Chapter 10 )
Field Exercise Testing: 6-Minute Walk b
and Shuttle Walk Tests
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10.1 Background to Field Exercise Testing

Assessment of exercise capacity is traditionally performed in a laboratory using
cardiopulmonary exercise testing (CPET); however this method is time-consuming
and requires expensive equipment and technical support, which may limit its appli-
cation in some settings. As a result, the last three decades have seen the develop-
ment of alternative approaches in the form of field-based walking tests. These are
shown to be valid, reliable, and repeatable, are easy to perform for both the operator
and the subject (although they do require initial training), and require little equip-
ment. An added bonus of walking tests is that walking is a common and acceptable
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form of activity. This enables implementation across a variety of settings where
people with chronic respiratory disease receive their care and is frequently used to
guide exercise prescription for pulmonary rehabilitation programs.

The most commonly employed field walking tests are the 6-minute walk (6MWT)
and the incremental shuttle walking tests (ISWT) and, its derivative, the endurance
shuttle walking test (ESWT). The 6MWT is a self-paced test, while the ISWT is a
maximal and incremental test that uses an audible prompt for progressive increases
in walking speed. Within 3 min, the 6BMWT achieves a plateau in VO, which is sus-
tained for the remainder of the test. In contrast the ISWT demonstrates a gradual
increase in VO, to the point of symptom limitation, matching closely the trajectory
and peak values of the laboratory-based CPET.

The 6MWT and ISWT provide important information relevant to assessment of
people with chronic respiratory disease, understanding treatment responses, and
monitoring disease progress over time. In this chapter we will outline the rationale
for each test, as well as their measurement properties, testing protocols, and inter-
pretation. The testing procedures described in this chapter are consistent with those
described in the European Respiratory Society/American Thoracic Society
Technical Standard for field walking tests.

10.1.1 6-Minute Walk Test
10.1.1.1 Background

The 6MWT is a self-paced test of functional exercise capacity. The aim is to walk
as far as possible in 6 min along a flat corridor. The main outcome is the 6-minute
walk distance (6MWD), reported in meters or feet. Standardized instructions and
encouragement are provided, to minimize variation in test performance. The 6 MWT
is widely used across many chronic respiratory diseases to assess functional capac-
ity, estimate prognosis and disease progression, assess exertional desaturation, pre-
scribe exercise for pulmonary rehabilitation, and assess response to treatments. It
has been extensively studied, particularly in COPD, with good evidence for validity
and reliability.

Validity

The validity of the 6MWT is well established in individuals with COPD, ILD, CF,
and PAH and in individuals undergoing lung transplantation. There is a strong rela-
tionship between the 6MWD and other measures of exercise capacity, particularly
peak oxygen uptake (VO, peak) from a CPET (correlation coefficients ranging from
0.40 to 0.80) and peak work (0.58-0.93). In patients with moderate to severe COPD,
there is no difference in VO, peak between a CPET and a 6MWT, although the ven-
tilatory requirements (peak carbon dioxide production, peak ventilation, and respi-
ratory exchange ratio) during a 6 MWT are lower. This may account for the excellent
patient tolerance of the 6MWT across different chronic respiratory diseases. The
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high physiological load imposed by the 6 MWT suggests it is not truly a submaximal
test, particularly in individuals with more severe disease. There is a moderate to
strong relationship between the 6MWD and measures of physical activity during
daily life (walking time, daily energy expenditure, time spent in vigorous physical
activity, number of steps) in a range of patient populations (COPD, ILD, CF, PAH),
which supports the notion that the 6MWT is best conceptualized as a test of func-
tional exercise capacity.

The relationship of 6MWD to measures of respiratory function is weaker than
the relationship to exercise capacity and physical function. In COPD, correlation
coefficients for FEV, ranged from 0.31 to 0.70, although a stronger relationship has
been reported in those with more severe disease. In ILD, the relationship between
FVC or DLCO and 6MWD ranged from » = 0.06 to 0.61, while in PAH, mean PAP
and 6MWD are weakly to moderately related (r = —0.2 to —0.62). In lung cancer, a
moderate relationship was evident with FEV, r = 0.53. In bronchiectasis, 6MWD
has a moderate relationship with FVC (r = 0.52). For patient-reported outcomes, the
strength of the relationship is similar, with weak to moderate relationships between
6MWD and symptoms of dyspnea, fatigue, or health-related quality of life (HRQOL)
reported in all disease groups. The 6MWD should be considered as a global mea-
sure of functional capacity which is influenced by many important body systems
including respiratory, cardiovascular, musculoskeletal, neurological, and psycho-
logical function.

Reliability and Learning

The 6MWD is a highly reliable measure of functional exercise capacity, with excel-
lent intraclass correlation coefficients (ICCs ranging from 0.72 to 0.99) across
COPD, CF, ILD, and PAH. Despite its reliability, there is consistent evidence of a
learning effect for the 6MWD, with most patients walking further on a second test.
In 1514 people with COPD, the average learning effect was 27 m, with 82% of
patients improving their 6 MWD on the second test. The size of the learning effect
is sufficiently large to be of clinical significance. For this reason, if the 6MWD is
being used to evaluate the effect of an intervention (e.g., pulmonary rehabilitation
or medication prescription), either as clinical practice or as part of research, at least
two tests should be completed in order to obtain an accurate measurement of func-
tional exercise capacity, with the longest distance recorded.

When the 6BMWD is applied to stage disease or assess morbidity, the presence
and magnitude of the learning effect may be of lesser relevance, and one test may be
sufficient. However, if the information obtained influences treatment decisions (e.g.,
decisions regarding transplantation or other surgical management), repeat testing
should be considered. The learning effect may be moderated by test repetition and
the duration between tests. For example, for people with COPD undertaking pulmo-
nary rehabilitation, the learning effect is less if the test is repeated within a short
period of time, such as the end of rehabilitation, but may reemerge by 3 months
following rehabilitation. Clinicians should be mindful that learning effect may
return after a longer duration of time between tests, and in these circumstances, two
tests should be completed.
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The reliability of other outcomes obtained during a 6MWT, including nadir oxy-
hemoglobin saturation and heart rate response, is more variable and may be influ-
enced by the type of respiratory disease. For oxyhemoglobin saturation, excellent
reliability is evident in COPD and CF, but in individuals with ILD, this measure
may be influenced by the presence of underlying vascular disease, which can reduce
oximetry signal quality and reduce reliability. For individual patients in whom
detecting desaturation is the key indication for the 6MWT, this may influence fur-
ther clinical decision-making. In COPD and CF, heart rate (HR) measures are more
variable compared to oxyhemoglobin saturation, with differences between tests
being from —4 bpm to +8 bpm. While this may be of little significance for some
individual patients, those suspected of concurrent heart disease or a history of
abnormal heart rate or rhythms, the degree of variability in this measure during the
6MWT may warrant additional measures to clarify HR response.

10.2 Relationship of 6MWT to Clinical Outcomes

The 6MWD has a strong relationship to important clinical outcomes in individuals
with chronic respiratory disease, with a lower 6 MWD consistently associated with
increased mortality and morbidity. In COPD, the 6MWD threshold below which
mortality is increased has varied across studies from 200 to 350 m, with similar
values reported in IPF and PAH. The 6 MWD is a component of the BODE index, a
multidimensional disease rating for COPD which includes body mass index (BMI),
degree of obstruction (FEV)), functional exercise capacity (6MWT), and degree of
dyspnea; in the BODE index, a 6 MWD of less than 350 m predicts increased mor-
tality. For individuals with COPD undergoing bilateral lung volume reduction sur-
vey, a reduced 6MWT distance (200 m or less) has been associated with a longer
length of hospital stay (greater than 3 weeks) and increased likelihood of mortality
within 6 months of surgery. Lower distances (<357 m) are also associated with an
increased risk of exacerbation-related hospitalization. This metric is also associated
with lung transplant waitlist mortality. For this reason, 6MWD is part of the lung
allocation score and included as a standard component of pretransplant evaluation.
In non-small cell lung carcinoma, the 6 MWD offers a moderate prediction of post-
operative outcomes and survival in those with advanced disease.

Monitoring of oxygen saturation during the 6MWT provides the opportunity to
detect exercise-induced desaturation. The 6MWT is more sensitive for detecting
exercise-induced desaturation compared to cardiopulmonary exercise testing, prob-
ably because it involves walking rather than cycling. Desaturation during a 6MWT
is associated with greater disease severity and progression, more rapid decline in
FEV,, and worse prognosis. In addition, evidence of desaturation during a 6MWT
can be used to establish the need for supplemental oxygen therapy, either during
daily life or during pulmonary rehabilitation. The distance-saturation product (DSP)
is defined as the product of the 6MWD and the nadir SpO, when the test is con-
ducted on room air. A DSP <200 m% predicts mortality in individuals with IPF; the
DSP is also an independent predictor of health-related quality of life (HRQOL) in
people with sarcoidosis.
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Although less commonly applied in clinical practice, HR monitoring during a
6MWT may provide additional information related to morbidity and mortality. The
heart rate response (HRR) is the reduction in HR with rest following the exercise
period. An abnormal HRR at 1 min (prolonged recovery, usually defined as <13-18
beats per min) is a predictor of clinical deterioration in people with idiopathic PAH
and of mortality in people with IPF and is a significant predictor of an acute exacer-
bation of COPD.

10.3 Reference Equations for 6MWD

Reference equations describe the 6MWD for healthy individuals and allow results
to be presented as a percentage of the predicted value. A large number of published
reference equations are available for both children and adults. Factors influencing
the 6MWD in healthy adults include age, height, weight, sex, grip strength, and
percentage of maximum heart rate attained during walking. However the reference
equations were generated using a wide range of different methods and in different
populations. For instance, the walking tracks ranged from 20 to 50 m, and test rep-
etition ranged from one to four GBMWTs. As a result, there is marked variability in
the predicted 6BMWD generated by different equations.

The impact of this variation in predicted 6MWD across reference equations is
demonstrated in Fig. 10.1. A 74-year-old lady with COPD has FEV, 48%, height
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Fig. 10.1 Impact of different reference equations on the 6-minute walk percent predicted for a

74-year-old lady with COPD, FEV, 48%, height 162 cm, weight 80 kg, 6MWD 365 m, 83% of
predicted maximum HR
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162 cm, and weight 80 kg. Her 6MWD is 365 m, and she reaches 83% of her pre-
dicted maximum HR. Her 6MWD ranges from 58% to 95% of the predicted maxi-
mum value, depending on the reference equation used. This could substantially
affect interpretation. For this reason, it is recommended that if a reference equation
is used, it should be one that was developed in a similar population that in whom it
is being applied, using a similar 6 MWT protocol. The name of the reference equa-
tion should also be provided.

10.4 Meaningful Change in 6 MWD

Minimal Important Difference

The minimal important difference (MID) is the smallest difference in score in the
outcome of interest that informed patients or informed proxies perceive as impor-
tant and which would lead the patient or health professional to consider a change in
the management. There have been a number of studies investigating the MID for
6MWD in adults with chronic lung disease, including over 5600 patients. Most are
in COPD, with smaller numbers of trials in ILD and PAH, and most studies have
been conducted in the context of a rehabilitation program. Recent studies report
consistent estimates for the MID in the range 25-33 m, with a median value of
30 m. The MID estimates are consistent across patient groups and across study
methods. At present there is no evidence that the MID varies according to disease
severity or baseline 6MWD, although there are few studies examining these
questions.

Current standards for the conduct and interpretation of the 6MWT suggest an
MID of 30 m should be used in adult patients with chronic respiratory disease. As a
result, a change in 6GMWD of at least 30 m would need to occur in order to be con-
fident that true clinical change had occurred between testing occasions.

Impact of Interventions on 6MWD

The 6MWD is responsive to common interventions in people with chronic respira-
tory disease, particularly for those involving exercise training and surgery. Following
outpatient pulmonary rehabilitation in COPD, the mean improvement in 6MWD
was 44 m (95% 33-55 m), from 38 studies of 1879 participants. Following hospital-
ization for an acute exacerbation, the mean improvement in 6 MWD was 62 m (95%
CI 38-86 m). In ILD, the improvement in 6MWD following rehabilitation is
reported as 44 m (95% CI 26—63 m). In bronchiectasis, the degree of change was
41 m (95% CI 19-63 m). The 6GMWD may be less responsive to pharmacological
interventions. In trials of bronchodilator therapy for COPD or selective and nonse-
lective endothelin receptor antagonists in people with PAH, the degree of change in
6MWD has varied between 6 m and 54 m. Following lung volume reduction surgery
in people with COPD, the degree of improvement in 6MWD has been reported as
high as 98 m.
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10.5 Factors Affecting the 6-Minute Walk Distance

The 6MWD is highly sensitive to small changes in test methodology. The factors
shown to influence 6 MWD, and the magnitude of their effect on the measured dis-
tance, are presented in Table 10.1. Many of these effects exceed the MID. As a
result of the substantial impact of variations in methodology, standardization of the
testing procedure is very important.

Methodological factors requiring particular attention include:

e Use of standardized encouragement. Recommended phrases are provided below.

e Consistency in provision of supplemental oxygen within an individual, where
6MWD will be compared over time. This includes the method of transporting the
supplemental oxygen, which can have a significant impact on 6 MWD due to the
added weight.

e Clear documentation regarding method for transporting supplemental oxygen
(by patient or by tester) and use of gait aids.

e Treadmill testing is not recommended as 6MWD is substantially reduced.

e Track length and layout should be consistent between tests. To facilitate com-
parison across centers, a straight track, 30 m in length, has been recommended.

10.5.1 Performing the 6MWT

A 6MWT should be performed in a flat, straight corridor that is relatively free of
pedestrian traffic. A course of 30 m is recommended, to be consistent with the
courses on which most reference equations have been generated. The ends of the
course should be marked such that they are clearly visible to the patient. Prior to the
test, patients should take their usual medications at the usual times. Strenuous

Table 10.1 Factors affecting Average effect

the 6-minute walk distance on 6-minute
Change to methodology walk distance
Instructions (far vs fast) 153 m
Supplemental oxygen 135m
Continuous track 134 m
Encouragement 130m
Repeat testing 127 m
Rollator 114 m
Outdoors No difference
Home (vs hospital) 127 m
Shorter track (10 m vs 30 m) 150 m
Treadmill 1 102 m

Data are from Holland et al. 2014
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exercise should be discouraged on the day of the test. If respiratory function tests
are to be performed on the same day, then these should be performed prior to the
6MWT due to the potential impact of exercise on respiratory function measures.
Subsequent 6BMWTs should ideally be performed at a similar time of day to the first
test.

Contraindications and Precautions to the 6MWT

Because the 6MWT is a strenuous test which frequently elicits a VO, similar to
CPET, it is recommended that the same contraindications and precautions are used.
An extensive list has been published. Comorbidities and medication use should be
recorded prior to the test.

Baseline Measurements

Patients should be seated in a chair close to the starting line. Measures to be taken
at baseline, prior to test performance, are resting SpO, and HR from pulse oximetry;
dyspnea and fatigue using a validated scale; and blood pressure, if this has not
recently been documented.

Patient Instructions

Standardized instructions should be given before the test begins. These should be
given every time the test is performed, regardless of whether the patient has previ-
ously performed the test. The ERS/ATS Technical Standard recommends specific,
standardize wording be used.

Measurements Taken During the 6MWT

Continuous pulse oximetry should be performed during the 6MWT, in order to
accurately determine the lowest SpO,. This measure has important clinical implica-
tions for assessment of disease progression and need for oxygen therapy. The asses-
sor should ensure that a quality signal is obtained. The assessor should not “pace”
the patient during the test but should walk sufficiently behind the patient such that
the pulse oximeter readings can be observed without influencing the patient’s walk-
ing speed. This is usually achieved by placing the pulse oximeter in a pouch which
is hung over the patient’s torso.

Rests

The patient can rest at any time during the test, either in sitting or standing. However,
the timer keeps going up until 6 min, to give the patient opportunity to resume walk-
ing when able, if SpO, is >85%. Record the start and end time of each stop.

Stopping the 6 MWT

The Technical Standard suggests that the 6GMWT is ceased if the SpO, falls to 80%,
as this is associated with a very low rate of adverse events. The rate of adverse
events if the SpO, is allowed to fall below 80% is not known. If the SpO, recovers
to 85%, then the patient is asked to recommence walking. Other reasons the asses-
sor may cease a test include chest pain, intolerable dyspnea, leg cramps, staggering
or loss of balance, diaphoresis, or pale appearance. Emergency procedures should
be instituted according to local protocols, including administration of oxygen as
required.
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Test Repetition

Due to the learning effect, two 6MWT are required in order to obtain a baseline
value against which subsequent 6MWDs can be compared. The Technical Standard
suggests an interval of 30 min between 6MWTs to allow physiological measures
and symptoms (SpO,, HR, blood pressure, dyspnea, and fatigue) to return to
baseline.

Use of Oxygen During the 6 MWT

If the patient has been prescribed oxygen therapy, then this should be used during
the 6MWT. Ideally the flow rate should be kept constant for subsequent tests; if this
is not possible due to a change in the patient’s oxygen prescription, then this should
be clearly documented, as direct comparison of 6 MWD will not be possible. Oxygen
should not be titrated during any 6MWT where 6MWD will be reported, as this is
not reproducible and likely to have a highly significant effect on distance walked.
For any test where oxygen is used, ensure that the flow rate, oxygen delivery device,
and method by which it is transported (by patient or assessor, backpack or trolley,
etc.) are recorded.

Recording Performance on the 6MWT

The primary outcome is the 6 MWD, in meters or feet. During the tests the assessor
should record the number of laps and the number of meters/feet walked in the final
part-lap, so that a total distance walked can be reported. If the test is performed
twice, then the best GMWD should be reported, along with other variables recorded
on the same test. The SpO, and HR at baseline and end test, the lowest SpO, recorded
during the test, and the symptom scores obtained before and after the test should
also be reported. It is also informative to ask the patient about what prevented them
from walking further/faster during the test (dyspnea, leg fatigue, or others). If the
patient stopped during the test, then the number of stops and the total time stopped
are reported. This provides alternative metrics to describe disease progression and
may assist with exercise prescription in pulmonary rehabilitation. An example of a
recording form is available with the Technical Standard.

10.5.2 Safety Considerations for the 6MWT

The rate of adverse events during the 6MWT in people with chronic respiratory
diseases is very low, particularly when the test has been conducted to an established
protocol, which incorporates cessation of the test with oxygen desaturation less than
80%. With this protocol applied, one study documented complications on 6% of
tests, with the most common complication being oxygen desaturation. Intolerable
symptoms, including dyspnea, severe wheeze, lightheadedness, low back pain,
chest pain, and tachycardia, were also noted. Predictors of desaturation during a
6MWT were a lower FEV, and lower pre-6MWT oxygen saturation.

The absence of documented long-term adverse sequelae related to oxygen desat-
uration may influence the differing approaches between clinical practices regarding
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permissible oxygen desaturation during a 6MWT. Some centers advocate for test
termination before significant desaturation has the opportunity to occur, while oth-
ers lend support an individual clinicians’ judgment and experience regarding the
safety level for cessation of a 6MWT for this metric. The safety of the 6MWT if
severe desaturation (<80%) is permitted has not been documented.

10.6 Clinical Example Using the 6 MWD

The following example illustrates the use of the 6BMWT in clinical practice.

Mr. C is a 66-year-old gentleman who presents to a respiratory clinic with dys-
pnea and cough of 6-month duration. His respiratory function tests show a mild
restrictive pattern with FVC 67% predicted and TLCO 60% predicted. Mr. C has no
history of relevant exposures. High-resolution computed tomography shows a hon-
eycombing pattern consistent with idiopathic pulmonary fibrosis (IPF).

The best of two 6MWDs at initial clinic visit is relatively well preserved at 520 m
or 77% predicted using reference equations from Jenkins et al. The lowest SpO,
during 6MWT is 92%, decreased from resting SpO, of 96%.

A diagnosis of IPF is confirmed after review by a multidisciplinary meeting. Mr.
C is prescribed with pirfenidone, which he tolerates well. At repeat clinic visit 6
months later, his respiratory function tests are stable. His 6 MWD shows a small
increase (+22 m) which is not clinically significant, and his nadir oxygen saturation
is unchanged at 91%.

Twelve months later Mr. C returns to clinic, reporting an increase in his dyspnea.
There has been a small reduction in respiratory function (5% in FVC and TLCO).
However, there has been a highly significant reduction in 6MWD, falling from
540 m to 480 m, with lowest SpO, of 86%. Mr. C’s physician recommends that he
remains on pirfenidone. He also refers Mr. C to pulmonary rehabilitation and to the
oxygen clinical for consideration of ambulatory oxygen.

Key Points

* The 6MWT at baseline allows both assessment of Mr. C’s functional
capacity and exertional oxygen saturation.

* Regular monitoring of the 6MWD can alert clinicians to any significant
changes, either improvement or decline. In this case the first follow-up
6MWD provided assurance that Mr. C’s functional capacity remained sta-
ble. The second follow-up 6MWD showed a highly significant decline,
indicating that more intensive treatment and monitoring may be required.

* The 6MWT provides sensitive information about exertional desaturation
that can alert clinicians to change over time and suggests when initiation of
oxygen therapy could be considered. It will also assist pulmonary rehabili-
tation practitioners to design a safe and effective training strategy for Mr. C.
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10.6.1 Incremental Shuttle Walk Test (ISWT)
10.6.1.1 Background

The ISWT was developed as a way of performing an objective and standardized
measure of functional capacity in patients with COPD. This test is performed around
a 10-meter course, at speeds dictated by an external auditory cue. The speed of
walking increases every minute and provokes a symptom-limited maximal perfor-
mance. The primary outcome of the ISWT is distance which is recorded in meters
to the last completed shuttle. Since initial development, it has been adopted for use
in other respiratory and chronic conditions. The ISWT was developed and modified
from earlier work where a test using a 20-m running track was used to measure the
peak oxygen uptake (VO,Peak) in a sporting population. By adapting the incremen-
tal levels reported by Léger and Lambert, the ISWT was developed to include simi-
lar multistage speeds.

Validity

The ISWT distance related well to VO,Peak, the gold standard measure of cardiore-
spiratory fitness, during a CPET (r = 0.88). When comparing the distances walked
between the ISWT to the previously established 6MWD, there was a good correla-
tion (r = 0.68). From the initial validation data, Singh et al. established the following
regression equation:

Estimated VO,Peak (ml.min~'kg=") = 4.19 (95% CI 1.12 to 7.17) + 0.025 (0.018
to 0.031) distance (m).

For patients with COPD, a moderate correlation has been observed between the
ISWT and quadriceps strength (» = 0.47), symptom burden using the COPD assess-
ment tool (CAT; r = 0.50), and physical activity (» = 0.54). Only weak correlations
have been reported in COPD between ISWT distance and age or lung function, as
might be expected. For patients with lung cancer, the ISWT correlates moderately
to quadriceps and inspiratory muscle strength but only weakly to lung function.
There is evidence that the ISWT is also a valid tool for use in bronchiectasis with
moderate correlations observed for VO,Peak, steps per day, MRC, and peak
workload.

For patients with asthma, the ISWT has been validated in those who do not dem-
onstrate exercise-induced bronchodilation. When comparing the response between
the ISWT and a constant work rate (CWR) treadmill-based CPET test, there were
similar responses in ventilatory efficiency (VE/VCO, 32 + 8 vs 19.7); however, the
ISWT elicited a greater ventilatory demand than the CWR treadmill test (VE/MVV
0.5 £0.2 vs 0.4 £ 0.2). This may have been a relative effect of comparing an incre-
mental test to a CWR test which was performed at 40% of an incremental alterna-
tive. The development of a modified ISWT (MST) has demonstrated a strong
relationship in VO,Peak (r = 0.95, p < 0.01) for adult patients with cystic fibrosis.
This relationship was expressed as VO,Peak = 6.83 [95% CI, 2.85-10.80] + 0.028
[0.019-0.024] x MST distance.
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Reliability and Learning

The reliability of the ISWT for patients with COPD is strong when measured
by intraclass correlation coefficients (ICC 0.88-0.93). While not measured
with ICCs, initial data by Singh et al. reported an excellent correction between
tests one and two (r = 0.98). This is also the case for patients with bronchiec-
tasis and CF. The reliability of the ISWT has not been reported in either ILD
or asthma.

Initial testing of the ISWT suggested a significant learning effect of 31 m
between tests one and two, but this reduced to 2 m between tests two and three.
A similar learning effect was also reported in a recent systematic review where
a pooled mean difference of 20 m was reported in over 600 patients. For same-
day repeatability, a learning effect of 20-40 m has been reported. For physi-
ological variables, same-day repeatability of the ISWT has been described
as —56 L/min for VO,Peak (coefficient of repeatability (CR) of 414 L/min),
56 L/min for VCO,Peak (CR of 329 L/min), 0.09 for RER (CR of 0.24), 4 bpm
for end test HR (CR 13 bpm), and O for end test SpO, (CR of 4%). Expert
opinion would suggest that two tests should be performed when establishing a
baseline ISWT, with the best distance recorded. Recent audit data in the United
Kingdom highlights that this is not routine practice for many clinical services.
Many services may struggle with this repetition in terms of time and provi-
sion; however, its completion allows for accurate assessment of exercise perfor-
mance and prescription required for optimal exercise training as recommended
internationally.

Repeatability of the ISWT within other respiratory populations is unclear. In ILD
the learning effect is suggested to be 29 m, while for bronchiectasis, this effect was
absent between tests with only a 4-meter difference. In a population of adult patients
with CF, there was no difference between the distance walked on two tests (mean 0,
95% CI —1-1). Repeatability of the ISWT has not been confirmed in adult patients
with asthma.

10.7 ISWT as a Clinical Indicator

Performance of the ISWT has proven useful for predicting mortality in patients with
COPD with a suggested distance threshold of <170 m indicating greater mortality
and in predicting hospital readmission following an acute exacerbation of
COPD. The test has also been incorporated into the multidimensional tool, the
iBODE (body mass index, degree of airflow obstruction, dyspnea, and exercise
capacity (by ISWT)), which has proven valuable as a composite measure for the
categorization and prediction of outcome in patients with COPD. This has not been
duplicated in other respiratory conditions.
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10.8 Reference Equations

Numerous reference equations have been published for predicting VO,Peak from
the ISWT. One of these studies was conducted in a South American population and
was not age matched to a COPD population; however, another based in India
grouped patients by three age ranges. A European-based study observed that age,
body mass index (BMI), FEV |, quadriceps strength, and physical activity explained
50% of the variation in the ISWT distance. No predictive equations have been
reported within other respiratory populations.

10.9 Meaningful Change in the ISWT

Minimal Important Difference

The minimal important difference (MID) for the ISWT for patients with COPD and
following pulmonary rehabilitation has been estimated at 48 m. This measure was
calculated using a patient preference approach, rather than a statistical model. For
patients with non-CF bronchiectasis, an MCID of 35 m has been identified.

Impact of Interventions on ISWT
The ISWT is sensitive in identifying exercise-induced desaturation in patients with
COPD, and distance walked is sensitive for identifying improvements in oxygen-
ation when ambulatory oxygen was administered. This study identified a significant
increase of 33 m in ISW distance when patients received supplemental ambulatory
oxygen when compared to air. Interestingly these authors also identified a signifi-
cant reduction of 29 m in ISW distance in persons carrying an air cylinder when
compared to an unencumbered control walk. This highlights the benefits of supple-
mental oxygen but also that the method of ambulation (i.e., carrying with a back-
pack or on a walker) should be documented, enabling standardization of the test on
subsequent visits. The use of a walking aid has also demonstrated a useful tool
worthy of prescription for increasing walking distance for patients with COPD.
The ISWT is sensitive to exercise-based interventions such as pulmonary reha-
bilitation for patients with COPD and a variety of respiratory and long-term chronic
diseases (such as heart failure). Studies report a range of ISWT responses to pulmo-
nary rehabilitation from 36 to 61 m. A pooled mean improvement of 40 m has been
suggested in the latest Cochrane Review; however, only half of the studies achieved
the suggested MID. An effect size of 0.65 has also been reported for the ISWT fol-
lowing pulmonary rehabilitation. For patients with ILD, significant improvements
in ISWT distance have been reported following pulmonary rehabilitation; however,
these gains were not observed for those patients prescribed with oxygen therapy. A
recent systematic review in patients with non-CF bronchiectasis has suggested
improvement of the ISWT following pulmonary rehabilitation with weighted mean
difference of 67 m, coinciding with improvements in health status.
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With relation to the sensitivity of the ISWT to detect changes following broncho-
dilation, significant improvements of 30 m have been reported following the admin-
istration of nebulized salbutamol and ipratropium. This was not however translated
into any significant improvements in breathlessness scores. For patients with chronic
asthma, the response of the ISWT has not been reported following either broncho-
dilation or exercise-based interventions.

10.9.1 Endurance Shuttle Walk Test (ESWT)
10.9.1.1 Background

The ESWT is an endurance or constant work rate derivative of the ISWT, using the
same walking track and setup but with a different protocol. The primary outcome of
the ESWT is time and should be reported in seconds or percent change following an
intervention. For this test, after an initial warm-up period of 2 min, the speed of
walking is kept constant. The speed of walking is derived from the results of the
ISWT, and therefore the ESWT cannot be completed as a stand-alone test. The test
was developed as a submaximal measure of function for the assessment of disability
in patients with COPD as a companion to the ISWT. As such, an accurate prediction
of 85% peak performance is dependent upon the patient completing an adequate
ISWT prior to calculating the appropriate speed of the ESWT. An added benefit of
performing an ESWT is that it allows a health-care provider to prescribe a level of
exercise at a given threshold value, enabling accurate and optimal aerobic training.
It also serves as a responsive outcome measure. At the present time, the majority of
ESWT data has been reported within the COPD population; however there is grow-
ing use of this test within other respiratory populations.

Validity

There is limited evidence regarding the validity of the ESWT. However, during the
developmental stages of the ESWT, the test was validated against a laboratory-
based constant work rate treadmill test in patients with COPD. The ESWT and
treadmill constant work rate test elicited similar physiological and metabolic
responses for VO,Peak, ViPeak, breaths per minute, tidal volume, and heart rate per
minute, when tests were performed at both 75 and 85% predicted VO,Peak (using
the ISWT equation). This was not the case when patients performed near maximal
testing (95% VO,Peak).

Reliability and Learning

For patients with COPD, the learning effect for the ESWT has been reported as 60 s
between tests one and two, when the test is performed at 85% predicted VO,Peak
obtained from the ISWT. While this was not statistically significant, there was a
significant increase in distance between tests one and three by 74 s. The same
authors who developed the ESWT also suggested a nonsignificant mean increase in
ESWT duration of 12 s between tests one and two when measuring on the same day
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in 68 patients with COPD. This small difference in duration was confirmed by
Bland and Altman (BA) plots where the coefficient of repeatability was +100 s.
Further studies have reported test-retest differences of —7 to —2 s. These data also
identified some variability in ESWT performance associated with longer endurance
time. This variation may be evident in patients who walk for longer as they are more
sensitive to external influences such as motivation, mood, or boredom.

10.9.1.2 Meaningful Change in ESWT

Minimum Important Difference

Different values have been proposed for the MID of the ESWT, depending on the
nature of the intervention. While Pepin et al. reported an MID of 45-85 s (or
60-115 m) following bronchodilation, the authors were unable to determine an
MID for pulmonary rehabilitation using a preference-based approach. These authors
did however report that a distribution-based analysis suggested an MID of 186-203 s.
This was equivalent to 136% change in performance. Borel et al. (2014) more
recently reported a similar MID range following a bronchodilation intervention of
tiotropium plus additional fluticasone/salmeterol (fixed-dose combination), propos-
ing that an improvement of 56-61 s, or distance of 70-82 m, was meaningful to
patients. For patients with a diagnosis of respiratory failure, an MID in the range of
186—199 s or 154—164 m has been reported when anchored to health-related quality
of life and exercise capacity.

Impact of Interventions

It is generally accepted that a constant work rate test is likely to be more sensitive to
an intervention than a maximal exercise test, and this is observed when comparing
the ISWT and ESWT. Given the increasing awareness of the responsive properties
of the ESWT, there is a growing use of the test in clinical trials.

There is growing literature on ESWT response to bronchodilation. Pepin et al.
have reported the response of the ESWT on two separate occasions found similar
significant improvements (164 and 144 s, respectively) along with strong effect
sizes (ES) of 0.93 and 0.66. Brouillard and colleagues reported similar responses
with a significant improvement of 117 s and a moderate ES (0.56) following bron-
chodilation with salmeterol. A more recent study of tiotropium reported a difference
of 117 s following 3 weeks of therapy. These improvements in exercise function
were also translated into significant improvements in breathlessness at end test.

Response of ESWT to pulmonary rehabilitation has been reported as significant
with improvement of 160 s from baseline and a strong ES of 2.90. Other trials have
also reported significantly high responses with improvements ranging from 293 to
408 s. Unfortunately, the ESWT has not been included in any large Cochrane Reviews
to date, and this may be a consequence of the small volume of literature available at
the time of the review. However, a recent systematic review by Singh et al. reported
the test responsiveness with standardized response means ranging from 0.52 to 1.27,
with two of the six studies reported evaluating pulmonary rehabilitation.
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Fig. 10.2 Layout and conduct of the Shuttle Walk Test
10.10 Performing the ISWT and ESWT

Both incremental and endurance SWT utilize a 10-meter track marked with cones at
either end Fig. 10.2. The remaining 1 m is accounted for in the turn required at
either end of the track. The ISWT is a maximal and progressive symptom-limited
test that is externally paced using an incremental speed which is indicated using an
audio signal. The ESWT is a constant work rate test, which requires that an ISWT
is performed first to establish the workload. The test should be conducted in a quiet
corridor or dedicated exercise testing room. Standardized encouragement is required
for both tests.

Contraindications and Precautions
As the ISWT is designed to elicit maximal exercise performance, the same
contraindications and precautions as a CPET should be applied (TS).

Baseline Measurements

Before the test, physiological parameters should be collected including blood
pressure, pulse rate, and oxygen saturation along with scales of perceived exertion
and breathlessness.

Patient Instructions

Initial test instructions are given by the audio recording and are reproduced in the
Technical Standard. An operator should pace the patient for the first minute/level of
the test before stepping away, unless closer supervision is required for patient safety.
Patients should not run during the ISWT. When running, VO,Peak increases in
direct proportion to velocity and therefore is more efficient than walking. This
change in metabolic demand would therefore render the predictive equation of the
ISWT invalid.

Setting the Speed for the ESWT

The ESWT is calculated as a percentage of peak performance of the ISWT (e.g.,
70-85% estimated VO,Peak) or a percentage of the peak speed achieved. The
ESWT includes a warm-up period of 1.5 min, after which the patient should be
paced for the first two shuttles. When choosing an appropriate speed, an operator
should calculate the predicted VO,Peak (4.19 + (0.025 * ISWT distance)) followed
by the percentage work the patient needs to work at (i.e., 70-85%). This percent-
predicted VO,Peak can then be used to identify the appropriate walking speed for
the ESWT.
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Encouragement
For the ISWT, as the speed of walking increases every minute, indicated by a triple
bleep, the patient should be advised:

“You now need to increase your speed of walking.”

During both ISWT and ESWT, only one verbal cue can be used to encourage the
patient to pick up their speed; if they are more than 0.5 m from the marker when the
bleep sounds:

“You need to increase your speed to keep up with the test.”

No other verbal cues should be given.

Measures Taken during the SWTs

The assessor counts the number of shuttles completed during the test. It is advisable
to time the performance as an additional measure, to confirm manual recording of
the number of shuttles completed.

Stopping the SWTs

The test is ceased if the patient is more than 0.5 of a meter from the marker when
the auditory cue sounds for a second successive shuttle. The test is also ceased if the
patent indicates symptom limitation (e.g., too breathless or tired to continue). It may
also be terminated at the assessor’s discretion should there be a drop of SpO, below
80%, an increase in cardiac frequency above 85% predicated heart rate maximum,
or the patient feeling generally unwell. For an ESWT, the test should last between
180 and 480 s in duration, allowing for an optimal physiological response to the
point of symptom limitation. If a patient exceeds this time, the test should be stopped
and the patient allowed to rest. Once the patient has rested, a further test should be
completed at one or two levels above the first. The operator’s decision on prescribed
speed should be guided by the patient’s physiological and self-reported response to
the first test.

Test Repetition

Due to the learning effect on the ISWT, two tests are recommended to obtain an
accurate baseline. Repeat testing should occur following a 30-min rest or sufficient
time to allow recovery of all physiological and symptom measures to baseline. Two
tests do not appear to be required for an accurate baseline ESWT measurement.
After an intervention the ESWT should be repeated at the same speed as at baseline,
in order to accurately identify any treatment effects.

Use of Oxygen

In order to interpret change over time, the SWTs should be performed with oxygen
delivered at the same flow rate and by the same method, where possible. The deliv-
ery system, flow rate, and method of carrying the oxygen (patient or assessor, back-
pack or trolley, etc.) should be documented on the testing form.

Recording Performance

The primary outcome of the ISWT is distance, reported as an accumulation of 10-m
lengths. The minimum distance is 0 m if patients fail to complete the first shuttle,
and the maximum is 1020 m. It can also be reported as percent predicted, noting the
reference equation used. The ESWT is reported as time (minutes and seconds),
although it can also be expressed as distance. The recording form should include
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SpO,, heart rate, dyspnea, and fatigue scores at the beginning and end of the test, as
well as the lowest SpO, recorded during the test. The reason for test termination
should be recorded. Examples of recording forms are available with the Technical
Standard.

10.11 Safety of the Shuttle Walk Tests

Subjects with angina or a recent myocardial infarction (1 month) should be dis-
cussed with the referring physician and testing under physician supervision when
clinically safe. Stable exertional angina is not an absolute contraindication for a
field walking test, but subjects with these symptoms should perform the test after
using their anti-angina medication, and rescue nitrate medication should be readily
available. Indeed, the ISWT has been used as an outcome for cardiac rehabilitation
and is therefore a safe test to perform on patients with cardiac disease.

10.12 Clinical Examples Using the ISWT and ESWT

The following examples illustrate the use of the ISWT and ESWT in clinical
practice:

ISWT example: Patient with COPD referred for pulmonary rehabilitation. Mr. A, a
69-year-old gentleman, attended a pulmonary rehabilitation assessment clinic dur-
ing the winter. He had a confirmed diagnosis of COPD with post-bronchodilator
spirometry of FEV, 54% predicted and FEV,/FVC 52%. He had an MRC breath-
lessness score of four, regular sputum production, and cough. No cardiovascular
symptoms on questioning. He had a symptom burden score (CAT score) of 30 and
CRQ-dyspnea score of 2.2 indicating he was disabled with breathlessness.
Comorbidities consisted of hypertension (managed with an ACE inhibitor and a
diuretic) and previous DVT and PE for which he was on warfarin. Mr. A also had a
BMI of 38.3 kg.m~2. He was treated with a combination inhaler (steroid/long-acting
[,-agonist), along with long-acting muscarinic receptor antagonist (LAMA) and a
short-acting Beta,-agonist (SAMA) for acute relief. This gentleman’s 85% heart
rate maximum (HRmax) was estimated at 128.

At rest he had finger oximetry (SpO,) of 93% on room air and a pulse rate (regu-
lar) of 92 with a blood pressure of 120/65. His Borg breathlessness score was one.
No ankle swelling and JVP were unremarkable.

Mr. A performed 120 m in his first ISWT, and test termination was due to breath-
lessness and leg fatigue. At end test, his SpO, was 90% (nadir SpO, was 90%) on
room air and a pulse rate (regular) at 133 with a blood pressure of 136/72. His per-
ceived breathlessness score was five and rate of perceived exertion was 17. These
values returned to baseline within minutes after a short period of rest. A second test
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was performed after 30 min. This second test measured 20 m less than the first
(100 m) but with the same test termination (breathlessness and leg fatigue). At end
test his SpO, was 92% on room air and a pulse rate (regular) at 103 with a blood
pressure of 120/65. His perceived breathlessness score was five and rate of per-

ceived exertion was 17.

Mr. A expressed that he was really happy with the distance that he had covered

at the speed he had performed.

Key Notes

Mr. A presents as a very symptomatic patient with moderate COPD (GOLD
2) with a very high CAT (30), an MRC of four, and an extreme breathless-
ness when measured using the CRQ dyspnea.

The best test performed by Mr. A was test one despite both tests eliciting
levels of severe breathlessness and leg fatigue. This is indicted by the first
test provoking a good cardiovascular response to just above his predicted
85%HRmax. There was adequate rise in blood pressure within acceptable
level for an exercise test.

Mr. A displayed a decrease in his SpO, to 90%. While this would not con-
stitute an additional prescription of oxygen, it would be clinically wise to
monitor this during exercise training for any additional desaturation that
may warrant further assessment.

Given that Mr. A has a history of hypertension, the ISWT may identify
excessive rises or even decompensation at end test if there was a drop in
blood pressure below 10% of resting BP. It is therefore suggested that
blood pressure is measured in all patients presenting in clinic for an
ISWT. This allows a thorough interrogation of the systemic responses to
exercise and hence optimizes the safety of patients entering pulmonary
rehabilitation.

ESWT example: calculation and performance of the ESWT.

Using the example above, we can assume that Mr. A performed an accurate
test (we know he performed a good maximal test due to his responses) and
that his predicted VO,Peak, using the following predictive equation
(VO,Peak (ml/min/kg) = 4.19 + (0.025 * ISWT distance)) was 7.19 (ml/
min/kg).

When choosing the speed for the ESWT, we calculate 85% of his predi-
cated VO,Peak (7.19 * 0.85 = 6.11 (ml/min/kg). If we use the published
equations, we find that in order for Mr. A to perform an endurance test at
60.11 (ml/min/kg) VO,Peak, the speed of choice was approximately
2.72 km/h (the closest level to the prediction).

Using this calculation, Mr. A completed an ESWT at level four. The dura-
tion of his test was 240 s, exceeding the lower threshold of 3 min for con-
ducting a good test. His end test responses were SpO, was 94% on room

215
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air and a pulse rate (regular) at 118 with a blood pressure of 133/72. His
perceived breathlessness score was five and rate of perceived exertion was
15. Reason for termination was breathlessness and leg fatigue.

» This endurance test elicited the suggested duration of a CWR test (180 s)
and elicited a submaximal response at 85% of his predicted VO,Peak.
When compared to his maximal test, these physiological responses are
noted with less desaturation and less increase in cardiovascular outputs.
While Mr. A reported severe breathlessness, his perceived leg fatigue was
less than the ISWT.

* In terms of exercise prescription, level four would be an optimal training
prescription for Mr. A with the aim to increase the duration of his walks
over time. Clinically, and if Mr. A was finding training at level four too
hard, the health-care professional could decrease to level three and be
guided by the Borg breathlessness scale to gauge training efficiency.

* On completing pulmonary rehabilitation, the test should be repeated at the
same level (level four in Mr. A’s case). This enables the greatest changes to
be assessed. If a new ESWT was calculated from a new ISWT, any treat-
ment effect may be lost.
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