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Abstract

Background: Can physiotherapy with a positive expiratory pressure (PEP) mask
improve peripheral ventilation inhomogeneity, a typical feature of children with
cystic fibrosis (cwCF)? To answer this question, we used the nitrogen multiple-
breath washout (N,MBW) test to measure diffusion-convection-dependent
inhomogeneity arising within the intracinar compartment (S, *VT).

Methods: For this randomized, sham-controlled crossover trial, two No,MBW tests
were performed near the hospital discharge date: one before and the other after PEP
mask therapy (1 min of breathing through a flow-dependent PEP device attached to
a face mask, followed by three huffs and one cough repeated 10 times) by either a
standard (10-15cmH,0) or a sham (<5cmH,0) procedure on two consecutive
mornings. Deception entailed misinforming the subjects about the nature of the
study; also the NoMBW operators were blinded to treatment allocation. Study
outcomes were assessed with mixed-effect models.

Results: The study sample was 19 cwCF (ten girls), aged 11.4 (2.7) years. The
adjusted S,.,*VT mean difference between the standard and the sham procedure
was -0.015 (90% confidence interval [Cl]: -« to 0.025)L". There was no
statistically significant difference in Scong*VT and lung clearance index between
the two procedures: -0.005 (95% Cl: -0.019 to 0.01) L™ and 0.49 (95% Cl: -0.05 to
1.03) turnovers, respectively.

Conclusion: Our findings do not support evidence for an immediate effect of PEP
mask physiotherapy on S..,*VT with pressure range 10-15 cmH,0. Measurement
with the NoMBW and the crossover design were found to be time-consuming and

unsuitable for a short-term study of airway clearance techniques.
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1 | INTRODUCTION

Physiotherapy in cystic fibrosis (CF) comprises airway clearance
techniques (ACTs), exercise testing and training, inhalation therapy,
and life-long education for children with cystic fibrosis (cwCF) and
their caregivers.'”> Some ACTs are based on the use of positive
expiratory pressure (PEP). Heterogeneity in study design and
endpoints has limited the internal and external validity of evidence
about PEP breathing effect in CF. A systematic literature review
reported that short- and long-term studies found no significant
difference between PEP and other ACTs for improving pulmonary
function, exercise capacity, or quality of life.® Longer-term studies
comparing PEP with other techniques showed equivocal or conflict-
ing results for forced expiratory volume in the first second (FEV,).>*
A significant reduction in respiratory exacerbations requiring anti-
biotics was found in patients who received PEP compared with those
who received high-frequency chest wall oscillation over a 1-year
period.”> These endpoints are relatively insensitive to evaluating
airway clearance with PEP mask therapy in cwCF, however.

The rationale behind regular application of PEP breathing is to
temporarily increase functional residual capacity (FRC) by breathing
through a closed system,® and to increase interdependence between the
alveoli, thus facilitating collateral ventilation” and recruiting previously
obstructed airways® As airway pressure increases during expiration,
premature collapse is prevented and gas trapping in the lungs reduced,”
resulting in modified distribution of ventilation—theoretically. The
diffusion-convection (S,q,*VT), the convection (Scong®VT) dependent
indices, and the lung clearance index (LCl) measured with the multiple-
breath washout (MBW) test reflect ventilation inhomogeneity arising
from the intracinar compartment, within the airways proximal to the
terminal bronchioles and global ventilation efficiency, respectively. Among
currently available lung functional tests, the MBW test allows for
discriminating between preschool cwCF and healthy controls by virtue of
the regionally heterogeneous nature of early airway obstruction.'®*! In
the past 10 years, LCl has been increasingly used as a short-term
endpoint to determine the efficacy of physiotherapy in cwCF*?~” but has
produced conflicting results. Under ideal and purely theoretical condi-
tions, all lung units empty simultaneously during expiration, whereas if gas
mixing deficits are present, the nitrogen (N,) from the areas of patchy
disease is expired late and creates a certain phase lll slope because
healthier respiratory units are washed out first. These variations in the
rate and amount of emptying in CF occur in multiple lung branches due to
uneven narrowing of parallel airways caused by disease processes or
differences in airway branch volumes. Hence the reason to use ventilation
inhomogeneity as a more sensitive endpoint to evaluate the short-term
effects of PEP mask therapy in CF. Under such conditions, we expected a
change in S, *VT due to PEP breathing that would be theoretically and
physiologically justifiable.

To our best knowledge, no trial so far has investigated the
immediate effect of ACTs on MBW-derived S...*VT, which was
found a sensitive endpoint to CF transmembrane conductance
regulator (CFTR) modifying treatment.’® For this study involving a
sham comparator and deception of subjects and their caregivers

about the study purpose, we wanted to determine the extent to
which PEP mask therapy may decrease peripheral ventilation
inhomogeneity in cwCF. To do this, we applied PEP breathing
(pressure range 10-15cmH,0) and measured the changes in the
diffusion-convection dependent index S,cin*VT.

2 | METHODS
2.1 | Study design and population

This multicenter, randomized sham-controlled crossover trial (Clinical-
Trials.gov identifier: NCT03760120) was conducted at two study sites,
the Cystic Fibrosis Center, Fondazione IRCCS Ca' Granda Ospedale
Maggiore Policlinico, Milan, and the Meyer Children's Hospital IRCCS,
Florence. The study is presented in conformity with CONSORT
guidelines.??

The subjects underwent two tests in a two-period, two-sequence
crossover design (Figure 1). On the 1 day, they were randomized to
receive the first intervention, followed by a second intervention after a 1-
day washout period. All tests were performed in the morning. They were
randomized 1:1 to the orders of the two study arms in a standard-sham/
sham-standard sequence according to a computer-generated allocation
schedule, which was generated by one member of the CF staff not
involved in the study.

Children and adolescents diagnosed with CF based on a positive
sweat test (chloride > 60 mEq/L) and/or the presence of two disease-
causing mutations were consecutively recruited. The inclusion criteria
were: use of a PEP mask as their routine ACT, age between 5 and 18
years, body weight > 15 kg, predicted FEV, 2 40%, ability to perform the
NoMBW test, and spirometry. Exclusion criteria were: signs and/or
symptoms of respiratory exacerbation?® within the previous 2 weeks,
awaiting lung transplantation, and receiving noninvasive mechanical
ventilation or oxygen therapy.

The cwCF were screened near their hospital discharge to
determine eligibility and to assess ongoing inhaled therapies, which
would be discontinued for the duration of the study. Before each
procedure, the subjects were instructed not to take short-acting
beta-agonists or anticholinergics for 6h and long-acting beta-
agonists or anticholinergics for 12 h and not to perform their usual
morning airway clearance with a PEP device.

2.2 | Lung function testing

Spirometry was performed during the screening visit according to
American Thoracic Society (ATS)/European Respiratory Society (ERS)
guidelines.?! FEV; was converted into a Z score.?2 An open-circuit MBW
hard- and software package with nitrogen as tracer gas (N,MBW) was
used and data from earlier software versions were re-run (Exhalyzer® D
and Spiroware 3.3.1 Ecomedics AG); calibration and measurement were
performed according to the manufacturer's instructions.?>-2° The results

from three reproducible runs were recorded, based on currently available
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FIGURE 1 Two period, two-sequence crossover design. NoMBW denotes nitrogen multiple-breath washout. PEP, positive expiratory

pressure.

quality criteria.2 The N,MBW test following the standard or the sham
intervention was performed after twice the washout time recorded for
each subject at the baseline N;,MBW test. This was done to be sure that
the nitrogen levels would return to baseline end-tidal values.?”?® The
tests were performed in an environment providing adequate distraction
for young children.2> The N;MBW operators were blinded to treatment

allocation.

2.3 | PEP breathing intervention

The standard and the sham intervention entailed the application
of a PEP mask under the supervision of a physiotherapist
specialized in CF care. The PEP mask is a flow-resistor device in
which the outflow resistance at a constant expiratory flow is
inversely correlated to the diameter of the outflow resistor. The
PEP mask consisted of a silicon face mask to which resistors
(inner diameter: 1.5-5.0 mm) can be connected. The resistor was
connected to a unidirectional valve (PEP/Rmt™). The PEP mask
was applied with the subject seated on an adjustable chair at a
table, with knees and hips bent to 90°, feet firmly placed on the
floor, elbows resting on the table, and the subjects holding the
mask with their hands. The subjects had used a PEP mask since
diagnosis of CF in their first months of life. As per clinical
practice, PEP mask therapy is applied twice a day, therefore, no
training was necessary for this study sample.

The standard and the sham intervention entailed active but not
forced breathing through the mask for 1 min followed by a brief
pause (30s-1min) during which the subject huffed through a
mouthpiece three times. The huffing maneuver consists of forced
exhalation from total lung capacity to residual functional capacity
plus one cough. The intervention was repeated 10 times, to achieve
10 min of PEP breathing.®?’

The airflow resistor in the standard intervention generated a
pressure range 10-15 cmH50, while a large resistor that generated
<5cmH,0 (not considered effective) was applied in the sham
intervention.®*° A manometer inserted between the valve and the
outlet ensured that all subjects generated the right amount of
pressure and that the working pressure was visible only to the
physiotherapist.

24 | Outcomes

The primary outcome was S,.,*VT at the end of each intervention.
The secondary outcome measures were Scong*VT, LCl, and sputum
wet weight. Sputum produced spontaneously during and after each
intervention (standard and sham) was collected in a sterile,
preweighed container (balance precision 0.1 g). Oxygen saturation
(SpO,) was monitored throughout as a safety measure. The
recruitment pace, defined as the mean number of subjects recruited
over the study period (years), was the measure of feasibility.

2.5 | Sample size

Previous studies at the Milan study site (unpublished data) using the
No,MBW test showed a mean standard deviation (SD) of difference of
0.073L 7% in the S,in*VT between pre- and post-PEP mask therapy. A
total of 18 subjects were planned to enter this crossover study. There
was a 90 percent probability that the study would detect a difference
between treatments at a one-sided 0.05 significance level if the true
difference between treatments is 0.053L7%, which defines a 20%
improvement.

2.6 | Statistical analysis

All variables are described using mean and #1 SD or count and
percentage. A mixed linear model was based on the fixed effects of
intervention, intervention sequence, study center, and baseline value,
and a random effect for participants to account for the crossover
design.3! Point estimates from the fitted model are reported as the
mean difference between interventions with a two-sided 95%
confidence Interval (Cl), except for the primary outcome, the
precision of which is reported as a one-sided 90% CI. The sensitivity
analysis compared the interaction between intervention and FEV;
based on the lower limit of normal (LLN) to test whether differences
between the interventions could be due to the degree of airflow
obstruction. The paired Wilcoxon test was used to compare the
difference in sputum wet weight between the interventions. All

analyses were performed with interventions labeled as A and B,
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recoded as sham or standard after finalization. Statistical significance
was set at a p <.05. All statistical tests were performed using the
open-source software R Core Team, version 4.0.3.32 with packages

Imer and emmeans added.

2.7 | Ethical considerations

The deception involved giving an inaccurate account of the
study purpose and a false description of the sham intervention:
the subjects were told that the study aim was to determine a more
effective level of PEP pressure in changing ventilation
inhomogeneity. The consent form explicitly stated that certain
aspects of the study would be intentionally misdescribed and that
on completion of the study, the investigator would debrief the
subjects and their caregivers. The study was approved by the local
ethics committee of the Fondazione IRCCS Ca' Granda Ospedale
Maggiore Policlinico (2291/2016), and written informed consent
was obtained from the subjects' parents or legal guardians. All
research was conducted in accordance with relevant guidelines®®

and the tenets of the Declaration of Helsinki.

3 | RESULTS

The study sample was 19 cwCF enrolled between November 2016
and May 2021 (Figure 2). The study was suspended from March
2020 to February 2021 because of COVID-19 restrictions. Baseline
FEV, was above the -1.64 Z score in 10 cwCF (52.6%) and the LCI
was <7.1 in one (5.3%). FEV, was lower in the standard-sham
sequence compared with the sham-standard, whereas S,.,*VT was
higher. Table 1 presents study sample characteristics stratified by
treatment sequence.

Within- and between-sequence comparison revealed no neat
pattern of change in S,.,*VT after either standard or sham PEP mask
therapy (Figure 3). The mean change in S,,*VT was 0.008 (95% CI:
-0.038 to 0.053) L™* after the standard and 0.022 (95% Cl: -0.038 to
0.082) L™? after the sham intervention; the resulting adjusted effect
of standard PEP mask therapy was -0.015 (90% Cl: —e to 0.025) L™%.
Sensitivity analysis disclosed no difference in FEV, LLN between the
standard and the sham intervention: S,.,*VT was -0.013 (95% Cl:
-0.110 to 0.085)L™! lower after the standard compared with the
sham intervention when FEV; was <LLN and -0.02 (95% CI: -0.116
to 0.076)L! lower when FEV; was 2LLN.

Analysis of secondary outcomes showed no difference between the
two interventions (Table 2). Wet sputum weight after the standard
procedure was between 0.0 and 10.7g and between 0.0 and 7.6g
(p = .295) after the sham procedure. The change from baseline SpO, after
the standard and the sham procedure was 0.5 (95% Cl: -0.1 to 1.1)% and
0.5 (95% Cl: -0.2 to 1.2)%, respectively. There was no difference in FRC
between the procedures: 0.04 (95% Cl: -0.12 to 0.21)L. No adverse
events were recorded during the study. The pace of recruitment was 2.8
subjects per year (over 5 years).

4 | DISCUSSION

This randomized crossover trial found insufficient evidence to
support a 20% improvement in ventilation inhomogeneity arising
from the intracinar compartment after PEP mask therapy delivered at
a pressure range of 10-15cmH,0 as compared with therapy
delivered at a pressure range <5 cmH,0. There were no differences
in the derivatives of the N, MBW test between the two procedures in
this sample.

Routine use of a PEP mask therapy for airway clearance in CF
rests on the technique's ability to increase FRC and to improve
airflow passage in obstructed small airways through collateral
ventilation, thus preventing premature airway collapse and increasing
the volume behind obstructions to aid mucus clearance.®™?* These
key mechanisms are claimed to support a PEP mask therapy for
improving peripheral ventilation, which can be measured using
NoMBW test. The use of NoMBW derivatives as a study endpoint,
particularly S,.n*VT, assumes that the temporary increase in FRC
during PEP breathing is therapeutic when delivered at 10-15 cmH,0,
thus affecting peripheral ventilation. The transitory effect of PEP
therapy on FRC has been documented by few methodologically
heterogenous studies, however.3>~° The increase in FRC may not be
immediate but rather occurs gradually at a subjective rate and extent
that depend on lung damage severity. Taken together, the unclear
albeit likely contributory role of collateral ventilation, the recruitment
of collapsed airways, and the displacement of an equal pressure point
induce theoretical modifications that cannot be easily measured in
real time. This phenomenon could explain the unexpected S..,*VT
compared with the lung model theorized so far.**4?

Previous studies reporting differences between airway clearance
interventions are difficult to interpret because of differences in
endpoints, statistical approach, and study design. Very few studies
remain after excluding those investigating the efficacy of ACTs as
measured with sputum amount or expiratory flow, which are neither
very sensitive nor specific outcomes.*3~4°

In their study, Fuchs et al.*® used MBW based on 4% sulfur
hexafluoride tracer gas and found that physiotherapy had no effect
on LCl in 32 cwCF. The clinical utility of the findings is vague, since
patients received 30 min of physiotherapy, which included endurance
training, thorax mobilization, and ACTs with two different devices,
thus being impossible to differentiate the unique contribution of each
therapy on LCI. An observational study published in 2013 involved
25 cwCF aged 11.3 (3.5) years!® who underwent a single breath
washout test based on double-tracer gas to determine changes from
baseline in several lung function measures, including ventilation
inhomogeneity near the acinar lung regions. It is difficult to compare
these findings with ours due to the lack of control, the presence of
confounders, and the metrics derived from an MBW technique and
device different from the ones we used.

Pfleger et al. sought more information on the effect of
physiotherapy on ventilation inhomogeneity.** The study sample
was 29 patients with CF (age range: 7.3-43.7 years) enrolled in a
pre-post study that assessed changes in LCl following bronchodilator
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Assessed for eligibility (247)

Excluded (228)

Pulmonary Exacerbation (116)

Other ACTs (63)

Lung Transplant Waiting List (29)
Medical and/or surgical conditions (14)
CFTR Modulators (2)

Language barrier (1)

N2MBW techical issues (2)

Unwilling to partecipate (1)

Randomized to sequence (19)

Day 1
Allocated to sequence Standard-Sham (8) Allocated to sequence Sham-Standard (11)
Received Standard Intervention (8) Received Sham Intervention (11)
Assessed (8) Assessed (11)
Day 2

Received Sham Intervention (8)

Analysed (8)

Received Standard Intervention (11)

Analysed (11)

FIGURE 2 Study flow diagram. ACTs, airway clearance techniques; CFTR, cystic fibrosis transmembrane conductance regulator; N,MBW,
nitrogen multiple-breath washout. [Color figure can be viewed at wileyonlinelibrary.com]

inhalation and 30 min of PEP mask therapy. Again, the effect of
physiotherapy compared with that of inhaled bronchodilation on
ventilation inhomogeneity could not be properly identified, and no
information about PEP mask therapy was reported. A nonrandomized
study investigated the effect of physiotherapy in eight school
children with CF assessed at three visits 1 month apart.?®> The
assessment entailed 10 min of treadmill walking, PEP mask therapy
(pressure range 10-20 cmH,O0 in blocks of 15 breaths), followed by a
short session of coughing and forced expiration techniques. Clinical
meaningful LCl changes 21 were observed in only four out of the 24
measurements recorded. No conclusions could be drawn about the

effect of PEP breathing on derivatives of the N,MBW test.
Eventually, a recent crossover study randomized 17 cwCF to receive
PEP mask therapy delivered at 15 cmH,0 for 20 breaths, followed by
a minimum of three huffs and expectoration, plus manual chest
compression and 30 min rest, which was the control intervention. The
study subjects crossed over to the other study arm at 6 months. No
short-term effect on the derivatives of the N,MBW test was
observed; furthermore, physiotherapy was not expected to impact
on the acinar airways and so was not reported.

So far, studies investigating PEP mask therapy lack internal and
statistical validity, and randomized trials with a placebo and a control

5190117 SUOLLLIOD SA1IER1D 3|eatdde aU) Aq poLBAOB /e SP1E O 88N J0 S9N 10} AXeiq 1 SUNIUO AB]IAM UO (SUOIPUOD-PUR-SLLLBYWIOD™AB |1 ARRIq 1BU U0/ /SANL) SUONIPUOD PLE SWiS 18U 89S *[1202/20/9T] U0 AIqiTaulIuO AB1IM ‘OUR|IN IQBISIBAIIN Ad STE9ZINAd/Z00T 0T/10p/W0%" A8 |1 ARG jpuIU0//SdNY LLOIJ POpeO|uMOQ ‘0 ‘960660T


http://wileyonlinelibrary.com

GAMBAZZA et AL.

s 1w LEY—=5

TABLE 1  Baseline characteristics of study population by sequence and by total (N =19).
Treatment sequence
Standard-sham (n = 8) Sham-standard (n=11) Total (n=19)
Age (years) 11.7 (2.0) 11.2 (3.2) 11.4 (2.7)
Sex
Males 3(37.5) 6 (54.5) 9 (47.4)
Females 5 (62.5) 5 (45.5) 10 (52.6)
CFTR genotype
F508del/F508del 4 (50.0) 4 (36.4) 8 (42.1)
F508del/other 3(37.5) 4 (36.4) 7 (36.8)
other/other 1(12.5) 3(27.3) 4 (21.1)
BMI (Z score) -1.1 (0.9) -0.8 (0.5) -0.9 (0.7)
Pancreatic insufficiency 8 (100.0) 10 (90.9) 18 (94.7)
FEV; (Z score) -2.4(1.9) -1.2 (1.9) -1.7 (1.9)
FRC (L) 1.4 (0.4) 1.4 (0.3) 1.4 (0.3)
Sacin®V (LY 0.315 (0.225) 0.187 (0.134) 0.241 (0.184)

Scond™VT (LY 0.088 (0.035)

LCI 14.05 (4.27)

Pseudomonas aeruginosa infection 4 (50.0)

Inhalation therapy
SABA 7 (87.5)
LABA +ICS 5 (62.5)
Hypertonic saline 7% 4 (50.0)
rhDNase 7 (87.5)
Levofloxacin =
Aztreonam 1(12.5)

Colistimethate sodium -

Tobramycin -

0.081 (0.030) 0.083 (0.032)

9.91 (2.44) 11.74 (3.8)
6 (54.5) 10 (90.9)
10 (90.9) 17 (89.5)
5 (45.5) 10 (52.6)
7 (63.6) 11 (57.9)
8 (72.7) 15 (78.9)
1(9.1) 1(5.3)
- 1(5.3)
1(9.1) 1(5.3)
1(9.1) 1(5.3)

Note: Data are presented as mean and +1 standard deviation (SD) or count and percentage.

Abbreviations: BMI, body mass index; CFTR, cystic fibrosis transmembrane conductance regulator; FEV,, forced expiratory volume in the first second;
FRC, functional residual capacity; ICS, inhaled corticosteroid; LABA, long-acting beta,-agonist; LCI, lung clearance index; SABA, short-acting
betas-agonist; S..in*VT, ventilation inhomogeneity in acinar airways; Scong*VT, ventilation inhomogeneity in conductive airways.

group are, therefore, needed. Defining a placebo group is challenging
in physiotherapy, however, because it is difficult to simulate the
active procedure, except for its therapeutic component. In addition,
the behavioral and neuropsychological modifications induced by
physiotherapy require making account for a possible placebo/nocebo
effect in respiratory medicine.** Due to the rituality of physio-
therapy*” and the expected benefit of PEP mask therapy in CF, which
our CF centers prescribe starting from diagnosis of the disease,
withholding treatment might have aroused negative expectations,
with a negative influence on study outcomes, at least in theory. For
this reason, we opted for a sham-controlled study design. The sham
procedure closely mimicked actual PEP mask therapy, including
contextual and patient features such as monitoring of PEP breathing

by a physiotherapist and the use of the same PEP device and set of
resistors. Sham procedures have generally been considered more
appropriate than no intervention for evaluating trial efficacy since
they can more clearly determine whether a treatment is effective
beyond the placebo response, which is elicited by contextual cues.*®

In evidenced-based physiotherapy, evidence for the physiologic
effects of PEP mask therapy remains scarce. When patients require
personalized interventions that have been proven effective, research into
airway clearance in CF is often presented as a black box of techniques
carried out in nonstandardized fashion. Since PEP breathing does not
consistently affect peripheral ventilation inhomogeneity in cwCF with
very little secretions after hospital admission, more guidance is needed to

continue prescribing PEP mask therapy in people with CF who take CFTR
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FIGURE 3 Ventilation inhomogeneity in conductive airways (S,.i»*VT) profile for children with cystic fibrosis before and after the standard
and the sham intervention. The dotted lines denote the sham-standard sequence and the continuous lines denote the standard-sham sequence.
The red line denotes a regression line with 95% confidence interval as gray bands. The largest difference (0.451 L") was recorded in a 5.6-year-

old boy. [Color figure can be viewed at wileyonlinelibrary.com]

modulators, no longer present with secretion, and have better FEV, and
LCI1.47°° Our sensitivity analysis of the effect of PEP breathing on Saci*VT
based on the level of FEV, impairment showed no evidence of difference
between the procedures.

What remains necessary is to document the physiologic effects
of PEP mask therapy for planning physiotherapy in cwCF with

FEV, < LLN who cannot access CFTR modulators.”?

41 | Strength and limitations

The present study has several limitations. Since randomized
controlled trials lack external validity, our findings are not easily
translated into clinical settings where respiratory physiotherapy is a
personalized intervention. Since we included cwCF close to their
hospital discharge date, the short-term effects of PEP mask therapy
might be less than expected because of the patients' relatively good
condition and absence of secretions. In addition, physiotherapy is
usually preceded by bronchodilator inhalation. The study conditions
we set up do not reflect the real-world routine of aerosol therapy

followed by airway clearance sessions.

Moreover, performing the No,MBW test in this crossover study
demanded dedicated staffing, which was an issue considering that
staffing level at the two CF centers was below two full-time
physiotherapists per 50 pediatric patients®?; these aspects need to
be taken into account when planning future studies investigating the
short-term effects of ACTs. Also, the Milan study center reached 32%
of the target sample size in 2 years of recruiting, after which the
Florence center joined the trial and the study protocol was amended
accordingly. This was necessitated by the rapid changes in pediatric
CF care following the introduction of CFTR modulators, which has
reduced scheduled hospitalization rates compared with previous
years. On the whole, the study took almost five calendar years to be
completed at two large CF clinics.

Furthermore, exposure to two N,MBW tests on two
consecutive mornings could be perceived as stressful for cwCF,
despite a familiar and relaxing testing environment. Future
research should explore other outcomes to evaluate the physio-
logical effect of PEP mask therapy in cwCF, while keeping in mind
that the delivered pressure targets the lung periphery and not
the central or the proximal airway. These limitations notwith-

standing, the inclusion criteria and the trial design selected to
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Primary and secondary outcomes.

TABLE 2

Sham
Pre

Standard

Pre

Effect (95% CI)°

Mean change (95% CI)?

Post

Mean change (95% CI)®

Post

Primary outcome

-0.015 (-« to 0.025)°

0.022 (-0.038 to 0.082)

0.235 (0.189)

0.008 (-0.038 to 0.053) 0.213 (0.139)

0.24 (0.149)

0.233 (0.183)

Sacin*VT (LY

Secondary outcomes

GAMBAZZA et AL.

-0.005 (-0.019 to 0.01)

0.002 (-0.007 to 0.011)

0.093 (0.028)

0.002 (-0.013 to 0.017) 0.091 (0.028)

0.082 (0.035)

0.08 (0.045)

Scond*VT (L™Y)

0.49 (-0.05 to 1.03)

-0.36 (-0.71 to 0.01)

11.44 (3.8)

0.09 (-0.32 to 0.50) 11.80 (4.07)

11.83 (3.83)

11.74 (3.8)

LCI

Note: Data are reported as mean (+1 SD).

Abbreviation: Cl, confidence interval; LCI, lung clearance index; S,.n*VT, ventilation inhomogeneity in acinar airways; S.ona*VT, ventilation inhomogeneity in conductive airways.

2Unadjusted mean Post-Pre difference with 95% CI.

bAdjusted difference between Standard-Sham treatment with 95% Cl.

€90% left tail Cl.

maximize the effect of a single airway clearance intervention with
PEP mask therapy make this a unique contribution to the current

literature.

5 | CONCLUSIONS

Uncertainty surrounds the size of the short-term treatment effect in
clinical trials about PEP mask therapy in CF. The findings from this
study investigating the specific and the nonspecific components of
PEP breathing do not provide evidence for an immediate effect of
PEP mask therapy on S..,*VT reduction at a pressure range of
10-15 cmH,0 in cwCF.
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