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when considering which ACT to use is cost. The cost of a PEP
device with a mask ranges from £40 to £60 whereas the cost of
a HFCWO device is approximately £7000. This places a huge
economic burden on the family of a patient with CE.

At the onset of this study there were no published long-term
randomised controlled studies comparing HFCWO with any
other AC technique including PER The primary nhiective of the
present study was to determine the efficacy of HE _ .. O compared
with PEP in maintaining respiratory health in patients with CF
over a period of 1 year as measured by the number of pulmonary
exacerbations (PEs). Secondary outcome measures included time
to first PE, changes in lung function between groups and over time
and health-related quality of life questionnaires.

METHODS

Study design

This was a 1-year prospective muiticentre randomised con-
trolled trial of HFCWO versus PEP as ACTs in the treatment
of children and adults with CE. As 73% of participants were
performing PEP on enrollment and to avoid any potential bias
from using PER we included a 2-month washout period
between visit 1 and visit 2. During this time participants per-
formed an IPG/CF recommended ACT® other than HFCWO or
PER Subjects were randomised to perform either PEP or
HFCWO, but were not informed which ACT they had been
assigned until visit 2 which followed the washout period. At
visit 2, participants were instructed in their assigned ACT and
commenced the 1-year study period using this technique.
Although participants were not blinded as to the arm of the
study to which they were randomised, physicians and respira-
tory therapists performing the respiratory assessments and lung
function tests, respectively, were unaware of the treatment
assignment. Assessments were performed at 3-monthly intervals
during the regular visits of the participants to the CF centre,
with visit 2 occurring at the commencement of the 1-year study
period and visit 6 occurring at the end of 12 months.

Study participants

Eligible participants were CF patients over the age of 6 years
with a confirmed diagnosis of CF who were clinically stable and
met the inclusion/exclusion criteria (see online supplement).

The study took place between October 2008 and April 2012 in
12 CF Canada accredited CF centres across Canada (eight paediat-
ric and four adult centres). Enrollment was completed
by December 2010. The study was approved by the research ethics
boards at each centre and written informed written consent/assent
was obtained from each participant or their parents as appropriate.

Protocol
The principal investigators and research coordinators from each
participating CF centre met for a 2-day training session prior to
commencing the study. Both PEP and HFCWO techniques were
reviewed along with practical training. RespirTech (St Paul,
Minnesota, USA) representatives provided the training for
HFCWO and supplied pre-programmed devices for the study. The
PEP masks and devices were supplied by Smith Medical (Norwell,
Massachusetts, USA). Neither company was involved in the design
of the study nor did they provide any remuneration for the study.
At visit 2, after the 2-month washout period, study partici-
pants were instructed to perform the ACT assigned twice daily
for a period of 1 year. Participants who were normally pre-
scribed once daily AC prior to enrollment in the study were per-
mitted to continue this frequency during the study. A Data
Safety Monitoring Board (DSMB) was instituted as mandated by
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Good Clinical Practice Guidelines. The study was registered at
Clinical Trials.gov (identifier NCT00817180).

PEP mask technique

PEP was performed using a TheraPEP system with a mask.
Participants were instructed to perform 15 breaths through the
PEP mask followed by 2-3 huffs. This was repeated for six
cycles (for further details see online supplement).

High frequency chest wall oscillation (HFCWO)

The HFCWO device used in this study was the inCourage
System (RespirTech) as the triangular wave form produced by
this system is thought to increase airflow velocity more than
other devices.'® For the purposes of this study, the 30 min pre-
programmed ramped Quick Start Program was used. Six S-min
cycles were performed, with the participant performing 2-3
huffs between cycles (for further details see online supplement).

Outcome measures

The primary outcome measure was the number of PEs requiring the
use of an oral, inhaled or intravenous antibiotic. This definition was
the same as thar used by Saiman et al in the azithromycin study,?
and was based on the Early Pseudomonas Infection Control (EPIC)
study with the exception that the duration of symptoms must have
been longer than 3 days instead of S days (see online supplement).'*
When a subject was prescribed an antibiotic, the prescribing phys-
ician completed an antibiotic utilisation form which included the
signs and symptoms on which the PE was based.

Secondary outcomes measures included time to first PE; number
of courses of intravenous antibiotics; changes in lung function; and
health-related quality of life questionnaires. Lung function was
measured using standardised equipment according to the American
Thoracic Society guidelines.!’ The prebronchodilator forced vital
capacity (FVC), forced expiratory volume in 1 s (FEV,) and forced
expiratory flow between 259% and 75% of vital capacity (FEF;5_75)
were reported as absolute change and as a change in percent pre-
dicted from baseline using the National Health and Nutrition
Examination Survey (NHANES) III scales.'®

Quality of life was evaluated using the Cystic Fibrosis
Questionnaire V2.7 ' A satisfaction questionnaire using a visual
analogue scale of 1-5 was used to evaluate differences in satisfac-
tion between treatment modalities. This measured the comfort,
independence and flexibility in performing the treatments.

The above assessments were performed at 3-monthly intervals.
In addition, participants received a monthly telephone call from
study coordinators to check on adverse events and to encourage
good adherence. They also kept a daily diary reporting any adverse
events and checking off when they had performed their daily AC.

Statistics

As there was no standardised definition for PEs in patients with
CF, we based our preliminary sample size calculations on Fuchs’
criteria as used in the hypertonic saline trial by Elkins et al.}® In
that study the mean number of PEs per participant over a 1-year
period in the control group was 2.74 compared with 1.37 in
the treatment group (difference 1.42). Thus, we based our study
size on the mean number of exacerbations in the control group
being 2.80 per year. To be able to detect a difference of 50%
between the PEP and HFCWO groups, we would require 70
participants in each group (SD estimated to be 2.89). This statis-
tical calculation has a power of 80% and «=0.05 to detect a
change from the control group. We calculated we would need
to enroll 170 participants (85 in each group), which would
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evaluate whether HFCWO combined with other forms of ACT
is efficacious in these patients. Health costs also need to be a
factor when considering which ACT to use.
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