Airway Clearance in Cystic Fibrosis: Is There a Better Way?

The pathophysiology of cystic fibrosis (CF) lung dis-
ease is initiated by dysfunction of the CF transmembrane
conductance regulator protein, leading to dysregulation of
the salt and water content of the airway surface liquid.
Abnormal airway surface liquid compromises mucociliary
clearance and airway defenses against infection. An exag-
gerated inflammatory response leads to an influx of large
numbers of neutrophils, which subsequently necrose and
release their intracellular contents, including deoxyribonu-
cleic acid and filamentous actin, further increasing the
viscosity and adhesivity of the airway secretions. The re-
sult of this ongoing cycle of chronic infection, inflamma-
tion, mucus plugging, and worsening airway obstruction is
irreversible and diffuse bronchiectasis.

Physical airway-clearance therapies augment the mobi-
lization and expectoration of secretions and have long been
considered the cornerstone of therapy for the prevention
and treatment of CF airway disease. A sufficient number
of trials have been performed to provide moderately con-
vincing evidence of the efficacy of airway-clearance ther-
apy, even though most of the studies, when evaluated in-
dividually, had important methodological failings.!-3 The
challenges to designing a clinical trial to appropriately
evaluate the effectiveness of airway-clearance-therapy mo-
dalities are multiple and have been previously reviewed.*>
A number of studies have attempted to address compara-
tive effectiveness of various airway-clearance therapies,
and while some have shown an apparent advantage of one
over another, several meta-analyses have concluded that
the overall literature shows no substantive advantage with
any particular technique.!-2> Given the poor patient adher-
ence to any form of airway-clearance therapy,° it is likely
that, in most cases, effectiveness (which describes the suc-
cess of an intervention in actual clinical practice) will
trump efficacy (which describes the ability of an interven-
tion to work under ideal conditions). In order to optimize
the effectiveness of ambulatory airway clearance in a
chronic disease such as CF, it is essential to maximize
adherence, and adherence seems to correlate best with
patient satisfaction regarding the technique.” Given our
current state of understanding, the most appropriate ap-
proach to choosing an airway-clearance therapy in CF is
probably to provide patients and families with the com-
plete menu of possibilities and let them choose which they
find most satisfactory, given lifestyle considerations and
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subjective impression of benefit, as well as the scant avail-
able objective evidence.®

High-frequency chest wall compression (HFCWC) is an
increasingly popular airway-clearance therapy for patients
with CF and other conditions with compromised airway
clearance; HFCWC appears to be efficacious and it allows
greater independence than traditional manual percussion
and postural drainage.!> There are several different com-
mercial HFCWC devices, which differ in certain charac-
teristics, such as transmitted waveform and recommended
pressure/frequency settings. The potential importance of
different HFCWC settings is typically overlooked by most
practitioners and reviews,'> but has been the subject of
some preliminary study®'© and is anecdotally thought to
be important by some CF respiratory therapists.'!

SEE THE ORIGINAL STUDY ON PAGE 695

The paper by Kempainen and colleagues in this issue of
RESPIRATORY CARE!? reports on a clinical trial that com-
pared the efficacy of a standard approach to HFCWC (rel-
atively low pressure with a fixed mid-range frequency) to
a more complex approach with varying higher pressures
and frequencies (the so-called “Minnesota protocol”!!) in
patients with CF. The study team recruited 16 stable adults
with non-severe CF lung disease followed at the Univer-
sity of Minnesota CF center, where they tend to prescribe
the high-pressure HFCWC protocol, although only 6 sub-
jects were able to verify that they used these settings at
baseline prior to enrollment. Subjects were exposed, in a
crossover manner, to a single-blinded (if that is possible)
treatment of either higher pressure and varying frequency
or lower pressure and fixed frequency HFCWC, and their
expectorated sputum quantity and viscoelasticity were mea-
sured immediately after, along with pulmonary function tests
(spirometry). The investigators found that sputum wet weight
was increased with the higher pressure settings, but not spu-
tum dry weight or viscoelasticity, and there was no difference
in spirometry or the subjects’ report of comfort or perceived
efficacy between the 2 approaches.

The implications of these findings for clinical practice are
unclear. The HFCWC device is used chronically in a large
heterogeneous group of patients (with CF or other condi-
tions) to help slow the long-term progression of lung disease;
this study compared the short-term impact of 2 HFCWC

RESPIRATORY CARE ¢ JUNE 2010 VoL 55 No 6



AIRWAY CLEARANCE IN CysTIC FiBROSIS: IS THERE A BETTER WAY?

protocols in a small homogeneous group of patients from a
single CF center, and showed that the more complex protocol
led to an apparently advantageous effect on a sputum mea-
sure of uncertain clinical consequence. The subjects’ failure
to discern any subjective difference in efficacy or comfort
between the 2 approaches is important because these factors
may affect adherence,’” the major challenge to effectiveness
of airway-clearance therapy,® and adherence is typically re-
duced when the treatment regimen is more complex.'3

On the other hand, as pointed out by Kempainen et al,
short-term study end points such as lung function may be
insensitive for detecting differences in airway treatment
modalities, and the impact of a very small improvement in
secretion clearance detectable after just one airway-clear-
ance treatment may be significantly amplified with many
such treatments over time. If there is a better way to use an
existing modality such as airway clearance, this is low-
hanging fruit, and respiratory care clinicians would want
to take advantage of it. Thus, while the results of this trial
are of questionable clinical importance, and do not cur-
rently support the widespread adoption of the Minnesota
protocol, they do suggest a possible advantage. The next
step would be a larger multicenter long-term trial whose
primary end points are patient-centered outcomes,'4 such
as lung function, frequency of pulmonary exacerbations,
and quality of life,'> as well as adherence.

Michael S Schechter MD MPH
Children’s Healthcare of Atlanta
Department of Pediatrics

Emory University

Atlanta, Georgia

The author has disclosed no conflicts of interest.

Correspondence: Michael S Schechter MD MPH, Department of Pedi-
atrics, Emory University, 1547 Clifton Avenue, Atlanta GA 30322. E-
mail: michael.schechter@emory.edu.

RESPIRATORY CARE ¢ JUNE 2010 VoL 55 No 6

11.

12.

14.

15.

REFERENCES

. Bradley JM, Moran FM, Elborn JS. Evidence for physical therapies

(airway clearance and physical training) in cystic fibrosis: an over-
view of five Cochrane systematic reviews. Respir Med 2006;100(2):
191-201.

. Flume PA, Robinson KA, O’Sullivan BP, Finder JD, Vender RL,

Willey-Courand DB, et al. Cystic fibrosis pulmonary guidelines:
airway clearance therapies. Respir Care 2009;54(4):522-537.

. Schechter MS. Airway clearance applications in infants and children.

Respir Care 2007;52(10):1382-1391.

. Rubin BK. Designing clinical trials to evaluate mucus clearance

therapy. Respir Care 2007;52(10):1348-1361.

. Schechter MS. Evaluating the evidence for airway-clearance therapy

in cystic fibrosis. Respir Care 2009;54(4):458-460.

. Myers LB, Horn SA. Adherence to chest physiotherapy in adults

with cystic fibrosis. J Health Psychol 2006;11(6):915-926.

. Oermann CM, Swank PR, Sockrider MM. Validation of an instru-

ment measuring patient satisfaction with chest physiotherapy tech-
niques in cystic fibrosis. Chest 2000;118(1):92-97.

. Homnick DN. Making airway clearance successful. Paediatr Respir

Rev 2007;8(1):40-45.

. Milla CE, Hansen LG, Warwick W1J. Different frequencies should be

prescribed for different high frequency chest compression machines.
Biomed Instrum Technol 2006;40(4):319-324.

. Kempainen RR, Williams CB, Hazelwood A, Rubin BK, Milla CE.

Comparison of high-frequency chest wall oscillation with differing
waveforms for airway clearance in cystic fibrosis. Chest 2007;132(4):
1227-1232.

Lester MK, Flume PA. Airway-clearance therapy guidelines and
implementation. Respir Care 2009;54(6):733-753.

Kempainen RR, Milla C, Dunitz J, Savik K, Ann Hazelwood, Wil-
liams C, et al. Comparison of settings used for high-frequency chest-
wall compression in cystic fibrosis. Respir Care 2010;55(6):695-
701.

. Ingersoll KS, Cohen J. The impact of medication regimen factors on

adherence to chronic treatment: a review of literature. J] Behav Med
2008;31(3):213-224.

Mayer-Hamblett N, Ramsey BW, Kronmal RA. Advancing outcome
measures for the new era of drug development in cystic fibrosis. Proc
Am Thorac Soc 2007;4(4):370-377.

Quittner AL. Measurement of quality of life in cystic fibrosis. Curr
Opin Pulm Med 1998;4(6):326-331.

783



