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Abstract

Rationale—Airway secretion clearance therapies are a cornerstone of cystic fibrosis care,
however longitudinal comparative studies are rare. Our objectives were to compare three therapies
[postural drainage and percussion: (postural drainage), flutter device, and high frequency chest
wall oscillation: (vest)], by studying 1) change in pulmonary function; 2) time to need for IV
antibiotics, 3) use of pulmonary therapies, 4) adherence to treatment, 5) treatment satisfaction, and
6) quality of life.

Methods—~Participants were randomly assigned to one of three therapies twice daily. Clinical
outcomes were assessed quarterly over 3 years.

Results—Enrollment goals were not met, and withdrawal rates were high, especially in postural
drainage (51%) and flutter device (26%), compared to vest (9%), resulting in early termination.
FEV decline, time to need IV antibiotics, and other pulmonary therapies were not different. The
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annual FEF,5_75% predicted rate of decline was greater in those using vest (p=0.02). Adherence
was not significantly different (p=0.09). Overall treatment satisfaction was higher in vest and
flutter device than in postural drainage (p<0.05). Health-related quality of life was not different.
The rate of FEV decline was 1.23% predicted/year.

Conclusions—The study was ended early due to dropout and smaller than expected decline in
FEV,. Patients were more satisfied with vest and flutter device. The longitudinal decline in
FEF,5_750, Was faster in vest; we found no other difference in lung function decline, taken
together this warrants further study. The slow decline in FEV illustrates the difficulty with FEV;
decline as a clinical trial outcome.

Keywords
cystic fibrosis; Chest Wall Oscillation; drainage, postural, Medication Adherence; patient dropouts

Introduction

Cystic fibrosis (CF) is characterized by viscous pulmonary secretions and decreased
mucociliary clearance resulting from reduced chloride secretion.1:2 The inability to clear
secretions leads to cough, bacterial infections, and early death.3 Airway clearance therapies
(ACT) are a cornerstone of CF care, however studies to evaluate the effectiveness,
acceptability, and adherence have typically included small numbers for short periods and are
single site studies.*>~" Evidence to support long-term effectiveness is sparse.®

Postural drainage and percussion (PD&P) was once the gold standard, however
administration variability may provide sub-optimal results,8 and other therapies have been
introduced.® Furthermore, as more patients reach adulthood, the need for assistance in
performing this therapy may be a considerable disadvantage. The Flutter Device (FD)
delivers oscillating positive expiratory pressure to the airways and positive expiratory
pressure through a handheld pipe-like device.%19 High frequency chest wall oscillation
(HFCWO) as initially introduced using The Vest™ Airway Clearance System (Hill-Rom,
Saint Paul, MN) applies sharp compression pulses via an air-pulse generator and inflatable
vest. HFCWO generates transient increases in airflow at low lung volumes, cough-like shear
forces, and alterations in the consistency of secretions.11:12 A recent Cochrane review found
no clear pulmonary function advantage of PD&P compared to other ACTs (FD or HFCWO),
although patients preferred selfadministered therapies.13 Another review found short-term
mucus clearance improvement of ACTs compared to no ACT versus no ACT but could not
draw conclusions about long-term effects.

The three ACTs described above (PD&P, FD, and HFCWO) represent a wide spectrum of
modalities, with a range of cost and level of independence, however the three therapies have
not been compared in a longitudinal manner. We conducted a three-year, randomized,
multicenter trial to compare the effect of these ACTs on the: 1) rate of forced expiratory
volume in 1 second (FEV1) decline, 2) time to need for intravenous (V) antibiotics to treat
pulmonary exacerbations, 3) use of other pulmonary therapies, 4) adherence to therapy, 5)
patient satisfaction, and 6) health-related quality of life.

Pediatr Pulmonol. Author manuscript; available in PMC 2014 September 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Page 3

Subjects and Methods

This study was conducted between December 1999 and December 2002 at 20 centers. The
enrollment goal was 180 patients stratified equally across the three age groups. The trial was
coordinated at The Children's Hospital, Denver and was approved at each center’s
Institutional Review Board where informed consent was obtained. Participants with CF were
7 years-of-age or older and had FEV% predicted at least 45.14 CF was confirmed by sweat
chloride or genotype with two documented CFTR mutations. Individuals were excluded if
they were hospitalized for a pulmonary exacerbation or had an episode of gross hemoptysis
(>249 ml) within 60-days prior to screening, or a pneumothorax in the six months preceding
screening. All participants had to be willing to accept randomization to one of the three
treatments.

Patients were randomly assigned to PD&P, FD, or HFCWO, using an electronic
randomization, stratified by age (children: 7-11, adolescents: 12-17, adults: over 18 years).
Participants were trained to do the treatment twice daily for 20—-40 minutes/session. Site
personnel were trained on instruction of each technique. Individual patient care was left to
the discretion of the investigators. This study was funded by Hill-Rom Inc. (formerly
American Biosystems, Inc.) and the U.S. CF Foundation.

Treatment with PD&P consisted of positioning, percussion (vibration), and forced
expiratory technique with coughing between each of 6 positions. After each position,
patients were instructed to do three forced expiratory techniques (FET) and cough. PD&P
was administered by an available caregiver using a wedge provided to assist with
appropriate positioning. Treatment for FD was self-administered utilizing the Flutter Device
(Scandipharm, Birmingham, AL), incorporating airway vibration, flutter device, and forced
expiratory technique (FET) with coughing. FD treatment was divided into three stages: 1)
loosening and mobilization breaths, followed by 2) mucus mobilization and expectoration. T
reatment for HFCWO was self-administered utilizing the Vest™ (Hill-Rom, Minneapolis,
Minnesota) incorporating HFCWO, deep breathing, and FET with coughing between each
frequency. Each frequency was instructed to be done for five minutes with deep breathing to
total lung capacity (TLC) every two minutes, and each cycle was followed by three FET.
Research coordinators and respiratory therapists were trained at 2 training sessions to ensure
compliance with study procedures and uniform teaching of each airway clearance technique.
Monitoring visits were completed semi-annually. Details of each therapy are provided in an
online supplement.

Study visits were scheduled quarterly for 3-years, following a screening visit within 7-days
of randomization. Clinical status, anthropometrics, and spirometry were assessed. At select
visits, a validated treatment satisfaction survey (TSS)!® and CF-specific health-related
quality of life instrument, the Cystic Fibrosis Questionnaire (CFQ),! were administered,16:17
and adherence was measured using the Daily Phone Diary (DPD).18:19 Details on the ACT
methods, and TSS, CFQ, and DPD tools are provided in an online supplement.

Pediatr Pulmonol. Author manuscript; available in PMC 2014 September 15.
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Data were collected after the time of withdrawal for intent to treat (ITT) analyses. Subjects
who withdrew from the study within 60-days of randomization were not included in
analyses.

Statistical Analysis

Results

Mixed effects models were used, allowing for random slopes and intercepts for each subject,
for FEV1%, forced vital capacity (FVC), and forced expiratory flow 25-75% (FEF25_750).
Knudson4 equations were used to calculate percent predicted values. Wang2? and
Hankinson?! equations were also employed in this analysis, with the same conclusions. Age,
gender, baseline FEV1% predicted, body mass index (BMI) percentile, and Pseudomonas
aeruginosa colonization, and adherence were tested as covariates. Sample size requirements
(60 participants per group) were calculated using a repeated measures, random effects
model, assuming a compound symmetric design (random slopes for each subject), modeling
FEV1 % predicted, with an expected 13 measurements over three years per subject. The
sample size was based on a three year study, with power=85%, and a=0.05, allowing for an
interim look at the data at one year, and to detect a difference between the annual rates of
decline of 2 percent predicted.

A Kaplan-Meier survival curve was calculated to describe the time free from IV antibiotics.
Odds of withdrawing were tested with logistic regression. Kruskal-Wallis and ANOVA
were used to test medians and means, respectively. Multiple comparisons were evaluated
using Tukey Multiple comparison test. PASS 2002 was used to calculate the power of the
final study. Mean + standard error (SEM) or median and interquartile range (IQR) are
presented.

Patient Characteristics

Enrollment in both the adolescent and adult groups was difficult; enroliment was opened to
allow more children and enrollment reached 166 individuals (Figure 1, Table 1).

Participant Withdrawal

Participants withdrew at higher rates than expected. Fifteen subjects withdrew within 60-
days of randomization, eleven on the day of randomization. The withdrawal rate was
significantly higher in PD&P than in FD or HFCWO, and was higher in older age groups.
The primary reasons for withdrawal after 60-days were: moved/lost to follow-up (N=13),
lack of time (N=7), preferred another therapy (N=4), decrease in health (N=4), compliance
(N=4), wanted to participate in another study (N=3), family stress (N=2), and lack of interest
in study (N=2). No reason was given for withdrawal for three subjects.

Interim Analysis

Uneven dropouts across treatment arms and age groups (Figure 1) compromised the
generalizability of the study and the trial was ended early. All patients enrolled in study at
trial termination completed a final study visit. At the time of study termination, the duration

Pediatr Pulmonol. Author manuscript; available in PMC 2014 September 15.
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of study participation in active patients ranged from 1.3-2.8 years. The length of overall
participation by age group and type of ACT during the trial is illustrated in Figure 2.

Lung Function

Baseline spirometry: Baseline spirometry was not different across the three groups (Table
1). Overall, there were no differences in any of the spirometry results, either in percent
predicted or in liters at baseline between those who withdrew in the first 60-days and those
who remained in the study, nor between participants who withdrew after the first 60-days
and those who continued in the study. Participants randomized to the vest that withdrew
from the study had significantly lower FEV1% predicted (p < 0.03) and FVC% predicted
(p<0.01) at baseline than those who continued in the study, adjusted for age-group. Sub-
group analysis showed that within the adolescents, baseline FVC% predicted was
significantly higher (p=0.02) in HFCWO (94.9%) compared to PD&P (84.9%) and FD
(81.6%). There were no other differences in baseline spirometry results in any sub-groups.

The rate of decline between therapies in the ITT data for FEF,5_75% predicted was
significantly different (calculated slopes + SEM: PD&P +0.84% predicted/year + 0.99, FD
+0.16% predicted/year £ 0.90, HFCWO -2.3% predicted/year £+ 0.76 (p=0.02). Intent to
treat analysis indicated no significant differences between therapies in the modeled rate of
decline for FEV1% predicted or FVC% predicted (Figure 4). Baseline BMI percentile was
the only significant covariate (p=0.011) in the FEV1% predicted decline models, reflecting
that individuals with higher BMI percentiles had higher FEV1% predicted. No differences
were identified between the three therapies (PD&P, FD, HFCWO) in FEV1% predicted,
FVC% predicted, and FEF,5_75% predicted cross-sectionally analyzed across visits (Figure
3).

The annual rate of FEV1% predicted decline across all participants was -1.23 + 0.21, SEM,
using the Knudson equations. This was not significantly different from the rate of decline
calculated with Wang and Hankinson equations (-1.44 + 0.20).

Other pulmonary outcomes—There were no differences in rates of new prescriptions
for dornase alfa [PD&P 8/47 (17%), FD 9/47 (19%), HFCWO 9/57 (16%), p=0.90] or
tobramycin solution for inhalation [PD&P 21/47 (45%), FD 27/47 (57%), HFCWO 29/57
(51%), p=0.46]. The risk of developing a pulmonary exacerbation, using the first treatment
with 1V antibiotics, demonstrated no differences (Figure 5, Log Rank y2 =1.1, p=0.59). BMI
percentile at baseline was the only significant covariate in the model.

Adherence—DPD adherence data was collected on 131 participants (Figure 6).
Assessment #1 reflects adherence to ACT prior to randomization. All three therapies showed
improvement in adherence from baseline to the first visit post randomization [A adherence
PD&P=16% (IQR 0-38%, n =42), A adherence FD=16% (IQR 0-38%, n =42), A adherence
HFCWO0=19% (IQR 0-50%, n=55)]. No differences were found in the change between
baseline and the assessment after randomization in adherence between therapies(p=0.56).
The change in adherence from baseline to the 5 assessment was slightly higher, although
non-significant (p=0.09) in HFCWO (A adherence=25%, IQR=0-56%, n=47) compared to
PD&P (A adherence=6%, IQR=-25-38%, n= 23), and FD (A adherence=16%, IQR=-19-

Pediatr Pulmonol. Author manuscript; available in PMC 2014 September 15.
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38%, n=30). There were no differences in adherence rates in participants who withdrew
from the study early and those who did not withdraw.

Treatment Satisfaction Survey—TSS across each of 4 factors (effectiveness,
convenience, comfort, and overall satisfaction), and the mean score were not different at
baseline, reflecting satisfaction with ACT prior to randomization. ITT results use the last
TSS completed for each participant (Table 2). TSS was significantly lower in PD&P than
HFCWO across all factors, and TSS with FD was higher than the other two therapies for
Convenience. TSS differences persisted across age groups. TSS scores at the last TSS
reported were associated with patient withdrawal from the study (OR=0.44, 95% CI: 0.34—
0.73), indicating individuals with lower TSS were more likely to withdraw.

Health-related QOL—CFQ results across the 12 domains were not different at baseline
for the three arms. The ITT analysis revealed a difference only in the Body Image domain
(PD&P=87.9 + 3.1, FD=82.6 + 3.4, HFCWOQ=78.2 + 3.1, p=0.03) at the final CFQ for each
participant. The calculated change in each CFQ domain from baseline to the first or fifth
assessment after randomization, and the change from baseline to the final CFQ assessment
obtained (ITT analysis) showed a difference only in the Social domain at the last assessment
(mean change: PD&P=-4.8 + 2.1, FD=-9.0 + 3.9, HFCWO=1.1 * 2.3, p=0.04). After
correcting for multiple comparisons in the CFQ analyses, these results were non-significant.

CFQ Respiratory and Treatment Burden Domains were significantly different at baseline
between the age groups (Respiratory: children=76.8 £ 2.1, adolescents=76.6 + 2.4,
adults=58.7 £ 3.9, p < 0.0001; Treatment Burden: children=78.4 + 2.2, adolescents=71.2 +
2.9, adults=62.8 £ 3.7, p < 0.001). These differences persisted through the final visit
(Respiratory: children=79.0 £ 1.7, adolescents 79.0 £+ 2.5, adults=61.6 + 3.9, p < 0.0001;
Treatment Burden: children=72.2 + 2.3, adolescents=65.5 + 3.2, adults=61.1 + 3.1, p <
0.001).

CFQ Respiratory Domain score was positively correlated with TSS overall satisfaction
(R=0.23, p <0.006) at the final assessment point. These differences were not seen individual
age groups.

Discussion

In this longitudinal trial of ACTs the large number of withdrawals left the trial
underpowered. The withdrawals were overwhelmingly biased toward PD&P (51%)
compared to FD (16%) and HFCWO (9%), and toward older participants, compromising the
generalizability of the study. Those who withdrew were similar in disease severity to those
who remained in the trial. Satisfaction with the therapy was an independent predictor of
withdrawing. Extending this finding to clinical practice suggests that if a patient is
dissatisfied with an airway secretion clearance technique, he/she may be more likely to
discontinue treatment entirely compared to patients who are satisfied with the technique.
The availability of diverse methods of airway clearance is important; individual results with
a technique depend upon satisfaction and adherence to that technique.

Pediatr Pulmonol. Author manuscript; available in PMC 2014 September 15.
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We did not find differences in the rate of decline in FEV or FVC percent predicted, but
identified a faster rate of decline in FEFy5_75% predicted in HFCWO, compared to the
PD&P and FD. HFCWO may be associated with worse flow at low lung volumes.
FEF,5_7505 is the earliest sign of lung function changes in cystic fibrosis,22 and has been
identified as the only pulmonary function change in other trials.23:24 The faster rate of
decline in FEF5_750, in HFCWO may reflect different physiological effects of HFCWO on
the small airways in CF. It is difficult to confirm the association between HFCWO and
FEF,5_750, With the high withdrawal rate in this study. If the dropout rate in the current trial
had been lower and this result had been seen, the difference in FEF,5_750, might have been
more worrisome.

No significant differences were found in pulmonary therapies or IV antibiotics, or health-
related quality of life between PD&P, FD or HFCWO. However, treatment satisfaction was
higher in FD and HFCWO than in PD&P. Perceived effectiveness with HFCWO was
significantly higher than PD&P and FD. While we were unable to identify differences in
clinical effectiveness as measured by FEV decline, perceived effectiveness may lead to
better adherence and may result in long-term improvements. FD was reported to be the most
convenient, likely due to its portability, while PD&P was markedly lower on convenience.
PD&P requires a caregiver to perform the therapy, affecting the independence of the patient
to complete the therapy. These findings, combined with the higher rate of withdrawal in
PD&P necessitates a careful evaluation of patient satisfaction with ACT in clinical practice
and the impact it may have on long-term adherence. Choosing the therapy that fits the
patient’s needs may improve adherence and treatment satisfaction, and result in improved
long-term outcomes.

Adherence showed initial improvements in all three therapies. This improvement most
certainly reflects the conscious effort participants made to follow the study protocol and
complete the therapies as instructed. A Cochrane Collaboration review of PD&P compared
to other therapies also concluded there were no differences in pulmonary function outcomes,
but participants tended to prefer ACTs that provided them the greatest independence.13
Average adherence in the current trial was never greater than 65%, and was averaged 50%,
which is consistent with the broader adherence literature and provides insight into real-life
practice patterns in CF.

This trial ended early because of the high drop-outs, biased toward the older age-groups.
Individuals who withdrew from the study were not different in disease severity or
adherence, but were not satisfied with their assigned therapy. The results obtained are not
biased toward those with more (or less) severe disease. This further underscores the
importance of finding an ACT that is the most compatible with patients’ needs and
preferences.

Future studies in CF need to account for potentially high withdrawal rates, especially when
one therapy is perceived to be more desirable. Furthermore, FEV is relatively stable,
therefore other outcome measures such as CT scans?®, and serum or sputum biomarkers of
disease progression26 are needed to assess new therapies in individuals with CF.

Pediatr Pulmonol. Author manuscript; available in PMC 2014 September 15.
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The three therapies were not different in time to pulmonary exacerbation; however we
described an association of BMI percentile and age with time to exacerbation. Furthermore,
BMI was the only significant covariate in the FEV1% predicted decline model. While
neither of these results is surprising, the findings that BMI percentile is associated with risk
of pulmonary exacerbation and pulmonary function decline support recent findings of the
U.S. Cystic Fibrosis Foundation. The CFF has reported an association of lower BMI
percentile with lower FEV; percent predicted.2” The current study supports these findings
by showing that higher BMI percentile is associated with a delay in the need for IV
antibiotics for treatment of a pulmonary exacerbation, and participants with higher BMI had
higher lung function.

The similarity in FEV1% predicted decline allowed us to pool the data to develop estimates
of decline. The rate of decline in FEV1 was —1.23% predicted/year, using Knudson, and
-1.44% predicted/year using Wang and Hankinson equations. While the rate of decline in
FEV1 in CF has long been reported to be 2—3% predicted per year,28-31 other recent studies
support our finding of 1-2% predicted/year.32-35 The slower rate of decline likely reflects
better CF treatments and mirrors improvements seen in predicted survival, estimated to be
over 35 years-of-age.?’

The parallel rates of decline suggest regular ACT may be more important than differences in
the therapies themselves. Therapy choice is dynamic over patients’ lifetimes, given
developmental and disease-related changes. Teenagers might need therapies allowing a shift
toward greater independence, while adults reaching end-stage disease might want the
adaptability of PD&P provided by a trained caregiver. Flexibility in prescribing ACTs may
encourage long-term adherence to airway clearance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviation List

ACT airway clearance therapy
BMI Body Mass Index

CF Cystic fibrosis

CFF Cystic Fibrosis Foundation
CFQ Cystic Fibrosis Questionnaire
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DPD Daily Phone Diary

FEV1 forced expiratory volume in 1 second

FVvC Forced vital capacity

FEF»5_75 Forced Expiratory Flow 25-75%

HFCWO High frequency chest wall oscillation

ITT intent to treat

IQR interquartile range

v intravenous

FD Flutter Device

PD&P Postural drainage and percussion

SEM Standard error of the mean

TSS treatment satisfaction survey
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Figure 1.
Flow diagram of patient enrollment, randomization and retention. * Eleven of the

participants who withdrew in the first 60-days withdrew on the day of randomization
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Figure 2.

Box and Whisker Plot of days of study participation. Whiskers denote minimum and
maximum observations, box signifies 25" percentile, median, and 75! percentile with mean
represented by a &. Open squares represent observations beyond 1.5 x the interquartile
range (IQR). Box width varies with number of observations. Panel a: participants who
withdrew prior to study termination. Panel b: participants who remained in the trial until
study termination.
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Figure 3.
Cross Sectional depiction of mean pulmonary function results (bars indicate 95% confidence

interval, 1.96*SEM). Panel a: FVC % Predicted; Panel b: FEV1 % Predicted, Panel c: FEF
25-75% % predicted.
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Figure 4.

Study duration (years)

Modeled longitudinal decline in pulmonary function (plotted for BMI=50t" percentile).

Panel a: FVC % Predicted

PD&P: y=85.1 (x 2.7 SEM) - 1.5 ( 0.94) *years in study + 0.13*BMI%
FD: y=85.6 (£ 2.8 SEM) — 1.7 (% 0.89) *years in study + 0.13*BMI1%
HFCWO: y=84.2 (+ 2.7 SEM) - 0.32 (= 0.77 SEM) *years in study + 0.13*BMI%

p=NS, comparison of all slopes

Panel b: FEV % Predicted

PD&P: y=80.3 (x 3.6 SEM) - 1.0 (+ 0.96) *years in study + 0.14*BMI1%
FD:: y=82.3 (£ 3.7 SEM) — 1.9 (x 0.91) *years in study + 0.14*BMI%
HFCWO: y=80.4 (= 3.5 SEM) — 1.20 (£ 0.78 SEM)*years in study + 0.14*BMI%

p=NS, comparison of all slopes

Panel c: FEF 25-75% % Predicted

PD&P: y=71.2 (+ 4.7 SEM) + 0.85 (+ 0.99) *years in study

FD: y=71.1 (+ 4.7 SEM) - 0.16 ( 0.90) *years in study

HFCWO: y=73.1 (£ 4.3 SEM) — 2.32 (+ 0.76 SEM) *years in study
p=0.01 PD&P vs HFCWO, p=0.035 FD vs. HFCWO
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Figure 5.
Time to need IV antibiotics. Open circles are censored observations (patient withdrew or

study terminated at that point).

Pediatr Pulmonol. Author manuscript; available in PMC 2014 September 15.

150



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Sontag et al. Page 17

1253

r'_'-\..‘IEID-

75

a0

Adherence % (duration

253

ik : . . : :
1 2 3 4 5

Assessment Point
sinssas  HECAND

—— PD&P
............ FD

Figure 6.
Percent adherence as measured through daily phone diaries across each of the first 5

assessment points. Differences in mean adherence were found as follows: Assessment #2:
FD compared to PD&P (p=0.005), Assessment #3: FD compared to PD&P (p=0.006) and
FD compared to HFCWO (p=0.003), and Assessment #4: FD compared to HFCWO
(p=0.04).
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Table 1
Demographics of enrolled participants.
PD&P FD HFCWO
All randomized patients N 58 51 57
Female gender 29 (50%) 21 (41%) 25 (44%)
Age at screening, years (SEM) 149 (1.1) 14.0 (1.0) | 14.9 (0.93)
Baseline FEV; % Predicted 80.1(2.7) " | 838(29) | 832(24)
Genotype n=37 n=34 n=38
AF508/AF508 22 (59%) | 17 (50%) | 17 (45%)
AF508/other 10 (27%) | 14 (41%) | 15 (39%)
Other/other 5 (14%) 3 (9%) 6 (16%)
Withdrew within first 60 days after randomization (not N 11 4 0
included in ITT analysis)
Female gender 8 (73%) 1 (25%) N/A
Age at screening, years (SEM) 17.3(1.3) 19.3(4.8) N/A
Baseline FEV; % Predicted 72.1(66)% | 5267 N/A
Genotype n=9 n=2 N/A
AF508/AF508 6 (67%) 0 (0%) N/A
AF508/other 1(11%) | 2 (100%) N/A
other/other 2 (22%) 0 (0%) N/A
Withdrew after first 60 days N 24 12 5
Female gender 11 (46%) | 4(33%) 1 (20%)
Age at screening, years (SEM) 15.1(1.9) 15.3(2.7) | 146(1.9)
Baseline FEV; % Predicted 80.0 (4.1) | 86.0(7.1) | 64.4(6.5)
Genotype n=11 n=8 n=3
AF508/AF508 6 (55%) 4 (50%) 2 (67%)
AF508/other 5 (45%) 4 (50%) 1 (33%)
other/other 0 (0%) 0 (0%) 0 (0%)

*
- 1 patient withdrew prior to visit one.
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Treatment Satisfaction Survey (TSS), mean £ SEM (higher scores reflect higher satisfaction). The last TSS
recorded for each patient is presented.

Factor (scale) PD&P OPEP HFCWO
Effectiveness (5-25) 16.3+08 " 17.9+0.8 19.4+0.4
Convenience (5-25) 121+09"* | 225+04% | 17.7£06
Discomfort (5-25) 187+06 % | 223£03 21.2+05
Overall Satisfaction (2-10) | 51 +0.3** 79+04 85+0.3

Mean Score (1-5) 31+01% | 42+0.08 3.9+0.09

*
- p <0.05 vs. HFCWO;

*%

- p <0.05vs FD and HFCWO
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