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Purpose: Managing and preventing disease exacerbations are key goals of COPD care. 
Oscillating positive expiratory pressure (OPEP) devices have been shown to improve clinical 
outcomes when added to COPD standard of care. This retrospective database study com-
pared real-world resource use and disease exacerbation among patients with COPD or 
chronic bronchitis prescribed either of two commonly used OPEP devices.
Patients and methods: Patients using the Aerobika® (Trudell Medical International, 
London, ON, Canada) or Acapella® (Smiths Medical, Wampsville, New York, USA) 
OPEP device for COPD or chronic bronchitis were identified from hospital claims linked 
to medical and prescription claims between September 2013 and April 2018; the index date 
was the first hospital visit with an OPEP device. Severe disease exacerbation, defined as an 
inpatient visit with a COPD or chronic bronchitis diagnosis, and all-cause healthcare 
resource utilization over 30 days and 12 months post-discharge were compared in propensity 
score (PS)-matched Aerobika device and Acapella device users.
Results: In total, 619 Aerobika device and 1857 Acapella device users remained after PS 
matching. After discharge from the index visit, Aerobika device users were less likely to 
have ≥1 severe exacerbation within 30 days (12.0% vs 17.4%, p=0.01) and/or 12 months 
(39.6% vs 45.3%, p=0.01) and had fewer 12-month severe exacerbations (mean, 0.7 vs 0.9 
per patient per year, p=0.01), with significantly longer time to first severe exacerbation than 
Acapella users (log-rank p=0.01). Aerobika device users were also less likely to have ≥1 all- 
cause inpatient visit within 30 days (13.9% vs 20.3%, p<0.001) and 12 months (44.9% vs 
51.8%, p=0.003) than Acapella users.
Conclusion: Patients receiving the Aerobika OPEP device, compared to the Acapella 
device, had lower rates of subsequent severe disease exacerbation and all-cause inpatient 
admission. This suggests that Aerobika OPEP device may be a beneficial add-on to usual 
care and that OPEP devices may vary in clinical effectiveness.
Keywords: database, exacerbations, re-hospitalization, sputum clearance, OPEP

Introduction
Chronic obstructive pulmonary disease (COPD) is a major source of morbidity and 
affects 6% of adults over the age of 40 and 10% of adults 65 years or older in the United 
States.1 The clinical course of COPD is punctuated by exacerbations, characterized by 
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acute worsening of symptoms such as increased sputum 
production, airway inflammation, and breathlessness that 
require additional treatment.2,3 Severe cases require emer-
gency department (ED) visits and/or hospitalizations.3 

COPD exacerbations are common but often underreported, 
since as many as half of patients experiencing an exacerba-
tion may not seek medical attention.4 One community-based 
study found that COPD patients had 1.5 disease exacerba-
tions per year based on clinic visits, but 2.7 exacerbations per 
patient per year after including symptom patterns recorded in 
daily diary cards.4 COPD exacerbations are associated with 
long-term implications, including worsened quality of life,4,5 

faster decline in lung function,6 and increased risk of all- 
cause mortality.7,8 The burden of COPD exacerbations 
becomes even greater among patients with longer recovery 
times9 and those with frequent exacerbations.6 Previous 
exacerbations are the most important predictor of future 
ones,10,11 and about one in five COPD patients hospitalized 
for an exacerbation will require re-hospitalization within 30 
days of discharge.12 Thus, preventing disease exacerbations 
and appropriately treating exacerbations to minimize their 
consequences are key goals of COPD management.3,13,14

Current treatment guidelines recommend rescue inha-
lers, corticosteroids, and antibiotics for the treatment of 
severe exacerbations and maintenance medications for the 
management of COPD when stable.3,13,14 Oscillatory posi-
tive expiratory pressure (OPEP) devices, such as the 
Aerobika® device (Trudell Medical International, 
London, Ontario, Canada) and Acapella® (Smiths 
Medical, Wampsville, New York, USA), are non-pharma-
cological interventions that ease sputum clearance through 
positive pressure to hold airways open combined with 
airway oscillations that thin mucus15–17 and have low 
safety risks compared to pharmacologic therapies.18 

Clinical evidence suggests that some OPEP devices not 
only help clear mucus but also improve short-term lung 
capacity, exercise capacity, and quality of life in patients 
with stable COPD17,19,20 and cystic fibrosis.21

While adjunct therapy with OPEP devices can poten-
tially provide additional benefit to the management of 
COPD, evidence from large clinical trials or real-world 
studies on the benefit of these devices in relation to COPD 
disease exacerbations is limited. One database study 
reported that the Aerobika OPEP device reduces 30-day 
exacerbations by nearly 30% compared to no positive 
expiratory pressure (PEP) or OPEP device use following 
a hospital visit,22 and a clinical trial reported that patients 
who used an adjunct Acapella device had a 1-day 

reduction of hospital length of stay for acute exacerbation 
compared to those who received physician’s choice of 
standard COPD management.23 Moreover, there are func-
tional differences among a few existing OPEP devices, as 
revealed by several laboratory studies using simulated 
lung models, which may impact clinical efficacy. In parti-
cular, the Aerobika OPEP device has been shown to have 
the most consistent pressure amplitude, highest mean pres-
sure amplitude at higher resistance settings,24,25 and high-
est total pressure pulse impact26 compared to Acapella and 
other OPEP devices. However, clinical studies have been 
limited to comparisons of the efficacy of adjunct OPEP 
devices to usual care in COPD, rather than head-to-head 
comparisons.18 To that end, this real-world study aimed to 
compare healthcare resource use (HRU) and severe dis-
ease exacerbations 30 days and 12 months post-discharge 
in patients with COPD or chronic bronchitis, a subset of 
COPD characterized by mucus hypersecretion,27 treated 
with two of the most commonly used OPEP devices in 
the hospital setting.

Patients and Methods
Data Sources
This retrospective cohort study used IQVIA’s Hospital 
Charge Detail Master (CDM) hospital database from 
September 1, 2012 to April 30, 2019 (study period) linked 
to professional medical claims (Dx) and longitudinal pre-
scription claims (LRx) databases (IQVIA, Inc., Durham, 
NC, USA). The CDM database includes service order 
records from over 650 hospitals, covering 7 million annual 
inpatient stays and 60 million annual outpatient visits. 
Patient-level data include healthcare services from hospital 
departments (inpatient, outpatient, ED, pharmacy), with 
detailed drug, procedure, and diagnosis codes from each 
encounter for the entire stay; each visit has both an admis-
sion date and discharge date. The Dx database captures 
over 1 billion pre-adjudicated claims and 3 billion records 
obtained annually from approximately 800,000 office- 
based physicians and specialists (75% of American 
Medical Association providers captured). Medical claims 
from ambulatory and general health care sites (ie, out-
patient clinics associated with hospitals such as rehabilita-
tion, same-day surgery, chemotherapy centers) are also 
included. The LRx database captures information on dis-
pensed prescriptions with 92% coverage of prescriptions 
from the retail channel, 72% coverage of standard mail 
service, and 76% coverage of long-term care facilities. The 
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study dataset was created based on Health Insurance 
Portability and Accountability Act (HIPAA)-compliant 
linking processes using IQVIA’s patented and proprietary 
encryption algorithm.28–30 As this retrospective cohort 
analysis was conducted using de-identified HIPAA-com-
pliant data, Institutional Review Board (IRB) review was 
not required for this study.

Study Population
Figure 1 describes the patient selection criteria in detail. 
Patients with any evidence of OPEP device use (based on 
billing descriptions in CDM) during the patient selection 
window (September 1, 2013 to April 30, 2018) were 
identified; the index date was the admission date on the 
first CDM record with the OPEP device (index hospital 
visit). Adult patients were required to have at least one 
diagnosis of COPD or chronic bronchitis in any position 
(ie, not limited to diagnosis codes in the primary position) 
in CDM during the index visit (International Classification 
of Diseases Ninth Revision Clinical Modification [ICD-9- 
CM]: 491.XX and 496, ICD-10-CM: J41.X and J44.X, not 
including emphysema given that it is not characterized by 
sputum production3). As a proxy of continuous enrollment, 
patient eligibility as well as pharmacy stability in LRx and 
provider stability in Dx in the 12-month pre-index (ie, 
baseline) and post-index (ie, follow-up) periods were 
required. Patients were excluded if they had evidence of 
the index OPEP device in the baseline period, non-index 
OPEP devices in the follow-up period (including the index 
date), diagnosis of asthma on or before the index date, 
OPEP device use in a post-operative setting (identified 
with a surgical procedure of interest 30 days before the 
index visit admission date or during the index visit), or 
incomplete data.

Patients who met all inclusion and exclusion criteria 
were stratified into two mutually exclusive study cohorts 
based on the OPEP device used on the index date: patients 
treated with Aerobika OPEP device (Aerobika device 
cohort) or Acapella OPEP device (Acapella cohort); 
patients using other OPEP devices were not included in 
the analysis due to a possibility of misclassification when 
using hospital billing descriptions. The cohorts were then 
matched using propensity score (PS) matching at a 1:3 
ratio with a greedy nearest-neighbor matching algorithm 
without replacement. The logistic regression model to 
generate the PS included age, sex, payer type, comorbid 
conditions, COPD-related medication use, and history of 
exacerbations (Tables 1 and 2 list these variables in detail). 

Index year and geographic region were excluded from the 
PS model to limit misclassification of the index OPEP 
device and to maximize cohort sample sizes after 
matching.

Study Measures
The baseline demographics and clinical characteristics, includ-
ing history of severe and moderate disease exacerbations, were 
evaluated during the fixed 12-month baseline period. A severe 
disease exacerbation was defined as an inpatient visit with 
COPD or chronic bronchitis diagnosis in any position and 
moderate disease exacerbation was defined as an ED visit 
with COPD or chronic bronchitis diagnosis or prescription of 
an oral corticosteroid (OCS) within 14 days of an office visit 
with a COPD or chronic bronchitis diagnosis in any position 
(that did not lead to an inpatient visit).11,22,31

The follow-up measures included index visit character-
istics and clinical and HRU outcomes among the matched 
cohorts. The index measures, evaluated from the admis-
sion date to the discharge date, were the initial care setting, 
length of stay, COPD-related medications and respiratory 
support. The follow-up measures, evaluated from the day 
after the discharge date to the end of 30-day post-discharge 
or 12-month follow-up, were severe exacerbations, mod-
erate exacerbations, and all-cause HRU. Time following 
the index visit discharge date until the end of the 12-month 
follow-up period was also reported for each cohort as it 
varied depending on the duration of the index hospital visit 
(all patients had 12-month follow-up data following the 
index date [ie, the admission date on the index hospital 
record]); therefore, when reporting 12-month outcomes, 
counts for HRU categories were standardized and reported 
as per patient per year (PPPY).

Statistical Analyses
Baseline patient characteristics between the cohorts before 
and after PS matching were assessed using standardized 
difference, applying a commonly used threshold of >10% 
in absolute standardized difference to determine 
imbalance.32 Generalized estimating equations for general-
ized linear models without additional covariate adjustment 
were used to compare continuous and categorical outcome 
measures, respectively, between the PS-matched cohorts. 
Kaplan-Meier survival analysis with log-rank test was also 
used to compare time from index visit discharge to first 
severe disease exacerbation between the PS-matched 
cohorts. Generalized estimating equations for generalized 
linear models were used to estimate the association 
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between index OPEP device and the number of severe 
disease exacerbations PPPY (with normal distribution 
and log link function) and between index OPEP device 

and the odds of experiencing at least one 12-month severe 
disease exacerbation (with binomial distribution and logit 
link function); the models additionally adjusted for the 

Figure 1 Patient Attrition. 
Notes: COPD and chronic bronchitis diagnoses were identified using ICD-9 codes 491.XX and 496 and ICD-10 codes J41.X and J44.X, not including emphysema given that 
it is not characterized by sputum production.3 Pharmacy and provider stability was used as a proxy for continuous enrollment, which was defined as stability of reporting 
claims in every month for at least one pharmacy in LRx or provider in Dx as well as at least one LRx claim for any medication and one Dx claim in the baseline period and 
the 12-month period after the index date. There were no patients excluded for incomplete data. 
Abbreviations: CDM, Hospital Charge Detail Master database; Dx, medical claims database; LRx, prescription claims database; OPEP, oscillating positive expiratory 
pressure.
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baseline and index patient characteristics not included in 
PS construction, such as patient geographic region, index 
visit type, and OCS use during the index visit. P-values 
<0.05 were considered statistically significant. Analyses 
were conducted using SAS version 9.4 (SAS Institute, 
Inc, Cary, NC).

Results
Patient Characteristics
In total, 5029 patients met the inclusion criteria (662 
Aerobika device and 4367 Acapella users; Figure 1). 
After 1:3 PS matching, the remaining study population 
consisted of 619 patients receiving the Aerobika device 
matched to 1857 patients receiving the Acapella device.

In the cohorts before PS matching, the baseline patient 
demographic and clinical characteristics were generally 
balanced. The cohorts were similar in terms of age 
(mean age, 72.5 years and 71.8 years for Aerobika device 
cohort and Acapella cohort, respectively), payer type 
(74.3% and 72.8% had Medicare), and Charlson 
Comorbidity Index (CCI) score (mean, 3.7 and 3.8; all 
absolute standardized differences ≤10%). Further details 
of the cohorts before matching are described in 
Supplemental Tables 1 and 2.

After matching, all baseline characteristics of the 
Aerobika device and Acapella users used in the PS 
model were well balanced. Patients in both cohorts were 
72 years old on average, and more than half of the patients 
(54–55%) were female (Table 1). Geographic region and 
index year distribution (not included in the PS model) 
differed between the matched cohorts, with the majority 
of the Aerobika device cohort (55.4%) residing in 
Midwestern states and the majority of the Acapella cohort 
residing in Southern states (51.3%). All baseline clinical 
characteristics and HRU were well balanced after PS 
matching. The mean CCI score33 was 3.7, and the most 
common comorbidities of interest were hyperlipidemia 
(56.7% of the Aerobika device cohort and 57.3% of the 
Acapella cohort), cardiovascular disease (44.1% and 
43.2%), and anxiety/depression (35.9% and 35.1%) 
(Table 2). During the baseline period, about half of 
patients in each cohort experienced at least one severe 
(45.4% of the Aerobika device cohort and 44.5% of the 
Acapella cohort) or moderate (46.0% and 45.7%) disease 
exacerbation. About one-fourth of patients also had oxy-
gen therapy in the baseline period (29.4% of the Aerobika 
device cohort and 26.6% of the Acapella cohort).

Index Visit Characteristics
Most patients in both cohorts visited the ED first as part of 
the index visit (82.4% vs 72.5% of matched Aerobika 
device and Acapella users, respectively, p<0.001); the 
remaining patients were admitted to inpatient directly 
(13.2% vs 23.2%, p<0.001) or visited an outpatient depart-
ment (4.4% and 4.3%, p=0.95) (Figure 2A). Nearly all 
patients, regardless of initial care setting during the index 
visit, eventually had an inpatient admission during the 
index visit (91.8% [n=568] of Aerobika device users and 
94.9% [n=1762] of Acapella users; p=0.004) (Figure 2B). 
Among those with an inpatient stay, the length of stay was 
a week on average (mean days, 7.0 for the Aerobika 
device users vs 7.5 days for Acapella users, p=0.09).

Table 1 Baseline Demographics in the Matched Cohorts

Measures Aerobika 
N=619

Acapella 
N=1857

Age (years), mean (SD), n 

(%)

72.4 (11.2) 72.2 (11.2)

18–34 3 (0.5) 8 (0.4)
35–50 16 (2.6) 54 (2.9)

51–64 135 (21.8) 380 (20.5)

65–74 169 (27.3) 534 (28.8)
75+ 296 (47.8) 881 (47.4)

Sex, n (%)

Female 337 (54.4) 1012 (54.5)

Male 282 (45.6) 845 (45.5)

Geographic region, n (%)*

Midwest 343 (55.4) 570 (30.7)
South 146 (23.6) 953 (51.3)

Northeast 79 (12.8) 129 (6.9)

West 51 (8.2) 205 (11.0)

Payer type, n (%)

Medicarea 460 (74.3) 1390 (74.9)
Third partyb 117 (18.9) 336 (18.1)

Cash or Other/unknown 27 (4.4) 84 (4.5)

Medicaid 15 (2.4) 47 (2.5)

Index year, n (%)*

2013 22 (3.6) 97 (5.2)
2014 95 (15.3) 324 (17.4)

2015 91 (14.7) 355 (19.1)

2016 134 (21.6) 371 (20.0)
2017 207 (33.4) 505 (27.2)

2018 70 (11.3) 205 (11.0)

Notes: Measures with an asterisk (*) indicate imbalance after PS matching (absolute 
standardized difference >10%). aMedicare includes Part D coverage. bThird-party 
payers include commercial payers, employers, and governmental payers. 
Abbreviation: SD, standard deviation.
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There were some differences in disease- and exacerbation- 
related treatments received during patients’ inpatient stays. For 
example, the Aerobika device users had lower use of SABA 
(44.5% vs 53.5%), antibiotics (83.1% vs 88.1%), OCS (29.9% 
vs 50.8%), and LAMA (11.4% vs 20.4%), but higher use of 
LABA (10.9% vs 5.7%) and oxygen therapy (93.0% vs 
74.0%; all p-values<0.05) (Figure 3).

Disease Exacerbations Post-Discharge
The duration of the “12-month post-discharge” period, 
from the day after the index visit discharge date to the 
end of the 12-month follow-up period, was on average 
354.5 (standard deviation, 5.5) days for the Aerobika 
device users and 353.9 (5.2) days for the Acapella users 
(p=0.01). The proportion of patients who experienced at 

Table 2 Baseline Clinical Characteristics and HRU in the Matched Cohorts

Measures Aerobika N=619 Acapella N=1857

CCI, mean (SD) 3.7 (2.7) 3.7 (2.6)

Comorbid conditions, n (%)

Hyperlipidemia 351 (56.7) 1064 (57.3)
Cardiovascular disease 273 (44.1) 803 (43.2)

Anxiety/depression 222 (35.9) 652 (35.1)
Diabetes 211 (34.1) 652 (35.1)

Malignancy 144 (23.3) 423 (22.8)

Stroke or TIA 126 (20.4) 375 (20.2)
Emphysema 121 (19.5) 371 (20.0)

Hypothyroidism 100 (16.2) 309 (16.6)

Acute respiratory tract infections 78 (12.6) 238 (12.8)
Bronchiectasis 23 (3.7) 62 (3.3)

Treatment history, n (%)
Maintenance medicationsa

ICS/LABA 183 (29.6) 573 (30.9)

LAMA 173 (27.9) 500 (26.9)
LABA 22 (3.6) 89 (4.8)

LAMA/LABA 22 (3.6) 56 (3.0)

Xanthines 15 (2.4) 55 (3.0)
Rescue inhalers

SABA 378 (61.1) 1136 (61.2)

SABA/SAMA 242 (39.1) 735 (39.6)
SAMA 112 (18.1) 332 (17.9)

Other exacerbation treatments

Antibiotics 520 (84.0) 1567 (84.4)
OCS 353 (57.0) 1079 (58.1)

Respiratory support

Oxygen therapy 182 (29.4) 494 (26.6)
Mechanical ventilation 25 (4.0) 89 (4.8)

History of COPD/chronic bronchitis exacerbation, n (%)
Severe exacerbationb 281 (45.4) 827 (44.5)

Moderate exacerbationc 285 (46.0) 849 (45.7)

Baseline all-cause HRU, n (%)
Inpatient visit 358 (57.8) 1111 (59.8)

ED visit 412 (66.6) 1256 (67.6)

Notes: All baseline clinical characteristics and healthcare resource utilization were balanced after PS matching. aUse of combination therapy ICS/LABA/LAMA was also 
assessed but not reported due to occurrence in less than 1% of patients. bDefined as an inpatient admission with COPD or chronic bronchitis diagnosis, not including the 
index date. cDefined as an emergency department visit with COPD or chronic bronchitis diagnosis or prescription for an oral corticosteroid within 14 days of an office visit 
with COPD or chronic bronchitis diagnosis, not including the index date. 
Abbreviations: CCI, Charlson Comorbidity Index; COPD, chronic obstructive pulmonary disease; ED, emergency department; HRU, healthcare resource utilization; ICS, 
inhaled corticosteroids; LABA, long-acting beta agonist; LAMA, long-acting muscarinic antagonist; OCS, oral corticosteroid; SABA, short-acting beta agonist; SAMA, short- 
acting muscarinic antagonist; SD, standard deviation; TIA, transient ischemic attack.
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A B

Figure 2 Initial care setting of the index medical visit (A) and inpatient admissions anytime during the index medical visit (B) in the matched cohorts. 
Notes: Percentages in bold and with an asterisk (*) indicate a p-value<0.05 for the comparison of index visit care settings between the Aerobika device and Acapella users. Inpatient 
admissions in (B) included patients with inpatient as the initial care setting and patients who were admitted to inpatient from the emergency or outpatient department. 
Abbreviation: ED, emergency department.

Figure 3 Treatments received during index inpatient visits in the matched cohorts. 
Notes: Percentages in bold and with an asterisk (*) indicate a p-value<0.05 for the comparison of inpatient treatments between the Aerobika device and Acapella users who 
had an index inpatient visit. Utilization of LABA/LAMA and ICS/LABA/LAMA were also evaluated but not reported due to occurrence in less than 1% of patients. 
Abbreviations: ICS, inhaled corticosteroids; LABA, long-acting beta agonist; LAMA, long-acting muscarinic antagonist; OCS, oral corticosteroid; SABA, short-acting beta 
agonist; SAMA, short-acting muscarinic antagonist.
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least one severe exacerbation post-discharge was lower for 
Aerobika device users compared to Acapella users (12.0% 
vs 17.4% for 30-day post-discharge [ie, early disease- 
related inpatient readmission], p=0.001; 39.6% vs 45.3% 
for 12-month post-discharge; p=0.01) (Table 3). Aerobika 
device users also had fewer 12-month severe exacerba-
tions compared to Acapella users (0.7 vs 0.9 exacerbations 
PPPY, p=0.01) and shorter lengths of stay (mean, 6.5 vs 
7.1 days, p=0.05). There was no significant difference in 
the proportion of patients with moderate exacerbations 
over 30 days post-discharge (12.3% for Aerobika device 

users vs 13.2% for Acapella users, p=0.58) or 12 months 
post-discharge (41.0% vs 41.0%, p=0.98), but Aerobika 
device users had fewer 12-month moderate exacerbations 
compared to Acapella users (1.0 vs 1.2 exacerbations 
PPPY, p=0.03) (Table 3).

The significant findings for differences in severe 
exacerbations persisted in regression models which 
adjusted for a few additional baseline and index visit 
characteristics (see Table 4 for these variables). 
Compared to Acapella users, Aerobika device users had 
17% fewer severe exacerbations PPPY (estimate, 0.83; 

Table 3 Post-Discharge Severe Exacerbations and All-Cause Post-Discharge HRU in the 12-Month Follow-Up Period in the Matched 
Cohorts

Measures Aerobika 
N=619

Acapella 
N=1857

P- 
value

Severe exacerbationsa

30-day post-dischargeb

Patients with ≥1 severe exacerbation, n (%) 68 (12.0) 306 (17.4) 0.001

Number of severe exacerbations per patient, mean (SD) 0.1 (0.4) 0.2 (0.5) 0.002

12-month post-discharge
Patients with ≥1 severe exacerbation, n (%) 245 (39.6) 841 (45.3) 0.01

Length of stay per stay per patient among patients with ≥1 hospitalization, mean (SD) 6.5 (3.9) 7.1 (5.4) 0.05

Number of severe exacerbations PPPY, mean (SD) 0.7 (1.3) 0.9 (1.4) 0.01
Time to severe exacerbation (days), mean (SD) 102.0 (97.5) 96.6 (97.8) 0.44

Moderate exacerbationsc

30-day post-discharge

Patients with ≥1 moderate exacerbation, n (%) 76 (12.3) 245 (13.2) 0.58

Number of moderate exacerbations per patient, mean (SD) 0.2 (0.5) 0.2 (0.6) 0.37
12-month post-discharge

Patients with ≥1 moderate exacerbation, n (%) 254 (41.0) 762 (41.0) 0.98

Number of moderate exacerbations PPPY, mean (SD) 1.0 (1.8) 1.2 (3.2) 0.03

All-cause HRU

Inpatient visits (30-day post-discharge)
Patients with ≥1 early readmissionb 79 (13.9) 358 (20.3) <0.001

Number of early readmissions per patient, mean (SD) 0.16 (0.4) 0.24 (0.5) 0.001

Inpatient visits (12-month post-discharge)
Patients with ≥1 inpatient visit, n (%) 278 (44.9) 962 (51.8) 0.003

Length of stay per stay per patient among patients with ≥1 inpatient visit, mean (SD) 7.5 (4.9) 8.3 (7.2) 0.28

Number of inpatient visits PPPY, mean (SD) 0.9 (1.4) 1.1 (1.6) 0.003
ED visits

Patients with ≥1 visit, n (%) 381 (61.6) 1113 (59.9) 0.45

Number of visits PPPY, mean (SD) 1.8 (2.5) 1.9 (4.4) 0.52
Outpatient/physician’s office visits

Patients with ≥1 visit, n (%) 575 (92.9) 1739 (93.6) 0.50

Number of visits PPPY, mean (SD) 20.5 (22.5) 21.2 (22.1) 0.51

Notes: aSevere exacerbation was defined as an inpatient admission with COPD or chronic bronchitis diagnosis, anytime during the follow-up period, not including the index 
visit bDefined as inpatient admission within 30 days following index hospitalization discharge date, assessed among patients with index inpatient visit (n=568 Aerobika device 
users and n=1762 Acapella users). 
Abbreviations: ED, emergency department; HRU, healthcare resource utilization; PPPY, per patient per year; SD, standard deviation.
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95% CI, 0.71–0.96) (Table 4) and had 20% lower odds of 
12-month severe disease exacerbation (odds ratio, 0.80; 
95% CI, 0.66–0.98) (Table 5). Index hospital visit being 
inpatient (whether admitted directly or from ED) com-
pared to ED or outpatient hospital visit without inpatient 
admission and OCS use during the index visit were also 
significant predictors of increased number of 12-month 
severe disease exacerbations PPPY (Table 4) and having 
at least one post-discharge severe disease exacerbation 
(Table 5).

Furthermore, time from the index visit discharge date 
to the first severe exacerbation was similar between 
Aerobika device users and matched Acapella users 
(102.0 vs 96.6 days, p=0.44). When accounting for the 
duration of follow-up in Kaplan-Meier survival analysis, 

Aerobika device users had significantly longer times to 
severe disease exacerbation compared to Acapella users 
(log-rank p=0.01) (Figure 4).

All-Cause Post-Discharge HRU
Those who received the Aerobika device during the index 
visit were less likely to have at least one early (within 30 
days post-discharge) all-cause inpatient readmission 
(13.9% for Aerobika device cohort vs 20.3% for 
Acapella cohort, p<0.001) and at least one all-cause inpa-
tient admission 12 months post-discharge (44.9% vs 
51.8%, p=0.003). Aerobika device users also had fewer 
all-cause 12-month inpatient visits (mean PPPY, 0.9 vs 
1.1, p=0.003); the mean length of stay was 8 days for 
both cohorts (p=0.28). There was no significant difference 

Table 4 Adjusted Modela for the Association Between Index OPEP Device and Number of Post-Discharge Severe Exacerbations PPPY

Parameter Exponentiated Parameter Estimate 
(95% CI)

P- 
value

Aerobika (vs matched Acapella) 0.83 (0.71, 0.96) 0.01

Type of index visit (vs ED visit without inpatient admission or outpatient department 

visit)

ED visit with inpatient admission 2.47 (1.75, 3.50) <0.001
Directly admitted to inpatient 2.22 (1.53, 3.21) <0.001

OCS use during the index visit (vs no OCS) 1.17 (1.03, 1.33) 0.01

Geographic region (vs Midwest)

Northeast 1.10 (0.88, 1.37) 0.42
South 0.93 (0.81, 1.08) 0.36

West 0.91 (0.71, 1.16) 0.45

Notes: aGeneralized estimating equation for generalized linear model with normal distribution and log link function was used to account for matching. 
Abbreviations: CI, confidence interval; ED, emergency department; OCS, oral corticosteroid; PPPY, per patient per year.

Table 5 Adjusted Modela for the Association Between Index OPEP Device and the Odds of Post-Discharge Severe Exacerbations

Parameter Odds Ratio (95% CI) P-value

Aerobika (vs matched Acapella) 0.80 (0.66, 0.98) 0.03

Type of index visit (vs ED visit without inpatient admission or outpatient department visit)
ED visit with inpatient admission 2.58 (1.75, 3.80) <0.0001

Directly admitted to inpatient 2.05 (1,35, 3.10) 0.001

OCS use during the index visit (vs no OCS) 1.20 (1.02, 1.42) 0.03

Geographic region (vs Midwest)
Northeast 1.17 (0.86, 1.58) 0.33

South 1.02 (0.85, 1.23) 0.83

West 0.90 (0.68, 1.20) 0.48

Notes: aGeneralized estimating equation for generalized linear model with binomial distribution and logit link function was used to account for matching. 
Abbreviations: CI, confidence interval; ED, emergency department; OCS, oral corticosteroid.
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in all-cause ED visits or outpatient visits between the 
cohorts (Table 3).

Discussion
To our knowledge, this is the first study to compare the 
impact of two commonly used OPEP devices on short- and 
long-term clinical and resource use outcomes in patients 
with COPD or chronic bronchitis. In the cohorts both 
before and after matching, patients with the Aerobika 
device or Acapella device were typically elderly (about 
half were 75 years of age or older), were predominantly 
female, had multiple Charlson comorbidities, and had a 
history of at least one severe or moderate disease exacer-
bation during the baseline period. After matching to ensure 
outcomes were compared in similar patient populations, 
we observed that during the index visit with OPEP device 
use and COPD or chronic bronchitis diagnosis, more than 
90% of patients had an inpatient admission, consistent 
with the definition of a severe disease exacerbation used 
in this study. Following the index visit, those who received 
the Aerobika device had significantly lower rates of all- 
cause hospitalization and severe disease exacerbation 
within 30 days of the index visit discharge date, with 
sustained differences over 12 months of follow-up, and 
fewer moderate exacerbations over 12 months of follow- 
up. Our findings are supported by previous, albeit limited, 
research suggesting the clinical benefits of the Aerobika 
OPEP device in the treatment of COPD and differences in 
efficacy across different OPEP devices. In a small cross- 
over study, 27 COPD patients who used the Aerobika 
OPEP device daily for 4 weeks had subsequent improve-
ments in Patient Evaluation Questionnaire (PEQ)-ease- 

bringing-up-sputum score and forced expiratory volume 
in 1 s (FEV1) related to improved ventilation.17 These 
improvements in airway clearance may also improve dis-
ease exacerbation outcomes demonstrated in a previous 
database study by Burudpakdee et al,22 where Aerobika 
device users had significantly lower rates of 30-day severe 
disease exacerbations (13.8%, consistent with the 12.0% 
reported in our study) compared to matched controls who 
did not receive an OPEP device (vs 19.0%). To our knowl-
edge, the only study of Acapella effectiveness in treating 
acute COPD exacerbations was a clinical trial comparing 
patients who received an adjunct Acapella device (PEP or 
OPEP) to matched retrospective controls who received 
standard of care alone; this study found that patients who 
used Acapella had a 1-day reduction in the hospital length 
of stay.23

Although OPEP devices share the general objective of 
opening airways and using airway oscillations to loosen 
mucus, the device mechanisms and consequently the pressure 
pulse waveforms that they generate differ, and several studies 
have reported better performance characteristics related to 
airway clearance for the Aerobika device compared to 
Acapella.24–26 Therefore, the present study provides new evi-
dence on how functional differences between the devices may 
translate to differences in preventing severe disease exacerba-
tions, illustrated by the lower rate of subsequent inpatient 
admissions due to severe disease exacerbation in Aerobika 
device users compared to Acapella users in the PS-matched 
comparative analyses and further confirmed in adjusted ana-
lyses, as well as preventing moderate exacerbations and all- 
cause hospitalizations that may be due to worsening of overall 
quality of life4,5 and worsening comorbid conditions (eg, 
hospitalizations due to cardiac events34). Considering previous 
COPD exacerbations are the most important predictor of 
future events,10,11 this study demonstrates that the Aerobika 
device may mitigate the clinical and economic impact of 
exacerbations when used as an adjunct therapy in a population 
known to have a high economic burden.35 Aside from func-
tional differences, high patient satisfaction with the Aerobika 
device and patient-reported ease of use, as revealed in a survey 
of Aerobika device users,36 may support real-world adherence 
to the Aerobika OPEP device and contribute to improved 
outcomes. However, considering the lack of published data, 
future research comparing adjunct OPEP device use to stan-
dard of care, to other commercially available OPEP devices, 
and to PEP devices is needed to provide guidance on how to 
incorporate OPEP devices into clinical practice.

Figure 4 Kaplan-Meier analysis of time from index visit discharge date to first post- 
discharge severe exacerbation in the matched cohorts.
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The strengths of this study are the use of three linked 
databases to obtain a comprehensive view of HRU and 
treatments before and after the initial visit with OPEP 
device use and the statistical methodology to limit bias 
in the results. PS methods were used to mimic the selec-
tion process of clinical trials and create comparable 
cohorts of Aerobika device and Acapella device users for 
evaluating outcomes.37 Then, our findings that Aerobika 
device users were less likely to have a severe disease 
exacerbation over 12 months of follow-up compared to 
Acapella users persisted after adjusting for geographic 
region and characteristics of the index visit in regression 
models, which added to the internal validity of the 
findings.

With that said, a few limitations should be noted. First, 
patients with COPD and chronic bronchitis were identified 
using ICD diagnosis codes, and confirmation of diagnosis 
would require clinical measures not available in claims 
databases. To address this limitation, we required a diag-
nosis during the hospital visit with OPEP device therapy 
and excluded those with evidence of asthma or surgical 
procedure for which the OPEP device could also be used. 
Second, data on disease severity were not available, which 
would provide context on the generalizability of the study 
population. For example, some physicians may selectively 
prescribe OPEP devices to patients with a history of fre-
quent severe exacerbations,38 but severe patients at risk of 
post-discharge mortality may be underrepresented, given 
our study requirement of 12 months of follow-up data. 
Thirdly, it is not known from the claims data who admi-
nistered the OPEP device, whether patients used the OPEP 
devices with the proper techniques or with the appropriate 
frequency, if the devices were used with nebulizers, or 
what other physiotherapy treatments (eg, breathing pro-
grams) may have been administered, which could impact 
device efficacy and outcomes. Lastly, the claims data are 
not able to identify factors leading to OPEP device use 
such as potential regional and healthcare facility-level 
differences in practice patterns that may lead to residual 
confounding.

Conclusion
This study demonstrates that the Aerobika OPEP device 
significantly reduces all-cause inpatient visits and severe 
disease exacerbations, including 30-day inpatient readmis-
sions and 12-month inpatient visits, compared to Acapella, 
when added to standard of care among patients with 
COPD and chronic bronchitis. Combined with previous 

clinical and real-world data, these findings further support 
the use of the Aerobika OPEP device as an add-on to usual 
care for the treatment of severe COPD exacerbations and 
highlights the benefit of the Aerobika device versus an 
alternative OPEP device.
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