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Aerosols have gained wide acceptance over the past 10
years for the treatment of obstructive diseases. However,
much controversy still exists about their use and mode of
administration in the setting of intensive care units for intu-
bated patients. The current literature was reviewed address-
ing the following question: In intubated and mechanically
ventilated patients with airway obstruction, should bron-
chodilator aerosols be delivered through a metered-dose in-
haler (MDI) or a nebulizer in order to reduce complications
associated with high airway resistance? Most often investi-
gators have examined, in uncontrolled trials, the effect of
bronchodilator aerosols administered either through MDIs
or nebulizers in lung models, or in populations of patients
with heterogeneous conditions. An extremely wide range of
bronchodilator dosages has been studied. Clinical out-
comes have consisted of either drug deposition or lung me-
chanical characteristics. Only three randomized controlled
trials comparing the effects of bronchodilator aerosols de-
livered through a nebulizer to those delivered through an
MDI have been published, without clearly demonstrating

the superiority of one mode of administration over the
other. There is a need for randomized controlled trials com-
paring the effect of bronchodilator aerosols delivered
through nebulizer versus MDI on the incidence of
ventilator-associated complications in mechanically venti-
lated patients with obstructive lung diseases.
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La question non résolue de I’administration
des bronchodilatateurs en aérosols chez les pa-
tients ventilés mécaniquement

RESUME : Bien que depuis plus de dix ans, les aérosols
soient largement acceptés dans le traitement des maladies
pulmonaires obstructives, leur utilisation ainsi que leur
mode d’administration aux soins intensifs chez les patients
intubés demeurent controversés. Nous avons revu la littéra-
ture actuelle concernant la question suivante: « Chez les pa-
tients souffrant d’obstruction bronchique intubés et ventilés
mécaniquement, devrait-on administrer les aérosols de
bronchodilatateurs via un aérosol-doseur ou un nébuliseur
dans le but de réduire les complications reli€es a I’augmen-
tation de la résistance des voies aériennes? » Le plus sou-
vent, des études sans groupe témoin évaluant I’effet des
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bronchodilatateurs en aérosols administrés par aérosol-
doseurs ou nébuliseurs ont été effectuées sur divers
modeles pulmonaires ou chez des populations hétérogénes
de patients. Des doses extrémement variées de broncho-
dilatateurs ont été étudiées. Enfin, les variables a 1’étude
ont consisté en une mesure de la déposition pulmonaire du
médicament ou de paramétres mécaniques. Seulement trois
essais cliniques randomisés comparant les effets des bron-

chodilatateurs en aérosols administrés par aérosol-doseurs
ou par nébuliseurs ont été publiés, aucun d’entre eux
n’ayant pu démontrer clairement la supériorité¢ d’un mode
d’administration par rapport a I’autre. Des essais cliniques
randomisés comparant I’effet des aérosols de bronchodila-
tateurs administrés par aérosol-doseur ou par nébuliseur sur
I’incidence des complications reliées a la ventilation mé-
canique chez des patients ventilés atteints de maladie ob-
structive sont nécessaires.

n 1995, the respiratory therapists of the Centre de Pneu-

mologie, Ste-Foy, Quebec delivered 6000 bronchodilator
aerosol treatments to patients receiving mechanical ventila-
tion. These treatments were evenly distributed between
nebulization and administration by a metered-dose inhaler
(MDI). Although aerosols have gained wide acceptance over
the past 10 years for the treatment of obstructive diseases (1),
much controversy still exists about their use and mode of ad-
ministration in the setting of intensive care units for intu-
bated patients (2).

In an effort to determine which of the two administration
options to adopt, we reviewed the current literature on this
specific question: In intubated and mechanically ventilated
patients with airway obstruction, should bronchodilator
aerosols be delivered through MDI or nebulizer in order to
reduce complications of high airway resistance?

At least three overviews have addressed the issue of aero-
sol delivery to intubated patients (3-5). All are broad narra-
tive reviews based on information retrieved from unspecified
searching methods. The merit of the most recently published
review (5) was to summarize a considerable amount of infor-
mation in a tabular form. Our own literature search from
1984 to 1995 in MEDLINE using ‘aerosols’ and ‘mechanical
ventilation’ as search terms provided additional relevant pa-
pers published thereafter (6-11), reflecting the continuing in-
terest in this question. We have been struck, however, by the
heterogeneity of the studies and the paucity of trials that pro-
vide direct evidence to answer this question best. By direct
evidence, we mean randomized controlled trials (methodol-
ogy) comparing the effects of bronchodilator aerosols deliv-
ered through a nebulizer with those delivered through an
MDI (intervention) in mechanically ventilated patients with
obstructive disease (population), with the aim of reducing
complications related to high airway resistance (outcome).
Thus, these different components of the question will be ex-
amined in order to evaluate the strength of the available evi-
dence.

POPULATION

Laboratory studies of aerosol deposition in lung models
(11-14) have significantly contributed to the technical devel-
opment of aerosol administration in mechanically ventilated
patients. However, we may recognize the following limita-
tions: first, most lung models ignore anatomical, physiologi-
cal, pathological and other technical factors determining the
airway delivery of aerosols; second, in vitro aerosol deposi-
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tion at the extremity of the endotracheal tube does not neces-
sarily imply in vivo action of the drug; and third, laboratory
studies in lung models tend to overestimate in vitro delivery
of aerosolized solutions (15). Thus, such studies can offer
only indirect evidence that one delivery method is superior to
the other when used in clinical practice.

Study populations in uncontrolled studies or clinical trials
of aerosol-generator devices have been remarkably heteroge-
neous and the number of subjects limited. In addition to pa-
tients with exacerbation of chronic obstructive pulmonary
disease (COPD) or asthma, these populations have included
patients with cardiogenic pulmonary edema, Guillain-Barré
syndrome (16), adult respiratory distress syndrome, bron-
chogenic carcinoma (17), pulmonary embolism (18), ky-
phoscoliosis and muscular dystrophy (7); for these
conditions, the need for bronchodilator therapy is only em-
pirical. It should be stressed, however, that bronchodilators
in mechanically ventilated patients with COPD have never
been shown to alter any clinical outcome (19). In at least one
study, all patients were receiving prolonged mechanical ven-
tilation via tracheostomy (7). Consequently, whatever the
outcome (aerosol deposition or change in lung mechanics),
the generalizability of most results seems to be questionable
on at least two scores. First, when aerosol deposition is meas-
ured, distribution of ventilation in patients with any of these
conditions is likely to differ from that in patients with asthma
or COPD. Second, response to bronchodilators in patients
with nonobstructive pulmonary disease is generally not ex-
pected, which limits the validity of lung mechanics as an out-
come measure.

INTERVENTION

Also of concern were the tremendous dissimilarities
among the various studies’ drug regimens and dosages, as
well as their techniques of administration for both nebulizers
and MDIs. In studies that measured aerosol deposition, solu-
tions of radiolabelled diethylenetriamine pentaacetic acid
(DTPA) (16), serum albumin (7,20) and fenoterol (6,17)
were used. The effects of salbutamol (9,10,18,21,22), feno-
terol (6,17), metaproterenol (16) and ipratropium bromide
(8,21) have been investigated. When delivered by nebulizer,
doses of salbutamol ranged from 2.5 mg (22) to 15 mg (18);
when delivered by MDI, doses of salbutamol ranged from
200 pg (two puffs) (21) to 9 mg (100 puffs) (18). No clear
dose-response effect was observed across studies; an im-
provement in lung mechanics was obtained with the lowest
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administered dose of salbutamol (21), whereas no effect fol-
lowed the administration of the highest dose of the same drug
(18). Some authors have also suggested that dosage should be
titrated against the physiological effects (5). However, to do
so, clinicians should be able to rely on simple, valid and sen-
sitive physiological measures.

Detailed descriptions of nebulizer, nebulizer position, di-
luent volume, MDI adapters, spacer, endotracheal tube, ven-
tilator and ventilatory parameters have often been lacking.
Yet, these conditions have been shown to influence drug
deposition in both lung models (13) and patients (6).

OUTCOME

The usual methods for assessing airway deposition of
drugs are observation of physiological changes in lung me-
chanics and nuclear scanning of labelled medication (23).
The concentration of salbutamol at the distal tip of the endo-
tracheal tube has also been measured by spectrophotometric
technique in one study using a lung model (14). However, as
mentioned above, aerosol deposition may provide only indi-
rect evidence of the effectiveness of the drug. Once the drug
has reached the site of action, the final response surely de-
pends, among other factors, on receptor distribution (24) and
drug interactions.

Physiological responses thus provide the most direct
means of determining the efficacy of aerosolized agents.
However, the choice of the most appropriate outcomes has
raised some controversies. Peak pressure (8,10,16-18,21),
expiratory flow rate (16,22), airway resistance (8,16), pla-
teau pressure (8,10,18,21), resistive pressure (8,18,21), in-
trinsic positive end-expiratory pressure (PEEP) (10,21) and
compliance of the respiratory system (8) have all been used
as measures of outcome. The contribution of the endotra-
cheal tube, however, has seldom been taken into account in
estimating pressure changes (25). Even if reduction of peak
pressure and intrinsic PEEP have been found most valuable
as evidence of bronchodilator-induced changes in lung func-
tion during controlled mechanical ventilation (26), Fuller and
colleagues (17) appropriately pointed out that patients re-
ceiving bronchodilators in an intensive care setting may have
only minimally reversible airflow obstruction during the ex-
acerbation of their disease. Furthermore, no information ex-
ists about the real efficacy of bronchodilation in reducing
ventilator-associated complications (barotrauma and noso-
comial infections) (27) and duration of ventilatory support,
which could be considered highly relevant outcomes.

METHODOLOGY

Among full reports (excluding abstracts) of randomized
trials of nebulizer versus MDI to deliver bronchodilator aero-
sols in mechanically ventilated patients, only three trials
were found that directly addressed this review’s initial ques-
tion: one randomized controlled trial with parallel groups
(17) and two crossover trials (18,22). Fuller et al (17) com-
pared the deposition, as well as the physiological effect,
of radiolabelled fenoterol when it was delivered either from
an MDI coupled to a holding chamber or from a jet nebulizer
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in 21 ventilator-dependent patients. Sixteen patients (seven
receiving fenoterol by MDI and nine receiving the drug by jet
nebulizer) were accounted for in the final analysis. Eight suf-
fered from chronic airflow limitation. Even though drug
deposition was significantly greater in the MDI group, peak
inspiratory pressure did not change significantly from base-
line values in either group, clearly demonstrating that radio-
activity deposition correlates poorly with physiological
outcomes.

In a randomized crossover trial, Manthous et al (18) inves-
tigated the effect of up to 15 mg of salbutamol delivered by
nebulizer versus up to 100 puffs of the same drug delivered
by MDI. The MDI adapter was attached directly to the endo-
tracheal tube, without any spacer. No change in resistive
pressure was observed in the MDI group, whereas a signifi-
cant reduction was observed with only 2.5 mg of salbutamol.
The importance of the use of a spacer device was later ac-
knowledged by the same group (9). Finally, in a randomized
crossover trial including 18 intubated patients with airway
obstruction, Gay et al (22) found that 270 g of salbutamol
from an MDI and 2.5 mg of salbutamol delivered through a
nebulizer were equally effective in increasing passive expira-
tory flow rate. Both systems were, however, only briefly de-
scribed.

We must recognize the paucity of direct evidence support-
ing the conclusion that MDIs are more effective than nebuliz-
ers in delivering bronchodilator aerosols to intubated,
mechanically ventilated patients with airway obstruction.
However, this observation should probably not discourage
the use of the MDI/spacer to deliver bronchodilator aerosols
in an intensive care setting — in the absence of evidence fa-
vouring superiority of nebulizers over MDIs, financial con-
siderations (3,17) might prompt clinicians to adopt the latter.
However, randomized controlled trials are clearly warranted
to compare the effect of bronchodilator aerosols delivered
through nebulizer versus MDI in mechanically ventilated pa-
tients with obstructive lung diseases in order to improve pul-
monary gas exchange and to reduce ventilator-associated
complications and duration of ventilatory support.
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