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Abstract
Background—The EuroQol is a generic
questionnaire developed to provide a sim-
ple method for assigning utility values to
health. This study examines the applica-
bility of the EuroQol to the measurement
of quality of life in single, bilateral, and
heart-lung transplantation.
Methods—A cross sectional study was
performed in 87 patients awaiting lung
transplantation and in 255 transplant
recipients attending follow up clinics in
four transplant units.
Results—In the waiting list group 61%
reported extreme problems in at least one
of the five EuroQol quality of life domains
compared with 20% single lung recipients,
4% bilateral lung recipients, and 2%
heart-lung recipients at 3 or more years
after transplantation. The mean utility
value of patients on the waiting list was
0.31. In comparison, utility values for
recipients 3 years after transplantation
were 0.61 for single, 0.82 for bilateral, and
0.87 for heart-lung transplants. The utility
scores and health profiles of bilateral and
heart-lung recipients were consistently
superior to those of single lung recipients.
Problems in all five domains were more
frequent in single lung recipients. Subjec-
tive assessment with a visual analogue
scale showed a similar trend.
Conclusions—The EuroQol is a simple
method of deriving a single utility value
for quality of life and is responsive to
changes after lung transplantation. It is
worth considering as a means of monitor-
ing quality of life after transplantation and
as an index of quality of survival in
research studies in solid organ transplant-
ation. These data suggest that quality of
life after transplantation of one lung is
inferior to that after transplantation of
two lungs.
(Thorax 2001;56:218–222)
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Lung transplantation is now the accepted
treatment of choice for various forms of end
stage lung disease. Traditionally, the outcome
of lung transplantation has been measured by
patient or graft survival. Use of survival alone
as a means for measuring benefits of transplant-
ation is, however, inherently flawed as most
forms of organ transplantation improve both
the quality and quantity of survival.1 This is
particularly so in lung transplantation as data
suggest that it does not confer the same

survival benefit on all diagnostic groups under-
going the procedure,2 the primary benefit in
many patients being an improvement in quality
of life. Although the great improvement in
quality of life after lung transplantation is well
documented3 4 and the importance of quality of
life as an outcome measure for lung transplant-
ation is well recognised,5 few researchers have
used it as an outcome measure. The major bar-
rier to routine measurement of quality of life in
clinical and research practice appears to be the
diYculty and complexity of measurement.
Most existing methods require the use of
detailed questionnaires or interviews requiring
considerable time investment by researcher
and patient. Additionally, the output data are
often disaggregated and use ordinal rather than
interval scaling, thus restricting the ability for
mathematical manipulation. We have
measured the quality of life in a cross section of
lung transplant patients using a generic tool
that is easy to complete and produces an
aggregate numerical value for quality of life.

Methods
EUROQOL QUESTIONNAIRE

Health utility and health related quality of life
(HRQoL) were measured using the EuroQol
EQ5D questionnaire.6 7 The questionnaire was
developed by an international research group
primarily to enable the assignment of utility
values to health related quality of life. The
EQ5D defines health in five dimensions
(mobility, self-care, usual activities, pain and
discomfort, and anxiety or depression). In each
dimension a respondent can belong to one of
three categories—no problem, moderate prob-
lem, or severe problems. Combinations of these
categories result in 243 permutations of health
states. A regression equation defines a utility
value for these health states. The possible
values for health utility ranges from –0.59
(severe problems in all five dimensions) to 1
(no problem in all dimensions) on a scale
where 0 represents death and 1 represents the
best possible health state. Methods used to
derive these utility scores have been described
in detail by Dolan.8 A utility value is therefore
ascribed to an individual’s health state based
on the absence or presence of moderate or
severe problems in the five dimensions. The
EQ5D also has a visual analogue scale that
enables respondents subjectively to assess their
health on a scale ranging from 0 (worst possible
health state) to 100 (best possible health state).
The EQ5D has been applied in a wide variety
of medical specialities and its validity and reli-
ability extensively tested.7 No other quality of
life tools were used in this study as measure-
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ment of aggregate health utility, rather than
specific aspects of quality of life, was the main
objective.

ADMINISTRATION OF QUESTIONNAIRES

This study was a multicentre cross sectional
questionnaire survey. Patients from four of the
seven UK lung transplant centres participated
in the study which lasted for 6 months in 1998.
A batch of questionnaires was given to each
centre with instructions that all patients
attending the lung transplant clinic be given a
questionnaire to complete. It was expected
that, using this approach, we could obtain a
snapshot of all the relevant phases in the pre-
and post-transplant period. All returns were
anonymous.

Pre-transplant status was evaluated by ad-
ministering the EQ5D to waiting list patients in
two transplant centres over a 3 month period. It
was recognised that patients on the waiting list
would be at diVerent stages in their disease and
that health status may vary with length of time
on the list. For the purpose of this analysis it
was assumed that the health status on the wait-
ing list was constant and that any variation in
response was a reflection of individual varia-
tions in health status rather than of factors
related to disease, planned procedure, or dura-
tion on the waiting list. EuroQol questionnaires
were given to patients attending transplant fol-
low up clinics in four centres. There were no
prescribed exceptions: centres were encour-
aged to give questionnaires to all patients
attending their clinics.

STATISTICAL ANALYSIS

Analysis of variance was used to compare mean
utility scores between recipients of single, bilat-
eral, and heart-lung transplants and among the

various epochs. The Waller test was used for
post hoc comparisons.

Results
Overall, 87 waiting list and 255 post-transplant
questionnaires were used for this analysis. An
additional 10 questionnaires returned were
discarded because they lacked key information
(organ transplanted or date transplanted) nec-
essary for processing of the data.

WAITING LIST (NON-TRANSPLANTED) GROUP

Of the 87 patients whose pre-transplant
questionnaires were analysed, 28 were listed for
a single lung transplant, 24 for a bilateral
transplant, and 34 for a heart-lung transplant
(type of transplant awaited was missing for one
respondent). The mean (SD) age was 39 (14)
years. The age distribution was similar to that
of patients listed for lung transplantation in the
UK.9

All waiting list patients reported a problem
in at least one EuroQol dimension with 61%
reporting at least one extreme problem. All
patients reported problems in performing their
usual activities and in mobility. Of the patients
listed for single lung transplantation, 75%
(70% CI 67 to 83) reported extreme problems
in at least one dimension compared with 50%
(70% CI 40 to 60) for bilateral transplantation
and 59% (70% CI 51 to 67) for heart-lung
transplantation.

The mean (SD) self-rated health status as
recorded by the visual analogue scale was 35
(19) while the mean EuroQol utility score was
0.31 (0.31).

POST-TRANSPLANTATION

Of the 255 respondents whose post-transplant
data were analysed, 106 had received single
lung transplants, 79 bilateral, and 70 heart-
lung transplants. Post-transplant data from the
EuroQol questionnaires were divided into four
epochs: 0–6 months, 7–18 months, 19–36
months, and >36 months. The distribution of
these patients in the four epochs is shown in
table 1.

The EuroQol health profiles for the four
post-transplant epochs are shown in tables 2–4.
Compared with the patients on the waiting list,
all three transplant groups showed improve-
ment in all five EuroQol dimensions. In the
immediate postoperative period (0–6 months)
the proportion of respondents reporting ex-
treme problems in one or more dimensions was
25% (70% CI 15 to 35) of single lung
recipients, 7% (70% CI 1 to 14) bilateral lung
recipients, and 14% (70% CI 1 to 27)
heart-lung recipients compared with 61%
(70% CI 56 to 66) for waiting list respondents.
In the longer term there was, however, some
diVerence in quality of life between the
transplant groups, the quality of life being
better in the bilateral lung and heart-lung
recipients than in the single lung recipients.
Figure 1 shows the percentage of respondents
reporting problems by epoch; at any given
period after 6 months 40–60% of bilateral and
heart-lung recipients recorded no problems (in
any dimension) compared with 5–15% in the

Table 1 Distribution of respondents in the transplanted group by epoch and organ

Epoch (months after transplant)

Organ 0–6 7–18 19–36 >36 Total

Single 20 20 26 40 106
Bilateral 14 16 21 28 79
Heart-lung 7 7 14 42 70
Total 41 43 61 110 255

Table 2 Percentage of single lung recipients reporting problems in each EuroQol
dimension. Data for waiting list patients are shown for comparison.

Epoch (months after transplant)

EuroQol dimension Waiting list 0–6 7–18 19–36 >36

Mobility
Extreme problem 7 0 0 0 0
Any problem 100 35 65 69 83

Self-care
Extreme problem 6 0 0 0 0
Any problem 71 30 20 27 28

Usual activities
Extreme problem 55 20 20 15 15
Any problem 100 65 80 77 80

Pain and discomfort
Extreme problem 17 0 0 0 8
Any problem 82 50 70 69 60

Anxiety or depression
Extreme problem 9 5 0 4 10
Any problem 70 35 30 38 45

Any dimension
Extreme problem 61 25 20 19 20
Any problem 100 70 95 85 90
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single lung group. The proportion of respond-
ents reporting problems in each dimension
after 36 months is shown in fig 2; problems in
one or more EuroQol dimensions were re-
ported by 90% (70% CI 85 to 95) single lung
recipients, 61% (70% CI 52 to 70) bilateral
lung recipients, and 43% (70% CI 35 to 51)
heart-lung recipients.

The EuroQol utility and visual analogue
scores for the four post-transplant epochs are
presented in table 5. The scores show a
substantial improvement in both the EuroQol
and visual analogue scores compared with the
waiting list group. Analysis of variance showed
a significant improvement in health utility after
transplantation compared with pre-transplant
scores (p=0.001), but no significant diVerences
among the four post-transplant epochs. As with
the disaggregated health profiles, the aggre-
gated health status for bilateral and heart-lung
recipients was superior to that of the single lung
group. In all epochs after 6 months the quality
of life, as measured by both the EuroQol score
and visual analogue score, was consistently
superior in those receiving bilateral and heart-
lung transplants (p=0.001). There was no sig-
nificant diVerence between the bilateral lung
and heart-lung groups.

Discussion
The EuroQol was primarily developed to allow
an aggregate value (utility value) to be attached
to HRQoL, thus allowing measurement of
quality of life as an outcome and enabling
weighting of other outcomes (such as survival
to produce quality adjusted life-years). Two
previous studies that used EuroQol in lung
transplantation were identified in the litera-
ture.10 11 The study by Busschbach and col-
leagues11 was a pilot study of six patients and
only used the visual analogue component of the
EuroQol. The other study from the Nether-
lands10 used the EuroQol to derive utility
values. The EuroQol has the advantage of
being a simple self-completed questionnaire
requiring about 1 minute for completion.
Health utility has been traditionally measured
by time trade oV and standard gamble
techniques; these methods are interview ad-
ministered, requiring considerable amount of
time, and therefore cannot be applied in
routine clinical practice. As improvement of
HRQoL is the primary objective of lung trans-
plantation, simple methods of ascribing aggre-
gate values to recipients’ quality of life are
desirable. The EuroQol also provides disaggre-
gated information on quality of life in five key
domains.

This study has shown that quality of life in all
five EuroQol domains is better in the trans-
planted group than in those on the waiting list,
which suggests that the EuroQol is responsive
to changes in quality of life resulting from
symptomatic improvement after lung trans-
plantation. Compared with the 61% of waiting
list respondents who experienced extreme
problems in one or more EuroQol dimensions,
no bilateral or heart-lung recipients and only
20% of single lung recipients reported extreme
problems 1 year after transplantation. The
results are consistent with clinical experience;
as expected, all patients on the waiting list
reported problems in performing their usual
activities with 55% reporting extreme prob-
lems. In contrast, at 3 or more years after
transplantation 15% of single recipients, 4% of
bilateral recipients, and no (0%) heart-lung
recipients reported extreme limitation in

Table 3 Percentage of bilateral lung recipients reporting problems in each EuroQol
dimension

Epoch (months after transplant)

EuroQol dimension 0–6 7–18 19–36 >36

Mobility
Extreme problem 0 0 0 0
Any problem 43 25 29 46

Self-care
Extreme problem 0 0 0 0
Any problem 7 6 5 11

Usual activities
Extreme problem 7 0 5 4
Any problem 71 50 50 46

Pain and discomfort
Extreme problem 0 0 0 0
Any problem 71 50 38 32

Anxiety or depression
Extreme problem 0 0 0 0
Any problem 14 25 43 29

Any dimension
Extreme problem 7 0 5 4
Any problem 79 56 57 61

Table 4 Percentage of heart-lung recipients reporting problems in each EuroQol dimension

Epoch (months after transplant)

EuroQol dimension 0–6 7–18 19–36 >36

Mobility
Extreme problem 0 0 0 0
Any problem 29 29 29 33

Self-care
Extreme problem 0 0 0 0
Any problem 14 0 0 2

Usual activities
Extreme problem 14 0 0 0
Any problem 57 43 36 31

Pain and discomfort
Extreme problem 0 0 0 2
Any problem 100 29 43 24

Anxiety or depression
Extreme problem 0 0 0 0
Any problem 43 43 7 21

Any dimension
Extreme problem 14 0 0 2
Any problem 100 57 64 43

Figure 1 Percentage of respondents reporting problems in one or more EuroQol dimensions
at the various epochs.
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performing usual activities. The disaggregated
results are also in agreement with those
reported by earlier workers.3–5 11 12 Although the
EuroQol is a simple tool, its validity and
responsiveness is well demonstrated in several
medical specialities.7 This study adds support
to its use in lung transplantation. The aggre-
gate EuroQol utility scores also responded as
predicted and were in line with those assigned
by Dutch lung transplant recipients in a similar
study which also used EuroQol.10 As a test of
internal validity, the EuroQol scores were com-
pared with the self-rated visual analogue scores
and showed good association. The study design
made it impossible to record the questionnaire
response rate directly as questionnaires were
administered by the centres who did not (and
were not obliged to) keep a record of the
number of questionnaires issued. The centres
were not asked to keep a record of the
questionnaires issued as that would have
created extra work and may have made staV at
the centres less inclined to help with data
collection. The utility values obtained were,
however, similar to those in the Dutch study10

which measured utility longitudinally on the
same sample. It can therefore be assumed that,
despite the limitations of our approach, the
cross sectional utility data were a good
representation of the true health utility before
and after lung transplantation.

The most interesting observation from the
quality of life data was that the health profiles
and health utility values when one lung was

transplanted (single lung) were consistently
inferior to the values achieved when two lungs
were used (as bilateral or heart-lung trans-
plants). These results were consistent even
when examining self-rated visual analogue
scores. A review of the literature did not reveal
any studies which specifically compared the
quality of life in single and bilateral lung recipi-
ents. Gartner and colleagues have recently sug-
gested that the utility scores after single and
bilateral lung transplantation may not neces-
sarily be the same.13 They used the quality of
well being scale (another generic instrument)
to assess the health status of 20 recipients,
which included 16 single lung recipients, and
found a mean utility score of 0.60. They
suggested that the preponderance of single
lung recipients in their population could have
influenced this utility value. Their figure is in
line with the 0.61 utility score for single lung
recipients found in this study. In contrast, a
higher utility score of 0.9 was found in the
Dutch cohort.10 Unlike the predominance of
single lung transplantation in Gartner’s cohort,
about 80% of Dutch transplants between 1990
and 1996 were bilateral lung transplants.14 This
utility score is similar to that reported for bilat-
eral and heart-lung recipients in this study. The
high utility scores in the Dutch study (pre-
dominantly bilateral) and the low utility score
in the study by Gartner et al (predominantly
single) support the hypothesis that health
status is better after bilateral transplantation
than after single lung transplantation.

While the diVerence in health status after
transplantation between recipients of one or
two lungs needs to be verified by other studies,
plausible biological explanations do exist. The
pulmonary physiology in a single lung recipient
diVers from that in recipients of two lungs.15

While most recipients of two lungs achieve
their predicted total lung capacity within a
year, the same cannot be said of recipients of
one lung. Single lung recipients also have less
improvement in their forced vital capacity
(FVC) and forced expiratory volume (FEV1).
In addition, the native disease in the contra-
lateral non-transplanted lung can cause physi-
ological and pathological changes. There is
therefore a biological basis for believing that
single lung transplantation may be less eVective
than transplantation of two lungs.

There is, however, the possibility of con-
founding factors as single lung transplantation
is primarily reserved for selected diseases
(mostly emphysema and pulmonary fibrosis).
Patients undergoing single lung transplantation
are often older patients with emphysema while
those who have bilateral lung grafts are younger
patients with cystic fibrosis. The outcome may
therefore be partly related to the native disease
or age rather than the fact that they received
one lung. Indeed, the pre-transplant data from
our study suggested that patients listed for
single lung transplantation had a poorer health
status than those listed for bilateral grafts.
However, Bavaria and colleagues16 compared
the results of single and bilateral lung trans-
plantation in patients with emphysema and
found superiority in the FEV1, six minute walk

Figure 2 Percentage of respondents more than 36 months after transplantation reporting
problems in each EuroQol dimension (n = 40 single, 28 bilateral, and 42 heart-lung
transplants).
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Table 5 Mean (SD) utility and visual analogue scores after pulmonary transplantation.

Epoch (months after transplant)

0–6 7–18 19–36 >36

Single lung
EuroQol score 0.69 (0.31) 0.66 (0.21) 0.65 (0.24) 0.61 (0.31)
VAS 67 (17) 65 (17) 65 (20) 60 (19)

Bilateral lung
EuroQol score 0.75 (0.17) 0.83 (0.17) 0.81 (0.19) 0.82 (0.19)
VAS 79 (10) 78 (11) 79 (18) 77 (18)

Heart-lung
EuroQol score 0.67 (0.15) 0.85 (0.17) 0.86 (0.12) 0.87 (0.20)
VAS 76 (11) 79 (17) 79 (13) 79 (19)

VAS = visual analogue score.
For the pre-transplant group the mean (SD) utility score was 31 (31) and the visual analogue score
was 35 (19).
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test, and other clinical indices in recipients of
bilateral lungs compared with those who
received a single lung graft. They suggested
that, in patients with emphysema (the most
common indication for single lung transplanta-
tion), bilateral lung transplantation yields
better symptomatic relief.

We have shown that it is feasible to obtain an
aggregate value for HRQoL in lung transplant-
ation using a simple tool. The ability to assign
a single numerical value to HRQoL makes it
possible to weight outcome measures such as
rejection and survival, depending on the
recipients’ quality of life. Its simplicity means it
can be administered to patients as part of a
standard clinical assessment, making it practi-
cal for use in research studies and routine clini-
cal follow up. This method can be applied to
various clinical and research studies to allow a
more accurate quantification of the benefits of
lung transplantation.
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