
Obstructive Airway Disease: Rational, Evidence-Based
Bronchodilator Therapy

The Berlinski and Pennington study1 in the September
issue of RESPIRATORY CARE is of considerable interest, not
only because it is good science, but also because it invites
important clinical conclusions. The authors found that the
previously held notion (see package inserts for hydrofluo-
roalkane Ventolin, Proventil, and Proair) that it is neces-
sary to wait 60 s between albuterol puffs was clinically
irrelevant, although probably statistically significant. In-
deed, 15 s rather than 1 min between puffs is sufficient to
achieve clinically comparable doses (approximately 15%
dose reduction vs 1-min delay between puffs) delivered at
the mouth. Additionally, although there were modest dif-
ferences in the dose/puff between the brands of albuterol,
there are, for the most part, similar particle dimensions with
either the 15- or 60-s duration between puffs (mass median
aerodynamic diameter) and fine particle mass (mass me-
dian aerodynamic diameter �5 and 1–3 �m). Thus, it is
evident that delaying repeated metered-dose inhaler (MDI)
puffs for �20 s (including shaking the canister) is not
necessary and may result in considerable delay in admin-
istering a rescue dose that may require 10–12 puffs (1,000–
1,200 �g from the MDI) of albuterol in severe acute asthma
exacerbations, equivalent to 2,500 �g from a small-vol-
ume nebulizer.2,3 Thus, the rescue medications can be de-
livered within 3–4 min by means of a valved holding
chamber (VHC) in contrast to the 15–20 min required for
a clinically equivalent dose administered via a small-vol-
ume nebulizer. The present study also adds strength to a
previous clinical study in children showing that only 2–3
tidal breaths are necessary to empty a VHC used with
Ventolin,4 thus adding only an additional few seconds to
complete the rescue therapy.

A major conclusion of their study was a saving of re-
spiratory therapist/nurse time (increased efficiency). Ad-
ditionally, the much shorter time required for improve-

ment to begin and peak would probably make it possible
for physicians to care for more patients in the emergency
department. We would suggest that there would be a con-
siderable similar saving of the caregiver’s time at home

SEE THE ORIGINAL STUDY ON PAGE 1123

(for maintenance therapy with the MDI � VHC approxi-
mately 2–3 min vs 30 min for small-volume nebulizer if
we, appropriately, include cleaning, assembling, and load-
ing the small-volume nebulizer) as well as the much greater
convenience and lower cost per dose of medication with
the MDI � VHC for equivalent benefit. This would be of
particular importance in cystic fibrosis, where aerosol ther-
apies may take 2 h daily. By using an MDI � VHC instead
of a small-volume nebulizer for bronchodilator and corti-
costeroid therapy, the treatment time could be reduced by
almost 1 h. Furthermore, there is the rare but serious bron-
choconstrictor effect of the preservative benzalkonium
chloride added to some albuterol nebulizer solutions.5

Taken together, it is hard to avoid the conclusion that the
use of small-volume nebulizers for administration of in-
haled bronchodilators and corticosteroids should be con-
sidered obsolete and an imposition on patients and care-
givers in hospitals and at home both for maintenance therapy
and for exacerbations. Unfortunately, the Food and Drug
Administration’s guidance for MDI use makes MDI costs
difficult for the hospital pharmacy budget to absorb. How-
ever, the university hospital in Gainesville, Florida, has
issued a guidance that safely circumvents this problem
(Dr L Hendeles, personal communication). By extrapola-
tion, there would predictably be a reduction in the overall
cost of therapy, since bronchodilator therapy with the pres-
surized MDI and VHC in the emergency department has
been shown to be much faster than small-volume nebulizer
therapy with the resulting more rapid recovery of the pa-
tient, who can presumably be discharged home sooner.

Ultimately, this study again begs the question of why
small-volume nebulizers continue to be used in preference
to MDIs � VHCs (by a ratio of approximately 10:1) in the
United States but rarely in Canada, Australia, New Zea-
land, and Europe for managing asthma, COPD, and other
conditions characterized by reversible airway obstruction
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when the evidence indicates (and various national and in-
ternational guidelines suggest) that virtually all patients
from infants to the elderly can be equally well-treated or
better-treated with MDI-generated bronchodilators and cor-
ticosteroids and VHCs.

There has been, for many years, accumulating and con-
vincing physiologic, pharmacologic, and clinical evidence
that hydrofluoroalkane pressurized MDIs mated to evi-
dence-based VHCs are equivalent or better aerosol deliv-
ery systems, particularly for small children, due to their
generally smaller aerosols and greatly improved, child-
friendly, and low-dead-space masks.6 – 8 Additionally,
MDIs are less expensive per dose (and, with the soon-
to-be-introduced generic MDIs, will doubtless be even less
expensive) and provide much more rapid and convenient
therapy than small-volume nebulizers. These factors, in
turn, make adherence more likely. Because small-volume
nebulizers, in general, produce much larger particles than
MDIs, the use of a small-volume nebulizer is associated
with greater deposition in the upper-respiratory tract and
larger lower-respiratory tract airways, resulting in reduced
benefit and increased systemic absorption. This also has
implications for adverse effects, such as tachycardia, tachy-
arrhythmias, and anxiety. With newer MDI formulations
having a mass median aerodynamic diameter of about
1–2 �m (so-called ultrafine particles), it has been shown
with inhaled corticosteroids8 that for chronic management,
for example, the dose can be reduced to one-half the dose
required previously with similar benefit, indicating greater
therapeutic efficacy and lower cost.

Finally, since adherence continues to be a major prob-
lem, exacerbations causing a visit to the emergency de-
partment provide an unequalled opportunity to initiate in-
struction of patients and caregivers in the use of inhaled
prophylactic corticosteroid therapy with MDIs and VHCs
when they are most teachable. This could minimize the
likelihood of future exacerbations and instruct them in the
use of the VHC or VHC with an appropriate mask in small
children.9 Ideally and most cost-effectively, patients should
be sent home with the relatively inexpensive VHC and
aerosol devices that they need and with written instruc-
tions to minimize the likelihood that they will require early
readmission. This message should appeal to the insurance

industry in the United States (or to the taxpayer/health
ministry in national health-care systems), who are cer-
tainly aware that the cost of asthma exacerbations requir-
ing hospitalization far exceeds the cost of providing pa-
tients with the intellectual and physical tools to keep them
well and out of hospital!
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