
Getting Back to the Basics: Administering Inhaled Bronchodilators

Over the almost 3 decades I have been actively involved
in pulmonary medicine, there has been a dramatic increase
in the demands placed on respiratory therapists (RTs).
Ventilators have become increasingly complex. In addi-
tion to the evolution in the mechanical and electronic fea-
tures of ventilators, strategies for mechanical ventilation,
such as low-tidal-volume ventilation for acute respiratory
distress syndrome, have also become more demanding.
Noninvasive ventilation has become widely accepted for
hypercapnic and hypoxic respiratory failure. With the emer-
gence of noninvasive ventilation as a readily applicable
modality, RTs have seen the principles of mechanical ven-
tilation extended from the intensive care unit to the general
medical floor. Despite these remarkable changes in respi-
ratory care, there is surprisingly little difference today,
compared to my experiences in the 1970s and 1980s, in
what is probably the most fundamental aspect of respira-
tory care: the administration of medications, particularly
bronchodilators, via inhalation. In this issue of RESPIRA-
TORY CARE, the article by Hoisington and colleagues1 on
the effect a relatively simple change in nebulizers might
have on respiratory care workload should remind us that
there have been important advances in the basics of ad-
ministering inhaled bronchodilators.

The history of nebulizers is a fascinating story.2,3 Med-
ications have been administered via inhalation for thou-
sands of years. In India and Egypt, between 2000 and
1500 BC, herbal preparations (Datura species and hen-
bane) that contained anticholinergics were burned and the
vapors inhaled. Over the centuries, the substances burned
and inhaled became more creative. Paulus Aegineta, in
Greece in the 7th century AD, recommended inhaled storax,
pepper, mastick parsley, scruples, bayberries, and honey
for cough. More recently, the inhalation devices have also
become more inventive. Ceramic inhalers were designed
in the early 1800s. Atomizers (developed as an outgrowth
of the perfume industry) and nebulizers were invented in
the mid-1800s. Hand-bulb nebulizers were first used in the
early 1900s to administer a new medication, adrenalin,
developed from adrenal extract. In the early 1930s an elec-
tric pneumatic nebulizer (compressor and jet nebulizer com-
bination) was built and sold in Germany. Although the jet
nebulizer is commonly used with a compressor in the home,
it is usually powered with compressed oxygen in the hos-
pital. Ultrasonic nebulizers were introduced in 1949 but
have never been as widely used as compressor nebulizers.

The jet nebulizer has evolved substantially over the past
50 years. Hoisington and colleagues1 compared a newer
version of the jet nebulizer, which requires only 3 min to
nebulize 3 mL of a unit dose of a short-acting inhaled
�2 agonist, to an older jet nebulizer model that requires
9 min to nebulize that same volume. They estimate sub-
stantial time savings for the RT and cost savings for the
hospital with the new nebulizer.1 I believe those estimates
are reasonable. In my hospital, in which 18% of all ad-
mitted patients receive inhaled bronchodilators and 4,500-
5,000 nebulizer bronchodilator treatments are administered
monthly by our RTs, switching to a more time-efficient
nebulizer would have important advantages.

SEE THE ORIGINAL STUDY ON PAGE 495

However, RTs should consider options other than sim-
ply switching nebulizers to make their work more effi-
cient. One important possibility is to increase the earlier
use of metered-dose inhalers (MDIs). In my experience,
RTs view MDIs with some degree of skepticism, for 2
reasons. First, a nebulizer administers a larger dose of
short-acting inhaled �2 agonist than does an MDI. It is true
that more albuterol will reach the lungs when a usual dose
is administered via nebulizer than via MDI, as assessed
with a sensitive bioassay.4 However, numerous studies have
shown that the improvement in standard measures of lung
function (eg, forced expiratory volume in the first second)
of adults and children admitted to the emergency depart-
ment for asthma exacerbation are similar when albuterol is
administered via MDI or nebulizer.5,6 Second, it is widely
recognized that patients frequently make mistakes when
using their MDIs. In one large study, 78% of the patients
made an error during MDI use.7 The 2 most common
errors were failure to exhale appropriately before actua-
tion, and uncoordinated actuation and inhalation. MDI er-
rors are made by males and females, older and younger
adults, and patients with asthma and chronic obstructive
pulmonary disease (COPD).8 Similar errors are seen with
children. During asthma exacerbations, 75% of children
made at least one MDI error, and 45% made multiple
errors.9

There are simple methods to improve MDI use. A hold-
ing chamber can improve coordination. Some MDIs (eg,
Maxair Autohaler) are designed to minimize problems with
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the coordination of inhalation and inhaler actuation. In
acute asthma the Maxair Autohaler provides lung-function
improvement and symptom relief similar to that of nebu-
lized albuterol.10 Administration time with the Maxair Au-
tohaler was about 3 min, which is similar to that reported
by Hoisington and colleagues with a newer nebulizer.1

RTs should also be aware of another important point:
when patients with asthma or COPD leave either the emer-
gency department or hospital after an exacerbation, they
will almost certainly be given a prescription for a short-
acting inhaled �2 agonist in an MDI, as rescue therapy.
Even if an MDI is not used to administer short-acting
�2 agonists during the initial hospitalization phase, it is
prudent to convert from nebulizer to MDI as the patient
improves prior to discharge.11 This will save time for the
busy RT and will promote teaching of proper MDI use.

The most important recent advance in bronchodilators
has been the development of long-acting inhaled agents.
Currently, there are 2 available long-acting inhaled �2 ago-
nists and one long-acting inhaled anticholinergic. Formot-
erol fumerate is the preferred long-acting �2 agonist be-
cause it provides rapid onset of bronchodilation (within
minutes) and a � 12-hour duration of effect, and it can be
administered via either dry-powder inhaler (DPI) or neb-
ulizer. The available long-acting inhaled anticholinergic is
tiotropium, which has a 24-hour duration of bronchodila-
tion and is administered via DPI. Both formoterol fumer-
ate and tiotropium are indicated as maintenance agents,
not for management of exacerbations of asthma or COPD.

However, I and others at my hospital believe that intro-
ducing maintenance bronchodilator as early as possible is
a reasonable approach, so for hospitalized patients with
asthma and COPD we developed bronchodilator protocols
that incorporate formoterol fumerate and tiotropium. The
protocols rely on nebulized short-acting bronchodilator for
initial management of the acutely ill patient, but RTs found
that patients could relatively quickly learn to use DPIs for
administering the long-acting �2 agonist and anticholin-
ergic. RTs have the option of adding short-acting inhaled
�2 agonist or short-acting inhaled anticholinergic in addi-
tion to the long-acting agents, as rescue therapy if the
patient becomes symptomatic.12,13

With these protocols we have seen a dramatic decrease
in the need for short-acting rescue agents, and, correspond-
ingly, the RT time spent administering bronchodilators.
Although we have not rigorously monitored changes in
lung function over time with this approach, we believe that
the long-acting inhaled agents benefit our patients. For
instance, there were fewer adverse events related to bron-
chodilators because the short-acting agents were used much
less.12 Duration of stay of patients with COPD exacerba-
tions significantly decreased after we introduced tiotro-
pium into the bronchodilator protocol.13

Expectations of RTs have increased substantially. Me-
chanical ventilators are remarkably sophisticated, and strat-
egies of mechanical ventilation have been developed for
different types of lung injury. “Maestros” are needed to
coordinate effective operation of ventilators with these new
ventilation strategies. Noninvasive ventilation extends the
principles of mechanical ventilation outward from the in-
tensive care unit. However, RTs should appreciate that
attention to basics, particularly the delivery of inhaled bron-
chodilators, can provide important benefits in patient care
and workload efficiencies. Newer, more efficient nebuliz-
ers and early conversion from nebulizer to MDI or DPI
can allow more efficient administration of bronchodilators
and save RTs substantial time. Bronchodilator protocols,
especially those that include long-acting inhaled broncho-
dilator, can reduce workload and benefit patients.
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Pulmonary, Critical Care and Respiratory Services

Washington Hospital Center
George Washington University School of Medicine

Washington DC

REFERENCES

1. Hoisington ER, Chatburn RL, Stoller JK. A comparison of respira-
tory care workload and staffing patterns using 2 different nebulizers.
Respir Care 2009;54(4):495-499.

2. Dessanges JF. A history of nebulization. J Aerosol Med 2001;14(1):
65-71.

3. Anderson PJ. History of aerosol therapy: liquid nebulization to MDIs
to DPIs. Respir Care 2005;50(9):1139-1149.

4. Blake KV, Hoppe M, Harman E, Hendeles L. Relative amount of
albuterol delivered to lung receptors from a metered-dose inhaler and
nebulizer solution. Chest 1992;101(2):309-315.

5. Idris A, McDermott MF, Raucci JC, Morrabel A, McGorray S, Hen-
deles L. Emergency department treatment of severe asthma. Chest
1993;103(3):665-672.

6. Kerem E, Levison H, Schuh S, O’Brodovich H, Reisman J, Bentur
L, Canny GJ. Efficacy of albuterol administered by nebulizer versus
spacer device in children with acute asthma. J Pediatr 1993;123(2):
313-317.

7. Larsen JS, Hahn M, Ekholm B, Wick KA. Evaluation of conven-
tional press-and-breathe metered-dose inhaler technique in 501 pa-
tients. J Asthma 1994;31(3):193-199.

8. Goodman DE, Israel E, Rosenberg M, Johnston R, Weiss ST, Drazen
JM. The influence of age, diagnosis, and gender on proper use of
metered-dose inhalers. Am J Respir Crit Care Med 1994;150(5 Pt
1):1256-1261.

9. Scarfone RJ, Capraro GA, Zorc JJ, Zhao H. Demonstrated use of
metered-dose inhalers and peak flow meters by children and adoles-
cents with acute asthma exacerbations. Arch Pediatr Adolesc Med
2002;156(4):378-383.

10. Silverman R, Sellers J, Greene S, Flaster E, Colice G. Comparison of
the Maxair Autohaler to wet nebulizer in patients with acute asthma.
Chest 1998;114(3):766-770.

11. Tenholder MF, Bryson MJ, Whitlock WL. A model for conversion
from small volume nebulizer to metered dose inhaler aerosol ther-
apy. Chest 1992;101(3):634-637.

GETTING BACK TO THE BASICS: ADMINISTERING INHALED BRONCHODILATORS

456 RESPIRATORY CARE • APRIL 2009 VOL 54 NO 4



12. Colice GL, Carnathan B, Sung J, Paramore LC. A respiratory ther-
apist-directed protocol for managing inpatients with asthma and
COPD incorporating a long-acting bronchodilator. J Asthma 2005;
42(1):29-34.

13. Drescher GS, Carnathan B, Imus S, Colice GL. Incorporating tiotro-
pium into a respiratory therapist-directed bronchodilator protocol for
managing in-patients with COPD exacerbations decreases broncho-
dilator costs. Respir Care 2008;53(12):1678-1684.

Dr Colice has had relationships with GlaxoSmithKline, Teva, SP Phar-
maceuticals, Lilly, Pfizer, Boehringer Ingelheim, Adams Laboratories,
Laboratories Almirall, Forest Laboratories, MedImmune, and Dey.

Correspondence: Gene L Colice MD, Pulmonary, Critical Care, and Re-
spiratory Services. Washington Hospital Center, 110 Irving Street NW,
Washington DC 20010. E-mail: gene.colice@medstar.net.

GETTING BACK TO THE BASICS: ADMINISTERING INHALED BRONCHODILATORS

RESPIRATORY CARE • APRIL 2009 VOL 54 NO 4 457


