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Abstract
Background—Breathlessness leading to
exercise limitation is common in patients
with advanced cancer and is ineVectively
treated. There are few research data to
guide clinicians on best practice. The
shuttle walking test has been validated for
some conditions such as chronic obstruc-
tive pulmonary disease but not for
advanced cancer. One of the well
documented diYculties of doing clinical
research in palliative care is the accept-
ability of assessment tests. This study
examined the reproducibility of the shut-
tle walking test in patients with advanced
cancer to help facilitate the systematic
evaluation of interventions designed to
improve breathlessness.
Methods—Patients performed three shut-
tle walks on separate days with continuous
monitoring of arterial oxygen saturation
and heart rate; simple pulmonary function
(FEV1) was also recorded. Data on quality
of life, anxiety, and depression were col-
lected throughout the study period using
appropriate questionnaires. Breathless-
ness was measured before and after exer-
cise using a visual analogue scale.
Results—Data from 22 patients were com-
pared between visits 2 and 3. There were
no significant diVerences between the
FEV1 (1.89 v 1.90, p=0.73), distance walked
on each test (245 m v 256 m, p=0.14), end-
exercise levels of heart rate (107/min v
108/min, p=0.11), oxygen saturation
(93.4% v 93.2%, p=0.38), or breathlessness
scores (p=0.62) on the two occasions. Indi-
ces of quality of life, anxiety, and depres-
sion were also not diVerent between the
two tests. The investigation was very
acceptable to patients, families, and staV.
Conclusions—The shuttle walking test is a
reproducible test of functional capacity in
ambulant patients with advanced cancer,
WHO performance status 1 or 2. The data
indicate that a practice session is needed.
It is easy to carry out and acceptable for
patients with advanced cancer.
(Thorax 2001;56:146–150)
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The breathlessness that frequently accompa-
nies advanced cancer1 is a disabling symptom
leading to exercise intolerance and is distress-
ing for patients, their families, and the
clinicians caring for them. Once cause directed
treatments have been exhausted, there are no

commonly eVective treatment strategies for
symptom relief,2 in contrast with the use of
analgesics for pain. An important diYculty in
researching methods to relieve breathlessness is
that there is no measure of the impact of
breathlessness on functional capacity that has
been validated for this group of patients.
Breathlessness is the subjective experience of
“that feeling associated with an uncomfortable
need to breathe”.3 Since there are no clinical
signs that can be used to assess breathlessness
reliably, investigators have relied on determin-
ing exercise capacity as an objective index of
the severity of this symptom. The aim of this
study was to investigate whether the shuttle
walking test (SWT),4 first used for patients
with chronic obstructive pulmonary disease
(COPD) and now validated for patients with
pacemakers5 and heart failure,6 is a reproduc-
ible test for patients with advanced cancer.
Validation, if possible, would allow the investi-
gation of diVerent interventions for breathless-
ness and comparisons of eYcacy.

In order to evaluate the reproducibility of the
SWT, it was important to establish that neither
the clinical nor the psychological status nor the
quality of life of the patients participating in the
study was significantly diVerent on each of the
occasions on which the test was performed. We
therefore measured indices of the physiological
response to exercise, simple pulmonary func-
tion, and indicators of quality of life, anxiety,
and depression since any changes in these fac-
tors could have a confounding influence on
exercise performance.

Methods
The shuttle walking test was developed for use in
patients from a fitness test used in athletes4 7 and
has been validated in comparison with the more
frequently used treadmill exercise test.8 The
methods used for performing the shuttle walking
test followed those described by Singh and
co-workers.4 The fact that this test is externally
paced overcomes the objections that have made
the self-paced walking tests9 lose favour as
objective measures of functional capacity.10

With ethical approval, patients were re-
cruited from the day centre and later from the
ward and outpatients of an NHS hospice. All
the patients had cancer that was no longer cur-
able and were receiving palliative care which
included chemotherapy, hormonal treatment,
or radiotherapy where indicated. The patients
were all of WHO performance status 1 or 2.
Any patient with advanced cancer who could
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walk without help from another person, even if
using a walking aid, was eligible to take part.
Patients with cognitive impairment, short term
memory loss, or diYculty in walking because of
pain were excluded. After informed consent
had been obtained, in accordance with the
guidelines laid down by the Royal College of
Physicians,11 patients were asked to fill in the
European Organisation for Research and
Treatment of Cancer questionnaires (QLQ-
C30, LC13)12 13 and the Hospital Anxiety and
Depression scale (HAD).14 They were always
asked to rate their general level of breathless-
ness on the modified MRC scale.15 Help with
questionnaires was given if required.

Patients were taken to the beginning of the
course which was set up in an unobstructed
and quiet corridor maintained at a constant
temperature. Before starting, the procedure
was explained in a standardised way and the
patient was asked to rate their present level of
breathlessness on a vertical visual analogue
scale (VAS).16 Forced expiratory volume in one
second (FEV1) and forced vital capacity (FVC)
were recorded three times using a portable
spirometer (Model 3000, Microlab, Rochester,
Kent UK). A pulse oximeter designed for
ambulatory use (Model 5, Minolta, Japan) was

then attached and baseline readings of heart
rate and arterial oxygen saturation (SaO2) were
recorded. Patients were accompanied around
the course if they wanted this and were
encouraged to continue walking at the speed
set by the tape until they had to stop. The same
phrases were used by all investigators: these
included “That’s good, keep going as long as
you can” and/or “You’re doing fine, don’t
forget you have to go a bit faster now the beep
has gone”. Once seated, patients immediately
rated their breathlessness on the VAS. They
were then asked the reasons for stopping or
being unable to keep up with the required pace
using a standardised statement and question:
“You had to stop, what was it that made you
stop the test?” The patients’ comments were
recorded verbatim. Levels of SaO2 and heart
rate at the end of the exercise were recorded.

The SWT was performed on three separate
days. The data from the first familiarisation test
were not analysed. The median interval
between tests 2 and 3, which formed the basis
of this study, was seven days (range 1–35 days).
Thirty of the 71 patients refused to take part in
the study after being recommended from the
ward or day centre staV; 16 felt it was imprac-
tical to be brought into the day centre after dis-
charge frequently enough to take part as they
lived too far away, eight felt too frail either psy-
chologically or physically to take on the mental
as well as they physical aspects of the test, five
felt that mobility was limited by pain or giddi-
ness and it was agreed that it would be unhelp-
ful as they would be excluded from the
analysis, and one patient refused because her
counsellor had set her the task of saying “No”
to something that week.

DATA ANALYSIS

The descriptive statistical method described by
Bland and Altman17 was used to present the
quantitative data relating to the SWT and to
the index of lung function. The HAD scale

Table 1 Data from patients who completed three shuttle walking tests who were excluded
from the study

Distance walked (m)

Patient no Test 1 Test 2 Test 3 Reasons for exclusion

8 80 90 120 Not SOB, back pain
10 140 140 210 Transfused between tests 2 and 3
12 100 130 120 Not SOB, giddy
13 170 150 170 Not SOB, leg pain
14 150 70 70 Chest infection between tests 2 and 3
16 20 20 20 Not SOB, lack of mobility
17 270 300 270 Not SOB, ankle pain
19 80 70 60 Developed pleural eVusion between tests 2 and 3
27 140 150 210 Baseline SOB very diVerent on tests 2 and 3
30 200 260 350 Not SOB, knee hurt

SOB = short of breath.

Table 2 Quantitative data from shuttle walking tests

Distance walked (m) Heart rate Final VAS score

Patient no Test 1 Test 2 Test 3
Interval between tests 2 and 3
(days) Test 2 Test 3 Test 2 Test 3

1 380 380 350 8 101 98 73 81
2 190 180 160 12 97 106 69 73
3 100 240 270 7 106 105 63 78
4 60 90 90 7 84 82 74 71
5 240 330 420 7 128 136 58 58
6 120 120 130 7 84 91 49 69
7 210 230 220 14 77 80 42 59
9 180 260 260 7 125 129 19 27
11 220 280 270 13 86 86 45 85
15 280 360 300 14 103 107 19 11
18 130 160 170 2 100 99 14 18
20 220 170 270 6 104 104 70 80
21 350 440 450 35 NS NS 37 20
22 240 340 380 5 148 141 21 16
23 80 70 90 7 103 104 91 80
24 610 570 570 4 128 129 99 99
25 80 130 130 4 103 104 82 80
26 150 200 220 1 108 110 87 90
28 70 80 90 7 110 107 58 24
29 120 150 160 7 NS NS 71 42
31 190 200 180 5 121 121 32 32
32 450 400 460 7 118 127 67 86
Mean (SD) 212 (1.36) 245 (131) 256 (135) 106.7 108.3 56.4 58.1
p value (t test) 0.01 0.14 0.11 0.62
Range 60–610 1–35 77–148 11–99

VAS = visual analogue scale.
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generates scores of 0–21 and anxiety and
depression are scored separately, with scores of
over 11 indicating that further clinical assess-
ment is needed. The EORTC questionnaires
give scores of 0–100 indicating poor and good
quality of life, respectively. The mean levels
across the two SWTs were compared using
paired t statistics for quantitative data and a
Wilcoxon signed rank test for questionnaire
derived data. A p value of <0.05 in a two tailed
test was taken to indicate a statistically signifi-
cant diVerence for any variable.

Results
Of the 41 patients entering the study, nine who
did at least one SWT could not complete the
protocol. Eight had deteriorated significantly

by the time the next walk was planned; most
were too weak to get out of bed and walk. One
patient, however, did not enjoy his first walking
test and so declined further involvement. Of
the 32 patients completing the three tests, the
data from 10 patients were excluded from fur-
ther analysis. The reasons for their exclusion
are shown in table 1.

The median age of the 21 patients (nine
men) included in the analysis was 70 years
(range 31–84); three patients had carcinoma of
the lung, five had metastatic breast cancer (two
of whom had pleural eVusions), and the
remaining patients had various other primary
cancers. Eighteen patients were recruited from
the hospice day centre and one each from the
ward, outpatients, and the community. The
average percentage predicted FEV1/FVC ratio
for the population studied was 95% (range
65–120%).

Table 2 shows the distance walked in metres
by each patient on each occasion together with
the quantitative data on heart rate and final
VAS value. The interval between visits 2 and 3
(in days) is also shown. The qualitative
questionnaire derived data on breathlessness,
quality of life, anxiety, and depression are
shown in table 3. There were no statistically
significant diVerences between any of these
measures on the two occasions.

The diVerence in the distance walked by the
participants (in metres) between the two tests
with reference to the mean distance walked is
shown in fig 1. Although on average patients
walked further on the second test, this
diVerence was small and not statistically
significant (p=0.14). Figure 2 shows the FEV1

data plotted in the same way. There was no sig-
nificant diVerence for this index of lung
function across the two test days (p=0.73).
Figure 3 shows the data for peak heart rate; the
lack of a significant diVerence (p=0.11)
suggests that the two tests were performed with

Table 3 Qualitative data from shuttle walking tests

MRC value HAD anxiety score HAD depression score EORTC score

Patient no Test 2 Test 3 Test 2 Test 3 Test 2 Test 3 Test 2 Test 3

1 1 2 5 4 10 5 58.3 66.7
2 1 3 14 13 9 11 50 41.7
3 0 1 0 0 2 3 66.7 75
4 1 1 0 0 3 2 83.3 75
5 0 1 0 1 4 6 75 50
6 1 2 12 14 7 5 100 66.7
7 3 3 7 5 9 9 58.3 50
9 2 1 7 7 5 5 66.7 66.7
11 2 3 9 7 2 6 66.7 66.7
15 0 0 2 2 4 3 66.7 83.3
18 0 0 8 10 9 10 50 41.7
20 2 2 17 15 17 20 0 25
21 0 1 8 13 5 6 83.3 91.6
22 1 0 0 0 2 1 83.3 75
23 3 3 0 3 3 3 41.7 41.7
24 0 0 0 0 0 0 100 50
25 3 3 7 5 9 12 58.3 66.7
26 4 4 12 12 16 16 50 50
28 1 1 10 10 10 12 50 50
29 1 2 9 7 6 5 66.7 66.7
31 0 0 7 7 6 6 50 50
32 2 1 7 5 5 3 50 66.7
Median 1.0 1.0 7.0 6.0 5.5 5.5 62.5 66.7
p value* >0.05 >0.05 >0.05 >0.05
Range 0–4 0–17 0–20 0–100

*Wilcoxon signed rank test.
MRC = modified Medical Research Council dyspnoea scale; HAD = Hospital Anxiety and Depression scale; EORTC = European Organisation for Research Trials and
Cancer.

Figure 1 Relationship between the mean distance walked and the diVerence in the
distance walked in metres.
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Figure 2 Relationship between the mean forced expiratory volume in one second (FEV1)
and the diVerence in FEV1 in l/s.
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equivalent degrees of physical exertion. Figure
4 shows the results for final arterial oxygen
saturation; this did not diVer between the two
tests (p=0.38), indicating that exercise related
hypoxaemia was not a confounding factor. Fig-
ures 1–4 show the mean diVerence and 95%
confidence interval (–2 SD to +2 SD of diVer-
ence) between visits 2 and 3.

Discussion
The main finding from this study is that the
SWT is a reliable and reproducible test of the
impact of breathlessness on functional capacity
in patients with advanced cancer who are
mobile and whose clinical condition is stable.
Patients will exercise to their maximum capac-
ity, limited by breathlessness, on each occasion
that the test is performed. The peak heart rate
values and final VAS scores demonstrate this.
The external pacing provided by the audiotape
helps the patient to exercise maximally.

Although there was a large range in the dis-
tance walked (60–570 m), the mean diVerence
between tests was only 1.40 m. The stability of
the FEV1 measurements (p=0.73) shows that
the patients were clinically stable during this
time and the data for final oxygen saturation
also showed this to be a consistent factor. The
mean percentage predicted FEV1/FVC ratio for
the population studied was 95% (range 65–
120%) which shows that the study population
did not have a higher than average incidence of
COPD which could have biased our data and
influenced our interpretation.

All the patients in this study reported that
breathlessness was the major factor in stopping
the test.The qualitative data show that the psy-
chological status of the patients, their quality of
life, and their perception of their general level

of dyspnoea remained constant throughout the
study period.

There is a natural hesitation in asking
patients with advanced disease and a short
prognosis to take part in research. Seventy one
people were actually invited to take part and
only 32 completed the protocol. As the study
progressed we were better able to select those
patients recommended to us who were likely to
be able to enjoy the physical and mental
demands of the shuttle test and who were going
to be capable of completing it before asking
them to take part. Those patients who had
been admitted to the hospice after a recent
physical deterioration were likely to feel too
unwell even to contemplate participating.
Those who had recently had successful symp-
tom control often felt stimulated by the
challenge and were heartened by the demon-
stration of their physical capabilities. Any
patients with intractable family or psychologi-
cal diYculties were unlikely to be able to face
it, even as an idea. The test is not usually suit-
able for patients with cancer of WHO perform-
ance status 3 or 4 as they are likely to be in the
phase of their illness where rapid deterioration
and death is possible. Most of the patients who
completed the three tests were recruited from
the day centre or outpatients department
which they were attending regularly and were
living at home. In addition, 16 of the patients
who were counted as refusals were not attend-
ing the day centre regularly and would have
had to be brought in especially from some dis-
tance away. Patients with advanced cancer
attend many hospital appointments and each is
prolonged, so it was not possible to combine,
for example, an outpatient appointment or
radiotherapy treatment and an SWT on the
same day. Consequently, our records of their
comments show that many would have been
willing to do the test but it was not practical. If
the test became part of clinical assessment and
is of possible direct benefit for an individual, it
would be reasonable to make a specific
appointment for it. This is not the case when
asking patients to take part in a study where the
results would be likely to benefit only other
people. Six of the 10 patients excluded after
completing three shuttle tests never became
breathless. Their functional capacity was lim-
ited by other factors such as pain or “dizzi-
ness”. We were investigating the SWT as a
reproducible measure of the impact of breath-
lessness on functional capacity and so patients
who never became breathless were excluded.
The other four patients experienced a signifi-
cant change in their clinical condition that
would have aVected the study of reproduc-
ibility of the test.

The SWT is an easily performed test that
needs little equipment and minimal staV train-
ing for it to be completed accurately. It can be
carried out in any clinical unit without the need
for special facilities and takes relatively little
time to complete. Walking is an everyday activ-
ity, which makes this test likely to be more
acceptable to both the staV and the patients of
a hospice than treadmill exercise testing. Its
familiarity also allows patients to relate their

Figure 3 Relationship between mean final heart rate and diVerence in final heart rate.
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Figure 4 Relationship between mean final arterial oxygen saturation and diVerence
between final oxygen saturation.
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abilities in the supervised exercise of the SWT
to their normal life and the majority of patients
performing the test reported an increased con-
fidence in their physical abilities that was
carried into their everyday activities.

We were very concerned about carrying out
an exercise test in this group of patients. It is
unusual to stress physically patients with
advanced cancer; we were greatly encouraged
by the positive eVects that the study itself
seemed to have on many of the patients taking
part. It was not unusual for patients to be
apprehensive before the first shuttle test but to
volunteer favourable comments after the first
and to look forward to the others. The research
team did not seek comments but the day centre
staV reported that many of the participants had
found it an encouraging experience because
they had not realised that they were capable of
achieving so much physically. It had also
increased the patients’ confidence and that of
the relatives in what they were able to do—for
example, some patients who had used a wheel-
chair to get from the car park to the day centre
chose to walk this distance while they could.
The reversal of deconditioning as a contribu-
tion to improving breathlessness in COPD is
an important part of pulmonary rehabilita-
tion.18 The evidence for the general benefits of
exercise is becoming clear from many branches
of medicine19 20 and should not be neglected,
tailored for each individual, for patients with
advanced cancer. Most patients suitable for the
SWT will be of performance status 1 or 2.

It has been increasingly recognised that
breathlessness is a common, frequently intract-
able symptom in patients with advanced cancer.
The importance of non-pharmacological
strategies for managing breathlessness has been
underlined recently21 and these are of benefit for
patients with breathlessness of all degrees of
severity, whether physically active or not. The
area of greatest therapeutic uncertainty at
present lies with the treatment of patients who
are breathless solely on exercise. The eYcacy of
the drugs used to treat breathlessness is still in
question,22 particularly in the ambulant patient,
and one of the diYculties of research is the lack
of a standardised test of the impact of breathless-
ness on functional capacity for this patient
group. The SWT should be ideal for testing
these treatments in this group of breathless
patients.

A major concern for clinical research in
palliative medicine is the rapid rate of deteriora-
tion of the patients so that intervention studies
are often diYcult to complete. Four patients had
to be excluded from the study because their
clinical condition changed markedly such that
reproducibility of the shuttle test was not possi-
ble to evaluate. Another diYculty with research
in this group of patients is related to the fact that,
because cancer is a multisystem disorder, there
are many other potential problems that may
limit mobility including pain or general weak-
ness. We excluded any patients whose primary
reason for stopping the test was unrelated to
breathlessness (see table 1) and this was decided
by the patient in response to our standard ques-
tion when the test had been completed. This was

because we were solely interested in testing the
reproducibility of the SWT as a method of
evaluating the impact of breathlessness on an
individual’s functional capacity. Cancer is also a
disease of advancing age and concurrent non-
malignant conditions may also limit functional
capacity. The SWT will not be suitable for all
patients with breathlessness and advanced can-
cer but does provide a research tool for
ambulant patients with breathlessness where
intervention studies are needed. It may be useful
as a clinical intervention in designing exercise
programmes for rehabilitation in this group of
people.
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