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Introduction: Pharmacologic management of acute exacerbation of chronic obstructive
pulmonary disease (AECOPD) is well-established. Our aim in the current study is to
determine if therapy with a positive expiratory pressure (PEP) device with or without an
oscillatory mechanism (OM) in addition to standard care results in a reduction in hospital
length of stay (LOS) among patients hospitalized for AECOPD.

Methods: Two studies were performed and are reported here. Study 1: Patients admitted
with AECOPD and sputum production were enrolled in a prospective trial comparing PEP
therapy versus Oscillatory PEP (OPEP) therapy. Study 2: A retrospective historical cohort,
matched in a 2 to 1 manner by age, gender, and season of admission, was compared with the
prospectively collected data to determine the effect of PEP = OM versus standard care on
hospital LOS.

Results: In the prospective trial (Study 1; 91 subjects), median hospital LOS was 3.2 (95%
CI 3.0-4.3) days in the OPEP group and 4.8 (95% CI 3.9-6.1) days in the PEP group
(p=0.16). In fully adjusted models comparing the prospective trial data with the retrospective
cohort (Study 2; 182 subjects), cases had a median hospital LOS of 4.2 days (95% CI 3.8—
5.1) versus 5.2 days (95% CI 4.4-6.0) in controls, consistent with a shorter hospital LOS
with adjunctive PEP+OM therapy versus standard care (p=0.04).

Conclusion: Adjunctive therapy with a PEP device versus standard care may reduce
hospital LOS in patients admitted for AECOPD. Although the addition of an OM component
to PEP therapy suggests a further reduction in hospital LOS, comprehensive multicenter
randomized controlled trials are needed to confirm these findings.

Clinical trial registration number: NCT03094806.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and
mortality in the United States and throughout the world. Acute exacerbations of
COPD (AECOPD), particularly severe exacerbations requiring hospitalizations,
contribute greatly to the morbidity and mortality of COPD. AECOPD results in
the acceleration of lung function decline and increased disease-specific mortality,
particularly in severe exacerbations requiring hospitalization."? In addition to its
clinical burden, COPD is a costly disease with direct costs estimated at $29.5
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billion and indirect costs at $20.4 billion in the United
States.> AECOPD are particularly costly, accounting for
the greatest proportion of the total COPD burden on the
healthcare system; according to estimates, 40-63% of the

total direct costs of COPD are attributable to acute

exacerbations.”

Mucus hypersecretion and impaired mucociliary clear-
ance are prevalent in patients with COPD and contribute
significantly to the pathophysiology of this disease.’
Despite the need for effective, safe, and convenient treat-
ment for mucus hypersecretion, there are limited options
for mucus clearance devices. Non-pharmacologic therapies
in COPD with the use of positive expiratory pressure
(PEP), oscillatory positive expiratory pressure (OPEP),
and/or forced expiratory techniques (FET) have been stu-
died to evaluate their usefulness in improving expectora-
tion of secretions, response to bronchodilator therapy, lung
function, and mortality; limited data support their efficacy
as adjunct therapy to standard COPD treatment.®” OPEP
devices, which are currently available for clinical use,
utilize the principles of high-frequency cyclical oscillation
within the airway along with PEP to loosen mucus secre-
tions while decreasing the collapsibility of the airway in
order to facilitate movement of mucus up the airways for
expectoration and ultimately improving lung function and
oxygenation.® The viscoelastic properties of secretions are
compromised after being subjected to the applied stress of
OPEP via thixotropy, thus facilitating expectoration. FET
such as “huff coughs™ are additionally used to overcome
the abnormal compliance/collapsibility of the central air-
ways during coughing and further assist with mucus
clearance.’

The aim of the current study was to determine the
effectiveness of a PEP device, with or without an oscilla-
tory mechanism (OM), followed by “huff coughs” in redu-
cing hospital length of stay (LOS) among individuals
requiring hospitalization for AECOPD.

Methods

This investigation was composed of two related studies:
(1) randomized controlled trial of PEP compared with
OPEP and (2) cohort study with historical control compar-
ing use of adjunctive therapy (PEP/OPEP + “huff coughs”)
vs standard care. The prospective RCT was conducted in
accordance with the Declaration of Helsinki, and both
studies were approved by the institutional review board
of NewYork-Presbyterian Brooklyn Methodist Hospital.
Written informed consent was obtained for each subject

recruited to the prospective RCT. Informed consent was
waived for control subjects in the cohort study. The
research team was not directly involved in clinical care
of enrolled patients. The statistician was blinded to the
different arms of the study. No further data will be shared
beyond what is presented in this manuscript.

Study | — RCT Of PEP Versus OPEP
Study Design

This was a single-center study performed at NewYork-
Presbyterian Brooklyn Methodist Hospital (NYPBMH) from
October 2013 through October 2015 (Clinical Trial
Registration Number: NCT03094806). During the enrollment
period, a list of all admitted patients under the general medicine
service was reviewed by a study investigator, and patients with
a preliminary admission diagnosis of AECOPD, pneumonia,
CHE, asthma, or dyspnea were screened. Patients who initially
qualified under the inclusion/exclusion criteria were inter-
viewed and examined to confirm eligibility. The treatment
group (OPEP) was treated with an OPEP device (Acapella
Choice, Smiths Medical, Minneapolis, MN) in addition to
standard COPD management as per the patient’s treating phy-
sician. The control group (PEP) was given the OPEP device
with the oscillatory mechanism removed, thus providing PEP
without oscillation, in addition to standard COPD manage-
ment. PEP without oscillation acted as a control treatment to
determine the effect of vibration/oscillation alone on AECOPD
while maintaining PEP.

On the first day of enrollment, patients in both arms of
the prospective group were instructed on appropriate use of
OPEP or PEP therapy by a study investigator. As per pro-
duct guidelines, subjects were instructed to place the
mouthpiece lightly in the mouth while maintaining a tight
seal on the mouthpiece. Subjects were then instructed to
perform regular tidal breathing and then inhale to a volume
greater than normal tidal volume but less than total lung
capacity (75% maximum breathing capacity) and perform a
breath hold for 2—-3 s before exhaling to functional residual
capacity (FRC) actively, but not too forcefully, through the
device over 3—4 s. If the subject displayed an inability to
maintain exhalation over this prescribed 3—4-s interval, then
the PEP dial was adjusted clockwise to increase the resis-
tance of airflow/PEP resulting in lower flow rates. Subjects
were instructed to perform the maneuver 10 times followed
by three “huff coughs” which consisted of two forced
expirations without closure of the glottis starting from
mid-lung to low lung volume (coughing without closing
the throat at the beginning of the cough) to mobilize
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secretions and sputum. Subjects were instructed to repeat
the use of the device followed by “huff coughs” for an
additional two cycles to complete one session of usage.
Subjects were instructed to repeat the sessions indepen-
dently in the afternoon and evening for a total of three
sessions daily. Subjects were provided with a usage log
which was collected at the end of 5 days or just prior to
discharge.

Subjective dyspnea was quantified at the time of
enrollment and daily using the Modified Medical
Research Council Dyspnea Scale (MMRC). Daily total
sputum wet volume was collected. Initial steroid dose
(prednisone equivalent) was documented. Comorbidities
were assessed through clinical history and/or the pre-
sence of disease based on current outpatient medications.
Although requested, most subjects refused spirometry
and 6-min walk testing.

The primary endpoint was hospital length of stay.
Secondary endpoints included changes in dyspnea score
and sputum volume from admission to discharge or day 5
(whichever occurred first).

Inclusion/Exclusion Criteria

Inclusion criteria were as follows (all required for inclu-
sion): age greater than 18 years, primary admission diag-
nosis of AECOPD (defined as an acute change of COPD
symptoms — increased baseline dyspnea, cough, and/or
sputum production), subjective sputum production of
more than one tablespoon (15 mL) per day for a minimum
of 2 days, subjective difficulty expectorating clearing
secretions, presence of course rhonchi on physical exam-
ination, and greater than 10 pack-year smoking history.
Exclusion criteria included inability to demonstrate proper
device technique, alteration in mental status, known active
malignancy, known systolic congestive heart failure (CHF)
considered as a left ventricular ejection fraction of less
than 40% or presence of acute CHF decompensation,
pregnancy, severe AECOPD requiring invasive or non-
invasive positive pressure ventilation, inability to speak
in complete sentences due to breathlessness, suspected
elevated intracranial pressure, hemodynamic instability,
recent facial, oral, or skull surgery, acute sinusitis, history
of significant epistaxis, history of esophageal surgery,
active hemoptysis (more than two tablespoons of frank
blood per day), severe nausea, known or suspected tym-
panic membrane rupture or other middle ear pathology, or
pneumothorax. All patients were to be enrolled by day 2 of
hospital admission.

Randomization

Subjects were enrolled in the prospective, randomized, con-
trolled study based on findings on hospital admission.
Patients were randomized in permuted blocks of four utiliz-
ing a predetermined random sequence generated indepen-
dently and kept in sealed envelopes (sequentially numbered
opaque sealed envelopes).

Study 2 — Cohort Study Of PEPOM

Versus Standard Care

Study Design

Treatment subjects were all patients who participated in the
prospective RCT (n=91); all subjects in this group were
treated with a minimum of PEP therapy (+OM) and “huff
coughs” and were therefore designated as receiving adjunc-
tive therapy in addition to standard care. Controls (standard
therapy alone) were derived retrospectively from patients
previously admitted to NYPBMH from October 2011 to
July 2013 in a 2:1 fashion (standard care:treatment) and
were matched by age, gender, and season of admission.
Inclusion into the control group required a primary dis-
charge diagnosis of AECOPD. To account for global
changes in hospital LOS from 2011 to 2015, the average
monthly hospital LOS for all patients was collected and
included in regression models.

The primary endpoint for Study 2 was hospital LOS.

Statistical Analysis

Continuous variables were summarized using means and
standard deviations, and categorical variables were sum-
marized using frequencies and percentages. Student’s 7-test
was used to characterize differences in dyspnea scores and
sputum volumes by device usage (OPEP vs PEP).
Student’s #-test and chi-square test were used to character-
ize differences in baseline characteristics as appropriate.
Power analysis for Study 1 suggested a sample size of 240
subjects to observe a 1-day reduction in hospital length of
stay with an alpha of 0.05 and power of 0.8; however, due
to financial constraints and the loss of research team
members, the study was stopped after 2 years of recruit-
ment with 91 total subjects recruited. To determine differ-
ences in time to hospital discharge in the prospective RCT
(Study 1), Kaplan—Meier estimates were determined. Due
to the observational nature of the cohort study (Study 2),
Cox proportional-hazards models were used to determine a
difference in time to hospital discharge. Cox models
included demographic variables (age, sex, BMI, race),
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average total hospital LOS by month (to account for global
hospital changes in discharge rates), and selected other
variables. The optimal model was chosen to utilize the
Akaike Information Criteria. Statistical analysis was per-
formed with R (version 3.3.2) and Stata/SE 15.1.

Results
Study | — RCT Of PEP Versus OPEP

Study flow sheet and baseline characteristics of participants of
Study 1 are presented in Figure 1 and Table 1. A majority of
participants were women (64%) and white (66%). Mean age
( SD) for the entire cohort was 63.9 £ 11.5 years. Although
not reaching statistical significance, there were trends towards

younger age in the PEP vs OPEP group (p=0.084) and higher
BMI (p=0.078). Mean MMRC scores from day 1 to day 5 of
hospitalization were similar among the PEP and OPEP groups
although there was a trend toward greater improvement/lower
scores in the PEP group over the initial 5 days of hospitaliza-
tion compared with the OPEP group (p=0.07; Figure 2). The
mean change in MMRC among all participants was —0.54 and
not different among the groups. Sputum production was less in
the PEP group compared with the OPEP group during each
day of the initial 5 days of hospitalization (p<0.05; Figure 3).
Self-reported compliance of device usage was 95% for both
groups. Day 1 steroid dose (153.8 £ 85.5 mg prednisone
equivalents) was similar between the groups.

[ Assessed for eligibility (n=701) ]

Excluded (n=610)
- Not meeting inclusion criteria
(n=598)
- Declined to participate (n=12)

[ Randomized (n=91) ]

Allocated to intervention: PEP (n=44)
- Did not receive allocated intervention
(n=0)

Lost to follow-up or discontinued intervention
(n=0)

l

Analysed (n=44)
+ Excluded from analysis (n=0)

Figure | Enrollment and randomization of patients with AECOPD.

Allocated to intervention: PEP-FV (n=47)
- Did not receive allocated intervention
(n=0)

Lost to follow-up or discontinued intervention
(n=0)

Analysed (n=47)
¢ Excluded from analysis (n=0)
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Table | Baseline Characteristics, RCT Of PEP Versus OPEP
All (n=91) PEP (n=44) OPEP (n=47) P-Value

Age (years) 640 11.6 61.8 £ 10.6 659 + 122 NS
Sex NS

Male 33 (36.3) 15 (34.1) 18 (38.3)

Female 58 (63.7) 29 (65.9) 29 (61.7)
Race NS

White 60 (65.9) 31 (70.5) 29 (61.7)

Black 31 (34.1) 13 (29.5) 18 (38.3)

Asian 0 (0) 0 (0) 0 (0)

Other 0 (0) 0 (0) 0(0)
Height (cm) 166.1 + 8.3 165.5 £ 9.3 166.6 £ 7.3 NS
Weight (kg) 885 +29.6 93.8 £ 33.6 83.6 £ 24.7 NS
BMI (kg/m?) 326 £ 103 346119 30.7 £ 82 NS
Active comorbidities

Cancer 3(33) I (23) 2 (4.3) NS

Heart failure 14 (15.4) 5(11.4) 9 (19.1)

Depression 40 (44.0) 21 (47.7) 19 (40.4)
Hospital LOS

Days (mean * SD) 52+ 40 51+27 52+49 NS

Days (median, range) 4.1 (1.3,287) 4.8 (1.3,13) 3.2 (1.6, 287) NS
Steroid dose (mg), day | 153.8 + 85.5 145.3 + 80.1 161.8 £ 90.4 NS
Tobacco use (Total P-Y) 45.6 + 37.6 39.9 + 303 50.9 + 43.1 NS

Notes: Continuous variables: mean + SD, categorical variables: number (%).
Abbreviations: BMI, body mass index; LOS, length of stay.

Although there was no significant difference in mean
hospital LOS between the groups, survival analysis demon-
strated a median hospital LOS of 4.8 (95% CI 3.9-6.1) days
in the PEP group and 3.2 (95% CI 3.0-4.3) days in the OPEP
group (p=0.16, Figure 4).

—&—PEP

—a—OPEP

~
—

MMRC Score

1 2 3 4 5

Day of Hospitalization

Figure 2 Progression of dyspnea score during hospitalization (meanSE).

Study 2 — Cohort Study With Historical

Control Of PEP+FV Versus Standard Care

Baseline characteristics of participants of Study 2 are pre-
sented in Table 2. Given that controls were matched on age

and sex to those recruited for Study 1, we again observed a
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Figure 3 Progression of sputum volume during hospitalization (mean%SE).
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Figure 4 Kaplan—Meier estimates of survival to the event (hospital discharge) in a randomized controlled trial of PEP versus OPEP.

majority of women (64%) and a mean age (+ SD) of 63.3 +
11.4 years among the entire cohort. Race was similarly dis-
tributed with 63% of the subjects characterized as white.
Differences between treatment group and controls were only
seen for the presence of heart failure (15.3% vs 35.1%,
p=0.001) and mean hospital LOS (5.1 vs 6.6 days, p=0.02).
In unadjusted Cox proportional-hazards models, the
treatment group demonstrated significantly shorter hospi-
tal LOS compared with controls (p=0.004). In the fully
adjusted model, the treatment group again demonstrated a
shorter LOS
(p=0.04, Figure 5). Specifically, after adjustment for

significantly compared with controls
age, sex, race, BMI, day 1 steroid dose, tobacco use
history, active malignancy, history of heart failure, and
overall hospital LOS for all patients by month, the treat-
ment group had a median hospital LOS of 4.2 days (95%
CI 3.8-5.1) while controls had a median hospital LOS of
5.2 days (95% CI 4.4-6.0). In fully adjusted sensitivity
analyses (data not shown), there was no significant asso-
LOS and device

ciation between hospital usage

comparing the subgroup of PEP subjects with historical
controls and comparing the subgroup of OPEP subjects
with historical controls (p=0.17 and p=0.10, respectively).

Discussion

We have shown that adjunctive therapy with a PEP or
OPEP device may reduce hospital length of stay (LOS)
in patients admitted for AECOPD although this finding
did not reach statistical significance. Specifically, in the
randomized controlled trial of PEP vs OPEP (Study 1),
the median hospital length of stay was reduced by 1.6
days. In the cohort study, treatment subjects demon-
strated a reduction in the hospital LOS of 1 day
(p=0.04) compared with historical controls. While the
cohort study generated positive findings, the RCT, which
is inherently a higher level of evidence, was negative.
Taken together, these data suggest that PEP with or
without OM may be beneficial in this patient population
but would require confirmation with a larger randomized
controlled sample.
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Table 2 Baseline Characteristics, Cohort Study (Historical Control) PEP£OM Versus Standard Care
All (n=273) Treatment (n=91) Controls (n=182) P-Value

Age (vears) 634+ 115 640+ 11.6 63.1+ 114 NS
Sex NS

Male 99 (36.2) 33 (36.3) 66 (36.3)

Female 174 (63.7) 58 (63.7) 116 (63.7)
Race NS

White 171 (62.6) 60 (65.9) 111 (61.0)

Black 84 (30.8) 31 (34.1) 53 (29.1)

Asian 2 (07) 0 (0) 2 (1.1)

Other 8 (2.9) 0 (0) 8 (4.4)
Height (cm) 1659 + 85 166.1 + 8.3 165.8 + 8.6 NS
Weight (kg) 882 +31.8 88.5 + 29.6 88.0 + 329 NS
BMI (kg/mz) 320+ 105 326 £ 10.3 31.6 £ 10.6 NS
Active comorbidities

Cancer 21 (7.6) 3(3.3) 18 (9.9) NS

Heart failure 78 (28.5) 14 (15.4) 64 (35.2) 0.001

Depression 101 (37.0) 40 (44.0) 61 (33.5) NS
Hospital LOS (days) 6.1 £48 5.1 £40 6.6 £ 5.1 0.02
Steroid dose (mg), day | 1759 = 141.8 153.8 + 85.5 186.9 £ 162.0 NS
Tobacco use (Total P-Y) 40.7 + 36.3 45.6 + 37.6 377 £ 352 NS

Notes: Continuous variables: mean + SD, categorical variables: number (%).
Abbreviations: BMI, body mass index; LOS, length of stay.

While adjunctive non-pharmacologic therapies have
been evaluated in the treatment of stable COPD, demon-
strating a reduction in the number of acute exacerbations,
the need for antibiotics and mucolytics, and modestly
improving lung function as measured by FEVI1, they
have rarely been formally evaluated in AECOPD.%’

PEP therapy accomplishes its beneficial physiologic

10

T - — Control
TR ---- Treatment

08
1

06

Proportion Remaining Hospitalized
04

02

00

Length of Stay (days)

Figure 5 Cox proportional-hazards estimates of survival to the event (hospital
discharge) in case—control study of PEP£OM versus standard care.

effects by improving global pulmonary mechanics by
increasing tidal volume and functional residual capacity
and reducing residual volume/hyperinflation.' PEP
maintains small airway patency and enables increased
air entry into peripheral airways via collateral channels,
thereby allowing inspired air to flow distal to secretions
and subsequently propel secretions proximally towards
larger airways where they can easily be expelled.®
Similarly, the OPEP device, by modifying the viscoelas-
tic properties of secretions, further potentiates the move-
ment of mucus up the bronchial tree.'' These maneuvers
are likely more effective than historical non-pharmacolo-
gic therapies like postural drainage in improving
secretion clearance.”'? Additionally, forced expiratory
techniques (“huff cough”) have been shown to further
assist in the clearance of secretions.”!?> Moreover, the
above modalities each demonstrate safety in addition to
efficacy in their use.'? In contrast, pharmacologic agents
such as mucolytics have been used in chronic COPD
patients to reduce exacerbation rates,'>'* but there is a
paucity of evidence that agents such as N-acetylcysteine

have a significant effect in the setting of AECOPD."”
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In the current study, although there was no significant
difference in hospital LOS in patients randomized to treatment
with OPEP versus PEP (both with “huff coughs”), there was a
trend towards a reduced LOS with OPEP. Due to practical
constraints in recruiting patients for this study (as discussed in
the Methods/Statistical Analysis section), recruitment for the
prospective study was ended early, resulting in only 91 sub-
jects randomized. This may have led to a Type II error;
continued recruitment would potentially have demonstrated a
significant difference in hospital LOS between the two groups.
Study 1 showed an increase in sputum production in the OPEP
group versus the PEP alone group, consistent with the pro-
posed mechanism of PEP, oscillation, and forced expiratory
techniques. While the OPEP group demonstrated increased
sputum production, subjective dyspnea scores were not simi-
larly improved in the OPEP group compared with the PEP
only group, suggesting that objective and subjective responses
may not be aligned utilizing this type of therapy or that the
potential improvement in dyspnea scores may have been
blunted by the concomitant increase in sputum production.
Of note, the mean change of —0.54 is below the minimum
clinically important difference of —1, consistent with a lack of
improvement in dyspnea scores.” Pre-enrollment average
daily sputum was not measured and so it is possible that
baseline daily sputum production prior to enrollment could
account for the difference in sputum production observed
between the study groups.

Several threats to the validity of this trial were present. (1)
Study 2 demonstrated a significant reduction in hospital LOS
comparing PEP and “huff coughs” with or without an oscilla-
tory mechanism versus no intervention. Although the supposi-
tion is that PEP was responsible for this difference, there is a
possibility that the practice of “huff coughs” alone was the
effective intervention. It is most likely that the combination of
PEP with “huff coughs”, possibly along with utilization of the
oscillatory mechanism, is the ideal maneuver given the trends
seen in study 1. (2) A priori, patients with AECOPD requiring
invasive or non-invasive ventilation were excluded in this trial
due to our interest in the patient population with milder
AECOPD; however, we are aware of the evidence that use
of a PEP mask in bronchitic AECOPD requiring NIPPV may
be both beneficial and safe.'” Further studies looking at a
broader range of clinical severity of AECOPD are warranted.
(3) As most patients declined inpatient spirometry, it is possi-
ble that differences in disease severity resulted in dilution of
effect of the primary end point. (4) Our study aimed to eval-
uate patients admitted with AECOPD who produced >15 mL/
day of sputum leading up to their admission; this likely

resulted in a predominance of enrollment of patients with a
chronic bronchitis phenotype as opposed to emphysema. Of
note, the chronic bronchitis phenotype is more prevalent in
women,'® and women are more commonly hospitalized for
COPD exacerbations,'” which may account for our higher
proportion of women in Study 1. The lack of conclusive
knowledge of the patient’s underlying phenotype may have
resulted in dilution of the effect of PEP/OPEP therapy. Further
study comparing efficacy in those with different COPD phe-
notypes (ie, chronic bronchitis vs emphysema vs those with
significant bronchiectasis) may help elucidate subgroups who
may have greater benefit from the use of PEP/OPEP devices.
(5) Although daily steroid use was higher than current guide-
lines recommend,’ investigators had no role in prescribing
standard care; indeed, as guidelines have changed, so has
standard practice.'® Because there were no significant differ-
ences in both studies as demonstrated by day 1 steroid dosing,
and this regimen did not likely have any effect on the results
presented here. (6) Many of the inclusion and exclusion cri-
teria are subjective/self-reported which could have led to
selection bias. (7) Limitations of observational trials (Study
2) must be considered, particularly that additional unmeasured
confounders may have contributed to the findings; however,
we believe that the most important potential confounders were
well accounted for. This includes the presence or absence of
heart failure in which treatment group subjects were not
enrolled if heart failure was present while the historical control
did not have this restriction in place.

Despite these threats to study validity, we feel that there is
a signal in the data that suggests that further work be per-
formed on elucidating the role airway hygiene techniques
play in the natural history of AECOPD.

Conclusion

A combination of non-pharmacologic therapies to assist in
mucociliary clearance in patients with chronic obstructive
pulmonary disease appears to be safe and effective in low-
ering hospital LOS during an AECOPD and has the potential
of improving overall COPD-related health outcomes such as
quality of life indicators and overall survival. This study
suggests that the essential underlying components are posi-
tive expiratory pressure with forced expiratory techniques
(“huff coughs™) with or without oscillations. While there
was a strong trend towards improved LOS with the use of
OPEP compared to PEP, the study was underpowered to
detect a statistically significant difference. Further, study
limitations should be considered when interpreting these
data. Comprehensive multicenter prospective trials are
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needed to further characterize the role of these interventions
in the management of AECOPD.

Abbreviations

AECOPD, acute exacerbation of chronic obstructive pulmon-
ary disease; COPD, chronic obstructive pulmonary disease;
PEP, positive expiratory pressure; OPEP, oscillatory positive
expiratory pressure; OM, oscillatory mechanism; LOS, length
of stay; FET, forced expiratory technique; CHF, congestive
heart failure; FRC, functional residual capacity.
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