic rejection or 
under-immunosuppression.14-16 
Presently, most pediatric patients use tacrolimus (TAC), which has a stronger im-
munosuppressive effect than CsA.2 We have shown, however, that the prevalence 
of fibrosis at 1 year after LTx is the same in a cohort of children who received a 
TAC- based regimen as in our previous cohort of patients, who received CsA.1 We 
also found a high prevalence of histological hepatitis in the cohort of patients that 
used TAC; this hepatitis was in the majority of patients associated with an active 
viral infection. Our present results support the concept that neither over- nor under-
immunosuppression is a major contributor to the high prevalence of graft fibrosis 
at 1 year post transplantation. Although fibrosis in our present study tended to be 
associated with younger age of the recipient, longer cold ischemia time, biliary com-
plications and the use of partial grafts, statistical significance was not reached, so 
our previous findings can not be confirmed in this study.
We clearly need more studies of long term graft histology to elucidate the cause of 
fibrosis in pediatric patients after LTx. We need to extend the follow-up studies to 
evaluate the long term consequences of pediatric LTx, in order to further improve 
long-term health for transplanted patients and to provide more detailed prognostic 
and predictive information to patients and their parents before LTx. 
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Samenvatting 

Het doel van dit proefschrift is de gevolgen van verschillende immuunsuppressieve 
behandelingen te evalueren op (lange termijn) bijwerkingen en op de histologie van 
het transplantatie orgaan na levertransplantatie (LTx) op de kinderleeftijd. 
Een van de gevolgen van immuunsuppressieve medicatie is een verhoogd risico op 
maligniteiten na transplantatie. Een posttransplantatie lymfoprolifatieve aandoe-
ning (PTLD) is de meest voorkomende maligniteit na LTx bij kinderen. Een PTLD is 
in de meeste gevallen geassocieerd met het Epstein Barr virus (EBV). Hoofdstuk 2 
beschrijft de resultaten van een prospectieve studie, waarbij regelmatig EBV DNA be-
paald werd in bloedmonsters van kinderen na LTx. Deze EBV DNA waarden werden 
gerelateerd aan het optreden van een primaire EBV infectie en de ontwikkeling van 
een PTLD. Elke 4 weken na LTx werd een kwantitatieve polymerase ketting reactie 
(PCR) test op EBV nucleair antigeen-1 uitgevoerd bij 13 patiënten die getransplan-
teerd werden in 2000 of 2001. Patiënten werden vervolgd op het ontwikkelen van 
een PTLD. Voor LTx waren 4 patiënten EBV seropositief en 9 patiënten seronegatief. 
�n één van de patiënten, die seropositief waren voor LTx, bleek na de transplanta-
tie EBV DNA aantoonbaar, wat wijst op een reactivering van EBV. Geen van deze 
4 patiënten ontwikkelde een PTLD na transplantatie. Acht van de 9 patiënten, die 
EBV seronegatief waren voor LTx, ontwikkelden positieve EBV DNA waarden in het 
eerste half jaar na transplantatie. EBV DNA werd voor het eerst aangetoond na een 
mediaan van 64 dagen (bereik 38–89) na de transplantatie. De mediaan van de EBV 
DNA piekwaarden was 20.600 kopieën/ml (3.600-446.000). Twee van deze patiënten 
ontwikkelden een PTLD, maar konden niet geïdentificeerd worden op basis van 
voorafgaande of gelijktijdige EBV DNA waarden. De meerderheid van de kinderen 
onderging een primaire EBV infectie na LTx. We vonden hoge EBV DNA waarden bij 
deze kinderen. De EBV DNA waarden kunnen gebruikt worden als een parameter 
voor het vervolgen van een EBV infectie, en zou als afgeleide parameter de balans 
van het afweersysteem kunnen weergeven, die nodig is om een EBV infectie onder 
controle te krijgen. 
Calcineurine remmers, zoals cyclosporine A (CsA) en tacrolimus (TAC), zijn geassoci-
eerd met meer bijwerkingen, dan het ontwikkelen van maligniteiten na transplan-
tatie alleen. Nierschade is één van de meest ernstige bijwerkingen van calcineurine 
remmers. Kinderen worden naar verwachting zeer langdurig behandeld met im-
muunsuppressieve medicatie, waarschijnlijk zelfs levenslang. Verminderen of sta-
ken van de immuunsuppressieve medicatie zou bijwerkingen kunnen voorkomen 
of het risico op bijwerkingen zeer klein maken. �n hoofdstuk 3 beschrijven we een 
uniek cohort pediatrische patiënten, waarbij we volgens een strikt protocol, CsA 
hebben geprobeerd te staken na LTx. CsA werd gestaakt na een periode van mini-
maal twee jaar na LTx bij patiënten, die recent geen afstoting hadden doorgemaakt 
van de getransplanteerde lever. Tussen 1986 en 2001, kregen 91 kinderen CsA voor 
een periode van minimaal 2 jaar na LTx. �n 53 van deze 91 patiënten werd CsA ook 
daadwerkelijk gestaakt. Bij 35 patiënten (66%) leidde het staken van CsA niet tot het 
ontwikkelen van afstoting. Bij deze patiënten verbeterde de nierfunctie in vergelij-
king met de uitgangswaarden voor staken van de CsA (glomerulaire filtratiesnelheid 
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na 1 jaar, +16 ml/min/1,73 m3, p <0.001; na 2 jaar: +11 ml/min/1,73 m3, p < 0,05). Na 
staken van CsA ontwikkelden 18 patiënten (35%) een afstoting die effectief behan-
deld kon worden met methylprednisolon en herstart van CsA. Herstart van CsA was 
niet geassocieerd met een verhoogde kans op verlies van de getransplanteerde lever. 
Een lichaamsgewicht van minder dan 10 kg tijdens transplantatie was sterk gecor-
releerd met succesvol staken van CsA (<10kg, 85%; vs. >10 kg, 60%; p<0.05). Deze 
gegevens wijzen erop dat CsA kan worden gestaakt in een geselecteerde groep pedi-
atrische patiënten vanaf 2 jaar na LTx met een succespercentage van ongeveer 70 %. 
We vonden bij deze patiënten een duidelijke verbetering van de nierfunctie. 
Een van de doelen van een succesvolle LTx is het bereiken van een optimale eind-
lengte. Veel kinderen hebben voor LTx een groeiachterstand. Diverse studies hebben 
aangetoond dat na LTx de groeivertraging bleef bestaan, terwijl anderen juist inhaal 
groei hebben beschreven. Verminderde lengtegroei na LTx wordt vaak toegeschre-
ven aan het gebruik van corticosteroïden. �n hoofdstuk 4 onderzochten wij de relatie 
bij kinderen tussen eindstadium leverziekte en LTx aan de ene kant en lengtegroei 
en eindlengte aan de andere kant. �n een retrospectieve studie werd de lengtegroei 
geëvalueerd gedurende de eerste twee jaar (n=101) en eerste vijf jaar (n=63) na LTx. 
Lengte werd uitgedrukt als een standaarddeviatie score van de target height (Z

TH
 sco-

re) van elke individuele patiënt. De eerste twee jaar na transplantatie verbeterde de 
Z

TH
 score aanzienlijk, van -1,7 SD op het moment van LTx naar -1,3 SD (p<0,05). Groei 

gedurende 2 jaar en 5 jaar, uitgedrukt als de Δ Z
TH

 score, was positief gecorreleerd 
aan groeivertraging voor LTx (p<0,05). Met andere woorden, de kinderen met de ern-
stigste groeivertraging voor transplantatie, toonden na LTx de meeste inhaalgroei. 
De ernst van de groeivertraging was geassocieerd met de primaire leverziekte voor 
LTx. Patiënten met een primaire cholestatische leveraandoening hadden de meest 
ernstige groeivertraging in vergelijking met een primaire niet-cholestatische lever-
aandoening (Z

TH
 score -2,0 vs. -1,2 SD, p< 0,05) en vertoonden een betere groei na LTx 

gedurende de eerste twee jaar (Δ Z
TH

 score +0,6 vs. -0,1 SD, p<0,05). Van de geïnclu-
deerde patiënten kreeg 80% een immuunsuppressieve behandeling die bestond uit 
CsA, azathioprine en prednisolon, en 15% kreeg een immuunsuppressieve behande-
ling die bestond uit TAC en prednisolon. De onderhoudsdosering van prednisolon 
was hoger bij de patiënten die CsA kregen in vergelijking met de patiënten die TAC 
kregen. Toch was de verandering van de Z

TH
 score de eerste twee jaar na LTx gelijk 

in beide groepen (Δ Z
TH

 score CsA: 0,3 ±1,1 SD, TAC: 0,3 ±1,1 SD). Twaalf van de 23 
patiënten die de eindlengte bereikten tijdens de onderzoeksperiode, bereikten een 
eindlengte van minder dan – 1,3 SD ten opzichte van hun target height. Onze gege-
vens tonen aan dat groeivertraging een veelvoorkomend probleem is bij kinderen 
voor LTx, vooral bij kinderen met een primaire cholestatische leverziekte. �nhaal-
groei na LTx is gerelateerd aan de groeiachterstand voor LTx en wordt voornamelijk 
in de eerste twee jaar na LTx gezien. Op basis van onze gegevens kunnen we conclu-
deren dat het gebruik van prednisolon na de transplantatie waarschijnlijk niet de 
enige factor is die verantwoordelijk is voor aanhoudende lengtegroeivertraging na 
LTx in pediatrische patiënten. Onze longitudinale gegevens tonen aan dat na LTx op 
de kinderleeftijd, 50% van de patiënten een eindlengte bereiken die minder is dan – 
1,3 SD van hun genetische potentieel. 
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LTx op de kinderleeftijd is een relatief nieuwe behandelmogelijkheid en momenteel 
is er relatief weinig informatie beschikbaar over de lange termijn histologische be-
vindingen en functie van het getransplanteerde orgaan. �n hoofdstuk 5 beschrijven 
we het resultaat van een studie naar de histologische bevindingen van de getrans-
planteerde lever tot tien jaar na LTx. Vervolg controles na LTx werden uitgevoerd 
volgens een protocol, waarbij na 1 jaar, 5 jaar en 10 jaar een leverbiopt werd af-
genomen. De meest gebruikte immuunsuppressieve behandeling, bestond onder 
meer uit CsA. Peeters1 had eerder beschreven dat na 1 jaar in 31% (n=84) van deze 
protocol leverbiopten fibrose werd gevonden in de portale velden. Van de patiënten 
die geïncludeerd waren in dit onderzoek, werd de analyse van de histologie van 
de getransplanteerde lever uitgebreid door evaluatie van de protocol leverbiopten 
afgenomen 5 en 10 jaar na LTx. Van 1 jaar tot 5 jaar steeg de prevalentie van fibrose 
naar 65%, maar bleef daarna vrijwel stabiel (op 10 jaar 69%). Hoewel het percentage 
van patiënten met fibrose ongeveer stabiel bleef de volgende 5 jaar, nam de ernst 
van de fibrose tussen 5 en 10 jaar na transplantatie toe. Tien jaar na LTx was het 
percentage patiënten met ernstige fibrose toegenomen van 10% (5 jaar na LTx) tot 
29%. Een jaar na transplantatie werd geen fibrose gevonden bij 69% van de kinderen. 
Twee derde van deze patiënten (64%) ontwikkelde fibrose na het eerste jaar (‘late’ 
fibrose). Factoren geassocieerd met de transplantatie zelf bleken te zijn gerelateerd 
aan de ontwikkeling van fibrose na LTx, zowel bij ‘vroege’(< 1 jaar ontstaan) als ‘late’ 
fibrose. Geïdentificeerde factoren zijn een langdurige koude ischemie tijd, jonge 
leeftijd op het moment van transplantatie, hoge ratio van donor/ontvanger leeftijd 
en het gebruik van een gedeeltelijke lever. Fibrose bleek niet te zijn geassocieerd met 
het optreden van afstoting, chronische hepatitis of het staken van CsA na twee jaar. 
De ontwikkeling van fibrose had geen invloed op de functie of de overleving van de 
getransplanteerde lever. Het is uiteraard nog onduidelijk wat het natuurlijk beloop 
van de fibrose na 10 jaar na LTx zal zijn. De huidige bevindingen onderstrepen de 
waarde van vervolg protocol leverbiopten om zo de lange termijn histologie en func-
tie van het getransplanteerde orgaan beter te begrijpen en te kunnen voorspellen. 
�n theorie zou de ontwikkeling van fibrose kunnen ontstaan door een chronische 
milde vorm van afstoting die optreedt zonder dat dit samengaat met biochemische 
of klinische afwijkingen. TAC heeft een sterkere immuunsuppressieve werking dan 
CsA.2 Als inderdaad een (deel) van de fibrose veroorzaakt is door (te) laag gedoseer-
de immuunsuppressieve medicatie, is te verwachten dat de introductie van een op 
tacrolimus (TAC) gebaseerde immuunsuppressieve behandeling zou leiden tot een 
afname van het voorkomen van fibrose. �n hoofdstuk 6 beschrijven we de histologie 
van de getransplanteerde lever bij kinderen die een op TAC gebaseerde immuunsup-
pressieve behandeling kregen. Patiënten die getransplanteerd waren tussen 1999 en 
2006, werden in de studie geïncludeerd als zij een overleving hadden van minimaal 
1 jaar na LTx, en een op TAC gebaseerde immuunsuppressieve behandeling kregen. 
Protocol biopten 1 jaar na LTx waren beschikbaar bij 74 van de 77 geïncludeerde pa-
tiënten. We konden vier grote histo-pathologische categorieën onderscheiden in de 
biopten; 1: normale bevindingen (31%), 2: reactieve veranderingen (9%), 3: fibrose van 
de portale velden (35%), en 4: hepatitis (22%). �n vergelijking met onze eerdere studie 
met een op CsA gebaseerd immuunsuppressieve behandeling was de prevalentie van 
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fibrose vergelijkbaar (TAC 35%; CsA 31%, NS). We vonden meer histologische hepati-
tis bij patiënten die TAC (22%) gebruikten in vergelijking met de CsA groep (CSA 1%, 
p<0,001). De histologische hepatitis werd overwegend als mild beoordeeld volgens 
het METAV�R scoringssysteem (75% mild, 25% matig) en was niet geassocieerd met 
verhoogde leverenzymen. Twaalf van deze 16 patiënten vertoonden tekenen van een 
actieve virale infectie, hetzij EBV of CMV. �mmuno-kleuring van het leverweefsel met 
EBV gecodeerd RNA (EBER) in situ hybridisatie bleek echter negatief bij alle biopten 
die hepatitis vertoonden. Niettemin, gebaseerd op de serologische of PCR bevindin-
gen passend bij een actieve virus infectie, lijkt deze histologische hepatitis meer 
geassocieerd te zijn met een (te) hoog gedoseerde immuunsuppressieve medicatie 
dan met een (te) laag gedoseerde immuunsuppressieve medicatie.

Conclusies 

De resultaten van dit proefschrift laten zien dat levertransplantatie op de kinder-
leeftijd is uitgegroeid tot een geaccepteerde behandelmethode voor kinderen met 
eindstadium leverziekte. Uit onze bevindingen blijkt dat de individuele uitkomst 
nog varieert, wat gedeeltelijk bepaald wordt door patiënt gerelateerde factoren. De 
grootste uitdaging in de toekomst lijkt te liggen in het ontwikkelen van post-trans-
plantie controle methoden en behandelschema’s waarbij rekening gehouden wordt 
met de individuele variabiliteit. 
Het lijkt dat (het risico op) bijwerkingen van immuunsuppressieve medicatie, zoals 
het ontwikkelen van een PTLD verminderd kunnen worden met preventieve behan-
deling: verlagen van de dosering van calcineurine remmers in patiënten met een 
verhoogd risico. Patiënten met een verhoogd risico kunnen mogelijk geïdentificeerd 
worden met behulp van een verhoogde EBV DNA waarde. Mc Diarmid3 heeft aan-
getoond dat bij gebruik van deze preventieve behandeling de incidentie van PTLD 
bij pediatrische patiënten daalde van 10% naar 5%. Verlagen van de dosering van 
de immuunsuppressieve medicatie gaat echter samen met een verhoogde kans op 
afstoting van het getransplanteerde orgaan. �ndividueel aangepaste en nauwgezette 
controle lijkt veelbelovend. Verlagen van immuunsuppressieve medicatie bij patiën-
ten met een verhoogde EBV DNA waarde wordt beschreven zonder dat dit leidt tot 
afstoting4 of tot afstoting in een slechts een klein percentage van de patiënten.5 Ge-
baseerd op deze observaties, zou een hoge EBV DNA waarde een toestand van een 
te hoge immuunsuppressie kunnen weergeven, waarbij een vermindering van im-
muunsuppressieve medicatie zou kunnen leiden tot herstel van de T cel functie. Dit 
zou een PTLD zou kunnen voorkomen. Tot welk niveau en voor welke duur de dosis 
van de immuunsuppressieve medicatie moet worden aangepast moet nog worden 
bepaald. Onze gegevens laten zien dat de meeste kinderen in het eerste half jaar na 
LTx een EBV infectie doormaken. Een verhoogde EBV DNA waarde werd gevonden 
in patiënten die een PTLD ontwikkelden, maar ook bij een ongecompliceerde EBV 
infectie. Preventieve behandeling zou niet alleen leiden tot verlagen van immuun-
suppressie bij patiënten die een PTLD ontwikkelen, maar ook bij patiënten die spon-
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taan herstellen. Er is behoefte aan meer nauwkeurige instrumenten, die voorspellen 
welke patiënten een verhoogd risico op een PTLD hebben en het effect van preven-
tieve behandeling op de immuunsuppressieve balans van elke individuele patiënt te 
kunnen evalueren.
We hebben aangetoond dat in een meerderheid van een geselecteerde groep pe-
diatrische patiënten calcineurine remmers (cyclosporine A) 2 jaar na LTx kunnen 
worden gestaakt. We vonden in deze patiënten een significante verbetering van de 
nierfunctie. Aangetoond is dat bij langdurig gebruik van calcineurine remmers6 de 
nierfunctie verder kan verminderen. Staken van CsA leidt niet allen tot verbetering 
van de nierfunctie, maar voorkomt mogelijk ook verdere achteruitgang van de nier-
functie. Staken van cyclosporine A (CsA) was in de jongere patiënten meer succesvol. 
De lever is het meest immuno-tolerante orgaan bij orgaantransplantaties, wat wil 
zeggen dat patiënten na LTx minder immuunsuppressieve medicatie nodig hebben, 
dan na andere orgaantransplantaties. Ook blijkt dat bij 20–25% van de patiënten bij 
wie de immuunsuppressieve medicatie was gestaakt (zoals in PTLD of onbedoeld, bij 
therapie ontrouw) de leverfunctie gespaard bleef zonder dat de immuunsuppres-
sieve medicatie herstart werd.7 Onze huidige resultaten suggereren dat vooral kin-
deren, die op een jongere leeftijd (jonger dan 2 jaar) worden getransplanteerd, een 
grotere kans hebben op het ontwikkelen van immuno-tolerantie voor de getrans-
planteerde lever. Het immuunsysteem van kinderen zou meer vatbaar kunnen zijn 
voor tolerantie dan dat van volwassenen, wat veroorzaakt zou kunnen worden door 
meer circulerende naïeve T cellen en een nog steeds volledig functionele thymus.8 
CsA kon gestaakt worden door gelijktijdig de prednisolon dosis te verhogen. Het ver-
schil in prednisolon dosis echter, was maar klein tussen de groep waar CsA gestaakt 
kon worden en de groep waar CsA gecontinueerd werd. De hogere dosis van de pred-
nisolon leidde niet tot een verschil in lengtegroei. 
Groei vertraging na LTx wordt vaak toegeschreven aan het gebruik van corticoste-
roïden. Onze gegevens suggereren dat het gebruik van prednisolon niet de enige 
oorzaak is van de aanhoudende groeivertraging na LTx bij pediatrische patiënten. 
We hebben aangetoond dat de groeivertraging na LTx bij kinderen voornamelijk 
zijn oorsprong vindt in de periode vóór LTx. Na LTx is er inhaalgroei bij de jongste 
en meest groeivertraagde patiënten, wat gecorreleerd is aan een primaire cholesta-
tische leveraandoening. Na LTx op de kinderleeftijd bereikt 50% van de kinderen 
een lengte van minder dan -1,3 SD van hun genetische potentiaal. Verbetering van 
de eindlengte van kinderen, die kandidaat zijn voor LTx, moet al in de periode vóór 
LTx beginnen. Groeiachterstand voor LTx kan gerelateerd zijn aan malabsorptie ver-
oorzaakt door verminderde leverfunctie en/of onvoldoende inname van energie en 
eiwitten.9 Deze mogelijkheid wordt ondersteund door de observatie dat groeiach-
terstand vooral op de voorgrond staat in patiënten met een primaire cholestatische 
leveraandoening. Aanvullend kunnen hormonale factoren een rol spelen bij de 
slechte groei, die gezien wordt bij kinderen met een chronische leverziekte. De lever 
produceert insuline-like growth factor-1 (�GF-1) en �GF bindende eiwitten. Daarnaast 
wordt groeihormoon afgebroken in de lever. �n patiënten met een chronische lever-
ziekte worden verhoogde waarden van groei hormoon en verlaagde waarden van 
�GF-1 en �GF-B3 beschreven.10-13 Een verlaging van de �GF-1 waarde en ongevoeligheid 
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voor groei hormoon zou secundair kunnen zijn aan een combinatie van een vermin-
derde leverfunctie en een verminderde eiwit opname. 
Lange termijn overleving na LTx wordt niet alleen bepaald door bijwerkingen van 
medicatie maar vooral door lange termijn functie van de getransplanteerde lever. 
Wij vonden mild tot ernstige fibrose in bijna 70% van de getransplanteerde organen 
in een cohort van pediatrische patiënten 10 jaar na LTx. Hoewel de leverfunctie nog 
steeds normaal was bij deze patiënten, lijkt de prognose van de getransplanteerde 
levers met ernstige fibrose of cirrose op langere termijn zorgelijk. Fibrose was ge-
associeerd met een jonge leeftijd op het moment van transplantatie, hoge donor/
ontvanger leeftijd ratio, het gebruik van een gedeeltelijke lever en een lange koude 
ischemie tijd (C�T) van het getransplanteerde orgaan. De oorsprong en de pathosfy-
siologische mechanismen die ten grondslag liggen aan de fibrose zijn nog onduide-
lijk. Onze gegevens laten zien dat een lange C�T bijdraagt aan de ontwikkeling van 
fibrose in het lever transplantaat bij kinderen. De galwegen lijken vooral kwetsbaar 
voor een verlengde C�T, wat aansluitend aanleiding kan geven tot ischemische scha-
de en fibrose in de portale velden. De ontwikkeling van fibrose zou in theorie een 
gevolg kunnen zijn van subklinische galweg vernauwingen die pas later aanleiding 
geven tot dilatatie. Dit wordt echter niet ondersteund door onze bevindingen. 
Anderzijds kan het effect van een lange C�T ook worden verklaard door andere ge-
relateerde factoren. Zo zou bijvoorbeeld een lange C�T de extra benodigde tijd voor 
resectie van de te transplanteren lever kunnen weergeven, die nodig is voor het cre-
eren van een gedeeltelijke lever. Een jonge leeftijd is geassocieerd met het gebruik 
van gedeeltelijke levers en een hoge donor/ontvanger leeftijd ratio. Een gedeeltelijke 
lever moet zich na LTx aanpassen aan een veranderde bloed doorstroming en ruim-
te, en een gedeeltelijke lever moet zich aanpassen in grootte tijdens groei, in het bij-
zonder bij kleine kinderen. Groei van de getransplanteerde lever onder chronische 
immuunsuppressieve medicatie zou kunnen leiden tot fibrose.14 Fibrose was niet 
geassocieerd met het staken van CsA, dit suggereert dat de ontwikkeling van fibrose 
niet gerelateerd is aan de mate van immuunsuppressie. Onze resultaten verschillen 
van andere transplantatie centra, die beschreven hebben, dat fibrose van het trans-
plantatie orgaan in lange termijn biopten na LTx is geassocieerd met chronische 
afstoting of te laag gedoseerde immuunsuppressieve medicatie.15;16

Momenteel is bij kinderen na LTx de standaard immuunsuppressieve behandeling 
voornamelijk gebaseerd op tacrolimus (TAC), dat een sterkere immuunsuppressieve 
werking heeft dan CsA.2 We hebben aangetoond dat de prevalentie van fibrose 1 jaar 
na LTx hetzelfde is in een cohort van kinderen die een op TAC gebaseerd immuun-
suppressieve medicatie gebruikten als in ons vorige cohort die een op CsA gebaseerd 
immuunsuppressieve medicatie kregen.1 We vonden ook een hoge prevalentie van 
histologische hepatitis bij de patiënten die TAC gebruikten. Deze hepatitis was in 
een meerderheid van patiënten geassocieerd met een actieve virale infectie. Onze 
huidige bevindingen ondersteunen het idee dat noch te lage noch te hoge immuun-
suppressie een belangrijke bijdrage levert aan de hoge prevalentie van fibrose van 
het getransplanteerde orgaan 1 jaar na LTx. 
Er is duidelijk behoefte aan meer studies naar lange termijn transplantaat histolo-
gie om de oorzaak van fibrose bij pediatrische patiënten na LTx te vinden. Vervolg 
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studies na LTx moeten uitgebreid worden om de lange termijn gevolgen van LTx op 
de kinderleeftijd te evalueren, om uiteindelijk de gezondheid van getransplanteerde 
patiënten op langere termijn verder te verbeteren en meer gedetailleerde prognosti-
sche en voorspellende informatie te kunnen geven aan patiënten en hun ouders. 
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Henkjan Verkade, als eerste promotor ben jij de stuwende kracht achter dit proef-
schrift. Jouw tomeloze energie en je rode potlood heeft gezorgd dat het nu einde-
lijk tot een echt “boekje”geworden is. Ook als collega is onze samenwerking altijd 
vruchtbaar en plezierig gebleken. 

Annette Gouw, als twee promotor heb je samen met mij de grondslag gelegd voor de 
twee hoofdstukken over de histologie van de getransplanteerde lever. Aangezien de 
oorzaak van fibrose nog niet opgehelderd is hoop ik daar met jou samen, als “verse” 
hoogleraar, in de toekomst aan te kunnen werken. 

Charles Bijleveld, je stond aan de wieg van dit proefschrift en mijn carrière in de 
kinder-MDL. Jij hebt mede de aanzet gegeven tot de uitbouw van het kinderlevertrans-
plantatie programma. Jouw enthousiasme en werklust zijn altijd een voorbeeld voor 
mij geweest.

Erik Verschuuren en Hauw The. Samen met jullie werd de eerste studie opgezet, die 
resulteerde in hoofdstuk 2. Verder werd uitgebreid gefilosofeerd over de verdere in-
vulling van het proefschrift. Hoewel het proefschrift uiteindelijk een andere inhoud 
gekregen heeft, heb ik goede herinneringen aan die eerste stappen op het weten-
schapspad. 

Maarten Slooff, samen met Charles Bijleveld heb je het kinderlevertransplantatie 
programma vormgegeven, en je hebt de zorg voor kinderen altijd een warm hart 
toegedragen. Dank daarvoor en voor je goede adviezen bij de eerste hoofdstukken.

Paul Peeters, jouw zorgvuldigheid en betrokkenheid bij het kinderlevertransplanta-
tie programma vertaalde zich ook naar de harde data uit je eigen onderzoeksgege-
vens die mede gebruikt zijn in hoofdstuk 5 en 6. Dank ook voor je inzet als medeau-
teur in alle hoofdstukken. 

Maarten Torringa, jouw inzet heeft het onderzoek naar het staken van cyclosporine 
weer vlot getrokken, en heeft aan de basis van hoofdstuk 3 gestaan. 

Roel Odink, jouw verzamelde gegevens over groei en botleeftijd vormen de ruggen-
graat van hoofdstuk 4. Ook wil ik graag Pieter Sauer en Willem Jan Gerver bedanken 
voor hun investeringen in dit hoofdstuk.

De leescommissie, Robert Porte, Jan Kleibeuker en Eric Duiverman; dank voor de 
snelle beoordeling en de ‘last minute’ adviezen. 

Ewoud Dubois en Liesbeth Schölvinck voor het bijslijpen van de Engelse taal. 

Collega’s van de kinder-MDL: Edmond Rings, Frank Bodewes, Patrick van Rheenen, 
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Els van de Vijver, Hester van Meer, Ekkehard Sturm en Gieneke Gonera: Het is een 
plezier om te werken in een team waar de collegialiteit altijd voorop staat en de 
sfeer zo goed is. Ook de consulenten van de kinder-MDL, Anneke de Bruin en Greetje 
Sekema, wil ik danken voor de altijd prettige samenwerking en ondersteuning. 

Alle collega’s die deel uit maken van het levertransplantatie team: levertransplan-
tatie is een teambehandeling, en kan alleen bestaan door een goede samenwerking 
van alle disciplines, hartelijk daarvoor. 

Alle secretariaten van de kinder-MDL, hepatobiliaire chirurgie en levertransplanta-
tie voor het opzoeken van statussen, helpen met zoeken naar ontbrekende gegevens, 
en andere ondersteundende werkzaamheden; daarbij in het bijzonder dank aan Jo-
landa Koerts, Ellen Enninga, Els Roelofs, Janette Tienkamp en Hilde Alkema. 

Vrienden van de Survival club, bij het niet vermeld worden in dit dankwoord, zal 
een zeer confronterend cabaret uitgevoerd worden, dus vandaar. Marc, Arno, Leen, 
Peter, Ari, Marco, Eamonn, Harm, Jan, Jaap en Steven, dank voor jullie jarenlange 
vriendschap, wat helaas ook inhield: jarenlang informeren naar de vorderingen van 
dit proefschrift. 

Jan en Janberend, nadat ik jullie promotie van dichtbij mocht meemaken, zijn jullie 
nu aan de beurt. Dank dat jullie mijn paranimfen willen zijn. 

Pa en ma, lieve ouders, dank voor jullie nooit aflatende steun. Lieve ma, in mijn 
gedachten ben je er toch bij. 

Lieve Marc (Riaaz), ik heb het toch wel heel erg goed getroffen met jou. 
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Rene Scheenstra werd in Heerenveen geboren op 2 maart, aan het eind van de barre 
winter van 1963. Zijn vader is Gerrit Scheenstra, zijn moeder Hiltje Betlehem. Zijn 
ouders kwamen uit het dorpje Ter �dzard, gelegen op een steenworp afstand van het 
watertje de Schene; waarvan de naam Scheenstra een afgeleide is. 

Zijn lagere en middelbare schooltijd bracht hij door in Heerenveen, en behaalde zijn 
Atheneum B diploma in 1981 aan de R.S.G. te Heerenveen. Daarna startte hij met de 
studie geneeskunde in Groningen. Zijn coschappen werden verricht in het Sint Elisa-
beth Hospitaal te Curaçao. Hij deed een wetenschappelijke stage met als onderwerp 
neonatale morbiditeit in Grenada (prof. Touwen, prof. Huisjes en prof. Boersma) en 
een keuze coschap kindergeneeskunde in Meppel (dr.Baldew). �n 1988 behaalde hij 
zijn artsexamen aan de Rijksuniversiteit Groningen.
 
Vervolgens was hij korte tijd werkzaam als team arts bij de Bloedbank Groningen, en 
keerde daarna terug naar Curaçao, in eerste instantie als zomerarts-assistent kinder-
geneeskunde (dr. Pedro). Vervolgens was hij twee jaar werkzaam als arts-assistent gy-
naecologie/verloskunde op het Anna Paviljoen in het St. Elisabeth Ziekenhuis te Cura-
çao (dr.Leon). �n 1992 kwam hij definitief terug naar Nederland, en was werkzaam als 
arts-assistent kindergeneeskunde in Zwolle, eerst in het toenmalige Weezenlanden 
Ziekenhuis (dr. van de Logt), daarna in het Sophia Ziekenhuis (dr. Fetter). 

�n 1995 startte hij met zijn opleiding kindergeneeskunde in de Beatrix Kinderkliniek 
(prof Heijmans, vervolgens prof. Kimpen en prof. Sauer). Zijn perifere stage werd ver-
richt in het Medisch Spectrum Twente (dr. Tummers), in augustus 2000 werd hij 
geregistreerd als kinderarts. Al gedurende het laatste jaar van zijn opleiding kinder-
geneeskunde startte hij als fellow kindermaag- darm- en leverziekten (dr. Bijleveld) 
en werd een start gemaakt met het eerste onderzoek in dit proefschrift. Vanaf 2003 
maakt hij deel uit van de staf kinder-MDL van het Beatrix Kinderziekenhuis en sinds 
juni 2008 is hij hoofd van de afdeling kinder-MDL. Hij woont samen met Riaaz San-
toe en hond Bluey aan de voet van de A-kerk in Groningen. 



110 Publicaties

Publicaties 
Graft fibrosis after pediatric liver transplantation: Ten years of follow-up.
Scheenstra R, Peeters PM, Verkade HJ, Gouw AS.
Hepatology. 2009 Mar;49(3):880-6.

‘Non-alcoholic fatty liver disease’ bij kinderen, een nieuwe complicatie van obesitas.
Bocca G, Stolk RP, Scheenstra R, Sauer PJ.
Ned Tijdschr Geneeskd. 2008 Nov 8;152(45):2443-7. 

Growth and final height after liver transplantation during childhood.
Scheenstra R, Gerver WJ, Odink RJ, van Soest H, Peeters PM, Verkade HJ, Sauer PJ.
J Pediatr Gastroenterol Nutr. 2008 Aug;47(2):165-71.

Buccal vs. nasogastric tube administration of tacrolimus after pediatric liver 
transplantation.
Goorhuis JF, Scheenstra R, Peeters PM, Albers MJ.
Pediatr Transplant. 2006 Feb;10(1):74-7

Cyclosporine A withdrawal during follow-up after pediatric liver transplantation.
Scheenstra R, Torringa ML, Waalkens HJ, Middelveld EH, Peeters PM, Slooff MJ, Gouw AS, 
Verkade HJ, Bijleveld CM.
Liver Transpl. 2006 Feb;12(2):240-6.

Actief beleid bij een kind dat een knoopbatterij heeft ingeslikt.
Bekhof J, Norbruis OF, Scheenstra R, de Weerd W.
Ned Tijdschr Geneeskd. 2005 Jun 25;149(26):1429-33. 

Babies and batteries.
Bekhof J, Norbruis O, Scheenstra R, Dikkers F, de Langen R, de Weerd W.
Lancet. 2004 Aug 21-27;364(9435):708. 

The value of prospective monitoring of Epstein-Barr virus DNA in blood samples of 
pediatric liver transplant recipients.
Scheenstra R, Verschuuren EA, de Haan A, Slooff MJ, The TH, Bijleveld CM, Verkade HJ.
Transpl Infect Dis. 2004 Mar;6(1):15-22.

Rapidly progressive adenomatous polyposis in a patient with germline mutations in both 
the APC and MLH1 genes: the worst of two worlds.
Scheenstra R, Rijcken FE, Koornstra JJ, Hollema H, Fodde R, Menko FH, Sijmons RH, Bijleveld 
CM, Kleibeuker JH.
Gut. 2003 Jun;52(6):898-9.

Neonatal neurological morbidity in relation to obstetrical and social conditions in 
Grenada (Caribbean).
Atsma AW, Berntsen SF, Scheenstra R, Hadders-Algra M, Boersma ER, Huisjes HJ, Touwen BC.
Int J Gynaecol Obstet. 1990 Aug;32(4):335-44.






