
Editorials

Aerosol Therapy: Assume Nothing and Require Data

In this issue of RESPIRATORY CARE, Mitchell et al1 report
a study in which they used a model of mechanical venti-
lation to examine differences in drug delivery between the
hydrofluoroalkane (HFA) and chlorofluorocarbon (CFC)
metered-dose inhaler (MDI) formulations of beclometha-
sone dipropionate (BDP). They discovered that the total
emitted mass of drug at the end of the endotracheal tube
(ETT) was greater with the HFA formulation, by a factor
of 5.8. Aerosol particle size experiments showed that the
particles exiting the end of the ETT were much smaller
with the HFA-BDP formulation (mass median aerodynamic
diameter of 1.2 �m, compared with 4.6 �m for the CFC-
BDP) and that these smaller particles were more suscep-
tible to hygroscopic growth under conditions of high hu-
midity. The clinical implication of those findings is that in
mechanically ventilated patients HFA-BDP may achieve
greater lung delivery than CFC-BDP. Though delivery of
inhaled steroids to mechanically ventilated patients in the
intensive care unit is not as common as bronchodilator
therapy (and not as well studied), there is increasing in-
terest in using steroid aerosols in critically ill adults and
infants with airway disease.2,3

SEE THE ORIGINAL STUDY ON PAGE 1025

In a RESPIRATORY CARE editorial in the year 2000 Con-
stantine Manthous wrote, “In aerosol treatments ‘the devil
is in the details’; practitioners should assume nothing and
require data to demonstrate effectiveness for all devices
and techniques used in the clinical arena.”4 I couldn’t have
said it better myself! The substitution of HFA for CFC
propellant in MDIs, in response to the Montréal protocol
for phasing out CFCs, is a good example of the importance
of this principle. In the HFA-based formulation the BDP is
in solution rather than in suspension (as in CFC formula-
tions). The HFA formulation in combination with improved
inhaler technology produces a smaller mean aerosol par-
ticle size than the CFC formulation,5 and that particle size
difference affects the location and quantity of drug depo-
sition in the lungs and thus affects dosing, efficacy, and
toxicity.

The report by Mitchell et al1 presents a good opportu-
nity to elaborate on important lessons for clinicians about
aerosolized drug delivery.

1. Physics is important. Although I didn’t think so at the
time, everything I need to know I learned in Aerosol Phys-
ics 101. Respiratory therapists, physicians, nurses, and phar-
macists receive very little instruction in the underlying
principles governing the drugs and devices they use every
day. Understanding how a particle’s size affects its behav-
ior in the lungs is one key to the successful treatment of
airway disease with inhaled drugs. The mathematical pre-
diction is that a larger proportion of HFA-BDP aerosol
will penetrate to the smaller airways and less would de-
posit in the oropharynx, compared to CFC-BDP. Gamma
camera scans of normal subjects who inhaled radiolabeled
HFA-BDP confirmed that hypothesis.6 Lung deposition of
HFA-BDP was 53% of emitted dose, compared with 4%
of the CFC-BDP aerosol. Pharmacokinetic studies also
showed similar plasma levels of BDP when 400 �g of
CFC-BDP was compared to 200 �g of HFA-BDP.7 Clin-
ical trials confirmed that, when compared with CFC-BDP,
comparable asthma control could be obtained with approx-
imately half the dose of HFA-BDP.8

2. A change in drug formulation, device, or delivery
conditions can affect dose delivered, efficacy, and/or tox-
icity. This is the mantra of the aerosol scientist, and al-
though you may have already gotten this message, it bears
repeating. The particle size distribution and lung deposi-
tion of HFA-BDP had been well documented prior to the
study by Mitchell et al.1 There was no information, how-
ever, about the effect of an ETT or circuit humidification
on the fine-particle aerosol produced by an HFA-BDP
MDI. In fact, an in vitro study with a ventilator model and
an HFA albuterol formulation showed less aerosol deliv-
ery with the HFA albuterol than with the CFC albuterol,9

though it should be noted that the particle size distribution
of the HFA albuterol is similar to that of the CFC product.
Thus, it is important to test inhaled drug systems under the
conditions they will be used, because the ventilator circuit
and ETT impose additional variables into the drug deliv-
ery equation.

Prior investigations have confirmed that in the setting of
mechanical ventilation, many factors—including location
in the circuit, chamber use, timing, and humidification—
can influence the dose delivered.10 Most in vivo experi-
ments have found lung deposition with a CFC-propelled
MDI during mechanical ventilation to be in the range of
10–20% when conditions are optimized and the circuit is
humidified. The ventilator model measurements by Mitch-
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ell et al1 would indicate that delivered drug mass of the
HFA-BDP would be quite different than that expected
from CFC-BDP, because of the smaller particle size. This
sets the stage for confirmation by clinical trials with ven-
tilated patients.

3. Measurements using models are very helpful, but in
vitro does not equal in vivo. There is no substitute for
measuring clinical outcomes of inhaled drug delivery; all
theoretical predictions and in vitro measurements form the
foundation for measurements in human subjects. In vitro
measurements are important for quality control and com-
parison of devices, and can be used to estimate the amount
of deposition in the respiratory tract. Though helpful for
the design of in vivo measurements, in vitro estimates of
drug delivery should never be extrapolated to predictions
of clinical efficacy. In general, in vitro predictions have
overestimated lung deposition amounts, compared with
those measured in vivo by gamma scintigraphy or phar-
macokinetic methods.11 Mitchell et al1 found an HFA-
BDP-versus-CFC-BDP difference factor of 5.8:1 for total
drug mass emitted at the end of the ETT, which is higher
than expected and may not be borne out in clinical trials.
High ratios were also found in a nonintubated model of the
upper airway of an infant, in which the lung dose of HFA-
BDP was 3.5–15-fold higher than CFC-BDP, depending
on the tidal volume used.12 In clinical trials, however, the
comparative dose ratios of HFA-BDP versus CFC-BDP
range from 1:1 to 2.6:1, based on clinical outcome mea-
sures.13–15 One reason for the higher ratio in the Mitchell
et al study1 is that deposition was measured with a filter at
the end of the ETT, which assumes 100% lung deposition
of all particles exiting the tube; that would not be the case
in vivo, where a portion of the inhaled particles would be
exhaled. Because of the smaller particle size, it would be
predicted that the deposited fraction of those particles en-
tering the airways would be lower and the percentage ex-
haled would be higher than with the larger CFC-BDP par-
ticles.

4. Clinical comparisons may differ greatly, depending
on the dose used and the dose-response relationship of the
drug. When comparing drug delivery from different de-
vices or with different formulations, it is important to give
equipotent doses and to avoid doses on the plateau of the
dose-response curve. Only studies that incorporate a dose-
response comparison have the internal sensitivity to assure
that errors are not being made when comparing different
formulations. Studies of inhaled steroids require monitor-
ing of clinical outcomes over a much longer period than
studies of bronchodilators. Dose-response relationships are
even more important for inhaled steroids, as greater phar-
macologic potency does not always translate into greater
clinical efficacy but can cause greater systemic toxicity.16

In order to evaluate the relative potency of 2 inhaled ste-
roid formulations, it is necessary to compare effects on the

steep part of the dose-response curve. Failure to design
studies with attention to dose-response relationships may
explain discrepancies in clinical trials comparing the effi-
cacy of HFA-BDP and CFC-BDP.

5. The final lesson is that real life may supersede all
preceding lessons. All this attention to particle size,
deposition amount, and dose-response relationships
means nothing if the patient won’t use the inhaler, doesn’t
use the inhaler correctly, or cannot afford to buy the
inhaler. In vitro and in vivo studies and even clinical
trials with human subjects are very far removed from
real life and may only predict the optimal performance
of inhaled drugs and devices. It is difficult to predict
clinical efficacy and adherence with a given patient
with any specific drug/device combination. So, in the
end, there is no substitute for patient education. The
best drug/device is the one the patient can and will use.
Though in vitro and clinical testing of new formulations
are key parts of inhaled drug development, we need to
bring equal time and attention to the variables pertinent
to the person wielding the inhaler.

Paula J Anderson MD
Department of Medicine

Division of Pulmonary and Critical Care Medicine
University of Arkansas for Medical Sciences

Central Arkansas Veterans’ Healthcare System
Little Rock, Arkansas

REFERENCES

1. Mitchell JP, Nagel MW, Wiersema KJ, Doyle CC, Migounov VA.
The delivery of chlorofluorocarbon-propelled versus hydrofluoroal-
kane-propelled beclomethasone dipropionate aerosol to the mechan-
ically ventilated patient: a laboratory study. Respir Care 2003;48(11):
1025-1032.

2. Shah SS, Ohlsson A, Halliday H, Shah VS. Inhaled versus systemic
corticosteroids for preventing chronic lung disease in ventilated very
low birth weight preterm neonates. Cochrane Database System Rev
2003;(1):CD002058.

3. Nava S, Compagnoni JL. Controlled short-term trial of fluticasone
propionate in ventilator-dependent patients with COPD. Chest 2000;
118(4):990–999.

4. Manthous CA. Bronchodilation in mechanically ventilated patients:
how much is enough and how best to deliver? (editorial) Respir Care
2000;45(7):815–816.

5. Leach CL. Improved delivery of inhaled steroids to the large and
small airways. Respir Med 1998;92 Suppl A:3–8.

6. Leach CL, Davidson PJ, Hasselquist BE, Boudreau RJ. Lung depo-
sition of hydrofluoroalkane-134a beclomethasone is greater than that
of chlorofluorocarbon fluticasone and chlorofluorocarbon be-
clomethasone: a cross-over study in healthy volunteers. Chest 2002;
122(2):510–516.

7. Seale JP, Harrison LI. Effect of changing the fine particle mass of
inhaled beclomethasone dipropionate on intrapulmonary deposition
and pharmacokinetics. Respir Med 1998;92 Suppl A:9–15.

8. Vanden Burgt JA, Busse WW, Martin RJ, Szefler SJ, Donnell D.
Efficacy and safety overview of a new inhaled corticosteroid, QVAR

AEROSOL THERAPY: ASSUME NOTHING AND REQUIRE DATA

RESPIRATORY CARE • NOVEMBER 2003 VOL 48 NO 11 1017



(hydrofluoroalkane-beclomethasone extrafine inhalation aerosol), in
asthma. J Allergy Clin Immunol 2000;106(6):1209–1226.

9. Fink JB, Dhand R, Grychowski J, Fahey PJ, Tobin MJ. Reconciling
in vitro and in vivo measurements of aerosol delivery from a me-
tered-dose inhaler during mechanical ventilation and defining effi-
ciency-enhancing factors. Am J Respir Crit Care Med 1999;159(1):
63–68.

10. Fink JB, Dhand R. Aerosol therapy in mechanically ventilated pa-
tients: recent advances and new techniques. Sem Respir Crit Care
Med 2000;21(3):183–201.

11. Anderson PJ. Assessment end points for inhaled drug delivery. Re-
spir Care 2000;45(6):737–755.

12. Janssens HM, De Jongste JC, Hop WCJ, Tiddens HAWM. Extra-
fine particles improve lung delivery of inhaled steroids in infants: a
study in an upper airway model. Chest 2003;123(6):2083–2088.

13. Milanowski J, Qualtrough J, Perrin VL. Inhaled becomethasone (BDP)
with non-CFC propellant (HFA 134a) is equivalent to BDP-CFC for
the treatment of asthma. Respir Med 1999;93(4):245–251.

14. Busse WW, Brazinsky S, Jacobson K, Stricker W, Schmitt K, Vanden
Burgt J, et al. Efficacy response of inhaled beclomethasone dipro-
pionate in asthma is proportional to dose and is improved by for-
mulation with a new propellant. J Allergy Clin Immunol 1999;104(6):
1215–1222.

15. Gross G, Thompson PJ, Chervinsky P, Vanden Burgt J. Hydroflu-
oroalkane-134a beclomethasone dipropionate, 400 �g, is as effective
as chlorofluorocarbon beclomethasone dipropionate, 800 �g, for the
treatment of moderate asthma. Chest 1999;115(2):343–351.

16. Clark DJ, Lipworth BJ. Dose-response of inhaled drugs in asthma:
an update. Clin Pharmacokinet 1997;32(1):58–74.

Correspondence: Paula J Anderson MD, Division of Pulmonary and Critical
Care Medicine, University of Arkansas for Medical Sciences, 4301 W
Markham, Slot 555, Little Rock AR 72205. E-mail: pjanderson@uams.edu.

AEROSOL THERAPY: ASSUME NOTHING AND REQUIRE DATA

1018 RESPIRATORY CARE • NOVEMBER 2003 VOL 48 NO 11


