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Life after liver transplantation 
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long-term health-related quality of life 

Gerda Drent 

, . Levertransplantatie brengt patienten met eindstadium leverziekte geen genezing, maar is 

een behandelwijze met potentiele medische en psychosociale problemen 

(dit proefschrift). 

2. Het vragen naar medicatietrouw moet onlosmakelijk verbonden zijn aan de behandeling 

(dit proefschrift). 

3. Bijwerkingen van immuunsuppressie zoals deze door de patient worden ervaren 

verschillen in belangrijke mate van de bijwerkingen die door de behandelaars worden 

gecontroleerd (dit proefschrift). 

4. De patient moet kunnen meebeslissen over het te volgen beleid t.a.v. immuunsuppressie 

na levertransplantatie (dit proefschrift). 

5. De ernst van de lichamelijke beperkingen vanaf , 5 jaar na levertransplantatie is geen 

maat voor kwaliteit van (even (dit proefschrift). 

6. Therapieontrouw kan zeer functioneel zijn als het geen invloed heeft op het resultaat van 

de behandeling (dit proefschrift). 

7. Het menszijn is de grootste risicofactQr voor therapieontrouw (Lars Osterberg). 

8. De Mexicaanse griep bezorgt meer hoofdbrekens dan griepverschijnselen. 

9. Voorlichting over orgaandonatie moet beginnen in de bovenbouw van de basisschool. 

10. Te weten wat men weet, en te weten wat men niet weet, dat is kennis (Confucius). 
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General introduction and outline 
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General introduction and outline of the thesis 

LIVER TRANSPLANTATION 

Orthotopic liver transplantation is a surgical procedure in which the diseased liver of 
a patient is replaced by a donor liver. The first liver transplant was performed in March 
1963 in the USA by Thomas E. Starzl. 1 The University Medical Center of Groningen 
(UMCG) in the Netherlands started a liver transplant program for adults in 1979.2 

A program for transplantation in children followed in 1 9 8 2. Until March 1 th 2 0 0 9 
1066 liver transplantations in 867 adults and children have been performed at the 
UMCG. 
The main indication for liver transplantation in adults is cirrhosis due to a variety of 
causes. Main indications at the UMCG, since 1996, were primary sclerosing cholangitis 
( 18 % ) , alcoholic cirrhosis ( 13 % ) , hepatitis B cirrhosis ( 11 % ) , hepatitis C cirrhosis 
(7%), primary biliary cirrhosis (9%), and acute liver failure (6%). Hepatocellular 
carcinoma was present in 11 % of the recipients. A small minority of patients was 
transplanted for inborn errors of metabolism, e.g. primary hyperoxaluria (2 % ) and 
familial amyloidotic polyneuropathy (5%). 3 

Throughout the years the long-term survival prognosis after liver transplantation has 
gradually improved due to improvement of surgical techniques, better understanding 
of rejection and new immunosuppressive medications. 3-5 The patient survival rates 
at the UMCG for adult patients that were transplanted after 1996, are 86%, 78%, 
and 71 %, at 1, 5 and 10 years after the procedure, respectively. 3 The European Liver 
Transplant Registry (ELTR) reports 1, 5, and 10 years patient survival rates of 82%, 
70%, and 60 %, respectively, in adults that were transplanted since 1988.6 Main causes 
of morbidity and mortality after liver transplantation are recurrence of liver disease, 
cardiovascular diseases, and malignancies. In part these complications can be ascribed 
to the use of immunosuppressive drugs. 5 

LIFE AFTER LIVER TRANSPLANTATION 

The procedure of organ transplantation is strikingly described by Engle who discusses 
that "organ transplantation is not a cure for end-stage organ disease but an alternative 
form of treatment with both potential medical and psychosocial problems" . 7 The 
effectiveness of the transplantation depends both on the skills of the health care team 
and on the lifelong, active co-operation of the patient. 8•9 Patients have to adhere strictly 
to lifelong immunosuppressive medication regardless of experienced side-effects. 
Infection control, self-monitoring (e.g. blood pressure and weight) and following a 
healthy life-style are expected skills of the patient in order to keep the complication 
rate as low as possible.5•10 -11 

Nowadays it is increasingly appreciated that it is important to incorporate the 
subjective experiences of the patients in the rating of the effectiveness of treatment and 
to understand the impact of it on the daily life and the quality of life of the patient. 12 14 

Important interrelating issues in this respect are medication nonadherence, symptom 
experience, and health-related quality of life. 

10 



Chapter , 

Medication nonadherence 
N onadherence ( also called noncompliance) to medications can be intentional 
or non-intentional. When, for example, patients have a busy life-style, experience 
unpleasant side-effects of the medications, or are forgetful, they may forget to take 
their medications at the scheduled time or adapt the dose. 1 5• 16 But nonadherence to 
medications that are prescribed to make a donor organ function as well as possible, 
whether it is intentional or non-intentional, may have very serious consequences for 
the patient. 17 Acute or chronic rejection can occur or, in the worst case, the organ can 
be lost. It is important to detect nonadherence before serious clinical consequences 
occur and to give the patient guidelines and support to manage their medication 
regimen according to best practice. Many studies on medication nonadherence in 
renal and heart transplant recipients have been conducted. These studies in renal and 
heart transplant patients showed that medication nonadherence was related to worse 
clinical outcome. So far, studies in liver transplant patients on this subject are scarce 
and conclusions are unclear. 

Symptom experience 
Many patients experience objective, but also subjective side-effects of medications. 18 

Clinicians have always focused on objective side-effects as renal function impairment, 
osteoporosis, malignancies and more. But patients may also suffer from subjective 
perceived side-effects, as e.g. changed bodily appearance, sexual disorders and sleep
lessness. These subjective side-effects can negatively influence health-related quality 
of life (HRQOL) and they can be a trigger for nonadherence with medications. Sub
jective side-effects have been a neglected area in clinical practice. It is unclear how the 
pattern of subjective side-effects is in adult liver transplant recipients and whether it 
affects nonadherence and HRQOL. 

Health-related quality of life 
Liver transplantation aims to improve HRQOL. Evidence from HRQOL-research can 
optimize the result of the liver transplantation. Full benefit and adequate support for the 
patient can be reached by thorough evaluation of threatened QOL-areas with special 
emphasis on long-term follow-up. As mentioned previously, immunosuppressive 
medications can cause health problems on the long-term and may influence HRQOL 
negatively. Many studies have been performed showing a good HRQOL short-term 
after liver transplantation. 19•20 But since liver transplantation already exists for three 
decades or more it would be interesting to know how transplant patients judge their 
HRQOL long-term after liver transplantation and whether they experience a lot of 
comorbidity due to the treatment. 

11 



General introduction and outline of the thesis 

OUTLINE OF THIS THESIS 

The general aim of this thesis is to assess medication nonadherence, symptom 
experience, and long-term health-related quality of life in adult liver transplant 
recipients. 
In Chapter 2 an overview of the literature on subjective side-effects of immunosup
pressive drugs, medication nonadherence and long-term health-related quality of life 
in adult liver transplant recipients is presented. 
Chapters 3 to 5 concern investigations performed in a study group of 1 23 adult liver 
transplant recipients. 
Chapter 3 reports on the study in which we prospectively assessed prednisolone 
nonadherence using electronic event monitoring (EEM) in an outpatient setting. 
Chapter 4 explores the impact of prednisolone nonadherence, as measured with EEM, 
on clinical outcome during a two year follow-up. 
Chapter 5 reports on the symptom experience associated with immunosuppressive 
drugs as assessed with the Modified Transplant Symptom Occurrence and Symptom 
Distress Scale. A possible relationship with medication nonadherence, as measured 
with EEM, is explored. 
Chapters 6 and 7 concern investigations into the health status and long-term health
related quality of life in two well defined study groups. 
In Chapter 6 we studied the clinical outcome of adult patients surviving longer 
than 15 years after liver transplantation, with special interest for the broad range of 
comorbidity and the self-perceived quality of life. 
Chapter 7 explores the quality of life of patients transplanted for familial amyloidotic 
polyneuropathy (FAP). FAP is an autosomal dominant disorder associated with 
mutations of the protein transthyretin, which is almost entirely produced in the liver. 
FAP characteristically presents with progressive peripheral and autonomic neuropathy, 
but cardiac amyloid is frequent and may dominate the clinical picture. Initially it was 
reported that liver transplantation resulted in overall improvement. However, it has 
become clear that in a substantial percentage of patients disease progression is not 
prevented in all organ systems. We were interested in the health-related quality of life 
in these patients after liver transplantation. 

12 
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Symptom experience, nonadherence and QOL in adult liver transplant recipients 

ABSTRACT 

Survival outcomes after liver transplantation in adult patients have gradually improved 
with a five-year survival of about 70% and a ten-year survival of about 60%. The 
present review focuses on relevant patient-reported outcomes such as self-perceived 
side effects of immunosuppressive drugs, medication nonadherence and long-term 
health-related quality of life after liver transplantation. These entities are interrelated 
but were often studied separately. 
Self-perceived symptom experience in liver transplant recipients has not been studied 
extensively. Symptoms that cause distress differ between men and women, e.g. 
symptoms related to cosmetic side effects of drugs. 
Medication nonadherence seems to be infrequent, but if present may have serious 
consequences. Important risk factors were found to be the costs of drugs, age < 40 
years, psychiatric disorders, side effects of drugs, beliefs that drugs were harmful, and 
large influence of the liver transplant on the patient's life. 
Health-related quality of life is satisfactory, but below the level of the general 
population. Results, however, must be interpreted with caution as quality-of-life 
improvements may have been overstated due to variables such as selection bias ( e.g. 
exclusion of severely ill and deceased patients), too many short-term studies, and 
suboptimal methodology. 
Presently we lack data on the influence of recurrence of disease, "de novo" diseases and 
gender differences on health-related quality of life in liver transplanted patients. 
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Chapter 2 

INTRODUCTION 

For several decades liver transplantation (LT) has been the accepted treatment for a 
gradually expanding variety of indications. 1 •2 Life expectancy improved over time, 
due to better surgical techniques and preoperative and postoperative care, 1 •3 with a 
five-year survival of about 70%, and a ten-year survival of about 60%.2

·
4 An update 

on liver transplantation byVerdonk et al. was recently published in this journal. 1 

Formerly, the results of solid organ transplantation were mostly evaluated from the 
perspective of clinicians in terms of objective clinical outcomes, such as post-operative 
complications, renal impairment, hypertension, malignancies, osteoporosis, diabetes, 
and patient and graft survival. Nowadays, it is increasingly recognised that an evaluation 
of outcomes should incorporate the subjective experiences of the patients. 5 

The Food and Drug Administration in the USA strongly recommends that patient
reported outcomes (PRO) should be incorporated to evaluate the impact of treatment 
on patients' daily life and well-being. A patient-reported outcome can be defined as 
"any outcome based on data provided by patients or by patient proxy as opposed to data provided from other 
sources".5 Patient-reported outcomes may help to improve the quality of healthcare, 
and need to be taken into account when developing new drugs. PROs that are of 
importance to liver transplant patients are symptom experience, medication adherence 
and health-related quality of life. 
The effectiveness of the treatment after solid organ transplantation depends both 
on the skills of the healthcare team and on the life-long, active cooperation of the 
patient.6•7 Side effects as a consequence of taking of immunosuppressive medications, 
may occur. Assessment of side effects as it is perceived by the patients provides 
the transplant field with valuable information regarding the benefit and burden of 
immunosuppressive regimens. 8 A relationship has been found between symptom 
experience and nonadherence and health-related quality of life in heart, renal and 
lung transplant recipients. 9 23 The current review explores whether evidence supports 
these relationships in liver transplant patients. 
Adherence (also called compliance or concordance) is defined as: 'the extent to which 
a person's behaviour - taking medication, following a diet, and/ or executing lifestyle 
changes, corresponds with the agreed recommendations from a healthcare provider' .  24 
Nonadherence with the immunosuppressive regimen in solid organ transplant 
recipients is recognised as a major long-term problem with a negative impact on 
clinical outcome 25·30 and worse economic outcome.31 34 The majority of research on 
adherence in transplantation, however, has been done in renal and heart transplantation. 
No reviews have been published on medication adherence in liver transplant patients 
specifically. 
Health-related quality of life (HRQOL) is also recognized as an important patient
reported outcome. Solid organ transplantation remains a chronic condition which 
can have a high impact on the daily life and well-being of the patient. 35·3 6 For liver 
transplant patients specifically, health-related quality of life may well be influenced 
by long-term side effects of drugs, and by the status of the liver as "de nova" disease or 
recurrent disease may develop. 37 39 

17 



Symptom experience, nonadherence and QOL in adu lt l iver transplant recipients 

The present review focuses on experience of symptoms related to side effects of 
immunosuppressive drugs, medication nonadherence and long-term health-related 
quality of life in adult liver transplant patients. The databases PubMed, Psychinfo, 
Cinahl, preCinahl, and the Cochrane Library, from 1966 to October 2008, were 
searched with the help of a medical librarian. A combination of following search 
terms was used: liver transplantation, liver transplant*, compliance, non(-)compliance, 
non(-)adherence, adherence, concordance, symptom experience, symptom frequency, 
symptom distress, subjective side effects, subjective adverse effects, quality of life, 
general health status, long-term. Further selection criteria were English language 
publications and focusing on adult patients. Excluded were articles that focused on 
living donation. The articles found on all of the topics were screened and in addition 
to this search strategy the references of the publications were searched for additional 
publications. In total we found 41 publications on the three subjects: six studies on 
symptom experience, 14 studies with the main focus on medication nonadherence 
and 21 studies on long-term HRQOL. From the 21 studies on long-term HRQOL 
five studies that were published after the latest meta-analysis were selected for this 
review. 

SY MPTOM EXPERIENCE 

Symptom experience is a critical post-transplant outcome and it provides the transplant 
field with valuable information regarding the benefit and burden of immunosuppressive 
regimens as it is perceived by the patients. 8 Symptom experience refers to the patient's 
subjective experience of side effects related to immunosuppressive drugs and it can be 
divided in perceived symptom occurrence ( cognitive part of symptom experience) and 
perceived symptom distress ( emotional part of symptom experience). s- 1 2 Symptom 
occurrence is described along the dimensions of frequency, duration and severity 
of perceived side effects of immunosuppressive medications. Symptom distress, 
expressing the emotional burden related to side effects, demonstrates how patients 
are affected in daily life by these symptoms. 5 Many clinical symptoms may not be 
perceived by the patients as very distressing, and also the level of distress may differ 
in patients. 2° For instance, the patients may worry more about skin alterations, sexual 
disorders, depressive symptoms and stomach complaints than about hypertension 
or renal impairment. The amount of perceived distress was found to be related to 
health-related quality of life and to nonadherence in heart, renal and lung transplant 
recipients, 9-23 Kidney transplant recipients with a higher level of symptom occurrence 
and symptom distress for instance had a higher rate of nonadherence. 1 9  More 'drug 
holidays' as a measure of nonadherence and a higher level of symptom occurrence 
and distress was related to a worse quality of life in lung transplant recipients. 23 It is 
important to find evidence about symptom experience in liver transplant patients for 
three reasons: ( 1) health care workers must be informed that symptom occurrence 
and/ or a higher level of perceived distress may worsen patient's well-being and that 
it may lead to nonadherence, (2) it can be used to educate the patient and his/her 
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Chapter 2 

relatives about the side effects of immunosuppressive medications and (3) it can 
be used in developing new drugs and in prescribing existing immunosuppressive 
medications based on patients' preferences. 20·40 Only a few studies were retrieved 
that report on symptom experience after liver transplantation.40

-
45 Foley et al.4 1 report 

a low score on occurrence of symptom frequency and perceived distress in 2 6 
liver transplant recipients. Most frequently reported symptoms were fatigue, bodily 
appearance, excessive hair growth and overeating. However the sample was rather 
small and the response rate was only 59%. Karam et al. assessed 'Measures of Disease', 
more specific physically symptoms and severity of symptom distress, in 12 6 liver, 
229 renal and 113 heart transplant recipients as part of long-term Quality-of life
assessment. 44 'The Measures of Disease ' reported by the transplant patients were 
significantly worse than in the general population, with the worst score for renal 
transplant patients. The symptom distress score for psychological symptoms revealed 
that renal transplant recipients had a worse HRQOL than liver transplant recipients. 
However, limited specifications about the symptoms were provided. 
We assessed symptom experience in 108 adult liver transplant patients40 with the 
29-item Modified Transplant Symptom Occurrence and Symptom Distress Scale 9 • 1 0 •46 

and found that increased hair growth was the most frequent symptom in male and 
female recipients. 
The most distressing symptom in women was excessive and/ or painful periods, while 
in men this was impotence. Male and females did not differ with respect to symptom 
frequency, but overall symptom distress was more serious in women than in men. 
It was also shown that the most frequently reported symptoms do not necessarily 
cause the most perceived distress. Stomach, back and muscle complaints were listed 
in the Top Ten of most distressing symptoms for both sexes. Dividing the sample in a 
cohort with a short-term (1-4 years)- and a long-term (5-18 years) follow-up, clear 
differences over time and between genders were noted. Women in the long-term 
cohort reported more cosmetic side effects. A decrease in symptom frequency and 
symptom distress was not seen in the long-term cohort. This might be explained 
by the fact that comorbidity from long-term immunosuppression increases through 
the years and by the effect of ageing, but this needs further investigation in future 
studies. No relationship was found between symptom experience and prednisolone 
nonadherence as measured with electronic monitoring. 47 

Drawing firm conclusions from these few studies on symptom experience, however, 
is difficult, because the studies used different measurement instruments, and the 
symptoms assessed were not always described in detail. Symptoms that cause distress 
may differ between men and women. Furthermore, no conclusions can be drawn 
about the relationship with different immunosuppressive regimens, nor about the 
relationship with medication adherence and HRQOL. 

19 



Symptom experience, nonadherence and QOL in adult l iver transplant recipients 

N O NA D H E R E N C E  W I TH  I M M U N O S U P P R ESS IVE  

M E D I CAT I O N  

Patients' adherence to immunosuppressive medications plays a key role in obtaining 
and maintaining a good clinical outcome. Fourteen studies on nonadherence in adult 
patients after liver transplantation were retrieved. 1 4• 1 5 •25 ·2 8 •47-5 6 Most of the studies that 
were published before 2000 included only small numbers of patients. 

Measurement of nonadherence 
Measurement of medication nonadherence can be divided into direct and indirect 
methods.5 7 Direct methods are: direct observation or measurement of a drug 
(metabolite) in blood or urine. Indirect methods are patient self-report, collateral 
report, pill counts, rates of prescription refills, assessment of clinical outcome, 
electronic medication monitors (EM), and measurement of physiological markers 
(i.e. heart rate of patients taking beta-blockers). 5 7-60 

Adherence measurement methods in adult liver transplant adherence studies have been: 
monitoring blood levels of calcineurin inhibitors 1 5 •20•25 •48-5 1 , self report 1 5

·5 1 -54, collateral 
report25 , retrospective chart review 14·5 1 ·5 5 , clinical outcome 25 ·28 •49 •5 1 ·5 5 •5 6 , electronic 
monitoring (EM) 47 and appointment nonadherence. 5 1 The diagnostic accuracy of 
each method has been discussed extensively by several authors.5 7 ·59-62 Recent research 
findings using cross validation and diagnostic research, suggest that a combination 
of several measurement methods has higher sensitivity compare to using a single 
method. 5 7 •62 

Establishing nonadherence in clinical practice 
In clinical practice a simple measure to establish suspected nonadherence, e.g. a patient 
is not responding to therapy, is by just asking the patient at a scheduled follow-up 
how often he/ she could not take the medication as prescribed in the last four weeks 
and what caused this omission. 57 Another useful method is to contact the patient's 
pharmacy about refilling prescriptions5 7  or to ask the patient to bring the medication 
along to a scheduled appointment with the physician or clinical nurse specialist. 

Prevalence of nonadherence 
As the retrieved studies use different methodology it is not easy to derive a general 
nonadherence prevalence rate. Schweizer et al. 1 5  reported the first prospective adherence 
study (n= 13) among adult liver transplant recipients. Nonadherence was suspected 
when unexplained decreases in cyclosporine blood levels were observed. Three of 
13 liver transplant recipients were found to be nonadherent. In a retrospective study 
among 11 8 patients who had undergone liver transplantation for alcoholic liver 
cirrhosis, Berlakovich et al.28 reported that 19 recipients ( 16%) were not within the 
target range of whole blood trough-levels of the calcineurin-inhibitor. This, however, 
in itself does not prove nonadherence. We have studied prednisolone nonadherence 
with the use of electronic monitoring and found an overall high level of dosing 
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adherence for prednisolone (median of 99%), except that timing adherence, which 
describes 'the percentage of days that opening of the bottle was within three hours 
of the subject's chosen time of day to routinely take their prednisolone dose' ,  was 
low in about one-third of the patients.47 Dew et al. 63 analyzed adherence after solid 
organ transplantation, and included seven liver transplant studies on medication 
nonadherence in her meta-analysis. Liver transplant recipients had a medication 
nonadherence rate of 6. 7 cases per 100 patients per year (PPY) vs 1 5  cases per 100 PPY 
in heart transplant recipients and 36 cases per 100 PPY in renal transplant recipients. 
The limited available evidence suggests that adherence for medication intake after 
liver transplantation seems to be good, and more favourable than in other transplant 
recipients. Nonadherence should of course also be evaluated in view of its possible 
clinical consequences of medication nonadherence. 

Clin ica l  c o n s e q u e n ces of n o n a dh erence  

Medication nonadherence must have a measurable effect on  the clinical outcome for it 
to be clinically relevant. 64 The ultimate goal is to develop a clinically relevant definition 
of nonadherence indicating the level of nonadherence that is connected with increased 
risk for poor clinical outcome. Review of nonadherence studies in renal transplant 
recipients revealed that nonadherence was associated with poor clinical outcome, e.g. 
rejection episodes and graft loss.29

·
65 Research in heart transplant populations27 with 

electronic monitoring showed that minor deviations from the dosing schedule were 
associated with increased risks of late acute rejection, graft loss, and mortality. 
In a retrospective review by Mor et al. 25 in 3 7 5 liver transplant patients it was found that 
nonadherence accounted for 34,6% of late acute rejection episodes. In a retrospective 
study among 118 patients who had undergone liver transplantation for alcoholic liver 
cirrhosis, Berlakovich et al. 28 reported that late acute rejection differed significantly 
between the adherent patients (5% with acute rejection) and the nonadherent patients 
(22% with acute rejection). In our study concerning prednisolone nonadherence, 
we looked for a relationship between nonadherence and clinical outcomes during a 
2-year follow-up including liver tests, acute rejection episodes, changes in dosages of 
immunosuppression, hospital re-admissions, and patient and graft survival. 56 Except 
for a somewhat higher alkaline phosphatase in patients who were less adherent, no 
relationship between prednisolone nonadherence and clinical outcome parameters 
was found. 5 6 It is possible, however, that the level of nonadherence in our patient 
population was too low to be of clinical significance. O'Carroll et al. 5 1  conducted 
a retrospective audit in 43 5 Scottish patients who were beyond one year after LT. 
Approximately one out of 1 0 0 patients died from poor adherence and nonadherence 
may have played a role in development of chronic rejection. 
These studies show on the one hand that medication nonadherence may have 
serious consequences for graft and patient survival. On the other hand the level of 
nonadherence must be substantial with abstinence of medication probably for many 
weeks. 
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Economic consequences of nonadherence 
Nonadherence with the immunosuppressive regimen has found to be associated with 
poor economic outcome, but has not been studied in adult liver transplant patients 
thus far.3 1 -33 Economic consequences, using data from the renal transplant literature, 
include higher healthcare costs among nonadherent patients in comparison with 
adherent patients in terms of hospital care, re transplantation, ambulatory care, nursing 
homes, productivity loss and 'out-of-pocket' expenses of patients and relatives.3 1 -33  On 
the other hand, when lifetime costs of adherent versus nonadherent renal transplant 
patients were compared, Cleemput et al. 33 found lower costs in nonadherent patients 
over lifetime, due to a shorter life span in nonadherent patients (i.e. a median survival 
of 12 vs 16 years). Yet quality adjusted life years (QALYs) were higher in adherent 
patients. 33 

Risk factors for nonadherence 
Knowing that nonadherence can have a negative impact on outcomes after 
transplantation, clinicians should be aware of possible risk factors for nonadherence so 
that adequate interventions can be undertaken. Reported risk factors in liver transplant 
patients are higher costs of medications 1 5 , age< 40 years47 , psychiatric disorders 1 4 · 1 5 , 

side effects of medications 1 4 · 1 5 • 5 1 , beliefs that medications were harmful5 1 , and 
experiencing a large effect of the transplant on the patients' daily life.5 1 More studies 
are needed to judge the influence of higher level factors related to the healthcare centre 
and healthcare providers. For example in a multi-centre study of renal transplant 
patients using electronic monitoring, associations were found between the transplant 
centre and adherence. 66 Another study showed that nonadherence rates were higher in 
the United States compared with Europe, and highlight that healthcare system factors, 
such as insurance coverage, are possibly an influencing factor of higher nonadherence 
rates in the USA. 7 • 63 · 67-69 

In te rven tion s 

No intervention studies to enhance medication adherence in adult liver transplant 
patients, have been published to our knowledge. As nonadherence is a complex 
behaviour, usually not predictable and individual to every patient it is difficult 
to develop effective strategies to enhance adherence.7 • 7 0  Several reviews about 
interventions in other chronic illness patient populations have been published.7 1 -7 4  

One conclusion they have in common is that no 'magic bullet' was found and that very 
few effective interventions significantly affected clinical outcomes in the long term. 
Patient education is important and may include discharge teaching and introducing 
a self-medication programme.5 7 •7 0 Once-daily medication dosing and simplifying 
dosing so that it fits into the lifestyle of the patient may improve adherence. 34• 57 . 7 t •7 4 

Of further importance are investment in a good relationship between the healthcare 
professionals and the patient, with more frequent interactions with attention to 
adherence.5 7 · 7 1 . 74 Additionally, this includes means of easy communication by phone 
or e-mail and broadening opening hours of the out-patient clinic to shorten waiting 
times. 57 Interventions need to be tailored to the individual patient. A combination of 
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educational, behavioural and affective interventions seems to be most effective, but 
they are complex and labour-intensive.7 1

·
7 4  

LONG-TERM HEALTH -RELATED Q UAL ITY OF L IFE 

The World Health Organization defined Health as "a state of complete physical, mental and 
social well-being and not merely the absence of disease". 75 General HRQOL improves significantly 
from pre- to post-LT but most findings refer to a relatively short duration of follow
up.37-39 

Long-term results indicate that HRQOL, after the initial improvement from pre
to post-LT, remains rather stable through the years and is not always negatively 
influenced by comorbidity and clinical side effects of medications. 37-39 Results show, 
however, that LT patients have significant deficiencies in most QOL areas when they 
are compared with healthy controls. 40 The impact of etiology of liver diseases on 
HRQOL, such as alcoholic liver disease, HCV infection, acute liver failure, remains 
inconclusive with contradicting findings of HRQOL gains. The assumption was made 
byTome et al.3 9 that recurrence of disease, e.g. Hepatitis C, and development of "de nova" 

diseases, e.g. diabetes mellitus, after LT might be of higher influence on a worsened 
HRQOL than the original etiology of the disease. 39 In view of sexual functioning and 
employment more recent studies show that females tend to have a lower HRQOL 
compared with males. Sexual health was found to be unchanged after LT compared 
with the period before LT when data of longitudinal studies were combined. 
Employment rates varied considerably after transplantation. 39 Unemployment was 
predicted by age, longer duration of disability before LT, unskilled workers, lower 
income, and unemployment status. 39 Five new publications, one qualitative and four 
quantitative studies, assessing long-term HRQOL have been published since the most 
recent meta-analysis of Tome et al.36 ·39 ·76-79 Median follow-up ranged from 4,4 years 
to more than 15 years after LT. The main findings of these studies are that varying 
levels of physical and psychosocial disability may persist for many years after LT, 
although patients describe having productive and meaningful lives with a positive 
outlook despite remaining uncertainty about the future. 36 Physical impairment led to 
significantly lower employment76 but did not have an impact on satisfaction and self
care. 77 Long-term HRQOL did not seem to be related to the level of clinically observed 
comorbidity77 or to the use of calcineurin inhibiting drugs. 78 Job rehabilitation in 
the first year after LT had a positive influence on long-term HRQOL.78 Age above 
60 years, female gender and post-transplant complications as recurrent disease and 
osteoporosis were associated with poorer physical functioning.79 

These new studies also report a lower HRQOL than in the general population. In 
three of the four quantitative studies the SF-3 680 was used as a generic instrument to 
measure HRQOL76

•
78 ·79 and one study also used a disease specific questionnaire. 79  

In summary, so far recent HRQOL studies add evidence in that QOL remains 
satisfactory in the long-term after LT, but lower compared with that of the general 
population. Although some of the recent studies on long-term HRQOL contribute 
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to earlier assumptions that overall long-term HRQOL does not seem to be affected 
by the level of comorbidity and that female patients experience a worse HRQOL 
compared with men, more studies on long-term HRQOL after LT are needed to gain 
more understanding. 

C O N C LU S I O N S  

The present review focused on three important patient reported outcomes in adult 
liver transplant patients, i.e. perceived subjective side effects of immunosuppressive 
drugs (i.e. symptom experience), medication nonadherence and long-term health
related quality of life. Clearly, these entities are interrelated but were often studied 
separately. 
We found that self-reported symptom experience in liver transplant recipients has not 
been studied extensively. Differences between different immunosuppressive regimens 
were not explored so far in this respect. Also the relationship between symptom 
experience and medication adherence and HRQOL needs further study. Special 
attention should be paid to the level of perceived symptom distress and its impact on 
the daily life of the patient as a high level of distress might lead to nonadherence and 
worse HRQOL, as experienced in kidney, heart and lung transplant patients. 
Medication nonadherence as measured to date seems to be infrequent, but if present 
may have serious consequences. Important risk factors included, age< 40 years, and 
side effects of medications. 1 5 ·47 · 5 1  More studies are needed to gain more insight into 
clinically relevant nonadherence and to judge the influence of the healthcare centre and 
health care-providers. More studies into the prevalence of medication nonadherence 
and corresponding risk factors are needed before appropriate intervention studies 
can be developed. Evidence from studies in chronically ill patients and other organ 
transplant patients show us that there is not one single effective intervention available 
and that a combination of multidimensional and multi-level interventions may be 
effective for long-term results to enhance adherence.7 1 · 74 This is an important area 
for future research, yet the clinical consequences of nonadherence in liver transplant 
patients should also determine if this is a priority. 
Results show that long-term HRQOL is satisfactory, but it is below the level of the 
general population. These results must be interpreted with caution as HRQOL benefits 
after liver transplantation may have been overstated due to variables such as selection 
bias ( e.g. exclusion of severely ill and deceased patients), too many short term studies, 
and suboptimal methodology.39  In addition, HRQOL will also be affected by cultural, 
economic and social factors which are difficult to incorporate in research.3 8 · 39 ·8 1  In 
studying HRQOL from the perspective of patient-reported outcomes it is recommended 
to use both a disease-specific questionnaire and a generic questionnaire. The former 
detects disease-specific changes and the latter allows comparison of results with other 
groups of patients with chronic diseases. Presently we lack data on the influence of 
recurrence of disease and of "de novo" diseases in adult liver transplant patients. Also 
gender differences should be given more attention. 
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RECO M MENDATI ONS 

In conclusion two main recommendations can be made. Firstly it is important that 
assessment of adherence is an integrated part of the treatment plan of the patient, 
and poor adherence should always be considered when a patient is not responding to 
therapy. 57 Secondly, physicians should be aware of the possible influence of subjective 
side effects of immunosuppressive medications on medication adherence and of 
the impact of corresponding distress on the daily life of the patient. In the future, 
medication regimens should not only be based on clinical data alone, but, when 
possible, also on subjective patient-reported outcomes. 
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Prevalen ce of pred n i s o l one ( n o n)com p l iance 

ABSTRACT 

Limited evidence is available concerning (non) compliance with the immunosuppressive 
regimen in adult liver transplant recipients. In our study we prospectively assessed 
prednisolone (non)compliance in 108 adult liver transplant recipients using electronic 
event monitoring (EEM) in an outpatient setting. The EEM is a pill bottle fitted with a 
cap containing a microelectronic circuit that registers date and time of bottle openings 
and closings. Median taking compliance was 100% (range 60 - 105%), median dosing 
compliance was 99% (range 58-100%), median timing compliance (TIC) was 94% 
(42- 100%).A drug holiday (DH) of � 48 hours was found in 39% of the patients; of 
� 72  hours in 16% of the patients. Using EEM in liver transplant recipients, we found 
an overall high level of compliance for prednisolone, except that TIC was low in about 
one third of the patients. Age below 40 years was found a significant risk factor for 
decreased TIC and for DHs of � 48 hours. 
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INTRO D UCTI ON 

Compliance, can be defined as "the extent to which a person's behaviour - taking 
medications, following a diet and/ or executing lifestyle changes - corresponds 
with agreed recommendations from a health care provider" 1 • The effectiveness of 
any treatment does not only depend on the right choice of therapy, but also on 
the active co-operation of the patient in the therapeutic regimen 2 • If prescribed 
drugs are crucial for maintaining vital physiological functions, then the medical 
and economic consequences of variable compliance can be large 3 • It has been 
reported that noncompliance with immunosuppressive drugs after kidney or heart 
transplantation can lead to rejection 4-7 , causing graft loss or even death 8 • The presence 
of noncompliance after heart transplantation has been shown to relate to increased 
numbers of readmission's and higher total medical costs 9 • Research on compliance 
with immunosuppressive medication in adult liver transplant recipients is limited. 
Medication noncompliance as detected by unexplained low levels of cyclosporine has 
been found in 8 - 23% of patients 4•7 •8 • 10 • 1 1 • Medication noncompliance based on self
report was found to be 3 % 1 1

• One study reported an increase of episodes with late 
acute rejection in the noncompliant patient group 4. 
In studying noncompliance two approaches can be identified 5 • In the first approach, 
' clinical' noncompliance is assessed in relation to the occurrence of a clinical event 
such as a rejection episode, graft loss, or death. For example, in a retrospective 
review of 3 7 5 liver transplant patients (post transplant status longer than 6 months) 
Mor et al 4 showed that noncompliance was a major cause of late acute rejection. 
A total of 3 1 episodes in 2 6 patients were identified: 1 8  episodes were associated 
with subtherapeutic cyclosporine blood levels; 7 of these episodes were due to 
noncompliance. The second approach focuses on subclinical noncompliance, i .e. 
situations not yet accompanied by, but potentially leading to a clinical event. The 
first approach includes only the tip of the proverbial iceberg and captures only a 
small proportion of the actual noncompliers. In contrast, the second focuses on the 

iceberg as a whole as it enables us to detect all noncompliant patients regardless of 
their present clinical status 5 • In the present study we are interested in the second 
approach in order to detect all patients showing medication noncompliance after liver 
transplantation regardless of their clinical status. 
A 'gold standard' for measurement of medication (non) compliance does not exist 1 2 • 
The methods for compliance assessment in liver transplantation so far have been: 
review of patients records 1 3 , questionnaire 1 1 , patient interviews 8 , and monitoring 
blood levels of calcineurin inhibitors 4·7 ·8 · 1 0 • 1 3 • These methods have their specific 
limitations 1 4- 18 • A technologically advanced and more sophisticated method for the 
measurement of (non)compliance is the use of electronic devices 14• 15 • 1 9 • Electronic 
event monitoring (EEM) refers to a pill bottle fitted with a cap containing a 

microelectronic circuit 1 4• 15 • Date and time of opening of the bottle by removal of 
the cap is electronically registered. With EEM, frequency of over- or under-dosing, 
and trends in noncompliance during week or month are registered 1 4• 1 8 • The data 
registered also allows detecting patterns of noncom pliant behavior 1 5 • Despite the fact 
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that electronic monitoring does not actually prove ingestion of a pill 20 it has shown 
to be the most sensitive measure of medication compliance research to date 1 8· 2 1 • 

Experience with the use of EEM showed that it is highly improbable that pills are 
consistently removed from the bottle without being ingested by the patient over a 
monitoring period of approximately 90 days 2 1 • 

The aim of the present study was to assess the prevalence of prednisolone (non) 
compliance using EEM methodology in adult liver transplant recipients on outpatient 
setting. In addition, the possible relation between several variables, such as age 
and complexity of overall medication, was studied in order to find risk factors for 
noncompliant behaviour. 

MATER I A LS AND METHODS 

All adult patients with a follow-up of at least 1 year after liver transplantation 
were eligible for the present study. The study was approved by the Medical Ethical 
Committee of the University Hospital of Groningen. Inclusion criteria were the use of 
1 0 mg of prednisolone once daily as part of the immunosuppressive regimen, stable 
clinical situation in out-of-hospital setting, literacy (Dutch language), and written 
informed consent. The patients were invited to participate during their protocolled 
yearly control after liver transplantation and were subsequently enrolled. From the 
medical records data were collected concerning date of transplantation, gender, age, 
primary liver disease, complexity of the medication regimen (immunosuppressive 
and other drugs) in terms of number of pills per 24 hours, number of medications 
and number of administrations, and body mass index (BMI). 
The EEM: compliance with prednisolone therapy was assessed using the Medication 
Event Monitoring System (Aardex® Ltd. , Zug, Switzerland). The EEM consists of a pill 
bottle fitted with a cap containing a microelectronic circuit registering the date and 
time of bottle opening and closings. Openings of the bottle are recorded as presumptive 
doses. Stored data are downloaded to a personal computer for further analysis. Data are 
presented in calendar plots and a chronology. For an example see Figure 1. 
The following compliance definitions with electronic monitoring were used in this 
study: Taking compliance (TC) describes the percentage of bottle openings compared 
with the total number of doses ( openings) prescribed. For example, overcompliance 
can be registered in this way. Dosing compliance (DC) describes the percentage of 
days on which the patient has correctly opened the bottle as prescribed (in our study 
once daily). A day was defined to begin at O 3 :  0 0: 0 0 a.m local time and ending at the 
following day at 02:59:59 a.m. Patients who took their one-day dose after midnight 
but before 3 :  0 0 a.m. were not rated as noncom pliant based on this definition of a 
day. Timing compliance (TIC) describes the percentage of days that opening of the 
bottle was within 3 hours of the subject's chosen time of day to routinely take their 
prednisolone dose. A drug holiday (DH) was defined as no medication intake (bottle 
opening) during 48 h or more (DH-48) or during 72 h or more (3 consecutive days) 
(DH-72). 
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For the present study the content of the EEM-medication bottle was prepared by 
the Pharmacy of the University Hospital Groningen and filled with 15 0 capsules of 
10-mg prednisolone per bottle. This amount of capsules was amply sufficient for a 
measurement period of 4 months. 
Study patients received verbal and written information about how to use the EEM
medication bottle and when to return the bottle. They were told that the cap 'registered' 
the intake of the prednisolone capsule. The patients were instructed to use the EEM
medication bottle for a 4-month period and take one capsule a day. After this period 
the bottle could be returned by mail free of charge. 
Compliance with EEM-guidelines was determined at the completion of the study 
period (once the EEM-medication bottle was returned) by means of an interview by 
telephone. 

Statistical analysis 
Data were checked for normality. Descriptive statistics and frequencies were calculated 
for relevant parameters. Spearman correlation and Mann Whitney U were used where 
appropriate. A P-value below or equal to 0.05 was considered to indicate statistical 
significance. All data were analysed using SPSS 1 1.5 (SPSS Inc., Chicago, IL, USA). 

RES U LTS 

Study group 
Initially 123 patients fulfilled the inclusion criteria and started with EEM. However, 
one patient stopped EEM at the very beginning of the measurement period due to a 
change of prednisolone dose. The exclusion interview by telephone at the completion 
of the study revealed that 12 patients had violated the EEM-guidelines. The reasons 
were as follows. Four patients explained that they were afraid to forget their pills 
because they were used to a medication box. They returned to their own medication 
routine. Six patients admitted to take the prednisolone capsule out of the EEM
medication bottle in the evening but swallowed the capsule in the morning. And 2 
patients did not independently manage their medication as they had partners who 
took completely care of the medication regimen. In addition the data of the EEM-caps 
of 2 patients could not be retrieved. Thus, after exclusion of these 15 patients, the 
study group consisted of 108 patients with a median age of 47 years (range 22-71); 
66 were female. Patient characteristics are listed in Table 1. 
The major etiological causes of primary liver disease were primary biliary cirrhosis 
( I  9%) and primary sclerosing cholangitis (22%). The median follow-up after 
liver transplantation was 4 years (range 1-18). The medication regimen consisted 
of median 1 0 pills ( range 4-2 4) and median six different drugs ( range 1- 1 1) 
distributed over median 3 medication administrations per 2 4 h ( range 1-9). The 
maintenance immunosuppressive regimen consisted of prednisolone + azathioprine 
+ cyclosporine in 57% of the patients. Overweight (BMI over 25 kg/m2) was found 
in 54% of the liver transplant recipients. 
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Table 1. Patient characteristics (n= 108) 

Gender (male/female) (n) 

Age (years) 

Primary liver disease (n) 
Primary bi liary cirrhosis 
Primary sclerosing cholangitis 
Auto-immune hepatitis 
Cryptogenic liver cirrhosis 
Alcoholic liver cirrhosis 
Other 

Years after transplant 

Medication complexity 
Number pi l ls/24 hours 
Number of medications 
Number of administrations 

lmmu nosuppressive regimen (n) 
Pred/az.a/cya* 
Pred/az.a 
P red/cya 
Pred/tacrol imus 

Body Mass Index 
% Overweightt 

42/66 (39%/61 %) 

47 (22-71 ) 

20 (1 9%) 
24 (22%) 
1 6  (1 5%) 
12 (1 1%) 
7 ( 6%) 
29 (27%) 

4 (1 -18) 

10 (4-24) 
6 (1 -1 1 )  
3 ( 1 -9) 

61 (56%) 
39 (36%) 
7 ( 7%) 
1 ( l "lo) 

25 (1 8-45) 
54% 

*pred, prednisolone; aza, azathioprine; cya, cyclosporine 
t Overweight: Body Mass Index > 25 k3/m2 

Preva lence of  p redn iso l one  (n on)com p lia n ce 
Results are shown in Table 2 and Figures 1-3 . 
The TC was high with a median of 100% (range 60-105%) .Twenty of the 1 08 patients 
( 19%) took more prednisolone than prescribed which resulted in overcompliance. 
In 4 patients (4%) TC was below 90%, the lowest being 60% (see Fig. 2) . 
Median DC was 99% (range 58-100%) . Forty-four patients (41%) never forgot to 
take one capsule each day (DC 1 00%) .  In 7 of the 108 patients ( 6%) DC was below 
90%, the lowest being 58% (see Fig. 2) . 
The TIC showed large variations as can be seen in Table 2. The median TIC was 94% 
(range 42-100%) . Only 13 of the 108 patients (12 %) managed to take the capsule 
always about the same time of the day (TIC 100%).  In 37  patients (34 %) TIC was 
below 90%, and in 15 patients (14%) below 75% (see Fig. 2) . 
A DH of 48 h or more (DH-48) during the 4 months EEM monitoring was seen in 42 
of the 108 patients (3 9%) with a median of 2 DH-48 's (range 1-14) per patient. The 
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Table 2. Prevalence of prednisolone noncompliance ("lo) 

e 

Taking com pliance (TC) 

Dosing compliance (DC) 

Timing com pliance (TIC) 

*P = percentile 

A 

Mon Tue 

6 7 

1 1 
1 3  1 4  

1 0 
20 21 

1 1 
27 28 

1 2 

B 

20:00 

1 6:00 

January 

Wed 
l 

1 
8 

1 
1 5  

1 
22 

0 
29 

1 

Thr 
2 

1 
9 

1 
1 6  

1 
23 

1 
30 

1 

. . 

Fri 
3 

1 
10 

1 
1 7  

1 
24 

0 
3 1  

1 

1 2:00 - • • :.J'.: ••• ·. .. . 

08:00 
. . . - . 

Sat 
4 

1 
1 1  

1 
1 8  

0 
25 

1 

60 

58 

42 

Sun 
5 

2 
1 2  

0 
1 9  

1 
26 

1 

· . . .... .. 

94 98 100 

92 97 99 

67 87 94 

·-
.
. ·. .. . . 

. .. , . •· : . .. .... , .. . · .. , . .. 
. . . . ........ .. .. - - .. .. . 

04:00 

27 1 1  2 5  22 

Nov Dec Dec Jan Jan 
5 19 5 19  2 
Feb Feb Mar Mar Apr 

100 101 105 

100 100 100 

98 1 00 1 00 

Figure 1 .  Calender plot (A) and chronology (B) of a study participant with poor compliance . Prescribed 
regimen is one capsule of 1 0  mg prednisolone per day at a fixed time. 

median duration was 5 1 h ( range 48 - 1 92) . A drug holiday of 7 2 hours or more (DH-
7 2) was seen in 1 7 of the 1 0 8 patients ( 1 6 % ) . The number of DH-7 2 's was median 
one per patient (range 1 - 1 0) .  The duration was median 1 05 h (range 72 - 1 92) . 
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Respondent number 
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19 3 1  43  55  67 79 91 103 

Respondent number 

Figure 2. Bar plots of Taking 

Compl iance, Dosing Compliance, and 

Tim ing Compl iance, respectively; 

n = 1 08 patients. 
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Figure 3. Boxplot of relation 
between Timing Compliance and 
Age; n = 108 patients; p<o.001 

* extreme outlier. 

Relations between the (non)compliance parameters and patient 
characteristics 
Significant correlations were found between TC, DC, TIC, and DH (p<0.01). On the 
individual level however a low TIC did sometimes concur with a high TC or DC. 
With respect to the parameters listed in Table 1 , a significant correlation was found 
between TIC and age (p<0.01) and between age and DHs of 48 h or more (p<0.05). 
Patients above 40 years of age showed a significantly (p<0.001) better TIC compared 
to patients younger than 40 years (Fig. 3). They also had significantly (p<0.05) less 
DHs of 48 h or more. 

D ISCUSS I ON 

Using EEM methodology we found an overall high level of compliance for 
prednisolone, except that TIC was lower in a substantial number of patients, which 
related to younger age of the patients. Younger age was also related to a higher 
amount of DHs of 48 h or more. Research on compliance with immunosuppressive 
medication and causes of noncompliance in adult liver transplant recipients is limited. 
The majority of studies focusing on compliance issues in liver transplantation studied 
alcohol recidivism 7 • 1 0 • 1 1 •2 2 •2 3.A  few studies report on medication compliance, with use 
of different methods. 
Schweizer et al. 8 reported the first compliance study among adult liver transplant 
recipients. It was a prospective study in 13 patients. Patient records were reviewed 
concerning appointment noncompliance and medication noncompliance. Medication 
noncompliance was suspected when unexplained decreases in cyclosporine blood 
levels were observed. Three of 13 (23%) of the liver transplant patients were found 
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to be noncompliant and 2 of these patients died. Mental disease and alcoholism 
were identified as determinants of medication and/ or appointment noncompliance. 
Berlakovich et al. 1 0  found that 7 .8% of the cyclosporine blood levels of a sample of 
44 liver transplant recipients were not within target limits, suggesting subclinical 
noncompliance with immunosuppressive therapy. In a later retrospective study 
7 among 118 patients who had undergone OLT for alcoholic liver cirrhosis drug 
compliance was one of the subjects investigated. Cyclosporine or tacrolimus blood 
levels of 19 recipients ( 16%) were not within the target range. Late acute rejection 
defined as 'any biopsy-proven acute rejection episode after 3 months following 
transplantation and requiring rescue therapy' ,  differed significantly between the 
compliant ( 5 % ) and the noncom pliant (2 1 % ) group. Osorio et al. 1 1  compared 
medication noncompliance of 3 7 patients transplanted for alcoholic liver cirrhosis 
with a control group of 3 7 patients transplanted for other reasons using the method 
of self-report. Noncompliance with medication was found to be 3% in both groups. 
In a retrospective review of 3 7 5 patients (post-transplant status longer than 6 
months) Mor et al. 4 showed that noncompliance was a major cause of late acute 
rejection. A total of 3 1 episodes in 2 6 patients were identified: 18 episodes were 
associated with subtherapeutic cyclosporine blood levels; 7 of these episodes were 
due to noncompliance. Noncompliance with the immunosuppressive regimen 
was documented by directly confronting the patient or families with the issue of 
noncompliance. 
Our study differs from these studies by the use of EEM methodology which enabled 
us to study the whole spectrum of compliance in a group of patients not primarily 
suspected of noncompliance as judged by abnormal liver tests or unexplained low 
drug levels. The use of cyclosporine or tacrolimus blood levels can be challenged 
as a reliable measure of noncompliance with immunosuppressive regimen 1 5 • 1 7 • 1 8 • 

Although a drug assay is a direct measure of medication ingestion, results only prove 
medication intake over the past few days as the half-life of the calcineurin inhibitors 
prevents extrapolation of results to a longer time interval 1 5 • 1 7 • 1 8  • We also did not 
choose to study a special subgroup of patients like alcoholics. Yet, some comments 
on our patient group need to be made. First, by choosing 1 0 mg prednisolone as 
pill in the EEM-bottle, patients on lower prednisolone dosages, and patients without 
prednisolone were excluded. As mainly patients transplanted before the 90s, and 
patients with originally auto-immune diseases use prednisolone as part of their 
immunosuppressive regimen, our study group counted mainly patients with previous 
primary biliary cirrhosis, primary sclerosing cholangitis, and autoimmune hepatitis, 
and lacked patients with viral disease ( often former drug addicts) and contained only 
a small number of patients with alcoholic liver disease (Table 1). Second, by asking for 
literacy and Dutch language a substantial number of patients from ethnic minorities 
were excluded. However, although it is our experience that these groups (former 
alcoholic or drug addicts, patients from an ethnic minority) in general need more 
attention in order to comply to rules, there are insufficient data that have shown them 
to be consistently less compliant. Nevertheless, we should be careful to extrapolate 
our findings to these groups. 
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We found high taking and DC in our liver transplant group, median 100 % and 
9 9. 2 % respectively. These figures are much higher than those reported in several non
transplant patient groups with other drugs, also investigated with use of EEM. For 
example a TC of 66% is reported for migraine prophylaxis 24, 74% for isosorbid 
dinitrate 25 , 76% for doxycycline 26 , 8 1  % in HIV-infected adults 2 7 , 83 % for long-term 
drug treatment in chronic disease 20 , 86% for multiple anti-epileptic medications 2 8 .  

Interestingly the figures reported in renal and heart transplant recipients are closer to 
our liver transplant recipients. In 19 adolescent renal transplant recipients, measured 
for cyclosporine compliance, a TC of 9 1  % (range 64 - 100%) was reported 29 • In 
heart transplant recipients 6• 1 6  measured for cyclosporine compliance, TC was 99% 
(range 84- 100%) and DC 99% (range 7 1- 1 00%). In comparison with the heart 
transplant recipients the range of compliance was broader in our patients. It might be 
concluded that in general organ transplant recipients are quite good compliant but 
best compliant are heart transplant recipients, which seems understandable given the 
function of the organs. 
Most worrisome was the TIC in our patient group. In 34% of patients TIC was below 
90%, in 14% below 7 5%. The heart transplant study mentioned above 6• 1 6  has shown 
the importance of taking cyclosporine at regular times of the day. It was found that 
occasionally taking evening doses of cyclosporine after midnight or a median variation 
of dosing intervals of more than 2 h and 5 0 min is associated with an increased 
risk for late acute rejection episodes. In general it is known that recommended 
intervals of medication intake are set in the interest of maintaining action above some 
minimum level 1 9

• When a scheduled dose is delayed it can cause subtherapeutic drug 
concentrations. On the contrary when a scheduled dose is taken too soon it can cause 
higher drug concentrations and thereby unwanted side effects. 
The consequences of variable TIC with prednisolone remain unclear and need to be 
further substantiated. 
TIC and DH-48 in our study were found to relate to age, in that younger patients were 
less compliant and took more DHs. Younger age as a risk factor for noncompliance has 
also been found in other studies 2 7• 3 0 • In a study among HIV-infected adults, patients 
older than 5 0 years demonstrated significantly better medication adherence than 
younger patients (88% vs 78%) 27 • A relation between age and compliance was not 
present in the study in heart transplant recipients 1 6

, probably because compliance 
was overall high and because these patients were overall older (median age 56 years) 
than our liver transplant patients (median 47 years). 
If optimal compliance is considered to be at the level of 100%, an important issue is at 
what level noncompliance becomes clinically relevant. Our feeling is that compliance 
above 90% is satisfactory, but this can be questioned. Clinically relevant parameters 
to be investigated prospectively in this respect are related to outcome of the liver, 
side effects of drugs ( overcompliance), costs and number of admissions etc. Also 
the importance of TIC versus DC needs further study. Further study is also needed on 
determinants of noncompliance, besides age, especially psychosocial factors. 
The present prospective study of noncompliance is considered a first step in a process 
to discover pretransplant determinants of noncompliance and subsequently to study 
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the effects of pre and post-transplant interventions (for example specific education 
for younger patients) on noncompliance and outcome after liver transplantation. The 
results of the present study already imply that an intervention study will require a 
much larger number of patients than the present study. 
In conclusion, using EEM methodology in liver transplant recipients, we found a 
seemingly good overall compliance for prednisolone, except that TIC was low in 
about one third of the patients. Age below 40 years was found a significant risk factor 
for decreased TIC and for a higher amount of DHs of 48 h or more. Further study is 
needed to determine the consequences and psychosocial determinants of less than 
optimal compliance, after which an intervention study can be designed. 
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P red n i s o l o n e  n o n c o m p l ian ce an d c l i n i cal o utc o m e  

ABSTRACT 

There are limited data concerning the influence of medication noncompliance on 
clinical outcome in liver transplantation recipients. The aim of this study was to 
investigate the influence of prednisolone noncompliance, as measured by electronic 
monitoring (EM), on clinical outcome and hospitalizations during a follow-up period 
of two years in 1 08 adult liver transplant recipients. 
Except for a somewhat higher alkaline phosphatase in patients who showed the 
lowest level of compliance in view of Taking and Dosing compliance as well as Drug 
Holidays, we found no relationship between compliance parameters and liver tests, 
acute rejection episodes, decrease in immunosuppression, hospital admissions, and 
patient and graft survival during the two years of follow-up. 
In conclusion, in contrast to renal and heart transplantation where minimal deviations 
in dosing schedule were associated with poor clinical outcome our findings show 
that the level of noncompliance in this sample of liver transplant recipients was no 
risk factor for poor clinical outcome. A clinical relevant level of noncompliance in 
liver transplantation needs to be evaluated in further research. 
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INTRO D UCTI ON 

Compliance can be defined as " the extent to which a person's behaviour - taking 
medications, following a diet and/ or executing lifestyle changes - corresponds with 
agreed recommendations from a health care provider" 1 • 

Noncompliance is increasingly recognized as a major long-term problem in solid 
organ transplantation as the failure rates from other causes have diminished 2 • However 
there is limited evidence of the influence of medication noncompliance on clinical 
outcome in adult liver transplant recipients. Only few small retrospective studies 3-5 

assessed the influence of medication noncompliance in view of clinical outcome 
in the liver transplant population. The presence of medication noncompliance in 
these retrospective studies was based on patient interviews, collateral reports, or the 
presence of subtherapeutic levels of cyclosporine. Previous research in the solid organ 
transplantation population with EM showed that minimal deviations from dosing 
schedule were associated with increased risk for poor clinical outcome in renal 7 and 
heart 8·9 transplant populations. Noncompliance has also been found to be associated 
with poor economic outcome 1 0 •  

In a previous study 6 we measured prednisolone noncompliance prospectively by EM, 
the most sensitive and reliable measurement method to date, among 1 08 adult liver 
transplant recipients. The results are summarized in Table 1. If optimal compliance is 
considered to be at the level of 1 00%, an important issue is at what level noncompliance 
becomes clinically relevant. Medication noncompliance must have a measurable effect 
on the outcome for the patient or the graft for it to be clinically relevant 2 • The aim of 
this prospective cohort study is therefore to investigate the influence of prednisolone 
noncompliance in liver transplant patients, as measured by EM, on clinical outcome 
and hospitalizations during a follow-up period of two years. 

Table 1. Prevalence of prednisolone compl iance, measured by electronic event monitoring in 108 patients 
during a 4 months period. Percentiles and ranges. 

Lewest* P10 P2s Pso P75 P9()-

Taking compl iance (%)# 59.6 94.4 98.3 1 00.0 1 00.0 100.8 

Dosing compliance (%) 57.6 9 1 .6 97.2 99.2 1 00 1 00 

Timing compliance (%) 42.4 66.9 86.7 94.4 98.4 1 00 

Drug holiday �48 hrs 
14 4 0 0 0 (number per 3 months) 

Drug holiday �72 hrs 
1 0  0 0 0 0 (number  per 3 months) 

* or hi3hest number in case of Drus holidays; ** or lowest number in case of Drus holidays 
# for definitions see Patient and Methods section 
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Prednisolone noncom pliance and clinical outcome 

PAT I E NTS  A N D  M ET H O DS 

Patient characteristics 
As described before 6, the study group consisted of 108 patients, who used 10 mg 
of prednisolone once daily as part of the immunosuppressive regimen, and were in 
a stable clinical situation in an out-of-hospital setting at the time of compliance mea
surement. Median age was 4 7 years ( range 2 2- 71); 61 % of the patients were female. 
The median follow-up after liver transplantation was 4 years (range 1-18). Primary 
liver diseases were primary biliary cirrhosis ( 19% of patients), primary sclerosing cho
langitis (22%), auto-immune cirrhosis (15%), cryptogenic cirrhosis (11 %), alcoholic 
cirrhosis ( 6%), and other diagnoses (2 7%). Immunosuppressive regimens consisted 
of prednisolone/ azathioprine/ cyclosporine ( 5 6% of patients), prednisolone/ azathio
prine (36%), prednisolone/cyclosporine (7%), and prednisolone/tacrolimus (1 %). 
Patient characteristics with respect to compliance with the daily intake of 1 0 mg 
prednisolone, as measured by EM during a four months period, and as described 
before 6

, are listed in Table 1. In short, EM consists of a medication bottle fitted with a 
cap containing a microelectronic circuit registering the date and time of every bottle 
opening. Openings of the bottle are recorded as presumptive doses. Stored data can be 
downloaded to a personal computer for further analysis. Compliance measurements 
included Taking compliance (TC) which describes the percentage of bottle openings 
compared with the total number of doses (openings) prescribed. Dosing compliance 
(DC) describes the percentage of days on which the patient has correctly opened the 
bottle as prescribed. Timing compliance (TIC) describes the percentage of days that 
opening of the bottle was within three hours of the subject's chosen time of day to 
routinely take their prednisolone. A drug holiday (DH) was defined as no medication 
intake during two (DH48) or three (DH72) consecutive days. 

Outcome parameters 
The following clinical outcome parameters were studied in relation to medication 
compliance. 

Liver tests (Alkaline Phosphatase (APh), alanine aminotransferase (ALAT), 
gammaglutamyltransferase (GGT), total bilirubin (TB)) as determined at 
baseline, and one and two years later. 
Presence and number of biopsy proven episodes with acute rejection, for 
which treatment was needed, during two years of follow-up. 
Change in dosages of immunosuppression after two years, as a decrease in 
dosages might reflect the patient with stable liver tests and good compliance. 
Reasons, frequency and total number of days of hospital re-admissions during 
the two years of follow-up. 
Patient and graft survival during two years of follow-up. 

Statistical analysis 
Statistical analysis was performed using the Statistical Package for the Social Sciences 
11.5 (SPSS Inc., Chicago, Il, USA). Descriptives, Spearman rank correlation, Mann 
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Whitney U Test, Friedman Test and Wilcoxon Signed Ranks Test were used where 
appropriate. A p-value below or equal to 0 .05  was considered to indicate statistical 
significance. A p-value between 0 .05  and 0 . 1 0  was considered a statistical trend. 

RES U LTS 

Outcome parameters 
Liver tests. Median and ranges of the liver tests APh, ALAT, GGT, and TB are listed in Table 
2 .  Median values were within the limits of normality, but the percentages of patients 
with abnormal liver tests, before and after one and two years of follow-up, was for 
APh 2 3 ,  2 1 ,  and 1 8  %, for ALAT 3 1 ,  29 ,  and 3 1  %, for GGT 42 , 40 , and 39  %, and 
for TB 1 4, 1 6 , and 20  % ,  respectively. No statistical differences were found between 
the years, except for TB which was higher at two years compared to baseline and at 
one year. 

Acute rejection episodes. Only one of the patients experienced a biopsy proven episode of 
acute rejection (grade 1 )  twelve months after inclusion in the study which responded 
well to an increase of immunosuppression. 

Table 2. Liver tests at basel ine, and 1 and 2 years later. 
Respectively n = 1 08, 107, and 1 06 patients. Median and ranges. 

Median 

APh ( 1 3- 1 20 U/1) baseline 76 

1 year follow-up 78 

2 year follow-up  72  

ALAT (0-30 U/1) basel ine 22 

1 year follow-up 22 

2 year follow-up 24 

GGT (0-65 U/1) basel ine 50 
1 year follow-up 46 

2 year follow-up 48 

TB (3-26 µmol/1) basel ine 16 

1 year follow-up 1 6  

2 year follow-up 1 7  

APh: alkaline phosphatase 
ALAT: alanine aminotransferase 
GGT: Bamma Blutamyltransferase 
TB: total bilirubine 
Plus normal values 

+ Friedman Test 

Ranp p-!Vllue + 

30-506 NS 
33-41 1 
33-426 

6-258 
7-355 
6-206 

NS 

7-654 NS 
7-935 
7-769 

7-81 0.001 
6-85 
8-96* 

* Wilcoxon SiBned Ranks Test:siBnificantly hiBher compared to 1 year and baseline (p 0.0 1 9  and 0.000 

respectively) 
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Table 3 .  Liver-related reasons for re-admission 

Bile duct problems 

Elevated liver function tests 

Decompensated liver disease 

Complication after liver biopsy 

Liver abscess 

1 1  

6 

2 

Decrease of immunosuppression. After two years of follow-up, compared to baseline, a 
substantial decrease of immunosuppression was achieved in 21 patients (19.4%). 
Seventeen patients with an initial triple drug regimen with prednisolone, 
azathioprine, and cyclosporine succeeded to wean off the cyclosporine. And in 
four patients prednisolone was decreased. In only one of the patients the amount 
of immunosuppressives was higher after two years, and this was the patient who 
experienced an episode of acute rejection. 

Hospital admissions. Twenty (18.5%) of the patients were admitted 38 times during the 
two year study period.The median duration of hospital stay was 12 days (range 2-139). 
Reasons for admission were related to liver problems in 21/38 ( 5 5. 3 % ) , abdominal 
pro bl ems in 7 / 3 8 ( 1 8. 4%), infection in 6 / 3 8 ( 15. 8 % ) , and miscellaneous in another 
4/38 (10 .5%) admissions. More specific information on liver-related problems is 
provided in Table 3 .  

Patient and graft survival. One patient died of  metastatic colon cancer, 15 months after 
inclusion in the study. One graft was lost due to acute hepatic artery thrombosis, four 
months after inclusion in the study; this patient was retransplanted and survived. 

Rela t io n sh ip be tween medica tio n c omp li ance  a n d  ou tcome 

parame ters 

Liver tests. Using rank correlation, only for APh significant, although weak correlations 
were found with several compliance parameters. At baseline a negative correlation was 
found between APh and TC (p= 0. 0 2 4, r= -. 21 6), and between APh and DC (p= 0. 0 14, 
r= -.236). In addition, at baseline a positive correlation was found between APh and 
DH48 (p=0.033,  r= .206). At 1 year only a statistical trend was found between APh 
and DC. At 2 years APh was negatively correlated with DC (p=0.049, r= -.192), and 
only statistical trends were present for TIC, TC, and DH48. 
The weak correlation between APh at baseline and TC, DC, and DH48 is illustrated in 
Figures 1, 2, and 3, with use of an arbitrary division of the patient population into 
4 subgroups. It is shown that subgroup analysis shows only significant differences 
between the best and the worst compliance group. 

Acute rejection episodes. As only one patient experienced an acute rejection episode a possible 
relation with level of compliance could not be studied in this respect. The DC of this 
patient was 98,0% and TIC was 87,2%. One DH48 and one DH72 was registered. 
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Decrease in immunosuppression. Compliance outcomes did not differ between patients who 
managed a decrease in immunosuppression during the 2 years of follow-up versus 
those who did not. 

Hospital admissions. Compliance outcomes did not differ between patients who had 
hospital re-admissions versus those who had none. 

Patient and graft survival. As only one patient died, and one additional patient was 
retransplanted a relationship with level of compliance could not be studied in this 
respect. 

DISCUSSION 

The main finding of this prospective cohort study in liver transplant recipients is that 
no adverse relationship between prednisolone noncompliance, as measured by EM, 
and clinical outcome could be established. 
Only few studies have reported the impact of medication noncompliance after liver 
transplantation and all were retrospective studies in which noncompliance was 
measured in various ways. Schweizer et al. 3 was one of the first authors to report 
a possible connection between medication noncompliance and outcome after liver 
transplantation. Three patients out of a small sample of 13 liver transplant recipients 
were repeatedly noncompliant with medications; two of these patients died. Mor 
et al. 4 reported an increase of late acute rejection in patients with subtherapeutic 
cyclosporin levels; in about 40% of cases this was related to medication noncompliance. 
Rabkin et al. 5 studied 40 cases of late death after liver transplantation; one death 
was related to discontinuation of medication. A retrospective chart review among 
pediatric liver transplant recipients revealed that four of 23 late deaths were related 
to noncompliance 1 1 • Falkenstein et al. 1 2 , reviewing pediatric patients records, found 
that liver tests abnormalities related to noncompliance in 17% of cases. However, no 
specific details about the values of the liver tests were highlighted. In a retrospective 
chart review of 3 2 adolescents who were 10 years or more after liver transplantation 
suboptimal compliance to immunosuppressive treatment and attendance at follow
up visits was noted in seven adolescents; late acute rejection episodes were found in 
two of the seven, and chronic rejection in three of them 1 3 . 

In contrast to these studies we looked prospectively for a relationship between 
compliance parameters and clinical outcome. The methodology of the present study 
also differed as we used EM for compliance measurement. Compliance with the use 
of prednisolone was overall high in our sample 6 • 

Except for a somewhat higher APh at baseline in patients who were less compliant, we 
found no relationship between compliance parameters and liver tests, acute rejection 
episodes, decrease in immunosuppression, hospital admissions, and patient and graft 
survival during the two years of follow-up. Probably the lack of compliance in our 
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study participants was of such a mild degree, that it had no clear detectable adverse 
effects. 
The finding that the respondents with the worst Taking and Dosing compliance and 
the respondents with the most DH48 had a significant higher APh at baseline com
pared to excellent compliers might illustrate an association, although weak, with 
clinical relevance. An elevated APh may reflect immunological damage of bile ducts 
associated with rejection. However, as a relationship between compliance and the 
other liver tests was not found, and as in most patients the APh remained within nor
mal limits a relationship with (sub)clinical rejection seems unlikely. 
It is remarkable that the strongest correlation between APh levels and compliance 
parameters were found at baseline, i.e. at the start of the study period. This might 
indicate that participation in the study induced an improved compliance and that 
compliance of those, least compliant during the study period, was even less before 
the study. 
In comparison with prospective compliance studies with a 5-year follow-up in 
adult renal 7• 1 4  and adult heart 9 transplant recipients in which minor deviations of 
dosing schedule were associated with poor clinical outcome, the findings of this 
study highlight a different impact of noncompliance on clinical outcome in liver 
transplant recipients. Nevins et al. 7 found that reduced azathioprine compliance was 
highly associated with acute rejection and allograft loss in a study among renal 
transplant recipients. Another study 1 4 among renal transplant recipients describes 
the association between noncompliance, late acute rejection and a higher increase 
in serumcreatinine. In the study among heart transplant recipients Dobbels et al. 9 

reported that noncompliance is a continuous risk factor which doubles the risk for an 
untoward clinical event. 
As it turns out that our patient group was sufficiently compliant for clinical purposes, 
we could not deduce at what level of compliance as measured by EM, lack of it 
becomes clinically relevant. The same is true with respect to hospital re-admissions 
and health care costs. 
It is concluded from the present study that the level of noncompliance in our patient 
group was not of real clinical relevance. DC and TC rates between 9 5 and 100% did 
not lead to liver dysfunction or other adverse effects. Lowest compliance rates in our 
patient group were present for TIC, but TIC rates as low as 7 0% do not seem to be 
harmful. The same is true for DHs; one or two DHs ( of two days) per three months 
seem without consequences. Nevertheless, patients should be advised and encouraged 
to be maximally compliant to their prescribed medication, and compliance should be 
regularly checked, in order to ensure that no adverse effects due to lack of compliance 
will arise. 

5 3  
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LETTER TO THE EDITOR 

Predniso fo n e  n o n c o m p lia nce  a n d  o u t c o m e  in f iver  tra n s p l a n t  

recip ien ts 

Recently, we reported on the prevalence of  prednisolone noncompliance in liver 
transplant recipients as measured by electronic monitoring 1

• In the group of 
108 adult patients, a median of 4 years after transplantation, the median taking 
compliance was 100% (range 60-105), median dosing compliance was 99% (range 
58-100) , and median timing compliance was 94% (range 42-100) . A drug holiday 
of � 48 h was found in 3 9% of the patients, of � 72 h in 16% of the patients. 
After 2 years of follow-up we now report on the possible influence of the measured 
noncompliance on clinical outcome. The following parameters of outcome were 
studied: liver tests as determined at baseline, and 1 and 2 years later; biopsy proven 
episodes of acute rejection for which treatment was needed; change in dosages of 
immunosuppression; hospital re-admissions, and patient and graft survival. Only one 
patient experienced an episode of rejection; 19% of patients achieved a substantial 
decrease of immunosuppression after 2 years; 19% of patients were hospitalized for 
several reasons; one patient died and another one received a second transplant. Except 
for a somewhat higher alkaline phosphatase (APh) in patients who showed the lowest 
level of compliance, we found no relations between the compliance parameters and 
outcome. Using rank correlation, at baseline a weak negative correlation was found 
between APh and taking compliance (p=0.024, r=-0.216) , and between APh and 
dosing compliance (p=0.014, r=-0.236) . A positive correlation was found at baseline 
between APh and drug holidays of � 48 h (p=0.033 ,  r=0.20-6) .At 2 years of follow
up APh was negatively correlated with dosing compliance (p=0.049, r=-0.192) . See 
Figure 1 for illustration. 
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P re d n i so l one  n o n co m p l i ance  a n d  c l i n i ca l  o u tcome :  letter  to t h e  ed i t o r  

From the present study it may be concluded that the level of prednisolone noncompliance 
of our liver transplant patients was not of significant clinical relevance. This is in 
contrast to findings in adult renal 2•3 and adult heart 4·5 transplant recipients, in which 
minor deviations of dosing schedule were associated with poor clinical outcome. An 
explanation might be found in that the liver is considered to be a privileged organ in 
immunological terms. The level of noncompliance with immunosuppressive drugs at 
which clinical outcome declines after liver transplantation remains to be elucidated 
in further studies. 
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Sym ptom experience in liver t ransplantation 

ABSTRACT 

Symptom experience ( occurrence and perceived distress) associated with side effects 
of immunosuppressive medications in organ transplant patients may well be associated 
with poorer quality of life and medication noncompliance. The aims of this study 
were: first, to assess symptom experience in clinically stable adult patients during 
long-term follow-up after liver transplantation; and second, to study the relationship 
between symptom experience and medication noncompliance. This cross-sectional 
study included 1 2 3 liver transplant patients. Symptom experience was assessed using 
the 'Modified Transplant Symptom Occurrence and Symptom Distress Scale' (29-item 
version) at the annual evaluation. According to the duration of follow-up, patients 
were divided into a short-term ( 1-4 yr) and a long-term ( 5-18 yr) cohort. Medication 
noncompliance was measured using electronic monitoring. Results showed that 
increased hair growth was the most frequent symptom in both sexes. Symptom 
distress was more serious in women than in men. The most distressing symptom in 
women was excessive and / or painful periods, while in men this was impotence. Clear 
differences were revealed at item level between symptom occurrence and symptom 
distress in relationship with the two time cohorts and between sexes. No relationship 
was found between symptom experience and prednisolone noncompliance. 
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INTRODUCTION 

Orthotopic liver transplantation has gradually become a standard procedure with an 
increasing number of long-term survivors 1

• Liver transplantation aims to improve 
survival and perceived quality oflife, but it is evident that the transplantation is a life
changing procedure due to the complexity and life-long duration of treatment 1 •2 • 

Liver transplantation necessitates lifelong intake of immunosuppressive medications ,  
which have a broad range of side effects 3-6• Side effects are generally registered and 
treated by physicians from the perspective of clinical outcomes, particularly in terms of 
morbidity and mortality 7 • From the viewpoint of patients, side effects, such as gingival 
hyperplasia, sexual dysfunctioning and muscle weakness, can be very disturbing and 
can interfere with health-related quality of life and medication compliance 7- 1 5 _ The 
assessment of patients ' perceived symptom experience associated with side effects of 
immunosuppressive medications is therefore very important as part of overall quality 
oflife assessment 7 • 1 1 • 1 5 • For example, Rosenberger et al. found that fewer side effects of 
immunosuppression predicted a better mental component of perceived health status 
in patients younger than 40 yr 1 5

• Symptom experience can be considered as a patient
reported outcome. Patient-reported outcomes are widely recognized as unique 
indicators of the impact of disease and of the efficacy of the treatment 1 6

• Moons et 
al. adapted the Transplant Symptom Occurrence and Symptom Distress Scale, which 
was developed by Lough et al. 8•9 to measure symptoms associated with side effects 
of immunosuppressive medication ( cyclosporine, corticosteroids and azathioprine) 
through assessing the perceived frequency and distress of the symptoms 17 • This 
scale has been used in the past to assess symptom experience ( symptom occurrence 
and symptom distress) in heart 10• 1 8 , and renal transplant recipients 1 2 • 1 3 • 1 9-2 2

, but so 
far has not been used in liver transplant recipients. Medication noncompliance is a 
major issue after organ transplantation and has been found to be associated with an 
increased risk for acute rejection and graft loss 18 • 1 9• 23-3 6• 

In an earlier study, we measured the prevalence of prednisolone noncompliance in 
liver transplant recipients using electronic monitoring 37 •3 8 • However, the association 
between symptom experience of liver transplant recipients and noncompliance has 
not been assessed so far. 
The aims of this study were therefore: first, to assess symptom experience associated 
with side effects of immunosuppressive drugs in clinically stable adult patients during 
long-term follow-up after liver transplantation, with special emphasis on gender 
differences and in relation to duration of follow-up after transplantation; and second, 
to study a possible relationship between symptom experience and medication non
compliance. 
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PAT I E N TS A N D  M ET H O D S  

Over the course of 1 yr, adult patients who had been followed-up for at least one yr 
after liver transplantation were asked to participate in the main study on prevalence, 
determinants and consequences of noncompliance after liver transplantation. The 
study was approved by the Medical Ethics Committee of the University Medical Center 
Groningen, The Netherlands. For the study of noncompliance with immunosuppressive 
drugs, noncompliance with the daily intake of 1 0 mg prednisolone, was assessed 
using electronic event monitoring during a four month period, and the results 
have been described previously 3 7 •3 8 • Inclusion criteria for the main study were age 
1 8  yr or older, stable clinical situation in an out-of-hospital setting, use of 10 mg 
prednisolone once daily as part of the immunosuppressive regimen, literacy (Dutch 
language), and written informed consent. One hundred and forty-two patients were 
eligible to participate in the study. The patients were invited to participate during their 
protocolled annual check after liver transplantation and were subsequently enrolled. 
From the medical records, data were collected concerning date of transplantation, 
gender, age, primary liver disease, type and dosage of immunosuppressive drugs, 
and non-immunosuppressive drugs at the time of the annual check. The duration of 
follow-up was arbitrarily divided in a short-term cohort (1-4 yr) and a long-term 
cohort ( 5-18 yr) based on the median duration of follow-up ( 4 yr) .The questionnaire 
concerning symptoms related to immunosuppressive drugs was given to participants 
to complete at home. The completed questionnaire could be returned by mail, free 
of charge. 

Symp t om  experience  
Symptom experience (symptom occurrence and symptom distress) associated with 
side effects of immunosuppressive medication was measured using the translated and 
adapted version of the Transplant Symptom Occurrence and Symptom Distress Scale8 ·9 

by Moons et al. 1 7 • The Modified Transplant Symptom Occurrence and Symptom 
Distress Scale (MTSOSDS) includes 2 9 symptoms associated with side effects of 
immunosuppressive medication ( cyclosporine, corticosteroids and azathioprine) and 
measures the perceived occurrence and distress levels of the 2 9 tested symptoms 1 7 • This 
scale differs for men and women on one item: impotence for men and/ or excessive 
or painful periods for women. Items were scored on a 5-point Likert scale from 0 
to 4: from never to always for symptom occurrence; and from not-at-all-distressing 
to very-much-distressing for symptom distress. To enhance the independence of 
responses to items about occurrence and distress items, a vertical scaling method was 
used to rate symptom occurrence, while a horizontal method was used for symptom 
distress 1 7  ( see Table 1). Validity of the 2 9-item MTSOSDS has been established by 
determining whether the scale discriminates symptom experience between renal 
transplant recipients and healthy controls 1 7 • Items were reviewed for their clinical 
relevance by experts in the field. 
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Table 1 .  The Modified Transplant Symptom Occurrence and Distress Scale: example of item scoring 
(item 1 9) 1 1 • 

I have a poor concentration 

□ 

□ 

□ 

□ 

□ 

never 
occasionally 
regularly 
almost always 
always 

1 Acne 
2 Poor vision 
3 Fever 

4 Depression 

5 Increased appetite 
6 Diarrhea 

The inconvenience caused by my poor concentration Is 

not distressing 
at all 

terribly 
distressing 

0 __ 1 __ 2 __ 3 __ 4 

7 Impotence/Painful and/or very heavy periods 
8 Gingival hyperplasia 
9 Swollen ankles 

1 0  Moon face 
1 1  Decreased interest i n  sex 
1 2  Back pain 
1 3  Stomach complaints 
14 Changed appearance 
1 5  Mood swings 
1 6  Cough 
1 7 Changed facial features 
1 8  Fragile skin 
19  Poor concentration 
20 Increased hair growth 
21 Sleeplessness 
22 Muscle weakness 
23 Headache 
24 Tremor 
25 Fatigue 
26 Bruises 
27 Pain when passing water 
28 Skin rash 
29 Muscle cramps 

Predn is o l o n e  n o n co m p lia n c e  

We have previously reported on the prevalence o f  prednisolone noncompliance as 
measured prospectively in 1 08 patients by electronic monitoring (Aardex® Ltd. , Zug, 
Switzerland) during a four month period 37 • A median of 4 yr after transplantation, 
the range of taking compliance was between 60 % and 1 05 % (median 1 00%) , the 
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range of dosing compliance was between 58 % and 100% (median 99%), and the 
range of timing compliance was between 42 % and 100% (median 94%). A drug 
holiday of more than 48 h was found in 3 9% of the patients, and of more than 72 h 
in 16% of the patients. 

S ta t is t ica l  a n a lysis 

Data were checked for normality. Mean, standard deviation, median, and percentiles 
(P25 ; P7 5) were calculated as appropriate. For a two-group comparison the t-test, 
Mann-Whitney U-test, chi-squared or Fisher exact test were used as appropriate. A 
p-value below or equal to 0.05 was considered to indicate statistical significance. 
Statistical analysis was performed using the Statistical Package for the Social Sciences 
11.5 (SPSS Inc., Chicago, IL, USA). 
Symptom experience was analyzed by means of ridit analysis, a method to compare 
distributions of an ordinal response variable in different groups 39 • A ridit represents 
the Relative probability to an Identified Distribution and offers a useful interpretation 
of the probability that a randomly selected individual of the group under investigation 
scores higher on the response variable than does a randomly selected individual of 
the reference group 39 • According to the instruction of Moons 10 the reference group 
in this study was achieved by using the occurrence distribution of the whole sample 
over all items for comparison among symptoms and over the respective symptoms for 
comparison of men and women at item level. The data were analyzed at item level by 
calculating a ridit for each symptom of the instrument to rank-order the most frequent 
and distressing symptoms. The reliability and validity of the MTSOSDS for this study 
was tested by means of factor analysis and reliability analysis. The t-like-test developed 
for ridit analysis by Sermeus and Delesie 39 was used for a 2-group comparison on 
28 of the 29 items. The item on Impotence/Painful and/or very heavy periods was excluded 
from this comparison. To protect against the Type 1 error we used a Bonferroni 
correction. We divided the level of significance by the number of comparisons we 
would make (0.05/28=0.00178). For a comparison to be significant, it must have 
a significance level of _::; 0.00178 (�0.002), not _::; 0.05 . To study a possible relation 
between the number of symptoms and medication noncompliance using chi-squared 
and Mann Whitney U-test, we divided the patients in groups along the 25th percentile 
for the highest number of symptoms, and along the 25th percentile for the lowest 
compliance. 

RES U LTS 

Pa tien t group  

Informed consent was obtained from 123 patients. Median age was 46 y r  (range 22-
7 1  yr); 76 women and 47 men participated in the study. The median follow-up after 
liver transplantation was four yr (range 1-18 yr). Primary liver diseases were primary 
biliary cirrhosis ( 1 9% of patients), primary sclerosing cholangitis (21 % ) , auto
immune cirrhosis (15 %), cryptogenic cirrhosis (11 %), alcoholic cirrhosis (6%), and 
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Table 2. Patient characteristics: comparison between women and men. 

Age (years, median and range) 46.5 (22-71)  48.0 (22-66) 

Follow-up (years, median and range) 5.0 ( 1-1 8) 3.0 (1-1 5) 

Primary liver disease (%) 
Primary biliary cirrhosis 30.3 0 
Primary sclerosing cholangitis 1 3.2 34.0 
Other 56.6 66.o 

Number of medications 
6 (3-1 2) 6 (3-1 1 )  

(median and  range) 

Number of administrations 
(4-24) (4-1 9) 

(median and range) 
1 0  1 0  

lmmunosuppression (%) 
Pred/aza/cya* 48.7 72.3 
Pred/aza 42.1  23.4 
Pred/cya; Pred/tacrolimus 9.2 4.3 

Other medications (%) 
Osteoporosis prophylaxis 81 .6 78.7 
Antihypertensiva 21 . 1  31 .9 
Benzodiazepines 6.6 6.4 

"'pred=prednisolone; aza=azathioprine; cya=cyclosporine 
# triple versus duo immunosuppressive therapy 

NS 

0.001 

S0.001 

NS 

NS 

0.01 0# 

NS 
NS 
NS 

other diagnosis (28%) .  Immunosuppressive regimens consisted of prednisolone/ 
azathioprine/ cyclosporine ( 5 7% of patients) , prednisolone/ azathioprine (3 6%) , 
prednisolone/ cyclosporine (7%) , and prednisolone/ tacrolimus ( 1 % ) . All patients 
used 1 0 mg prednisolone daily. The median dose of cyclosporine was 2 0 0 mg daily 
(range 5 0  - 400 mg) , the median dose of azathioprine was 1 25 mg daily (range 
25 to 1 5 0 mg) . Osteoporosis prophylaxis was used by 8 1 %  of patients (mainly 
calciumcarbonate and vitamin D) , antihypertensive medication by 25% of patients 
(calcium antagonists 1 3%, �-blockers 9% and a combination of both 3%) and 
benzodiazepines by 7% of patients. 
Comparison of patient characteristics between women and men, and between the 
different cohorts after liver transplantation is shown in Tables 2 and 3 .  Follow-up was 
longer for women than for men. Women used triple immunosuppressive therapy less 
often than men. 
There were more women, more patients with an initial diagnosis of primary 
biliary cirrhosis, and fewer patients using triple immunosuppressive therapy and 
antihypertensive drugs in the group with a follow-up of more than four yr ( cohort 
5 - 1 8) than in the other group ( cohort 1 -4) . The number of medications and total 

administrations were lower in the long-term compared with the short-term cohort. 
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Table 3 .  Patient characteristics. Comparison between different time cohorts after transp lantation.  

1--4- years s,-18 v.ears p�value 

Number of patients 67 56 NS 

Gender (f /m) 32/35 44/1 2  .S 0.001 

Age (yr, median and range) 46 (22-63) 49 (22-7 1 )  NS 

Primary liver d isease (n) 
Primary bi l iary cirrhosis 6 17 0.009 
Primary sclerosing cholangitis 1 5  1 1  

Other 46 28 

Number of medications 7 (4-1 2) 5 (3-1 1 )  � 0.001 

(median and range) 

Number of administrations 12 (6-24) 8 (4-1 9) .S 0.001 
(median and range) 

lmmunosuppression (triple vs duo) (n) 
Pred/aza/cya 60 1 1  .S 0.001 
Pred/aza 3 40 
Other 4 5 

Other medications (n) 
Osteoporosis prophylaxis 56 43 NS 
Antihypertensivaes 24 7 0.003 
Benzodiazepines 3 5 NS 

Pred, prednisolone; aza, azathioprine; cya, cyclosporine 

Symptom experience associated with immunosuppressive drugs 
The response rate of the questionnaire was 100%. Overall symptom occurrence and 
symptom distress could not be calculated because factor analysis showed that the 
instrument consisted of more than one scale. 

Symptom occurrence. All patients reported symptoms associated with side effects 
of immunosuppressive medication with a mean score of 1 6 out of 2 9 ( 5 5 % ) ( range 
2-2 7). The prevalence of having symptoms showed no differences between genders. 
Symptom occurrence after transplantation did not show significant differences 
between the two time cohorts or between genders. 
At item level, Table 4 shows in rank-order of ridits the 10 symptoms most frequently 
reported by women and men. The prevalence of the listed symptoms is also shown. 
Increased hair growth, fragile skin, changed appearance, fatigue, back pain, and poor 
concentration appeared in the top ten for both sexes, increased hair growth being 
number one in both. 
Nine of the 2 8 symptoms were significantly more often reported by women compared 
to men. The most prominent symptoms in this respect were: decreased interest in sex, 
changed facial features, sleeplessness, and bruises. Three symptoms were significantly 
more often reported by men compared to women: acne, trembling hands and muscle 
cramps (Fig. 1). 
In cohort 1-4 significantly higher ridits (p � 0. 0 0 1) were found for acne, poor vision, 
depression, increased appetite, diarrhoea, moon face, back pain, mood swings, in-
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Table 4. The 1 0  most frequently reported symptoms associated to immunosuppression in rank order of 

ridits in women and men after liver transplantation. 

Women (n•76) Men (R-47} 

Rank- Symptom Ridit Prevalence Prevalence Symptom Ridit Prevalence Prevalence 
order of of of of 

symptom symptom symptom symptom 
occurrence distress occurrence distress 

'I, % % % 

I ncreased hair 0.687 89 87 Increased hair 0.678 78 43 
growth growth 

2 Fragile skin 0.676 76 90 Back pain 0.642 77 89 

3 Bruises 0.657 84 75 Changed 0.623 66 74 

appearance 
4 Changed 0.648 76 77 Acne 0.610 70 63 

appearance 

5 Fatigue 0.630 85 89 Fragile skin o.6o2 65 67 

6 Back pain 0.597 77 91 Fatigue 0.597 72 76 

7 Decreased 0.594 69 74 Muscle 0.579 64 90 
interest in sex cramps 

8 Moon face 0.589 72 75 Increased 0.575 60 79 
appetite 

9 Sleeplessness 0.566 69 92 Poor 0.571 67 84 
concentration 

10  Poor 0.565 76 88 Poo r  vision 0.570 65 90 

concentration 

creased hair growth, tremor, fatigue, and muscle cramps, and lower ridits (p 5 0.00 1) 
for swollen ankles, cough, fragile skin, sleeplessness, and bruises, in comparison with 
cohort 5- 18. 
Male patients in cohort 1-4 scored significantly higher (p 5 0.001) on increased 
appetite, decreased interest in sex, changed appearance, mood swings, increased 
hair growth, and fatigue, and lower (p 5 0. 0 0 I )  on fever, and stomach complaints 
than those in cohort 5-18. Female patients in cohort 1-4 scored significantly higher 
(p 5 0.00 1) on fever, depression, increased appetite, moon face, mood swings, and 
increased hair growth, and lower (p 5 0.00 1) on swollen ankles, cough, and fragile 
skin than those in cohort 5- 1 8. 

Symptom distress. Of the total number of I 987 reported symptoms 
corresponding distress was experienced 1669 times (84%) by the respondents. In 
all other cases symptom occurrence was not associated with symptom distress. The 
prevalence of distress was significantly higher in women compared with men (88% 
versus 77%, p 5 0.018). Symptom distress in relation to the two time cohorts after 
transplantation did not show significant differences. The same was found for men and 
women separately in this respect. 
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Acne • 

Poor vision 

Fever 

Depression 

Increased appetite 

Diarrhea 

Gingival hyperplasia 

swollen ankles * 

Moon face * 

Decreased interest in sex • 

Back pain 

Stomach complaints 

Changed appearance " 

Mood swings 

Cough 

Changed facial features * 

Fragile skin * 

Poor concentration 

Increased hair growth 

Sleeplessness * 

Muscle weakness 

Headache 

Tremor * 

Fatigue * 

Bruises * 

Pain when passing water 

Skin rash 

Muscle cramps * 

I 
I 

I 

I 
I 

I 

I 
I 

I 

I 
I 
I 
I 
: 
I 
I 

·= I 

I 

I 

I 
I 

I 

O 0, 1 0,2 0,3 0,4 0,5 o,6 0, 7 

Figure 1 .  Comparison of 
symptom occurrence between 
male and female respondents 
based on ridit analysis (n=1 23). 
*p < 0.002. 

■ Females (n= 76) 

■ Males (n= 47) 

At item level Table 5 shows, the 10 most distressing symptoms reported by women 
and men in rank order of ridits. The prevalence of distress is also shown. The most 
distressing symptom was excessive and/ or painful periods in women and impotence 
in men. Stomach complaints, muscular weakness, muscle cramps, back pain, and depres
sion showed up in the top ten of both sexes. 
Seventeen of the 28 symptoms were significantly more often the cause of distress in 
women compared with men. Large differences in this respect were found for increased 
hair growth, changed facial features, cough, moon face and stomach complaints (Fig. 2). 
In women, the symptoms back pain, poor concentration, sleeplessness and fragile 
skin were present in the top 1 0 of both symptom occurrence and symptom distress. 
In men, the symptoms back pain, muscle cramps and poor vision were present in 
both top tens. 
In cohort 1-4, a significantly higher ridit was found for sleeplessness (p � 0. 0 0 1) 
and significantly lower ridits (p � 0.001) were found for moon face, cough, changed 
facial features, increased hair growth, and skin rash, in comparison to cohort 5-18. 
Male patients in cohort 1-4 scored significantly higher for mood swings (p � 
0. 0 0 0 1 ) and lower for increased hair growth (p � 0. 0 0 0 1 ) than those in cohort 5-1 8. 
Female patients in cohort 1-4 scored significantly higher (p � 0.001) on fever and 
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Table 5. The 10 most distressing symptoms associated to immunosuppression in rank order of ridits in 
women and men after liver transplantation .  

2 0.624 92 34 

3 Muscular weakness 0.604 97 49 

4 Muscle cramps 0.569 88 56 

5 Sleeplessness 0.565 92 69 
6 Back pain 0.557 91 77 
7 Headache 0.542 91 59 

8 Depression 0.535 92 51 

9 Poor concentration 0.523 88 76 
10 Fragile skin 0.522 90 76 

Impotence 0.677 91 23 
2 Back pain 0.633 89 77 
3 Stomach complaints 0.633 93 32 

4 Pain when passing water 0.624 80 1 1  

5 Fever 0.619  85 28 
6 Muscle cramps 0.606 90 64 

7 Swollen ankles 0.606 94 34 
8 Poor  vision 0.605 90 65 

9 Depression 0.605 86 47 
1 0  Muscular weakness 0.585 92 56 

sleeplessness, and lower (p � 0 . 00 1 )  on moon face, changed appearance, changed 
facial features, increased hair growth, and bruises, than those in cohort 5 - 1 8 . 

Pos s ible relat ion sh ip w ith  med icat ion noncomp lia nc e 
No relationship was found between the number of symptoms experienced and the 
level of prednisolone noncompliance. The group including the 2 5 % of patients with 
the highest numbers of symptoms was not more or less compliant than the group 
including the other 7 5 % of patients. 
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Acne • 

Poor vision 

Fever 

Depression 

Increased appetite • 

Diarrhea 

Gingival hyperplasia • 

Swollen ankles 

Moon face • 

Decreased interest in sex 

Back pain 

Stomach compliants • 

Changed appearance • 

Mood swings • 

Cough • 

Changed racial features • 

Frag le skin • 

Poor concentradon • 

Increased hair growth • 

Sleeplessness • 

Muscle weakness • 

Headache 

Tremor 

Fatigue • 

Bruises • 

Pain when passing water 

Skin rash • 

Muscle cramps 

0,1 0,2 0,3 0,4 0,5 0,6 0,7 

D IS CUSS ION 

Figure 2. Comparison of symptom 
distress between male and 
female respondents based on ridit 
analysis (n=1 23) 
*p < 0.002 

■ Females (n.76) 
■ Males (n°47) 

Study of symptom experience associated with side effects of immunosuppressive drugs 
after organ transplantation is of utmost importance in relation to quality of life issues 
and medication compliance. A study into patients' reasons for discontinuing chronic 
medication showed that 24.5% out of 93 patients did not refill their prescriptions 
due to side effects of these medications 1 4

• There are only limited data about symptom 
experience and changes over time in liver transplant recipients. This was a cross
sectional study of adult liver transplant recipients with both short-term ( 1-4 yr) and 
long-term ( 5- 18 yr) follow-up. 
The prevalence of symptoms did not differ between men and women, or between the 
short-term and long-term time cohorts. At item level increased hair growth was the 
most frequent symptom in both sexes, most often reported in the short-term cohort. 
While the prevalence of symptoms was the same for both sexes, symptom distress 
was more serious in women compared to men, but again there were no differences 
between the two time cohorts. At item level the most distressing symptom in women 
was felt to be excessive and / or painful periods, and in men impotence. Stomach, back 
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and muscle complaints and depression also appeared in the top 1 0 for both sexes. 
The results show clear differences at item level between symptom occurrence and 
symptom distress, both absolute as over time and between sexes. For example 
increased hair growth scored high as a symptom in the short-term cohort, but scored 
high as distress in the long-term cohort.A symptom such as cough becomes apparent 
both as a symptom and as distress in the long-term cohort. Women in the long-term 
cohort reported more cosmetic side effects than in the short-term cohort. 
The differences between the short- and long-term cohort are likely influenced by 
the fact that in the long-term cohort relatively more women were present, but also 
that much less cyclosporine and fewer antihypertensive drugs were used. This may 
be interpreted as a disadvantage of our cross-sectional study. However, it is very likely 
that a prospective longitudinal study would also have shown discontinuation of drugs 
like for example cyclosporine, which is associated with a higher risk for hypertension. 
In this respect it should be noted that as years pass after transplantation, comorbidity 
from long-term immunosuppression and from advancing age increases. This is 
certainly true for cardiovascular disease and malignancies, which by themselves may 
contribute to a rise of symptoms. This may in part explain why we did not see a 
decrease in symptom and distress experience in the long-term cohort. 
Comparison of our data with those of others is hampered by differences in trans
planted organ 1 0 . 1 2 . 1 3 . 1 9-22 , age 2 0 , gender 1 0 . 1 2 . 1 3 , 20 .22 , duration of follow-up 1 0. 1 2 . 1 3 , 1 7 .20-2 2 , 

methodology 20-2 2  and immunosuppressive regimens 1 3 •2 1  between studies. Although 
we did not find an increased symptom occurrence in women compared to men as 
has been reported previously 1 0 • 1 2 • 13 · 1 9 , in this study we did find increased distress 
among women as in most other studies. In addition, excessive and/ or painful periods 
in women and impotence in men are reported in most studies as the most distress
ing symptom. When comparing the study data with the results of a heart transplant 
group 1 0  it is apparent that fatigue and poor concentration were found in the top ten for 
the liver transplant recipients, but were absent in the heart transplant ranking list. 
Long-term data on the perceived side effects of immunosuppressive medications are 
available from a renal transplant group 1 9 , but in that study no comparison between 
short- and long-term follow-up was made. 
Experience of symptoms associated with immunosuppressive drugs is expected to 
have an impact on medication noncompliance. This was shown in a study on renal 
transplant recipients in which medication noncompliance was assessed by interview 1 2 • 

Another study in renal transplant recipients could not confirm a relationship 
between symptom experience and noncompliance 1 9 . We measured the prednisolone 
noncompliance in our patients using electronic monitoring 3 7 and did not find that 
patients with most symptoms have the lowest compliance. Overall the compliance 
was quite high, which either means that symptoms did not influence compliance 
or that the number of patients with serious noncompliance was too small to find a 
relationship between symptoms and noncompliance. 
The results of this study have several clinical implications. The results provide health 
care workers with important information regarding the symptom experience with 
immunosuppressive drugs, and its possible influence on medication compliance. 
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Furthermore the results can be used to educate the patients about the objective and 
subjective side effects of these drugs. Last but not least, the perceived symptoms 
of immunosuppressive medications should be taken into account when developing 
and prescribing immunosuppressive drugs. However, one has to keep in mind that a 
causal relationship between symptoms and immunosuppressive drugs cannot always 
be firmly established and that there may be other factors that influence symptom 
experience, e.g. other medications such as antihypertensive drugs. The etiological fac
tors of the symptoms experienced were not investigated in this study. 
In contrast with previous studies using the MTSOSDS 10• 1 2· 1 3 · 1 8-22 , we did not calculate 
overall scores for symptom occurrence and symptom distress. Indeed, factor analysis 
showed that the instrument consisted of more than one scale. Furthermore, we found 
negative correlations between some items. Another difference with previous studies is 
that we, in the present study, have corrected for Type I errors resulting from multiple 
testing by performing the Bonferroni correction. 
In conclusion we found that female liver transplant recipients have a higher degree 
of perceived symptom distress compared with male liver transplant recipients. 
A decrease in symptom occurrence and distress in the long term cohort was not 
apparent. There was no relationship between symptom experience and prednisolone 
noncompliance. 
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Health statu s , 5 years after LT 

ABSTRACT 

Background: Liver transplantation was started in our centre as early as 1979. We 
studied the clinical outcome of patients surviving longer than 15 years, with special 
interest for the broad range of comorbidity and the self-perceived quality of life. 

Methods: All patients who underwent a liver transplantation at an adult age, between 
March 1979 and February 1 991, and who had survived at least 15 years were eligible 
for the study. Data were collected from the medical records. Health-related quality of 
life was assessed using the Six-Dimensional EuroQol test. 

Results: The five-year survival of patients alive 15 years after transplantation was 78%. 
Thirty-seven patients are currently alive with a median follow-up of 18.8 years (range 
1 5. 0-26.8) after transplantation. Comorbidity consists predominantly of overweight 
(57%), osteoporosis (49%), de novo cancer (38%, mainly skin cancer), hypertension 
(38%), cardiovascular events ( 1 9%), diabetes mellitus (22%), cataract (24%), and 
renal clearance <50 ml/min (11 %). Eight patients (22%) underwent a retransplanta
tion, and compensated cirrhosis is present in four patients ( 11 % ) . The pattern of co
morbidity seems to relate to the type of immunosuppression which consisted mainly 
of prednisolone and azathioprine. Quality of life was perceived as satisfactory (7 on 
a scale of 0 to 10). However, about half of the patients reported limitations in the do
mains mobility, usual activities and pain/ discomfort. In addition a minority reported 
some anxiety or depression. 

Conclusion: The outcome of liver transplantation in this early cohort of patients is 
fairly good. Improvements may be achieved by adaptations in the immunosuppressive 
regimen. 
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I N T RO D U CT I O N  

Liver transplantation has been the accepted therapeutic option for end-stage liver 
disease for more than 20 years. Over the years, survival rates have improved. 
A substantial number of patients now survive for more than one or even two 
decades. However, quality of life may be influenced by long-term side effects of 
immunosuppressive treatment and by the functional status of the liver graft as de 
novo liver disease or recurrent liver disease might develop. Most studies have focussed 
on single complications after liver transplantation, e.g. cardiovascular disease or 
renal disease, mainly in the first decade after the transplant, and are not concerned 
with the whole spectrum of comorbidity. Only two studies are known to us that 
report extensively on the health status in patients longer than ten years after liver 
transplant. 1 •2 Patterns of comorbidity might differ between centres in relation to 
patient characteristics, duration of survival after liver transplantation, and the types of 
immunosuppressive drugs that are used. 
The present study concerns the health status and quality of life of patients who 
received a liver transplant in our centre between 1 979 and 1 99 1  and were alive in 
February 2006. 

PAT I E NTS  A N D  M ET H O D S  

All patients who underwent a liver transplantation in our centre at an adult age (> 1 7  
years), between 1 March 1 9 7 9 and 1 February 1 9  9 1  , and who survived at least 1 5 
years were eligible for the present study. 

Dat a c oUect ion 
From the medical records the following basic data were collected: gender, age at 
transplant, present age, indication(s) for (re)transplant, date(s) of (re)transplant, date 
of death, and cause of death. 
From all patients alive in February 2006, the following data regarding the health 
status were collected: eye problems, ENT problems, neurological disease, lung disease, 
cardiovascular disease, hypertension, body mass index, diabetes, gastrointestinal 
disease, renal and urological disease, gynaecological disease, malignancies, and 
osteoporosis. The state of the liver was evaluated by most recent liver pathology, 
radiology, and laboratory tests. Present medication, including the dosages of the 
immunosuppressive drugs, was noted. Most recent routine laboratory tests were 
noted, including haematological tests, liver tests, creatinine, creatinine clearance, and 
total cholesterol. 

lmmu n os upp ress ion 
Basically, two immunosuppressive regimens were used for long-term maintenance 
therapy since the start of our programme in 1 979. Until 1 986, immunosuppression 
consisted of azathioprine, 1 2 5 to 1 5  0 mg/ day, and prednisolone in a starting dose of 
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200 mg/day, which was gradually tapered to a dose of 30  mg/day at six months, 20 
mg/day at one year, and 10 mg/day at two years. In 1986 cyclosporine was added, 
which resulted in a triple drug regimen with lower prednisolone dosages. After the 
second year we aimed to taper and discontinue cyclosporine in patients with a triple 
drug regimen. Since 2000 we aim to reduce the prednisolone dose to 5 mg/day and 
the azathioprine dose to 50 mg/day in patients with long-term survival. 

Quality of life 
Health-related quality of life was assessed using the Six-Dimensional EuroQol test (EQ-
6D) 3 ·4 • The EQ-6D is a concise test which consists of six dimensions:  mobility, self
care, usual activities, pain/ discomfort, anxiety/ depression, and cognitive functioning. 
Each dimension has three possible answers: no problems, some problems, and extreme 
problems. Three questions were added concerning a paid job (yes or no), paid help 
at home (yes or no), and a numerical expression of self-perceived health status (0 to 
10, 0 = worst, 10 = best). The questionnaire was sent to the patients by post with the 
request to participate and to return the list by pre-paid post. 

Charlson Comorbidity Index 
The Charlson Comorbidity Index (CCI) gives a weighted score that takes into account 
both the number and the seriousness of a series of diseases. In addition weight is given 
to age 5 • We used the modified CCI according to Birim et al. 6 in which coronary heart 
disease is not limited to myocardial infarction alone. In short, one point is given for 
the conditions ccoronary artery disease, congestive heart failure, peripheral vascular 
disease, cerebrovascular disease, dementia, chronic pulmonary disease, connective 
pulmonary disease, peptic ulcer disease, mild liver disease, and diabetes. Two points 
are given for hemiplegia, moderate or severe renal disease, diabetes with end-organ 
damage, any tumour in the last five years, leukaemia, and lymphoma. Three points 
are given for moderate or severe liver disease. Six points are given for metastatic 
solid tumour and AIDS. In addition, for each decade > 40 years of age, one point is 
added. 
In the absence of clear definitions, we defined moderate or severe renal disease as a 
creatinine clearance <50 ml/min, and moderate or severe liver disease as the presence 
of advanced fibrosis, cirrhosis, and/ or portal hypertension. 

Statistical analysis 
The X2 or Fisher's exact test was used to analyze the categorical data. Survival was 
analyzed by the Kaplan-Meier method. All data were analysed using the Statistical 
Package for Social Sciences 11.0 (SPSS Inc., Chicago, Illinois, USA). A two-tailed 
p-value < 0.05 was considered to indicate statistical significance. When not otherwise 
stated, the results are given in median and range. 
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R E S U LTS  

Surviva l  after the 1 5 th year 

Forty-nine ( 45 .4%) of  the 1 08 adult patients receiving a liver transplantation before 
1 February 1 99 1  survived at least 1 5  years after the transplant. The median age at 1 5  
years was 5 5 . 7  years ( range 3 2 .  4- 7 3 . 7 ) .  After the 1 5 th year seven patients have died 
so far. Causes of death were cardiovascular in four patients, bacterial sepsis in relation 
to recurrent cholangitis and intra-abdominal abscess, respectively, in two patients, 
and colonic cancer in one patient. 
The one- and five-year patient survival rates after the 1 5th year were 89 and 7 8%,  
respectively. In this respect there was no difference between patients older or younger 
than 5 5  years. 

H EA LT H  STAT U S  O F  T H E C U R R E NT LY A L I V E  

PAT I E NTS  

Pa tien t characteris t ics 

Five patients moved outside the Netherlands and are excluded from the study because 
of lack of detailed information. The patient characteristics of the 3 7 remaining 
patients are listed in table 1 .  Thirty patients are female. Present age is a median of 5 7 .  4 
years (range 3 7 . 7  - 79 . 3 ) .  The median follow-up after liver transplantation is median 
1 8 . 8  years (range 1 5 .0-26 .8) . Most patients were transplanted for autoimmune liver 
diseases. Eight patients (2 1 .  6 % ) underwent re transplantations for different reasons. 

Lons- term m edica l  c omp lica t ions  after l iver tran sp lan t 

An overview is depicted in figure 1 .  
Eyes. Nine patients (24. 3%) developed a cataract, for which five underwent surgery. 
One patient developed a glaucoma and one had Sjogren's disease. 
ENT. Two patients ( 5 .  4%) needed ENT surgery for recurrent sinusitis. 
Oral cavity. None of the patients developed (pre)malignancy in the oral cavity. 
Lungs. No major lung problems have occurred except that eight patients have had more 
than one episode of bacterial infection. One patient is suffering from COPD. 
Breast. None of the patients developed breast cancer. In one patient a benign tumour 
was removed; and one patient underwent corrective surgery. 
Neurological disorders. One patient suffered from a stroke, peroperatively, with minor 
long-term sequelae. Two patients had transient ischemic attacks (TIA) . One patient is 
being treated for epilepsy, after having developed a reversible coma associated with 
the use of cyclosporine in the first year after transplantation. 

Cardiovascular system. Fourteen patients ( 3 7 .  8 % ) are receiving treatment for hypertension. 
Two patients suffered a myocardial infarction, after which one of them underwent 
coronary bypass surgery. Another two patients are treated for angina pectoris. Two 
patients are being treated for intermittent claudication. Overall, including the patients 
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Table 1. Patient characteristics of 37 patients cu rrently alive more than 1 5  years after liver 
t ransplantation (median and ranges). 

Number of pa1ilents 

Gender (female/male) 

Age at LT (years) 

Diagnosis of liver disease 
Primary bi l iary cirrhosis 
Primary sclerosing cholangitis 
Autoimmune cirrhosis 
Cryptogenic cirrhosis 
Budd-Chiari 
Miscellaneous 

Calendar year and month of LT 

Follow-up after first LT (years) 

Re-LT: 
Number of re-LT'S 
Fi rst re-LT, years after LT 
Reasons for re-LT: 

HAT 
De novo HCV 
Chronic rejection 
Acute rejection 
ITBL 
PNF 

37 
30/7 (81 "10/1 9%) 

38.5 (1 7.3 - 58.7) 

1 3  (35%) 
6 (1 6%) 
5 (1 4%) 

4 (1 1 %) 

3 (8%) 

6 (1 6%) 
March 1 987 (April 1979 - January 1 99 1 )  

1 8.8 ( 1 5.0 - 26.8) 

9 re-LT's in 8 patients (21 .6%) 
5.6 (o.o - 1 2.9) 

2 (22%) 
2 (22%) 

2 (22%) 
(1 1 %) 
(1 1 %) 

1 (1 1 %) 

LT =l iver transplantation; HAT =hepatic artery thrombosis; HCV=hepatitis C virus; ITBL= ischemic-type 
bi l iary lesions; PNF=primary non-function. 

with TIA's, 15 patients ( 40.5%) developed symptomatic cardiovascular disease. In 
addition one patient suffered from an episode of rheumatic pericarditis. Ten patients 
(27%) receive lipid-lowering drugs. The most recently measured serum cholesterol 
level is 5.31 mmol/1 (3 .30 to 9.60). 
Body mass index. Overweight, defined as BMI � 2 5, is currently present in 21 patients 
(56.8%). Seven patients (18.9%) are obese, with BMI >30. 
Diabetes mellitus. Six patients developed de novo diabetes mellitus type 2 after liver 
transplant. Including 2 patients with diabetes already before the liver transplant, eight 
patients (21.6%) are presently being treated for diabetes mellitus. 
Upper gastrointestinal tract. Two patients had peptic ulcers. Four patients developed 
recurrent asymptomatic oesophageal varices. Nineteen patients ( 5 1. 4%) are using 
proton-pump inhibitors or H2 blockers. One patient is treated for exocrine pancreatic 
insufficiency. 
Liver disease. See below, under liver graft. 
Colon. One patient developed a colon cancer and underwent a hemicolectomy. Another 
eight patients had adenomatous polyps removed during screening colonoscopies. Four 
patients had documented with inflammatory bowel disease before the transplant. One 
of them underwent colectomy after liver transplant because of severe dysplasia. 
Kidneys and urinary tract. Two patients developed a renal carcinoma ( detected by routine 
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Figure 1 .  Prevalence of the main comorbidity in 37 patients currently alive more than 1 5 years after l iver 
transplantation .  

* BMI � .25, **  Including myocardial infarction, angina, claudication, and TIAs, 
*** creatin ine clearance <50 ml/min. 

ultrasound) for which a nephrectomy was performed. One patient with extensive uro
genital condylomata acuminata underwent a cystectomy with an uretero-ileostomy. 
Eight patients (2 1 .6%) suffered from urinary tract stones. Ten patients were treated 
more than once for bacterial urinary tract infection. The serum creatinine is 8 2 µmol/1 
(42 to 1 33 ) ,  and the creatinine clearance 80 ml/min (24 to 1 48) . Four patients have 
a clearance < 5 0 ml/ min. 
Gynaecological disorders. Four of the 3 0 women had undergone a hysterectomy before 
liver transplantation. After the transplant, one patient who had surgery is still being 
monitored closely for extensive condylomata acuminata. Three patients were treated 
for meno-metrorrhagias. Another three patients were treated for cervical dysplasia. 
Three patients had successful pregnancies. 
Haematological disorders. One patient developed a non-Hodgkin's lymphoma (Epstein
Barr virus negative) , which was successfully treated with chemotherapy and anti
CD20 .  After five years this patient is doing well without signs of recurrence and on 
low-dose immunosuppression. One patient has anaemia in relation to erythropoietic 
protoporphyria. Recent laboratory tests show the following blood counts : haemoglobin 
8 . 6  mmol/1 ( 4 .0 to 9 . 9) , mean corpuscular volume 94, 8 fl ( 70 . 9  to 1 02 . 1  ) ,  leucocytes 
7 . 7  1 03/1 (range 2 . 2  to 1 2 . 7 ) ,  platelets 2 24 1 09/l (6 1 to 5 04) . 
Bone disease. Overall 1 8  patients ( 48 .6%) are suffering from osteoporosis, defined as T
value <2 .5  SD, as measured by bone densitometry. Fifteen of these patients developed 
the osteoporosis after liver transplant. In 1 1  patients vertebral osteoporotic fractures oc
curred. Eight patients suffered from fractures of an arm or leg. Two patients have advanced 
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arthrosis of the hip and ankle, respectively. One patient received a total hip arthroplasty. 
Skin. Actinic keratosis is documented in 1 7  patients and Marbus Bowen's disease in five 
patients. Skin cancer developed in 1 2  patients (3 2 .4%) : basocellular in five patients, 
planocellular in four patients, and both in three patients. One patient uses acetretine 
(Neotigason®) . 
De nova cancer. Overall 1 6 de nova cancers developed in 1 4  of the 3 7 patients ( 3 7 .  8 % ) . 
Excluding the patients who developed skin cancer, four of the 3 7 patients ( 1 0 . 8 % ) 
developed de nova cancer at other sites: renal cancer ( two patients) , colon cancer ( one 
patient) , and lymphoma ( one patient) . 

The liver g raf t  

Eight of  the 3 7 patients were re transplanted for a variety of  reasons ( table 1 ) .  The current 
graft function in the 3 7 patients is as follows. 
Most recent liver pathology shows cirrhosis in four patients ( 1 0 . 8%) , and fibrosis in 
a greater or lesser degree in another ten patients (27 .0%) . Four patients ( 1 6.2%) have 
oesophageal varices. None of these patients, however, have decompensated liver disease, 
defined as the absence of ascites . .  
Recurrent disease is  present in seven patients ( 1 8 .9%) . Recurrent primary biliary 
cirrhosis (PBC) in an early stage is present in four of the 1 3  PBC patients (30 . 7%) ,  
recurrent primary sclerosing cholangitis (PSC; non-anastomotic strictures; as judged by 
MRCP and histology) in two of the 6 PSC patients (3 3 .3%) ,  and one patient had signs 
of recurrent Budd-Chiari syndrome early after liver transplantation. 
Three patients have hepatitis C infection; in all three the virus was acquired in the 
perioperative period either from the (first) donor liver or from blood products. Two 
patients have nonanastomotic strictures in the biliary tree. 
Eight patients (2 1 .  6%) use on ursodeoxycholic acid. 
Recent laboratory tests reflecting the function of the liver show the following: alkaline 
phosphatase 7 0  U/1 (3 8 to 7 9 1 ) ,  aspartate aminotransferase 3 0  U/1 ( 1 5  to 1 05) .  alanine 
aminotransferase 22  Ul (8 to 88) ,  y-glutamyltransferase 49 U/1 (9 to742) , bilirubin 1 3  
µmol/1 (6 to 44) , total protein 69 g/1 (5 8 to 83) and albumin 4 1 g/l (28 to 46) . 

Medica tion  

At  present, the medication includes a median of seven drugs (3 to 20 )  for a variety 
of conditions. Per patient a median of five conditions (2 to 1 2) are being treated with 
drugs. The immunosuppressive regimen consists of prednisolone/ azathioprine in the 
majority of patients (3 1 patients, 8 3 . 8%) . The other patients are taking prednisolone 
as monotherapy ( one patient) or in combination with mycophenolate mofetil ( one 
patient) , cyclosporine (one patient) , tacrolimus (one patient) or azathioprine/ 
cyclosporine ( two patients) . The median dose of prednisolone is 1 0  mg ( 5 - 1  0) . 
and of azathioprine 1 0  0 mg ( 5 0- 1 25 ) .  The combination of prednisolone 5 mg 
and azathioprine 5 0 mg, which is presently the lowest dose we aim for after liver 
transplantation, is being taken by four patients ( 1 0 . 8%) . 
Other drugs are mainly for cardiovascular disorders and for prevention or treatment 
of osteoporosis. See figure 2 for an overview. 
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Figure 2. Medication use in 37 patients currently alive more than 15 years after l iver transplantation. 

Qua lity of  life 

The interview on self-perceived quality of life was completed and returned by 35 
patients (94.6%). The results of the EQ-6D are listed in table 2. It is shown that a 
large majority of patients have no problems with respect to self care, do not feel 
anxious or depressed, and have no cognitive symptoms. The majority of patients 
have no difficulties with their usual daily activities, but a substantial number do have 
problems. Most patients have some problems with mobility, and suffer from at least 
some pain and discomfort. Full inability to perform daily activities and serious pain is 
reported by 11 and 14% of the patients, respectively. Of the patients, 20% have a paid 
job and 2 0% makes use of paid help at home. 
On the scale of 0 to 1 0, the self-perceived health status was scored as 7 ( 4 to 1 0). 
In all these aspects no differences were found between patients older or younger 
than 55 years, except that more younger patients had a paid job (3 7 .5 vs 5.3 %) (p= 
0.03 2). 
The Charlson Comorbidity Index (CCI) in these 35 patients was 3 (0 to 7). No 
relation was found between the six domains of the EQ-6D and the CCI. Usual activities 
and the need for help at home tended to relate to the presence of osteoporosis 
(0.05<p<0. l 0) 
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Table 2. Quality of life as measured by the Six-Dimensional EuroQol in 35 patients (number of patients ("lo). 

No 13rbblems Some pr-oblems �reme problems 

Mobility 1 5  (42.9) 1 9  (54.3) 1 (2.9) 

Self-care* 29 (82.9) 4 ( 1 1 .4) 1 (2.9) 

Usual activities 19 (54.3) 12 (34.3) 4 ( 1 1 .4) 

Pain/discomfort 1 3  (37 . 1)  1 7 (48.6) 5 (14.3) 

Anxiety/depression 

Cognition 

27 (77- 1 )  

2 5  (7 1 .4) 

* Result from one patient is missi ng 

DISCUSSION 

8 (22.9) 

10 (28.6) 

0 

0 

Liver transplantations are usually performed in chronically ill patients. As a result of 
cirrhosis , the use of drugs ( e.g. prednisolone) , or the cause of the disease ( e.g. alcohol) , 
many patients are already biologically old and suffer from more extrahepatic disease 
than age controls at the time of transplant. After transplantation, the continuous use of 
immunosuppressive drugs adds especially to cardiovascular and cancer risk. Although 
the aim of liver transplantation is to reach long-term survival well beyond 1 5  years, 
especially in the younger age group, many do not reach this goal. On the other hand, 
taking into account all the risks for hepatic and extrahepatic disease one might fear 
that the quality of life and the overall health status of the long-term survivors is much 
less than optimal. Liver transplantation was started in our centre as early as 1 979  as 
the fourth regular programme in the world. We evaluated the clinical outcome of 
patients surviving longer than 1 5  years, with special interest for the broad range of 
comorbidity and the self-perceived quality of life. Reports on this subject have been 
scarce so far 1 . 2 . 

The five-year survival of patients still alive 1 5  years after transplantation was 7 8%, 
with cardiovascular disease as the principle cause of death. It is interesting to note that 
even after 1 5  years, age was still not a prognostic marker for survival, and death was 
determined by comorbidity. 
Comorbidity in the currently surviving patients , as listed in figure 1 ,  consisted mainly 
of overweight, hypertension, cardiovascular disease, diabetes mellitus , osteoporosis, 
and de novo cancer. Renal insufficiency defined as clearance <50  ml/min was present 
in 1 1  % of patients. Looking at this spectrum, two things are remarkable. First, 
although we did not compare the patient group with a gender- and age-matched 
control group, comparison with prevalence data in the Dutch population shows lower 
percentages in the general population 7 1 0 . From other studies, which focussed on one 
particular complication, we know that cardiovascular disease and cancer occur more 
often in organ transplant recipients than in controls 1 1 - 1 5 • Second, the spectrum of 
comorbidity we found appears to differ from that reported in the studies of Kisilisik et 
al. 1 and Cicarelli et al. 2 in patients surviving more than 1 0 years after transplantation. 
Our patients more often suffered from osteoporosis (prevalence 49 vs. 4 and 9%, 
respectively) , skin cancer (3 2 vs. 4 and 7%) , overweight (5 6 vs. 49 and 1 3%) , and 
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cataract (24 vs. unknown and 8%). However, we less often observed hypertension 
(3 8 vs. 64 and 48%), and end-stage renal disease for which hemodialysis or renal 
transplantation was indicated (0 vs. 4 and 9%), and serum creatinine levels were 
significantly lower in our patient group. 
Most likely, these differences in comorbid conditions reflect the different 
immunosuppressive regimens that were used in these patient cohorts. In the early 
years of our programme, patients were only taking prednisolone and azathioprine. 
Prednisolone was given in dosages that are, by today's standards, excessively high. A 
minority of patients started on cyclosporine-based triple therapy, but cyclosporine 
was tapered and discontinued after the second or third year in most patients. As a 
result, most of our long-term survivors are still treated with prednisolone and 
azathioprine. In contrast, Kizilisik et al. 1 have used cyclosporine, in combination with 
low-dose steroids, in most patients, and azathioprine in a minority of them. Cicarelli 
et al. 2 have used cyclosporine or tacrolimus in almost all patients, with prednisolone 
and/ or azathioprine in some patients. The high prevalence of osteoporosis, cataract 
and overweight in our patients may well be the result of the continued use and 
high cumulative doses of steroids. Skin cancer might relate to the long-term use of 
especially azathioprine 1 6  1 8 •  On the other hand, the limited and short-term use of 
calcineurin blockers in our patients seems to have led to a lower rate of hypertension 
and a virtual absence of renal insufficiency in comparison to the other groups. This 
underscores the importance of the immunosuppressive regimen as a determinant of 
future complications. 
In earlier studies, including the patients presented in this study, we have shown that 
bone loss occurred mainly in the first year after transplantation, despite the preventive 
use of daily 1-alpha-hydroxycholecalciferol and 1 gram calcium, with no significant 
deterioration or even improvement afterwards 1 9 • 20 • In the present era development 
of osteoporosis before and after transplantation is a less serious problem due to 
preventive strategies with biphosphonates, which became available in the 1990s, in 
combination with calcium and vitamin D 2 1 • 

A second important finding concerns the graft. In total, 2 2 % of our patients received 
a retransplant. We have previously reported that the cumulative retransplantation rate 
rises from 1 0% at one year to 2 2 % at 15 years after the first transplantation. This 
figure does not differ from most centres 22 • It shows that retransplantation is feasible 
with good outcome. Currently, compensated cirrhosis is present in 11 % of patients, 
but overall liver function is good. Recurrence of disease without major consequences 
as yet was found in a minority of patients transplanted for primary biliary cirrhosis, 
primary sclerosing cholangitis, and hepatitis C, as expected. 
A third important finding concerns quality of life. We found that the patients generally 
were satisfied with their present health status, rating it on average as 7 on a scale of 
0-10 (with O as lowest and 10 as optimal). However, as measured by the EQ-6D, about 
half of the patients reported limitations in the domains mobility, usual activities, and 
pain/ discomfort. In addition a minority reports some anxiety or depression. In a 
study of Hoeymans et al. 2 3 , Dutch adults in the general population scored better on all 
EQ-6D domains. Our findings seem to be in agreement with those from other centres. 
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In general, quality of life has been shown to improve after a successful transplantation, 
but in the long run remains lower than that of the general population24-28 . Kizilisik 
et al. 1 report an equal or even better quality of life in comparison to age-matched 
controls, but they restricted their questionnaire to a self-perceived health score, 
satisfaction with life, self care, and activity level. Also our patients scored high on 
satisfaction and self care, but probably lower on activity level. 
Quality of life as measured by the EQ-6D did not relate to the level of comorbidity 
as measured by the CCI. However, caution is warranted here because the CCI and its 
variants were originally developed and used for prediction of outcome after breast 
cancer 5

, lung cancer 6, peritoneal dialysis 29
, kidney transplantation 30

, and other 3 1 •3 2 • 

Caution is also called for with respect to the value of these self-assessments. Having 
been chronically ill, patients may accept physical problems without complaining. 
Many patients are grateful that they received this opportunity for survival, and tend to 
regard remaining problems as "minor". 
To conclude, our data show that patients ultimately have to pay a price for long
term immunosuppression. Several strategies may be useful to keep this price as low 
as possible. Nowadays, the availability of a wide spectrum of immunosuppressive 
agents allows individualised selection of drugs, thereby avoiding specific side 
effects. Knowledge of regimen-specific long-term toxicities should prompt adequate 
monitoring for side effects and timely adaptation of the regimen, and the use of 
prophylactic measures (e.g biphosphonates, lipid lowering drugs). In this way, we 
may achieve a better long-term health status in future patients. 
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Q O L  after live r  transplantation for FAP 

ABSTRACT 

Liver transplantation aims to halt progression of the disease in patients with familial 
amyloidotic polyneuropathy (FAP) caused by hereditary transthyretin-related (ATTR) 
amyloidosis. Insight in health-related quality of life of these transplanted patients with 
FAP can be of help to optimize health care delivery. The aim of this cross-sectional 
study was to assess the health-related quality of life of patients with FAP long-term 
after transplantation. 
Nine patients with a post-transplant follow-up of 4 years or more were included in 
the study. During the annual checks, health-related quality of life was measured with 
the Short Form-36 (SF-36). Data were compared with non-FAP transplanted patients 
with the same duration of follow-up and with the normal Dutch population. Pre
transplant, all patients had signs of mild to moderate peripheral polyneuropathy. 
The results showed that in patients with FAP health-related quality of life was stable in 
the first 4 years after transplantation. The domain of physical well-being at 4 years after 
transplantation was significantly lower compared to non-FAP transplanted patients 
and control Dutch population. The domain of emotional well-being was comparable 
with non-FAP controls. However, on most health areas the patients with FAP scored 
lower than the non-FAP transplanted patients and the Dutch controls. After four years, 
the three patients with FAP with longest follow-up (9-12 years) deteriorated in all 
health domains, except in self-perceived mental health. 
This study, including only a small number of patients with FAP, shows a relatively low 
health-related quality of life after liver transplantation, which may deteriorate further 
with longer follow-up. 

9 2  



Chapter 7 

INTRO D UCTI ON 

Liver transplantation is the accepted treatment for patients with familial amyloidotic 
polyneuropathy (FAP) caused by hereditary transthyretin-related (ATTR) amyloidosis 
and has been performed since the beginning of the 1 990s 1•6 • Hereditary ATTR 
amyloidosis is an adult-onset autosomal dominant fatal disorder with amyloid 
deposition in various tissues 7 and varies for the more than 1 00 different mutations 
of transthyretin (TTR) 8• 1 0 • Main symptoms are progressive sensory motor peripheral 
polyneuropathy and autonomic neuropathy with e.g. constipation, diarrhoea, 
orthostatic hypotension, neuropathic joint destruction (Charcot joint) , impotence in 
men, bladder retention, and other symptoms are related to affected visceral organs 
such as the gastrointestinal tract, heart and kidneys 5 • 8· 1 0• 1 1 • Liver transplantation in 
patients with FAP aims to halt the progression of the disease as the liver is the main 
organ producing TTR 2·4 • Apart from the liver, TTR is also produced by the retina and 
choroid plexus 4•11 which can cause ocular and meningeal deposition of amyloid, 
respectively. Preferably, liver transplantation for FAP has to be performed in the early 
stage of the disease as symptoms that are present before transplantation most often 
remain present thereafter. Ocular disease may progress as mutant TTR production 
outside the liver continues 3"6•9 • 1 H 4_ More than 1 200 liver transplantations have been 
performed worldwide in 1 7  countries 5• 1 5 • 

Evaluation of the results of transplantation for treatment of PAP-disease should include 
health-related quality oflife to get a complete picture of the psychosocial impact of this 
disease after transplantation. It may also help to develop tools for patient education, 
counselling and organization of care 1 6• 1 7

• Few publications describe about the quality 
of life of patients with FAP after liver transplantation. All publications on this subject 
originate from Sweden 1 , 1 7·20 which has an endemic area of FAP in the Urn.ea district. 
In the Swedish study, a disease-specific questionnaire was used that had been adapted 
from quality of life research of patients undergoing chemotherapy18 • These Swedish 
studies describe the health-related quality of life of patients with FAP with a short 
follow-up duration of median 1 and 2 years after transplantation 1 •18 • 

The aim of the present study was to assess the health-related quality oflife as measured 
by the Medical Outcome Study 3 6-item Short Form Survey (SF-3 6) of patients with 
FAP, long-term after orthotopic liver transplantation. 
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PAT I E NTS  A N D  M ET H O DS 

Between August 1995 and January 2004, 13 patients with FAP underwent a liver 
transplantation at our hospital. After transplantation, all patients had annual checks 
for FAP-related disease. Severity of disease-related signs and symptoms as well as 
monitoring of improvement, stabilization, and progression were assessed yearly and 
reported to the Familial Amyloidotic Polyneuropathy World Transplant Registry 1 5 • For 
the present study, demographic and disease-related characteristics were derived from 
the medical files. Included in the present study were the nine patients with a follow-up 
of 4 years or more after transplantation, per January 2008. Four patients died within 
2 years after transplantation and were excluded; two patients died perioperatively 
because of amyloid-related cardiovascular death, one patient died of septicaemia, and 
one patient died of the sequelae of acute pancreatitis. 

General h ealth st at u s  
During the annual checks, quality of life was measured by the Medical Outcome Study 
36-item Short Form Survey (SF-36) 2 1•2 2 . SF-36 is a standardized, self-administered 
questionnaire measuring health-related quality of life as defined in the constitution 
of the WHO 23 •  The SF-36 was constructed to measure eight health areas using multi
item Likert scales containing 2-10 items each. One separate item, Health Transition, 
gives a rating of health now compared to 1 year ago. Most of the other items ask the 
patient to look back 4 weeks. The eight health areas are: physical functioning (PF), 
role limitations due to physical problems (RP), bodily pain (BP), general health (GH), 
vitality (VT), social functioning (SF), role limitations due to emotional problems 
(RE), and mental health (MH). The health areas of PF, RP, and BP relate to physical 
well-being, whereas the health areas of SF, RE, and MH relate to emotional well-being. 
GH and VT are related to both physical and emotional well-being. The scale scores on 
the health areas are the sum of the scores per item transformed to a scale of 0-100. 
The scales are constructed in such a way that a higher score signifies a better health. 

Cont rols and c omp aris on 
First, the SF-3 6 scores of the patients with FAP at 4 years after transplantation will be 
compared with a non-FAP liver transplant group. Previously we studied medication 
compliance in 1 23 liver transplant recipients. This concerned a cross-sectional study, 
and included 16 patients at 4 years after transplantation [24] . The SF-3 6 data of these 
patients are so far unpublished. The characteristics of the 16 patients, measured at 4 
years after transplantation are: 8 females, and age median 4 5 years ( range 2 4-6 3). 
Their pre-transplant diagnosis were primary sclerosing cholangitis in six patients, 
cryptogenic cirrhosis in three patients, primary biliary cirrhosis in two patients, auto
immune cirrhosis in two patients and other diagnosis in three patients. 
Second, the SF-3 6 scores of the patients with FAP at 4 years after transplantation will 
be compared with the SF-36 scores of a normal Dutch population (n = 1617, 65% 
men, age 16-7 5 years) 25 • Neither of the control groups was age matched with the 
FAP study group. 
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St at ist ic s  

Statistical analysis was performed using the Statistical Package for the Social Sciences 
14.0 (SPSS Inc., Chicago, IL, USA) . Data were checked for normality. Mean, standard 
deviation, median and ranges were calculated as appropriate. For a two-group 
comparison the Wilcoxon signed-ranks test was used and the Friedman test for 
comparing more than two groups. A p s 0.05 was considered to indicate statistical 
significance. 
To explore whether the mean scores of the study group and the control normal Dutch 
population differed significantly on the health areas, the Standard Error (SE=sd/Vn) 
of the mean score of the study group was computed and used for comparison. A 
difference of ± 2 SE between the mean score of the study group and the mean score 
of the Dutch population indicated statistical significance. 

RES U LTS 

Pa tien t chara c teris tics 

The characteristics of the nine patients with FAP are listed in Table I. The median age 
at liver transplantation was 5 2 years ( range 3 5 - 5 8 years) . Time from onset of FAP 
through transplantation was median 2 years ( range 7- 42 months) . The pre-transplant 
clinical symptoms of FAP are shown in Figure 1. All patients had signs of mild to 
moderate peripheral polyneuropathy. Other symptoms of FAP were mainly related 
to the digestive tract, cardiovascular and urinary tract. The median modified body 
mass index was 1004 kg m-2 g 1- 1 (range 7 61- 1228) . The median duration of follow
up after transplantation was 6 years (range 4- 1 2 years) . Progression of the clinical 
symptoms at 4 years after transplantation is shown in Figure 2. A substantial minority 

Table I . Patient characteristics (n=9) 

Patient Gender 
Duration ot F-ltP-

Age at LT E>uratlon of follow-up 
number 

lTR-mutatlon symptoms befoFe LT 
(yrs) after LT (years) 

(months) 

F Tyr 1 14 Cys 24 49 9 * t  

2 M Tyr 1 1 4  Cys 36 46 1 2  

3 F Val 30 Met 29 35 10 

4 Val 30 Met 7 46 9 

5 M Val 30 Met 42 58 4 t 

6 Tyr 1 1 4 Cys 36 54 4 

7 M Val 30 Met 1 7  53 6 

8 F Glu 47 Gly 1 6  52 5 
9 F Tyr 1 1 4 Cys 20 52 4 

* fol low-up with SF-36 on ly possible until 6 years after liver transplantation due to progressive FAP
disease. t death. 
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Figure 1: The pretransplant clinical symptoms of the study group, semi-quantitatively. 
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Figure 2: Change in symptoms at 4 years after liver transplantation. 
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of patients developed progression of disease. Most problematic was a decrease in 
cardiac function, which occurred in six of the nine patients. Two patients died, 9.8 
and 4.5 years after transplantation, respectively. In both patients death was related to 
end-stage FAP. 
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Figure 3: Median scores on SF-36 health areas at 1 ,  2, 3 and 4 years after liver transplantation (n=9). 

The first four yea rs after liver transplantation 
Reported health transition. At the first year after transplantation, two of the nine patients 
reported that their general health improved somewhat compared to 1 year ago, and 
for two patients it was unchanged. Four patients reported their health was somewhat 
worse and one patient reported that it was much worse 1 year after transplantation. At 
2 years, little improvement is reported by seven patients , and two patients reported a 
somewhat worse health state. After 2 years an overall deterioration was reported. At 3 
years, three patients reported their health somewhat worse and two patients reported 
that it was much worse. At 4 years, six patients reported a somewhat worsened health, 
and one patient reported a much worsened health. Improvement was not reported 
anymore. 
Scores on health areas. The scores on the eight health areas in the first 4 years after 
transplantation are summarized in Figure 3 .  No statistical significant differences were 
found among the years. Below data are given in medians with ranges in brackets. 
Physical Functioning. During the years PF is stable, but quite low with a score of 25 -
3 0%. The ranges between 0 and 95% are wide however. PF  reflects limitations in 
performing daily activities ranging from vigorous activities, such as running and 
lifting heavy objects to moderate activities as walking and bathing oneself 
Role Physical. The scores on this health area are also very low (median 0-20%) .  Again 
the ranges are wide (0- 1 00) . The low scores indicate that the patients have serious 
limitations performing their daily activities, e.g. ' cut down the amount of time spent 
on work or other activities ' and 'accomplished less than would like ' .  
Bodily Pain. Pain clearly interferes with normal life in a substantial number o f  patients, 
and BP seems to increase during the years. The BP score was 7 4% ( 1 2 - 1  0 0) at 1 year, 
74% (0- 1 00) at 2 years, 5 2% ( 1 0- 1 00) at 3 years, 62 % ( 1 2- 1 00) at 4 years after 
transplantation. 
General Health. Within the GH items patients have to rate their health ranging from 'excellent 
to poor' , compare their health with others they know, and give their opinion on their 
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future health development. GH was scored quite low. At 1 year the GH score was 4 2 % 
(10-67), at 2 years 50% (15-60), at 3 years 32% (5-82) and at 4 years 35% (5-72). 
Again the ranges are wide. 
Vitality. The VT score in the first 3 years was rather stable with scores of 50% (10-85%), 
60% (10-85), and 55% (15-90) respectively. A decrease to 40% (20-90) was reported 
in the fourth year. Vitality, being the item that reflects the amount of energy that people 
have in daily life, thus seems to vary widely between the patients. 
Social Functioning. The extent and frequency of health problems interfering with social 
activities is scored with this health area. A gradual decrease seems to be present. The first 
2 years the SF score was 62.5% (0-87.5). At the third and fourth year this decreased to 
50% (0-100) and 37.5% (12.5-100), respectively. 
Role-emotional. Emotional problems such as depressive feelings and anxiety and its influence 
on daily activities are scored with this health area. This health area showed ups and downs. 
At 1 year, the score was very low (0% (0-100)). A clear improvement to 100% (0-100) 
was reported at 2 and 3 years. At 4 years the score was lower again, 50% (0-1 00). 
Mental Health. This health area scored quite high in most patients, especially compared 
to the other areas. And no deterioration was noted through the years. The score was 
72% (36-92) at 1 year, 84% (48-88) at 2 years, 76% (36-92) at 3 years and 72% 
(36-96) at 4 years after transplantation. 

C o m p a rison with n o n - FA P  l iver tra n sp l a n t  p a t ien ts  a n d  t h e  n o rm a l  

D u tch popu la t ion  

Comparison of the SF-3 6 scores of the patients with FAP with non-FAP patients, at 
4 years after transplantation, showed that on all health areas, except RE, the patients 
with FAP scored significantly lower than the non-FAP patients (p values between 0.04 
and 0.00). 
Comparison of the patients with FAP with an average of the normal Dutch population 
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Figure 4. Comparison of mean SF-36 health area scores of the FAP-group with the non-FAP l iver 
transplant (LT) group and normal Dutch (NL) population.  
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Figure 5. Median scores of patient 4 on SF-36 health areas at 1, 4, 7 and 9 years after liver 

transplantation. 

revealed that patients with FAP scored significantly lower on five of the eight health 
areas, i.e. PF, RP, GH, VT, and SF. No differences were found for BP, RE and MH. The 
non-FAP transplanted patients scored almost similar to the Dutch control population. 
Figure 4 summarizes the data. 

Lons-term follow-up: case reports 
Four of the nine patients included in this study had a long-term follow-up of 9 to 12 
years after transplantation. One of these patients, patient number 1, was bedridden, 
blind and deaf, for several years before she died 9. 8 years after transplantation. From 
this patient long-term SF-36 data are not available. In the following, we will describe 
the data of the other three long-term patients. The data are shown in Figures 5-7. For 
clarity of presentation only the data of years 1 , 4, 7, 9 or 1 0 and 1 2 are depicted. 

Follow-up 9 years: patient number 4. The SF-3 6 data are depicted in Figure 5. The scores 
go up and down through the years, especially for RE and SF, with low scores for RP 
and PF, and surprisingly high scores for BP, without a real decreasing trend. With 
respect to health transition: when asked to compare health with the situation one 
year ago, the patient reported it to be 'about the same' at 1 ,  2, 3, 7 and 8 years 
after transplantation, 'much better' at 5 years, 'much worse' at 6 years and 'somewhat 
worse' at 4 and 9 years after transplantation. 
The main problem before transplantation was a moderate, mainly sensory polyneu
ropathy of her legs with recurrent pressure ulcers. After transplantation, this problem 
got worse with development of Charcot's joints of the feet. Recurrent ulcers with 
recurrent infections, including osteomyelitis caused many hospitalizations and three 
orthopaedic operations. Amyloid symptoms and signs otherwise remained stable and 
very mild through the years. The recurrent infections most likely explain the large 
variation in scores of the health areas. 
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Figure 6. Median scores of patient 3 on SF-36 health areas at 1, 4, 7 and 10 years after liver 
t ransp lantation.  

Follow-up 10 years: patient number 3.  The SF-3 6 data are depicted in Figure 6. One year 
after transplantation all health areas, except RP, are scored above 60%. After the fourth 
year, however, a progressive decline is noticed. At 1 0 years only RE and MH are still 
scored above 60%. This is reflected in the health transition: the patient reported it to 
be 'rather stable' to 'somewhat worse' in the first 5 years after transplantation, in the 
years thereafter 'somewhat worse' at 6, 8, and 9 years to 'much worse' at 7 and I O  
years after transplantation. 
Before transplantation this patient suffered already from moderate, mainly sensory 
polyneuropathy, mild autonomic cardiovascular dysfunction, and gastrointestinal 
motility disturbance. In the first 3 years after transplantation no progression was noted, 
but in the following years an increase of autonomic cardiovascular dysfunction with 
hypo tension and hypertension occurred, together with an increase of polyneuropathy 
and development of recurrent urinary tract infections related to bladder dysfunction. 
She suffered from serious migraine, and after 6. 5 years an intracerebral bleeding 
occurred, after which cognitive functions also mildly declined. A pacemaker was 
necessary after 7 .5 years. Presently she suffers mainly from fatigue, polyneuropathy, 
severe migraine, serious orthostasis, and weight loss. 
It says something about her mental power that despite this declining clinical course 
she still scored quite high for RE and MH after 10 years. Of the three long-term 
patients she scores the lowest on most health areas at the end of follow-up. 

Follow-up 12 years: patient number 2. The SF-3 6 data are depicted in Figure 7. The first 
4 years showed rather stable scores. The patient scored low mainly for BP and GH. 
Hereafter a decline is seen, with a somewhat fluctuating course. At 1 2 years all scores 
are low except for MH. Physical well-being scores lower than emotional well-being. 
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Figure 7. Median scores of patient 2 on SF-36 health areas at 1,  4, 7, 10 and 12 years after liver 
transplantation. 

With respect to health transition: the first 8 years after transplantation the patient 
reported health compared with 1 year ago as 'somewhat worse now' and 'about the 
same' .  At 9 and 10 years, it was 'much worse' compared with one year ago and only 
'somewhat worse' at 1 1  and 1 2 years after transplantation. 
Before transplantation this patient suffered already from moderate, mainly sensory 
polyneuropathy with pain, mild gastrointestinal motility disorder and mild bladder 
dysfunction. The first 4 years showed no progression of amyloid features, but the 
patient burnt his left foot, later fractured his left ankle at 3 years, and developed 
Charcot's joints of his feet. Hereafter amyloid features were slowly progressive. 
Progressive vitreous opacities developed after 5 years, migraine, transient ischemic 
attacks, and weight loss after 8 years, feet ulcers after 9 years, memory complaints, 
deafness and urinary tract infections after 1 0 years. In addition there were two episodes 
of cholestasis in relation to a stenosis of the duct-duct bile duct anatomosis for which 
endoscopic treatment was needed at 5.5 and 1 0.5 years after transplantation. This 
clinical course of progressive amyloid seems reflected in the SF-3 6 data. 
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DISCUSSION 

In the present study, the focus was on quality of life long-term after transplantation 
for patients with FAP. Patients may die earlier after transplantation, either related to 
FAP or to the transplantation ( or both), but the aim of transplantation for FAP is to 
halt amyloid disease progression on the long-term and improve survival time, and we 
therefore were interested in the self-perceived health and quality of life of patients 
who reached their goal of long-term survival. Published data on this subject are not 
many, and therefore we felt that reporting our results is worthwhile although the 
number of patients transplanted in our center is relatively small. 
As in other centers, the first patients with FAP that were transplanted in our center 
showed more advanced disease than later patients. Although in all patients the modified 
body mass index was still within normal ranges. Presently, we aim to transplant in an 
early stage of disease, although due also to waiting times for a suitable donor, this still 
is not always possible. 
The study group presented showed, in general, mild to moderate FAP disease before 
the transplantation. In judging the data it should be noted that only four of the nine 
patients had the variant TTR with the world wide most common mutation Val3 OMet. 
It has been shown that progression of disease, also after transplantation, may be more 
serious in several non-Val30Met patients with FAP 2 ·5 • 1 0• 1 4• 26 .  

In the first 4 years, we found that the scores on physical well-being were quite 
low but stable, despite the clinical finding that the disease had progressed in some 
patients. The patients with FAP scored significantly lower, however, than non-FAP liver 
recipients and than Dutch population controls. Keeping in mind that the comparison 
has its limitations as the control groups were not age matched, this finding is not 
surprising as the patients keep the symptoms of their amyloidosis. It illustrates that 
successful transplantation in a patient with FAP is only a relative success compared to 
transplantation in a patient with a cirrhotic liver. 
In the first 4 years, the scores on emotional well-being were higher than on 
physical health. And in contrast to physical well-being, for emotional well-being the 
differences with non-FAP liver recipients and Dutch population controls were only 
small. Emotional well-being is covered by the health areas of social functioning, role
emotional aspects and mental health, and the relatively good score corresponds with 
our experiences with this group of patients. Most of the patients have tremendous social 
support of partner and next of kin. The finding is consistent with other studies 1 7•18 • 

Jansen measured health-related quality of life in Swedish patients, and it was found 
that the majority of 12 patients were satisfied with the outcome of transplantation 
without relation to existing symptoms of FAP. She also found that quality of life 
was primarily related to neurological impairment of the upper extremities, especially 
hand function 18 , although hope and expectation after a successful transplantation 
often was replaced by a feeling of disappointment and 'bad' quality of life by ongoing 
disease later on 1 6 • 

We report the self-perceived quality of life in three patients with longest follow-up 
between 9 and 1 2 years. In all three patients physical health deteriorates, which is also 
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reflected in deteriorating scores on emotional well-being although the score on the 
item mental health remains relatively high. The course of quality of life in these three 
patients confirms the clinical findings of increasing amyloid-related complications 
after the rather stable first 4 years. Although it has been shown that progression of 
disease may be absent in patients transplanted for Val3 OMet with mild symptoms 6 · 1 1  · 2 7 , 

this often is not the case for other variants, regrettably 2·5 · 1 0 • 1 4•26 • Amyloid formation 
may continue based on variant TTR production in the retina and choroid plexus, and 
based on wild type TTR deposited on pre-existing amyloid 6• 8 • 2 8 • 

From the present study cannot be derived that liver transplantation has been of much 
benefit to the patients in physical or mental respect, as the number of patients that 
are included in the study is too small. It gives rise to worries however, especially for 
patients with non-Val3 0Met TTR variants. It is important, however, to have found 
that the patients are mentally strong despite worsening physical well-being. This is 
also known from quality of life studies in other transplant patients. Liver transplant 
recipients accept limitations and they are more easily satisfied with the life they have 
compared to healthy controls 29

• In this view, most patients with FAP are fully aware 
of the evolution of FAP without transplantation as they have seen the course in close 
relatives before the era of transplantation 18•  1 9 •  

A limitation of the present study may be that the SF-3 6 is a generic instrument and 
not disease-specific and that it may not be sensitive enough to detect small changes in 
the health-related quality of life of these patients. Together with the small number of 
patients this is probably the reason that there was minor differentiation in the health 
areas of 'Role-emotional ' and 'Role-physical '. These health areas consist of three and four 
items respectively. There were two scoring possibilities of 'yes or no' and the majority of 
the patients answered all items with 'yes' or all items with 'no ', so transformation of 
this scores to a 0-10 0 scale resulted in a score of zero or in a score of 1 0 0. Furthermore 
the SF-36 lacks an overall score and does not assess cognitive functioning 30. Advantage 
of the SF-3 6 in our group was that it enabled us to compare the data with non-FAP 
liver transplant patients 24·30 and Dutch population controls. 
In conclusion, the present study that included a relatively small number of patients 
transplanted for FAP, showed that self perceived quality of life as measured with the 
SF-3 6 was stable in the first 4 years after liver transplantation, but in the domains for 
physical well-being was significantly lower compared to non-FAP liver transplant 
patients and a control Dutch population. In some aspects, emotional well-being was 
comparable to non-FAP controls. The few patients with longer follow-up deteriorated 
in all domains, except in self-perceived mental health. The small number of patients 
being the major limitation of the study, quality of life studies in much larger patient 
populations with different TTR variants and longer follow-up are needed to get a 
better understanding in the course of FAP after liver transplantation. 
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S um mary and  f u t u re pe rs pect ives 

S U M MARY 

Liver transplantation has been a treatment option for patients with end stage liver 
disease and for a selected group of patients with inborn metabolic disorders for 
several decades now. From the early years of liver transplantation to present the 
results have improved remarkably. Relatively little attention has been paid to the adult 
patient's experience of living with a liver transplant. Important interrelating issues in 
this respect are the patient's adherence to immunosuppressive drugs, the experienced 
side effects of immunosuppressive drugs, and the long-term health-related quality of 
life (HRQOL). 
Chapter 1 provides a general introduction on liver transplantation and introduces the 
three topics of this thesis, namely medication nonadherence, symptom experience 
and long-term HRQOL. 
In Chapter 2 a review is presented of the literature that exists on symptom experience, 
medication nonadherence and long-term HRQOL in adult liver transplant recipients. 
Except for studies on quality of life it became clear that not much research has been 
conducted on symptom experience and medication nonadherence in adult liver 
transplant recipients. This is in contrast to the considerable number of studies in renal 
and heart transplant patients. 
Six studies in adult liver transplant recipients have been retrieved that discuss symptom 
experience in their methodology and most of these studies were part of a study on 
HRQOL. It was shown that women experience more distress due to subjective side 
effects of drugs than men. 
A total of 14 studies with the main focus on medication nonadherence were found. In 
most studies adherence was assessed as part of alcohol relapse studies and inadequate 
measurement methods of adherence were mostly used. Overall, medication 
nonadherence in adult liver transplant patients seems to be low, but when it occurs it 
can cause serious damage to the patient in terms of rejection, graft loss or even death. 
Important risk factors for nonadherence were found to be costs of drugs, age below 
40 years, mental disease, side effects of drugs, beliefs that drugs were harmful, and a 
large influence of being a transplant patient on patient's life. 
HRQOL has mainly been studied short term after liver transplantation. In general, in 
the first years after transplantation HRQOL was judged to be satisfactory, but below 
the level of the general population. Long-term results are less clear however. 
Chapters 3 to 5 concern investigations performed in a study group of 1 23 adult liver 
transplant recipients. 
In Chapter 3 the results of a study into medication nonadherence ( also called 
noncompliance) are presented. Limited evidence is available concerning noncompliance 
with the immunosuppressive regimen in adult liver transplant recipients. In our study 
we prospectively assessed prednisolone noncompliance in 1 08 adult liver transplant 
recipients using electronic event monitoring (EEM) in an outpatient setting. EEM is a 
pill bottle fitted with a cap containing a microelectronic circuit that registers date and 
time of bottle openings and closings. Median taking compliance was 100% (range 
60 -105 %), median dosing compliance was 99% (range 58-100%), median timing 
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compliance was 94% (42- 1 00%) . A drug holiday of � 48 hours was found in 3 9% 
of the patients; of '2::.72  hours in 1 6% of the patients. Using EEM in liver transplant 
recipients, we found an overall high level of compliance for prednisolone, except that 
timing compliance was low in about one third of the patients. Age below 40 years 
was found to be a significant risk factor for decreased timing compliance and for drug 
holidays of '2:. 48 hours. 
There are limited data on the influence of medication noncompliance on clinical 
outcome. The aim of the study presented in Chapter 4 was to investigate the influence 
of prednisolone noncompliance, as measured by EEM, on clinical outcome and costs 
during a follow-up period of two years in 1 08 adult liver transplant recipients. 
Except for a somewhat higher alkaline phosphatase in patients who were least taking 
and dosing compliant and in those who had most drug holidays of at least 48 hours, 
we found no relationship between compliance parameters and liver tests, acute 
rejection episodes, prescribed tapering of immunosuppression, hospital admissions, 
and patient and graft survival during the two years of follow-up. It may be concluded 
that the level of prednisolone noncompliance of our liver transplant patients had 
no significant clinical relevance. This is in contrast to findings in adult renal and 
heart transplant recipients, in which minor deviations of dosing schedule were 
associated with poor clinical outcome. An explanation might be found in that the 
liver is considered to be a privileged organ in immunological terms. The level of non
compliance with immunosuppressive drugs at which clinical outcome deteriorates 
after liver transplantation remains to be elucidated in further studies. 
Symptom experience ( occurrence and perceived distress) associated with side effects 
of immunosuppressive medications may well be associated with medication non
compliance and decreased quality of life. The aims of the study presented in Chapter 

5 were: first, to assess symptom experience in clinically stable adult patients during 
long-term follow-up after liver transplantation; and second, to study the relationship 
between symptom experience and medication non-compliance. This cross-sectional 
study included 1 2 3 liver transplant patients. Symptom experience was assessed 
using the 'Modified Transplant Symptom Occurrence and Symptom Distress Scale' 

(29-item version) at the annual evaluation. According to the duration of follow-up, 
patients were divided into a short-term ( 1 -4 years) and a long-term (5 - 1 8  years) 
cohort. Results showed that increased hair growth was the most frequent symptom 
in both sexes. Symptom distress was more serious in women than in men. The most 

distressing symptom in women was excessive and / or painful periods, and impotence 
in men. Clear differences were revealed at item level between symptom occurrence 
and symptom distress in relationship with the two time cohorts and between sexes. 
No relationship was found between symptom experience and prednisolone non
compliance as measured by EEM. 
Chapters 6 and 7 concern investigations into the health status and quality of life in 

two well defined study groups. 
Liver transplantation was started in our center as early as 1 979 .  We were interested in 
the current health status of patients who have survived for more than 1 5  years after 
liver transplantation, with special interest for the broad range of comorbidity and 
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the self perceived quality of life. Results are presented in Chapter 6. All patients who 
underwent a liver transplantation at an adult age between March 1979 and February 
1991, and who survived at least 15 years were eligible for the study. Data were 
collected from the medical records. Health-related quality of life was assessed using 
the Six-Dimensional EuroQol test. Thirty seven patients were alive at the time of the 
study with a median follow-up of 18.8 years (range 15.0-26.8) after transplantation. 
Comorbidity consisted predominantly of overweight ( 5 7%), osteoporosis ( 49%), de 
novo cancer ( 3 8 % , mainly skin cancer), hypertension ( 3 8 % ) , cardiovascular events 
(19%), diabetes mellitus (22%), cataract (24%), and renal clearance below 50 ml/ 
min ( 11 % ) . Eight patients (2 2 % ) underwent a re-transplantation, and compensated 
cirrhosis was present in 4 patients ( 11 % ) . The pattern of comorbidity seemed to 
relate to the type of immunosuppression which consisted mainly of prednisolone 
and azathioprine. Quality of life was perceived as satisfactory (7 on a scale of O to 10). 
However, about half of the patients reported limitations in the domains mobility, 
usual activities and pain/ discomfort. In addition a minority reported some anxiety 
or depression. We conclude that the outcome of liver transplantation in this early 
cohort of patients is fairly good. Improvements may be achieved by adaptations in the 
immunosuppressive regimen. 
Chapter 7 reports a study on HRQOL in patients transplanted because of familial 
amyloidotic polyneuropathy (FAP). FAP is an autosomal dominant inheriting disorder 
associated with mutations of the protein transthyretin, which is almost entirely 
produced in the liver. FAP characteristically presents with progressive peripheral 
and autonomic neuropathy, but cardiac amyloid is frequent and may dominate the 
clinical picture. Initially it was reported that liver transplantation resulted in overall 
improvement. However, it has become clear that in a substantial percentage of patients 
disease progression is not prevented in all organ systems. Insight in the HRQOL of 
these transplanted patients with FAP can be of help to optimize healthcare delivery. 
We performed a cross-sectional study to assess the HRQOL of patients with FAP long
term after transplantation. 
Nine patients with a post-transplant follow-up of 4 years or more were included in the 
study. During the annual checks HRQOL was measured with the Short Form-3 6 (SF-
3 6). Data were compared with non-FAP transplanted patients with the same duration 
of follow-up and with the normal Dutch population. Pre-transplant all patients had 
signs of mild to moderate peripheral polyneuropathy. The results showed that in 
patients with FAP HRQOL was stable in the first 4 years after transplantation. The 
domain of physical well-being at 4 years after transplantation was significantly lower 
compared to non-FAP transplanted patients and the normal Dutch population. The 
domain of emotional well-being was comparable to non-FAP controls. However, on 
most health areas the patients with FAP scored lower than the non-FAP transplanted 
patients and the Dutch controls. After 4 years the three patients with FAP with longest 
follow-up (9-12 years) deteriorated in all health domains, except in self-perceived 
mental health. This study which includes only a small number of patients with FAP 
shows a relatively low HRQOL after liver transplantation which may deteriorate 
further with longer follow-up. 
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F U T U R E  P E R S P E CT IVES  

Knowledge about the impact of a liver transplantation on the life of the transplant 
patient enables the healthcare workers to support the patients in a meaningful way 
and to learn from the experiences of the patients. 

Medication nonadherence has evolved in the last decade to a subject of utmost 
importance, internationally, and on a national scale. The Nonadherence Transplant 
Consensus Conference in Tampa (2008) illustrates the international recognition of the 
problem of nonadherence to immunosuppressive drugs. 1 It became clear, however, 
that with all the research that has been done we still know very little, especially about 
the risk-factors for nonadherence and effective interventions. It was recommended ,  
among others, that future research projects should have a prospective and longitudinal 
design and outcome factors, clinical and economic, should be evaluated properly. 
A European initiative outside the transplantation field is the ABC-project, in which 
experts on the subject from several European institutes collaborate. 2 This newly 
started project is .financed by the European Community, and the aim is to develop 
strategies for healthcare policy makers and healthcare providers, with the ambitious 
goal to enhance adherence in Europe. On a national level the joined collaboration of 
several Dutch institutes to enhance medication adherence through improvements in 
the Dutch healthcare system looks promising. 3 Two working conferences have been 
organized to date and several promising initiatives have been started. 
Due to scarce evidence from mostly quantitative research results and regardless of the 
joined initiatives aiming at enhancement of adherence, in daily clinical practice we 
are still in need of adequate interventions that can help us in the case of the individual 
nonadherent patient. To obtain those interventions, useful information could also be 
provided by qualitative research. In daily practice we use a variety of interventions 
- in which endurance of the healthcare professional seems to be very important - in 
order to enhance the adherence of one individual patient. Regretfully desirable results 
can not always be observed by the healthcare professional. By simply asking the 
patient at a later time point in the treatment period what the healthcare professionals 
should or could have done to improve the patient's adherence the answer can also be 
surprisingly simple: " . .  nothing, I just didn't want to change behaviour at that moment in my life:'. 

The method described in Chapter 3 to measure nonadherence, electronic event 
monitoring, could well be used as an intervention tool in clinical practice. When patients 
face difficulties with taking their medication or when medication nonadherence is 
suspected, the medication taking behaviour could be assessed with electronic event 
monitoring (EEM). The main goal of using EEM - assessing and enhancing medication 
adherence - should be discussed openly with the patient as active collaboration is 
needed. During scheduled appointments in the hospital the downloaded information 
of the monitoring capsule can be discussed with the patient in a non-accusatory way. 
With the assistance of the healthcare professional more adequate medication taking 
behaviour could be obtained. 
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S u m mary and future perspectives 

From Chapter 2, 6 en 7 it can be concluded that many publications concerning 
health-related quality of life of adult liver transplant patients report on results of a 
relatively short-term follow-up.As liver transplantation has been an accepted treatment 
option for several decades now, research on HRQOL and subjective side effects of 
immunosuppressive medication should focus also on the long-term survivors. More 
effort, by researchers, should be put into the development of a (liver) transplantation
specific instrument to assess HRQOL. This instrument should be used as a standard in 
research projects to allow a center-specific comparison. 

In conclusion it is evident that ongoing research has to be performed with special 
emphasis on adherence and subjective patient reported outcomes. This allows us to 
improve the healthcare provided to the transplant recipient in a continuous way and 
to minimize the influence of the transplantation on the daily life of the patient. 
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SAMENVATTING 

Levertransplantatie is sinds tientallen jaren een behandelmogelijkheid voar patienten 
met eindstadium leverziekte en voor een selecte groep van patienten met erfelijke 
metabole afwijkingen. Sedert de beginjaren zijn de resultaten van levertransplantatie 
aanzienlijk verbeterd. Binnen al het wetenschappelijk onderzoek dat verricht is 
m.b.t. levertransplantatie heeft men betrekkelijk weinig aandacht geschonken aan de 
ervaringen van volwassen patienten omtrent het leven met een levertransplantatie. 
Belangrijke samenhangende onderwerpen in dit opzicht zijn medicatieontrouw 
aan de medicijnen tegen afstoting, de subjectief ervaren bijwerkingen van de 
immuunsuppressiva (symptoomervaring) en de ervaren kwaliteit van leven op 
langere termijn. 
Hoofdstuk 1 geeft een algemene inleiding over levertransplantatie en introduceert 
de drie onderwerpen van dit proefschrift, namelijk medicatieontrouw, subjectieve 
symptoomervaring en kwaliteit van leven op langere termijn. 
In Hoofdstuk 2 wardt een overzicht gepresenteerd van de bestaande literatuur over 
subjectieve symptoomervaring, medicatieontrouw en gezondheidsgerelateerde 
kwaliteit van leven op langere termijn na levertransplantatie van volwassen 
patienten. Het werd duidelijk dat er - in tegenstelling tot bij patienten na nier- en 
harttransplantatie - weinig onderzoek gedaan is naar de subjectieve symptoomervaring 
en medicatieontrouw van levertransplantatiepatienten. Meer onderzoek is er 
verricht naar kwaliteit van leven. Zes onderzoeken zijn gevonden waarin subjectieve 
symptoomervaring werd beschreven in de onderzoeksmethodologie, meestal als 
onderdeel van een onderzoek naar kwaliteit van leven. Vastgesteld werd dat vrouwen 
meer symptoomongemak ten gevolge van de immuunsuppressiva hadden dan 
mannen. 
In totaal 14 onderzoeken werden gevonden waarin de centrale doelstelling evaluatie 
van medicatieontrouw was. In het merendeel van deze studies werd medicatieontrouw 
onderzocht als onderdeel van een onderzoek naar het hervatten van alcohol en de 
onderzoeksmethoden van medicatieontrouw waren inadequaat. Medicatieontrouw 
van volwassen levertransplantatiepatienten lijkt laag te zijn, maar als patienten 
medicatieontrouw zijn dan kan er ernstige schade aangericht warden. Daarbij moet 
gedacht warden aan afstoting, verlies van de getransplanteerde lever of het overlijden 
van de patient. Beschreven risicofactoren voar medicatieontrouw zijn de kosten van 
medicijnen, een leeftijd jonger dan 40 jaar, psychische stoornissen, bijwerkingen 
van medicijnen, de gedachte dat medicijnen schadelijk zijn en de mate waarin de 
levertransplantatie een stempel drukt op het dagelijks leven van de patient. 
Onderzoek naar gezondheidsgerelateerde kwaliteit van leven is meestal gericht geweest 
op de eerste maanden na levertransplantatie. In algemene zin kan vastgesteld warden 
dat de gezondheidsgerelateerde kwaliteit van leven als voldoende beoordeeld wardt 
door de patienten, maar wel beneden het niveau van de 'gemiddelde Nederlander' . 
Over resultaten van gezondheidsgerelateerde kwaliteit van leven op langere termijn 
na levertransplantatie is nog weinig bekend. 



De hoofdstukken 3 tot en met 5 beschrijven onderzoeken die verricht zijn onder 
1 2 3 volwassen levertransplantatiepatienten. 
In hoofdstuk 3 wordt het resultaat van een onderzoek naar medicatieontrouw 
beschreven. Er zijn weinig onderzoeksgegevens bekend over de medicatietrouw 
van volwassen levertransplantatiepatienten met betrekking tot de inname van de 
immuunsuppressiva. In ons onderzoekhebben wij in de thuissituatie de medicatietrouw 
met betrekking tot de inname van prednisolon prospectief bestudeerd met behulp 
van elektronische monitoring. Elektronische monitoring kan gedaan worden met een 
medicijnfles waarop een dop past met een ingebouwde microchip. De microchip 
registreert de datum en het tijdstip waarop de dop geopend en gesloten wordt. De 
mediaan van de ' taking compliance' was 1 00% (range 60- 1 05%) , de mediaan van de 
'dosing compliance' was 99% (range 5 8- 1 00%) en de mediaan van de ' timing compliance' 
was 94% (42 - 1 00%) . Een 'drug holiday' van .2:: 48 uur werd gevonden bij 39% van 
de patienten; van .2:: 7 2  uur bij 1 6% van de patienten. Elektronische monitoring van 
de inname van prednisolon bij volwassen levertransplantatiepatienten liet een hoog 
percentage medicatietrouw zien. De ' timing compliance' was echter laag bij eenderde van 
de patienten. Een leeftijd beneden de 40 bleek een belangrijke risicofactor te zijn voor 
een slechtere ' timing compliance' en voor 'drug holidays' van meer dan 48 uur. 

Weinig onderzoeksgegevens zijn bekend over de invloed van medicatieontrouw op 
het klinisch resultaat. De doelstelling van het onderzoek dat gepresenteerd wordt in 
Hoofdstuk 4 was om de invloed van medicatieontrouw met prednisolon, gemeten 
met elektronische monitoring, vast te kunnen stellen op het klinisch resultaat en de 
kosten van de gezondheidszorg gedurende een tijdsbestek van 2 jaar. Behoudens een 
iets hogere alkalische fosfatase bij patienten met een lager percentage ' taking' en 'dosing 
compliance' en met meer 'drug holidays' van .2:: 48 uur werd er geen relatie aangetoond 
tussen de verschillende definities van medicatietrouw en bloeduitslagen van de 
lever, acute afstoting, protocollaire verlaging van de medicijnen tegen afstoting, 
heropnames ,  en patient- en orgaanoverleving gedurende de 2 jaar van follow-up. 
Geconcludeerd kan worden dat de mate van medicatieontrouw met betrekking tot 
de inname van prednisolon dusdanig laag was dat het geen invloed heeft gehad op 
het klinisch resultaat. Dit is in tegenstelling tot resultaten van onderzoek onder nier
en harttransplantatiepatienten waarbij een geringe mate van medicatieontrouw al 
geassocieerd kon worden met een slechter klinisch resultaat. Een mogelijke verklaring 
kan zijn dat de lever in immunologisch opzicht minder vatbaar is voor afstoting. 

Onderzoek in grotere patientengroepen kan wellicht duidelijk maken vanaf welk 
percentage van medicatieontrouw aan de immuunsuppressiva er een ongunstig effect 
op het klinisch resultaat van de levertransplantatie te bespeuren valt. 
Symptoomervaring (v66rkomen en ervaren ongemak) verbonden aan bijwerkingen 
van immuunsuppressiva zou mogelijk een relatie kunnen hebben met medicatieon
trouw en een slechtere kwaliteit van leven. De doelstellingen van het onderzoek <lat 
gepresenteerd wordt in Hoofdstuk 5 waren: primair, de symptoomervaring te schat
ten van klinisch stabiele volwassen patienten gedurende langere termijn follow-up 
na levertransplantatie; secundair, het mogelijk verband te bestuderen tussen symp
toomervaring en medicatieontrouw. Dit transversaal onderzoek omvatte 1 23 patient-
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en. Symptoomervaring werd geschat met behulp van de 'Modified Transplant Symp
tom Occurrence and Symptom Distress Scale' (versie met 29 items) gedurende de 
jaarsevaluatie. Patienten werden verdeeld in een cohort met een relatief korte tijds
duur na transplantatie ( 1 -4 jaar) en een cohort met een langere tijdsduur na trans
plantatie ( 5-1  8 j aar). De resultaten toonden aan dat toegenomen haargroei de meest 
voorkomende bijwerking was bij mannen en vrouwen. Ervaren symptoomongemak 
was hoger bij vrouwen dan bij mannen. Het meeste ongemak hadden vrouwen ten 
gevolge van een heftige en pijnlijke menstruatie terwijl mannen het meeste ongemak 
ondervonden van impotentie. Duidelijke verschillen tussen symptoomvoorkomen en 
symptoomongemak werden zichtbaar tussen de groepen met een korte en lange tijds
duur na levertransplantatie en tussen mannen en vrouwen. Geen verband kon warden 
aangetoond tussen symptoomervaring en medicatieontrouw met prednisolon zoals 
het gemeten was met elektronische monitoring. 
Hoofdstuk 6 en 7 gaat over onderzoeken naar de gezondheidstoestand van twee stu
diegroepen. 
In 1979 werd de eerste levertransplantatie in ons ziekenhuis uitgevoerd. Wij waren 
ge:interesseerd in de huidige gezondheidstoestand van patienten bij wie de levertrans
plantatie meer dan 15 jaar geleden was. Speciale interesse ging uit naar het brede scala 
van bijkomstige ziektes/co-morbiditeit en de ervaren levenskwaliteit door de patien
ten. Resultaten warden gepresenteerd in Hoofdstuk 6. Alle patienten die een lever
transplantatie als volwassene ondergingen in de periode tussen maart 1979 en febru
ari 199 1, en die tenminste 15 jaar overleefd hadden kwamen in aanmerking voor het 
onderzoek. Co-morbiditeit bestaat overwegend uit overgewicht ( 5 7%), osteoporose 
(49%), maligniteiten (38%, voornamelijk huidkanker), hypertensie (38%), hart-en 
vaatziekten ( 19%), diabetes mellitus (22 % ) , staar (24%), en een kreatinineklaring 
beneden 50 ml/min ( 1 1  %). Acht patienten (22%) ondergingen een retransplanta
tie, en gecompenseerde cirrose was aanwezig bij 4 patienten ( 1 1  % ) . Het patroon 
van co-morbiditeit leek gerelateerd te zijn aan de aard van de immuunsuppressiva 
welke voornamelijk bestonden uit prednisolon en azathioprine. Kwaliteit van leven 
werd ervaren als voldoende (7 op een schaal van 0- 10). Desalniettemin rapporteerde 
ongeveer de helft van de patienten beperkingen op het gebied van bewegen en da
gelijkse activiteiten en pijn en ongemak. We kunnen vaststellen dat het resultaat van 
levertransplantatie in deze groep behoorlijk goed is. Verbeteringen kunnen o.a. bereikt 
warden door aanpassingen in de immuunsuppressiva. 
Hoofdstuk 7 rapporteert de resultaten van een onderzoek naar gezondheidsgerelateerde 
kwaliteit van leven van patienten die getransplanteerd werden vanwege familiaire 
amyloidotische polyneuropathie (FAP). FAP is een autosomaal dominant erfelijke 
afwijking geassocieerd met mutaties in het gen dat codeert voor het eiwit transthyretine, 
dat voornamelijk in de lever geproduceerd wordt. De karakteristieken van FAP zijn 
progressieve perifere en autonome neuropathie, maar ook amyloid afzetting in het 
hart komt vaak voor en kan het klinisch beeld overschaduwen. Aanvankelijk werd 
gerapporteerd dat levertransplantatie een algehele verbetering bewerkstelligde 
bij patienten met FAP. Geleidelijk aan werd echter duidelijk dat in een belangrijk 
percentage van de patienten voortgang van de ziekte in alle orgaansystemen niet 
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voorkomen kon worden. Inzicht in de gezondheidsgerelateerde kwaliteit van leven 
van getransplanteerde patienten met FAP kan nuttig zijn om de geboden zorg aan 
deze patientengroep te verbeteren. Wij verrichtten een transversaal onderzoek om de 
gezondheidsgerelateerde kwaliteit van leven op langere termijn na levertransplantatie 
vast te kunnen stellen. Negen patienten met een tijdsduur na levertransplantatie 
van 4 jaar of langer werden ingesloten. Ten tijde van de jaarlijkse controles werd de 
gezondheidsgerelateerde kwaliteit van leven gemeten met de Short Form-36 (SF-36). 
De resultaten werden vergeleken met patienten die een levertransplantatie ondergingen 
vanwege een andere ziekte clan FAP en met de 'gemiddelde Nederlander' .  V 66r de 
transplantatie hadden alle patienten met FAP milde tot gemiddelde klachten van perifere 
polyneuropathie. De resultaten tonen aan dat de gezondheidsgerelateerde kwaliteit van 
leven in de eerste vier jaren na levertransplantatie stabiel blee£ Het domein van fysiek 
functioneren was 4 jaar na levertransplantatie significant lager vergeleken met niet
FAP getransplanteerde patienten en de 'gemiddelde Nederlander' . Het domein van 
'rolfunctioneren emotioneel' was vergelijkbaar met niet-FAP getransplanteerden en 
de controlegroep. Echter, op het merendeel van de domeinen scoorden de patienten 
met FAP lager clan de niet-FAP getransplanteerden en de 'gemiddelde Nederlander' . 
Vanaf vier jaar na levertransplantatie lieten de drie patienten met FAP met de langste 
overleving (9- 1 2  jaar) verslechtering zien in alle domeinen, behalve op het gebied 
van zelfervaren geestelijke gezondheid. Deze studie, waarin slechts een klein aantal 
patienten met FAP kon worden ingesloten, laat zien dat de gezondheidsgerelateerde 
kwaliteit van leven van deze patienten na levertransplantatie relatief laag is en mogelijk 
verslechtert naarmate de tijdsduur na levertransplantatie langer is. 

BL I K O P  D E  TO E KO M ST 

Kennis over de invloed van een levertransplantatie op het dagelijkse leven van de 
transplantatiepatient maakt het mogelijk dat gezondheidszorgmedewerkers de 
patienten beter kunnen begeleiden en dat ze leren van de ervaringen van de 
patienten. 

Medicatieontrouw is in de afgelopen jaren een onderwerp van buitengewoon 
belang geworden, zowel internationaal als op landelijk niveau. De "Nonadherence 
Transplant Consensus Conference" in Tampa (USA, 2008) illustreert de internationale 
erkenning van o.a. het probleem van medicatieontrouw aan de medicijnen tegen 
afstoting, als onderdeel van therapietrouw. 1 Het werd ook duidelijk dat, ondanks al 
het onderzoek dat verricht is, wij nog steeds onvoldoende weten over de factoren 
die medicatieontrouw be:invloeden, en over effectieve interventies. Een van de 
aanbevelingen van de conferentie was dat toekomstige onderzoeksprojecten 
een prospectieve en longitudinale design moeten hebben waarbij klinische en 
economische eindpunten op juiste wijze onderzocht moeten worden. Een Europees 
initiatief buiten het aandachtsgebied van orgaantransplantatie is het ABC-project, 
waarin deskundigen vanuit diverse Europese instellingen samenwerken.2 Dit project, 
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dat onlangs gestart is, wordt gesubsidieerd door de Europese Unie. Strategieen zullen 
ontwikkeld worden voor beleidsmakers op het gebied van de gezondheidszorg en 
voor gezondheidszorgmedewerkers met als belangrijk einddoel het verhogen van 
therapietrouw in Europa. Op nationaal niveau kan de samenwerking van diverse 
Nederlandse instituten om de medicatietrouw te verhogen door verbeteringen in 
het Nederlandse gezondheidszorgsysteem aan te brengen worden genoemd.3 Twee 
werkconferenties werden georganiseerd en verschillende veelbelovende initiatieven 
zijn gestart. 
Gelet op het schaarse bewijs dat grotendeels gebaseerd is op resultaten uit kwantitatief 
onderzoek enondanks de vele gezamenlijke initiatieven om therapietrouw te verbeteren, 
wordt men in de dagelijkse praktijk gedwongen om zelf te zoeken naar effectieve 
interventies die kunnen helpen bij de individuele patient die medicatieontrouw is. 
Kwalitatief onderzoek, naast kwantitatief onderzoek, zou behulpzaam kunnen zijn om 
effectieve interventies te vinden. In de dagelijkse praktijk maken we gebruik van een 
breed scala aan interventies - waarbij het doorzettingsvermogen van de individuele 
medewerkers van groot belang blijkt te zijn - om de medicatietrouw van de individuele 
patient te verbeteren. Helaas blijven de gewenste resultaten vaak uit. Door de patient 
op een later moment in de tijd te vragen wat de medewerkers hadden kunnen doen 
om de medicatietrouw te verbeteren kan het antwoord verrassend eenvoudig zijn: 
" . . .  niets, ik was niet van plan om mijn gedrag op dot moment in mijn leven te veranderen". 

Elektronische meting (EM) van medicatietrouw zeals beschreven wordt in Hoof dstuk 
3 zou gebruikt kunnen worden als middel om de medicatietrouw in de dagelijkse 
praktijk te verbeteren. Als patienten moeilijkheden ondervinden met het innemen van 
hun medicijnen of wanneer medicatieontrouw wordt vermoed, dan zou het patroon 
van medicijngebruik met elektronische meting in kaart kunnen worden gebracht. Het 
belangrijkste doel van het toepassen van EM - inzicht krijgen in en het verbeteren van 
medicatietrouw - moet in alle openheid met de patient besproken worden omdat 
de volledige medewerking van de patient nodig is. Tijdens polikliniekbezoeken 
kan de opgeslagen informatie vanuit de microchip in de dop van de medicijnfles 
uitgelezen worden om vervolgens het innamepatroon in alle openheid met de patient 
te bespreken. Met hulp van de gezondheidszorgmedewerker zou op deze wijze een 
betere inname van de medicijnen bereikt kunnen worden. 

Uit Hoofdstuk 2, 6 en 7 kan worden opgemaakt <lat er veel gepubliceerd is over 
gezondheidsgerelateerde kwaliteit van leven van volwassen levertransplantatiepatienten 
in de eerste jaren na de transplantatie. Aangezien levertransplantatie een behandeling 
is die al tientallen jaren zijn bestaansrecht heeft bewezen zou onderzoek naar 
gezondheidsgerelateerde kwaliteit van leven en subjectief ervaren bijwerkingen 
van immuunsuppressiva zich meer moeten richten op patienten die al lang met 
de donorlever leven. Onderzoekers zouden zich meer moeten inspannen om een 
(lever) transplantatiespecifiek meetinstrument te ontwikkelen voor het meten van 
gezondheidsgerelateerde kwaliteit van leven. Dit meetinstrument zou gebruikt 
kunnen worden als standaard in onderzoeksprojecten waarbij 66k een vergelijking 
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tussen verschillende centra gemaakt zou kunnen worden. 
Samenvattend kan gesteld worden dat meer onderzoek nodig is met speciale nadruk 
op medicatietrouw en de ervaringen van de patienten in het dagelijks leven. Dit 
onderzoek maakt het mogelijk om de zorg voor de transplantatiepatient steeds verder 
te verbeteren en om en negatieve invloed van de transplantatie op het dagelijkse leven 
van de patient te verminderen. 
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DANKWO ORD 

Toen ik in 199 5 began met de  studie Verplegingswetenschap had ik nog niet kunnen 
vermoeden dat het uiteindelijk zou leiden tot dit proefschrift. Al voor het begin 
van de studie kwam ik op een symposium van de Sectie Verplegingswetenschap in 
aanraking met Sabina De Geest, destijds als onderzoekster verbonden aan het Centrum 
voor Ziekenhuis- en Verplegingswetenschap te Leuven, Belgie. Sabina vertelde met 
veel enthousiasme over de resultaten van haar onderzoek naar de therapietrouw 
van harttransplantatiepatienten. Na een aantal jaren werkzaam te zijn geweest als 
verpleegkundig specialist levertransplantatie was ik zelf ook toe aan een nieuwe 
uitdaging: het verrichten van wetenschappelijk onderzoek als verlengstuk van mijn 
werk als verpleegkundige. Het was het begin van een jarenlange, zeer plezierige en 
inspirerende, samenwerking met Sabina en de Leuven-Basel Adherence Research 
Group (LBARG). 

Dit proefschrift heb ik kunnen realiseren dankzij de inspanning van velen. Allereerst 
wil ik alle levertransplantatiepatienten heel hartelijk bedanken voor hun medewerking 
aan de onderzoeken die geresulteerd hebben in dit proefschrift. Ik heb groot respect 
voor de wijze waarop de mensen hun leven weer oppakken na zo'n ingrijpende 
operatie als een levertransplantatie en hoe ze omgaan met de beperkingen in het 
dagelijkse leven. 

Daarna wil ik graag een persoonlijk dankwoord uitspreken aan Ivo Abraham, destijds 
gasthoogleraar bij de Sectie Verplegingswetenschap van de Rijksuniversiteit te 
Groningen, Ivo heeft op snelle en onnavolgbare wijze gezorgd voor de benodigde 
financiele steun van het, destijds nog, Academisch Ziekenhuis Groningen, om het 
onderzoek naar medicatietrouw ( een gedeelte van dit proefschrift) te kunnen starten. 
Beste Ivo, het is al weer enige jaren geleden dat wij elkaar ontmoet hebben maar ik 
wil je alsnog hartelijk danken voor je hulp bij het opstarten van het onderzoek naar 
medicatietrouw. 

Dr. Els Haagsma ben ik veel dank verschuldigd. Beste Els, jij was de initiator van dit 
proefschrift. Tijdens een vliegreis in 1998 naar een symposium over therapietrouw 
in Washington, USA, schreef jij in een kort bestek de mogelijke indeling van dit 
proefschrift. Dat de indeling totaal gewijzigd is heeft zo zijn redenen maar door 
jouw krachtige begeleiding is het toch een mooi product geworden. Tijd voor de 
bespreking van de manuscripten werd gevonden in spaarzame minuten. 

Professor dr. Sabina De Geest heb ik al eerder genoemd. Beste Sabina, jij hebt 
onvermoeibaar feedback gegeven op veel van de manuscripten en ik ben dan ook 
blij dat je mijn promotor bent. Ik bewaar veel goede herinneringen aan het welkom 
in "das Schemes Haus" en onze ontmoetingen overal ter wereld, ik hoop ook in de 
toekomst met jou en jullie onderzoeksgroep verder te kunnen samenwerken. 
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Mijn eerste promotor Prof dr. J.H. Kleibeuker heeft de laatste jaren de regie van het 
promotietraject op zich genomen. Beste Jan, heel erg bedankt voor je ondersteuning, 
je tijd en je snelle feedback. Het was altijd gemakkelijk om even bij jou binnen te 
lopen voor overleg. 

Fokje Hellema wil ik bedanken voor haar enthousiaste ondersteuning bij het begin van 
mijn onderzoeks-/promotietraject. Beste Fokje, als lid van de begeleidingscommissie 
van het onderzoek naar medicatietrouw heb je altijd volop ondersteuning geboden. 
Jouw doorzettingsvermogen om je doel te bereiken is voor mij nog altijd een goed 
voorbeeld. 

Prof dr. M.J.H Slooff, beste Maarten, het was mij een hele eer dat jij hebt meegewerkt 
aan een aantal publicaties. Voor jou was het waarschijnlijk geheel nieuw dat 
verpleegkundigen zich gingen bezig houden met wetenschappelijk onderzoek. In de 
afgelopen jaren is dat normaler geworden en ik hoop dan ook dat het onder leiding 
van Robert een goed vervolg zal krijgen. 

Voor de logistiek rondom het onderzoek naar medicatietrouw wil ik mijn dank 
uitspreken aan het MTA-bureau, en aan Els ten Vergert in het bijzonder. Ook het 
Datamanagement Bureau ben ik dank verschuldigd voor het schrijven van een 
uiterst handig softwareprogramma om de gegevensinvoer voor een gedeelte van het 
onderzoek gemakkelijker te maken. 

Dr. Philip Moons heeft mij wegwijs gemaakt in het oerwoud van de riditanalyse 
en heeft volop meegewerkt aan de analyse van de resultaten over subjectieve 
symptoomervaring. Philip, hartelijk dank voor je inspanning. Dr. Fabienne Dobbels heb 
ik leren kennen via de LBARG als een psychologe die veel onderzoek heeft verricht op 
het gebied van psychosociale aspecten van orgaantransplantatie. Beste Fabienne, het 
was voor mij een groot genoegen om samen met jou een artikel te kunnen schrijven. 
Ik kijk uit naar onze toekomstige samenwerking. 

Dr. A.P. van der Berg, beste Aad, jij hebt je medewerking verleend aan een aantal 
publicaties die opgenomen zijn in dit proefschrift. Ik dank je hartelijk voor hetgeen 
je bijgedragen hebt. 

Dr. B.P.C. Hazenberg, beste Bouke, ook jou wil ik hartelijk danken voor het meeschrijven 
aan het artikel over familiaire amylo1dose. 

Hans Burgerhof ben ik dank verschuldigd omdat hij in staat is geweest om mij kennis 
van wiskunde en statistiek bij te brengen op zodanig wijze dat, zelfs ik, het leuk 
begon te vinden. Tijdens mijn middelbare schoolopleiding had ik dit vak namelijk 
opgelucht laten vallen, maar het bleek niet voor altijd te mogen zijn. Beste Hans, heel 
erg bedankt dat ik altijd een beroep op je mocht doen om voor mij problematische 
statistische vraagstukken te bespreken. 
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De leescommissie in de personen van Prof. dr. Robert Porte, Prof dr. Joris Slaets 
en Prof dr. Adelita Ranchor wil ik heel hartelijk danken voor het beoordelen van 
dit proefschrift. Prof Slaets wil ik in het bijzonder bedanken omdat hij zich heeft 
ingespannen heeft om het promotietraject vlot te trekken. 

De volgende personen wil ik ook nog noemen waarbij ik niet de illusie heb compleet 
te kunnen zijn: Roel, Sandra, Joke en Margo voor het afnemen van de interviews, 
Gannie, Rina, Elly, Christina, Marjan, Marjolein, Judith,Agnes,Thea, Hilda, Coby, Joukje 
en Corina, mijn collega's door de jaren heen. Geen gepraat meer over promoveren en 
tijdgebrek. Mijn collega's van de Werkgroep Transplantatieverpleegkundigen UMCG 
en van de Landelijke Werkgroep Transplantatieverpleegkunde hebben mij altijd 
gesteund en ik hoop dat meer collega's een promotietraject in zullen gaan, met goede 
randvoorwaarden. Ook familie en vrienden dank ik voor de steun die zij gegeven 
hebben. 

Lieve Ima en Catrien, voor mij is het altijd duidelijk geweest <lat jullie mijn paranimfen 
moesten warden. Ima, jij hebt mij begeleid toen ik als leerling-verpleegkundige op 
de Vrouwenvleugel van de Chirurgie begon. Op duidelijke en zeer strenge wijze heb 
je mij de kneepjes van het vak geleerd, hetgeen niet verhinderd heeft <lat wij een 
hechte vriendschap hebben opgebouwd. Catrien, met jou ben ik in 19 7 9 begonnen 
als 1 e-jaars verpleegkundige aan de inservice-opleiding. Dat heeft ook geresulteerd 
in een jarenlange hechte vriendschap. Uren, zo niet dagen hebben wij, naast volop 
andere leuke activiteiten, achter de computer doorgebracht om data in te voeren, te 
'statistieken' en afstudeerscripties te schrijven. Ima en Catrien, met jullie beiden hoop 
ik nu hoofdzakelijk afspraken voor leuke activiteiten te maken. 

Mijn lieve ouders hebben altijd gestimuleerd dat ik verder moest leren. Zelf hebben ze 
in hun jeugd, vanwege de oorlogsjaren, deze mogelijkheid niet gehad. Ondanks het 
feit <lat ik mijn eigen weg heb gekozen mogen ze ook trots zijn op dit resultaat. 

Een gelukkige interventie in mijn laatste jaar van de studie Verplegingswetenschap 
was de geboorte van onze dochter. Lieve Milon, jij was een van de redenen dat 
het promotietraject langer duurde dan verwacht. Je hebt er echter weinig last van 
ondervonden omdat ik aan de computer zat als jij naar school was of lag te slapen. 
Ook alle leuke bezigheden, uitjes, taarten bakken en logeerpartijtjes werden gewoon 
gepland. Ik ben er heel trots op dat ik jouw surrealistisch kunstwerk 'De Vlinderbloem' 
voor de omslag mag gebruiken. Wat denk je, komen er kipjes nu het boekje klaar is? 

Lieve Jan, vele jaren heb jij het promotietraject aan de zijlijn mee mogen beleven. Het 
schrijven van dit proefschrift was mede mogelijk doordat jij veel ander werk voor mij 
weggenomen hebt. 
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CURRICULUM VITAE 

Gerda Drent werd geboren op 20 september 1956 in Bellingwedde. Haar jeugd 
bracht zij door in Oost-Groningen. In 1 974 behaalde zij haar Atheneumdiploma 
aan de Rijksscholengemeenschap in Ter-Apel. Aanvankelijk startte zij een studie 
Scandinavische Taal- en Letterkunde, met de Noorse taal als hoofdvak, maar na zo'n 
2 jaar besloot zij over te stappen naar de gezondheidszorg. In eerste instantie was 
zij werkzaam als gediplomeerd doktersassistente bij het Huisartsenlaboratorium in 
Groningen, maar in 1979, vanuit een functie als ECG-laborante in het Academisch 
Ziekenhuis te Groningen, begon zij met de inservice-opleiding tot verpleegkundige 
in datzelfde ziekenhuis. Na haar diplomering volgden nog de Intensive Care 
opleiding en de Midden Management Opleiding. Werkervaring deed zij op bij de 
afdeling Chirurgie, daar verpleegde zij onder andere levertransplantatiepatienten die 
complicaties kregen na de transplantatie, en daarna volgden de Coronary Care Unit en 
de afdeling Spoedeisende Hulp Interne Geneeskunde. De Spoedeisende Hulp zorgde 
ondermeer voor de eerste opvang van lever(transplantatie)patienten met problemen 
als koorts en bloedingen uit slokdarmspataderen. 
In 1991 kreeg zij de functie van Verpleegkundig Specialist Levertransplantatie bij de 
volwassen patienten. Een 4-jarige deeltijdstudie Verplegingswetenschap aan de Uni
versiteit van Maastricht (MUG-verband (Maastricht, Utrecht, Groningen)) werd op
gepakt in 1995 en eind 1999 kon de bul in ontvangst genomen warden. Tijdens 
deze studie werd een start gemaakt met het onderzoek naar de medicatietrouw van 
levertransplantatiepatienten. 
Gerda Drent heeft aan de wieg gestaan van de ontwikkeling van de transplantatiever
pleegkunde in Nederland. Zij was mede-initiatiefneemster van de Werkgroep Trans
plantatieverpleegkunde UMCG (WTV), de Landelijke Werkgroep Transplantatiever
pleegkundigen (LWTV) en van de vervolgopleiding Transplantatieverpleegkunde. 
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