
Effects of Expiratory Positive
Airway Pressure on Dynamic
Hyperinflation During Exercise
in Patients With COPD

To the Editor:

I read the interesting study by Monteiro
et al.1 However, I would like to point out
the relevant findings by Cordoni et al.2 Mon-
teiro et al reported 17 (37%) patients with
COPD and substantial dynamic hyperinfla-
tion (DH) as defined by at least a 15% re-
duction from pre-exercise inspiratory capac-
ity (IC). They concluded that the application
of expiratory positive airway pressure
(EPAP) reduced DH, as shown by lower
operational lung volumes after submaximal
exercise in COPD patients who previously
manifested exercise DH.1

Cordoni et al evaluated 30 patients with
COPD.2 Nineteen (63.30%) patients had
significant reduction in IC and were classi-
fied in the DH group, and 11 showed no
reduction in IC or even had an increase in
IC and were therefore included in the no-DH
group.2

Interestingly, although the DH group had
a greater pre-exercise IC, this group had an
abrupt decline in the rest-exercise transition
period. Statistically significant correlations
among the variations in IC, tolerance lim-
ited, and dyspnea score at the end of test
were found only in the DH group.2

Cordoni et al presented more detailed
analysis of behavior of operating lung vol-
umes in the DH group, which revealed
different patterns on decline of IC through-
out the test. Among the 19 patients with
DH group, the decrease in IC in the rest-
exercise transition showed that at the 2 min
mark 7 patients had progressive reduction
in IC (progressive DH), and 12 had a stable
pattern of reduction in the IC (stable DH).
The subgroup of the DH group with pro-
gressive reduction in IC had more pulmo-
nary function test impairment at rest, lower
exercise tolerance, possibly greater percep-
tion of dyspnea, and more perception of leg
fatigue.2

From a clinical standpoint, those with
progressive DH would benefit the most
from interventions that decrease muscle
overload, such as the use of bronchodilators
and EPAP.2 The valuable findings of Mon-
teiro et al1 in pointing out the benefits of
utilizing EPAP in patients with DH and de-
creased IC, should probably be reevaluated

in view of the findings of Cordoni et al,2

and be applied to patients with documented
progressive DH. Perhaps narrowing the ap-
plication of EPAP to patients with COPD
and progressive DH, since Cordoni et al
found that the DH group had more clinical
and laboratory findings of impairment,
would result in better utilization of resources
and augmentation of treatment outcome.
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The Authors Respond:

We would like to thank Dr Alkhuja for
his comments regarding our paper.1 The eti-
ology of exercise intolerance in patients with
COPD is considered to be multifactorial,
with dynamic hyperinflation (DH) having
been identified as a key component. Phys-
iology-based strategies to reduce hyperin-
flation and improve exercise tolerance are
important tools in the management of pa-
tients with COPD. Four main interventions
that reduce hyperinflation during exercise
have been identified: bronchodilators, sup-
plemental oxygen, helium/oxygen inhala-
tion, and exercise training reconditioning.2

We demonstrated in our study that the
application of expiratory positive airway
pressure reduces exercise-related DH.1 The
kinetic behavior of DH seems to be more
complex than previously thought, how-
ever, with some patients able to delay3 or
even avoid4 its development during cycle
ergometry.

Cordoni et al5 demonstrated DH patterns
using ambulation, rather than cycling, in pa-
tients with moderate to severe COPD, show-

ing that these patterns are not artifacts of
cycling exercise. They further demonstrated
that a pattern of progressively increasing
operating lung volumes in DH patients has
a greater impact on exercise tolerance than
does a stable pattern. These differing pat-
terns may explain why not all patients de-
rive similar exercise tolerance benefits from
DH-reduction strategies.6

We agree with Dr Alkhuja that patients
with progressive DH would see the most
benefit from interventions aimed at reduc-
ing DH. Although this issue was not di-
rectly investigated in our study, we believe
that our patient population consisted mainly
of patients with progressive DH. We lim-
ited our investigation to patients with pre-
viously demonstrated overt DH, defined as
an inspiratory capacity reduction of at least
15% from rest. As demonstrated in Figure 2
of Cordoni et al, patients with progressive
DH show greater decrements in inspiratory
capacity with exercise.

The criterion used to classify DH is also
relevant. Recently, Louvaris et al studied
COPD patients with and without HD. In
order to make this classification, they ad-
opted the criterion of an inspiratory capac-
ity decrease of greater than 4.5% of the
baseline value, or greater than 150 mL.7

Cordonie et al considered DH to constitute
any drop in inspiratory capacity, compared
with the baseline value. This discrepancy in
definition undermines the comparability of
the findings as well as the ability of this
classification to identify patients who will
benefit from DH treatments.

In patients with DH, a pattern of progres-
sive reduction in operative lung volumes
has a greater impact on exercise tolerance
than does a stable pattern.6 This reinforces
the importance of constant monitoring of
these variables during exercise, not just be-
fore and after activity.

Additional studies are needed to measure
the impact of DH patterns on pharmaco-
logic and nonpharmacologic interventions
aimed at reducing DH and improving exer-
cise tolerance in patients with COPD. As
Dr Alkhuja points out, this would certainly
result in better resource utilization and im-
proved treatment outcomes.
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Humidification During
Noninvasive Ventilation in the
Critically Ill

To the Editor:

Although humidifiers have demonstrated
beneficial therapeutic effects during nonin-

vasive ventilation (NIV), there is still con-
troversy over the selection of the best hu-
midifier to improve patient-ventilator
interaction and gas exchange.1 We read
with interest the recently published study
by Lellouche et al,2 who analyzed the short-
term effects of 2 types of humidifiers: heat
and moisture exchanger (HME) and heated
humidifier. The authors hypothesize that
humidifiers may influence gas exchange
and mechanical ventilation parameters.
However, there are some important issues
related to the methodology and interpreta-
tion of data that need to be discussed.

First, the study population was diverse
(including both hypoxemic and hypercap-
nic respiratory failure). The different patho-
physiological mechanisms of the 2 problems
may influence the effects of humidifiers.1

Second, the results related to some mea-
sured ventilatory parameters need further
discussion: tidal volume and minute vol-
ume (V̇E); HME internal dead space; HME
internal resistance and performance; NIV
air flow; and evaluation of PCO2 control and
efficacy.

Tidal Volume and Minute Volume

In this study there was no difference in
the expired tidal volume between the HME
and the heated humidifier: median (IQR)
535 mL (456–638 mL) versus 545 mL
(453–667 mL).2 It is not clear in the meth-
odology where the expired tidal volume was
measured. Moreover, the paper did not dis-
cuss the potential effects of humidification
devices on the in-line measurement of tidal
volume, which theoretically may influence
the volume delivered to the patient. On the
other hand, V̇E was different with the HME
and heated humidifier: median (IQR) 15 L/
min (12–18 L/min) versus 12 L/min (10–
16 L/min), respectively (P � .001). High
V̇E, particularly in patients with hypercap-
nia and acidosis, could have a significant
effect on the internal resistance of HMEs.3-5

HME Internal Dead Space

The average dead space in the Lellouche
et al study was of 22–95 mL (mean 60 mL).2

In an earlier study the same group measured
the internal resistance of different HMEs
and reported varied internal resistances.6

The results obtained in this study cannot be
generalized to all HMEs, as there are sev-
eral HMEs with different dead space. The

authors selected in their recent study the
lower resistance model, with a dead space
above the mean reported in their previous
study.7 The potential clinical implications
of this were not discussed in the paper.2

Currently there are no studies that have eval-
uated the effect of a variable dead space
and internal resistance of HMEs on patients
during NIV.

HME Internal Resistance
and Performance

Although the internal resistance of the
HME is usually very low, it remains an im-
portant factor to consider when selecting
humidifiers, particularly when higher air
flow and V̇E are used.3,4 In some cases, sub-
optimal pressure support levels may be
insufficient to overcome the humidifier’s
internal resistance and, hence, may lead in-
directly to a slower decrease in PaCO2, as
shown in the current study.2 Such effect will
be of greater relevance in patients with
higher degrees of expiratory air flow ob-
struction and acidosis.8 As the pulmonary
function test values of the study population
were not reported in this study, it is difficult
to comment on this issue.

Air Flow During NIV

The performance of the HME was de-
scribed in a previous bench study at air flow
of 60 L/min, which is much lower than the
air flow used during NIV.7 Therefore, it is
important to evaluate the effect of air flow
on the performance of HMEs in patients
during NIV.

Evaluation of PCO2 Control
and Efficacy

The authors attributed the slower con-
trol of PaCO2 levels to the increased HME
dead space; however, this finding can be
interpreted differently. In this study, breath-
ing frequency was significantly higher
in the HME model, compared to the heated
humidifier model: 27 breaths/min (23–33
breaths/min) vs 24 breaths/min (20 –30
breaths/min), P � .001. Breathing pattern
and breathing frequency may influence gas
exchange results, especially among hyper-
capnic patients. Elevated baseline PaCO2

may indicate a greater degree and severity
of intrinsic PEEP. This aspect cannot be
assessed in the current paper because we

CORRESPONDENCE

RESPIRATORY CARE • MARCH 2013 VOL 58 NO 3 e35




