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ABSTRACT Field walking tests are commonly employed to evaluate exercise capacity, assess prognosis

and evaluate treatment response in chronic respiratory diseases. In recent years, there has been a wealth of

new literature pertinent to the conduct of the 6-min walk test (6MWT), and a growing evidence base

describing the incremental and endurance shuttle walk tests (ISWT and ESWT, respectively). The aim of

this document is to describe the standard operating procedures for the 6MWT, ISWT and ESWT, which can

be consistently employed by clinicians and researchers.

The Technical Standard was developed by a multidisciplinary and international group of clinicians and

researchers with expertise in the application of field walking tests. The procedures are underpinned by a

concurrent systematic review of literature relevant to measurement properties and test conduct in adults

with chronic respiratory disease.

Current data confirm that the 6MWT, ISWT and ESWT are valid, reliable and responsive to change with

some interventions. However, results are sensitive to small changes in methodology. It is important that two

tests are conducted for the 6MWT and ISWT.

This Technical Standard for field walking tests reflects current evidence regarding procedures that should

be used to achieve robust results.
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Overview
The aim of this Technical Standard is to document the standard operating procedures for the 6-min walk

test (6MWT), incremental shuttle walk test (ISWT) and endurance shuttle walk test (ESWT) in adults with

chronic respiratory disease. The testing procedures were developed by a multinational and multidisciplinary

group of experts in field exercise testing, informed by a systematic review of the measurement properties

and interpretation of the 6MWT, ISWT and ESWT in adults with chronic respiratory disease [1].

The key findings of the Technical Standard are as follows.

1) The 6-min walking distance (6MWD), ISWT and ESWT demonstrate good construct validity. Strong

relationships with measures of exercise performance and physical activity support their conceptualisation as

tests of functional exercise performance.

2) A lower 6MWD is strongly associated with increased risk of hospitalisation and mortality in people with

chronic respiratory disease, with a small number of studies suggesting a similar relationship for the ISWT.

3) The 6MWD, ISWT and ESWT exhibit good test–retest reliability; however, there is strong evidence of a

learning effect for the 6MWT and ISWT. Two tests should be performed when the 6MWT or ISWT are used

to measure change over time.

4) The 6MWD, ISWT and ESWT are responsive to treatment effects in people with chronic respiratory

disease; however, most studies have evaluated responsiveness to rehabilitation and fewer data are available

to confirm responsiveness to other interventions.

5) The 6MWD and ISWT elicit a peak oxygen uptake (V9O2peak) that is similar to that during a

cardiopulmonary exercise test (CPET). As a result, the contraindications and precautions for field testing

should be consistent with those used for a CPET.

6) The 6MWD is very sensitive to variations in methodology, including use of encouragement, provision of

supplemental oxygen, changes in track layout and length, and use of wheeled walkers. These factors should

be held constant on repeat testing.

7) The 6MWD is the primary outcome of the 6MWT.

8) The lowest arterial oxygen saturation measured by pulse oximetry (SpO2) recorded during a 6MWT has

emerged as an important marker of disease severity and prognosis; however, it may not be consistent with

end-test SpO2. Continuous pulse oximetry is recommended during the 6MWT, to ensure that the lowest

SpO2 is recorded.

9) Available evidence suggests a minimal important difference (MID) of 30 m for the 6MWD in adults with

chronic respiratory disease.

10) The primary outcome of the ISWT is distance, measured to the nearest 10 m.

11) The primary outcome of the ESWT is time, although distance has also been reported.

12) Application of reference equations for 6MWD or ISWT to an individual gives rise to substantial

variation in predicted values. If reference values are to be used, an equation generated and verified in a local

population should be applied where possible.

13) Testing procedures that are consistent across the 6MWT, ISWT and ESWT include test location and

staffing, patient assessment and preparation, use of oxygen and medications, indications for test cessation,

and quality assurance. These procedures are detailed in the Technical Standard.

Introduction
The 6MWT plays a key role in evaluating functional exercise capacity, assessing prognosis and evaluating

response to treatment across a wide range of respiratory diseases. Since publication of the previous

American Thoracic Society (ATS) statement on the 6MWT in 2002 [2], new information regarding the

6MWT has emerged in a range of areas, including methods of test performance and interpretation. This

increased body of knowledge has significant implications for the good conduct of the 6MWT in individuals

with chronic respiratory disease, in both research and clinical settings.

The last 10 years have also seen a growing body of evidence describing the uses and measurement properties

of the ISWT and the ESWT. Given the increasing uptake of these field tests in clinical practice, the scope of

the 2002 document has been expanded to include the ISWT and ESWT. While the use of other field tests has

also been reported in chronic respiratory disease (e.g. timed up and go, sit to stand test, 4-m gait speed test),

the committee considered that there were currently insufficient data to include them in this version of the

Technical Standard.
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The testing procedures outlined in this document are based on a systematic review of the literature

describing the use and properties of these field walking tests in adults with chronic respiratory disease,

including chronic obstructive pulmonary disease (COPD), interstitial lung disease (ILD), cystic fibrosis

(CF), bronchiectasis, asthma, pulmonary arterial hypertension (PAH) and pulmonary vascular disease [1].

As a consequence, these standards are not intended for application to children or to individuals who do not

have chronic respiratory disease. This Technical Standard provides guidance on the practical aspects of

conducting field walking tests in a safe, effective and reproducible manner. This document is not intended

to provide guidance regarding when or in which patients these tests should be performed. The measurement

properties of each field walking test are described individually. Standard operating procedures common to

all three tests are outlined and those specific to each test are described. A brief comparison of the three tests

is included. Finally, important differences between this document and the previous ATS statement on the

6MWT are highlighted.

Methods
An ad hoc Task Force was assembled to develop technical standards for the performance of the 6MWT,

ISWT and ESWT based upon a systematic review of the evidence [1]. Co-chairs were selected by the

Pulmonary Rehabilitation Assembly and Proficiency Standards Committee of the ATS and the

Rehabilitation and Chronic Care Assembly and Allied Respiratory Professionals Assembly of the European

Respiratory Society (ERS), then approved by the leadership of both societies. Members of the Task Force

were selected by the co-chairs on the basis of their expertise in application of field walking tests in research

and/or clinical practice. All potential conflicts of interest were disclosed andmanaged according to the policies

and procedures for joint ATS/ERS projects. Drafts of this document were prepared by two members (Anne E.

Holland and Sally J. Singh), with all authors providing comment and suggestions for the final document.

The methods checklist is presented in table 1.

The systematic review which informs this document addressed seven questions relevant to the measurement

properties, performance, clinical utility, reporting, monitoring, reference equations and interpretation for

field walking tests in chronic respiratory disease. Full details are provided in a companion paper [1].

The 6MWT: measurement properties important to test conduct
The 6MWT is a self-paced test of walking capacity. Patients are asked to walk as far as possible in 6 min

along a flat corridor. The distance in metres is recorded. Standardised instructions and encouragement are

commonly given during the test [2].

Validity of 6MWD

There is a large body of data demonstrating construct and criterion validity for the 6MWD in individuals

with chronic respiratory disease [1]. Relationships are strongest with measures of maximal exercise

TABLE 1 Methods checklist

Yes No

Panel assembly

Included experts for relevant clinical and nonclinical disciplines X
Included individual who represents the views of patients and society at large X
Included methodologist with appropriate expertise X

Literature review

Performed in collaboration with a librarian X
Searched multiple electronic databases X
Reviewed reference lists of retrieved studies X

Evidence synthesis

Applied pre-specified inclusion and exclusion criteria X
Evaluated included studies for sources of bias X
Explicitly summarised benefits and harms X
Used PRISMA1 to report systematic review X
Used GRADE to describe quality of evidence X

Generation of recommendations

Used GRADE to rate the strength of recommendations NA

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; GRADE: Grading of
Recommendations Assessment, Development and Evaluation; NA: not applicable.
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performance and physical activity (correlation coefficients 0.4–0.93). Relationships between 6MWD and

respiratory function (forced expiratory volume in 1 s (FEV1), forced vital capacity and diffusing capacity

of the lung for carbon monoxide (DLCO)) (correlation coefficients 0.31–0.55) or health-related quality of

life (HRQoL) (correlation coefficients 0.03–0.65) are of weak to moderate strength across all disease

groups examined.

Direct comparisons of the physiological demands of the 6MWT and CPET show that although measures of

peak exercise performance (V9O2peak and heart rate (HR) peak) are similar between the tests, the 6MWT has

substantially lower ventilatory requirements (peak carbon dioxide production, peak ventilation and

respiratory exchange ratio) [3–8], which may contribute to its tolerability in adults with chronic respiratory

disease. Overall, these data lend support to the conceptualisation of the 6MWT as a test of functional

exercise capacity.

Reliability and learning effect for 6MWD

The 6MWD is a reliable measure in people with chronic respiratory disease, with excellent intra-class

correlation coefficients (ICCs) (range 0.82–0.99) [1]. There are no discernible differences in reliability

across groups with different chronic respiratory diseases. Despite its excellent reliability, there is strong

evidence of a learning effect for the 6MWD when two or more tests are conducted. 13 studies in patients

with COPD show a pooled mean improvement on the second 6MWT of 26.3 m [1]. This estimate does not

change when including only the subgroup of studies where the two tests are conducted within 24 h

(26.1 m). The largest study to address this issue (n51514) reported a 95% confidence interval for the

learning effect of 24–29 m [9]. There is some variability across individuals: the proportion of participants

who walked further on the second 6MWT ranged from 50% to 87% across studies. Fewer data are available

in other chronic respiratory diseases, although the available studies tend to support a learning effect across

all chronic respiratory diseases [1]. Whether the learning effect is equally significant for individuals who

have previously performed multiple 6MWTs is difficult to establish, as few data are available. If the tests are

repeated 3 months later, the learning effect appears to persist in individuals with COPD; however, it may be

smaller in magnitude [10].

The effect of learning on the 6MWD is large enough to be clinically important when the 6MWT is used to

evaluate response to treatment or change over time. In these situations, two 6MWTs should be performed

and the best 6MWD recorded. Use of two 6MWDs may also decrease the sample size requirements for

clinical trials, due to reduced variability in the pre- and post-intervention measures [11]. Where the 6MWD

is used as a one-off measure to stage disease or assess risk (e.g. likelihood of hospitalisation or mortality),

the magnitude of the learning effect may be less important and one test may be sufficient. However,

clinicians should be mindful of the learning effect if the 6MWD is approaching pre-defined thresholds on

which treatment decisions may be based [12, 13]; in this situation, repeat testing should be considered. One

test may also be sufficient for patients who have recently performed the test, where the learning effect is

smaller (e.g. end of pulmonary rehabilitation) [10].

Relationship of 6MWD to clinical outcomes

The 6MWD has a strong relationship to important clinical outcomes in individuals with chronic respiratory

disease. A shorter 6MWD was associated with increased mortality in 13 (93%) out of the 14 COPD studies

reviewed [1]. Associations were less consistent in ILD (four (50%) out of eight studies) and PAH (six (66%)

out of nine studies) [1]. There is less evidence for the association of 6MWD with hospitalisation, but all

studies in which it was evaluated (n53, COPD and ILD) found a statistically significant relationship [1]. It

was outside the scope of this document to identify thresholds for 6MWD to categorise patients according to

their risk for these outcomes.

Methodological factors affecting test performance

The 6MWD is highly sensitive to changes in methodology (table 2). Given the impact of encouragement on

6MWD [33] and the use of encouraged tests in the generation of reference equations [1], it is recommended

that standardised phrases of encouragement are used (see later section on the testing protocol for 6MWT).

Provision of supplemental oxygen [26–29], method for carrying the supplemental oxygen [31, 32] and use

of wheeled walkers [20–25] also have an important impact on 6MWD. These factors must be kept constant

on repeat testing. The 6MWD generated using an externally paced treadmill is substantially lower than in a

hallway [14, 15], which is probably the result of the poor walking efficiency during treadmill walking in

subjects unaccustomed to this activity. Externally paced treadmill testing is not recommended. Track layout

and length may also affect performance on the test, especially when very short track lengths are used [19];

these factors should be kept constant where within-subject comparison of 6MWD on subsequent occasions
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is required. For track lengths of .15 m, differences may be small enough such that tests on different track

layouts can still be used for risk stratification [1]; however, more data are needed to confirm this.

Monitoring and reporting for 6MWT

Safety
Complications associated with the performance of the 6MWT are unusual. We were unable to find

published reports of complications associated with performance of the 6MWT in clinical trials. Only two

articles have specifically addressed the issue of complications during the 6MWT. In 741 patients attending

an outpatient pulmonary rehabilitation programme who completed the 6MWT in accordance with a

standardised protocol, including continuous monitoring of oxyhaemoglobin saturation (SpO2) and HR,

adverse events were noted in 43 (6%) of patients [35]. The most common adverse event was oxygen

desaturation ,80%, upon which the test was terminated by the operator (35 out of 43); chest pain (one out

of 43) and tachycardia (one out of 43) were also recorded. No long-term adverse sequelae from these events

were reported. In the remaining tests the patients developed intolerable symptoms and the test was

discontinued, which would be expected during the 6MWT and is not considered a complication. A second

study in ILD (n519) showed that desaturation to,80% occurred in 58% of participants during the 6MWT

[36]. Concurrent ECG monitoring showed no clinically significant arrhythmias that needed treatment,

although atrial tachycardia occurred in one case.

Measurements
The 6MWD is the primary outcome of the 6MWT, given its excellent reliability and validity, as well as its

strong relationship to important clinical outcomes. The 6MWD should be reported for every test in metres

or feet. However, other outcomes have been reported, such as SpO2, HR responses, symptoms of dyspnoea

and fatigue and 6-min walk work (6MWD6body weight).

Oxyhaemoglobin saturation
Oxygen desaturation during a 6MWT provides information regarding exercise-induced desaturation,

disease severity and disease progress. Exercise-induced desaturation is associated with impaired daily

TABLE 2 Effect of methodological variations on 6-min walking distance (6MWD)

Variation in methodology Studies n First author [ref.] Effect on 6MWD

Hallway versus treadmill 2 STEVENS [14]
DE ALMEIDA [15]

13–20% less on treadmill

Indoors versus outdoors 1 BROOKS [16] 4 m (1%) more outside
Circular versus straight track 2 BANSAL [17]

SCIURBA [18]
13–19 m (3–5%) more on circular track

Track length 2 SCIURBA [18]
BEEKMAN [19]

No statistically significant difference in 6MWD
from tracks of 15–121 m

50 mmore on 30-m track compared to 10-m track
Wheeled walking aid versus no aid 6 GUPTA [20]

HONEYMAN [21]
PROBST [22]
ROOMI [23]
SOLWAY [24]
VAES [25]

Weighted mean 6.2% more with wheeled walker
Range 2–46 m more with wheeled walker
83 m more with modern draisine compared

to wheeled walker

With versus without oxygen 4 DAVIDSON [26]
FUJIMOTO [27]

ROOYACKERS [28]
JOLLY [29]

12–59 m more with oxygen

Oxygen versus compressed air 2 JOLLY [29]
MCDONALD [30]

17–109 m more with oxygen

Carry oxygen versus oxygen in

wheeled cart

1 CRISAFULLI [31] 23 m more with wheeled cart

Patient carries oxygen versus tester

carries oxygen

1 WOODCOCK [32] 24 m versus 35 m improvement

Encouragement 1 GUYATT [33] 30.5 m more with encouragement
Instructions 1 WEIR [34] 53 m further when asked to walk as ‘‘fast’’ as

possible, rather than as ‘‘far’’ as possible

ERS/ATS TECHNICAL STANDARD | A.E. HOLLAND ET AL.

DOI: 10.1183/09031936.001503141432



physical activity, faster FEV1 decline and worse prognosis [37, 38], which supports its clinical importance.

The 6MWT is more sensitive for identifying exercise-induced desaturation than cycle testing [39].

Measurements of SpO2 during the 6MWT are reliable [1], provided that an adequate pulse signal is obtained.

However, change in SpO2 may be more variable in people with systemic sclerosis-associated ILD (SSc-ILD)

than in other lung conditions (ICCs ranging 0.24–0.64 in SSc-ILD, compared to 0.80–0.97 in CF and

COPD) [1], perhaps due to cutaneous involvement in SSc-ILD. The 6MWT may be safe without

continuous monitoring of SpO2 [36]. However, constant monitoring of SpO2 during the 6MWT is needed to

obtain an accurate measure of exercise-induced desaturation, as the lowest SpO2 often does not occur at the

end of the test [40, 41].

A number of novel desaturation indices have been proposed in patients with ILD, with the aim of

improving the ability of the 6MWT to predict mortality. These include the distance–saturation product

[42–45], the desaturation area [46] and the desaturation–distance ratio [47]. As only a small number of

studies are available, the utility of these measures has not been confirmed and they are not routinely

collected during the 6MWT.

Heart rate
The resting and end-test HR are often recorded during the 6MWT. Limited data are available regarding the

reliability of HR measures during the 6MWT; however, change in HR recorded on the pulse oximeter

appears reliable (ICCs 0.62–0.87) [9, 48]. No studies have compared the HR obtained from pulse oximetry

to that obtained with other methods (e.g. frequency meter). Other measures of HR response include HR

recovery (HRR), which is the reduction in HR with rest that occurs after the 6MWT is concluded. A

reduced HRR during the first minute after the 6MWT has been associated with poor outcomes, including

increased mortality, in ILD [49] and PAH [50, 51]. However, there is not a universally accepted cut-off for

HRR that is applicable across chronic respiratory diseases.

Dyspnoea
Dyspnoeamay be an important determinant of the 6MWD in patients with chronic respiratory disease [52–55],

where it reflects both the physiology of exercise limitation [56, 57] and the impact of exercise limitation on

daily life [58]. Dyspnoea scores collected during the 6MWT exhibit good reliability, with the modified Borg

dyspnoea scale [59] (ICCs 0.59–0.92) showing greater reliability than the 15-count dyspnoea scale (ICC 0.66)

and visual analogue scale for dyspnoea (coefficient of variation 0.22) [1]; however, few studies have investigated

these latter measures.

Subjective fatigue
Fatigue is a common feature in patients with chronic respiratory diseases, both as a local muscle

phenomenon and general fatigue. This is reflected during the 6MWT, where COPD patients experienced

more fatigue compared to healthy elderly subjects [60]. Patient-reported fatigue is commonly measured at

the beginning and end of the 6MWT using the Borg scale [59], which exhibits moderate reliability [9, 61].

Fatigue measured during the 6MWT using the Borg scale is associated with lower 6MWT, slower gait speed,

more severe airflow obstruction, more dyspnoea on exertion and lower HRQoL [1]. Notably, low-frequency

muscle fatigue in the quadriceps is seldom found with the 6MWT, although low-frequency fatigue in distal

leg muscles has been reported to be greater in COPD patients compared with controls [62].

6-min walk work
The 6-min walk work is the product of 6MWD and body weight, which may provide a better estimation of

the work required to perform the test than distance alone. The 6MWD6weight product correlates more

strongly with DLCO and V9O2peak than 6MWD alone [63, 64]. To date, no studies have investigated the

sensitivity of 6MWD6weight product to change over time. Additional studies are needed to better

characterise the utility of the 6-min walk work in adults with respiratory disease.

In summary, the 6MWD is the primary outcome of the 6MWT and should be recorded on every test. The

SpO2 and HR should be measured continuously during the 6MWT, to ensure that the lowest SpO2 and the

end-test HR are recorded. Care should be taken that obtaining these measures does not affect performance.

Current data indicate that the 6MWT has an excellent safety profile when the test is stopped if SpO2 falls to

,80%; few data are available to define the safety profile if desaturation to ,80% is permitted. Dyspnoea

and subjective fatigue should be measured before and after the 6MWT.
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Identifying meaningful change in 6MWD

Minimal important difference for the 6MWD
Over the past 10 years, a number of new estimates of the MID for 6MWD have been published. Our

systematic review [1] identified 11 studies, in COPD (six studies), ILD (three studies) and PAH (two

studies). The majority of MID estimates from these studies are based on distribution-based methods (using

statistical properties of the measure), rather than anchor-based methods (where change in 6MWD is related

to another clinically important marker of change). Most values were generated for individuals with COPD

participating in a rehabilitation programme rather than pharmacotherapy. The median estimate across all

studies was 30 m [1]. There is currently little evidence to suggest that the MID varies according to patient

characteristics, including the type of chronic lung disease or the baseline 6MWD. Most MID estimates were

generated using group mean data and are best used to interpret group mean changes in 6MWD [65–67].

However, studies that derived the MID using methodologies that are applicable to individuals reported

similar MID estimates [68, 69]. More studies are required to explore the magnitude of important changes in

6MWD with different interventions and to establish the MID in other chronic respiratory diseases.

In summary, the available evidence suggests a MID of 30 m for adult patients with chronic respiratory

disease. There is some variability across studies and methods to determine the MID; however, based on the

large evidence base now available, we can be confident that the MID lies between 25 and 33 m.

Responsiveness of the 6MWD
Few studies have been explicitly designed to assess the responsiveness of 6MWD to treatment effects, but a

large number of randomised trials provide insights in this area. We chose the Cochrane reviews on exercise

interventions for COPD [70, 71] and ILD [72] and the Cochrane review on endothelin receptor antagonists

in PAH [73] to investigate the responsiveness of 6MWD to interventions of known efficacy. The meta-

analyses for 6MWD showed highly statistically significant improvements in 6MWD, with effects between 34

and 78 m and effect sizes between 0.38 and 1.07 [1]. The standardised response means (mean change/

standard deviation of change) ranged from 0.2 to 1.2 [1]. The 6MWD therefore appears to be responsive to

treatment effects in patients with COPD, ILD and PAH. It should be noted that most of these values have

been generated from rehabilitation-based studies.

Reference equations for 6MWD

The systematic review identified 16 published studies from 1998 to 2013 that included 6MWD prediction

equations from healthy adults [1]. One additional study has been published since the systematic review [74].

These studies were conducted using a wide variety of populations and methodologies. Track lengths ranged

from 20 to 50 m and the number of tests ranged from one to four. Application of these equations to an

individual gives rise to substantial variation in the predicted distance.

Factors that may affect the 6MWD in healthy adults, and therefore the predicted distance, include

methodology for 6MWT, percentage of peak HR achieved, height, age, sex, weight and perhaps race/

ethnicity. The utility of % predicted values in assessing clinically meaningful change in 6MWD over time

has not been investigated.

Due to the wide variation in predicted 6MWD generated by different equations, reference equations

generated and verified in a local population should be applied where possible. A summary of reference

equations can be found in the accompanying systematic review [1].

The ISWT and ESWT: measurement properties important to test conduct
Validity of the ISWT and ESWT

The ISWT is an externally paced maximal exercise test; the speed of walking is controlled by a series of

pre-recorded signals. The speed of walking increases until the participant can no longer continue. The

maximum duration of the test is 20 min.

Given the progressive nature of the ISWT, a strong relationship with performance on laboratory-based tests

might be anticipated. Seven studies in COPD and one in lung cancer show that the V9O2peak, estimated

V9O2peak, peak work and distance measured on ISWT show moderate to strong correlations with measures

of maximal exercise performance on CPET [1], with no difference in measured oxygen uptake (V9O2)

between the tests [6, 75, 76]. HILL et al. [6] performed a minute-by-minute analysis, and both the ISWT

and CPET demonstrated a linear response in V9O2peak, suggesting that the two tests provoke a similar

cardiopulmonary response. In summary, the current literature suggests that the ISWT is a valid measure of

cardiopulmonary exercise capacity in COPD and provokes a similar physiological response to a CPET.

More evidence in other disease populations is required.
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The ESWT is a derivative of the ISWT, where patients walk for as long as possible at a predetermined

percentage of maximum walking performance as assessed by the ISWT [77]. To set the speed for the ESWT,

the ISWT must have been completed previously. The ESWT has been shown to elicit similar end-test HR

and dyspnoea responses compared to a treadmill endurance test at the same intensity [77].

Reliability and learning effect for ISWT

Only a handful of studies have reported the reliability of the ISWT, with most data in COPD. One study

documented an ICC of 0.88 (95% CI 0.83–0.92) [78]. Another study reported an ICC of 0.89 [79]. These

two studies suggest that the association between test–retest walk distances is strong, with the majority

of variability being attributable to between-subject differences. More studies are needed to confirm

these findings.

There is a small but statistically significant difference between the first two ISWTs performed (mean

differences of 20 and 25 m for tests performed on the same day, and 23.5 m for tests performed on different

days) [6, 80, 81]. The effect of learning on the ISWT is large enough to be clinically important when

evaluating change over time. It is recommended that two ISWTs be performed and the best distance

recorded. It remains to be established whether one test would be sufficient where the ISWT is used as a one-

off measure to stage disease or assess risk (e.g. likelihood of hospitalisation or mortality). Whether one test

is sufficient if the test has previously been conducted, similar to the 6MWT, is still unclear. It is common to

repeat the test once after an intervention, but whether this underestimates the impact of the intervention

remains to be established. The reliability of the test in chronic respiratory diseases other than COPD has not

been explored.

Reliability and learning effect for ESWT

Three studies have examined the reliability of the ESWT, all in COPD [6, 81, 82]. The differences between

tests repeated on the same day were generally small and statistically nonsignificant (pooled mean difference

+26 s). Two tests do not appear to be necessary, although it is acknowledged that the number of studies is

limited. Measurements of HR, SpO2 and modified Borg dyspnoea scale appear to repeat well during the test [1].

The reliability of the ESWT in other chronic respiratory diseases has not been examined.

Relationship of ISWT and ESWT to clinical outcomes

A small number of studies show that the ISWT is a significant predictor of survival and re-admission in

people with COPD, with a lower distance predicting a greater risk of admission [83–85]. The relationship of

ESWT to these outcomes is unknown.

Methodological factors affecting ISWT and ESWT performance

Unlike the 6MWT, the track for the ISWT and the ESWT is fixed, and alterations of the course have not

been studied. The effect of encouragement has not been directly observed, but the external pacing of the

tests may make it difficult to override the test protocol. The impact of supplemental oxygen is influenced by

the mode of delivery. If patients are required to support a cylinder independently, oxygen supplementation

confers little advantage in walking distance compared to air walking conditions [86], but if the oxygen

(or heliox) is carried by a clinician/researcher, the benefit is magnified [87]. Accordingly, if supplemental

oxygen is to be used during testing, the same approach should be taken for repeat testing, with the device

and the flow rate remaining constant.

Monitoring and reporting for ISWT and ESWT

Safety
Adverse events have not been directly studied or reported in association with either the ISWT or the ESWT.

We were unable to find any literature describing complications of conducting the shuttle tests. To date,

there is no clear guidance on the value of monitoring SpO2 and the level to which this may fall in any

individual has yet to be described. However, consensus suggests that the ISWT and the ESWT should be

discontinued if SpO2 falls below 80%. The test has been reported in patients with cardiac disease [88–90]

with no adverse events; to date the test has not been used for patients with PAH.

Measurements
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 10 m, and the maximum is 1020 m. The ESWT, like all

endurance tests, is reported as time (minutes and seconds); although it can be expressed as distance

completed, this is less commonly reported for endurance tests in the literature. The speed that the

participant walks is chosen from 16 available speeds (1.78–6.00 km?h-1), with the speed calculated from the
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performance on the ISWT. Additional outcomes have been reported; these include SpO2, HR responses,

dyspnoea, fatigue and the reason for terminating the test.

Identifying meaningful change in ISWT and ESWT
Minimal important difference for the ISWT
The MID for the ISWT has been described in one paper that was specifically designed to assess this

threshold [91] and confirmed within a second paper [92]. Both studies used a similar approach, with a

preference-based anchor method using rehabilitation as the intervention. The original paper described that

a change of 47.5 m (approximately five shuttles) was associated with feeling ‘‘slightly better’’, while a change

of 78.7 m (approximately eight shuttles) was associated with the next rating (‘‘better’’). The authors

concluded that the MID for the ISWT was 47.5 m. More studies are required, exploring different

interventions and different approaches, to describe the MID in COPD. The MID for other chronic

respiratory diseases has not been explored.

Minimal important difference for the ESWT
The MID for the ESWT in patients receiving pulmonary rehabilitation or bronchodilation has been

estimated using a distribution-based approach and anchor-based method (change in ESWT time and

distance was related to patients’ perception of change from baseline) [93]. Bronchodilation data indicated

that a change of 65 s (95% CI 45–85 s) or 85 m (95% CI 60–115 m), representing 13–15% of baseline, was

associated with a one-point change on the Likert rating scale and thus likely to be perceivable to patients. An

estimate of the MID could not be obtained from the pulmonary rehabilitation data, although preliminary

data suggest this is in the region of 180 s [93]. It is possible that the MID may be context or intervention

specific, although to date this has not been shown for 6MWD.

Responsiveness of the shuttle walk tests
Despite the ISWT being employed in a number of studies, only eight studies were explicitly designed to

evaluate the responsiveness to treatment of the ISWT and/or ESWT [86, 94–100]. These studies suggest that

the ISWT and ESWT are both responsive. The standardised response means (mean change/standard

deviation of change) range from 0.72 to 1.55 for the ISWT and from 0.52 to 1.27 for the ESWT [1].

Reference equations for ISWT and ESWT
Three papers have described reference values for the ISWT, two from South America [101, 102] and one

from the UK [103]. There is a need for more data, including diversity in the country of origin. Existing data

suggest that age, sex and body mass index are important variables. Data from a single centre in the UK [1]

included measures of strength (quadriceps maximum voluntary contraction) and physical activity (Duke

Physical Activity Status Index and a physical activity monitor), in an attempt to further explain the

variability; however, these additions did not improve the reference equation.

To date there has been no attempt to identify reference equations for the ESWT.

Selecting a field walking test
It is beyond the scope of this Technical Standard to recommend one field test over another. The systematic

review underpinning this document did not address the question of the relative merits of each test.

However, some general considerations that may influence test selection are outlined here.

Field walking tests may be performed to identify the individual’s exercise capacity (peak exercise capacity,

functional exercise capacity or endurance), factors limiting exercise performance (dyspnoea, subjective

fatigue, musculoskeletal limitations) and often their response to an intervention. The field tests can also be

used to identify a threshold to predict survival and the likelihood of a hospital readmission, with a more

extensive body of evidence reporting use of 6MWD rather than ISWT or ESWT for this purpose [1].

Prescription of exercise intensity for pulmonary rehabilitation, using the established principles of exercise

training, may also be a consideration. The uses of the 6MWT and the ISWT/ESWT have been reported in all

of these circumstances [1]. Practical considerations include whether sufficient space is available. If the test of

choice is the 6MWT then the test should be conducted as recommended along a course at least 30 m in

length; if this space is not available then consideration should be given to using the ISWT/ESWT. Both the

6MWT and ISWT require two tests to be performed prior to an intervention [1] and thus the time taken to

conduct each test is comparable.

The 6MWT and ISWT/ESWT offer quite different protocols: the 6MWT is self-paced, and the shuttle

tests are externally paced. Although both tests generally provoke a V9O2 similar to that seen on a CPET

[6, 75, 104–106], the precise pattern of response may be different for the externally paced tests (ISWT/ESWT)

compared to a self-paced test (6MWT). The response of the ISWT mirrors the physiological response
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observed in an incremental laboratory-based test, with an incremental increase in V9O2 over time, whereas

the self-paced 6MWT shows a steady-state V9O2 profile after the third minute [3, 75, 104]. Because of the

similarity in response of the ISWT and CPET, prescribing an exercise regimen as a percentage of peak

performance on a field walking test may be easier with the ISWT than the 6MWT, because of the

incremental nature of the test. Responses to the ESWT show a significantly more rapid rise in V9O2 and

ventilation than during the 6MWT, but similar end-test values [95]. The V9O2peak on ESWT does not

differ significantly when compared to the ISWT and 6MWT [6]. The physiological responses to each test

are reported in more detail in the systematic review [1].

The comparative sensitivity of field walking tests has been examined in small studies that have looked at

rehabilitation or bronchodilation as the intervention, predominantly in COPD. PEPIN et al. [95] observed an

enhanced response in the ESWT compared to the 6MWT after an acute administration of a bronchodilator,

with standardised response means of 0.66 and 0.42, respectively. Similarly, EATON et al. [98] reported that,

after a course of pulmonary rehabilitation, the magnitude of the change was proportionally greater on the

ESWT than the 6MWT (92% versus 17%). The ESWT has also proven to be more responsive than

the 6MWT in a randomised trial of an exercise intervention for COPD [107]. These results suggest that the ESWT

may be more sensitive to change than the 6MWT, following bronchodilation or pulmonary rehabilitation.

Given the differing protocols, physiological patterns of response, measurement properties and

circumstances in which field walking tests are applied, the choice of test should be carefully considered.

Regardless of the test selected, robust results can only be obtained with careful attention to testing

procedures as described in the following sections.

Test procedures applicable to all field walking tests
Equipment

The equipment required to conduct a field walking test is listed in table 3.

Test location and staffing

The test should be conducted along a quiet course, physiotherapy gym or dedicated exercise testing room. A

comfortable temperature is important and air conditioning should be available if needed. Testing should be

performed in a location where a rapid, appropriate response to an emergency is possible. The appropriate

location of a crash cart should be determined by the physician supervising the facility. Supplies that must be

available include oxygen, sublingual nitroglycerine and salbutamol (metered dose inhaler or nebuliser). A

telephone or other means of calling for help should be available in case of emergency.

The assessor performing the test should be certified in cardiopulmonary resuscitation with a minimum of

Basic Life Support certification. Training, experience and certification in related healthcare fields are also

desirable. A certified individual should be readily available to respond if needed. Physicians are not required

to be present during all tests. The physician ordering the test or a supervising laboratory physician may

decide whether physician attendance at a specific test is required.

Patient assessment

Given that all three field-based exercise tests can elicit a V9O2peak and peak HR that are similar to the CPET

[1], absolute and relative contraindications for exercise testing should be consistent with recommendations

for maximal exercise testing (table 4) [108]. Patients with any of these findings should be referred to the

physician ordering or supervising the test for individual clinical assessment and a decision about the

conduct of the test. Stable exertional angina is not an absolute contraindication for field walking tests, but

patients with these symptoms should perform the test after using their anti-angina medication, and rescue

TABLE 3 Equipment required for conduct of field walking tests

At least one chair, positioned at one end of the walking course
A validated scale to measure dyspnoea and subjective fatigue
Sphygmomanometer for blood pressure measurement
Pulse oximeter
Stopwatch
Pre-measured marks along the track/corridor
Access to oxygen and telephone in case of an emergency
An emergency plan
Portable supplemental oxygen if required by patient to perform exercise test
Clipboard with reporting sheet and pen
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nitrate medication should be readily available. All comorbidities and medication use should be recorded

prior to the test.

Patient preparation

Patients should wear comfortable clothing and appropriate shoes for walking. Patients should use their

usual walking aids during the test and this should be documented on the assessment form. Patients should

not have exercised vigorously within 2 h of beginning the test but should have taken their usual

medications. All subsequent testing occasions should occur at about the same time of day to minimise intra-

day variability, including variability in self-paced tests (6MWT) associated with bronchodilator use [109]. A

warm-up is not permitted prior to commencing the test, neither is a shortened version of the test. If

respiratory function tests are to be performed on the same day, this should occur prior to exercise testing, to

avoid the confounding effects of exercise on these measures. The patients should then rest for at least

15 min before commencing an exercise test.

Use of oxygen

If a patient is on long-term oxygen therapy, oxygen should be given at their standard flow rate or as directed

by a physician or a protocol. For any test where the outcome is distance, oxygen flow should be held

constant throughout the test. If the purpose of the exercise test is to compare distance walked between tests,

any subsequent test should be performed using the same oxygen conditions, in order to make a valid

comparison between testing occasions. If oxygen supplementation is needed during the walks and serial

tests are planned, then oxygen should be delivered in the same manner (flow rate and delivery device) for all

subsequent walks. If the flow rate must be increased for subsequent visits due to worsening gas exchange,

this should be noted on the worksheet and considered during interpretation of any changes in performance.

The type of oxygen delivery device should also be noted on the report: for instance, whether the subject

carried liquid oxygen or pushed or pulled an oxygen tank, and whether the delivery was pulsed or

continuous. Assessors should avoid transportation of the oxygen source where possible; however, if the

subject is not able to control/carry/manage their own oxygen cylinder, the assessor should try to walk

slightly behind the subject to avoid setting the walking pace. It should be clearly documented how the

assessor has assisted with the transport of the oxygen, so any subsequent walk tests with the same subject

can be performed in the same manner. Oxygen is not to be titrated during any of the tests where distance is

a measured outcome. If oxygen titration is desired, this should be done during a separate test.

TABLE 4 Absolute and relative contraindications for field walking tests

Absolute Relative

Acute myocardial infarction (3–5 days)
Unstable angina
Uncontrolled arrhythmias causing symptoms or
haemodynamic compromise

Syncope
Active endocarditis
Acute myocarditis or pericarditis
Symptomatic severe aortic stenosis
Uncontrolled heart failure
Acute pulmonary embolus or pulmonary infarction
Thrombosis of lower extremities
Suspected dissecting aneurysm
Uncontrolled asthma
Pulmonary oedema
Room air SpO2 at rest f85%#

Acute respiratory failure
Acute noncardiopulmonary disorder that may
affect exercise performance or be aggravated
by exercise (i.e. infection, renal failure,
thyrotoxicosis)

Mental impairment leading to inability to cooperate

Left main coronary stenosis or its equivalent
Moderate stenotic valvular heart disease
Severe untreated arterial hypertension at rest
(200 mmHg systolic, 120 mmHg diastolic)

Tachyarrhythmias or bradyarrhythmias
High-degree atrioventricular block
Hypertrophic cardiomyopathy
Significant pulmonary hypertension
Advanced or complicated pregnancy
Electrolyte abnormalities
Orthopaedic impairment that prevents walking

SpO2: arterial oxygen saturation measured by pulse oximetry. #: exercise patient with supplemental oxygen.
Reproduced from [108] with permission from the publisher.
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Medications

Patients should be instructed to take all usual medications. The type of medication, dose and number of

hours it was taken before the test should be noted. Significant improvement in the distance walked or the

dyspnoea scale after administration of bronchodilators has been demonstrated in patients with COPD

[93–96], although this may be small and clinically insignificant for the 6MWT [95, 110].

Measurements

Patients should rest in a chair, located near the starting position, before the test starts. Absolute and

relative contraindications should be checked for prior to test commencement (table 4). The following

measurements should be obtained at rest: SpO2 and HR from pulse oximetry, baseline dyspnoea and fatigue

using a reproducible scale, and systemic blood pressure, if not recently documented [108].

Immediately prior to the test

The assessor should provide standardised instructions, either verbally for the 6MWT (table 5) or from the

ISWT or ESWT audio recording. The patient should be positioned at the starting line. For the 6MWT, the

timer should be started as soon as the patient starts to walk. The recorded instructions of the ISWT and

ESWT will prompt the individual to start.

A pulse oximeter should be used for continuous measurement of SpO2 and HR. The assessor should not

‘‘pace’’ the patient during the test, but should walk behind such that measures of nadir SpO2 and end-test

HR can be recorded without influencing the patient’s movement. The assessor should ensure that the probe

is placed such that a quality signal is obtained.

Immediately on test cessation

The SpO2 and pulse rate should be recorded from the oximeter, and the patient should be asked to rate their

dyspnoea and subjective fatigue on the standardised scale. In addition, it is important to understand the reason

for test termination/limitation, so patients should be asked why they could not walk any further. It is common

for patients to report either dyspnoea or leg fatigue as the primary reason for a restricted performance.

Reasons for the assessor to stop an exercise test

In some individuals, profound desaturation (SpO2 ,80%) may occur during a walking-based exercise test.

Use of a 6MWT protocol that directs test cessation when SpO2 falls to ,80% is associated with an extremely

low rate of adverse events [35]; this has not been reported for the ISWT or ESWT. Few data are available to

determine the risk if the test is not stopped when SpO2 falls below 80%. Ceasing a test when SpO2 falls to

,80% is also consistent with the recommendations for incremental exercise testing [108]. If SpO2 recovers

to o85% during the 6MWT, the patient may be asked to recommence walking.

Other reasons for test cessation include chest pain, intolerable dyspnoea, leg cramps, staggering,

diaphoresis, and a pale or ashen appearance. If a test is stopped for any of these reasons, the patient should

sit or lie supine as appropriate. The following should be obtained based on the judgment of the assessor:

blood pressure, pulse rate, SpO2 and a physician evaluation. Oxygen should be administered as appropriate.

Test repetition

To establish a stable baseline for the 6MWT and ISWT so that change over time can be detected, two tests

must be completed. These can be performed on the same day but there must be an interval between tests of

at least 30 min and measures of HR and SpO2 must have returned to baseline prior to the second test.

Quality assurance
Consistency of testing procedures and conditions is critical to ensure that results are of good quality. It is

important that all assessors are familiar with the test procedures, as the test requires clear processes to be followed.

TABLE 5 Standardised instructions for the 6-min walk test

The aim of this test is to walk as far as possible for 6 minutes. You will walk along this hallway between the
markers, as many times as you can in 6 minutes.

I will let you know as each minute goes past, and then at 6 minutes I will ask you to stop where you are.
6 minutes is a long time to walk, so you will be exerting yourself. You are permitted to slow down, to stop,
and to rest as necessary, but please resume walking as soon as you are able.

Remember that the objective is to walk AS FAR AS POSSIBLE for 6 minutes, but don’t run or jog.
Do you have any questions?
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For the ISWT and ESWT, the assessor must be able to walk at exactly the first speed of walking to pace the

patient; this is particularly important for patients with a higher functional capacity where their natural speed

of walking is much faster than the very slow pace required on the first level of the ISWT. All assessors should

have their performance peer reviewed to ensure that performance of the tests is in accordance with the

Technical Standard. Ideally, quality assurance testing should require the assessor to conduct the test on

participants with a range of functional exercise capacity.

It must be ensured that the pulse oximeter is operating according to the manufacturer’s instructions

and that the track is accurately measured. The effects of any changes in testing scenario (e.g. location,

equipment) should be evaluated to assess their effect on test outcomes. Any changes in procedures should

be reviewed and approved by the programme director. Consistent documentation must be ensured for every

test and a regular audit should be considered, to ensure that important procedures have been followed (e.g.

recording of appropriate physiological signals at baseline and end-test, documentation of nadir SpO2, end-

test HR and 6MWD, consistent use of oxygen, appropriate test repetition).

Testing protocol for 6MWT
Course

The 6MWT should be performed along a flat, straight course with a hard surface with little pedestrian

traffic. It is recommended that the walking course be 30 m or more in length, to be consistent with the

courses on which reference equations have been generated [1]. The ends of the course should be marked

such that they are easily visible to patients.

Conduct

The patient should be encouraged every 60 s using the standard phrases (table 6). Other words of

encouragement and other nonverbal prompts should not be used. If the patient stops walking during the

test, the timer must not be stopped. The patient should be allowed to rest while sitting or standing, as they

prefer. While the patient is stopped, standardised encouragement should be provided every 30 s (table 6).

The time that the patient stopped and the time that walking is recommenced should be recorded.

Recording performance of the 6MWT

The primary outcome to be reported is 6MWD. The number of laps and any additional distance covered

(the number of metres or feet in the final partial lap) should be recorded. The total distance walked is

calculated, rounding to the nearest metre or foot. If the patient stopped during the test, the total time

stopped, the number of stops and the average walking speed over the 6 min are also reported [111]. In

patients who cannot walk for 6 min, this may provide alternative metrics for detecting change over time

[111] and may facilitate exercise prescription [112]. It is optional to report the 6MWD as a percentage of

predicted. If the % predicted 6MWD is reported, the reference equations used should be stated. Lowest

SpO2, end-test HR and symptom scores obtained before and after the test should also be reported. A sample

recording form can be found in the online supplementary material (table S1).

Testing protocol for ISWT
Course

The course is 10 m in length and is identified for the patient by two cones with an inset of 0.5 m from either

end (fig. 1), thus avoiding abrupt changes in direction [113].

At the beginning of the test the instructions are played to the patient from an audio recording (table 7).

Once the instructions have been played, and it is confirmed that the patient has understood the task, the

TABLE 6 Standardised encouragement for the 6-min walk test

1 min You are doing well. You have 5 minutes to go.
2 min Keep up the good work. You have 4 minutes to go.
3 min You are doing well. You are halfway.
4 min Keep up the good work. You have only 2 minutes left.
5 min You are doing well. You have only 1 minute to go.
6 min Please stop where you are.
If the patient stops during the test, every

30 s once SpO2 is o85%

Please resume walking whenever you feel able.

SpO2: arterial oxygen saturation measured by pulse oximetry.
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patient is positioned at one end of the course in preparation to start the test. The speed at which the patient

should walk is directed by an audio signal and cannot be overridden. There is a triple bleep indicating the

test has started: at this point the participant commences walking and the timer is activated.

Conduct of the test

It is important for the assessor to watch the patient but also to ensure they keep count of the number of

lengths as the subject completes them, throughout the duration of the test. It is advisable to time the

performance as an additional measure, to confirm manual recording of the number of shuttles completed.

As the speed of walking increases every minute, indicated by a triple bleep [113], the patient should be

advised: ‘‘You now need to increase your speed of walking.’’ During the test, only one verbal cue can

be used to encourage the patient to pick up their speed: ‘‘You need to increase your speed to keep up with

the test.’’

Termination of the test

The test is terminated when either 1) the patient indicates that they are unable to continue, 2) the operator

determines that the patient is not fit to continue, or 3) the operator assesses that the patient was unable to

sustain the speed and cover the distance to the cone prior to the beep sounding [113].

Operator termination of the test
The operator will be required to terminate the test if the patient fails to reach the cone/marker in the time

allowed [113]. This is defined as the patient being .0.5 m away from the cone when the bleep sounds on a

second successive 10-m length. When the patient is just outside the 0.5-m marker they are advised to

increase their speed of walking; if the patient fails to do so then the test is terminated and the distance recorded.

The test should be discontinued by the operator if SpO2 falls below 80% as described in the ATS/American

College of Chest Physicians (ACCP) statement on cardiopulmonary exercise testing [108].

TABLE 7 Incremental and endurance shuttle walk test instructions

Incremental shuttle walk test instructions

The object of the progressive shuttle walking test is to walk as long as possible, there and back along the
10-metre course, keeping to the speed indicated by the bleeps on the audio recording. You will hear
these bleeps at regular intervals.

You should walk at a steady pace, aiming to turn around the cone at one end of the course when you hear
the first bleep, and at the other end when you hear the next. At first, your walking speed will be very
slow, but you will need to speed up at the end of each minute. Your aim should be to follow the set
rhythm for as long as you can. Each single bleep signals the end of a shuttle and each triple bleep
signals an increase in walking speed. You should stop walking only when you become too breathless to
maintain the required speed or can no longer keep up with the set pace.

The test is maximal and progressive. In other words, it is easier at the start and harder at the end. The
walking speed for the first minute is very slow. You have 20 seconds to complete each 10-metre shuttle,
so don’t go too fast. The test will start in 15 seconds, so get ready at the start now. Level one starts with
a triple bleep after the 4-second countdown.

Endurance shuttle walk test instructions

Walking test level (1 to 16). The instructions below are repeated for all 16 levels.
The walking speed for the first 2 minutes is fairly slow, so don’t go too fast. The test will start in
10 seconds so get ready at the start now. The test starts with a triple bleep after a 4-second countdown.

At the next triple bleep increase your walking speed.

9 m

FIGURE 1 Course layout for the
incremental and endurance shuttle
walk tests. Cones are inset 0.5 m from
either end to avoid abrupt changes in
direction.
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Participant termination of the test
The patient may terminate the test if they are unable to continue. In respiratory disease, the most common

reason for terminating the test is excessive dyspnoea; however, other reasons may include fatigue

(commonly leg fatigue) or pain (knee/hip/low back pain).

Recording performance of the test
The assessor should calculate the distance walked, in metres, including the last 10-m length that was

completed, and record this on the form available (see online supplementary material table S2).

Testing protocol for ESWT
Course
The test is conducted along the same course as described for the ISWT (fig. 1) [113].

Conduct of the test
Unlike the ISWT, the ESWT is not incremental and is performed at a constant speed, but there is a warm-

up period of ,1.5 min [77]. At this point, there are standardised instructions for the participant played

from the audio recording, advising the individual that at the next bleep the speed of walking will increase

(table 7). This is the speed at which the test is performed. It is important to pre-define the speed at which

the test is going to be conducted. This can be calculated from the ISWT: the speed may be taken from a

pre-defined percentage of peak performance on the ISWT (e.g. 70–85% estimated V9O2peak) [114] or a

percentage of the peak speed achieved [115]. Once the instructions have been played to the patient, they

should be directed to one end of the course. A triple bleep indicates that the test has started [77]. The initial

stages of the test are at a slower speed and are a warm-up for the participant. After the warm-up period, the

speed of walking increases; this is advised on the audio recording at the end of the warm-up period. The

timer is started at the end of the warm-up period. Participants are then paced for the first two shuttles.

During the test, only one verbal cue can be used to encourage the patient to pick up their speed: ‘‘You need

to increase your speed to keep up with the test.’’

Termination of the ESWT
The procedure to terminate the test is as described for the ISWT [113].

Recording performance of the test

It is conventional for endurance performance to be recorded as time (in seconds). It is important that the

speed of walking and time are recorded. A sample scoring sheet is included in the online supplementary

material (table S2).

Key changes in this updated Technical Standard
Absolute and relative contraindications for field walking tests
Research published since 2002 has shown that, in adults with moderate chronic respiratory disease, the

6MWT and ISWT elicit a V9O2peak that is comparable to that on CPET [3–6, 8]. As a result, the absolute and

relative contraindications for CPET have been adopted for field walking tests of exercise capacity.

Continuous measurement of SpO2

New data show both the importance of nadir SpO2 during the 6MWT as a marker of prognosis [38, 46, 116–119]

and that end-test SpO2 frequently does not reflect this important value [40, 41]. These factors, together with

improvements in pulse oximetry technology inmanaging motion artefact, have made it feasible and desirable to

measure SpO2 continuously during field walking tests.

6MWT repetition
There are now consistent and compelling data showing a learning effect for the 6MWD [1, 9]. As a result, it

is recommended that two 6MWTs are performed when the test is used to measure change over time.

Addition of the ISWT and ESWT
The ISWT and ESWT have emerged as robust and useful tests of exercise capacity in chronic respiratory

disease [1]. The standard operating procedures for these tests are described here for the first time.

Common testing procedures for field walking tests

Testing procedures, such as test staffing, patient assessment, patient preparation, use of oxygen and

medications, and quality assurance, are now consistent across the three field walking tests described in this

Technical Standard.
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