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ABSTRACT: Our study was to assess whether there were differential effects of
nasal continuous positive airway pressure (nCPAP) on different kinds of obstruc-
tion in either upper or lower airways in patients with chronic obstructive pulmonary
disease (COPD).

nCPAP (6 cmH2O for ten minutes) was applied to 7 patients with reversible extra-
thoracic upper airway obstruction (RUAO) and 3 patients with fixed extrathoracic
upper airway obstruction (FUAO).  Eighteen stable asthmatics, receiving metha-
choline challenge to induce a more than 20% reduction in FEV1, were randomly
investigated for the effect of nCPAP or sham pressure on reversible lower airway
obstruction.  Nine stable COPD patients were enrolled to study the effect on irre-
versible lower airway obstruction.  Maximal expiratory and inspiratory flow vol-
ume curves and dyspnoea scores were obtained before and after immediate withdrawal
of nCPAP.

In the RUAO group, nCPAP significantly improved stridor and dyspnoea scores,
decreased the ratio of FEF50/FIF50 from 2.05±0.25 to 1.42±0.16, and increased peak
inspiratory flow (PIF) as well as forced inspiratory vital capacity by 26±8% and
9±4%, respectively. In expiratory phase, there was no significant change in pul-
monary functions.  In asthmatics, nCPAP significantly reversed methacholine-induced
bronchoconstriction increasing forced vital capacity by 10±3%, FEV1 by 15±4%
and PIF by 32±11%. nCPAP significantly increased the response to bronchodila-
tors. The improvement in airflow rate persisted for at least 5 min after nCPAP
withdrawal and was highly correlated with the response to bronchodilators.  There
was no significant effect of nCPAP on airflow rate in COPD patients.  Subjective
dyspnoea score changes paralleled the pulmonary function improvement.

We conclude that there are differential effects of nCPAP on airflow rates in
patients with different nature of airway obstruction.  Patients with airway obstruc-
tion caused by structural changes may not benefit from the use of nCPAP in improv-
ing airflow rates.
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Nasal continuous positive airway pressure (nCPAP) is
widely established in the treatment of obstructive sleep
apnoea syndrome.  nCPAP exerts a pneumatic splinting
effect, which counteracts the closure of elastic upper air-
way in order to prevent airway collapse and to abolish
snoring and clinical complications [1–4]. To hold the
compromised airway open, nCPAP has also been used
successfully in the treatment of transient vocal paralysis
after tracheal tumour operation [5], instability of the air-
way in tracheomalacia [6], or as an effective treatment
for apnoea in premature infants by decreasing supra-
glottic resistance [7, 8].

Recently, the application of external positive end-expi-
ratory pressure (PEEP) in patients with assisted mecha-
nical ventilation, or continuous positive airway pressure
(CPAP) in spontaneously breathing patients, has been
shown to reduce the work of breathing by overcoming
auto-PEEP to minimize dynamic airway collapse during

expiration in patients with airflow obstruction [9–11].  Al-
though PEEP or CPAP might dilate collapsed or severely
narrowed airways, the use of PEEP or nCPAP in obstruc-
tive lung diseases is controversial [10, 12–15].  During
acute exacerbation of chronic obstructive pulmonary dis-
ease (COPD) with no response to conventional medical
treatment, nCPAP was introduced as a noninvasive pro-
cedure to prevent intubation [10].  However, nCPAP was
shown to have a negative effect on lung mechanics in
infants with acute bronchiolitis [13].  PEEP-mask had
no clinical benefit in stable COPD patients with hyper-
secretion of mucus [14].  In contrast, PEEP may improve
exercise-induced bronchospasm [15].  For those patients
with airway obstruction, the effect of an increase in end-
expiratory pressure on airway resistance may be bal-
anced between the "pneumatic splint", which overcomes
airway obstruction, and the imposed pressure at end-
expiratory ventilation, which causes airflow retardation.



There is little information regarding the effect of con-
tinuous positive pressure on airway resistance in patients
with obstructive airways.  Bronchial asthma and COPD
are two of the most common obstructive airway disor-
ders.  Airway inflammation is the underlying mechanism
for bronchial asthma [16].  It is responsible for the devel-
opment of hyperresponsiveness of airway smooth mus-
cle leading to reversible airway obstruction.  In contrast,
structural changes in the airway walls and lung paren-
chyma are the principal mechanisms for irreversible air-
way obstruction in patients with COPD. In upper airway
obstruction, reversible extrathoracic airway obstruction
(RUAO), an increase in the velocity of air passing through
the site of narrowing reduces intraluminal pressure to
induce pharyngeal collapse at a given site of narrowing
during inspiration.  However, the change in the airflow
rate does not significantly alter in fixed extrathoracic air-
way obstruction (FUAO) during either the inspiratory or
expiratory phases.

It is not known whether the different mechanisms un-
derlying airway obstruction may cause a difference in
the effect of nCPAP on the airway resistance in RUAO
and FUAO. Hence, we investigated the possible diffe-
rential effect of nCPAP on airway resistance in patients
with COPD and stable bronchial asthma after induction
of reversible airway obstruction by methacholine. We
also examined the possible differential effect of nCPAP
on airflow rates in patients with RUAO and FUAO,
which might be more sensitive to intraluminal pressure
change.

Materials and methods

Subjects

Eighteen stable asthmatics, fulfilling the criteria of
asthma according to the American Thoracic Society (ATS)
definition [17] and free of symptoms with normal pulmo-
nary function (aged 16–58 yrs; 8 females and 10 males),
were referred to our pulmonary function laboratory for
methacholine provocation test.  Bronchoconstriction was
induced by aerosolizing a solution of methacholine with
five breaths from a Rosenthal Dosimeter. If the forced
expiratory volume in one second (FEV1) was not redu-
ced by more than 10% from baseline by buffered solu-
tion (phosphate-buffered saline (PBS), pH 7.4), the patients
were challenged with increasing concentrations of metha-
choline at 5 min intervals. Starting with 0.075 mg·mL-1,
the methacholine concentration was progressively dou-
bled until the FEV1 was reduced by more than 20% from
the baseline value. During the procedure of methacholine
challenge, patients did not receive nCPAP or sham pres-
sure.

Nine COPD patients (aged 64–73 yrs; 2 females and
7 males), who were clinically stable without acute exa-
cerbation due to any cause or any evidence of airway
infection within the previous 3 months, were enrolled in
the study.  All patients had a bronchodilator response of
less than 10% from baseline in either lung volume or
FEV1.

To examine the effect of nCPAP on extrathoracic upper
airway obstruction, seven female subjects (32–61 yrs of

age) with RUAO comprising six subjects with bilateral
vocal cord paralysis after thyroidectomy and one with
vocal cord oedema after extubation, and three patients
(2 females and 1 male; aged 37–66 yrs) with FUAO
comprising one patient with postoperative narrowed vocal
cords following laryngeal tumour and two patients with
tracheal stenosis of unknown cause, were enrolled in this
study. Patients with RUAO presented with inspiratory
stridor, loss of voice, hoarseness, dyspnoea on exercise,
or loud snoring. The extrathoracic upper airway obstruc-
tion was documented by the flow-volume loops [18], and
under direct laryngoscopy or flexible fibreoptic bron-
choscopic examinations.  The baseline data of the patients
are listed in table 1. Patients with RUAO and FUAO
had forced inspiratory flow (FIF) ≤100 L·min-1, FEV1/
peak expiratory flow (PEF) ≥10 mL·L-1·min, and forced
expiratory flow to inspiratory flow at 50% vital capacity
(FEF50/FIF50) ≥1, which were compatible with the crite-
ria of upper airway obstruction [19].

Apparatus of nCPAP and sham pressure

Patients were fitted with a suitable nasal mask, and
CPAP was delivered from a flow generator (CPAP model
7100; Healthdyne, Marietta, GA, USA) that provided a
continuous flow of room air throughout the respiratory
cycle. The pressure was adjusted with the threshold val-
ves. Patients with asthma wearing a nCPAP mask with-
out application of positive pressure were considered as
a control group (sham pressure group). The sham pres-
sure circuit was set up similarly, except that no flow was
generated.

Determination of the level and duration of  nCPAP

To select an acceptable pressure and duration of nCPAP
to be applied to each subject, different levels of pressure
with variable duration were applied to all patients in a
preliminary study 4 weeks earlier. A nCPAP level of 6
cmH2O for 10 min was chosen, since it was well toler-
ated by all patients. Higher pressure or longer duration
of nCPAP was not tolerated by all patients with FUAO
and some others due to an irritating sensation and dry-
ness of the nasal mucosa. Some patients could not to-
lerate the flow and pressure of nCPAP when it was
administered for the first time; therefore, to avoid the
problem of acclimatization to nCPAP, each patient was
familiarized with the flow and pressure of nCPAP for at
least 1 or 2 weeks before the study.

Study design

Initially, flow-volume loops were recorded for all sub-
jects by means of a pressure-differential body plethys-
mograph (Gould, System 2800; SensorMedics Corp.) with
a heated pneumotachometer for measurement of flow. A
minimum of three acceptable tests were ob-tained; both
the forced expiratory vital capacity (FVC) and FEV1 val-
ues were within 5% or 100 mL according to the rec-
ommendations of the ATS [20]. The baseline parameters
of FVC, FEV1, FEV1/FVC, PEF, forced      expiratory
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flow at 25 and 75% vital capacity (FEF25–75%), isovol-
ume forced expiratory flow at 25 and 75% vital capac-
ity (isoFEF25–75%), peak inspiratory flow (PIF), forced
inspiratory vital capacity (FIVC) and FEF50/FIF50 were
recorded.

The effect of nCPAP on pulmonary function was mea-
sured immediately after abrupt cessation of nCPAP.
nCPAP (6 cmH2O) was applied to patients for 10 min.
In the asthmatic group, the reversible effect of nCPAP
on bronchoconstriction was examined immediately after
bronchoconstriction, measured as a 20% decrease in
FEV1, had been induced by methacholine. During this
period, the bronchoconstrictor response to methacholine
may spontaneously diminish with time. Therefore, the
effect of nCPAP must be compared with time control.
To cope with this problem, the 18 asthmatic patients
were randomly divided into one group of nine patients
(5 males and 4 females) receiving nCPAP of 6 cmH2O
and another group of nine patients (5 males and 4 fema-
les) wearing a nasal mask without any pressure or flow
(sham pressure) as a time control. Since wearing a mask
without flow cannot be considered a true placebo, we
considered a cross-over and double-blind study design
was not suitable for this study. We also adopted dysp-
noea score to examine the effect of nCPAP, we consid-
ered a cross-over or double-blind study design was not
suitable for this study. During the whole procedure, includ-
ing measurements of pulmonary function tests, patients
remained in a sitting position. Patients with methacholine-
induced bronchoconstriction received nebulized salbuta-
mol (5 mg in 1.5 mL of 0.45% saline) to reverse the
residual bronchospasm after study.

To determine whether the effect of nCPAP on pulmo-
nary function would persist after cessation of nCPAP,
11 of the 18 asthmatic patients were willing to receive
another methacholine challenge test. In these 11 subjects,
after bronchoconstriction was induced by methacholine
(decrease in FEV1 of 20%), they randomly received nCPAP
(n=6) or sham pressure (n=5). Seven patients with RUAO
receiving nCPAP were also examined. Spirometry was
performed at 30 s, 1, 2, 3, 4 and  5 min after the removal
of nCPAP or sham pressure.

To evaluate whether nCPAP has an influence on the
response of airway smooth muscle contraction to bron-
chodilators, six patients with asthma agreed to be chal-
lenged with methacholine to induce a 50% fall in FEV1
on two separate days (1 week apart). On each occasion,
after completion of a methacholine-induced bronchocon-
striction, patients immediately received either nCPAP of
6 cmH2O or sham pressure. Nebulized salbutamol (1
mg in 1.5 mL of 0.45% saline) via a hand nebulizer was
given immediately after nCPAP or sham pressure had
been applied to the patients.  Patients were asked to inhale
aerosol via the mouth every other breath and to inhale
room air via a nasal mask alternately. All aerosol inhala-
tions were completed within 10 min. The nasal mask
was then withdrawn and spirometry was measured at 5,
10, 20 and 30 min thereafter. On the second occasion,
patients were crossed over to receive nCPAP or sham
pressure, respectively.

The levels of dyspnoea before and during the appli-
cation of nCPAP or sham pressure were assessed by ask-
ing patients to indicate their perceptions of breathlessness
on the modified Borg 10 grade scale [21].
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Analysis of results

Results are presented as mean±SEM.  Statistical analy-
sis of results was performed by Student's t-test for paired
data or one-way analysis of variance (ANOVA) follo-
wed by Bonferroni corrected t-test, when multiple com-
parisons were made.  For data with uneven distribution,
a Mann-Whitney U-test or a Wilcoxon signed-rank test
was used. The relationship between groups was evalu-
ated by linear correlation. A p-value of less than 0.05
was considered significant.

Results

The characteristics and baseline pulmonary function
tests for all patients are presented in tables 1 and 2.

Effect of nCPAP on upper airway obstruction

In patients with RUAO (n=7) the application of nCPAP
decreased the ratio of FEF50/FIF50 from 2.05±0.25 to
1.42±0.16 (p<0.01) (table 1), and increased PIF and FIVC
by 26% (p<0.01) and by 9% (p<0.05), respectively (table
1). In the expiratory phase, there was no significant
change in FEV1 (2±6%) or PEFR (4±9%), but a signifi-
cant improvement in FVC (4±1%) (p<0.05).  However,
the changes in airflow rates faded away within 1 min
after removal of nCPAP (data not shown).  In contrast,
nCPAP had no significant effect on pulmonary function
tests in either expiratory or inspiratory phase in the pati-
ents with FUAO (table 1). A typical tracing is shown
in figure 1. The clinical symptoms of inspiratory stri-
dor and hoarseness were alleviated dramatically after
using nCPAP in patients with RUAO, but subjects with
FUAO felt more uncomfortable during the application
of nCPAP.  nCPAP significantly improved the dyspnoea
scores in patients with RUAO by -2.6±0.5 (p<0.05) com-
pared with baseline. The magnitude of change in dys-
pnoea score was significantly favourable in patients with
RUAO than patients with FUAO (n=3) (3±0.6) (table 1).
In both groups, the changes in dyspnoea score returned
to baseline within 1 min after removal of nCPAP.

Effect of nCPAP on lower airway obstruction

For patients with bronchial asthma (n=9), methacholine-
induced bronchoconstriction was significantly improved
by nCPAP increasing FVC from 3.09±0.22 to 3.42±
0.28 L (p<0.01), FEV1 from 1.88±0.16 to 2.16±0.19 L
(p<0.01) (fig. 2), and isoFEF25–75% from 0.86±0.14 to
1.28±0.22 L·s-1 (p<0.01) in the expiratory phase (fig.
2), as well as FIVC (from 2.93±0.22 to 3.27±0.30 L)
(p<0.05) and PIF (from 3.65±0.48 to 4.57±0.47 L·s-1)
(p<0.05) in their inspiratory phase (fig. 2). However,
there was no significant effect of sham pressure on the
flow rates in either inspiratory or expiratory phase.  These
effects persisted consistently for at least 5 min after
removal of nCPAP (fig. 3). The percentage change in
FEV1 after application of nCPAP was significantly rela-
ted to response to the following inhalation of broncho-
dilator (r=0.82; p<0.0001) (n=18) (fig. 4). nCPAP improved
the bronchodilator response to salbutamol (1 mg) in met-
hacholine-induced bronchoconstriction significantly at 5
and 10 min after inhalation compared to patients receiv-
ing sham pressure (fig. 5).  In contrast, nCPAP failed to
affect pulmonary function in patients with COPD (fig. 2).

Dyspnoea scores for patients with asthma were signi-
ficantly improved after application of nCPAP (n=9) (by
-3.0±0.5, from 4.2±0.3 to 1.2±0.3) (p<0.01) compared
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Table 2.  –  Baseline data of the patients with lower air-
way obstruction before nasal continuous positive airway
pressure (nCPAP)

Asthma† COPD

Study group Control group

Age  yrs 29±3 37±5 67±2**
Sex  M/F             5/4               5/4              7/2
FVC# L 3.09±0.22 2.95±0.37 2.34±0.26

% pred 89±4 86±6 81±12
FEV1# L 1.88±0.16 1.73±0.20 1.18±0.16

% pred 64±5 62±6 59±7

#: mean±SEM.  COPD: chronic obstructive pulmonary disease;
% pred: percentage of predicted normal.  For further abbrevi-
ations see legend to table 1.  †: data of FVC and FEV1 in asth-
matic patients indicate those after methacholine challenge.  **:
p<0.01 compared with asthma group; analysis of variance
(ANOVA) test.
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Fig. 1.  –  The effects of nCPAP on maximum flow-volume curves.
a) represents Case No. 2 of RUAO; and b) represents Case No. 1 of
FUAO.  a) The upper airway obstruction was improved after applica-
tion of nCPAP (dotted line) compared with before (solid line), where-
as (b) the flow-volume curve was unaltered. nCPAP: nasal continuous
positive airway pressure; RUAO: reversible upper airway obstruction;
FUAO: fixed upper airway obstruction; VC: vital capacity.



with those of patients with sham pressure (n=9) (by
-0.1±0.7, from 3.7±0.3 to 3.6±0.6). The improvement in
dyspnoea scores was also maintained for at least 5 min
after withdrawal of nCPAP. There was no significant
change in dyspnoea scores with nCPAP in the COPD
group (n=9) (by -1±0.6, from 3.1±0.5 to 4.1±0.5). The
changes in dyspnoea score in patients with methacholine-
induced bronchoconstriction and COPD (n=18) signifi-
cantly paralleled the improvement in isoFEF25–75% (r=
-0.85; p<0.0001), FEV1 (r=-0.71; p<0.001) and FVC (r=
-0.64; p<0.01), as well as FIVC (r=-0.56; p<0.05) and
PIF (r=-0.55; p<0.05).

Discussion

This study demonstrated that nCPAP significantly
relieved airway obstruction induced by methacholine and
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Fig. 2.  –  The effect of nCPAP (n=9) or sham pressure (n=9) on in-
dividual pulmonary function tests in asthmatic patients with metha-
choline-induced bronchoconstriction; and the effect of nCPAP on
patients with COPD (n=9).  The significance indicated was compared
with the baseline values (Base) before application of nCPAP which
expressed the data after methacholine challenge, except in the COPD
group. nCPAP: nasal continuous positive airway pressure; COPD:
chronic obstructive pulmonary disease; FVC: forced vital capacity;
FEV1: forced expiratory volume in one second; PIF: peak inspiratory
flow.
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variable extrathoracic airway obstruction, but there was
no significant improvement in patients with COPD or
fixed extrathoracic airway obstruction. The improvement
in airflow rate was maintained for at least 5 min in
methacholine-induced airway obstruction, but was more
transient in variable extrathoracic airway obstruction.
Changes in the subjective dyspnoea score paralleled those
in pulmonary function.  For patients with reversible lower
airway obstruction, an improvement in the expiratory
function predominated, whilst there was a predominant
improvement in inspiratory function in patients with
RUAO. nCPAP also enhanced the effect of bronchodi-
lators on methacholine-induced bronchoconstriction.

Effect of nCPAP on upper airway obstruction

In patients with RUAO, the upper airway resistance is
increased during the inspiratory phase by an increase in
negative inspiratory pressure.  An increase in the velo-
city of air passing through the site of narrowing leads to
a further reduction in intraluminal pressure (Bernoulli
effect) [19, 22]. Such a subatmospheric intraluminal pres-
sure causes pharyngeal collapse at a given site of narro-
wing during inspiration. During the expiratory phase, the
intraluminal pressure becomes positive and the variable
extrathoracic obstruction improves. Therefore, the intro-
duction of a CPAP in our patients with RUAO may have
alleviated the effect of a subatmospheric pressure on the
extrathoracic airway obstruction by an increase in the
intraluminal pressure.

In the present study, a persistent high flow generated
by the nCPAP interfered with the measurements of pul-
monary function.  Thus, we did not measure airway resis-
tance during the application of nCPAP.  However, the
stridor and dyspnoea scores promptly and significantly
improved after application of nCPAP in patients with
RUAO. Immediately after removal of nCPAP, the im-
provement in the airflow rates was still present but it
faded away quickly within 1 min, indicating that nCPAP

was effective in relieving RUAO.  Subjective dyspnoea
scores paralleled the changes in airflow rate after remo-
val of nCPAP.

In patients with FUAO, the cross-sectional area did
not change in response to transmural pressure difference.
Therefore, the imposed nCPAP failed to improve the air-
flow rate in patients with FUAO.  The introduction of a
positive pressure in the upper airways may stimulate pha-
ryngeal mechanoreceptors to stiffen the upper airway
[23].  It is possible that this neural reflex may contribute
to the efficacy of nCPAP in RUAO, and maintain a tran-
sient effect after removal of the pressure by stiffening
the upper airways and subsequently decreasing the vul-
nerability to intraluminal pressure change. However,
there seems to be no significant effect of this neural
reflex in patients with FUAO.

Effect of nCPAP on bronchoconstriction in asthma and
stable COPD

The efficacy of nCPAP was also shown in alleviating
the methacholine-induced airway obstruction in patients
with bronchial asthma.  It is possible that nCPAP merely
offers a pneumatic splinting effect, which may oppose
smooth muscle contraction and, therefore, decrease air-
way resistance.  However, such a counteracting effect on
airway smooth muscle contraction may quickly fade away
after removal of the pressure.  In the present study, the
improvement in FEV1 was maintained for at least 5 min
after removal of nCPAP.  The mechanism for this per-
sistent effect was not clarified in the present study.

We recently demonstrated that application of nCPAP
significantly decreased the reactivity to methacholine
challenge in patients with bronchial asthma [24]. The
effect of nCPAP influenced not only the maximal response
but also the slope of dose-response curves, suggesting
that nCPAP may alter the intrinsic property of smooth
muscle in response to stimuli.  In patients with bronchial
asthma, airway wall oedema and inflammation are respon-
sible for the development of airway hyperresponsiveness,
an exaggerated smooth muscle contractile response to
stimuli including methacholine. It was reported that a
decrease in airway mucosal oedema caused by vaso-
constriction may attenuate the responsiveness to metha-
choline [25, 26].  Therefore, in the present study, nCPAP
may exert a pressurizing effect on the airway mucosa,
decrease airway oedema, and thereby attenuate the exag-
gerated responsiveness to methacholine in asthmatic air-
ways. In addition, a concomitant use of nCPAP during
inhalation of a low dose of salbutamol significantly
enhanced the bronchodilator effect on methacholine-
induced bronchoconstriction in asthmatic patients, indi-
cating that nCPAP may improve the airway smooth muscle
responsiveness. The effect persisted for at least 10 min
after the withdrawal of nCPAP. This was further sup-
ported by the highly significant relationship between the
change in FEV1 after application of nCPAP and the
response to following inhalation of salbutamol in reliev-
ing methacholine-induced bronchoconstriction.

Since methacholine-induced bronchoconstriction may
regress spontaneously or by deep inspiration [27], it is
possible that the nCPAP-induced reversibility may be
due to a spontaneous regression or the bronchodilator

EFFECTS OF NCPAP ON REVERSIBLE OR FIXED UAO 957

0 10 20 30
0

20

40

60

80

100

120

140

160

Time  min

C
ha

ng
e 

in
 F

EV
1 

 %

*

*

Fig. 5.  –  The time-course for the changes in FEV1 after inhalation
of a low dose of salbutamol (1 mg) with a concomitant use of nCPAP
(n=6) or sham pressure (n=6) during the inhalation in patients with
methacholine-induced bronchoconstriction.  Data are presented as
mean±SEM.  *: p<0.05 compared with the corresponding sham pres-
sure group.  —  —: nCPAP + salbutamol; — —: sham pressure +
salbutamol.  For abbreviations see legend to figure 2.



effect of deep breathing.  However, the negative response
to sham pressure in the present study argued against this
possibility.

Methacholine might cause air-trapping with a con-
comitant increase in residual volume (RV) and a decrease
in FEV1 [28].  The increase in RV resulting from dyna-
mic airway collapse by methacholine may increase the
load on inspiratory muscle [29], and reduce the extent
of muscle force needed to overcome the airway resis-
tance of obstruction.  The decrease in airway resistance
by nCPAP in the present study might, therefore, be medi-
ated via a reduction in the load on the inspiratory mus-
cle [11], and subsequent improvement in the inspiratory
phase pulmonary function as well as the expiratory effort
(muscular pressure) which the maximal expiratory flow
is dependent on [30]. This response to nCPAP may, to
some extent, contribute to the improvement in pulmonary
function presented in this study. This effect has been
well demonstrated in COPD patients with a decrease in
breathing work by overcoming the intrinsic positive end-
expiratory pressure (PEEPi) [9, 31].  In the present study,
however, nCPAP was applied to our COPD patients, but
failed to improve their airway resistance, indicating that
a reduction in the respiratory muscle load by overcom-
ing the PEEPi did not necessarily improve airflow rates.
This result was consistent with a recent report by PETROF

et al. [31]. In addition, the mechanical splinting effect
of nCPAP was not expected to persist after removal of
nCPAP. However, the small number of patients studied
does not allow complete exclusion of the clinical effi-
cacy of nCPAP in COPD patients.

Pulmonary function tests carried out immediately after
abrupt cessation of nCPAP were unable to demonstrate
a true effect of nCPAP on ventilatory function.  The pre-
sent study provided no information about the changes in
airway resistance whilst receiving nCPAP. However,
changes in dyspnoea scores were assessed to represent
overall response to nCPAP and showed a high correla-
tion with the improvement in either expiratory or inspi-
ratory ventilatory functions. Previous reports have also
demonstrated that the sensation of breathlessness increa-
sed as FEV1 decreased [21], and that the change of FEV1
after use of bronchodilators was highly correlated with
the change in dyspnoea scores [32]. Therefore, the im-
provement in dyspnoea scores whilst receiving nCPAP
may, to some extent, suggest that an improvement in air-
flow rates occurred only during nCPAP.

Although our results showed a negative effect of nCPAP
on airway resistance in COPD patients, it cannot pre-
clude the clinical application of CPAP in these patients.
In a recent study, a significant improvement in gas
exchange was demonstrated by administration of posi-
tive-pressure ventilation via face mask to patients with
acute exacerbation of COPD [33].  In addition, improve-
ment in ventilatory function has also recently been report-
ed in COPD patients acutely treated with noninvasive
nasal mask with bi-level positive airway pressure sup-
port (BiPAP) or intermittent positive pressure ventilation
[33–35]. Patients with COPD may benefit more from
BiPAP than CPAP, since active expiration during the
positive expiratory pressures of nCPAP decreases the
compliance of the airways. Although most of this effect
can be attributed to the decrease in breathing work by
overcoming the PEEPi, CPAP might attenuate airway

responsiveness to stimuli and enhance bronchodilator res-
ponse during acute exacerbations, a similar effect of
nCPAP to that demonstrated in asthmatics in the present
study.

In conclusion, the effect of nasal continuous positive
airway pressure on airway resistance depends on the
nature of the airway obstruction. Airway obstruction
caused by structural changes either in the upper or lower
airways may not benefit from the application of nasal
continuous positive airway pressure in improving airflow
rates. Nasal continuous positive airway pressure is effi-
cient in alleviating reversible airway obstruction by a
change in either intraluminal pressure in patients with
reversible upper airway obstruction or in airway respon-
siveness in asthmatic patients.  Our results did not indi-
cate an immediate applicability of nasal continuous positive
airway pressure in the treatment of obstructive airway
disease, but provided an insight into different aspects of
the effect of its effects in clinical use.
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