
clearance technique over another, and this
change occurred in our cohort when respi-
ratory conditions became worse, which may
indicate that CPAP could constitute a
“bridge to bridge” in CF.

To our knowledge, very little is known
about the time constant for a lung unit and
lung mechanics in CF, especially if we have
to tailor airway clearance interventions to
the heterogeneous lung disease expressions
in CF and then find appropriate outcomes.
Only in the last decade have we learned
about the positive effects of NIV,21 and there
is still so much to discover about the respi-
ratory care of CF patients. To improve ef-
ficacy and adherence, we need further re-
search on the effects of CPAP and NIV on
mucus transport in CF. While the results
from Aquino and colleagues are of ques-
tionable clinical importance, due to meth-
odological bias and inaccurate surrogate end
points, they suggest a possible advantage.
Respiratory physiotherapy is on the verge
of a potentially exciting era in CF, and we
require a change in approach in step with
the increasing complexity of the disease and
the new technology available. Positive pres-
sure, delivered via NIV or CPAP, might be
a valid tool, especially in advanced lung
disease,18,21,22 and it would require more
attention and smarter outcomes.
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Milan, Italy

Sergio Zuffo MSc PT
Rehabilitation Unit

Azienda Ospedaliero
Universitaria Meyer

Florence, Italy

REFERENCES

1. Bradley JM, Moran FM, Elborn JS. Evi-
dence for physical therapies (airway clear-
ance and physical training) in cystic fibro-
sis: an overview of five Cochrane systematic
reviews. Respir Med 2006;100(2):191-201.

2. Morrison L, Agnew J. Oscillating de-
vices for airway clearance in people with
cystic fibrosis. Cochrane Database Syst
Rev 2009;(1):CD006842.

3. Aquino EA, Shimura F, Santos AS, Goto

DM, Coelho CC, Bicalho de Fuccio M, et al.
CPAP has no effect on clearance, sputum
properties, or expectorated volume in cys-
tic fibrosis. Respir Care 2012;57(11):1914-
1919.

4. Dentice RL, Elkins MR, Bye PT. Adults with
cystic fibrosis prefer hypertonic saline be-
fore or during airway clearance techniques:
a randomised crossover trial. J Physiother
2012;58(1):33-40.

5. Donaldson SH, Bennett WD, Zeman KL,
Knowles MR, Tarran R, Boucher RC.
Mucus clearance and lung function in cys-
tic fibrosis with hypertonic saline. N Engl
J Med 2006;354(3):241-250.

6. Elkins MR, Robinson M, Rose BR, Har-
bour C, Moriarty CP, Marks GB, et al. A
controlled trial of long-term inhaled hyper-
tonic saline in patients with cystic fibrosis.
N Engl J Med 2006;354(3):229-240.

7. Eng PA, Morton J, Douglass JA, Riedler J,
Wilson J, Robertson CF. Short-term effi-
cacy of ultrasonically nebulized hypertonic
saline in cystic fibrosis. Pediatr Pulmonol
1996;21(2):77-83.

8. Elkins M, Dentice R. Timing of hypertonic
saline inhalation for cystic fibrosis. Coch-
rane Database Syst Rev 2012;(2):CD
008816.

9. Regnis JA, Piper AJ, Henke KG, Parker S,
Bye PT, Sullivan CE. Benefits of nocturnal
nasal CPAP in patients with cystic fibrosis.
Chest 1994;106(6):1717-1724.

10. Placidi G, Cornacchia M, Polese G, Za-
nolla L, Assael BM, Braggion C. Chest
physiotherapy with positive airway pres-
sure: a pilot study of short-term effects
on sputum clearance in patients with cystic
fibrosis and severe airway obstruction.
Respir Care 2006;51(10):1145-1153.

11. Groth S, Stafanger G, Dirksen H, Andersen
JB, Falk M, Kelstrup M. Positive expira-
tory pressure (PEP-mask) physiotherapy
improves ventilation and reduces volume
of trapped gas in cystic fibrosis. Bull Eur
Physiopathol Respir 1985;21(4):339-343.

12. Oberwaldner B, Evans J, Zach M. Forced
expirations against a variable resistance: a
new chest physiotherapy method in cystic
fibrosis. Pediatr Pulmonol 1986;2(6):358-
367.

13. Darbee JC, Ohtake PJ, Grant BJ, Cerny
FJ. Physiologic evidence for the efficacy of
positive expiratory pressure as an airway
clearance technique in patients with cystic
fibrosis. Phys Ther 2004;84(6):524-537.

14. van der Schans CP. Bronchial mucus trans-
port. Respir Care 2007;52(9):1150-1156.

15. van der Schans CP, van der Mark TW,
de Vries G, Piers DA, Beekhuis H, Dankert-
Roelse JE, et al. Effect of positive expira-
tory pressure breathing in patients with cys-
tic fibrosis. Thorax 1991;46(4):252-256.

16. Falk M, Kelstrup M, Andersen JB, Kino-
shita T, Falk P, Støvring S, Gøthgen I. Im-
proving the ketchup bottle method with
positive expiratory pressure, PEP. A con-
trolled study in patients with cystic fibrosis
Eur J Respir Dis 1984;65(6):57-66.
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The authors respond to: CPAP in
Cystic Fibrosis: Is It Time to
Surrender Yet?

The authors thank Gambazza and Zuffo
for their interest in our paper evaluating hy-
pertonic saline inhalation and CPAP, alone
and in combination in subjects with cystic
fibrosis (CF).1 Gambazza and Zuffo are
correct that there are few well controlled
comparative studies of airway clearance
techniques, in part due to the difficulty in
masking and in meeting appropriate end
points.2 They are also correct in the obser-
vation that positive airway pressure, deliv-
ered either as positive expiratory pressure
or CPAP, can maintain airway patency by
moving the equal pressure point proxi-
mally in the airway: what they call airway
“splinting.” This would have little effect on
mucus clearance, but, coupled with an ef-
fective cough, it would be expected to im-
prove sputum clearance in the proximal air-
way generations.3,4

We evaluated the effects of CPAP, rather
than positive expiratory pressure therapy, as
the latter is more effort dependent. In these
subjects with mild to moderate CF lung dis-
ease there was no benefit from CPAP ther-
apy over the use of hypertonic saline alone.
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We also measured the transport and surface
biophysical properties of these secretions
and found results consistent with previous
publications.5 It is not clear what these au-
thors mean by “enhancing” mucus rheol-
ogy. Regardless, hypertonic saline aerosol
has no significant effect on the viscoelas-
ticity of airway secretions, but rather serves
to draw water into the airway, decreasing
sputum tenacity (a surface property) and in-
ducing an effective cough.6 It is for this
reason that our subjects were directed to
produce 3 cough maneuvers.

The authors have referenced our publi-
cations detailing appropriate outcome mea-
sures for airway clearance interventions.4,7

They note from our publications that spu-
tum volume is not an appropriate outcome
for evaluating the effects of chronic airway
clearance therapy; however, we showed that
sputum volume is an appropriate outcome
for acute interventions, as we have reported
here. Long term studies are difficult in this
population, in part because of poor adher-
ence to complex regimens.

We also appreciate the interesting obser-
vation from the Florence CF center that in
persons with severe CF lung disease requir-
ing supplemental oxygen and bi-level pos-
itive airway pressure ventilation at night
there may be an additional and longitudinal
benefit of adding CPAP to other therapies.
We conducted an acute intervention study

in subjects with relatively mild CF lung dis-
ease. Although the difference in our results
may well be due to the rigors of a controlled
trial, as compared with clinical observation,
it is also probable that the effectiveness of
an intervention is influenced by the severity
of disease. Although persons with severe
CF airway disease are more likely to have
large airway malacia (marked by a flow tran-
sient on the flow-volume tracing) and distal
migration of the equal pressure point, mak-
ing CPAP more likely to be a useful adjunct
in patients with severe CF lung disease, con-
sistent with our study, the one published
study of CPAP in this population showed
no beneficial effect on pulmonary function,
quality of life, or sputum expectoration.8
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