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Abstract
Background: Several recent studies have shown a 
significant reduction in exacerbation rates in non-cystic 
fibrosis bronchiectasis (NCFB) patients who received high-
frequency chest wall oscillation (HFCWO) as an airway 
clearance therapy. Other studies have reported significant 
improvements in pulmonary function and quality of life in 
NCFB patients using HFCWO therapy. However, studies that 
evaluate the effectiveness of long-term HFCWO treatment 
in NCFB populations are more limited. The aim of this study 
was to investigate the effect of long-term HFCWO therapy on 
exacerbation rates of NCFB patients.

Methods: Thirty-nine patients with a confirmed bronchiectasis 
diagnosis, who were known to be compliant with their 
physicians prescribed HFCWO treatment regimen and meeting 
the inclusion/exclusion criteria, were enrolled in the study. The 
SmartVest Airway Clearance System (Electromed, New Prague, 
MN USA) was used by all patients. Exacerbations were defined 
as bronchiectasis-related antibiotic prescriptions, emergency 
department (ED) visits and hospitalization admissions. 
Bronchiectasis exacerbations were recorded by reviewing 
individual patient’s medical records for one year prior to 
initiating HFCWO therapy and by repeated phone interview for 
2.5 years after starting treatment. Each patient served as their 
own control. Exacerbations recorded in the first year prior to 
starting HFCWO treatment were compared to the 2.5 years after 
starting HFCWO treatment using descriptive statistics. P values 
were calculated by paired t-test. 

Results: Bronchiectasis-related exacerbations were significantly 
reduced with HFCWO therapy; the incidence of hospitalizations 
was decreased by 42% (P=0.007), ED visits by 75% (P=0.008) and 
antibiotic prescriptions by 38% (P=0.0005). Sixty-eight percent 
of study participants reported, at will, a significant improvement 
in their quality of life and a reduction in the severity of their 
exacerbations. 

Conclusions: Previous reports of significant decreases in 
exacerbation rates in short-term (1 year) HFCWO studies were 
reproduced with statistical significance in this longer-term (2.5 
year) study. Longitudinal evidence, as demonstrated by this 

study, further supports using HFCWO in the treatment of NCFB 
patients to improve clinical outcomes and enhance quality of life. 
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Introduction
Bronchiectasis is a chronic lung disease characterized by the 
presence of irreversible dilation and destruction of the bronchi 
due to chronic inflammation and recurrent infection.1,2 The 
overall prevalence of non-cystic fibrosis bronchiectasis (NCFB) 
is about 52 per 100,000 adults and the mean age at diagnosis is 
61 years.3 The incidence of hospitalization due to NCFB is rising 
and is markedly increased for patients ≥50 years.3,4 In 2005, 
the estimated costs for NCFB was $630 million annually in the 
United States.3,5 The same study found that patients with NCFB 
averaged 2.0 additional days in the hospital, had 6.1 additional 
outpatient encounters, 27.2 more days of antibiotic therapy, and 
total excess medical expenditure of $5,681 (USD).3,5

Bronchiectasis is characterized by a repetitive vicious cycle 
of bronchial inflammation, tissue destruction and impaired 
mucus clearance resulting in bacterial infection that can 
permanently damage the respiratory epithelium causing 
a significant reduction in pulmonary function, greater 
dyspnea, increased hospitalizations, more antibiotic use and 
increased morbidity and mortality4,6-9 People with NCFB 
commonly experience chronic cough and excessive sputum 
production. Diminished mucus clearance likely contributes 
to the initiation, progression and chronicity of NCFB.10 The 
accumulation of mucus can lead to infection and inflammation 
by providing an environment for excessive microbial growth 
and colonization.11 High levels of mucus in the airways are 
reportedly associated with increased bacterial load; in patients 
with NCFB, up to 64% are chronically infected with pathogenic 
bacteria.12 Consequently, diminished mucus clearance can 
increase the risk of bronchiectasis-related exacerbations, 
which is directly associated with increased healthcare 
utilization and costs (hospitalizations, emergency department 
(ED) visits, antibiotics, and steroid use).13,14 

The goals of bronchiectasis treatment are to minimize the 
number of exacerbations and improve a patient’s quality of 
life by mobilizing airway secretions to enhance ventilation and 
reduce infection.15,16 It is conjectured that efficient removal of 
retained secretions through airway clearance techniques breaks 
the viscous cycle of inflammation → structural tissue damage → 
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were unable to be contacted by phone were excluded from the 
study. Compliance was determined by patient phone interviews, 
returned compliance report, and/or recorded clock hours in the 
SmartVest Airway Clearance generator. 

Study design
A detailed description of the study methods has been previously 
published (see Sievert et al. [2016]).14 In brief, the rate of 
bronchiectasis exacerbations for one year prior to the use 
of HFCWO were compared the exacerbation rate after 2.5 
years of HFCWO therapy. Each patient served as their own 
control. Bronchiectasis-related exacerbations were defined 
as hospitalization admissions, ED visits, and antibiotic 
prescriptions. Exacerbations were ascertained by review of the 
subject’s medical records for the one year prior to therapy and 
by repeated phone interview for the 2.5-year follow-up. Quality 
of life (QoL) was verbally reported at-will by the patient. 

All data were summarized descriptively. The 2.5-year data were 
adjusted for comparison with the one-year data. A P-value of 0.05 
or greater, as determined by the paired t-test, was considered 
significant.

Results
The initial study for evaluating exacerbation frequency following 
1-year of HFCWO therapy included 59 patients; 39 of those 
were available for the additional 1.5-year follow-up. For these 
39 patients, the use of HFCWO was associated with a reduction 
in the incidence of bronchiectasis-related exacerbations; after 
2.5 years of HFCWO therapy the incidence of hospitalization 
decreased by 42% (P = 0.007), ED visits by 75% (P = 0.0002), 
and antibiotic use by 38% (P = 0.007) (see Table 1). Sixty-eight 
percent of the study participants reported, at-will, a substantial 
improvement in the QoL and a reduction in the number and 
severity of their exacerbations.

Discussion
Bronchiectasis has been previously underdiagnosed and 
overlooked although it is currently experiencing a surge 
in clinical interest. Numerous recent journal articles have 
described the importance of managing bronchiectasis-related 
exacerbations to improve patients’ quality of life and reduce 
healthcare cost. The literature reports bronchiectasis patients 
are more likely to have:32,33,34

purulent cough), 

recovered by 35 days),

predictor of long-term mortality and exacerbation frequency), 

hospital stays for pneumonia), 

mucus retention → infection → repeat and thereby slowing the 
rate of progressive respiratory deterioration.3,17

High-frequency chest wall oscillation (HFCWO) is an airway 
clearance method that creates high velocity, low amplitude 
oscillatory airflows through a pneumatic vest worn over the 
thorax, and is used for enhancing airway mucus clearance 
in several different diseases including cystic fibrosis, 
bronchiectasis, asthma, COPD, and a number of neuromuscular 
disorders.18-21 A Cochrane review found HFCWO significantly 
improved health-related quality of life, lung function, ease of 
sputum expectoration, and reduced dyspnea and cough in 
patients with diminished mucus clearance.22 HFCWO is approved 
by the FDA to “improve bronchial drainage and enhance mucus 
clearance in those patients who are mucociliary compromised.” 
In addition, HFCWO is recommended by the American College 
of Chest Physicians (ACCP) as preventative treatment in patients 
with cystic fibrosis who have a similar viscous cycle of disease.15

A limited number of studies have evaluated the impact of 
HFCWO treatment outcomes in patients with NCFB.14,23 A case 
review study evaluated the effectiveness of the SmartVest Airway 
Clearance HFCWO System (Electromed, New Prague, MN, USA) 
on exacerbation-related healthcare utilization and medication 
in subjects with NCFB after one year of therapy in a “real-world 
setting” without patient or treatment setting stratification.14 The 
study found that one year of SmartVest therapy significantly 
reduced the incidence of bronchiectasis-related hospitalizations 
and ED visits. SmartVest was also associated with a significant 
reduction in the use of antibiotics and steroids. Here, we report 
longer-term findings using the same bronchiectasis patient 
registry, which include results after another 1.5 years of therapy 
to gain further insight into the effectiveness of long-term HFCWO 
therapy in reducing the incidence of bronchiectasis-related 
exacerbations.

Methods
This comparative, observational, retrospective, case review 
study included subjects with a radiographically confirmed 
diagnosis of NCFB who were being treated with HFCWO 
therapy. The study was performed in accordance with the 
Declaration of Helsinki and the Western Institutional Review 
Board which waved the necessity for review of the protocol and 
obtaining written informed consent from the subjects. However, 
all subjects were verbally asked for study participation prior to 
enrollment. All subjects had signed a HIPAA privacy agreement 
prior to the release of their medical records to the study Sponsor. 

Study subjects
Included subjects had confirmed diagnosis of NCFB and had 
been using SmartVest for ≥2.5 years. Eligible patients also had 
medical records available for one year prior and 2.5 after start 
of SmartVest therapy and were compliant with their physician 
prescribed treatment regimen. Patients who had died or who 

Table 1. Summary; incidence of exacerbations Pre and Post HFCWO therapy

Pre-HFCWO 
(1 year)
N=39

Post-HFCWO 
(2.5 years adjusted)

N=39 Percent decrease P value

Patients hospitalized 12 (30.8%) 7 (17.9%) 42% 0.007

Emergency department (ED) visits 4 (10.3%) 1 (2.6%) 75% 0.0002

Patients requiring antibiotics 29 (74.4%) 18 (46%) 38% 0.0005

Abbreviations: HFCWO, high frequency chest wall oscillations
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Antibiotic therapy plays a critical role in treating exacerbations 
of bronchiectasis once an infection has been diagnosed.8, 27 The 
US Bronchiectasis Research Registry found that 41% of patients 
were treated with antibiotics during an exacerbation and 56% 
used suppressive antibiotics (oral or inhaled).28 

The severity of bronchiectasis is associated with an increase in 
the use of antibiotics; one study found that radiologic severity 
of bronchiectasis was correlated with the number of antibiotic 
courses/year (P=0.002).29 However, the use of antibiotics has 
major public health and therapeutic challenges, including 
the development of antibiotic resistance, antibiotic-related 
diarrhea (C. difficile), and toxicity.27,30 In addition, bacterial 
biofilm growth can cause chronic inflammation of the airways, 
and makes eradication of respiratory infection by antibiotics 
impossible due to the inability of the drugs to penetrate 
bacterial biofilms.31 Antibiotic use, particularly with systemically 
administered antibacterials and inhaled antibacterials, can 
cause bronchospasm in some patients.30 It is clinically very 
important to consider, due to the lack of effectiveness data, 
that no antibiotic type or regimen is currently approved by the 
FDA for bronchiectasis-related exacerbations. Consequently, 
the Centers for Medicare & Medicaid Services (CMS) has not 
approved reimbursement for an antibiotic regimen which may 
result in significant economic burden to both the patient and the 
institution. Hence, a prophylactic therapy that would reduce the 
need for antibiotics would have great clinical utility for not only 
NCFB patients but the general population.

Although statistical significance was demonstrated, the current 
study is limited by its small sample size. While the healthcare 
and prescription medication use prior to SmartVest therapy was 
derived from the patients’ medical chart information, the data 
through 2.5 years following initiation of treatment was captured 
by repeated individual phone interview, which was dependent 
upon subject recall, possibly confounding the findings. No 
clinical measurements were assessed, for example sputum 
production or lung function. We also did not collect information 
regarding prior airway clearance therapy, hospitalization length 
of stay, bronchiectasis-related outpatient visits, or changes in 
healthcare costs after start of SmartVest therapy.

In conclusion, this longitudinal (2.5 year) study found that the 
use of SmartVest continued to reduce bronchiectasis-related 
exacerbations with statistical significance in a non-stratified 
NCFB population. These findings contribute to the validation 
of the significant clinical utility and effectiveness of HFCWO 
airway clearance for the reduction of bronchiectasis-related 
exacerbations.
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including five-symptom scoring (ie, rating of cough, sputum, 
wheeze, shortness of breath, and exercise tolerance) was 
also seen.25 In another randomized, multi-center, clinical trial 
HFCWO treatment within 24 hours of hospital admission in 
acute asthma or COPD resulted in significant improvement 
in dyspnea compared with the control (sham) group (70.8% 
control vs. 42.3% treatment).26 
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