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Abstract
Evidence-based guidance for the use of airway clearance techniques (ACT) in
chronic obstructive pulmonary disease (COPD) is lacking in-part because wellestablished measurements of pulmonary function such as the forced expiratory
volume in 1s (FEV1) are relatively insensitive to ACT. The objective of this crossover
study was to evaluate daily use of an oscillatory positive expiratory pressure
(oPEP) device for 21–28 days in COPD patients who were self-identiﬁed as
sputum-producers or non-sputum-producers. COPD volunteers provided written
informed consent to daily oPEP use in a randomized crossover fashion. Participants
completed baseline, crossover and study-end pulmonary function tests, St. George's
Respiratory Questionnaire (SGRQ), Patient Evaluation Questionnaire (PEQ), SixMinute Walk Test and 3He magnetic resonance imaging (MRI) for the measurement
of ventilation abnormalities using the ventilation defect percent (VDP). Fourteen
COPD patients, self-identiﬁed as sputum-producers and 13 COPD-non-sputumproducers completed the study. Post-oPEP, the PEQ-ease-bringing-up-sputum
was improved for sputum-producers (p = 0.005) and non-sputum-producers (p =
0.04), the magnitude of which was greater for sputum-producers (p = 0.03). There
were signiﬁcant post-oPEP improvements for sputum-producers only for FVC (p =
0.01), 6MWD (p = 0.04), SGRQ total score (p = 0.01) as well as PEQ-patient-globalassessment (p = 0.02). Clinically relevant post-oPEP improvements for PEQ-easebringing-up-sputum/PEQ-patient-global-assessment/SGRQ/VDP were observed in
8/7/9/6 of 14 sputum-producers and 2/0/3/3 of 13 non-sputum-producers. The
post-oPEP change in 3He MRI VDP was related to the change in PEQ-ease-bringingup-sputum (r = 0.65, p = 0.0004) and FEV1 (r = –0.50, p = 0.009). In COPD patients
with chronic sputum production, PEQ and SGRQ scores, FVC and 6MWD improved
post-oPEP. FEV1 and PEQ-ease-bringing-up-sputum improvements were related to
improved ventilation providing mechanistic evidence to support oPEP use in COPD.
Clinical Trials # NCT02282189 and NCT02282202.

Introduction
Keywords: airway clearance, chronic bronchitis,
pulmonary ventilation, sputum
Correspondence to: Grace Parraga, Imaging
Research Laboratories, Robarts Research Institute,
1151 Richmond St N, London N6A 5B7, Canada,
phone: 519-931-5265, fax: 519-931-5238, email:
gparraga@robarts.ca

Chronic mucus hyper-secretion and impaired mucociliary clearance are
hallmark features of the chronic bronchitis phenotype of chronic obstructive pulmonary disease (COPD). This is clinically important because chronic
cough and exaggerated sputum production are both associated with exacerbation (1), hospitalization (2), accelerated pulmonary function decline (3), and
increased mortality (4–6). To treat chronic sputum production with cough in
patients, airway clearance techniques (ACT) have been developed to facilitate mucus transport with the goal being improved respiratory symptoms
1

2

Svenningsen et al.
and outcomes. Such approaches include conventional
chest physiotherapy, active cycle breathing techniques,
autogenic drainage, resistive inspiratory maneuvers,
positive expiratory pressure (PEP), oscillatory positive
expiratory pressure (oPEP) and high-frequency chest
wall oscillation (7–9).
Unfortunately, spirometry measurements are relatively insensitive to airway clearance methods (10), and
consequently, there are few studies (9) that demonstrate
ACT eﬃcacy and eﬀectiveness, making it diﬃcult to
make evidenced-based decisions about their use in
patients, especially those with COPD. For example, in
COPD, a signiﬁcant post-PEP increase in the forced
expiratory volume in 1 second (FEV1) was reported
(11), whereas other studies reported no change in FEV1
(12,13). In another investigation, a signiﬁcant increase
in sputum production without a change FEV1 was
reported following postural drainage and oPEP therapy
(14), while another study reported that neither chest
physiotherapy nor mechanical chest vibration improved
pulmonary function in COPD patients who paradoxically reported feeling better (15) after therapy.
Thoracic imaging methods such as x-ray computed
tomography (CT) and magnetic resonance imaging
(MRI) provide direct structural and functional measurements of pulmonary disease (16). In particular,
MRI of inhaled gases (O2, 19F, and hyperpolarized 129Xe,
3
He) provides a way to visualize those regions of the
lung that are ventilated and those that are not. Proofof-concept COPD studies have reported signiﬁcantly
improved ventilation following salbutamol administration (17), airway stent placement (18) and acute exacerbation therapy (19). MRI improvements in ventilation
observed in the absence of clinically relevant changes
in FEV1 have important consequences for both therapy
development and eﬃcacy evaluation (16). Preliminary
analysis in COPD patients suggested that oPEP therapy
improved mucus clearance (20,21) and that MRI ventilation measurements may provide a way to objectively
measure these eﬀects.
Therefore, the objective of this randomized crossover
study was to evaluate daily oPEP use in COPD patients,
self-identiﬁed as sputum or non-sputum-producers. We
hypothesized that in chronic sputum-producers with
COPD, oPEP use would improve sputum movement out
of the airways resulting in clinically relevant symptom
improvements. We also investigated whether functional
imaging measurements (ventilation) would be related
to improvements in symptoms, thereby generating
evidence to support the use of oPEP in certain COPD
patients.

Methods
Ethics and study design
Study participants provided written informed consent
to a protocol approved by a local review board (The University of Western Ontario Health Sciences Research

Figure 1. Randomized crossover study design. At visit 1 participants were
randomized to oPEP (dark-gray) or baseline care (light-gray) on a 1:1 allocation
basis and after 3 or 4 weeks were crossed-over to the other option at visit 2 and
evaluated a ﬁnal time at visit 3. On-Off Treatment (—), participants randomized
to oPEP and crossed-over to baseline care; Off-On Treatment (– –), participants
randomized to baseline care and crossed-over to oPEP.

Ethics Board approvals 102789, 103969, Clinical Trials # NCT02282189 and NCT02282202). Participants
enrolled in one of two randomized, unblinded, crossover
studies (run consecutively) to evaluate the eﬃcacy of
four-times daily oPEP using an Aerobika device (Trudell
Medical International, London Canada). Treatmenttime was 28 ± 5 days for the ﬁrst study and 21 ± 5 days
for the second study while the treatment procedure and
all study evaluations were the same. As shown in Figure 1, subjects were randomized to oPEP or standardof-care on a 1:1 allocation basis and crossed-over to
the other option after 28 ± 5 days or 21 ± 5 days. Study
participants and the investigating team were not blinded
to group allocation, but all evaluations were performed
blinded to clinical status and treatment group.
Participants were provided a hand-held mechanical
oPEP device (22) and instructed by a pulmonary technologist to inhale normally through the device which
provided a linear pathway with an inhalation valve.
Upon exhalation, a one-way valve within the device
mechanism opens and closes intermittently resulting
in positive pressure oscillations. The participant was
enabled to use ﬁve diﬀerent resistance indicator settings
on the device that were adjusted to a setting based on
the participant's comfort in exhaling through the device.
All participants were trained by a pulmonary function
technologist to use the device four-times daily with each
session consisting of 10–20 blows into the device, followed by 2–3 “huﬀ ” coughs. Treatment sessions were
documented at home by the patient using a daily diary.
Treatment adherence was deﬁned as the percent of days
when oPEP was performed four-times. There was no
sham therapy, nor blinding to treatment. Participants
underwent study visits at baseline, crossover and studyend when they completed the St. George's Respiratory
Questionnaire (SGRQ) (23,24), spirometry, plethysmography, MRI and Six-Minute Walk Test (6MWT) (25).
The Patient Evaluation Questionnaire (PEQ) (26) was
completed weekly. Thoracic CT was acquired at visit 1.

Study subjects
Male and female patients with a clinical diagnosis of
COPD, aged 40–85 years, were recruited from a tertiary
Copyright © 2015 Taylor & Francis
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care practice. Sputum-producers reported they had
coughed and brought up sputum “several days a week”
(>2 days a week) or “almost every day” in the month
prior to the study. Non-sputum-producers reported
they had coughed and brought up sputum “a few days
a month,” “only with lung/respiratory infects” or “not at
all” in the month prior to the study. Baseline pulmonary
medications and smoking habits were not modiﬁed during the study. Subjects were to be withdrawn in the case
of a pulmonary exacerbation or because of any change
in pulmonary medication deemed medically required.

Pulmonary function, six-minute walk test and
questionnaires
Study participants performed spirometry (MedGraphics Corporation, St. Paul, Minnesota, USA) according to
American Thoracic Society (ATS) guidelines to quantify
FEV1 and the forced vital capacity (FVC) (27). A whole
body plethysmograph (MedGraphics Corporation, St.
Paul, Minnesota, USA) and the attached gas analyzer
was used to measure diﬀusing capacity of the lung for
carbon monoxide (DLCO). The 6MWT was performed
according to ATS guidelines (28) to measure the sixminute-walk distance (6MWD). The SGRQ (23,24) and
PEQ (26) were used with permission. The PEQ was previously used in the National Mucolytic Study (26) and
evaluates cough frequency, cough severity, chest discomfort, dyspnea, bronchodilator use, ease-bringingup-sputum and patient-global-assessment. The PEQ
global score is a cumulative symptom score comprised
of cough frequency, cough severity, chest discomfort
and dyspnea.
Image acquisition
MRI was performed on a whole body 3.0 Tesla Discovery MR750 (General Electric Health Care, Milwaukee,
Wisconsin, USA) system. For both 1H and 3He MRI, subjects were instructed to inhale a gas mixture from a 1.0 L
Tedlar bag (Jensen Inert Products, Coral Springs, Florida, USA) from functional residual capacity and image
acquisition was performed during a 16-second inspiration breath-hold (29). Coronal 1H MRI was performed
prior to 3He MRI, both previously described (29). CT
was performed on a 64-slice Lightspeed VCT scanner
(General Electric Health Care) as previously described
(30), and the total eﬀective dose for an average adult was
1.8 mSv.
Image analysis
Thoracic CT images were analyzed (Pulmonary Workstation 2.0, VIDA Diagnosis Inc., Coralville, Iowa, USA)
to quantify the relative area of the parenchyma density
histogram with attenuation values ≤ –950 Hounsﬁeld
Units (RA950). CT images were qualitatively assessed
for evidence of emphysema, bronchiectasis and mucus
plugging by an expert chest radiologist (RER) with
25-years’ experience. Hyperpolarized 3He MRI ventilation defect percent (VDP), a measurement of ventilation
www.copdjournal.com

abnormalities, was generated for the whole lung as previously described (31).

Statistical analysis
As shown in Figure 1, for the participants randomized to
On-Oﬀ treatment, pre- and post-oPEP measurements
were acquired at Visit 1 and Visit 2 respectively. For the
participants randomized to Oﬀ-On treatment, pre- and
post-oPEP measurements were acquired at Visit 2 and
Visit 3 respectively. For the sputum-producer and nonsputum-producer subgroups, we evaluated the eﬀect of
oPEP treatment in two ways for all measured outcomes
(spirometry, 6MWD, SGRQ, mean PEQ and 3He MRI
VDP). First, for all measurements, the mean pre- and
post-oPEP measurements for each subgroup were compared using paired t-tests. Second, for each subgroup,
the mean change in measured outcomes during the
on- and oﬀ-oPEP periods were compared using paired
t-tests. All paired t-tests were performed in GraphPad
Prism version 6 (La Jolla, California, USA). A Shapiro–
Wilk normality test was performed and when data were
not normal, non-parametric Wilcoxon matched-pairs
tests were performed.
Previously published minimum-clinically importantdiﬀerences (MCID) for FEV1 (32), 6MWD (33) and
SGRQ (34) were used to identify subjects with clinically
relevant improvements post-oPEP. For PEQ, a single
point change (26) in score and for VDP, the smallest
detectable diﬀerence (SDD) generated on the basis of
inter-visit variance (35) were used because no MCID are
published. Fisher's exact test determined the signiﬁcance
of the diﬀerence in the proportion of sputum-producers
versus non-sputum-producers reporting changes ≥
MCID and SDD. Relationships were evaluated using linear regression (r2), Pearson correlation (r) and when the
data were not normal, using Spearman correlations (ρ).
Results were considered signiﬁcant when the probability
of making a type 1 error was < 5% (p < 0.05).

Results
Study subjects
Thirty-two participants (Table S1 online) including 16
sputum-producers and 16 non-sputum-producers provided written informed consent. Two sputum-producers
and three non-sputum-producers withdrew; one subject
withdrew because of a pulmonary exacerbation (S15),
two withdrew due to back pain (S31, S32), one subject
withdrew because he was MRI incompatible (S16) and
one subject withdrew with no reason (S30). There were
no adverse events related to the use of the oPEP device,
nor were there any serious or severe adverse events during the study. As shown in Table S1 (online), the intentto-treat and eﬃcacy populations were not diﬀerent at
baseline (visit 1).
The eﬃcacy population of 27 COPD patients is summarized in Table 1 including 14 sputum-producers and
13 non-sputum-producers. There was CT evidence
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Table 1. Subject demographic and baseline measurements

All (n = 27)

Sputumproducers
(n = 14)

Non-sputumproducers
(n = 13)

Age years

69 (8)

69 (8)

69 (8)

Male/Female

14/13

9/5

5/8

BMI kg/m

27 (4)

29 (4)

25 (4)

Pack-years

55 (31)

59 (34)

51 (28)

Parameter (±SD)

2

Tmt days [range]

25 (3) [20–28]

24 (4) [20–28]

26 (3) [21–28]

Daily Tmt Frequency

3.3 (0.9)

3.3 (1.0)

3.3 (0.8)

Tmt Adherence, %

74 (28)

76 (26)

73 (31)

FEV1 %pred

60 (18)

59 (19)

61 (17)

FVC %pred

91 (19)

84 (23)

97 (10)

FEV1/FVC %

50 (11)

52 (9)

47 (13)

DLCO %pred

58 (22)

67 (22)

6MWD m

49 (19)
#

390 (93)*

379 (98)

401 (90)

43 (15)

48 (14)

37 (15)

Global Score

8.7 (2.3)

9.2 (2.5)

8.0 (2.0)

Ease-BringingUp-Sputum

4.0 (0.6)

3.9 (0.8)

4.0 (0.4)

Patient-GlobalAssessment

3.8 (0.7)

3.7 (0.9)

3.9 (0.3)

12 (11)

7 (7)

17 (13)

SGRQ
Total Score
PEQ

Imaging
RA950
VDP %

19 (11)*

19 (8)

#

19 (13)

SD, standard deviation; BMI, body mass index; Tmt, treatment; FEV1, forced expiratory
volume in 1 second; %pred, percent predicted; FVC, forced vital capacity; DLCO, diffusion
capacity of the lung for carbon monoxide; 6MWD, 6-minute walk distance; SGRQ, St.
George's Respiratory Questionnaire; PEQ, Patient Evaluation Questionnaire; RA950, relative
area of the lung with attenuation values below −950 Hounsﬁeld units; VDP, ventilation
defect percent; * = 26; #n = 13.

of bronchiectasis in 8 of 14 sputum-producers and no
evidence of bronchiectasis in non-sputum-producers.
There was CT evidence of emphysema in 13 of 14 sputum-producers and all non-sputum-producers.

Post-oPEP measurements
We evaluated oPEP treatment eﬀects in two ways and
the potential inﬂuence of randomization order on these
results, as shown in Tables 2, S3 and S4. Table 2 shows
mean pre- and post-oPEP measurements for sputumproducers and non-sputum-producers and Table S2
(online) provides a by-subject list of all measurements.
Table 2 shows that the PEQ-ease-bringing-up-sputum
was signiﬁcantly improved post-oPEP for sputumproducers (p = 0.005) and non-sputum-producers
(p = 0.04). It is important to note that the magnitude
of improvement was signiﬁcantly greater for sputumproducers (p = 0.03). In sputum-producers only, postoPEP FVC (p = 0.01), 6MWD (p = 0.04), SGRQ total
score (p = 0.01) and PEQ-patient-global-assessment
(p = 0.02) were also signiﬁcantly improved. Table S3
shows for each subgroup, the mean change in measured
outcomes during the on- and oﬀ-oPEP periods. For the
sputum-producers only, the change while on-oPEP was
signiﬁcantly diﬀerent than the change while oﬀ-oPEP
for FVC (p = 0.02), PEQ-ease-bringing-up-sputum (p =
0.01) and PEQ-patient-global-assessment (p = 0.03).
Table S4 shows that potential diﬀerences in post-oPEP
measurements were not inﬂuenced by randomization
order.
Figure 2 provides 3He MRI coronal ventilation images
for three representative sputum-producers (S7, S8 and
S11) and three representative non-sputum-producers
(S23, S25 and S28). Figure 2 shows that ventilation
defects were visually obvious in all subjects prior to oPEP
use and for individual subjects, there were regional 3He

Table 2. Pre- and Post-oPEP measurements
Sputum-producers (n = 14)

Non-sputum-producers (n = 13)

Pre

Post

p

Pre

Post

P

FEV1 %pred

57 (20)

59 (20)

0.12

61 (17)

59 (17)

0.25

FVC %pred

81 (23)

87 (21)

0.01

96 (10)

95 (9)

0.11

Parameter (±SD)

FEV1/FVC

52 (9)

51 (9)

0.10

47 (13)

47 (13)

0.53

6MWD m

370 (104)*

389 (102)*

0.04

412 (77)

413 (88)

0.97

49 (13)

40 (12)

0.01

35 (13)

36 (15)

0.64

SGRQ
Total Score
PEQ
Global Score

9.2 (2.5)

8.8 (2.1)

0.32

8.0 (2.0)

8.2 (1.7)

0.39

Ease-Bringing-Up-Sputum

3.9 (0.8)

2.7 (1.1)

0.005

4.0 (0.4)

3.6 (0.5)

0.04

Patient-Global-Assessment

3.7 (0.9)

2.9 (1.1)

0.02

3.9 (0.3)

4.1 (0.6)

0.29

20 (9)*

19 (7)*

0.32

19 (13)

21 (13)

0.16

3

He MRI
VDP %

SD, standard deviation; FEV1, forced expiratory volume in 1 second; %pred, percent predicted; FVC, forced vital capacity; 6MWD, 6-minute walk distance; SGRQ, St. George's Respiratory
Questionnaire; PEQ, Patient Evaluation Questionnaire; VDP, ventilation defect percent; *n = 13. Bold p-values are statistically signiﬁcant.
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Figure 2. 3He MRI ventilation in representative sputum and non-sputum-producers. Pre- and post-oPEP ventilation (in cyan) registered to 1H anatomical MRI (in grey-scale)
for sputum- and non-sputum-producers. Yellow arrows identify regional differences in 3He ventilation post-oPEP. Sputum-producers: S11, 56 year-old female, Δ FEV1 =
−11%pred, Δ FVC = −13%pred, Δ 6MWD = −78m, Δ SGRQ = 20, Δ VDP = 6%. S7, 72 year-old female, Δ FEV1 = −6% pred, Δ FVC = −24% pred, Δ 6MWD = −24m, Δ SGRQ =
19, Δ VDP = 4%. S8, 79 year-old female, Δ FEV1 = 2%pred, Δ FVC = 3%pred, Δ 6MWD = −63m, Δ SGRQ = 2, Δ VDP = −3%. Non-sputum-producers: S25, 72 year-old female,
Δ FEV1 = −5%pred, Δ FVC = 0%pred, Δ 6MWD = −18m, Δ SGRQ = −3, Δ VDP = 3%. S23, 77 year-old female, Δ FEV1 = −2%pred, Δ FVC = −2%pred, Δ 6MWD = 12m, Δ SGRQ =
2, Δ VDP = 1%. S28, 51 year-old male, Δ FEV1 = −1%pred, Δ FVC = −1%pred, Δ 6MWD = −6m, Δ SGRQ = −11, Δ VDP = −1%.

ventilation improvements post-oPEP. For example, as
shown in Figure 2, sputum-producers (S7, S11) showed
improved ventilation and exercise capacity and SGRQ
total-score with FEV1 and FVC improvement.
www.copdjournal.com

oPEP responders
Figure 3 shows the number and proportion of sputumproducer and non-sputum-producer subjects that
exceeded minimum clinically important-diﬀerence
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Figure 3. Clinically relevant post-oPEP improvements. Values = n improved ≥
minimum-clinically important-difference (FEV1, 6MWD, SGRQ Total Score), smallest
detectable difference (VDP) or 1-point score improvement (PEQ). FEV1, forced
expiratory volume in 1 second; 6MWD, 6-minute walk distance; SGRQ, St. George's
Respiratory Questionnaire total score; PEQ, Patient Evaluation Questionnaire; VDP,
ventilation defect percent; * n = 13 for 6MWD and VDP.

(MCID) measurements for FEV1 (32), 6MWD (33) and
SGRQ (34), and a single point score improvement for
PEQ (26) and SDD for VDP (≥3%), post-oPEP. A signiﬁcantly greater proportion of sputum-producers versus
non-sputum-producers reported clinically relevant
post-oPEP improvements for PEQ-ease-bringing-upsputum (p = 0.04) and PEQ-patient-global-assessment
(p = 0.006).

Relationships
Table 3 shows correlations for participant measurements at baseline with the post-oPEP change in PEQease-bringing-up-sputum and PEQ-patient-globalassessment. In sputum-producers only, there was a
strong relationship for baseline VDP with the post-oPEP
change in PEQ-ease-bringing-up-sputum (r = 0.75, p =
0.003) and the post-oPEP change in PEQ-patient-globalassessment (r = 0.66, p = 0.01).
As shown in Figure 4, there was a moderate relationship for the post-oPEP change in VDP with the postoPEP change in FEV1 (r = −0.50, r2 = 0.25, p = 0.009) and
PEQ-ease-bringing-up-sputum (r = 0.65, r2 = 0.39, p =
0.0004).

Discussion
We evaluated daily oPEP use in patients with COPD
and observed: 1) a signiﬁcant improvement for easebringing-up-sputum based on the PEQ questionnaire
for sputum- and non-sputum-producers, 2) signiﬁcantly

improved PEQ and SGRQ scores, 6MWD and FVC in
sputum-producers only, 3) clinically relevant improvements for PEQ-ease-bringing-up-sputum, PEQ-patientglobal-assessment, SGRQ and ventilation in 8/7/9/6 of
14 sputum-producers, and, 4) the post-oPEP change
in PEQ-ease-bringing-up-sputum was related to MRI
measurements of ventilation.
A previous study reported increased sputum weight
and volume clearance after ACT (14), so we were not
surprised that COPD patients who were self-reported
sputum-producers also reported improved ease-inbringing-up-sputum. Somewhat more surprising was
the small mean improvement in COPD patients who
were not sputum-producers. This apparently paradoxical result suggests that when crossed over to daily oPEP
use, non-sputum-producers sensed a modest improvement in how easily they could cough up any sputum at
all. This observation is consistent with a previous study
reporting cephalad movement of a radio-aerosol following unproductive cough and forced “huﬀ ” coughing in
patients with airﬂow obstruction without sputum production (36). Importantly, in non-sputum-producers,
there was no CT evidence of bronchiectasis or chronic
bronchitis, and this is consistent with emphysema-dominant COPD, for which ACT is not typically indicated.
In addition to improved ease-in-bringing-up-sputum, there was signiﬁcantly improved FVC, 6MWD and
symptoms in sputum-producers. Moreover there were
clinically relevant improvements in SGRQ, PEQ-easebringing-up-sputum and PEQ-patient-global-assessment for half of sputum-producers, and improvements
in FEV1, 6MWD, and VDP in more than ¼. Such clinically -relevant improvements were not observed in nonsputum-producers, except in three patients (S22, S24,
S29) with improved SGRQ, two (S21, S29) with improved
PEQ-ease-bringing-up-sputum, two (S19, S24) with
improved 6MWD and one (S25) with improved FEV1.
Notably, three of the six non-sputum-producers (S19,
S25, S29) with clinically relevant improvements also
showed improved ventilation post-oPEP. This reinforces
the notion that with improved ventilation, there were
improved symptoms or exercise capacity.
In keeping with these ﬁndings, there were moderateto-strong relationships for baseline VDP with postoPEP change in ease-bringing-up-sputum and patientglobal-assessment, and this may reveal clues as to the

Table 3. Correlations for post-oPEP changes in PEQ Ease-Bringing-Up-Sputum and PEQ Patient-Global-Assessment
Pearson or Spearman correlation coefﬁcients r/ρ (p)
Δ PEQ Ease-Bringing-Up-Sputum

Δ PEQ Patient-Global-Assessment

Parameter

All* (n = 27)

SP (n = 14)

NSP (n = 13)

All* (n = 27)

FEV1 %pred

SP (n = 14)

NSP (n = 13)

−0.06 (0.78)

−0.03 (0.91)

−0.13 (0.68)

0.15 (0.44)

0.08 (0.78)

0.28 (0.37)

SGRQ Total Score

0.13 (0.52)

0.04 (0.90)

0.04 (0.90)

0.09 (0.67)

−0.10 (0.73)

−0.11 (0.15)

VDP %

0.38 (0.05)#

0.75 (0.003)†

0.04 (0.89)

0.28 (0.17)#

0.66 (0.01)†

−0.24 (0.45)

SP, sputum-producers; NSP, non-sputum-producers; FEV1, forced expiratory volume in 1 second; %pred, percent predicted; SGRQ, St. George's Respiratory Questionnaire; VDP, ventilation
defect percent; *Data are not normally distributed, Spearman non-parametric correlation coefﬁcient reported; #n = 26; †n = 13.
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Figure 4. Relationships for post-oPEP changes in clinical measurements and change in 3He MRI VDP. Signiﬁcant relationship for post-oPEP changes in 3He MRI VDP with A)
FEV1 (r = −0.50, r2 = 0.25, p = 0.009), and B) PEQ Ease-Bringing-Up-Sputum (r = 0.65, r2 = 0.39, p = 0.0004). Dotted lines = 95% conﬁdence intervals.

mechanisms of how and why patients feel better after
ACT. In other words, subjects with worse baseline ventilation, but not worse FEV1, had a greater improvement
in sputum clearance and felt better. Changes in FEV1
and PEQ-ease-bringing-up-sputum were also modestly
but signiﬁcantly related to changes in 3He MRI VDP.
This raises the intriguing suggestion that movement
of mucus improved ventilation and this resulted in
improved FEV1 and certainly there was evidence of this
in speciﬁc cases.
We must acknowledge a number of study limitations including the small sample size and the fact that
for logistical reasons, study data were retrospectively
pooled across two consecutive crossover trials that
could not be blinded. In addition, we stratiﬁed participants on the basis of self-reported cough and sputum
production rather than a quantitative measure of daily
sputum volume. Although this can be viewed as a shortcoming of the study, self-identiﬁcation of chronic cough
and sputum is likely more representative of the typical
clinical scenario when ACT is considered as a therapy
option. We also recognize that the self-administered
daily diary accounts of oPEP use may have over-estimated adherence and therefore the adherence reported
here should be considered an estimate. This study
interrogated a relatively short 21–28 days of oPEP use,
so longer term inferences regarding outcomes, cannot
be readily ascertained or inferred and warrant further
investigation. Finally, a previous study suggested that
“huﬀ ” coughing alone could result in mucus movement
(36) whereas here, all participants were instructed to use
oPEP and then “huﬀ ” cough, so we could not elucidate
the independent contribution of oPEP here. Regardless,
this study showed that COPD patients with chronic
sputum production showed improved symptoms and
quality of life following a relatively short course of daily
oPEP use. Moreover these improvements were related
to improved ventilation which may help identify the
mechanisms of patient response.
As compared to their non-sputum-producer counterparts, patients with COPD accompanied by chronic
www.copdjournal.com

sputum production have worse outcomes and accelerated pulmonary function decline (3–6) and yet there
are still few options available to support these patients.
Despite the well-known relationship between sputumproduction and clinically important outcomes, the
current standard of care for stable COPD patients with
chronic bronchitis does not include physiotherapeutic regimens or pharmacological therapies to combat
mucus hypersecretion or impaired mucus clearance.
Numerous oPEP devices are available and widely used to
assist the clearance of airway secretions in patients with
cystic ﬁbrosis, but there is much lower use in COPD
and the reasons for this are not clear. As compared to
more conventional physiotherapeutic approaches, oPEP
devices are portable and treatment can be performed
at home by the patient although age, independence and
disease severity must be considered.
It should be acknowledged that in addition to the
Aerobika oPEP device evaluated here, there are numerous options available to the COPD population including the Flutter (Axcan Scandipharm, Birmingham,
Alabama, USA), Acapella (Smiths Medical, Watford,
UK), Quake (Thayer Medical, Tucson, Arizona, USA),
RC-Cornet (Curaplex Medical, Dublin, Ohio, USA)
and the Lung Flute (Medical Acoustics, Buﬀalo, New
York, USA). With adequate adherence to the proposed
treatment regimens improved mucus clearance may
decrease the frequency and severity of respiratory tract
infections/exacerbations resulting in improved pulmonary function and an overall improvement in quality of
life. One reason for their limited uptake may stem from
the current lack of objective evidence to support the
mechanism of action of oPEP in such patients.
FEV1 has been the most frequently used outcome
measure in obstructive lung disease despite being notorious for its lack of sensitivity to abnormalities in the
small airways (37). Therefore, it is not surprising that
movement of secretions from the smaller conducting
airways may go undetected by measurements such as
FEV1, which are made at the mouth and dominated by
the large airways. Because of these considerations, here
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we used less well-validated methods including the PEQ
and functional MRI to probe and interrogate the eﬀects
of oPEP in COPD. While novel imaging measurements
cannot yet be routinely used in the clinical setting, for
some patients, such measurements provide a way to better understand response to therapy and avoid therapies
that may not be helpful.
In conclusion, we evaluated daily oPEP use in
patients with COPD and provide evidence to support
the use of oPEP in sputum-producers based on signiﬁcant improvements in the ease-in-bringing-up-sputum,
FVC, quality-of-life and 6MWD. Post-oPEP changes in
the PEQ-ease-in-bringing-up-sputum were related to
improved ventilation, providing mechanistic evidence
to support oPEP use in COPD patients with chronic
sputum production.
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