
The Order of the Factors Affects a Product!

Patients receiving nebulized respiratory treatments and
airway clearance therapies often combine the treatments to
decrease treatment time, despite a lack of data supporting
this practice. Moreover, manufacturers advertise simulta-
neous use in their marketing. The airway clearance devices
that allow concomitant administration of aerosol can be
classified as those that alter the pathway of the aerosol and
those that do not.

We all learn in algebra that the order of the factors does
not affect a product. However, this might not be true in
respiratory care practice. In this issue of RESPIRATORY CARE,
Mesquita et al1 report the findings of an in vivo study of
the effect of different configurations of a high-frequency
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oscillatory positive expiratory pressure (PEP) device (Aca-
pella) and a jet nebulizer on pulmonary deposition of a
radio-labeled aerosol in normal subjects. The Acapella al-
ters the pathway of the aerosol. Mesquita et al found no
difference in lung deposition between the nebulizer alone
and the nebulizer interposed between the mouthpiece and
the Acapella. However, when the nebulizer was connected
to the back of the Acapella, as recommended by the man-
ufacturer, there was a 70% decrease in pulmonary depo-
sition. There was a non-significant trend toward more pe-
ripheral distribution of the aerosol. Mesquita et al also
measured the effect of the nebulizer position on the pattern
of aerosol deposition within the Acapella.

One limitation of the study is that it was done in healthy
subjects. Based on previously published data, one would ex-
pect that deposition would be greater in subjects with lung
disease.2 Moreover, aerosol distribution varies significantly
with disease severity.3 However, because the reduction in
emitted aerosol occurs before inhalation, we would expect
similar results in subjects with lung disease.

Drug and device developers, manufacturers, research-
ers, and regulatory agencies struggle to find good in vivo/
in vitro correlation to aid development and approval pro-
cesses of new drugs and devices. Our group recently
reported the effect of concomitant use of nebulizer and
PEP devices on drug output and aerosol characteristics.4

We found that coupling the nebulizer with a PEP device
that obstructs the aerosol pathway reduces the aerosol par-
ticle size and patient dose. The former finding was mea-
sured via cooled cascade impactor technique, and the latter
finding was measured via breathing simulation technique.
The mass median aerodynamic diameter decreased 70%,
from 4.13 �m with the nebulizer alone (equivalent to con-
figuration C of Mesquita’s report) to 1.24 �m when cou-
pled to the Acapella Choice (equivalent to configuration A
of Mesquita’s report). In addition, the amount of drug
captured in the cascade impactor decreased by 65% when
the nebulizer was coupled to the Acapella Choice. The
device retained 75% of the drug that left the nebulizer. The
patient dose also decreased 80–90% when the nebulizer
was coupled to the Acapella Choice. Good correlation was
found between the previously published in vitro data and
the in vivo data reported by Mesquita et al1,4

The drug loss that occurs when the nebulizer is placed
after the Acapella has both financial and clinical conse-
quences. Dornase alfa and inhaled antibiotics are used by
patients with cystic fibrosis, who also use PEP devices for
airway clearance.5,6 If used together, the patients will be
under-dosed and expensive medications will be wasted.

Healthcare practitioners need to carefully evaluate the
evidence available regarding the efficiency of different
devices before considering their use. This is even more
relevant when 2 therapies are combined, because in respi-
ratory care the order of the factors affect a product.
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