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INTRODUCTION: The incremental shuttle walk test was initially developed to be carried out in a
hallway (ISWT-H) but has been modified to be performed on a treadmill (ISWT-T). However, it is
still unknown whether performance on ISWT-H and ISWT-T are similar in patients with bron-
chiectasis. In this study, we compared the performance, physiological responses, and perception of
effort between the ISWT-T with a handrail and ISWT-H for subjects with bronchiectasis. We also
sought to estimate and compare the prescription for training intensity with both tests. METHODS:
This was a cross-sectional study in which 24 subjects with bronchiectasis were evaluated on 2
different days (24 h apart). Distance walked (m) was compared between the ISWT-H and ISWT-T.
A training session was held on a treadmill at 75% of the speed obtained from both tests. The
walking distance, oxygen uptake (Voz)a carbon dioxide production (Vcoz)a heart rate, and ventila-
tion (Vi) were measured. RESULTS: There was a difference in the walking distance between the
ISWT-T and ISWT-H, but physiological responses for V, , Vq , heart rate, and Vy; were similar.
However, the speed estimated for training was different, as were the Vi, Vo, and heart rate.
CONCLUSIONS: The ISWT-T with handrail and the ISWT-H are not interchangeable in subjects
with bronchiectasis. A slower speed of training intensity may occur when the test is performed in
a hallway, as originally described, and this may underestimate responses to aerobic training. Key
words: bronchiectasis; exercise; walking; exercise tolerance. [Respir Care 2018;63(3):311-318. © 2018

Daedalus Enterprises]

Introduction

The incremental shuttle walking test (ISWT) allows the
determination of cardiopulmonary responses that are equiv-
alent to those found with the maximum cardiopulmonary
test.! Thus, the ISWT is used for the evaluation and pre-
scription of exercise intensity in a pulmonary rehabilita-
tion program.>3 The walking-based test was initially de-
veloped to be carried out in a hallway (ISWT-H), but it has
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been modified to be performed on a treadmill (ISWT-
T).#8 This modification occurred because of the lack of
available and appropriate physical space, which is a com-
mon disadvantage with this test. In additional, continuous
monitoring and oxygen supplementation makes perform-
ing these tests difficult.

Compared to the ISWT-H, a substantial reduction in the
walking distance has been demonstrated for the 6-min walk
test,*> the 12-min walk test,>7 and the ISWT?® when per-
formed on a treadmill, along with a higher energy cost per
meter on the ISWT.?

Indeed, there are important differences in gait mechan-
ics between walking on a treadmill and walking in a hall-
way.>%-11 A treadmill requires greater effort and energy to
maintain lateral balance and is an activity with which many
patients are not familiar.!-'3 Therefore, because the 2 meth-
ods of performing these tests are not interchangeable, the
replacement of the hallway with a treadmill is not recom-
mended.'#
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There is, however, a considerable reduction in demands
when a patient walks on a treadmill with a handrail. This
strategy reduces the effort required to maintain balance,
reducing energy expenditure,''-!3 as well as reducing ox-
ygen uptake,!>-17 step variability,'!-!8 heart rate, perception
of effort,'®!7 and increased exercise time.'® The training
velocity on a treadmill based on the results of an ISWT
performed in a hallway does not consider the effects of
handrail support during physical training. Additionally, pul-
monary rehabilitation guidelines do not comment on this
resource.??

It is still unknown whether performance on an ISWT
conducted on a treadmill with a handrail is similar to that
performed in a hallway, or whether this modality would
influence the intensity of training. Thus, we aimed to com-
pare the performance, physiological responses, and per-
ception of effort during the ISWT performed in a hallway
to those from an ISWT performed on a treadmill with a
handrail in subjects with bronchiectasis. A further aim was
to evaluate submaximal responses during a treadmill train-
ing session based on the speed determined by the 2 forms
of the ISWT (hallway and treadmill).

Methods
Study Design

A cross-sectional study was performed on 2 consecutive
days.

Recruitment and Selection of Subjects

Researchers recruited a convenience sample from the
Obstructive Disease Out-Patient Clinic at the Hospital das
Clinicas da Universidade de Sdo Paulo. Participants were
sent to the University Center for tertiary cardiopulmonary
rehabilitation (Universidade Nove de Julho) from May 2015
until May 2016. After written and verbal explanations re-
garding the objectives and procedures of the study, all
participants signed a consent form before starting the as-
sessments. This study received approval from the Human
Research Ethics Committee of Universidade Nove de Julho,
Sdo Paulo/SP, Brasil (n. 451538) and the University of
Sao Paulo (0921/11).

Inclusion and Exclusion Criteria

Bronchiectasis was diagnosed by the medical staff of
the Obstructive Disease Out-Patient Clinic at the Hospital
das Clinicas da Universidade de Sdo Paulo based on clin-
ical and tomographic evaluations according to the criteria
of the International Guidelines for this disease.?!

In a convenience sample, 24 subjects (15 male) with
bronchiectasis with a sedentary lifestyle (physical activ-
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Current knowledge

The incremental shuttle walk test (ISWT) can be used
for both the evaluation and prescription of exercise in-
tensity in a pulmonary rehabilitation program. This test
was initially developed to be carried out in a hallway,
but it has been modified to be performed on a treadmill
when there is inadequate space to perform the test.
However, the 2 modalities of the test are not inter-
changeable because there are differences between the
mechanics of walking on a treadmill compared to those
of walking in a hallway, with a greater energy expen-
diture on the treadmill, which can be diminished by the
handrail support.

What this paper contributes to our knowledge

In subjects with bronchiectasis, the ISWT on a tread-
mill with handrail support should not be considered as
an alternative to the ISWT in the hallway. The handrail
support reduces the energy expenditure and overesti-
mates the distance traveled. Therefore, the test should
be used in its original form. Independent of how the
physical training load is determined (on a treadmill or
in a hallway), the subjects’ responses during training
were compatible with moderate intensity.

ity <150 min per week) and no changes in medication,
sputum color, or shortness of breath in the preceding 4
weeks were consecutively included. Individuals with a his-
tory of smoking, neuromuscular or musculoskeletal dis-
ease, cardiopulmonary disease, acute infectious disease, a
need for oxygen during the tests or training sessions, and
those who did not complete the evaluations were excluded.
No subject participated in physical training before being
enrolled in the study.

Procedures

On the first day, spirometry was performed and body
mass index was calculated. The participants were clas-
sified as underweight (<18.5 kg/m?), ideal weight
(18.5-24.9kg/m?), overweight (25-29.9 kg/m?), or obese
(=30.0 kg/m?).22 The subjects were randomized to per-
form either the treadmill test (ISWT-T) or the hallway
test (ISWT-H) first and then to take the other test the
next day. Thirty minutes after each test, a 20-min train-
ing session was held at 75% of the maximum speed
obtained during the ISWT-T or the ISWT-H. No subject
had previous contact with the ISWT.
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Assessments

Spirometry.  Spirometry was performed using the
ULTIMA CPX (Medical Graphics, St. Paul, Minnesota)
according to the technical procedures recommended by the
Brazilian Pneumology Society.?> The values were com-
pared to those predicted for the Brazilian population.?*
Dyspnea levels were evaluated with the modified Medical
Research Council scale.?

ISWT-H. The ISWT-H was performed according to the
original description' in a hallway 10 m long. This distance
was marked by 2 cones that were placed 0.5 m from each
edge. The individual followed this route at a predeter-
mined speed imposed by an audible pre-recorded rhythm.
The ISWT is composed of 12 levels, each lasting 1 min,
with an initial speed of 0.5 m/s and increments of 0.17 m/s
each minute, reaching a maximum speed of 2.37 m/s. A
single beep indicates that the individual should maintain
the current speed, while a triple beep signifies the begin-
ning of a new level of the test where the individual needs
to walk faster. Running is not allowed. The test concludes
when the individual cannot successfully reach one of the
cones at the appropriate time of the sound stimulus (0.5 m
before the cone) twice. The physiotherapist may also stop
the test if the subject experiences chest pain, intolerable
dyspnea, leg cramps, staggering, diaphoresis, or a pale or
ashen appearance.'4

Heart rate (Polar Precision Performance; Polar Electro,
Kem-skin, Finland) and oxygen saturation (9500; Nonin,
Plymouth, Minnesota) were continuously measured during
the test. Blood pressure and the Borg scale score for dys-
pnea and lower limb fatigue?® were obtained at rest and
immediately after the end of the test. The walking distance
was expressed in absolute values and as a percentage of
the predicted value.?’

ISWT-T. The ISWT-T was performed on a treadmill
without tilting or incline (Millennium Classic, Inbrasport,
Porto Alegre, RS, Brazil) following the same protocol used
for the ISWT-H, but all participants were allowed to use
the handrails for balance. The criterion for interruption of
the ISWT-H was the subject being 0.5 m away from the
cone at the time of the sound stimulus during 2 consecu-
tive attempts. Then a demarcation line was marked with
tape fixed to the bearing bar of the treadmill in parallel
with the lower limb on each side of the treadmill to allow
for a similar parameter of test interruption. Therefore, the
ISWT-T was interrupted when subjects were 0.5 m away
from the demarcation line 2 consecutive times. The same
variables described for the ISWT-H were measured during
the ISWT-T.
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Aerobic Training Session. After each incremental test,
subjects were given 30 min to rest before completing a
training session. The treadmill session consisted of 5 min
of warm-up, 15 min at the target velocity, and 5 minutes of
cool-down. The training intensity was 75% of the maxi-
mum speed achieved on the ISWT-H or the ISWT-T, and
a warm-up period was performed at 50% of the target
speed. The handrail was used for balance by all subjects.
The variables measured during the training session were
the same as those described for the ISWT-H and ISWT-T.

Gas Exchange Analysis. During the 2 tests and the
training session, a portable metabolic system (VO2000,
Medical Graphics, St. Paul, Minnesota) was used to mea-
sure oxygen uptake (Vo)’ carbon dioxide production
(Vcoq)» and ventilation (V). Before every test, the system
was calibrated according to the manufacturer recommen-
dations. Measurements were performed at rest in the sit-
ting position and throughout the entire test. For the met-
abolic and ventilatory analyses, the peak of the average of
the last 30 seconds of the tests and also the peak of the
average of the last 3 min of the training sessions were
considered.

Statistical Analysis

Data analysis was performed using the Statistical Pack-
age for the Social Sciences, version 20.0 (SPSS, Chicago,
linois, United States). The Shapiro-Wilk test was used to
determine the normality of the data. Parametric variables
were expressed as mean (SD). Nonparametric variables
were expressed as the median and interquartile range. A
comparison of the groups at the peak of the tests and
training sessions was performed using the Student paired
t test (parametric variables) or the Wilcoxon test (nonpara-
metric variables) and Bland-Altman analysis. Compari-
sons between groups at eac;h minute for VOz’ Vg, and heart
rate during the tests and V_during the training sessions
were performed using analysis of variance, generalized
linear models, and the Bonferroni post hoc analysis. The
effect size and sample power (a posteriori) was calculated
using the G¥*Power software program (Universitit Dussel-
dorf, Germany). A P value < .05 was considered indica-
tive of statistical significance.

Results

Of 31 subjects with bronchiectasis recruited, 5 subjects
were excluded for not completing the assessments. An
additional 2 participants were excluded due to their need
for oxygen during training. Thus, the final sample was
composed of 24 subjects, of whom 15 were men. Using
the ISWT as the outcome, the sample power was 0.84. No
adverse events occurred during testing or training. Base-
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line characteristics are shown in Table 1, and the spiro-
metric analyses revealed, on average, an obstructive
pattern.

A significant difference was found in the performance
on the ISWT-T in comparison to the ISWT-H, with a
greater walking distance and a more advanced stage

Table 1. Baseline Characteristics

Subject Attributes Mean (SD)*
Age, y 49 (16)
Male/female, n 15/9
Weight, kg 62.1 (13.0)
Height, m 1.6 (0.1)
Body mass index, kg/m? 24.0 (4.7)

Underweight, n (%) 2(8.3)

Normal, n (%) 11 (45.8)

Overweight, n (%) 9 (37.5)

Obese, n (%) 2(8.3)
FVC, L 2.7 (1.0)
FVC, % of predicted 74.6 (21.2)
FEV,, L 1.6 (0.8)
FEV,, % of predicted 55.3 (24.6)
FEV,/FVC 0.59 (0.14)
MMRC 3(2-3)
N=24

* Data are presented as mean (SD), except male/female ratio and MMRC score, which is
presented as median (interquartile range).
MMRC = modified Medical Research Council

Table 2. Comparison Between ISWT-T and ISWT-H at Peak of Exercise

achieved on the treadmill. Metabolic, cardiac, and venti-
latory responses and perception of effort at the peak of the
tests were similar (Table 2). The Bland-Altman analysis
demonstrate mean error and limits of agreement for dis-
tance: 200.7 m (—47.4 to 448.8 m), the percentage of the
predicted distance: 24.2% (—0.2 to 1.9 km/h), and faster
velocity: 0.86 km/h (1.9 to —0.2 km/h).

The performance at every stage during the ISWT-H and
ISWT-T demonstrated a linear increase in V, Vg, and
heart rate in both tests. The results showed significant
differences between the 2 tests during the same stage. V07
and ventilation were greater in the ISWT-H from the sixth
stage, and the heart rate was higher from the seventh stage
(Fig. 1).

During the training sessions, significant differences be-
tween groups were found for the metabolic, ventilatory,
and cardiopulmonary responses due to the greater load
determined by the ISWT-T in comparison to the ISWT-H
(Table 3). There was no significant difference between
groups for VOZ (mL/kg/min) during the training session
(Fig. 2).

Discussion

In this study, performance, physiological responses, and
perception of effort were compared during the ISWT-H

Subject Attributes ISWT-T ISTW-H P Effect Size
Distance, m 639 (205) 438 (115) <.001 1.21
Distance, % of predicted 77.0 (27.2) 53.2(17.2) <.001 1.02
Speed, km/h 7.0 (1.0) 6.0 (1.0) <.001 1.00
Stages 10.0 (2.0) 8.0(1.2) <.001 1.21
Heart rate, beats/min 131 (16) 129 (16) 43 0.11
Heart rate, % of predicted 77.1 (11.0) 76.0 (10.0) 40 0.10
Spo, % 89.1(6.2) 88.0 (6.0) .007 0.18
Borg dyspnea 4 (2.3-5.0) 4 (2.0-5.0) .26 0.08
Borg lower limb fatigue 4(2.0-7.0) 3.5(1.3-6.5) .08 0.19
VOz’ L/min 1.3(0.3) 1.4 (0.5) .19 0.24
Vo,, mL/kg/min 21.0 (5.0) 22.0 (10.0) 48 0.13
Vo,, % of predicted 75.1 (24.4) 75.4 (25.0) 95 0.01
Vo, L/min 1.1 (0.4) 1.2 (0.4) 27 0.78
Vg, L/min 28.0 (8.6) 29.0 (9.0) .61 0.11
V/MVV 0.5 (0.1) 0.5(0.2) .63 0.00
Respiratory quotient 1.0 (0.1) 1.0 (0.3) .09 1.22

N=24

Values are expressed as mean (SD), except Borg scales, which are expressed as median (interquartile range).

ISWT = incremental shuttle walk test (-T, on a treadmill; -H, in a hallway)
Vo, = oxygen uptake

Vcoz = carbon dioxide production
V/MVV = minute ventilation/maximum voluntary ventilation
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Fig. 1. Oxygen uptake (Vo,, A), ventilation (Vg, B), and heart rate
(HR, C) per stage. Values are expressed as mean and 95% CI. N =
24 until stage 5. ISWT = incremental shuttle walk test, H = hall-
way, and T = treadmill.
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and the ISWT-T with handrail support in subjects with
bronchiectasis. Submaximal responses during a treadmill
training session (also with handrail support) were evalu-
ated for an isoworkload (at the same speed). The walking
distance in the ISWT-T was greater, while the physiolog-
ical responses were similar between tests. Due to the greater
walking distance in the ISWT-T, the work load (speed) for
physical training established by the test was a little higher
and the physiological responses were clinically similar and
compatible with a moderate intensity?® and below the rec-
ommendation for aerobic training.2%-2°

Unlike what has been demonstrated for the 6-min walk
test, we hypothesized that the ISWT-T and ISWT-H could
be interchangeable because the test is externally paced. In
a previous study, subjects with cardiac disease demon-
strated a poorer performance on a treadmill than in a hall-
way due to the greater energy expenditure required
(3.22 = 0.55 J/kg/m vs 3.00 = 0.41 J/kg/m).° Our findings
were different. A plausible explanation for this result is
that all participants used the handrail for support, which
demonstrates that this resource influences physiological
responses, leading to better performance on the ISWT-T.
Hence, the 2 methods of performing the test are not inter-
changeable.

Subjects were permitted to support themselves with the
handrail because it is commonly used during treadmill
training in a pulmonary rehabilitation program. Previous
studies demonstrated that handrail use not only led to a
greater walking distance in the ISWT-T but also affected
the subjects’ physiological responses, which may have been
higher without this support.!!-15.16.19 A possible explana-
tion for this finding is that walking on a treadmill requires
additional effort to maintain balance, and the use of a
handrail for support compensates for this effort, reducing
the demand required to maintain balance and consequently
reducing the energy expenditure.'!-3

The primary mechanisms for maintaining balance when
walking are a variable step width'8 and the arm swing.!2!3
It has been demonstrated that there are no differences re-
garding the time interval and distance of the steps when
walking in a hallway or on a treadmill.”.!" However, the
balance provided by arm movements when walking is so
important that its restriction directly affects the interval
between steps and step variability.'® Moreover, when a
handrail is used while walking on a treadmill, the fol-
lowing measurements are reduced: step variability by as
much as 12%,'!-8 heart rate by 18 beats/min, energy
expenditure by 2.81 kcal/min, perception of effort using
the Borg scale by 1.92 points,'¢ and \702 by 0.175 L/min'>
and 7.75 mL/kg/min.'® As a consequence, the total ex-
ercise time during a maximum test differed depending
on whether the subject used the handrail for support
(9.9 = 4.1 min vs 8.0 = 2.9 min, respectively).!®
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Table 3. Comparison of Tests at the Peak of Training
Subject Attributes ISWT-T ISTW-H P Effect Size

Speed, km/h 5.0 (0.6) 4.3 (0.6) <.001 1.17
VOz’ L/min 0.95 (0.4) 0.85(0.3) .007 0.28
VOz’ mL/kg/min 15.3 (5.0) 14.1 (4.0) .055 0.27
Vo, % of predicted 57.6 (28.6) 53.2(25.0) .046 0.18
Vco, L 0.8 (0.4) 0.7 (0.3) .005 0.29
V. L/min 20.2 (7.0) 19.0 (6.0) .06 0.18
Ve/MVV 0.3(0.1) 0.3 (0.1) .09 0.00
Respiratory quotient 0.9 (0.1) 0.8 (0.1) 17 1.00
Heart rate, beats/min 113 (11) 109 (16) .03 0.29
Heart rate, % of predicted 66.4 (11.0) 63.8 (10.3) .03 0.19
Spo, % 92 (4) 92 (4) 28 0.00
Borg dyspnea 2.5(1-4) 2(1-4) 47 0.04
Borg lower limb fatigue 2 (14 2 (1-4) .89 0.02
SBP, mm Hg 135 (18) 133 (2) 57 0.17
DBP, mm Hg 83 (12) 80 (7) 22 0.31
N=24

Values are expressed as mean (SD), except Borg scales, which are expressed as median (interquartile range).

ISWT = incremental shuttle walk test (-T, on a treadmill; -H, in a hallway)
Vo, = oxygen uptake

Vco, = carbon dioxide production

VE/MVV = minute ventilation/maximum voluntary ventilation

SBP = systolic blood pressure

DBP = diastolic blood pressure

- ISWT-H

8l 1swrT

Vo, (mL/kg/min)

T T T T T T T
Rest 5 6 7 8 9 10 11 12 13 14 Peak

Stage

Fig. 2. Oxygen consumption (\'/02) during training session with the
speed obtained from ISWT-H and ISWT-T. Values are expressed
as mean and 95% CI. N = 24. ISWT = incremental shuttle walk
test, H = hallway, and T = treadmill.

Unlike the cited studies, no differences in the physio-
logical responses were found between the 2 methods of
performing the ISWT in this study. It is possible that the
use of handrail support during the ISWT-T equalized these
responses by diminishing the demand during the test, de-
spite the longer distance traveled.

In this study, the intensity of the handrail support also
influenced the subjects’ responses to exercises. There were
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significant physiological differences when the hands were
free, when hands were only used for support (8.4% reduc-
tion in \702 and 3.5% reduction in heart rate), and when
hands held the handrail with a strong grip (21% reduction
in \702 and 14.8% reduction in heart rate).!” The same is
true for the perception of effort,'” and a similar effect
(reduction in \702 and heart rate) occurred when hand sup-
port was permitted during a step exercise.3?

Seventy-five percent of the maximum speed achieved
for both methods of performing the ISWT was established
for the training sessions. Therefore, due to the better per-
formance on the ISWT-T, the work load for the training
session following this modality was higher in comparison
to the work load determined by the ISWT-H (Table 3).
Thus, training based on the ISWT-T led to greater meta-
bolic, ventilatory, and cardiac demands. However, the dif-
ference in work load between the 2 tests was small (0.7
km/h), and the physiological responses to exercise as well
as the perception of effort during the tests was not clini-
cally substantial.

The validity of the ISWT for the determination of the
training load is recognized in patients with COPD3? and
other chronic lung conditions.3! The ISWT has also been
used to determine training loads for patients with bronchi-
ectasis,> but the acute physiological responses during a
training session have not previously been evaluated. Our
results reveal that the physiological responses are compat-
ible with a moderate intensity regardless of how the train-
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ing load was determined. This is an important aspect, as
the benefits acquired during physical training are related to
exercise intensity, with a direct influence on better results
regarding the therapeutic response and evolution of the
patient’s clinical condition.2?> When patients with COPD
participate in high-intensity training, they experience
greater physiological benefits and more effective results
compared to low-intensity training.?® It is therefore possi-
ble that better results would also be obtained with a work
load greater than 75% of the maximum speed achieved on
the ISWT.33

Although the ISWT can be used to determine the train-
ing work load for patients with chronic lung disease,?32 it
should be pointed out that this test is not adequate for
determining the appropriate intensity of training for healthy
individuals. While patients generally interrupt these tests
due to limitations imposed by their chronic lung condi-
tion,! healthy individuals tend to interrupt the ISWT when
they become unable to match the increasing pace without
running, which is not permitted during the test. Therefore,
it is not a good measure of their physical limitations.

Implications of the Study

Our results have clinical implications that should be
considered. In patients with bronchiectasis, the ISWT-T
with handrail support should not be considered an alter-
native to the ISWT-H to overcome limitations to perform-
ing the test in its original form, because handrail support
reduces the energy expenditure and overestimates the dis-
tance traveled. Therefore, the test should be used in its
original form. Independent of how the physical training
load was determined (on a treadmill or in a hallway), the
subjects’ responses during training were still compatible
with moderate intensity and were below what is recom-
mended for aerobic training. As a result, we recommend
that the training load on a treadmill with handrail support
be higher than 75% of the velocity achieved on the ISWT-H.

Limitations of the Study

This study has limitations that should be addressed. The
use of the traditional version of the ISWT may have un-
derestimated the maximum performance of the subjects
because running was not permitted. Because bronchiecta-
sis compromises pulmonary function and functional ca-
pacity to different degrees, some subjects may still be able
to run and could therefore have higher training loads and
physiological responses. However, the aim of this study
was to compare the original version of the ISWT con-
ducted in a hallway with that performed on a treadmill. It
is possible that the order of the tests could influence the
results, but the tests were performed a day apart, so there
was sufficient time for rest. The small sample size can
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restrict external validity of the findings of this study. Be-
cause the physiological responses to training were evalu-
ated on a treadmill that offered handrail support, further
studies are therefore needed to determine how subjects
with bronchiectasis would respond to training without this
type of support.

Conclusion

Subjects with bronchiectasis performed better on the
ISWT on a treadmill with handrail support than they did
on the same test in a hallway. Although the physiological
responses and perception of effort were similar, the 2 forms
of the test are not interchangeable. The training intensity
was higher when determined using the ISWT-T, but the
physiological responses during treadmill training with
handrail support were clinically similar and corresponded
to a moderate intensity, although still below the recom-
mendation for aerobic training.
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