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BACKGROUND: Expiratory positive airway pressure (EPAP) is a form of noninvasive positive-
pressure ventilatory support that, in spite of not unloading respiratory muscles during inspiration,
may reduce the inspiratory threshold load and attenuate expiratory dynamic airway compression,
contributing to reduced expiratory air-flow limitation in patients with COPD. We sought to de-
termine the effects of EPAP on operational lung volumes during exercise in COPD patients.
METHODS: This was a nonrandomized, experimental comparison of 2 exercise conditions (with
and without EPAP); subjects completed a treadmill exercise test and performed, before and im-
mediately after exercise, lung volume measurements. Those who overtly developed dynamic hy-
perinflation (DH), as defined by at least a 15% reduction from pre-exercise inspiratory capacity
(IC), were invited for an additional research visit to repeat the same exercise protocol while
receiving EPAP through a spring loaded resistor face mask. The primary outcome was IC variance
(pre-post exercise) comparison under the 2 exercise conditions. RESULTS: Forty-six subjects (32
males), a mean 65.0 � 8.2 years of age, and with moderate to severe COPD (FEV1 � 38 � 16%
predicted) were initially enrolled. From this initial sample, 17 (37%) presented overt DH, as
previously defined. No significant difference was found between these subjects and the rest of the
initial sample. Comparing before and after exercise, there was significantly less reduction in IC
observed when EPAP was used (�0.18 � 0.35 L vs �0.57 � 0.45 L, P � .02), allowing greater IC
final values (1.45 � 0.50 L vs 1.13 � 0.52 L, P � .02). CONCLUSIONS: The application of EPAP
reduced DH, as shown by lower operational lung volumes after submaximal exercise in COPD
patients who previously manifested exercise DH. Key words: COPD; dynamic hyperinflation; PEEP;
inspiratory capacity; exercise; rehabilitation. [Respir Care 2012;57(9):1405–1412. © 2012 Daedalus
Enterprises]
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Introduction

The clinical hallmark of patients with COPD is exercise
intolerance, the mechanisms of which are complex and
multifactorial.1 However, changes in the mechanics of ven-
tilation during exercise play a major role in exercise in-
tolerance.2,3 A key concept is that activity limitation in
these patients is linked to hyperinflation, particularly dy-
namic hyperinflation (DH),4 and reducing operational lung
volumes in patients with COPD through pharmacologic
(bronchodilators) and non-pharmacologic means (inhaled
oxygen and oxygen/helium mixtures, rehabilitation exer-
cise training) has proved to be an efficient strategy for
improving their exercise tolerance and activity.5

SEE THE RELATED EDITORIAL ON PAGE 1530

Noninvasive ventilation (NIV) has been used as an aid to
improve exercise tolerance in COPD patients.6–8 The ratio-
nale for NIV is to assist exercise performance. Considering
the intrinsic mechanical loading and probable functional in-
spiratory muscle weakness in COPD, assisted ventilation
should provide symptomatic benefit by unloading and assist-
ing such overburdened ventilatory muscles.9 Among NIV
modalities, expiratory positive airway pressure (EPAP), in
spite of not unloading respiratory muscles during inspiration,
represents the simplest strategy and can be offered by less
costly and elementary devices. The EPAP technique is be-
lieved to move the equal pressure point to more central and
solid airways. Both increases and decreases of pulmonary
volumes have been described in COPD patients.10 This may
be one of the explanations why pursed-lip breathing, a type of
breathing resulting in positive expiratory pressure and thought
to have similarities with EPAP, is spontaneously adopted by
many patients.11 Theoretically, EPAP could alleviate dynamic
compression on expiration, attenuating expiratory air-flow
limitation11 and reduce the inspiratory threshold load of hy-
perinflated lungs in COPD patients, promoting an enhance-
ment in neuromuscular coupling.9 On the other hand, a re-
sistance during expiration may be accompanied by an increase
in lung volumes,12 an undesirable effect in subjects whose
lungs tend to be already hyperinflated. Previous studies that
applied continuous positive airway pressure (CPAP) in COPD
patients during exercise demonstrated improvement in exer-
cise endurance13 and reduction of inspiratory muscle effort14

and dyspnea.13–15 Therefore, this study aimed to evaluate the
effects of EPAP delivered by a spring loaded resistor face
mask on operational lung volumes during exercise in patients
with moderate to severe COPD who overtly developed effort
related DH.

Methods

Subjects

Fifty-one men and women with moderate to very severe
COPD, according to the Global Initiative for Chronic Ob-
structive Lung Disease criteria,16 able to perform treadmill
exercise tests, and free from other substantial disease po-
tentially contributing to exercise limitation were recruited
from the pulmonary clinic at a tertiary-care university hos-
pital. All patients of this convenience sample were clini-
cally stable (during the 8 week period prior to the study)
and receiving appropriate standard therapy with long-act-
ing bronchodilators. Those with FEV1 � 50% of predicted
were receiving inhaled steroids plus long-acting broncho-
dilators.16 Exclusion criteria included: cardiovascular sys-
tem contraindications for exercise, long-term oxygen ther-
apy or arterial oxygen saturation � 85% at rest, use of oral
corticosteroids or antihistamines, and changes in chronic
inhaled therapy. Incapacity to complete the exercise test
protocol was also considered an exclusion criterion. The
study was approved by the ethics committee of the Clin-
ical Hospital of Porto Alegre, project approval number
05–449, and all subjects gave written informed consent.

Study Design

From January to June 2008, after a screening visit for
clinical evaluation (Visit 1), all participants completed pul-
monary function tests that included spirometry, lung vol-
umes measurements, and lung diffusion capacity for car-
bon monoxide (DLCO). During Visit 2, subjects performed
treadmill exercise test, and lung function tests were per-
formed before (post-bronchodilator, salbutamol 400 �g)
and immediately after exercise (up to 2 min maximum
between the exercise and the pulmonary function test).

QUICK LOOK

Current knowledge

Activity in COPD patients is limited by the develop-
ment of dynamic hyperinflation. Changes in respiratory
mechanics during exercise in patients with dynamic
hyperinflation leads to exercise intolerance.

What this paper contributes to our knowledge

The use of expiratory positive airway pressure during
submaximal exercise may promote a reduction in the
development of dynamic hyperinflation in COPD pa-
tients. The clinical impact of this reduction remains
unanswered.
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The plethysmographic box was 8 meters from the tread-
mill, in the same room. For subjects who developed sub-
stantial DH (n � 17), as defined by at least a 15% reduc-
tion from pre-exercise inspiratory capacity (IC),3 a third
research visit (Visit 3) was planned. At this point, subjects
had to repeat the treadmill exercise test, with the same
speed and grade protocol performed in Visit 2, using the
spring loaded resistor face mask during exercise. Simi-
larly, lung function measurements were performed before
and immediately after exercise cessation (Fig. 1). Prescribed
long-acting bronchodilators were suspended 24 hours be-
fore Visits 2 and 3, and short-acting bronchodilators were
used just before the exercise tests.

Procedures

Pulmonary Function Tests. Spirometric tests were per-
formed using a computerized system (Eric Jaeger, Fried-
berg, Germany), according to American Thoracic Society
recommendations.17 Results are expressed as absolute val-
ues and percent of predicted.18 DLCO was measured by
single breath technique, and the residual volume (RV) and
total lung capacity (TLC) were measured in a constant-
volume body plethysmograph (Eric Jaeger, Friedberg, Ger-
many). Observed values were compared with Brazilian
standards.19,20 All these pulmonary function measurements
were executed in Visits 2 and 3 previous to the exercise
test (before and 20 min after inhalation of salbutamol,
400 �g via metered-dose inhaler) and immediately after-
ward. IC measures before and after exercise were done to
track DH. Subjects were tested in the seated position wear-
ing a nose clip and asked to breathe regularly for at least
3 tidal maneuvers. They were then urged to take a deep
breath, to TLC, without hesitation. At least 3 acceptable
maneuvers were performed with variations � 10%, with
the highest value stored.17 Lung hyperinflation is present
when gas volume in the lungs is increased, compared with
the predicted value. The IC is the maximal volume of air
that can be inhaled after a spontaneous expiration. In this
respect, the smaller the IC in flow-limited patients, the
closer the operating tidal volume is to TLC. After exercise,
greater reduction in IC usually means higher levels of
DH.21

Exercise Tests. Exercise tests were performed on a tread-
mill (Inbramed, Inbrasport, Porto Alegre, Brazil), with the
subjects being allowed to hold onto the side bars whenever
necessary for stabilization purposes. The exercise protocol
was planned to have warm-up, incremental, and submaxi-
mal phases. The test initiated with a warm-up period of
5 min at a gentle walk (around 1.5 km/h). Thereafter, the
speed was increased at a constant rate of 0.5 km/h (incre-
mental phase) until a point where the subject reported a
moderate to severe perception of dyspnea assessed by the
modified Borg scale (rating shortness of breath between
3–6).22 At this point, the speed was kept constant (sub-
maximal phase) and the subject was instructed to walk
until he or she had completed 20 min of total exercise time
(including warm-up). Subjects rated their shortness of
breath and leg effort each 2 min, and small variations in
speed during the submaximal phase were acceptable as
long as sensation of dyspnea was maintained around 3–6.
If the subject was unable to complete 20 min of exercise
due to any reason, he or she was excluded. Heart rate and
pulse oximetry were monitored during all exercise time
(Nellcor NPB 195, Mallinckrodt, Greenville, Illinois).

Subjects for whom a third visit was indicated were
booked 48 hours later. The exercise test for the third visit
was at the same speed progression and exercise duration as
the test in the second visit.

EPAP. EPAP was applied with a silicone face mask
loaded with a spring linear pressure resistor (Vital Signs
USA, Totowa, New Jersey) in a unidirectional expiratory
valve (Fig. 2). The device was placed on the subject’s face
and held in place with straps around the head. At the time
of evaluation, the participants first spent some time to get
used to the EPAP mask (EPAP desensitization time). There-
after, the resistor was adjusted to perform a load around
5–10 cm H2O, based on previous studies that used these
values and encountered some clinical benefits in COPD
patients during exercise.13,14

Data Analysis

The primary efficacy variable was the variation pre-post
exercise in IC with and without the EPAP device. The

Fig. 1. Study design. Only the patients who presented a 15% reduction in inspiratory capacity after exercise test during Visit 2 were asked
to Visit 3. EPAP � expiratory positive expiratory pressure. PFTs � pulmonary function tests.
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required sample size (n � 16) was calculated, using the
paired t test, in order to detect a difference in IC variation
pre-post exercise of 15% (SD 15%) of predicted values
comparing tests with and without EPAP. The � and �
errors were set at 20% and 5%, respectively. These values
were based on previous studies3 and our first 10 pilot
patients. Data are described as mean and standard devia-
tion.

Characteristics of subjects with and without DH were
compared using the chi-square test with Yates correction
for the variables sex, air trapping, and lung hyperinflation,
and the Mann-Whitney test or independent samples Stu-
dent t test for the other variables. Measures with and with-
out EPAP in subjects with DH were compared using the
Student t test for paired samples. IC variance under the 2
exercise conditions were determined as IC pre-post exer-
cise values. Once obtained, the mean IC variance with and
without EPAP were compared using the paired t test.

The level of significance was set at � � .05. Statistical
analyses was with statistics software (SPSS 13.0, SPSS,
Chicago, Illinois).

Results

Fifty-one patients with moderate to severe COPD were
initially recruited. Five subjects were excluded because
they did not tolerate the minimal walking time on the
treadmill (20 min), according to our exercise test protocol.
Hence, our initial sample was 46 subjects (32 males), with

mean age of 65.0 � 8.2 years and post-bronchodilator
values of FEV1, TLC, RV, and DLCO of, respectively,
1.01 � 0.06 L (38 � 16% predicted), 7.22 � 0.20 L
(129 � 19% predicted), 4.89 � 0.17 L (241 � 66% pre-
dicted), and 10.73 � 0.74 mL/min/mm Hg (46 � 17%
predicted). From this initial sample, 17 (37%) presented a
15% or greater (0.60 � 0.35 L) reduction in IC after
exercise, filling the predefined criterion to perform Visit 3.
A similar absolute mean increase was found in functional
residual capacity (FRC) values after exercise in this group
(0.69 � 1.1 L and 36 � 49%) compatible with constant
values of TLC before and after exercise (6.93 � 1.4 L and
7.09 � 7.1 L, respectively, P � .45). Baseline character-
istics of 17 subjects who overtly developed DH during
exercise testing are described in Table 1. The baseline
characteristics of these subjects (n � 17) were not differ-
ent, compared to the remaining subjects (n � 29). After
this point, only the data relative to these 17 subjects will be
presented.

Pulmonary function parameters pre and post-broncho-
dilator (measured before exercise) showed a significant
improvement in FEV1, FVC, peak expiratory flow, RV,
RV/TLC, DLCO, IC, and IC/TLC, with similar behavior
during Visits 2 and 3 (data not shown).

After exercise in Visit 2 (without EPAP) a significant
decrease in IC, as expected by the definition adopted to
select these subjects, as well as reciprocal FRC increase,

Fig. 2. Silicone face mask loaded with a spring linear pressure
resistor in a unidirectional expiratory valve.

Table 1. Baseline Characteristics of 17 Subjects With COPD Who
Overtly Developed Hyperinflation and Underwent Exercise
Testing

Male, no. (%) 10 (59)
Age, y 62.6 � 9.9
BMI, kg/m2 24.5 � 4.5
Smoking, pack years 9.6 � 6.6
COPD Severity,* no. (%)

II 3 (18)
III 7 (41)
IV 7 (41)

Air trapping (if RV and RV/TLC � 140% and
40% predicted), no. (%)

17 (100)

Lung hyperinflation (if TLC � 120% predicted),
no. (%)

12 (71)

Exertion dyspnea, Borg scale score 4.8 � 3
Distance, km 1.2 � 0.3
Maximal speed, km/h 3.9 � 0.6
EPAP in second exercise test (Visit 3),

cm H2O
8 � 1.5

� Values are mean � SD.
* Classification of COPD as stage II (moderate), III (severe), or IV (very severe), according to
the Global Initiative for Chronic Obstructive Lung Disease.16

BMI � body mass index
RV � residual volume
TLC � total lung capacity
EPAP � expiratory positive airway pressure
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were observed. Whereas in Visit 3, when exercise testing
was made with EPAP, no significant alterations in FRC,
IC, or FRC/TLC occurred (Table 2). Comparing IC vari-
ation before and after exercise, significantly less change
was observed when EPAP was used (�0.18 � 0.35 L
vs �0.57 � 0.45 L, P � .02, �6 � 16% predicted
vs �23 � 16% predicted, P � .01). Similar, but recipro-
cal, alterations were found when the same analysis was
made with FRC (variation pre-post exercise without EPAP
0.69 � 1.10 L, with EPAP 0.22 � 0.68 L, P � .02, Fig. 3).
In this way, post exercise IC values were different when
EPAP was used. They were greater with EPAP
(1.45 � 0.50 L, 55 � 25% predicted) than without EPAP
(1.13 � 0.52 L, 40 � 24% predicted, P � .02). No dif-
ference regarding pulse oximetry was observed comparing
exercise with and without EPAP.

Discussion

This study demonstrated the beneficial effects of EPAP
on operational lung volumes during walking exercise in
patients with COPD. The main novel finding of the present
study is that the application of EPAP with a simple device
(a resistor loaded face mask) was associated with reduced
DH, as demonstrated by little change in IC immediately

after submaximal exercise, and, consequently, lower end-
expiratory lung volume/TLC. As neuromechanical exer-
cise dissociation and dyspnea in these patients are highly
correlated with this parameter (r � 0.78 and r � 0.69,
respectively, P � .01),4 the hope is that this respiratory
support could be used as an auxiliary strategy to improve
exercise performance and effort related dyspnea. In fact, a
recent study demonstrated a significant increment in IC
and marginally prolonged exercise time using a similar
EPAP device.23 This study used an exercise protocol in
order to evaluate duration of exercise until fatigue (using
30% of 1 maximal repetition alternate knee extension ex-
ercise at 70% age-predicted maximal heart rate). Our data,
on the other hand, were obtained from a whole body,
subjectively determined moderate to intense exercise, in
more severe COPD patients (mean FEV1 38% vs 61%
predicted).

The mechanism thought to promote this attenuation in
exercise DH is reduction of expiratory dynamic airway
compression. Application of EPAP may increase bronchial
pressure and consequently transmural pressure, leading to
a diminution of airway collapse.11 Additionally, EPAP
should reduce the inspiratory threshold load on the inspira-
tory muscles of hyperinflated COPD patients and enhance
neuromuscular coupling.9 Unfortunately, the study design

Table 2. Lung Function Measurements Before and After Exercise With and Without EPAP (n � 17)

Variable
Without EPAP With EPAP

Before After Before After

FEV1L
(% predicted)

1.02 � 0.44
(37.9 � 16.6)

1.05 � 0.46
(39.2 � 18)

1.05 � 0.4
(39 � 15.5)

1.10 � 0.4*†
(41 � 16)*†

FVC, L
(% predicted)

2.30 � 0.58
(67 � 17.5)

2.26 � 0.62
(66.2 � 19.5)

2.38 � 0.6
(69 � 16)

2.45 � 0.6
(71 � 17.4)

FEV1/FVC, % 43.32 � 10.9 45.11 � 10.88 43.59 � 9.9 44.52 � 10.2
TLC, L

(% predicted)
6.99 � 1.33

(131.2 � 24.4)
7.13 � 1.5

(133.6 � 20.6)
6.99 � 1.4

(130.1 � 18.6)
7.02 � 1.5

(125.2 � 34)
IC, L

(% predicted)
1.68 � 0.6

(44.2 � 29.7)
1.13 � 0.52*

(27.7 � 18.3)*
1.63 � 0.4

(40.9 � 23)
1.45 � 0.5†

(38.1 � 27.7)†
FRC, L

(% predicted)
5.35 � 1.22

(177.8 � 60.6)
6.04 � 1.54*

(214.6 � 38.7)*
5.35 � 1.3
(187 � 36)

5.57 � 1.58†
(194.4 � 44.24)†

RV, L
(% predicted)

4.66 � 1.39
(231.1 � 101.7)

4.95 � 1.54
(253.2 � 88.8)

4.54 � 1.3
(235.1 � 71.6)

4.6 � 1.5
(234.7 � 78.8)

IC/TLC, % 24.06 � 8.19 15.83 � 6.39* 23.4 � 6 21.1 � 8*†
FRC/TLC, % 76.27 � 8.07 84.5 � 11.14* 75.7 � 6.1 78.6 � 7.7†
RV/TLC, % 65.74 � 10.69 68.5 � 12.19 64.2 � 9.7 63.7 � 10.7
DLCOHb, mL/min/mm Hg 10.65 � 3.56 9.62 � 3.65 9.32 � 3.2 9.59 � 3

Values are mean � SD.
* Comparison between values before and after exercise: P � .05.
† Variation before and after exercise, comparing tests with and without expiratory positive airway pressure (EPAP): P � .05.
TLC � total lung capacity
IC � inspiratory capacity
FRC � functional residual capacity
RV � residual volume
DLCOHb � lung diffusion for carbon monoxide, corrected for hemoglobin
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was not randomized, and none of the patients performed
familiarization for walking on the treadmill. Therefore,
improved treadmill walking skills in the second exercise
test (Visit 3, with EPAP) could partially or completely
explain our findings.

Effects of EPAP on COPD

Several studies have evaluated NIV to improve exercise
in COPD patients.8,24–26 A few studies, however, have
used NIV without additional inspiratory support (ie, CPAP
only), thus potentially compromising the interpretation of
results. Furthermore, their primary objective was not the
evaluation of the effect on physiological variables that
may detect DH,11,13–15 except one study on which we pre-
viously commented.23 Nevertheless, 2 studies reported the
effects of CPAP on operational lung volumes during ex-
ercise in COPD, and there was no change in end-expira-
tory lung volume with the addition of CPAP.13,14

The physiological rationale for EPAP utilization in
COPD patients is explained by potential improvement in
ventilation-perfusion ratio,27 change in breathing pat-
tern,28,29 reduction of expiratory flow limitation,30 and im-
proved length/tension relation of the respiratory muscles.31

These EPAP benefits are believed to be achieved by avoid-
ing or reducing expiratory airway collapse that usually
occurs in COPD patients, resulting in more homogenous

ventilation and lower waste in dead space. Previous stud-
ies that used positive expiratory pressure in patients with
severe airway obstruction actually demonstrated a decrease
in minute ventilation, tidal volume, breathing frequency,
and physiologic dead-space ventilation at rest27 and during
exercise.11 This improvement in ventilatory efficiency for
a given level of external work may delay the development
of DH, which plays a pivotal role in COPD exercise in-
tolerance. On the other hand, EPAP can simply reduce
airway collapse, prolonging expiratory time, and thereby
reducing lung volumes.

The fact is that we observed a reduction in the rate of
development in DH, as observed by lower operational lung
volumes (see Fig. 3) with EPAP, but, as cardio-respiratory
parameters during exercise tests were not assessed, the
exact physiological mechanism cannot be determined.

In our study, we chose to use an EPAP face mask be-
cause of its lower cost, which facilitates its use in pulmo-
nary rehabilitation centers. Values close to 10 cm H2O are
recommended to obtain satisfactory results, but it is im-
portant to respect the patient’s capacity to overcome the
forced expiratory load.32 We chose EPAP values close to
10 cm H2O, but if the patients were not able to overcome
the resistance imposed, the value was reduced gradually to
as low as 5 cm H2O.

Increments in resting and dynamic IC have been shown
to correlate well with improved peak oxygen consumption,
constant work endurance time, and reduced exercise dys-
pnea intensity,33,34 and EPAP may decrease inspiratory
muscle effort during exercise, through inspiratory thresh-
old reduction.34 On the other hand, this modality of NIV
might increase expiratory muscle effort in some individ-
uals,34 resulting in greater dyspnea sensation.11 So the lesser
degree of DH observed with EPAP has the potential to
result in greater exercise endurance, with reduced dyspnea
perception, whereas an increased resistant work and, con-
sequently, expiratory effort could counterbalance this ben-
eficial effect. Therefore, the real clinical benefit of EPAP
during exercise remains to be determined.

Methodological Considerations

The major limitation of the present study is that we did
not evaluate the potential clinical benefits of the experi-
mental intervention. Actually, we adopted a simple and
straightforward exercise test protocol, obviating a previous
incremental exercise test. This was accomplished by an-
choring the exercise intensity to a breathlessness symptom
score (Borg scale 3–6), previously suggested to effectively
estimate exercise intensity,35,36 and currently accepted to
determine intensity for exercise prescription.37 This strat-
egy seemed to be effective, since development of DH was
observed. In future studies, we speculate that the level of
work intensity could be identified in the first 5–10 min

Fig. 3. End-expiratory lung volume before (baseline) and immedi-
ately after exercise with (solid line) and without (dashed line) ex-
piratory positive airway pressure (EPAP) support. Note a signifi-
cant lower increment in operational lung volumes after exercise
with EPAP (n � 17). * P � .05 between the end-expiratory lung
volume values (denomination of functional residual capacity dur-
ing exercise) with and without EPAP after exercise. TLC � total
lung capacity. IC � inspiratory capacity.
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(rating shortness of breath in a greater level of intensity,
around 5–7 on the Borg scale) and ask the patient to walk
thereafter as long as possible. In this manner, the exercise
endurance and peak dyspnea could be assessed.

Second, the intervention and control exercise test were
not randomized or blinded. Furthermore, familiarization
with walking on a treadmill requires practice and skill.
Therefore, the practice (familiarization) with the exercise
protocol test in Visit 3 may have influenced our results.

Third, the evaluation of EPAP effectiveness was done
only in COPD subjects who overtly developed DH after
exercise (IC decrease � 15%); maybe this would not be so
efficient in subjects with lower levels of DH. A possible
explanation for the small number of subjects with DH is
the fact that we did not evaluate serial IC measures during
exercise, but only immediately after. Studies that mea-
sured DH during cardiopulmonary exercise tests found a
reduction in IC during exercise as the ventilatory demand
increased.2,4,38,39 Another reason for the lower DH rate
may be the use of bronchodilator, which was offered to all
participants before the exercise, because we were inter-
ested in evaluating the effects of EPAP over DH in COPD
patients with their best possible condition. Additionally,
our findings, therefore, could not be generalized for COPD
patients without recent use of bronchodilator, since the use
of bronchodilator immediately before an exercise test in-
terferes with the degree of DH developed during the test.40

The last methodological issue is that following exercise
we assessed the accuracy of lung volumes measured by
whole body plethysmography, wherein the breathing pat-
tern could interfere with the maneuvers. As shown, this
appeared not to jeopardize plethysmographic determina-
tions of lung volumes, since FRC and IC changes were
exactly reciprocal. Considering that the majority of pa-
tients with moderate to severe COPD do not develop con-
tractile fatigue of the diaphragm after high-intensity exer-
cise to the limit of tolerance (affecting IC measurements),41

this finding is consistent with the concept that TLC re-
mains constant during exercise.42

Conclusions

The use of EPAP during submaximal exercise seems to
promote significant reduction in the development of DH in
COPD patients (post exercise IC values with and without
EPAP, respectively, 1.45 � 0.50 L vs 1.13 � 0.52 L,
P � .02). Whether this physiological benefit will be trans-
lated into real clinical advantages remains to be answered.
Moreover, lung volumes determination by whole body
plethysmography performed immediately after exercise
seems to be accurate and supportive of the concept that
TLC does not change with exercise.
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