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Abstract

Objectives: Maximum oxygen consumption per min (VO2max) is currently considered the most accurate test for the preoperative risk
assessment in patients scheduled for pulmonary resection. Due to its high-technology requirements and cost, VO2max is performed less frequently
than is desired. The objective of this investigation is to determine if themeasurement of the basal daily ambulatory activity of the patients, with a
pedometer, can be used to predict VO2max values. Methods: This is a prospective study on 38 patients referred for scheduled lobectomy or
pneumonectomy. Daily basal preoperative activity of the patients was measured 3 weeks before surgery by means of an OMROM HJ-72OIT-E2
pedometer. Before surgery, VO2max (dependent variable) was calculated using a Master Screen CPX module of Jaeger-Vyasis-Healthcare. The
following independent variables were studied: age, sex, preoperative forced expiratory volume in 1 s percentage (FEV1%) and carbon monoxide
diffusing capacity percentage (DLCO%), mean number of steps per day (aerobic and non-aerobic), mean daily time of aerobic activity (in min) and
mean daily walked distance (in km). Two linear regression models with bootstrap robust estimation of the standard error of the coefficients were
adjusted and the estimated values of VO2max were kept as a new variable for comparison. To avoid collinearity problems, only one of the
pedometer records entered the regression model. Results: Data of the series (mean � SD): age 62.8 � 10.14 years; FEV1% 90.1 � 21.8; DLCO%
82.8 � 20.1. After collinearity analysis, mean daily walked distance was chosen as themost representative variable. In the first regressionmodel,
‘Distance’ (p = 0.000) was highly correlated to the dependent variable (adjusted R2: 0.812). The second model improved the predictive value of
the first one adding DLCO% to the model. In this model, DLCO% (p = 0.000) and ‘Distance’ ( p = 0.002) were correlated to the dependent variable.
The adjusted R2 of the second lineal model was 0.935. Conclusion: These preliminary data show that a combination of the measured daily
ambulatory activity using a pedometer, especially the mean daily walked distance in km, and the DLCO% of the patient could predict the VO2max

value. Larger data series are needed for conclusive results.
# 2010 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.
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1. Introduction

High-technology cardiopulmonary exercise test (CPET) with
calculation of the maximum oxygen consumption per minute
(VO2max) is currently considered the most accurate test to
predict complications after lung resection in patients with
forced expiratory volume in 1 s percentage (FEV1%) or carbon
monoxide diffusing capacity percentage (DLCO%) belownormal
values [1,2]. Thus, VO2max remains the gold standard to
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compare new technologies in risk-estimation analysis. Unfor-
tunately, VO2max is performed less frequently than desired due
to its high-technology requirements and costs. Besides, it could
behypothesizedthatamaximumexercise testperformed in the
laboratory could not be a perfect surrogate of the actual
patient’s fitness necessary for daily living, and more specifi-
cally, for the physical activity necessary the following weeks
after being discharged after lung resection. Furthermore, for
the conditions a test of this type imposes upon the patient,
there may be a considerable number of subjects performing
sub-optimally.Measuringphysical activity in real-life conditions
using pedometers, which have been validated as accurate
sensors for ambulatory activity measurement [3], could be
more objective and, perhaps, equally valid to estimate the
exercise capacity before lung resection. Nevertheless, physical
activity of daily living has not been studied as a variable
predicting the outcome after lung resection.
urgery. Published by Elsevier B.V. All rights reserved.
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The main objective of this investigation is to determine if
the measurement of the basal daily activity of the patients
with a pedometer correlates with VO2max values measured at
the pulmonary function laboratory. As a secondary objective,
we investigate if the addition of DLCO% to basal daily activity
improves the accuracy of VO2max prediction.

2. Methods

2.1. Population of the study

This is a prospective study performed on 38 consecutive
patients referred to our unit for major lung resection for non-
small-cell lung cancer (NSCLC) from May 2009 to December
2009. Patients were selected for operation according to the
recommendations of the European Respiratory Society and
the European Society of Thoracic Surgeons guidelines [2]. In
chronic obstructive pulmonary disease (COPD) patients,
bronchodilator therapy was optimized at the outpatient
clinic before surgery. Patients physically unable to carry out
the exercise test due to orthopedic problems or mentally
limited to understand it were excluded from the study. In
those cases with previous ischemic heart disease, cardiac
consultation with evaluation of the cardiac functional status
by ergometry or an equivalent test was considered
mandatory before respiratory CPET.

Only patients already accepted for surgical resection
were offered to enter the study and only those who
accepted to participate were finally included in the study.
All patients signed an informed consent for participation in
the study, which was approved by the local Institutional
Review Board.

2.2. Pedometer

Daily-living physical preoperative activity was measured
using an OMROM Walking Style ProW pedometer. The
pedometer allows data acquisition up to 41 days and is
capable to differentiate two types of ambulatory activity:
the standard and the so-called aerobic mode. After 10 min
of continuous walking at a rate of at least 60 steps per min,
the aerobic mode is activated and it is deactivated after a
1-min break.

At the initial consultation, the patients were instructed on
how to use the pedometer and it was adjusted for patients’
weight and stride length. Subjects entering the study were
also instructed to wear the pedometer on the belt or
waistband from the moment they awoke until they went to
bed except while bathing or swimming. The pedometer was
firmly attached to their clothes at the waist with the aid of a
clip and a secure band. Patients were not encouraged to
increase their daily activity but counselling to quit smoking
and training on the use of an incentive spirometer was
provided. Daily basal activity was measured during the
waiting time before surgery. Obtained data were downloaded
at admission for surgery.

2.3. CPET and VO2max acquisition

A MasterSreen CPX module of Jaeger-Vyasis-Healthcare
was used for CPET developing and recording. This module is
capable to measure and register all lung-ventilating para-
meters such as O2 uptake (VO2), CO2 uptake (VCO2),
anaerobic threshold, respiratory exchange ratio (RER), HR,
ventilatory equivalent for O2 (EQO2), ventilatory equivalent
for CO2 (EQCO2) in an open mode ‘breath by breath’. The
module is also prepared for fast analysis of O2, CO2, and 12
electrocardiogram (ECG) leads. Ventilation was registered by
a bidirectional sensor of high precision (Triple V), capable of
in-breath flow and volume curve analysis. Before surgery, all
patients underwent a standardized exercise test on a bicycle
up to exhaustion or up to symptom limitation, according to
the following protocol: after calibration of volumes and
gases, a spirometry was performed to calculate minute
ventilation (VE) and analyze the intra-breath curve during
exercise. Heart rate, blood pressure, arterial blood gas
parameters and Borg dyspnea scale were recorded in basal
conditions. Once the patient was connected to the
pneumotachometer and gas analyzer, data acquisition at
rest and 3 min of unloaded cycling followed. Then, an
incremental exercise was initiated, according toWassermann
protocol [4], up to a maximal exercise within the estimated
time of 10—12 min. After completion of the test, arterial
blood gas parameters andmodified Borg scale were recorded.

2.4. Variables included in the analysis

The following clinical variables were recorded: age, sex,
body mass index (BMI), preoperative FEV1%, preoperative
DLCO%, presence or absence of COPD according to the
standard Global Initiative for Obstructive Lung Disease
(GOLD) criteria and presence or absence of other comorbid-
ities such as arterial hypertension, ischemic heart disease,
valvular disease, diabetes mellitus, renal insufficiency, and
peripheral arterial disease.

Data downloaded from the pedometer were: mean daily
number of total steps (‘Totalsteps’), preoperative mean daily
aerobic steps (‘Aerobsteps’), mean preoperative time of
aerobic activity measured in min (‘Time’) and mean daily
walked distance measured in km (‘Distance’).

From the CPET, VO2max in absolute values (ml kg min�1)
and as a percentage of the individually estimated value for
age, sex, and height was obtained.

2.5. Statistical methods

A linear relationship with each continuous clinical variable
and VO2max in absolute values was tested using the Pearson
correlation coefficient. Then, linear relationships of the
pedometer’s downloaded variables with each other and with
VO2max in absolute values were similarly tested. To avoid
collinearity problems, only the pedometer variable showing
the higher correlation with VO2max was selected for further
analysis.

Two linear regression models with bootstrap robust
estimation (1000 iterations) of the standard error of the
regression coefficients were tested. In both of them, VO2max

in absolute values was the dependent variable. In the first
one, the mean daily walked distance measured in km
(‘Distance’) was the independent variable. In the second
model, besides ‘Distance’, DLCO% was also introduced. The
estimated values of VO2max by both models (‘Est_distance’
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Table 2. Descriptive statistics of data downloaded from pedometers and
preoperatively measured VO2max.

Mean �SD Range

Mean number of days wearing
the pedometer

26.2 9.3 7—41

Mean daily total number
of steps

8653.6 4578.3 821.6—20471.4

Mean daily aerobic number
of steps

3441.7 2945.5 0—10173.5

Mean daily time of aerobic
activity (min)

32.6 26.9 0—103.5

Mean daily distance
walked (km)

5.5 3.17 0.37—12.6

VO2max (ml kg min�1) 20.3 4.6 11.9—31.2
VO2% 83.7 15.3 60—114

Table 3. Correlation between pedometer variables and VO2max.

Totalstepsa Aerobstepsb Timec Distanced VO2max

Totalstepsa 1.00
Aerobstepsb 0.75 1.00
Timec 0.73 0.99 1.00
Distanced 0.92 0.79 0.78 1.00
VO2max 0.40 0.16 0.11 0.44 1.00

a Mean daily total steps.
b Mean daily aerobic steps.
c Mean daily time of aerobic activity.
d Mean daily distance walked.

Table 4. Correlation data between clinical and functional parameters and
VO2max.

Age BMI FEV1% DLCO% VO2max

Age 1.000
and ‘Est_Dist_DLCO’) were considered as new variables and
their correlation with actual VO2max values were graphically
presented.

To evaluate whether the difference between the mea-
surements by the two methods is related to the magnitude of
the measurement itself, we have plotted and calculated the
correlation index between the difference of the estimated
VO2max value and the measured VO2max against the average
value of the measurement for each case, according to the
Bland and Altman method [5]. Statistical analysis was done
using Stata 10.1 software (Stata Corp, TX, USA).

3. Results

A total of 51 patients were included in the study but 13
of them were excluded because they were unable to carry
out the exercise test, the most frequent reasons being
cardiac comorbidity and joint pathology at the level of the
knee. Of the 38 left, most patients (37 cases) were
scheduled for lobectomy and only one for pneumonectomy.
Mortality of the series was nil and seven patients (18.4%)
developed postoperative cardiorespiratory complications.
General characteristics of the patients are shown in
Table 1.

Recorded ambulatory activity and global VO2max data are
presented in Table 2.

As anticipated, a high collinearity was found between all
the parameters downloaded from the pedometer. In the
correlation analysis between all pedometer variables and
VO2max, ‘Distance’ showed the highest correlation index
(r = 0.440) and was chosen as the variable to enter the
regression model (Table 3).

No correlation was found between VO2max and FEV1%
(r = 0.026) nor BMI (r = �0.057). However, age (r = �0.550)
and DLCO% (r = 0.214) were correlated to VO2max and both
variables were correlated to each other (r = �0.245)
(Table 4).

At the first linear regression model, adjusted R2 was 0.81.
The model accounted for most of the variance of VO2max

(analysis of variance (ANOVA), p = 0.000). In the second
model, DLCO ( p = 0.000) and ‘Distance’ ( p = 0.002) pre-
dicted actual VO2max value with an adjusted R

2 of 0.93. Again,
the model accounted for most of the variance of VO2max

(ANOVA, p = 0.000, Table 5). Lastly, plotted VO2max values
(real vs linear model prediction) are shown in Fig. 1.
Table 1. Descriptive statistics of categorical and continuous clinical variables.

N %

Categorical variables
Male 30 79
COPD 17 43.6
Coronary artery disease 4 10.5
Systemic hypertension 7 18.4
Diabetes mellitus 5 13.2

Mean �SD Range

Continuous variables
Age 62.8 10.1 38—80
BMI 26.1 6.8 19.29—45.9
FEV1% 90.1 21.8 39—137.8
DLCO 82.8 20.1 41.1—118
Finally, no difference between the two methods to find a
VO2max value depending on the magnitude of the measure-
ment itself was found (r = 0.067) as shown in Fig. 2.

Nine patients showed an actual VO2max of 15 ml kg min�1 or
below (range 11.9—15.9 ml kg min�1). In this subgroup, there
were four females. In this subgroup, mean age was 70.5 years
(range: 60—77years),meanBMIwas 28.6 kg m�2(range: 21.3—
32.8 kg m�2) and mean DLCO% 78.1 (range 41.1—111). Three
of them were on current treatment for hypertension, two for
diabetes mellitus and one for cardiac ischemia. All of them
underwent lobectomy and only one (patient number 3, see
BMI �0.056 1.000
FEV1% �0.025 �0.014 1.000
DLCO% �0.245 0.476 0.179 1.000
VO2max �0.550 �0.057 0.026 0.214 1.000

Table 5. Predictive models.

Observed coefficient Bootstrap SE 95% CI p

Model 1: independent variable: mean daily distancea

Distance 2.993 0.231 2.539—3.446 0.000
Model 2: independent variable: mean daily distance and DLCO%b

Distance 0.922 0.303 0.327—1.516 0.002
DLCO% 0.175 0.019 0.137—0.213 0.000

Dependent variable: VO2max. p = 0.000.
a R2 = 0.812.
b R2 = 0.935.
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Fig. 1. Graphical plot of the actual versus estimated VO2max in model 2 that
includes distance and DLCO%.
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Fig. 2. The graph represents the difference of the estimated VO2max value and
the measured VO2max against the average value of both types of measurement
for each case according to the Bland and Altman method [5].
Table6) hadapostoperative complication (prolongedair leak).
The acquired data from the pedometer for this subgroup in
mean � SD for each variablewere: daily total number of steps:
6786.38 � 1566.31; daily aerobic number of steps:
3130.24 � 1164.07; daily time of aerobic activity (min):
30.13� 10.81; daily distance walked (km): 3.95 � 1.02; and
the estimated VO2max with model 2 are:
17.32� 1.54 ml kg min�1 (range 12.46—25.57 ml kg min�1).
Table 6. Data from the nine cases with the lowest actual VO2max value in the series

Case Age Sexa DLCO% Distance (km) Ac

1 65 2 90 10.63 11
2 60 2 83 2.63 13
3 77 1 96 .365 13
4 75 1 41.1 5.71 14
5 63 2 67 1.91 14
6 75 1 70.4 2.25 15
7 76 1 111 3.2 15
8 77 2 86 6.1 15
9 67 1 58 2.83 15

a Sex: 1: male.
There were five cases where the estimated VO2max was higher
than the actual and four cases where the actual VO2max was
higher than the estimated. In these latter cases, the
differences between the actual and the estimated values
were smaller than the differences found within the first group
(Table 6).

4. Discussion

Surgical risk estimation is an obligatory step in the
preoperative workout of every patient undergoing lung
resection. Although a temporal trend toward a decrease in
postoperative morbidity was recently reported [6], post-
operative cardiorespiratory complications are still frequent.
Moreover, some patients are denied surgery because of a high
probability of severe complications and operative death. In
this context, developing feasible and accurate methods for
preoperative assessment of surgical risk is necessary.

Many mathematical models and algorithms have been
developed for risk-estimation purposes [7], but even using
these mathematical tools, individual risk estimation is
frequently inaccurate due to non-controllable variables
and to case selection bias [8]. Models not including CPET
values are usually not accurate as measured VO2max is
currently the best predictor of early postoperative cardior-
espiratorymorbidity [1,2]. It is well known that VO2max values
are dependent, amongst other factors, on the age and gender
of the patient [9,10], previous respiratory disease [11],
genetic background [12], and previous patient’s fitness, the
last being daily activity-dependent [9,13]. It has been
demonstrated that more physically active COPD patients
have better functional status, including higher VO2max peak
[14]. The amount and intensity of daily physical activity is
also closely related to health and mortality [15,16].

Both lung cancer and COPD are associated with smoking,
which, by generating reactive oxidant species, induces a
chronic inflammatory state in the lung [17]. Due to this
association, many NSCLC patients referred for surgery also
have COPD. It is also known that patients with COPD are
markedly inactive in daily life [18,19] and that, in this
population, higher values of systemic inflammation and left
cardiac dysfunction are associated with reduced physical
activity independently of GOLD stages or body mass index,
airflow obstruction, dyspnea and exercise (BODE) score.
These previous data, associated with the fact that few
individuals with COPD are willing to exercise to maximal
symptom intensity [20] suggest that walking, instead of
cycling, is a more useful test for evaluating functional
.

tual VO2max (ml kg min�1) Estimated VO2max (model 2) (ml kg min�1)

.9 25.5

.1 16.9

.3 17.1

.3 12.4

.5 13.5

.5 14.4

.7 22.4

.8 20.6

.9 12.7
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capacity in COPD cases [18,20]. Unfortunately, neither the
6 min walking test nor the 20 m shuttle run test has shown a
high accuracy to predict postoperative outcome [2].

The idea of correlating VO2max and daily physical activity
is not new and daily steps counts have been found to be
predictive of VO2max in previous reports using acceler-
ometers [21] or pedometers [22—24]. Accelerometers have
become important as activity assessment tools in research
[21]. Although accelerometers can measure all kinds of
physical activity beside walking, they are more expensive
and require supporting hardware and software due to the
frequent need of calibration to maintain their precision.
Pedometers are generally considered the more practical
alternative for recording daily-living activity. They are
unobtrusive body-worn instruments, simple to use, afford-
able, and the output is extremely user friendly [25]. The type
of pedometer used in this study has been validated
previously showing a high correlation index with the 6 min
walking test and treadmill [3,25]. Previously published non-
exercise test in a healthy population reported varying
success in predicting VO2max values, R

2 ranging from 0.72 to
0.82 [22,23].

Approaching the development of the regression model,
the first limitation was the small sample size (n = 38) that
only allowed the introduction of one or, at most, two
independent variables in the model. Therefore, the first
variable chosen was ‘Distance’, the pedometer record
showing the highest correlation index with VO2max

(r = 0.448) in the preliminary analysis. Seeking to achieve
an improvement in the prediction value, DLCO% was included
in the model. In other studies [21—24], some physical
variables such as age or BMI have been added to the model,
but, to our knowledge, never functional parameters. The
rationale for introducing DLCO% in the linear regression
model was twofold: first, this parameter has shown a
correlation with the patient’s age (r = 0.245), a constant
variable in all the previously publishedmodels [21—23] due to
the well-known relationship between age and VO2max; and
second, this parameter is frequently quoted as the best
predictor of the cardiorespiratory adverse effects of lung
resection when VO2max is not calculated [2]. The improve-
ment of the prediction in the second model is moderate and
its usefulness should be tested in larger series of cases.

As was pointed out in Section 3, when analyzing the nine
patients with the lowest measured VO2max, we found
discrepancies between the data in all cases; however, these
differences were less important when the estimated VO2max

were lower than the measured VO2max. This finding should be
considered with caution because when the whole data series
is analyzed using the Bland and Almand method [5], the
correlation indicates no differences in the results obtained
depending on the magnitude of the measurement itself.

Apart from that subgroup, there were three cases with a
significant discrepancy between actual and predicted data
using both regression models; in all the cases, the estimated
VO2max value was much higher than the actual. It could be
hypothesized that an inaccurate use of the pedometer may
have played a role, and/or that other physical conditions not
taken into account in the model may have hampered the
exercise capacities of some patients. Motivational reasons
may also account, in part, for a discrepancy between
physical capacities and the amount of exercise. These
factors should be taken into consideration in future studies
on this topic.

Due to the aforementioned discrepancies, a higher number
of cases and future studies are mandatory to distinguish the
causes leading to under- or overestimating VO2max values and
how to avoid the risk that an operable patient could be denied
surgery or the contrary. Currently, the measurement of the
daily activity cannot considered as a substitute of formal CPET
as the latter provides an array of information and parameters
on the ventilatory and cardiovascular systems helping the
physicians to identify and treat the deficits in the oxygen
transportation system. Hopefully, after the information
presented in this article will be confirmed in larger studies
and more functionally compromised patients, the daily basal
activity could be useful to screen those subjects in whom
formal CPET cannot be replaced by low-technology exercise
tests before lung resection.

To conclude, in the present report on a representative
sample of the clinical population undergoing anatomical
resection for lung cancer, we have found that VO2max can
be significantly predicted by the mean daily walked
distance recorded by a pedometer. The strength of the
prediction is slightly increased by adding the measured
preoperative DLCO% in the dregression model. These
preliminary data have to be confirmed on a larger
population of patients.
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movement detector to measure daily activity in patients with chronic
lung disease. Eur Respir J 1997;10:2814—9.

[25] Tudor-Locke C, Williams JE, Reis JP, Pluto D. Utility of pedometers for
assessing physical activity. Construct validity. Sports Med 2004;34:281—91.

Appendix A. Conference discussion

Dr G. Rocco (Naples, Italy): Firstly, what are your future expectations
when the series becomes larger? Secondly, this pedometer is not recording
cardiac rate, which I think is a relevant variable for evaluating the type of
exercise the patient is doing. Maybe a more sophisticated model with a heart
rate reading could be of help in the future. Also, accelerometers have been
used in COPD. Their utility has not been discussed at great length during this
presentation. Is the price and complexity of these accelerometers worth the
information they can possibly give us?

Lastly, would a predictive model with distance and age, instead of DLCO,
which has shown high collinearity, be better indicated, in your opinion?

Dr Novoa: Measuring heart rate is quite important in the estimation of
VO2max. At the beginning of this study when we were considering how to do it,
we were thinking about something very simple, because when we considered
themeasurement of heart rate, we knewwe had to use another device, and we
knew it had to be properly placed. Otherwise the accuracy of the registry
cannot be guaranteed. So we were looking for something very simple, because
the type of patients we have are not allowed to havemany things. Therefore in
the end, we decided not to measure heart rate.

But there was a second reason for not measuring it. This pedometer has the
capability of distinguishing two types of linear activity. One is the basal, the
normal activity, the total number of steps you can walk in one day, and the
other is what is called the aerobic mode. In the aerobic mode, when the person
starts walking at a speed of more than 60 steps per minute for more than 10
minutes, this aerobic mode activates. And we know from the lab studies that
were previously published that when a person is capable of maintaining this
exercise, their heart rate was going up to 80—85% of their maximum heart rate.
So that is how we knew such a patient was doing at least a submaximal
exercise.

But I have to be sincere. At the beginning I thought that to measure the
time the patient was doing aerobic activity, or the number of steps in the
aerobic activity, was something important. That was the key to the whole
study. If the patient is capable of doing exercise on a daily basis, a kind of
exercise that counts for fitness, I thought it could somehow be relevant in the
study, but we couldn’t find it. It is not significant at all, even though we looked
for it.

Regarding accelerometers, this is a very good question, a very good
comment. Up to now, accelerometers were used more in clinical settings but
not really for public health or in high numbers of people, because they are
difficult to manage. They have to be calibrated frequently for an accurate
registry. It is not the kind of device that you can give a patient and collect two
or three weeks later on. So we decided not to use them.

And finally, about future expectations and a model with distance and
age, these are very promising results, but they are preliminary. We are
short in numbers of patients. But somehow I got the feeling it is going to
work. So we introduced in this first model DLCO, because, as I said, it is the
most quoted variable for risk prediction when not taking into account the
VO2max, but also because we were looking for something that was related to
our professional daily activity. Of course, we are open to any results, and I
think that maybe in the future distance and age could be also a very good
model. We have to try.

Dr M. Ferguson (Chicago, IL, USA): I congratulate you on using some older
technology for a new and very important application. In the rationale that you
gave for performing the study, one of the considerations was the inability of
patients to perform accurately an exercise test, particularly those who have
COPD. I am wondering if a better rationale is to use very low cost testing, both
in terms of expense for the technology but also in terms of human costs, to do
the equivalent of measuring VO2max, which is very intensive both from an
equipment standpoint and personnel standpoint.

The second question I have is, in your manuscript you mention that there
were three outliers of the 38 who were not correctly predicted. By inspecting
your graph, it seems to me that at least two of those were high performers, not
low performers. So I amwondering if the test is relatively inaccurate for people
who are low risk but relatively accurate for people who would otherwise be
considered high risk.

Dr Novoa: Regarding the discrepancies, those three cases, there were
two patients that were very good on the pedometers but not on the exercise
test. But we have to take a look, because the problem with this low-
technology system, as you said, is that you need cooperation. So not all the
patients cooperate in the same way. As I said, we gave the pedometer for
two or three weeks to every patient, which is the time they were on the
waiting list. So at that time we found that there were people that were
wearing the pedometer on a daily basis, and most of them were very regular
in taking their exercise. But there was another group of people that were not
so regular; they were not cooperating as well. One of those discrepancy
cases belonged to this group that were not really very cooperative patients.
So results are so—so.

Dr S. Mattioli (Bologna, Italy): Practically speaking, we diagnose stage and
operate on patients in 10—12 days now. This is good medical practice I think. It
is a particularly peculiar period, because the patients undergo tests, they are
anxious, etc. Do you think that this situation can influence your measurements,
first question.

Second question. Go back to the future. The old test, the treadmill test,
was the measurement of the basal and after strength gases. It sounds to me
that it is quite close and if you think that surgery is a stress test, maybe you
correlate better. So those are the two questions.

Dr Novoa: To summarize, I think that the high-technology test allows us to
distinguish between a respiratory problem, a cardiological problem, or even a
cardiovascular problem, but all those things you can see together with the low-
technology test. So, I mean, a big workout cannot be needed. I don’t know if
this answer helped both of your questions.

Dr A. Turna (Istanbul, Turkey): The mean FEV1 value of your patients was
90%, but VO2max is required in COPD patients mostly. Would you comment on
the applicability of the pedometer in COPD patients and could you give the
number of patients who fit GOLD COPD criteria?
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Dr Novoa: As you saw in the data of the series, most of the patients were
standard patients for a thoracic surgical unit. We have some patients with a
VO2max (or CPET) under 15. It was around 15 patients with COPD. So there were
more people with very good respiratory functional results, but then they were
performing sub-optimally in the high-technology test later on. Butmost of those
patients were performing very well with the pedometer, and, as a result of that,
mortality was low in the series and cardiorespiratory complications were also
low. But as I said before, these are promising but preliminary results.
Dr A. Brunelli (Ancona, Italy): I have just two suggestions for future line of
research. These are not questions. So the first is, I would suggest that you test
the correlation between the pedometer variables and the VO2 expressed as
percentage of predicted; secondly, I noticed the average VO2 is around 20,
which is quite high. So I would suggest shifting the focus to those patients with
lower values of VO2, those with a VO2 below 15 maybe. Those are the patients
in whomwe want to know whether there is a correlation between a pedometer
and the VO2.
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