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Background: The proliferation of inhaler devices has resulted in a confusing number of choices
for clinicians who are selecting a delivery device for aerosol therapy. There are advantages and
disadvantages associated with each device category. Evidence-based guidelines for the selection
of the appropriate aerosol delivery device in specific clinical settings are needed.

Aim: (1) To compare the efficacy and adverse effects of treatment using nebulizers vs pressurized
metered-dose inhalers (MDIs) with or without a spacer/holding chamber vs dry powder inhalers
(DPIs) as delivery systems for B-agonists, anticholinergic agents, and corticosteroids for several
commonly encountered clinical settings and patient populations, and (2) to provide recommen-
dations to clinicians to aid them in selecting a particular aerosol delivery device for their patients.
Methods: A systematic review of pertinent randomized, controlled clinical trials (RCTs) was
undertaken using MEDLINE, EmBase, and the Cochrane Library databases. A broad search
strategy was chosen, combining terms related to aerosol devices or drugs with the diseases of
interest in various patient groups and clinical settings. Only RCTs in which the same drug was
administered with different devices were included. RCTs (394 trials) assessing inhaled cortico-
steroid, Ps-agonist, and anticholinergic agents delivered by an MDI, an MDI with a spacer/
holding chamber, a nebulizer, or a DPI were identified for the years 1982 to 2001. A total of 254
outcomes were tabulated. Of the 131 studies that met the eligibility criteria, only 59 (primarily
those that tested By-agonists) proved to have useable data.

Results: None of the pooled metaanalyses showed a significant difference between devices in any
efficacy outcome in any patient group for each of the clinical settings that was investigated. The
adverse effects that were reported were minimal and were related to the increased drug dose that
was delivered. Each of the delivery devices provided similar outcomes in patients using the
correct technique for inhalation.

Conclusions: Devices used for the delivery of bronchodilators and steroids can be equally
efficacious. When selecting an aerosol delivery device for patients with asthma and COPD, the
following should be considered: device/drug availability; clinical setting; patient age and the
ability to use the selected device correctly; device use with multiple medications; cost and
reimbursement; drug administration time; convenience in both outpatient and inpatient settings;
and physician and patient preference. (CHEST 2005; 127:335-371)

Key words: aerosols; bronchodilators; corticosteroids; drug delivery systems; dry powder inhalers; metaanalysis;
metered-dose inhalers; nebulizers

Abbreviations:  CFC = chlorofluorocarbon; DPI = dry powder inhaler; ED = emergency department;
MDI = metered-dose inhaler; NPPV = noninvasive positive pressure ventilation; PEFR = peak expiratory flow rate;
RCT = randomized controlled trial; sGaw = specific airway conductance
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he use of inhaled aerosol medications for the

treatment of pulmonary diseases, which became
well-established in the last half of the 20th century,
has advantages over oral and parenteral routes of
delivery. The use of inhaled aerosols allows selective
treatment of the lungs directly by achieving high
drug concentrations in the airway while reducing
systemic adverse effects by minimizing systemic drug
levels.! Inhaled B,-agonist bronchodilators produce
a more rapid onset of action than oral delivery. Some
drugs are only active with aerosol delivery (eg, for
asthma patients, cromolyn and ciclesonide; for cystic
fibrosis patients, dornase alfa). Aerosol drug delivery
is painless and often convenient. For these reasons,
the National Asthma Education and Prevention Pro-
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gram guidelines? favor aerosol inhalation over the
oral route or parenteral (ie, subcutaneous, IM, or IV)
route. Similarly, the National Heart, Lung, and
Blood Institute/World Health Organization Global
Initiative for Chronic Obstructive Lung Disease
recommended that bronchodilator medications are
central to symptom management in COPD patients
and that inhaled therapy is preferred.

There are also disadvantages to aerosol drug ther-
apy. One of the most important disadvantages is that
specific inhalation techniques are necessary for the
proper use of each of the available types of inhaler
device. A less than optimal technique can result in
decreased drug delivery and potentially reduced
efficacy.*> Improper inhaler technique is common
among patients.5~% The proliferation of inhalation
devices that are available for patients has resulted in
a confusing number of choices for the health-care
provider and in confusion for both clinicians and
patients trying to use these devices correctly. Several
studies have demonstrated lack of physician, nurse,
and respiratory therapist knowledge of device
use.?~13 Inhaler devices are less convenient than oral
drug administration insofar as the time required for
drug administration may be longer and some patients
may find the device less portable. This is particularly
true for conventional compressed-air nebulizers, the
oldest of the currently used types of aerosol delivery
devices.

Device manufacturers have long been aware of the
importance of portability and ease of use with aero-
sol delivery devices. As a result, these devices have
evolved over time. From the 19th century until 1956,
compressed-air nebulizers (also called jet nebulizers)
were the only devices that were in common clinical
use for the administration of inhaled aerosol drugs.
In 1955, the pressurized metered-dose inhaler
(MDI) was developed at Riker Laboratories (now
3M Pharmaceuticals; St. Paul, MN).!4 Ultrasonic
nebulizers, which utilize high-frequency acoustical
energy for the aerosolization of a liquid, were intro-
duced in the 1960s.1516 In 1971, Bell and col-
leagues'” introduced the first dry powder inhaler
(DPI), known as the Spinhaler, for the inhalation of
cromolyn sodium. This and subsequent DPIs have
been “breath-actuated,” providing drug only when
demanded by patient inhalation, thus avoiding a
common error with MDI use, the improper timing of
inhaler actuation. Breath-actuated MDI devices (eg,
the Autohaler; 3M Pharmaceuticals) are also trig-
gered by patient inhalation to release the drug on
demand.

Investigators developed open-tube spacer devices,
intended for use with MDIs, in the late 1970s.18-20
The addition of a one-way valve (holding chamber)!s
or blind reservoir (ie, reverse-flow spacer)?? al-
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lowed the aerosol delivered by the MDI to be
contained in the spacer for a finite period of time,
thereby circumventing the need for the coordinated
actuation of the MDI with inhalation. Other spacer/
holding chamber designs followed, and today there
are several devices that vary in design, shape, size,
and assembly. The design of MDIs changed little
between 1956 and the 1980s. However, the 1987
Montreal protocol mandated the phaseout of the use
of chlorofluorocarbons (CFCs) as propellants in all
MDIs. This resulted in a redesign of MDIs in the
1990s, utilizing hydrofluoroalkane propellants.2
Some of these formulations produce aerosols with
different characteristics that behave differently in
patients than their predecessors.??

Each type of aerosol device has its own advantages
and disadvantages (Table 1). Nebulizer/compressor
systems require minimal patient cooperation and
coordination, but are cumbersome and time-con-
suming to use. Matching nebulizers with associated
air compressors is necessary to assure optimal effi-
ciency of drug delivery. MDIs are quicker to use and
highly portable, but require the most patient training
to ensure coordination for proper use. Up to 70% of
patients fail to use them properly. The improper
timing of MDI actuation with breath initiation is a
common problem.” DPIs are easier to use than
MDIs because they are breath-actuated, but require
a relatively rapid rate of inhalation in order to
provide the energy necessary for drug aerosolization.

Table 1—Advantages and Disadvantages of Each Type of Aerosol-Generating Device or System Clinically
Available*

Type Advantages

Disadvantages

Small-volume jet nebulizer
Effective with tidal breathing
High dose possible
Dose modification possible
No CFC release

Can be used with supplemental oxygen
Can deliver combination therapies if

compatible

Ultrasonic nebulizer
High dose possible
Dose modification possible
No CFC release
Small dead volume
Quiet

Patient coordination not required

Patient coordination not required

Lack of portability

Pressurized gas source required

Lengthy treatment time

Device cleaning required

Contamination possible

Not all medication available in solution form
Does not aerosolize suspensions well

Device preparation required

Performance variability

Expensive when compressor added in
Expensive

Need for electrical power source (wall outlet or batteries)
Contamination possible

Not all medication available in solution form
Device preparation required before treatment
Does not nebulize suspensions well

Pressurized MDI

Holding chamber, reverse-
flow spacer, or spacer

DPI

Newer designs small and portable

Faster delivery than jet nebulizer

No drug loss during exhalation (breath-
actuated devices)

Portable and compact

Treatment time is short

No drug preparation required

No contamination of contents

Dose-dose reproducibility high

Some can be used with breath-
actuated mouthpiece

Reduces need for patient coordination
Reduces pharyngeal deposition

Breath-actuated

Less patient coordination required
Propellant not required

Small and portable

Short treatment time

Dose counters in most newer designs

Possible drug degradation
Potential for airway irritation with some drugs

Coordination of breathing and actuation needed

Device actuation required

High pharyngeal deposition

Upper limit to unit dose content

Remaining doses difficult to determine

Potential for abuse

Not all medications available

Many use CFC propellants in United States

Inhalation can be more complex for some patients

Can reduce dose available if not used properly

More expensive than MDI alone

Less portable than MDI alone

Integral actuator devices may alter aerosol properties
compared to native actuator

Requires moderate to high inspiratory flow

Some units are single dose

Can result in high pharyngeal deposition

Not all medications available

#*Modified from Dolovich et al.142
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Younger patients and patients in acute distress may
not be able to generate the necessary flow rates.22*
Breath-actuated MDIs are also easier to use, but are
currently available in the United States for only a
single drug (ie, the By-agonist pirbuterol). Holding
chambers used with MDIs remove the necessity of
careful timing between inhalation and MDI actua-
tion. However, they are more bulky to carry than the
MDI by itself or a DPI. The improper use of holding
chambers (eg, placing multiple puffs in the chamber
before inhalation or waiting too long between MDI
actuation and inhalation) can actually reduce drug
delivery to the lungs.

Several factors can guide clinicians on the choice
of a device for a specific patient. One factor is the
age of the subject (Table 2).2 Another factor is the
availability of the drug formulation, as not all drugs
are available in each type of aerosol delivery device.
The clinical setting (eg, outpatient, emergency de-
partment (ED), hospitalized inpatient, or intensive
care setting) and the disease being treated (eg,
COPD vs asthma) also influence the choice of
aerosol device.

Several systematic reviews and metaanalyses re-
lated to the selection of an aerosol delivery device
have been published. In a metaanalysis, Turner et
al®> concluded that bronchodilator delivery by means
of nebulizer or MDI is equivalent in the treatment of
adults with acute airflow obstruction. A systematic
review by Amirav and Newhouse2¢ compared MDIs
with accessory devices to nebulizers in children with
acute asthma. While their results showed no differ-
ences between the types of delivery systems, it was
concluded that the MDI with an accessory device (ie,
a spacer or holding chamber) should be considered
the preferred mode of aerosol delivery. A systematic
review?” of the management of acute exacerbations
of COPD concluded that there is insufficient evi-
dence that either an MDI or a nebulizer is superior.
Cates et al*® and Cates,?® in systematic reviews of
spacers and holding chambers vs nebulizers for
Bs-agonist treatment of acute asthma, concluded
that an MDI with a holding chamber produces

Table 2—General Age Requirements for Correct Use of
Aerosol Delivery Device Types*

Aerosol Delivery Method Minimum Age

Small-volume nebulizer =2yr
MDI >5yr
MDI with chamber >4yr
MDI with chamber and mask =4yr
MDI with endotracheal tube Neonate
Breath-actuated MDI >5yr
DPI =5yr

*Based on National Asthma Education and Prevention Program.?

DOCKET

_ ARM

outcomes that are at least equivalent to those
achieved with the use of a nebulizer. Several system-
atic reviews3-32 have compared MDIs to DPIs and
have concluded that there is no evidence that either
device is superior to the other for bronchodilator
therapy.

While systematic reviews provide key evidence
summaries, they do not present specific recommen-
dations for practice. The reasons for this include a
focus on restricted populations and outcomes, and
the lack of a process to ensure recommendations
reflect patients’ values and preferences.?> However,
clinicians require information and guidance concern-
ing the best estimates of benefits and risks of
alternatives, and concerning the explicit tradeoffs
between these benefits and risks, or, in other words,
evidence-based guidelines. Therefore, despite the
availability of the above systematic reviews, we be-
lieve that evidence-based guidelines are still needed.
Consequently, the intent of this project was to assess
the available scientific evidence addressing the ques-
tion of whether device selection affects efficacy and
the adverse effects of treatment. Therefore, we set
out to systematically review relevant evidence from
randomized, placebo-controlled clinical trials and to
provide general recommendations based on the
tradeoffs that this evidence provides. Our recom-
mendations relate to issues that clinicians should
consider in selecting a particular therapeutic aerosol
delivery device for their patients in each of several
commonly encountered clinical settings.

METHODOLOGY

We undertook a systematic overview of the perti-
nent literature. The databases that were searched
were MEDLINE, Embase, and the Cochrane Li-
brary (Table 3, available on-line only). A broad
search strategy was chosen to combine terms relating
to aerosol devices or drugs with those relating to the
diseases of interest in various patient groups and in a
number of clinical settings (Fig 1). Only randomized
controlled trials (RCTs) in human subjects published
in English were selected. The search identified an
initial set of approximately 2,100 publications span-
ning the years 1972 to 2000. Two reviewers indepen-
dently assessed each abstract of these publications to
determine whether they met the eligibility criteria
(ie, RCT addressing the relevant population, inter-
vention, and outcome). This review identified 394
RCTs assessing inhaled corticosteroid, B,-agonist,
and anticholinergic agents that were delivered by
MDI, MDI with spacer/holding chamber, nebulizer,
or DPI. These 394 studies were coded (for setting,
population, disease, and device) to provide a second
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FIGURE 1. Studies selected included those overlapping (illus-
trated by shaded area) devices or drugs, disease setting, and
RCTs.

screening to identify studies in which the same drug
was administered with different devices. Studies
were excluded if they only compared devices of the
same type (eg, DPI with DPI) or only compared oral
or parenteral therapy with the aerosol therapy. Data
were then extracted from the remaining 131 studies.
A total of 254 outcomes were tabulated (Table 4,
available on-line only). Because this proved un-
wieldy, we created a taxonomy of 10 categories
(Table 5) and, as many of the outcomes were similar
expressions of the same measurement, specified a
hierarchy of outcomes within this taxonomy. Of the
131 studies, only 59 proved to have useable data

(Table 6). These studies primarily tested B,-agonists.
Few studies of corticosteroids met our eligibility
criteria.

Separate metaanalyses were carried out for each
specific clinical setting being considered. The
weighted standardized difference between treat-
ment groups in the outcome of interest was calcu-
lated using the mean scores and their SDs. We
combined results across end points of FEV,, peak
flow, and specific airway conductance (sGaw), and
calculated the effect size in SD units. For studies
that made measurements at multiple time points,
the last time point was used for analysis. For
studies with multiple doses, analyses using the first
dose and the last dose were performed. All out-
comes reported are in SD units. In studies that
provided data for more than one of these out-
comes, we used the outcome that was highest in
the hierarchy. To assess whether the magnitude of
the heterogeneity of differences in the apparent
treatment effect across studies was greater than
one might expect by chance, we conducted a test
based on the x* distribution with N — 1 degree of
freedom, where N is the number of studies. No
important effects were seen in any of the group
analyses, and there was very little heterogeneity in
any of the data. In general, our statistical methods
relied on the approaches described by Fleiss?* and
by Hedges and Olkin.?>

We found that the studies were heterogeneous in
purpose, design, and patient selection, and deter-
mined that these descriptors would influence the
interpretation and relevance of the studies for clini-
cal use by patients. Therefore, we grouped the
studies that were reviewed into three general types

Table 5—Ranked Taxonomy of Outcomes*

Outcome Ranking
FEV, FEV,; FEV, % predicted; FEV, 1/% predicted; FEV/FVC ratio; FEV, mL; FEV, % change from initial;
FEV, % predicted % change from initial
PF PF L/min; PEF — aM pre, PEF — pM pre, PEF — aM post, PEF — PM post; we decided there was little to
choose between the additional measures, though in general pre should be chosen over post and am should
be chosen over PM
Mechanics sGAW; sGAW s/kPa; the rest were arbitrary

Symptoms/physical findings

Asthma score, dyspnea score, wheeze, sleep disturbances, and dyspnea on exertion; the rest were arbitrary

within the following categories: shortness of breath, unspecified symptoms, cough, physiologic measures

FVC FVC; FVC mL; FVC % predicted; FVC 1/% predicted; the following were arbitrary: IVC should be the last
choice
FEF,5 750 FEV,5 75 (112) + FEFyy_5; FEF,5 o5 % predicted; the rest were arbitrary

Blood gas
Adrenergic use
Technique/preference

Sao,; Po,; Pcoy; pH

taste should be the last choice
Heart rate, BP, ECG

Heart rate; pulse rate; heart rate increase

Bs-adrenergic use, total No. of doses, BD puffs
Preference for technique, device rating; the following were arbitrary: design should be second to last choice,

*PF = peak flow; PEF = peak expiratory flow; IVC = inspiratory vital capacity; FEF,5 -5, = forced expiratory flow, midexpiratory phase,

BD = bronchodilator.
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