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Abstract
Introduction: The goals of bronchiectasis treatment are to 
mobilize airway secretions to reduce pulmonary infections, 
minimize the number of respiratory exacerbations, enhance 
ventilation, and improve a person’s quality of life. High 
frequency chest wall oscillation (HFCWO) is widely used 
for improving airway clearance in patients with a range of 
diseases and conditions that clinically benefit from increased 
bronchial drainage. However, only a limited number of studies 
have evaluated the use of HFCWO in patients with non-cystic 
fibrosis bronchiectasis. This case review study was designed 
to assess the clinical outcomes of the SmartVest® Airway 
Clearance System (Electromed, Inc, New Prague, MN, USA) on 
exacerbation-related healthcare utilization and medication in 
subjects with non-cystic fibrosis bronchiectasis.

Methods: Subjects (N=59) with confirmed diagnosis of non-
cystic fibrosis bronchiectasis, who had been using SmartVest for 
at least one year, and whose medical records were available for 
one year prior to initiation of SmartVest therapy were included. 
Subjects were also contacted and interviewed by phone to 
collect information regarding exacerbation-related healthcare 
utilization and medication needs during the first year after the 
start of SmartVest therapy. The frequency of hospitalizations, 
total number of hospital and emergency room (ER) visits, and 
antibiotic and steroid use for one year before and after initiation 
of SmartVest therapy were determined. Compliance to treatment, 
as prescribed by the subject’s physician, was also determined. To 
provide statistical evidence that SmartVest therapy significantly 
decreased these frequencies, a paired t-test was used.

Results: The number of subjects hospitalized for a 
bronchiectasis related exacerbation was approximately 1.5 fold 
lower (P=0.007) after using the SmartVest for one year (10 of 
59 or 17%) compared to the year before SmartVest use (17 of 59 
or 29%). In addition, 11 of the 17 subjects (65%) who reported 
a hospital admission prior to SmartVest use did not require a 
hospital readmission for an exacerbation after SmartVest use. 
The number of ER visits decreased 63% (from 8% to 3%, p=0.083) 
with the use of SmartVest. The percentage of subjects using 
antibiotics decreased from 74% in the year prior to SmartVest 
therapy to 44% in the year following initiation of therapy 
(P=0.0000047). The number of antibiotic prescriptions per 
subject declined with SmartVest use (from 1.9 to 1.3 per subject) 

as well as the prescriptions per the entire study population (from 
1.4 to 0.6 per population). SmartVest therapy was also associated 
with a greater than six fold decrease (19% vs. 3%) in steroid use 
(P=0.0020). Although not included in the phone interview call 
protocol, 40 of the 59 subjects (68%) interviewed reported a 
significant improvement in their quality of life.

Conclusion: This outcomes-based case review of SmartVest 
use demonstrated a statistically significant reduction in 
bronchiectasis-related healthcare utilization and antibiotic 
and steroid use. The results validate and are consistent with 
the SmartVest’s clinical utility of improving pulmonary mucus 
clearance and bronchial drainage and decreasing respiratory 
related exacerbations in non-cystic fibrosis bronchiectasis 
patients.

Introduction
Bronchiectasis is defined as an irreversible dilation and 
destruction of the bronchi with significantly reduced clearance 
of pulmonary secretions.1,2 The disease is associated with 
recurrent lower respiratory infections, inflammation, reduction 
in pulmonary function, impaired respiratory secretion clearance, 
increased hospitalizations and medication use, and increased 
morbidity and mortality.3-5 The overall prevalence of non-
cystic fibrosis bronchiectasis is about 52 per 100,000 adults 
and the mean age at diagnosis is 61 years.6 The incidence of 
hospitalization due to non-cystic fibrosis bronchiectasis is rising 
and is markedly increased for patients 50 years of age or older.5,6 
Bronchiectasis patients annually averaged: 6 more outpatient 
encounters, 27 more days of antibiotic treatments, and 2 more 
days in the hospital.6,7 In 2005, the estimated cost for non-cystic 
fibrosis bronchiectasis was $630 million annually in the United 
States.6,7 

The goals of bronchiectasis treatment are to mobilize airway 
secretions to reduce respiratory infections, minimize the number 
of exacerbations, enhance ventilation, and improve a person’s 
quality of life.8,9 Patients with non-cystic fibrosis bronchiectasis 
can have difficulty clearing airway secretions, and can benefit 
from airway clearance therapy.6 Efficient removal of retained 
respiratory secretions, in addition to the use of antibiotics and 
other medications can lessen episodes of acute illness and slow 
the rate of progressive deterioration.6,10 A number of therapeutic 
methods are currently used to clear airway secretions in patients 
with pulmonary disease, respiratory mucus impairment, or 
who are at risk of developing either one of those conditions.8 
These methods generally aim to promote secretion clearance by 
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reducing mucus viscosity and using shear forces to release the 
mucus from the lung wall. 

High frequency chest wall oscillation (HFCWO) is used for 
airway clearance in patients with a range of diseases and 
conditions, including genetic and immunological disorders, 
neuromuscular diseases, and obstructive pulmonary conditions 
such as asthma and chronic obstructive pulmonary disease 
(COPD).11-14 A number of clinical studies have demonstrated the 
safety and efficacy of HFCWO, primarily in patients with cystic 
fibrosis.6,11,15-17 Typically, HFCWO delivers compression pulses to 
the chest wall through an inflatable vest (or wrap) connected to 
an air pulse generator.6 The generator produces an alternating 
flow of air into the vest that rapidly compresses and releases the 
chest wall at a variety of selectable frequencies and pressures, 
resulting in an oscillation in airflow within the airways that act to 
loosen, thin, and propel mucus toward the major airways where 
it can be expectorated or suctioned away.18,19 During HFCWO, 
all segments of the lungs are treated simultaneously.6 HFCWO 
can lead to changes in lung volume of 15 to 57 mL and in flow 
up to 1.6 L/s, which generate effective coughing to mobilize 
secretions.20 The therapy requires minimal activity from the user 
and is technique independent.6

Although HFCWO is well tolerated and has shown efficacy in 
improving mucociliary clearance in patients with cystic fibrosis, 
there is currently very little evidence of usage or benefit in 
adults with non-cystic fibrosis bronchiectasis.20 Knowing the 
clinical utility and efficacy of a given device are of considerable 
clinical importance and also impacts patient accesses to this 
technology. Clinical efficacy is one of the considerations used by 
Medicare, Medicaid, and private insurers to make coverage and 
reimbursement decisions. The objective of this outcomes-based 
case review study was to determine whether that SmartVest 
Airway Clearance System (Electromed, Inc., New Prague, MN, 
USA) was associated with a reduction in exacerbation-related 
healthcare utilization and medication use in patients with non-
cystic fibrosis bronchiectasis.

Methods
The study was performed in accordance with the declaration 
of Helsinki. The Western Institutional Review Board waved the 
necessity of the protocol being reviewed by an Institutional 
Review Board, and the requirement for obtaining written 
informed consent from subjects, as all subjects had signed a 
HIPAA privacy agreement prior to the release of their medical 
records to the study’s sponsor.

Study Subjects
Patients with a diagnosis of non-cystic fibrosis bronchiectasis, 
who had been using SmartVest for at least one year, and whose 
medical records were available for one year prior to initiation 
of SmartVest therapy were eligible for study recruitment. 
Subjects, who had not been compliant with SmartVest therapy 
as prescribed by their physician, had died, or who were unable 
to be contacted by phone were excluded from the study. 
Compliance was determined by patient follow-up via phone 
interview, returned compliance report or recorded clock hours in 
the generator.

Study Design
The Electromed patient database, which includes patient 
medical records, was screened for potential subjects who met 
the inclusion/exclusion criteria. Patient medical records were 

reviewed for all bronchiectasis-related exacerbations that 
occurred within one year of starting SmartVest therapy, and the 
number hospitalizations, ER visits, and antibiotic and/or steroid 
use exclusively related to the subject’s existing respiratory 
condition were also recorded. All prior use of any alternative 
airway clearance devices prior to using the SmartVest was also 
recorded. Subjects were contacted and interviewed by phone to 
collect the same information for the one year following initiation 
of SmartVest therapy. All phone interviews were performed by 
the same licensed respiratory therapist (C Beaner). 

The questionnaire was developed by Electromed for the 
exclusive purpose of this study. During the phone interview, the 
subject was asked the following questions:

1. Are you still using the SmartVest according to your 
Doctor’s prescription? If no, when did you stop using it?

2. Since you began using the SmartVest, have you required 
treatment with antibiotics or prednisone to treat a 
respiratory infection? 

3. Since you began using the SmartVest, have you required 
hospitalization related to your respiratory condition? If 
yes, where?

4. Since you began using the SmartVest, have you required 
a visit to the emergency room related to your respiratory 
condition? If yes, where?

All data was summarized descriptively. To provide evidence that 
SmartVest therapy significantly decreased these frequencies, a 
paired t-test was used.

Results
Of the 104 bronchiectasis subjects identified from the Patient 
Database who met the inclusion/exclusion criteria, two were 
found to be deceased per data base review. Of the remaining 102 
subjects, all received a phone call attempt. Fifty-nine subjects 
met the inclusion/exclusion criteria required to be included in 
the study. The other 43 subjects were not included in the study 
for several reasons: eight were not able to be contacted due to 
incorrect contact information, 2 were reported to be deceased 
by the caregiver, 1 subject was incoherent, 25 subjects did 
not respond to calls and/or multiple voicemail messages, and 
seven subjects were found to be noncompliant with SmartVest 
treatment as prescribed by their physician. 

SmartVest treatment was associated with reduced 
bronchiectasis-related healthcare utilization (Table 1). The 
number of subjects hospitalized for a bronchiectasis related 
exacerbation was approximately 1.5 fold higher (P=0.007) during 
the year prior to SmartVest use (17 of 59 or 29%) compared to 
one year after its use (10 of 59 or 17%). Of those hospitalized, 
11 of 17 subjects (65%) who reported an admission prior to 
SmartVest use did not require a readmission for an exacerbation 
after one year of SmartVest use. The number of ER visits 
decreased from 8% to 3% (63% decrease) with the use of the 
SmartVest. The subjects that had ER visits prior to SmartVest use 
of were not the same subjects who visited the ER after starting 
therapy.

The use of SmartVest was associated with a statistically 
significant decrease in the use of antibiotics and steroids for 
treating a bronchiectasis related exacerbation (P=0.000004 
and P=0.002 respectively). The percentage of subjects using 
antibiotics decreased from 74% prior to SmartVest use to 44% 
after one year of SmartVest therapy. The number of prescriptions 
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also decreased per subject who used an antibiotic (from 1.9 to 
1.3 per subject) as well as the prescriptions per the entire study 
population (from 1.4 to 0.6 per population). SmartVest therapy 
was also associated with a greater than six fold decrease (19% vs. 
3%) in steroid use (P=0.0020).

Although not included in the phone interview protocol, 40 of the 
59 subjects (68%) interviewed unreservedly reported a significant 
improvement in their quality of life.

Table 1. Summary of outcomes for one year prior and one year after 
initiating the use of SmartVest for bronchiectasis (N=59)

Pre-SmartVest Use Post-SmartVest Use

Hospitalizations

Number hospitalized, n (%) 17 (29%) 10 (17%)

Total number of hospitalizations, n 29 12

Average hospitalizations per subject 
(n=17)

1.7 1.2

Average number of hospitalizations 
per study population (n=59)

0.5 0.2

Hospital readmissions
ER visits, n (%)

NA
5 (8%)

4 of 17
2 (3%)

Antibiotic use, n (%) 44 (74%) 26 (44%)

Total number of prescriptions, n 83 36

Average number of prescriptions per 
subject (n=44)

1.9 1.3

Average number of prescriptions per 
study population (n=59)

1.4 0.6

Steroid use, n (%) 11 (19%) 2 (3%)

Discussion
Non-cystic fibrosis bronchiectasis is a serious progressive 
condition related to permanent and abnormal widening of the 
airways which may require extensive medical care including 
medications and hospitalizations. Currently, there is limited 
information regarding the efficacy of treating non-cystic fibrosis 
bronchiectasis with HFCWO, and no prior study has evaluated 
the use of SmartVest in this patient population. This case 
review outcome study was designed to gain insight into the 
efficacy of the SmartVest system in treating non-cystic fibrosis 
bronchiectasis by evaluating changes in bronchiectasis-related 
healthcare utilization and medication use due to a related 
exacerbation following one year of SmartVest treatment. We 
found that SmartVest was associated with a significant reduction 
in hospitalizations both per patient and per study population. It 
also resulted in a significant reduction of associated medication 
use, including a reduced number of antibiotic prescriptions and 
steroid use both per subject and per study population. 

Our findings are consistent with SmartVest’s clinical utility of 
improving airway clearance and bronchial drainage in patients 
with a range of diseases and conditions. The improvement in 
airway clearance and sputum production is reported by a prior 
study that evaluated SmartVest in the treatment of subjects 
with moderate chronic obstructive pulmonary disease (COPD) 
(N=22).21 Subjects received four weeks of SmartVest therapy. 
Use of SmartVest was associated with a decline in sputum 
production, although this did not reach statistical significance 
compared with conventional treatment; the mean change 
in sputum volume was −2.6 mL (range −53 to +27 mL) for 
SmartVest, and +6 mL (range −70 to +40 mL) for conventional 
treatment (P=0.06). The degree of sputum volume decrease was 

related to baseline sputum production (P=0.02). The HFCWO 
modality delivered by the SmartVest system was well tolerated in 
patients who often had significant disability including shortness 
of breath at rest. No subjects dropped out due to intolerance of 
the device.

Chakravorty, et. al., (2011) also found that there was clinically 
improvement in patient reported quality of life with SmartVest 
therapy. Subjects reported improvement in the five-symptom 
score (rating of cough, sputum, wheeze, shortness of breath, and 
exercise tolerance) (P=0.02).21 SmartVest therapy significantly 
improved the symptom dimension of the St. George’s Respiratory 
Questionnaire (SGRQ) (P=0.02), an instrument that evaluates 
health-related quality of life.21 In contrast, there was no change 
in the self-reported symptom or SGRQ scores in patients 
who received conventional treatment.21 Although, we did not 
prospectively plan to collect quality of life information during 
our study, 68% of the subjects during the phone interview 
commented that the use of SmartVest had appreciably improved 
their quality of life. 

Medicare, Medicaid and other insurance policies for coverage 
and reimbursement of HFCWO therapies tend to be similar. 
Medicare will cover HFCWO for bronchiectasis if the patient 
has a confirmed diagnosis, has a history of more than two 
exacerbations per year requiring antibiotics or documentation 
of a daily productive cough for at least 6 continuous months, 
and well-documented failure of standard treatment devices 
(eg, positive expiratory pressure (PEP)) to adequately mobilize 
secretions. The efficacy in airway clearance demonstrated by 
HFCWO in different populations, use of SmartVest in patients 
with COPD, and now by this bronchiectasis outcomes-based 
study supports the argument for insurance coverage by payers. 
Importantly, the use of SmartVest significantly decreased the 
number of hospitalizations and antibiotic/steroid use in this 
study. The reduction of hospitalizations, including readmissions, 
would be expected to significantly impact healthcare costs, 
as the cost of inpatient care is high; a study performed in 2009 
found that median cost of inpatient care from 1993 to 2006 
for non-cystic fibrosis bronchiectasis was $7,837 (USD).5 The 
same study found that the annual age-adjusted hospitalizations 
rate was 16.5 hospitalizations per 100,000 population.5 This 
is particularly important in older patients as the rate of 
hospitalization markedly increases above the age of 50 years, and 
particularly in older women.5 A 2005 study found that patients 
with non-cystic fibrosis bronchiectasis 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 $5681 (USD).6,7 

In conclusion, this study found that SmartVest significantly 
reduced bronchiectasis-related healthcare utilization and 
antibiotic and steroid use which is consistent with SmartVest’s 
clinical utility of improving airway clearance and bronchial 
drainage. Larger studies are planned to further evaluate the 
efficacy and cost-benefit of SmartVest in treating bronchiectasis 
patients. 
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