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Abstract

Background: Assessment of peak oxygen uptake (VO,) is
recommended in the evaluation of patients with borderline
pulmonary function as VO, is the strongest independent
predictor of postoperative pulmonary complications. How-
ever, the measurement of VO, requires expensive equip-
ment not available in many medical facilities. The shuttle
walking test (SWT) has been proposed to be used asa screen-
ing tool prior to performing a cardiopulmonary exercise test.
Although an association exists between SWT distance and
VO,, only one small study directly measured VO, during the
SWT. Objectives: The aim of this study was to further vali-
date the VO,-SWT association by directly measuring VO, dur-
ing SWT in a larger cohort of patients with stable chronic
obstructive pulmonary disease (COPD). Methods: Fifty sta-
ble COPD patients with mild/severe disease were studied.
Each patient performed an SWT while wearing a validated
portable metabolic monitor. Results: Mean VO, (ml/kg/min)
measured after each finalized minute of the SWT was (95%
confidence interval): 6 (5-7), 9 (8-10), 11 (10-12), 13 (11-14),
15 (14-16), 18 (16-20) and 21 (18-26) for minutes 1-7, respec-

tively. Patients that completed the British Thoracic Society-
recommended 25 shuttles (5 min or 250 m) in the SWT had
a mean VO, of 15 (14-16). The positive predictive value for
walking 25 shuttles (predicting a VO, of =15ml/kg/min) was
90% and the negative predictive value was 90%. Conclu-
sions: Our findings validate the association between VO,
and SWT distance and facilitate the interpretation of the test
in general practice, particularly when deciding the candida-
cy of a patient for surgical resection.

Copyright © 2009 S. Karger AG, Basel

Introduction

Exercise capacity expressed as peak oxygen uptake
(VO,) has been reported to be the variable most predic-
tive of postoperative pulmonary complications following
lung cancer resection in patients with chronic obstruc-
tive pulmonary disease (COPD) [1-4]. However, the mea-
surement of peak VO, requires expensive equipment not
available in many centers. Therefore, a simple screening
test was needed to better define the patients with an ex-
ercise capacity associated with a higher risk for postop-
erative pulmonary complications (defined as VO, <15
ml/kg/min), requiring a maximal cardiopulmonary test
with VO, measure. Attending to that need, the British
Thoracic Society (BTS) recommended the shuttle walk-
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ing test (SWT) [5] asa screening method to be used before
doing a formal cardiopulmonary exercise test in the eval-
uation of patients suggested for lung resection [5]. The
SWT is a maximal, progressive paced test validated ex-
ternally, which is widely used in Europe but less so in
America [6-8]. The BTS algorithm proposes 25 shuttles
(5 min or 250 m) as the distance associated with a VO, of
15 ml/kg/min (exercise capacity related with an average
operative risk of surgical complications). Although an as-
sociation exists between SWT distance and VO, [9-12],
only one small study (10 patients) directly measured VO,
during the SWT [7], and to date no study reported the
range of VO, associated with each minute walked during
the test, which could be of clinical importance for test
interpretation.

In addition, we aimed to validate the VO,-SWT asso-
ciation by directly measuring VO, during the SWT in a
larger group of stable COPD patients and to provide a
range of VO, associated with each minute walked during
the test.

Patients and Methods

This study was approved by the Institutional Review Board
and all patients signed an informed consent. Stable patients at-
tending a COPD clinic for a regular scheduled visit were invited
to participate. Exclusion criteria were: the presence of acute respi-
ratory symptoms, the use of antibiotics or oral prednisone in the
previous 2 weeks or physical impediment to walk.

Shuttle Walking Test

The 10-meter course was established in the corridor of the
clinic and the speed of walking was dictated by a timed signal
played on a compact disc player. Within the first 2 min, the sub-
jects were advised to increase or decrease their speed ifrequired,
but no further encouragement was given. The test ended if the
subject was unable to continue (due to breathlessness or any other
reason) or was unable to maintain the required pace, as previ-
ously published [6]. The test was performed 30 min after broncho-
dilators (2 metered-dose inhaler actuations of albuterol plus ip-
ratropium delivered through a spacer).

Although a practice walk is the ideal situation, it proved to be
too exhausting for some subjects and not suitable for this study
done in a clinical practice setting. The protocol included that if
subjects failed to understand the test appropriately in the first 2
min, it was stopped and restarted after a 20-min rest period.

Portable Metabolic Monitoring

The patients were connected to a validated MedGraphics
VO, portable metabolic testing system (MedGraphics, St. Paul,
Minn., USA) via a MedGraphics proprietary neoprene mask.
Heart rate was assessed using a Polar heart rate monitor (Polar,
Port Washington, N.Y., USA). This system utilizes a MedGraphics
proprietary pneumotachometer as volume transducer, a galvanic
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fuel cell O, analyzer and an infrared CO, analyzer. Data were
transmitted between each breath interval and stored in breath
rate packets of 6 breaths. The system ‘warm-up’ was completed
prior to each walk test as recommended by the manufacturer to
permit self-calibration. Data collected during the walk tests in-
cluded VO,, carbon dioxide production (VCO,), heart rate, respi-
ratory rate and tidal volume. The VO,y, weighs 740 g and was
worn with a harness during the tests. ‘Real-time’ data acquisition
was done through a telemetric MedGraphics system.

Statistical Analysis

All data are expressed as means * SD or with 95% confidence
interval, as indicated. Pearson correlation was used to determine
the association between the continuous variables.

The variables distance walked and VO, were converted into
binary variables to perform risk analysis using the cutoff pro-
posed in the BTS guideline: distance walked =25 shuttles (250 m)
versus lower, and VO, =15 ml/kg/min versus lower. Fisher’s exact
test and the x? test were used for the analysis of discrete variables,
and risk analysis (odds ratios) was performed from the 2 X 2 ta-
bles.

To determine the association between VO, >15 ml/kg/min
and other baseline variables, we used univariate logistic regres-
sion analyses. If a variable had a p value <0.1 in univariate analy-
ses, we included it in the multiple logistic regression model to
predict the odds of having a VO, >15 ml/kg/min.

Receiver-operating characteristic (ROC) analysis was used to
determine the true-positive rate (sensitivity) and the false-posi-
tive rate (1 - specificity) for different cutoff values of the SWT for
identifying high-risk patients (VO, >15 ml/kg/min).

SPSS (version 13; SPSS, Chicago, I11., USA) [13] was employed
for the above analyses.

Results

Subject Characteristics

We studied 50 patients (24 males) with mild/severe
COPD according to the guidelines of the Global Initiative
for Chronic Obstructive Lung Disease [14]: age (mean +
SD) 60 + 12 years, body mass index 28 + 6, forced expira-
tory volume in the first second (FEV;) 60.5 + 23.1% of
predicted and forced vital capacity (FVC) 77.7 + 17.9% of
predicted. Dyspnea, measured by the Medical Research
Council (MRC) dyspnea score (range 1-5), was 2.8 +
1.0.

Shuttle Walking Test

All patients followed the guidelines of the test without
difficulty, and there was no need to repeat any walk. None
of the patients reported the weight of the equipment as a
significant factor to affect their walking capacity. The
physiologic parameters obtained during the SWT are
summarized in table 1.
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Table 1. SWT parameters measured by the metabolic monitor
(VO2000)

Maximal heart rate, % of predicted 69 (65-72)
Borg scale (peak)

Dyspnea 4.4(3.8-5.1)

Fatigue 4.1(3.4-4.7)
VO, (peak)

ml/kg/min 17.4 (15.4-19.2)

% of predicted 80 (69-90)
VCO, (peak), liters/min 1.1 (1.0-1.3)
VE/VCOsmax 34.92 (32.5-37.2)
VE/MVV o 0.61(0.55-0.67)

0.83 (0.8-0.89)
317 (276-359)

Respiratory quotient (max.)
Shuttle distance walked, m

Results are expressed as means (95% confidence intervals).
VE/MVYV = minute ventilation/maximal voluntary ventila-
tion; max. = maximal.

Table 2. VO, attained with a completed SWT level (means and
95% confidence intervals)

SWT levels (each Distance VO,

level lasts 1 min) m ml/kg/min
Level 1 30 6.28 (5.5-7.0)
Level 2 70 9.08 (8.1-10.0)
Level 3 120 11.1(10.1-12.2)
Level 4 180 12.9 (11.4-14.1)
Level 5 250 14.8 (13.5-16.1)
Level 6 330 17.7 (15.8-19.6)
Level 7 420 21.4 (18.3-24.5)

VO, increased linearly with every level of the SWT
(fig. 1). Table 2 lists the mean VO, (95% confidence inter-
val) measured at the end of every SWT level (1 min
each).

The analysis of the binary outcomes VO, >15 ml/kg/
min and 25 shuttles showed a very significant associa-
tion, as expected. The agreement analysis was very high
(k = 0.77). Interestingly, the positive predictive value for
walking 25 shuttles (predicting a VO, =15 ml/kg/min)
was 90% and the negative predictive value was 90%. The
odds (95% confidence interval) of havinga VO, =15 ml/
kg/min when a patient can walk 25 shuttles was 50 (8-
300).

The distance walked during SWT correlated signifi-
cantly with the following parameters: MRC dyspnea

Oxygen Consumption and Shuttle
Walking Test
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Fig. 1. Mean VO, associated with each level of the SWT. 95% con-
fidence intervals are also included.

score (p < 0.0001), age (p = 0.001), FEV, (% of predicted:
p < 0.009), peak VO, (ml/kg/min: p < 0.0001; % of pre-
dicted: p < 0.035) and VCO,,x (p < 0.0001).

Logistic regression analysis, predicting a binary vari-
able of VO, =15 ml/kg/min or not, indicated that walk-
ing 25 shuttles was the best independent predictor in the
model (90% of the total explained variance) followed by
gender (10% of the total explained variance) when adjust-
ing for other meaningful covariates such as body mass
index, FEV (% of predicted), dyspnea (MRC score) and
age. The explanation of the variance by this model was
very high (Nagelkerke R? = 0.87).

ROC analysis (SWT distance vs. VO, >15 ml/kg/min;
binary outcome) is detailed in table 3. The area under the
curve for this analysis was 0.89. The cutoff of 250 m (5
min) of the SWT has a sensitivity of 94% and a false-pos-
itive rate of 23% (specificity: 77%) for detecting VO, >15
ml/kg/min. According to our analysis, the false-positive
rate can decrease to 17, 11 and 0% if the patient walks
27 (270 m), 32 (320 m) and 38 shuttles (380 m), respec-
tively.

Discussion
This study validates the linear association between

VO, and the distance walked, and provides ranges of
VO, associated with the completed levels of the SWT. The
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Fig. 2. Peak VO, versus SWT distance: raw data.

study results support the proposed 25 shuttles as a screen-
ing method for a defined level of exercise capacity associ-
ated with a VO, of 15 ml/kg/min and also show the short-
comings of such a cutoff.

Our work also provides clinically useful estimates for
daily practice: the positive and negative predictive values
of walking the proposed 25 shuttles associated with the
desired VO,.

The SWT, in our experience, has shown to be simple
to perform in the clinic setting and is feasible to routine-
ly evaluate exercise capacity in COPD. To our knowledge,
thisis the largest series of patients in whom VO, was mea-
sured during the performance of the SWT, being one of
the strengths of this study. We believe our results have
external validity as we recruited a convenient sample of
patients attending a COPD clinic.

We extend previous reports on the association of dis-
tance walked during SWT by providing the specific en-
ergy cost of every level (minute walked) of the SWT (fig. 1,
table 2) and by determining the high positive and nega-
tive predictive values of the 25 shuttles to determine the
desired exercise capacity. ROC analysis showed insight-
ful results since it reveals the shortcomings of the 250 m
proposed by the BTS. Our results are a helpful addition
to the clinical patient information to decide ordering a
cardiopulmonary exercise test (by knowing the false-
positive rates of the distance walked by the patient that
associates with a VO, <15 ml/kg/min). Walking 2, 7 and
13 more shuttles than the 25 proposed by the BTS de-
creases the false-positive rates of the test to 17, 11 and 0%,
respectively. Our result on the 0% false-positive rate of
walking 380 m coincides with previous results [12].
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Table 3. ROC analysis

VO, >15 ml/kg/min Valid cases
Positive 33
Negative 17

Positive if > True-positive

rate (sensitivity)

False-positive rate
(1 - specificity)

59.00 m* 1.000 1.000

85.00 m* 1.000 0.941
125.00 m?* 1.000 0.882
142.00 m* 1.000 0.765
147.00 m?* 0.970 0.765
155.00 m* 0.970 0.647
165.00 m?* 0.939 0.529
185.00 m* 0.939 0.412
205.00 m* 0.939 0.353
215.00 m* 0.939 0.294
235.00 m* 0.939 0.235
255.00 m* 0.848 0.235
265.00 m* 0.848 0.176
275.00 m* 0.758 0.176
290.00 m* 0.697 0.176
315.00 m* 0.697 0.118
335.00 m* 0.667 0.118
350.00 m* 0.636 0.118
365.00 m* 0.576 0.118
380.00 m* 0.485 0.000

Area under the curve = 0.891. The positive actual state is 1.00
for VO, >15 ml/kg/min.
* Test result variable: shuttles.

The results of the logistic regression model provide
further important information: 25 shuttles was the stron-
gest predictor of VO, =15/ml/kg/min, accounting for
most of the explained variance while controlling for very
meaningful covariates: dyspnea (MRC score), age, gen-
der, body mass index and FEV, (% of predicted).

We found that the prediction of a VO, of 15 ml/kg/min
(associated with an average operative risk) is further im-
proved by adjusting for gender, indicating that gender is
a factor to consider when interpreting results of exercise
tests in absolute values of VO, (in ml/kg/min), as women
characteristically have lower absolute exercise capacity. A
previous report suggested the use of percent of the pre-
dicted exercise capacity, in part driven by the different
exercise capacity related to gender [3].

We believe that our estimates of shuttle distance and
VO, for each level of the test are not affected by the use
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of the equipment, being in contrast to a previous report
employing heavier equipment (4.1 kg) that made the pa-
tients walk shorter distances when wearing the monitor
compared to controls without it [15]. We used a light-
weight monitor (0.7 kg) that at least subjectively did not
affect the walking ability of the subjects.

This study has limitations: first, we acknowledge that
adding a practice walk could have improved the distance
walked, but it is not feasible in a clinical setting and pre-
vious reports do not recommend a practice walk in clin-
ical practice [16-18]. Second, as in any model validation,
a separate validation cohort is desirable since it may pro-
vide slightly different estimates. Third, in our group of
COPD patients, the prevalence of VO, <15 ml/kg/min
was 30%, i.e., 15 patients falling below the cutoff values
for the average operative risk (fig. 2); we recognized that
a larger series may provide a more accurate range of VO,
estimates for every SWT level. Finally, in this work, oxy-
gen consumption is measured during walking and is pos-

sibly overestimated compared to the one the same pa-
tients could have reached with the bike, as it is known that
walking requires higher oxygen consumption than cy-
cling. This fact should be taken into account when using
these results for operability selection.

In summary, we believe that these results are impor-
tant. They are informative of the SWT value as a screen-
ing tool, as recommended by the BTS, and will help clini-
cians and surgeons with the interpretation of SWT re-
sults. Our work supports the association between SWT
and VO,, and confirms the feasibility of this test in clin-
ical practice.
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