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Assessment of healt h-related quality-of -life 
in patients after heart transplantation 
under therapy with 
tacrolimus or cyclosporine 

Abstract Reduction of allograft re- 
jections remains a primary goal for 
patients after orthotopic heart 
transplantation. In an open, multi- 
centre, prospectively randomised, 
parallel group study, patients with 
primary orthotopic heart transplan- 
tation under oral immunosuppres- 
sive treatments with tacrolimus 
(FK506) or cyclosporine (sandim- 
mun) were compared with respect to 
medical outcome data. As health- 
related quality-of-life (HRQOL) is 
also supposed to be an important 
outcome parameter, it was assessed 
as a secondary variable in these two 
patient groups. Patients’ self-rated 
generic HRQOL was assessed 
6 weeks, 3 months, 6 months and 
12 months after surgery with the SF- 
36 questionnaire, a generic HRQOL 
instrument. For 70 patients (46 un- 
der tacrolimus, 24 under cyclospo- 
rine), intent-to-treat analyses were 
carried out. The tacrolimus group 

showed improvements in the differ- 
ent HRQOL subscales of the SF-36 
compared to the cyclosporine group. 
Especially the SF-36 subscales ‘vi- 
tality’ and ‘mental health’ showed 
statistically higher scores for the ta- 
crolimus group. Aggregating psy- 
chological and cognitive subscales in 
the ‘mental component score’, pa- 
tients treated with tacrolimus 
showed a statistically significant im- 
provement compared to the cy- 
closporine group. The assessment of 
HRQOL variables in the evaluation 
of treatment effects proved to be an 
outcome parameter in this study. 
The results demonstrate the benefit 
of tacrolimus with respect to the 
HRQOL of patients, especially in 
the psychological dimension. 
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Introduction 

Since the South African surgeon Christian N. Barnad 
carried out the first human heart transplantation in 
1967, medical development has continually made good 
progress in this field. Today, heart transplantation is an 
accepted method of treating heart disease in its final 
stage [4,5,12]. These operations have been carried out 
in more than 16000 cases [12]. Survival of heart recipi- 
ents has continuously increased with both the develop- 
ment of immunosuppressive medicine, for example cy- 
closporine [2] or tacrolimus [13] which prevent rejection 

Of the transplanted organ, and early recognition Of re- 
jections by endocrine biopsy. Due to the improvement 
of medical and surgical treatment, survival rates range 
at about 85-90% in the 1st year, 80-85 9’0 in the 3rd 
year and 75-80% in the 5th year after transplantation. 
Since 1985 conventional therapy in heart transplanta- 
tion has been based on cyclosporine A, which is, howev- 
er, being associated with several disadvantages. This 
medication is usually supplemented by corticosteroids 
and azathioprine. The main adverse events related to 
the use of cyclosporine A are hypertension and nephro- 
toxicity, hyperlipidaemia and malignancy, of which the 
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latter two adverse events can also result from the combi- 
nation of cyclosporine A and corticosteroid treatment. 
Developed in the late 1980 s, tacrolimus is regarded as 
a potential immunosuppressive drug that can be applied 
over longer periods of time. In kidney transplants, ta- 
crolimus has already been successfully introduced as an 
immunosuppressant [14, 231. Until now patients with 
heart transplants have rarely been treated with tacroli- 
mus. However, in some studies conventional therapy 
has successfully been substituted by tacrolimus. 

As immunosuppressive drugs have to be adminis- 
tered over longer periods of time, side effects and toxic- 
ity associated with immunosuppressive drug therapies 
and the occurrence of rejection episodes have a large 
impact on patients’ lives and their perception of health 
and well-being. Therefore effects of immunosuppres- 
sants on different aspects of health-related quality-of- 
life (HRQOL) after cardiac transplantation have to be 
investigated. HRQOL has been defined as a self-report- 
ed evaluation of at least four domains of human life: 
physical state, psychological well-being, social relations 
and functional capacity in everyday life [3,7]. v. Steinbu- 
chel[15,16] added the mental component to this defini- 
tion which is especially relevant to patients with cardio- 
vascular diseases. Although there is still no golden stan- 
dard for these dimensions, there is consensus that 
HRQOL can be investigated with generic and disease- 
specific instruments. Generic health measures assess ba- 
sic health values, physical and psychological function- 
ing, ability to fulfil one’s role as a spouse, parent or 
worker, and social functioning. These instruments usual- 
ly show a high degree of sensitivity to conditions having 
an impact on functional status and well-being [18]. Ge- 
neric measures are useful to compare outcomes with re- 
gard to a wide range of health states. On the other hand, 
disease-specific instruments are sensitive to specific as- 
pects of disease andor a particular treatment. Several 
studies have described the impact of heart transplanta- 
tion on patients’ generic and specific HRQOL [5,8,9]. 

The importance of the psychological component in 
the treatment of heart transplant patients for example 
is stressed in a study reported bv Leedham et al. 1111. 

logical deficits may have a major impact on adherence 
to medical regimens, psychosocial adjustment, and 
HRQOL of patients, as demonstrated in a study by 
Farmer [6 ] .  Grady et al. [9] found in a study on predic- 
tors of HRQOL in patients after heart transplantation 
that primarily psychological variables explain the 
HRQOL at year 1 after heart transplantation. Addition- 
al variance in HRQOL was explained by physical, so- 
matic sensation, demographic and health status vari- 
ables. 

The impact of different immunosuppressants (tacrol- 
imus vs cyclosporine) on the HRQOL has been investi- 
gated for patients after liver transplantation 8131 and 
kidney transplantation [ 141. Until now however, 
HRQOL of patients treated with cyclosporine A com- 
pared to tacrolimus after heart transplantation has not 
yet been reported on, neither the generic nor the dis- 
ease-specific aspects. Therefore, the aim of the study 
was to compare the impact of cyclosporine-based or ta- 
crolimus-based therapy on HRQOL of patients after 
heart transplantation. The second objective was the 
evaluation of changes over time in HRQOL associated 
with heart transplantation and immunosuppressive ther- 
apy. Due to logistic constraints of this clinical trial, espe- 
cially temporal ones, it was decided to concentrate on 
measuring the generic aspects of HRQOL only. 

Material and methods 
Study design 

It was a phase 11, open, multicentre, randomised. controlled, paral- 
lei group study of a 1-year treatment in patients who have under- 
gone heart transplantation. Patients were randomised to either ta- 
crolimus or the reference medication cyclosporine A. 

Patients 

Patients with a primary diagnosis of end-stage heart disease were 
eligible for primary heart transplantation. Included were male 
and female patients aged 18 years or older. Patients who participat- 
ed in the clinical trial were asked to take part in the HRQOL inves- 
tigation. The patients were informed in detail about the HRQoL 
assessment. Seventy patients were enrolled in the study and ran- 
demised in a ratio of 21 on the tacrolimus group (n = 46) or on 
the cyclos~rine A P U P  (n = 24). Five centres participated in the 
recruitment of the patients. Patients who did not respond to the 
immunosuppressive therapy were withdrawn from the study. 

Patients’ positive expectations before tranSplant&On 
had a positive effect on the adjustment to the illness, 
on compliance with a complex medical regimen, on the 
patients’ mood and on the HRQOL, even in those pa- 
tients who did suffer from health setbacks. 

Walter et al. 1171 summarise the outcome of the inter- 
national symposium on “health-related quality of life af- 
ter open heart surgery”. They state that independent of 
the type of transplant, patients do generally benefit 
from early identification of psychological impairment, 

HRQOL instrument 

For the generic HRQOL assessment, the SF-36 questionnaire, a 
well-tested international instrument with good psychometric quai- 

ies. The SF-36 consists of eight subxales which measure health 
concepts in the following dimensions: physical functioning (10 

psychological before and after the surgery ity was chosen [18]. As it has &en validated for a variety of lane 
and from socio-economic strategies to facilitate re-entry pages, its use guarantees ,-omparability with other HRQOL stud- 
to work. However, not Only major cirCXm- 
stances, but also even subtle Cognitive Or neuroPSYch0- 
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items), role-physical (4 items), bodily pain (2 items), general health 
(5 items), vitality (4 items), social functioning (2 items), role emo- 
tional (3 items) and mental health (5 items). The eight subscales 
can furthermore be aggregated to two component scores, the phys- 
ical component score and the mental component score. Responses 
to questions within scales were aggregated and linearly trans- 
formed to scale scores ranging from 0 (representing poor health 
status) to 100 (representing optimal health status). The analysis of 
the SF-36 was scored using the published algorithms [19,20]. 

HRQOL questionnaire administration 

The questionnaire was administered at four visits: 6 weeks after 
transplantation, followed by assessments at 3 ,6  and 12 months af- 
ter surgery. Each patient was instructed by competent personnel 
(for example doctor, nurse or study co-ordinator). All items of the 
questionnaire were rated by the patients themselves. The study 
person in charge filled in the patient’s study number and initials, 
and indicated the visithime point for which each assessment was 
applicable. Any further interventions were avoided. 

Statistical analysis 

For SF-36 subscores and summary scores, descriptive as well as 
confirmatory analyses were performed. With respect to confirma- 
tory statistics, analyses of variance (ANOVA) over time were per- 
formed as well as t-tests. The t-tests were administered for within- 
treatment-group comparisons, underlining the change over time 
for each treatment group separately. A nominal descriptive signifi- 
cance level of 0.05 was used to identify interesting differences. 
Analyses of variance with repeated measurements was applied ac- 
cording to Winer [21]. In order to compare the treatment groups 
over the SF-36 scales and the two component scores, least square 
means were calculated and assessed. The analysis of covariance 
used as covariate the baseline value at 6 weeks. The results for the 
analysis involving “last value” using the last obtainahle value nf 

U. Lu I s u) p: I a r 
m 0 

12 months SF-36 profile 

the patient [last value carried forward (LVCF)] provide a conser- 
vative estimate of the outcome of the study after 12 months includ- 
ing all patients, regardless of whether or not they survived the 
whole study period. 

Results 

Description of the SF-36 profile for the different 
assessment points 

For the eight SF-36 subscale scores, treatment group 
differences at the last assessment point are compared 
descriptively (see Fig. 1). At the 6-week visit, data 
showed an almost identical profile for the two treatment 
groups with a slight advantage for the tacrolimus group 
in the subscales “role physical”, “bodily pain” and “gen- 
eral health perception”. In “physical functioning”, “vi- 
tality” and “role emotional”, the cyclosporine group ap- 
peared to be superior to the tacrolimus group (Table 1). 
At the end of the trial the mean scale values for the ta- 
crolimus group were all higher on a descriptive level 
than those of the cyclosporine group. This difference in 
the two treatment groups was already apparent at the 
3-month assessment point and remained constant. 

At the 12-month assessment, patients treated with ta- 
crolimus showed higher mean subscale scores than the 
cyclosporine group, suggesting that their HRQOL was 
in all HRQOL dimensions better than in the patient 
group treated with cyclosporine. Compared to the refer- 
ence group of congestive heart failure [19], HRQOL in 
both treatment groups was higher. Note however that 

Y -~ .- ____ no statistical significance was applied here. 
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Table 1 T-tests within groups. 
Assessment point 1 vs assess- 
ment point 4 or last value 

Table 2 Between-treatment 
comparison. Analysis of var- 
iance and analysis of covariance 
for all time points: least square 
means 

Health concept 

Bodily pain 
Health perception 
Mental health 
Physical functioning 
Role emotional 
Role physical 
Social functioning 
Vitality 
Mental component 
Physical component 

6 weeks vs 12 months 
Tacrolimus Cyclosporine 

62.2 vs 84.2** 49.0 vs 74.7* 
69.9 vs 13.9 64.8 vs 69.7 
77.7 vs 80.1 75.0 vs 68.4 
61.1 vs 87.6*** 67.4 vs 81.4 
61.6 vs 89.2** 66.7 vs 72.2 
43.9 vs 76.5** 32.5 vs 73.6** 
73.7 vs 88.2* 75.6 vs 81.9 
59.1 vs 73.5** 64.3 vs 63.6 
50.6 vs 53.9 51.8 vs 47.8 
40.2 vs 50.5*** 38.8 vs 49.6** 

6 weeks vs last value 
Tacrolimus Cyclosporine 

62.2 vs 77.3* 49.0 vs 69.1* 
69.9 vs 70.8 64.8 vs 62.8 
77.7 vs 77.3 75.0 vs 65.0 
61.1 vs 82.0** 67.4 vs 75.5 
61.6 vs 822* 66.7 vs 66.7 
43.9 vs 70.6* 32.5 vs 69.8** 
73.7 vs 82.1 75.6 vs 75.0 
59.1 vs 69.7* 64.3 vs 56.9 
50.6 vs 52.1 51.8 vs 45.6 
40.2 vs 48.4** 38.8 vs 47.1* 

* P 5 0.05 
** P < 0.01 
*** P 5 0.001 

Health concept ANOVA (all time points) ANCOVA Baseline vs 12 months 
(Baseline vs last value) 

Tacrolimus Cyclosporine Tacrolimus Cyclosporine 

Bodily pain 70.4 62.4 82.1 (75.4) 74.5 (72.1) 
Health perception 70.3 63.3 71.9 (69.8) 71.00 (66.5) 

Physical functioning 74.3 70.4 87.8 (82.0) 80.1 (76.1) 
Role emotional 74.2 64.7 89.6 (82.5) 73.3 (72.4) 
Role physical 57.0 49.9 74.6 (69.0) 74.1 (72.3) 
Social functioning 78.0 10.8 86.7 (81.0) 81.4 (77.6) 
Vitality 65.6 57.0 74.4** (71.1)* 63.0 (59.4) 
Mental component 51.5 47.3 539** (523)* 46.8 (463) 
Physical component 44.7 43.0 49.9 (47.8) 51.4 (49.2) 

* P 5 0.05 
** P 5 0.01 
*** P IO.001 

Mental health n.i* 678 79.7- ( n o ) *  675 (67.4) 

Within-group tests (assessment 6 weeks vs assessment 
12 months or last value; Table 1) 

Between-treatment comparisons 
(ANOVA and ANCOVA) 

Within-group tests were calculated for all eight sub- 
scales of the SF-36 and the mental and the physical com- 
ponent score. The relative improvements in “pain in- 
dex” and “role physical” over time were statistically sig- 
nificant for both groups (within-group t-test). Addition- 
ally, a significant increase in level only for the tacroli- 
mus-treatment group in “physical functioning”, “role 
emotional”, “social functioning” and “vitality” could 
be observed. A within-group r-test using the LVCF in- 
stead of the 12-month value showed almost identical re- 
sults (the only exception being tacrolimus “social func- 
tioning”). This is also a confirmation of the fact that 
any possible difference in drop-out mechanism between 
the two groups did not influence the results of these 
analyses. 

Table 2 displays the least square means from the repeat- 
ed measure analysis of variance over all time points. The 
least square means represent overall treatment levels. 
The subscale for “mental health” showed a statistically 
significant difference between the treatment groups. Ta- 
ble2 also demonstrate the results of an ANCOVA, 
which included the baseline value as a covariate; the de- 
pendent variable was either the 12-month value or the 
LVCF. These analyses show statistically significant dif- 
ferences between the treatment groups in “mental 
health”, “vitality” and the “mental component score”. 

Discussion 
HRQOL of patients after heart transplantation has 
been studied over the past 15years [9]. The present 
study provides encouraging results with respect to  the 
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comparison of treatments showing beneficial effects of 
both treatments. Patients treated with tacrolimus 
showed more pronounced and faster improvement in 
all HRQOL dimensions measured with the SF-36 than 
patients treated with cyclosporine. Compared to the 
reference group of patients with congestive heart fail- 
ure at the last assessment point, a better health status 
is observed for both treatment groups. 

Both drugs affected the “role physical” and the “bod- 
ily pain” subscales in the patients in a positive way. Be- 
ing free of pain or feeling less pain and being able to par- 
ticipate in daily life activities and work can be regarded 
as core elements of a patient’s well-being. The improve- 
ment over time for “physical functioning”, “role emo- 
tional”, “social functioning” and “vitality” in the tacrol- 
imus group and not in the cyclosporine group can be 
seen as specific advantage of the tacrolimus treatment. 
The comparison between therapies also reveals a statis- 
tically significant subjective health evaluation for pati- 
ents treated with tacrolimus in terms of “mental 
health”. This means that these patients generally feel 
happier and calmer. This positive influence of tacroli- 
mus on emotional and mental activities is also under- 
lined by a statistically significant group difference for 
the mental component score which was not present in 
the physical component score. These results are very 
similar to those obtained from the Pittsburgh centre 
study [l, 221, where an investigation was initiated to ex- 
amine the general HRQOL of patients with heart trans- 
plants under tacrolimus therapy. The HRQOL of 26 pa- 
tients who received tacrolimus following heart trans- 
plantation was compared to 22 patients who received 
conventional therapy with cyclosporine A, azathioprine 
and prednisone. HRQOL was assessed by an ad hoc 
constructed questionnaire at 2 and 7 months posttrans- 
plantation, covering the areas of physical, psychological 
and social well-being. HRQOL was comparable in both 
treatment arms at 2 months posttransplant whereas, af- 
ter 7 months, significant differences were detected: pati- 
ents with tacrolimus treatment reported a higher degree 
of mobility and overall physical functioning. They 
showed less anxiety, less depression, less anger and less 
hostility. The degree of social withdrawal and unhappi- 
ness about their physical appearance was significantly 

lower in tacrolimus patients. Most importantly, more 
patients in the tacrolimus group were able to resume 
work. The actual study and the Pittsburgh trial stress 
the benefit of tacrolimus as compared to alternative 
medications. These studies especially agree on the addi- 
tional benefit of improvement of social and emotional 
components of HRQOL. 

Larsson and colleagues [lo] identified the nine con- 
cerns of transplant patients as follows: “end-stage heart 
disease”, “family worrying”, “illness symptoms”, “wait- 
ing for a donor”, “uncertainty about the future”, “no en- 
ergy for leisure activities”, “constantly feeling worn 
out”, “less control over life” and “dependency on oth- 
ers”. It would seem that those SF-36 subscales that 
showed statistically significant differences are probably 
closely related to the afore-mentioned patients’ relevant 
problems. The positive influence of similar psychologi- 
cal variables (for example care and support by one part- 
ner, self-control, emotional stability, etc.) on later medi- 
cal outcomes was documented by the same research 
group [lo]. 

In the present study the magnitude of the significant 
differences between tieatment-groups was 12 points on 
the 0-100 SF-36 scale range. This reflects not only a sta- 
tistical difference but also a difference of clinical rele- 
vance [18]. In the general perspective of HRQOL 
scores, the group treated with tacrolimus showed both 
a faster and larger improvement in well-being as com- 
pared to the group treated with cyclosporine. Although 
the cyclosporine group showed in some subscales higher 
scores at the first assessment point, the tacrolimus- 
based therapy was associated with a superior effect on 
HRQOL during the whole course of the study. It seems 
that the positive effect of tacrolimus relative to cy- 
closporine is most prominent after 12 months of thera- 
py. These results, showing the greater efficacy of tacrol- 
imus in comparison to patients treated with cyclospo- 
rine after heart transplantation, not only encourage the 
inclusion of HRQOL-outcome variables in treatment 
evaluations, but also suggest a beneficial effect of tacrol- 
imus in patients after heart transplantation. 

Acknowledgements This work was sponsored by Fujisawa, Leve- 
lingstrasse 12, D-81673 Munich, Germany. 

References 
1. Annitage JM, Kormos RL, Fung J et al. 

(1991) Preliminary experience with 
FW06 in thoracic transplantation. 
Transplantation 52: 164-167 

2. Baumann L, Young C, Egan J (1992) 
Living with heart transplant: long-term 
adjustment. Transplant Int 5: 1-8 

3. Bullinger M (1997) Gesundheitsbezo- 
gene Lebensqualitat und subjektive 
Gesundheit. Uberblick iiber den Stand 
der Forschung zu einem neuen Evalua- 

Psychother Psychosom Med Psycho1 47: 
76-91 

4. Bunzel B, Wollenek G (1994) Heart 
transplantation: are there psychosocial 
predictors for clinical success of sur- 
gery? Thorac Cardiovasc Surg 42: 

tionskriterium in der Medizin. PPmP 103-107 



S614 

5. Bunzel B, Wollenek G. Grundblick A, 
Laczkovics A,  Teufelsbauer H (1991) 
Lebensqualitat und Lebenzufriedenheit 
nach Herztransplantationen: ein Indi- 
kator des Behandlungserfolgs. Hen 16: 
257-266 

6. Farmer ME (1994) Cognitive deficits 
related to major organ failure: the po- 
tential role of neuropsychological test- 
ing. Neuropsychol Rev 4: 117-160 

7. Furberg CD (1985) Assessment of 
quality of life. In: Friedman L, Furberg 
C, Demets D (eds) Fundamentals of 
clinical trials. PSG Publishing, Little- 
town, pp 161-170 

8. Grady K, Jalowiec A, White-Williams 
C, Pifarre R, Kirklin JK, Bourge RC, 
Costanzo MR (1995) Predictors of 
quality of life in patients with advanced 
heart failure awaiting transplantation. 
J Heart Lung Transplant 14: 2-10 

9. Grady KL, Jalowiec A, White-Williams 
C (1999) Predictors of quality of life in 
patients at one year after heart trans- 
plantation. J Heart Lung Transplant 18: 
202-210 

Stolz-Lofgren M, Pettersson G. Wil- 
liam-Olsson EB, Shapiro PA (1994) To- 
ward a model for quality assessment in 
heart transplantation. Int J Techno1 As- 
sess Health Care 10: 305-311 

10. Larsson PA, Moller A, Karlsson I, 

11. Leedham B, Meyerowitz B-E, Muir- 
head J, Frist W-H (1995) Positive ex- 
pectations predict health after heart 
transplantation. Health Psycho1 1 4  
74-79 

12. Mulcahy D, Fizgerald M, Wright C, 
Sparrow J, Pepper J, Yacoub H, Fox 
KM (1993) Long term follow up of se- 
verely ill patients who underwent ur- 
gent cardiac transplantation. BMJ 306: 
98-101 

13. Scholler G,  Rose M, Neuhaus R. Neu- 
haus P, Klapp BF (1997) Comparison of 
cyclosporin A and FK506 with regard to 
complaints and psychological chracter- 
istics before and after liver transplanta- 
tion. Transplant Proc 29: 2491-2493 

14. Shield CF, McGrath MM, Goss TF 
(1997) Assessment of health-related 
quality of life in kidney transplant pa- 
tients receiving tacrolimus (FK506)- 
based versus cyclosporine-based im- 
munosppression. 64: 1738-1743 

15. Steinbiichel N v (1995) Gesundheits- 
bezogene Lebensqualitat als Beurtei- 
lungskriterium fiir Behandlungseffekte 
bei Patienten mit Epilepsie. Pravention 
and Rehabilitation 7: 139-146 

bezogene Lebensqualitat und subjekti- 
ver Gesundheistzustand - neue Kriteri- 
en in der Medizin? In: Grundriick A, 
Nowak P, Pelikan JM (eds) Neue Her- 
ausfordemngen filr Krankenhauser, 
vol7. Wiener Facultas Universitatsver- 

16. Steinbuchel N v (1998) Gesundheits- 

17. Walter P-J, Mohan R, Dahan-Mizrahl S 
(1992) Quality of life after open heart 
surgery 1 6 1 8  May 1991. Health-related 
quality-of-life research An Internation- 
al Journal of Health related quality-of- 
life Aspects of Treatment, Care and 
Rehabilitation 1: 77-83 

18. Ware J (1992) Measures for a new era  of 
health assessment. In: Stewart Al, Ware 
J (eds) Measuring functioning and well- 
being: the medical outcomes study ap- 
proach. Duke University Press, pp 3-11 

19. Ware J, Kosinski M. Keller S (1994) SF- 
36 physical and mental health summary 
scales: a user’s manual. The Health In- 
stitute New England Medical Center, 
Boston 

20. Ware J. Kosinski M, Bayliss M, McHor- 
ney C, Rogers W, Raczek A (1995) 
Comparison of methods for the scoring 
and statistical analysis of SF-36 health 
profile and summary measures: sum- 
mary of results from the medical out- 
comes study. Medical Care 33: 264-279 

21. Winer BJ (1971) Statistical principles in 
experimental design. McGraw Hill, 
NewYork 

22. Zamberlan K (1990) Quality of life fol- 
lowing transplantation. Presented at  
Children’s Hospital of Pittsburgh. Pitts- 
burgh, Pa, USA 

23. Zimmermann U. Kohnle M, LUtkes P, 
Heemann U, Phiilipp T (1998) EinfluB 
von Tacrolimus auf die Lebensqualitgt 
nach Nierentransplantation. TransDlan- . ~- 

lag, PP 50-68 tationsmedizin, [Suppl] S 94 


