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Managing Asthma in Adults

Peter S. Creticos, MD

. . .REPORT . . .

Asthma is a heterogeneous dis-
ease process in which both
hereditary and environmen-

tal factors contribute to the devel-
opment and expression of the
clinical symptoms experienced by
the patient. A variety of triggering
factors can incite exacerbations of
symptoms. The disease is an entity
with a spectrum of presentations,
from intermittent but mild symp-
toms to persistent symptoms with
chronicity.

The National Heart, Lung, and
Blood Institute (NHLBI) and World
Health Organization Global
Initiatives for Asthma Workshop
report defines asthma as “a chronic
inflammatory disorder of the air-
ways in which many cells play a
role, in particular mast cells,
eosinophils, and T lymphocytes. In
susceptible individuals this inflam-
mation causes recurrent episodes of
wheezing, breathlessness, chest
tightness, and cough, particularly at
night and/or in the early morning.
These symptoms are usually associ-
ated with widespread but variable
airflow limitation that is at least
partly reversible either sponta-
neously or with treatment. The
inflammation also causes an associ-
ated increase in airway responsive-
ness to a variety of stimuli.”1,2

The key to successful management
of the asthmatic disease process is not
only to treat the acute symptomology
but more importantly to suppress the
underlying inflammatory component,
which results in a reduction in
bronchial hyperresponsiveness;
attenuation of diurnal variability, with
improvement in lung function; and a

Abstract
Asthma is a chronic inflammatory

disorder of the airways with a spectrum
of presentations—from intermittent but
mild symptoms to persistent symptoms
with chronicity. The key to successful
management of the disease process is
not only to treat the acute symptoms of
wheezing, breathlessness, chest tight-
ness, and cough but also to suppress the
underlying inflammatory component.
Management requires an integrated
approach that incorporates patient edu-
cation, control of environmental trig-
gers, the judicious use of an appropriate
agent to suppress underlying inflamma-
tion, addition of adjunctive therapy to
optimize primary control, and the sup-
plemental use of a bronchodilator to
control breakthrough symptoms.
Inhaled corticosteroids are the most
effective agents for primary control of
patients with persistent asthma. The
nonsteroidal antiinflammatory agents
cromolyn and nedocromil are alterna-
tive choices for primary control.
Adjunctive or secondary controllers
include maintenance bronchodilators
such as salmeterol and long-acting
theophylline as well as leukotriene mod-
ifiers. Concurrent therapy with an
inhaled corticosteroid and a long-acting
beta agonist has been shown to provide
better asthma control than therapy with
either an inhaled corticosteroid plus a
leukotriene modifier, an inhaled corti-
costeroid plus theophylline, or higher
doses of an inhaled corticosteroid alone.

(Am J Manag Care 2000;6(suppl):S940-S963)

Address correspondence to: Peter S. Creticos,
MD, Associate Professor of Medicine, Johns
Hopkins University School of Medicine, Clinical
Director, Division of Allergy and Clinical
Immunology, Johns Hopkins University School of
Medicine, 5501 Hopkins Bayview Circle, 2B-
57A, Baltimore, MD 21224.



. . .  MANAGING ASTHMA IN ADULTS . . .

VOL. 6, NO. 17, SUP. THE AMERICAN JOURNAL OF MANAGED CARE S941

reduction in the chronic symptoms of
asthma.

Pathophysiologic Features 
Allergic asthma serves as a prima-

ry model for understanding airway
inflammation. The acute (immedi-
ate) allergic response results in IgE-
dependent mast cell activation,
preformed mediator release (eg, his-
tamine), and newly generated syn-
thesis of mediators from the
arachidonic acid pathway (eg,
leukotrienes and prostaglandins).
Coincident with this process, aller-
gen is also taken up and processed
by antigen-presenting cells (eg,
macrophages and dendritic cells)
with the presentation of specific pep-
tide sequences to T lymphocytes. In
the allergic patient, costimulatory 

signals induce clones of CD4+ TH2
+-

type T cells to express specific
cytokines (IL-3, IL-4, IL-5) that
can have direct effects on a variety
of inflammatory cells (mast cells
basophils, eosinophils), as well as
antibody-producing B cells to fur-
ther enhance cell-to-cell interac-
tions (Figure 1).3-5

These complex cellular events
lead, on one hand, to acute clinical
symptoms and perhaps of more
critical relevance to the underlying
allergic inflammatory cascade to a
late phase of reactivity, which is
the result of cellular recruitment
and mediator release, with a
recrudescence of clinical sympto-
mology. Hence, as a result of chron-
ic exposure to a relevant allergen,
the IgE-mediated allergic cascade is

Figure 1. Schematic of Allergic Inflammation
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a reflection of an immediate phase of
reactivity with the subsequent devel-
opment of a late-phase response that
in many patients leads to chronic
inflammation. This chronic inflamma-
tion is recognized as the subsoil for
persistent clinical symptoms and
oftentimes the development of non-
specific airway hyperresponsiveness,
whereby not only the relevant aller-
gen(s) but also nonspecific irritants
(pollutants, cigarette smoke, cold air)
become factors capable of triggering
symptoms.3-5

Laboratory methods that use skin,
nasal, or bronchial provocation pro-
vide the opportunity to characterize
this clinical allergic response and to
further investigate the underlying
cellular and biochemical inflammato-
ry process. Varney et al used skin and
nasal biopsy specimens to study
severe grass-allergic rhinitis. Biopsy
specimens from these patients with
allergen-induced late-phase cuta-
neous responses demonstrated an
infiltration of CD4+ T lymphocytes
(granulocyte-macrophage colony-
stimulation factor, IL-3), TH2

+-type
cytokines (IL-4, IL-5), and recruit-
ment and activation of eosinophils.

Various investigators have used
nasal provocation with allergen to
induce the acute clinical symptoms of
allergic rhinitis and have shown that
it correlates with the appearance of
various inflammatory mediators (eg,
histamine, prostaglandins, leuko-
trienes, and kinins) in nasal secre-
tions. In a significant percentage of
these allergic patients, a recrudes-
cence of symptoms occurs approxi-
mately 6 to 11 hours after allergen
provocation. This late-phase response
is characterized by secondary recruit-
ment of certain inflammatory cells
(eosinophils, basophils), resulting in a
secondary wave of inflammatory
mediators. This not only results in a
persistence of airway inflammation
but also appears to play a role in the
development of heightened airway
responsiveness not only to specific

allergic stimuli but also various non-
specific irritant stimuli.7-9

Using bronchial provocation with
ragweed, it is possible to demonstrate
the same characteristic pattern of an
immediate allergen-induced response
followed by a late-phase bronchial
reaction with a similar profile of
inflammatory mediators in bronchial
lavage fluids from subjects with aller-
gic asthma. Casale and colleagues10

used a model of bronchial allergen
challenge to provide evidence for a
mast cell-derived mediator (ie, hista-
mine) as a basis for antigen-induced
bronchial constriction. Liu and col-
leagues11 have performed a segmental
allergen challenge and demonstrated a
significant increase in the number of T
cells, basophils, and eosinophils in the
lungs at 18 hours post bronchial chal-
lenge. This observation correlates with
the presence of specific inflammatory
mediators from these cells in the bron-
choalveolar lavage fluids.

The clinical correlates of the
pathophysiologic changes induced by
the inflammatory mediators elaborat-
ed from these various cells are
observed as increased mucus produc-
tion, mucosal edema, and epithelial
damage in the asthmatic’s airways. If
persistent, this inflammation leads to
various alterations in the airways,
including a thickening of mucosal and
basement membranes and, with
chronicity, possible permanent
changes as the airways become
remodeled. 

Diagnostic Approach 
The workup of the asthmatic

patient should include a thorough his-
tory, physical examination, and
appropriate laboratory tests to cor-
roborate the physician’s clinical
impression. Particular emphasis
should center on the home setting,
work site, occupational exposures,
avocational interests, and other possi-
ble environmental situations. Asthma
is one disease in which identification
of the specific (allergic) triggering fac-
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tor(s) and subsequent appropriate
environmental manipulation to
reduce exposure to the allergen bur-
den can have a dramatic impact on
the patient’s disease process.
Likewise, measures to reduce expo-
sure to various indoor pollutants,
such as heating fumes, cooking gases,
aerosols, and passive smoke, should
be incorporated into an asthmatic’s
avoidance protocol.

The strong association of allergy
with asthma mandates an allergic eval-
uation of all patients who have other
than mild and intermittent symptoms.
Skin testing to a panel of inhalant
aeroallergens relevant to the patient’s
geographical region provides confirma-
tion of (IgE-mediated) allergic sensiti-
zation, which correlates with both the
frequency and the severity of the asth-
matic’s disease. An alternative to skin
tests is blood testing (radioallergosor-
bent testing) for specific IgE against
relevant allergens. As with any labora-
tory test, the findings must be correlat-
ed with the clinical history to
determine clinical relevance.

Therapeutic Approach
Successful management of the

patient with asthma requires an inte-
grated approach that incorporates
patient education, environmental
control, the judicious use of an
appropriate antiinflammatory thera-
peutic agent to suppress the under-
lying inflammatory component,
consideration of adjunctive therapy to
optimize control, and supplemental
use of a bronchodilator to treat break-
through symptoms. Immunotherapy
should be considered in those allergic
asthmatic patients who have not
responded to environmental and phar-
macotherapeutic measures, who have
had side effects with the medications,
or who have persistent disease because
of continuous exposure to relevant
aeroallergens throughout the year.

Patient Education
A successful strategy for manage-

ment of asthma necessitates a part-
nership between the patient and the
healthcare team. Integral to this ther-
apeutic approach is the incorporation
of the patient in the development and
implementation of any treatment

strategy. This mandates an apprecia-
tion of patient education as more than
simply rote memorization; such edu-
cation is a learning process through
which the patient becomes an active 

participant in the management of his
or her disease. This involves helping
the patient understand the disease
entity, having the patient learn and
practice the skills necessary to man-
age asthma, establishing an open
channel of communication for the
patient with members of the health-
care team, and developing a joint
treatment plan. These aspects cannot
be overemphasized, because a disin-
terested or uninformed patient is
likely to foredoom any long-term
management plan.12

Environmental Control 
Cigarette smoke, aerosol sprays,

and cooking odors are important irri-
tants that are capable of triggering an
asthmatic’s symptoms in the indoor
environment. Even more critical to
the asthmatic patient is the role of
persistent exposure to perennial
indoor allergens in inducing a smol-
dering asthmatic process.

House dust mites, molds, cock-
roaches, and other insects, as well as

Successful management of the patient with
asthma requires an integrated approach that
incorporates patient education, environmental
control, the judicious use of an appropriate
antiinflammatory therapeutic agent to
suppress the underlying inflammatory com-
ponent, consideration of adjunctive therapy
to optimize control, and supplemental use
of a bronchodilator to treat breakthrough
symptoms.
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animals are the principal sources that
contribute to the indoor allergen bur-
den. Proteinaceous matter from
decaying body parts (dust mites,
roaches), feces (dust mites, roaches),
dander (animals), saliva (cats, roach-
es), and urinary protein (rodents,
cats) represent the major allergen
burdens to which the asthmatic is
exposed.

Particles less than 10 µm in diam-
eter can easily reach the lower res-
piratory tract and induce symptoms
of asthma. Airtight homes, with
their wall-to-wall carpeting, indoor
pets, central heating, and ventila-
tion systems are conducive to creat-
ing an indoor environment that
ensures a patient’s exposure to a
constant allergen burden. The
importance of dust mite control,
animal avoidance, and insect eradi-
cation cannot be overemphasized,
because the asthmatic’s disease
process can be markedly attenuated
or even ablated by incorporation of
specific environmental control mea-
sures in the household setting.

Pollen allergens are important
agents in inducing asthmatic symp-
toms. Intact pollen grains (eg, ragweed
pollen [23 µm diameter]) are too large
to reach the lower airways. However, a
significant portion of their “total aller-

genic activity” is attributable not only
to intact pollen grains but also to
pollen fragments (< 10 µm diameter)
and microaerosol particles (3 to 7 µm
diameter). The relevance of this find-
ing is observed during the pollen sea-
son as millions of pollen grains settle to
the ground, whereupon dew, rainfall,
and humidity extract the relevant pro-
tein from the pollen grains, which then
becomes airborne in the form of
microaerosolized particles. A similar
phenomenon occurs with mold,
wherein soluble protein from the
spores and mycelial elements is dis-
persed into the atmosphere.13

. . . CONCEPTS IN
PREVENTIVE THERAPY . . .

Primary Antiinflammatory Agents
(Primary Controllers)

Our recognition and understanding
of the importance of inflammation in
the asthmatic’s disease process under-
scores the importance of using a 
compound with antiinflammatory
properties as a primary therapeutic
agent in the management of asthma
(Table 1). In this context, early thera-
peutic intervention should be aimed
at suppressing mild but persistent
symptoms in an attempt to 
prevent their escalation into a moder-
ate-to-severe disease process.
Currently, inhaled corticosteroids
continue to be recognized as the pri-
mary antiinflammatory therapeutic
agents for controlling asthma. The
nonsteroidal antiinflammatory com-
pounds (eg, cromolyn or nedocromil)
are alternative choices for the physi-
cian. Leukotriene modifiers have sec-
ondary antiinflammatory properties,
which may enable them to be consid-
ered in specific circumstances.

Inhaled Corticosteroids. Synthetic
corticosteroids that are adapted for
inhalation into the lungs have dramat-
ically altered the approach to the
treatment of asthma. Their ease of
administration and their favorable

Table 1. Concepts in Preventive Care

• Environmental Control

• Primary Antiinflammatory Therapeutic Agents
Inhaled corticosteroids
Cromolyn/nedocromil

• Adjunctive Controllers
Maintenance bronchodilators
Long-acting beta2 agonists
Methylxanthines/theophyllines
Leukotriene modifiers

• Rescue Bronchodilators
Short-acting beta2 agonists
Anticholinergics

• Immunotherapy
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risk:benefit ratio compared with oral
steroids have made them the drug of
choice for suppressing asthmatic
inflammation.

Inhaled corticosteroids are the
most effective therapeutic agents in
our arsenal for controlling patients
with persistent asthma. The ability to
titrate the dosage provides an inter-
vention strategy across the spectrum
of asthma severity. Properly con-
trolled clinical trials demonstrate
that inhaled corticosteroids improve
asthma symptoms, minimize noctur-
nal awakenings, decrease exacerba-
tions, reduce the need for
supplemental short-acting bron-
chodilator rescue, and improve quali-
ty of life. With respect to lung
function, the inhaled corticosteroids
increase forced expiratory volume in
one second (FEV-1), increase peak
expiratory flow (PEF), reduce the
variability in peak flow, and abrogate
the deterioration in long-term sur-
vival curves of lung function. With
continued use, inhaled corticos-
teroids also attenuate airway hyper-
responsiveness,  as measured by
provocative models using metha-
choline, histamine, allergen, cold air,
oxygen saturation (SO2), exercise,
and other pharmacologic stimuli.14,15

Several important concepts with
respect to the therapeutic action of
inhaled corticosteroids should be
highlighted. Laitinen and colleagues16

demonstrated that even milder asth-
matics have airway inflammation, as
observed from their biopsy studies of
13 asthmatics that showed significant
accumulation of eosinophils in the
airways of patients who previously
used only bronchodilator therapy.
Subsequent therapy with an inhaled
steroid (budesonide) at a dose of 1200
µg/day resulted in resolution of
eosinophilic inflammation, a reduction
in basement membrane protein, and
restoration of respiratory architecture.

In a 2-year, double-blind, positive-
controlled trial that compared budes-
onide at a dose of 600 µg twice daily

to maintenance therapy with a beta2-
agonist bronchodilator (terbutaline at
2 puffs bid), Haahtela and colleagues17

demonstrated that over the initial 2
years of maintenance treatment, 

budesonide reduced asthma symp-
toms and improved lung function sig-
nificantly compared with terbutaline.
Furthermore, the inhaled cortico-
steroid therapy significantly damp-
ened airway hyperresponsiveness by
approximately 2- to 3-fold, whereas
beta2-agonist therapy with terbutaline
had no appreciable effect on metha-
choline-induced bronchial hyperre-
sponsiveness.

A similar study by Woolcock and
colleagues18 demonstrated that the
inhaled corticosteroid, beclometha-
sone dipropionate (BDP), shifted air-
way hyperresponsiveness by
approximately one log (10-fold),
whereas the control group treated
with theophylline showed no effect in
this important parameter of airway
reactivity. These are critical studies
that clearly differentiate the anti-
inflammatory properties of inhaled
steroids from the classic bronchodila-
tor properties of beta2 agonists and
theophylline compounds.

Furthermore, this raises the ques-
tion whether early intervention with
an antiinflammatory agent is critical
for preservation of long-term lung
function. The Haahtela study17 provid-
ed evidence that early intervention
with an inhaled steroid (budesonide)
results both in an improvement in
clinical symptoms and lung func-

Inhaled corticosteroids are the most effective
therapeutic agents in our arsenal for control-
ling patients with persistent asthma.
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tion—endpoints that were not
achieved in the beta2 agonist-treated
group, even after inhaled steroid ther-
apy was added to their regimen in the
1-year follow-up phase of the study.
This surprising observation that a
delay in introducing inhaled steroid
therapy might mitigate the ability of
inadequately treated patients to
catchup has become an important
issue in asthma management. It is fur-
ther addressed by the Selroos study,
which showed that the longer the
interval before introducing steroid
therapy in patients with compromised
lung function, the less likely the para-
meters of pulmonary function are to
achieve normalcy.19

Corticosteroids may act through
several different mechanisms, includ-
ing inhibition of cellular recruitment,
arachidonic acid metabolism, and
mediator synthesis; restoration of
beta2-receptor responsivity; and down
regulation of the effects of various
inflammatory mediators on their tar-
get sites. The clinical relevance of
these findings is demonstrated in
properly performed provocation stud-
ies, which show that inhaled cortico-
steroids, given for an adequate length
of time, block the late phase of a (spe-
cific) allergen-induced challenge,
indirectly diminish the early chal-
lenge response, reduce airway inflam-
mation, and inhibit development of
nonspecific airway reactivity. Chronic
administration results in a decrease in
airway hyperresponsiveness to both
specific (allergen) and nonspecific
(irritant) stimuli.20,21

The research and development
teams of the various pharmaceutical
corporations have developed the
newer corticosteroid preparations to
capitalize on design methods that
increase potency, improve the thera-
peutic index, and facilitate easy
breakdown of the molecule to
improve the safety index. Halogena-
tion (ie, chemical addition of a chlo-
rine or a fluorine molecule at specific
carbon sites on the basic steroid mol-

ecule) further increases the therapeu-
tic activity (potency) of the specific
compound. Esterification results in
more rapid breakdown of the corti-
costeroid molecule by the liver (first-
pass effect) and thereby reduces the
systemic bioavailability.

There are presently 5 inhaled cor-
ticosteroid preparations on the US
market, and a sixth preparation
(mometasone furoate) is in phase III
clinical trials. The dose comparability
among the various inhaled cortico-
steroid preparations is a difficult issue
to address (Table 2). Studies of tissue
receptor binding affinity allow stratifi-
cation of the inhaled (topical) corti-
costeroid preparations into high-,
moderate-, and low-potency prepara-
tions. These studies demonstrate that
mometasone furoate (20:1) and fluti-
casone propionate (18:1) have the
highest potency when compared with
dexamethasone. The next tier of
drugs is represented by budesonide
(9:1) and BDP, which is metabolized
from dipropionate to monopropionate
(9:1), whereas triamcinolone ace-
tonide (3.6:1) and flunisolide (1.8:1)
are low-potency preparations. This
necessitated giving the lower-potency
formulations at greater strengths (ie,
200 to 250 mcg/puff) to achieve the
same response as BDP in challenge
models or clinical endpoints.22-24

Equally important to this equation
are the dynamics of inspiratory flow
and particle distribution, which are
both critical factors in corticosteroid
deposition in the lower airways. The
new dry powder formulations (budes-
onide [Pulmicort Turbuhaler], flutica-
sone [Flovent Diskus]) result in
improved delivery of respiratory par-
ticles at a more optimal particle size
(3- to 7-µm diameter particles) that
more easily reach the respirable por-
tion of the bronchial tree.

The complicated aspects of this
become apparent when the difficulty
of achieving adequate therapeutic
control with the older low-potency
corticosteroid preparations is recog-
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nized. For example, in a patient
requiring 1000 µg/day of BDP (5 puffs
4 times per day) the likelihood of
patient noncompliance with such a
regimen, as well as the poor repro-
ducibility of inspiratory rates with
such frequent repetitive inhalations,
accentuates the therapeutic problem.

The clinical implications of these
differences in pharmacokinetics
between the various inhaled cortico-
steroid preparations have been diffi-
cult to assess because of the relatively
flat dose-response curve with inhaled
steroids. However, based on recent
carefully designed clinical trials mea-
suring various relevant clinical end-
points (symptoms, PEF, and FEV-1),
there is a general consensus that fluti-
casone (metered dose inhaler [MDI]
[2:1]) and budesonide (1.3-1.5:1) are
more potent than BDP.24 A study
involving fluticasone in its dry pow-
der diskhaler formulation (1.5:1)
showed it to be more potent on a
nominal dose basis (µg/µg) than tri-
amcinolone (MDI used with a spac-
er).24 In controlled trials, the
fluticasone Diskus appears to behave
similarly to the other fluticasone
preparations. In this context, the new
higher-potency corticosteroid prepa-
rations result in better therapeutic
control with lower total dose require-
ments. Furthermore, control can be
accomplished in a more user-friendly
way, with a once- or twice-daily main-
tenance regimen that significantly
improves patient compliance (risk
benefit:ratio). 

In symptomatic patients, judi-
cious adherence to the treatment
regimen is necessary, starting with
an initial dose that is adequate to
bring symptoms under control and
tapered as tolerated to the lowest
effective dose that sustains symp-
tom control during the maintenance
phase of therapy. This dose must be
adequate to suppress the underlying
inflammatory component, improve
pulmonary function, and reduce the
frequency and severity of symp-

toms. Subsequent adjustments in
dosage (step up or step down) can
be made based on assessment of
clinical symptoms and peak expira-
tory flow rates.

The NHLBI guidelines have provid-
ed clinicians with information on
therapeutic dosing considerations
with inhaled corticosteroids, based on
the severity of a patient’s disease.
With this in mind, a reasonable
approach to control mild (200 to 400
µg/day), moderate (400 to 800
µg/day), and severe asthma (> 800
µg/day) can be constructed. Implicit
in these suggestions is the importance
of beginning therapy with a maximal
recommended dose over the first 1 to
2 weeks to bring the inflammatory
process under control quickly (800 to
1600 µg/day) and then to reduce this
amount to the lowest dose that still
provides adequate therapeutic control
(~200 to 800 µg/day).1,25

The new inhaled corticosteroid
preparations have markedly
improved the risk:benefit ratio of
steroid therapy compared with
chronic oral prednisone therapy,
which is saddled with a significant
potential adverse-event profile that
includes adrenal suppression, bone
demineralization, growth suppres-

Table 2. Inhaled Corticosteroid Preparations

Dose/ Typical Total
Compound Actuation (µg) Dosage Dose (µg)

Beclomethasone 42 2-4 p qid 168-672

Flunisolide 250 2-4 p bid 1000-2000

Triamcinolone (200) 100 2-4 p bid 800-1600

Budesonide 200 2-4 p bid 200-1600

Fluticasone 44/110/220 1-2 p bid 88-880

Mometasone* 200/400 1-2 p bid 200-800

*Not yet approved in the United States. p = puffs.
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sion, ocular complications, and
local effects in the oral pharynx and
the skin. Serious adverse events are
uncommon with the inhaled (topi-
cal) preparations but the risk for
adverse events correlates with the
total daily dose.26-29 The degree of
risk can be minimized by the use of
the newer higher-potency steroids,
where smaller total daily doses are
required to maintain therapeutic
control. This measure reiterates the
philosophy of step-down therapy 
in which patients are maintained 
on the lowest dose that still provides
clinically beneficial therapeutic
control.

Cromolyn. Cromolyn sodium
(Intal) is a derivative of a naturally
occurring antispasmodic extracted
from a Mediterranean weed.
Cromolyn sodium has been demon-
strated to be clinically efficacious in
the management of seasonal allergic
asthma, perennial allergic asthma,
exercise-induced asthma, occupation-
al asthma, and certain types of irri-
tant-induced asthma. Its mechanisms
are not completely understood, but it
appears that one of its actions may be
to stabilize the membranes of a variety
of cells (eg, mast cells, sensory nerve
cells) involved in the inflammatory
cascade, resulting in the inhibition of
inflammatory mediator release. It also
has been shown to interfere with the
migration of eosinophils to the inflam-
matory site and to decrease the 
number of eosinophils and the concen-
tration of eosinophilic inflammatory
mediators (eg, eosinophil cationic pro-
tein) in the bronchial lavage fluids of
treated asthmatics.30

The most successful therapeutic
approach with cromolyn is to use
the drug prophylactically, beginning
7 to 10 days before the allergen sea-
son. Based on cromolyn’s remark-
able safety profile, an aggressive
approach to treatment can be pur-
sued, with an initial inhaled dose of
2 puffs 4 times daily (6400 µg) being

recommended. Obviously, this
necessitates patient compliance, but
with a motivated patient who is
instructed in the requirement of
using the drug diligently in this
early treatment period, it may be
possible to reduce this dosage to a 2
to 3 times daily regimen for mainte-
nance control.

In symptomatic patients it is
even more important to emphasize
aggressive dosing of the drug,
because it may be necessary to dou-
ble the dose from 2 to 4 puffs 4
times daily during the first several
weeks of therapy to achieve control.
Once control is attained, it may be
possible to taper the dosage to a
more user-friendly regimen that
ensures patient compliance.

Clinical studies demonstrate that
cromolyn-treated patients receiving
6400 µg per day (2 puffs 4 times daily)
show improvement in overall asth-
ma symptoms (daytime asthma,
nocturnal asthma, and cough) and
para-meters of lung function (PEF,
spirometry) airway hyperreactivity,
and the need for supplemental bron-
chodilators. Comparative studies
show cromolyn to be comparable to
lower-dose inhaled steroid therapy
in the management of asthma.
However, the combination of cro-
molyn with a beta2 agonist has been
shown to result in better symptom
control than cromolyn alone.
Although theophylline provides a
similar clinical benefit, the low fre-
quency of adverse effects associated
with cromolyn represents a signifi-
cant therapeutic advantage.31,32

The use of a spacer can further
improve both drug delivery and clini-
cal response in patients, and a strong
case can be made to employ a spacer
in all cases in which inhaled cromolyn
is prescribed. Likewise, the nebulized
formulation of cromolyn can be used
to maintain therapeutic levels when a
MDI cannot be continued. This is par-
ticularly useful in cases involving
young children who cannot learn the
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correct MDI technique during periods
of severe lower airway inflammation
(eg, bronchitis or respiratory infection)
that make an aerosol intolerable or
when intolerance to the aerosol pro-
pellant is a factor.

Nedocromil. Nedocromil sodium
(Tilade) is a nonsteroidal antiinflam-
matory compound that is classified as
a pyranoquinoline. It is a synthetically
derived dicarboxylic acid with a tri-
cyclic ring backbone. These synthetic
alterations have resulted in a com-
pound with a broader spectrum of anti-
inflammatory activity compared with
cromolyn. Studies have demonstrated
that nedocromil has activity on a vari-
ety of cell types that are involved in the
asthmatic cascade (eg, eosinophils,
neutrophils, epithelial cells, mast
cells); inhibits inflammatory mediator
release; and has a modulatory effect on
neural pathways, with implications for
both the immediate and late phases of
the asthmatic’s clinical response.
Clinical studies have demonstrated
nedocromil’s efficacy in seasonal and
perennial asthma, cold air-induced,
SO2-induced, exercise-induced, and
cough-variant asthma.33

In studies that use bronchoprovo-
cation, nedocromil appears to be
comparable to low-dose BDP in reduc-
ing the underlying bronchial hyperre-
sponsiveness of patients with
mild-to-moderate asthma. In this con-
text, one of the more clinically rele-
vant features of airway inflammation
is heightened diurnal variability in
PEF. Nedocromil has been shown to
both attenuate this diurnal flux and
improve overall lung function (eg,
FEV-1, PEF) when used on a regular
daily basis.34

In contrast, maintenance therapy
with a short-acting beta2 agonist (eg,
albuterol) neither results in a sus-
tained improvement in PEF nor a
reduction in the diurnal variability
in peak flow. The relevance of this
may be correlated with bron-
choalveolar lavage studies, which

show that nedocromil inhibits the
influx of inflammatory cells (eg,
eosinophils) into the lungs, whereas
a bronchodilator (eg, albuterol)
does not.

In contrast to cromolyn, nedo-
cromil given in a dose of 2 puffs (4
mg) 4 times daily results in an
improvement in asthma symptoms
within days of initiating therapy.
For optimal control, the drug should
be initiated at a dose of 2 puffs 4
times daily for the first 1 to 2 weeks
of therapy to ensure suppression of
bronchial hyperresponsiveness,
improve lung function, and reduce
symptoms. Once control is estab-
lished, the dose of the drug should
be reduced to a twice-a-day mainte-
nance regimen of 2 to 4 puffs to sus-
tain control.35-37

For chronic maintenance thera-
py, studies show that nedocromil, 4
mg 4 times daily, is comparable to
low-dose inhaled corticosteroids
(BDP ≤ 400 µg per day) and superi-
or to maintenance bronchodilator
therapy (albuterol, 2 puffs 4 times
daily) in reducing daytime-noctur-
nal asthma, wheezing, shortness of
breath, and/or cough. When added
to maintenance theophylline (400
to 800 µg per day) nedocromil has
been shown to result in further
improvement in clinical symptoms
and an ability to reduce and/or
replace theophylline with no loss of
therapeutic effectiveness. Various
studies have shown an added bene-
fit when nedocromil is added to a

Clinical studies have demonstrated nedocromil’s
efficacy in seasonal and perennial asthma,
cold air-induced, SO2-induced, exercise-
induced, and cough-variant asthma.33
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maintenance regimen of theo-
phylline, beta2 agonists, and
inhaled corticosteroids. This may
be particularly beneficial in allow-
ing patients with moderate-to-
severe asthma to reduce their total
inhaled steroid requirements and
yet maintain control.38

In direct comparison studies,
nedocromil appears to be compara-
ble to cromolyn in improving the
asthmatic symptoms of patients
with predominantly allergic asthma,
but it is superior to cromolyn in
treating predominantly nonallergic
asthmatics.39

In summary, nedocromil appears
to represent a therapeutic agent with
a broader spectrum of activity than
cromolyn and, most importantly, it is
a compound that can be reduced to a
twice-a-day maintenance dosage for
effective control. Its ease of adminis-
tration and safety make nedocromil a
reasonable choice for use in patients
with mild-to-early moderate asthma.

Adjunctive Controllers
The principal use of these thera-

peutic compounds is as adjunctive
therapy to a primary antiinflammato-
ry therapeutic agent to further opti-
mize asthma control. Some of these
compounds provide long-lasting
bronchodilation (salmeterol [SMT],
theophylline), whereas the leukotriene
modifiers and to a lesser extent the
theophylline compounds have sec-
ondary antiinflammatory properties.

Maintenance Bronchodilators.
The introduction of salmeterol
(Serevent) has provided the option
of using this long-acting beta2 sym-
pathomimetic drug for maintenance
control of asthma and prevention of
bronchospasm, control of nocturnal
asthma, and prevention of exercise-
induced asthma.40-42 The principal
positioning of this therapeutic
agent is in patients who are already
maintained on a primary antiin-
flammatory drug for whom the

addition of a maintenance bron-
chodilator would optimize control.
In this context, the addition of sal-
meterol could obviate the need for
increasing the corticosteroid dose
in a less than optimally controlled
patient, thereby improving the
risk:benefit ratio of the total drug
therapy regimen.

Salmeterol is also an appropriate
therapeutic choice for control of
nocturnal asthma, where the longer
duration of action would provide
reasonable control for the majority
of patients. In contrast, short-acting
bronchodilators (3- to 4-hour dura-
tion) would not be expected to pro-
vide an adequate length of coverage
through the evening hours.
Salmeterol would also be a superior
choice in patients who have gastro-
esophageal reflux in which the use
of theophylline would further aggra-
vate lower esophageal sphincter
pressure and result in worsening
reflux. A final indication for salme-
terol is in exercise-induced asthma.
Because of its longer duration of
action, this drug may provide pro-
tection against several different
exercise events during a 10- to 12-
hour period.

Salmeterol is available both in an
MDI formulation (42 µg per puff),
which is recommended at a dose of 1
to 2 puffs twice a day, as well as a dry
powder inhalation device (50 µg per
puff) administered as 1 inhalation
twice daily. Patients should be cau-
tioned not to exceed a twice-daily
dosing frequency, because the pro-
longed half-life of the drug may result
in an exaggerated pharmacologic
response involving tremor, muscle
cramps, headache, or adverse cardio-
vascular events. Furthermore, salme-
terol should never be used to relieve
acute symptoms of bronchospasm.42

A short-acting selective beta2 agent
should be used for relief of break-
through symptoms in a patient who
is already on maintenance therapy
with salmeterol.
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Theophylline therapy has been a
cornerstone of asthma treatment
through the years. As with beta-
adrenergic sympathomimetic agents,
theophylline appears to exert its pri-
mary influence through relaxation of
smooth muscle of the bronchial tree.
It inhibits the breakdown of the
enzyme phosphodiesterase, which
leads to an increase in cyclic adeno-
sine monophosphate (cAMP) concen-
trations, thereby resulting in smooth
muscle cell relaxation.42

As emphasized, our current
approach to the treatment of asth-
ma involves the aggressive use of an
inhaled preventive therapeutic
agent. As a result, theophylline is
now viewed as an adjunctive, albeit
important, therapeutic agent in
asthmatic patients whose condition
is not easily controlled by the use of
inhaled nedocromil or inhaled corti-
costeroids supplemented by an
inhaled beta2-selective sympath-
omimetic agent. This current strate-
gy reflects not only the superior
antiinflammatory properties of
these preventive inhaled agents but
also the toxic effects associated with
theophylline therapy.

In view of the small margin
between therapeutic effects and tox-
icity, individualization of dose is
mandatory with theophylline thera-
py. The use of sustained-release
long-acting (once or twice daily)
preparations has improved this
aspect of care, because of the more
consistent theophylline release
characteristics, which provide a
more consistent plasma concentra-
tion with less marked peak:trough
variation. In this regard, it is impor-
tant not to switch to using various
preparations, because significant
differences in serum blood levels
may result from the differences 
in absorption characteristics 
among preparations from different
manufacturers.

The once-a-day sustained-release
products may be most useful in the

subset of asthmatics with nocturnal
symptoms who otherwise find it diffi-
cult to sleep through the night
because of the short duration of activ-
ity of classic sympathomimetic
agents. However, this consideration

must be counterbalanced by the pos-
sibility of increased reflux resulting
from a reduction in lower esophageal
pressure with theophyllines. 

Leukotriene Modifiers. The sulfi-
do-peptide leukotrienes (LTC4,
LTD4, LTE4) are potent inflammato-
ry molecules that are elaborated by
mast cells, basophils, eosinophils,
and a variety of other cells. As a
result, these molecules play a role in
both the mast cell-driven (acute)
asthmatic reaction as well as in the
T cell-orchestrated (chronic)
inflammatory process, in which sec-
ondary inflammatory cells (eg,
eosinophils, basophils) predomi-
nate. These molecules alter vascular
permeability, contribute to airway
edema, and enhance mucus produc-
tion. The leukotriene LTD4 has been
shown to be the most potent bron-
choconstrictor in man; it is 1000
times stronger than histamine in
inducing bronchial constriction.
Therefore, the leukotrienes are
potent mediators of bronchocon-
striction and inflammation and
appear to be integral to the asthmat-
ic process.43,44

Several therapeutic approaches
have been taken to manipulate the 5-
lipoxygenase pathway of the arachi-

As emphasized, our current approach to the
treatment of asthma involves the aggressive
use of an inhaled preventive therapeutic
agent.
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donic acid cascade, including target-
ing the development of a 5-lipoxyge-
nase enzyme inhibitor (zileuton), and
the development of specific
leukotriene receptor antagonists
(zafirlukast, montelukast). Mechan-
istic studies with these compounds
have demonstrated their ability to
inhibit allergen-induced early- and
late-phase airway responses, hista-
mine-induced responsiveness postal-
lergen challenge, and inflammatory
cell recruitment. Furthermore, atten-
uation of exercise-induced and sulfur
dioxide-induced effects on the air-
ways have also been demonstrated in
appropriately designed challenge
models.43,44

These specific leukotriene recep-
tor antagonists have gained favor in
the treatment of mild- to moderate-
persistent asthma, based on their
ease of dosing (oral) and their
approval for use in children.
Clinical trials with these agents
have demonstrated an improvement
in asthma symptoms and a reduc-
tion in exacerbations and a need for
rescue bronchodilator therapy.
Furthermore, these agents demon-
strate both an immediate bron-
chodilator effect (eg, FEV-1
increased 10% to 15% compared
with baseline) and a sustained clini-
cal improvement with chronic
maintenance therapy.45-47

Comparative studies demonstrate
the clinical benefit of leukotriene
modifiers to be comparable to that
achieved with either cromolyn or
nedocromil and theophyllines.48

Furthermore, they appear to be
comparable to low-dose inhaled
steroids (eg, BDP) but do not exhibit
the dose- response profile that could
be achieved with inhaled steroid
therapy. Studies of comparable asth-
matic patient populations suggest
that appropriate doses of inhaled
steroids will result in an approxi-
mately 2-fold differentiation of
inhaled steroids versus leukotriene
modifiers with respect to either

symptom improvement or lung func-
tion (versus placebo).

Consideration of leukotriene
modifiers as adjunctive therapy is
particularly appealing, based on tri-
als demonstrating their ability to
reduce acute exacerbations and
inhaled steroid requirements and to
augment the clinical response in
patients who are not adequately con-
trolled by inhaled steroids. With
respect to add-on therapy, compara-
tive trials have again demonstrated
that the long-acting bronchodilator
salmeterol improves FEV-1 about 2-
fold greater than either zafirlukast or
montelukast. However, when exam-
ining other aspects of total asthma
control (eg, rate of exacerbations,
need for supplemental rescue med-
ications, and specific parameters of
quality of life), these differences are
of a lesser magnitude.49,50

In summary, the leukotriene modi-
fiers are most appropriately used as
add-on therapy for patients who have
not achieved adequate control using a
primary antiinflammatory therapeu-
tic regimen. In carefully selected
patients, these agents may also be
considered an alternative to inhaled
steroid therapy when considerations
of compliance, age, or safety impact on
the choice of a first-line agent.
However, caution must be exercised in
this decision process because evidence
is still lacking that leukotriene modi-
fiers can significantly alter airway
inflammation in patients with chronic
(persistent) asthma. By contrast,
inhaled corticosteroids clearly have
been shown to reduce airway inflam-
mation in biopsy studies of asthmatics.
Certainly, early intervention with the
agent best capable of arresting or sup-
pressing the underlying airway inflam-
mation would be most likely to result
in improvement in clinical symptoms
and in long-term lung function.

Concurrent Therapy
Our understanding of the asthmat-

ic disease process has advanced
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immeasurably through the technical
advances of bronchoscopy and biopsy
coupled with the molecular and
immunologic advances in the basic
science laboratory. We now recog-
nize airway inflammation as the
“subsoil” for the development of
abnormal airway physiology, height-
ened bronchial responsivity, and
chronic asthmatic symptomology.
However, this must be balanced with
our observations that smooth mus-
cle dysfunction with its resultant
bronchoconstriction is the hallmark
of the disease for the patient.

Although antiinflammatory thera-
py reduces the airway hyperrespon-
siveness that contributes to
bronchoconstriction, it does not elim-
inate it. This would suggest that treat-
ment of both components of the
asthmatic disease—the underlying
airway inflammation and the bron-
choconstriction—are necessary to
achieve optimal asthma control. In
fact, concurrent therapy with an
inhaled corticosteroid and an inhaled
long-acting beta2 agonist has been
shown to result in superior asthma
control compared with either inhaled
corticosteroids plus leukotriene mod-
ifiers, inhaled corticosteroids plus
theophylline, or higher doses of
inhaled corticosteroids alone.38

The methodology of bronchoprovo-
cation enables the characterization of
these 2 critical components of the
asthmatic process. In this model, it
can be shown that the early-phase
response to allergen provocation can
be blocked by pretreating with a beta2
agonist. However, this treatment has
no effect on the subsequent late-
phase response of asthma. In con-
trast, treatment with an inhaled
corticosteroid prevents the late-phase
response but only partially mitigates
the acute airway reactivity.51 These
constructs would provide a logical
basis for a dual-component therapeu-
tic regimen, which addresses both the
early-phase and late-phase asthmatic
components.

Furthermore, data are beginning to
show the interrelationships between
airway inflammation and airway
smooth muscle function. In this con-
text, persistent airway inflammation
can significantly contribute to
bronchial hyperresponsiveness,
which in turn leads to bronchocon-
striction. Interestingly, airway
smooth muscle has also been shown
to be capable of releasing inflamma-
tory mediators, which may con-
tribute to increased inflammation in
the airway.51-53

These observations have several
important implications with respect
to treatment with long-acting beta2

agonists. On the one hand these 
beta2-agonist compounds have obvi-
ous bronchodilating properties
through stimulation of beta2-adrener-
gic receptors in the lung, which leads
to increased production of cAMP.
cAMP induces a sequence of intracel-
lular events that lead to relaxation of
airway smooth muscle (bronchodila-
tion).54 Furthermore, long-acting
beta2-agonist drugs also have non-
bronchodilatory effects, which may
have clinical relevance.

In-vitro studies have demonstrated
that inhaled long-acting beta2-agonist
drugs can alter cell adhesion, thereby
reducing white blood cell accumula-
tion in the airways; inhibit mast cell
inflammatory mediator release;
increase ciliary beat; improve muco-
ciliary clearance; and decrease airway
edema.55-58

In addition, recent in-vitro studies
suggest that the inhaled long-acting
beta2 agonists may prime inactive glu-
cocoriticoid receptors, thereby
enhancing the effects of inhaled corti-
costeroids and making it easier for the
primed receptors to be activated by
corticosteroids. In effect, this may
explain why a lower dose of an inhaled
steroid is effective when it is combined
with an inhaled beta2-agonist agent as
compared with the requirements for a
much higher dose of an inhaled corti-
costeroid alone.59-61
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This reciprocal relationship is
emphasized in studies that have shown
that inhaled corticosteroids may
enhance the effects of inhaled long-act-
ing beta2 agonists.20,62 Specifically, cor-
ticosteroids appear to increase the
number of available beta2 receptors as
well as heighten their sensitivity to
beta2 agonists.

A recent study by Sue-Chu and col-
leagues provides further support for
the complementary effects of inhaled
corticosteroids and long-acting beta2
agonists in controlling airway inflam-

mation in patients with asthma. This
double-blind bronchial biopsy study
demonstrated that treatment with
concurrent therapy (fluticasone 200
µg twice daily + SMT 50 µg twice daily
for 12 weeks) resulted in decreases in
CD3+, CD4+, and CD25+ lymphocytes
that were similar to or greater than
those observed with higher doses of
fluticasone alone (fluticasone 500 µg
bid). Furthermore, concurrent ther-
apy resulted in a significant reduc-
tion in the number of mast cells
when compared with either fluticas-
one alone at either the 200- or the
500-µg dose.63

Several pivotal trials with BDP
established the concept that a long-
acting bronchodilator (eg, SMT) could
be added to a low dose of an inhaled
corticosteroid and exert similar if not
greater improvement in lung function
than doubling the inhaled cortico-
steroid dose alone.

Specifically, these findings can be
highlighted in the study by Murray
and colleagues (Table 3).66 In this trial,
514 adult asthmatics who were symp-
tomatic despite inhaled corticosteroid
therapy were studied. In this random-
ized, double-blind, parallel group,
multicenter trial, the addition of sal-
meterol (21 µg/puff [2 puffs bid]) to
low-dose BDP (42 µg/puff [2 puffs
bid]) provided greater improvement
in lung function than doubling the
BDP alone (336 µg bid). The improve-
ment in FEV-1 (BDP/SMT: 3 mL;
Double BDP: 170 mL) was paralleled
by a similar improvement in AM PEF
(49 L/mm versus 31 L/min increase),
PM PEF (40 L/mm versus 24 L/mm
increase), reduction in asthma symp-
toms ( P < 0.05), and reduction in or
the need for supplemental albuterol
(P < 0.05).

Similarly designed studies have
been performed with fluticasone to
which salmeterol has been added
(Table 4).67-70 Condemi and col-
leagues67 studied 437 asthmatics, age
12 years old and older, who remained
symptomatic despite receiving fluti-

Table 3. Asthmatics Symptomatic Despite Inhaled Corticosteroid
Therapy

Duration, Lung
Investigator Patients Weeks Function Symptoms Albuterol

Greening 426 24 ↑ ↓ ↓

Woolcock 738 24 ↑ ↓ ↓

Kelsen 483 24 ↑ ↓ ↓

Murray 514 24 ↑ ↓ ↓

Source: References 64, 18, 65, 66.

Table 4. Asthmatics Symptomatic Despite Receiving Fluticasone
Alone

Duration, Lung
Investigator Patients Weeks Function Symptoms Albuterol

Condemi 437 24 ↑ ↓ ↓

Baraniuk 680 12 ↑ ↓, = ↓

Pearlman 136 4 ↑ ↓, = ↓

Van Noord 274 12 ↑ ↓ ↓

Source: References 67, 68, 69, 70.
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casone (44 µg/puff [2 puffs bid]) for
2 to 4 weeks. This was a random-
ized, double-blind, parallel group,
24-week, multicenter trial, in which
patients either had their fluticasone
dose more than doubled (220 µg
bid) or were randomized to contin-
ued low-dose fluticasone (88 µg bid)
to which SMT 2 puffs bid was
added. The patient group receiving
fluticasone plus SMT demonstrated
a significantly greater improvement
in lung function as opposed to the
fluticasone alone group (FEV-1
(increase) 430 mL versus 330 mL
[P = 0.013]). Parallel increases
were observed in AM PEF (47 L/min
versus 24 L/min increase, P <
0.001). Similarly, statistically sig-
nificant improvements were
observed in asthma symptoms, noc-
turnal awakening (-0.22 versus
0.11, P < 0.001), and supplemental
albuterol use (-2.5 puffs versus -1.6
puffs, P < 0.001).

Baraniuk and associates68 studied
680 patients, 12 years of age and
older, who remained symptomatic
despite low-dose inhaled cortico-
steroid therapy. This was a random-
ized, double-blind, triple-dummy,
multicenter trial that compared
medium-dose fluticasone therapy
(440 µg/day) to medium-dose triam-
cinolone therapy (1200 µg/day) to
dual therapy with low-dose fluticas-
one (168 µg/day) and SMT (84
µg/day). In this trial, low-dose fluti-
casone plus SMT was statistically
superior to therapy with either
medium-dose fluticasone (FEV-
1/supplemental albuterol) or medi-
um-dose triamcinolone (FEV-1/AM

PEF/PM PEF/nocturnal awakenings/
overall asthma symptom scores/
albuterol use).

Our concept of asthma has now
evolved to recognizing that both the
undercurrent of inflammation as well
as the clinical component of bron-
choconstriction are part and parcel of
the disease. Therefore, for many
patients with more moderate-to-per-

sistent asthma the decision becomes
which combination of medications to
use to achieve optimal control. This
has led to the recognition that a
therapeutic product that combines
both a primary antiinflammatory
agent (eg, an inhaled steroid) with a
long-acting bronchodilator would be
valuable. This type of preparation
would combine 2 agents that would
complement each other in terms of
their therapeutic actions. Certainly,
a significant patient population
exists that would benefit from con-
current therapy. However, for FDA
approval, studies must ascertain that
each component contributes to the
claimed effect and that the dosage of
each component in the combination
is demonstrated to be both safe and
effective.

Studies in North America and
Europe have been carried out with the
combination product of fluticasone
plus salmeterol (Advair) and studies are
currently under way in Europe with the
combination product of budesonide
and formoterol (Symbicort). The fol-
lowing is a review of the recently 
FDA-approved fluticasone/SMT com-
bination product. 

The pivotal studies with the fluti-
casone/SMT combination product
have been carried out at 3 separate
dosage strengths: fluticasone (100
µg)/salmeterol (50 µg), fluticasone
(250 µg)/salmeterol (50 µg), and flu-
ticasone (500 µg)/salmeterol (50
µg). Both primary measures of effi-
cacy (survival curve—probability of
remaining in the study without
withdrawing because of worsening
asthma and pulmonary function—as
well as secondary measures of effi-
cacy—PEF/asthma symptoms/noc-
turnal asthma/rescue albuterol
use/quality of life) have been
demonstrated to be positively affect-
ed by use of the combination prod-
ucts (Figures 2 and 3).71-73

The studies were designed to strati-
fy patients requiring low-dose steroid
therapy (100/50 µg), moderate-dose
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steroid therapy (250/50 µg), and high-
dose steroid therapy (500/50 µg). The
former 2 studies, 100/50 and 250/50,
were placebo-controlled trials, whereas
the latter study, 500/50, was a positive
control study comparing the combina-
tion product with concomitant therapy
using fluticasone and SMT.71-73

In both placebo-controlled trials
perhaps the most striking observation
came from the survival curves where
less than 3% and 4% of patients,
respectively, on the combination prod-
uct were withdrawn because of wors-
ening asthma (Figure 4). These
findings were significantly different
from those of either treatment with
the inhaled steroid alone, the long-act-
ing bronchodilator, or placebo.
Furthermore, with respect to improve-
ment in lung function, the combina-
tion product demonstrated in both the
milder asthmatic population and in
the more moderate asthmatic group a
significant improvement compared
with either drug alone or placebo
(Figure 5). In this respect, a remark-
able 500-mL improvement in FEV-1
was observed with the combination
product in both study populations.71,72

In the more severe asthmatic study
population, the high-dose combina-
tion product (500/50) was equal to if
not superior to concurrent therapy,
again demonstrating an additive, if
not augmentative, effect from admin-
istering the combination drug com-
pared with using the 2 individual
agents together or with high-dose
steroid therapy alone.73

An interesting corollary to these
clinical findings is recent laboratory
data demonstrating that SMT appears
capable of upregulating steroid recep-
tors.59 Previous data have shown that
corticosteroid therapy can upregulate
beta-receptor subsensitivity.20,62 These
complementary mechanistic actions
may help explain the augmentive
therapeutic response observed when
these agents are used in combination.

In summary, the approach to treat-
ing asthma with a fixed combination

Figure 2. Morning Peak Expiratory Flow After Treatment With
Combination Therapy
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Figure 3. Percent of Days With No Asthma Symptoms

35

30

25

20

15

10

5

0
1-4 5-8 9-12

Weeks
13-16 17-20 21-24

C
ha

ng
e 

in
 S

ym
pt

om
-F

re
e 

D
ay

s 
(%

) †

†P < 0.014

*P < 0.001

† †

*
*

*

Fluticasone 220 mcg bid
Salmeterol + fluticasone  88 mcg bid

*P < 0.001; PEFR = peak expiratory flow rate; SMT = salmeterol.
Source: Condemi JJ, Goldstein S, Kahlberg C, et al. The addition of salmeterol to 
fluticasone propionate versus increasing the dose of fluticasone propionate in patients
with persistent asthma. Ann Allergy Asthma Immunol; 1999;82:383-389. Reprinted
with permission from the American Medical Association.

*P < 0.001; PEFR = peak expiratory flow rate.
Source: Condemi JJ, Goldstein S, Kahlberg C, et al. The addition of salmeterol to fluti-
casone propionate versus increasing the dose of fluticasone propionate in patients
with persistent asthma. Ann Allergy Asthma Immunol; 1999;82:383-389. Reprinted
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*Differs from FP 250 mcg, SMT, placebo at endpoint P ≤ 0.003. FP = fluticasone propionate; SMT = salmeterol.
Source: Shapiro G, Lumry W, Wolfe J, et al. Combined salmeterol 50 mcg and fluticasone propionate 250 mcg in
the DISKUS device for the treatment of asthma. Am J Respir Crit Care Med 2000;161:527-534. Reprinted witrh
permission.

Figure 4. Percentage of Patients Withdrawn From Trials For Worsening Asthma
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Figure 5. Combination Product and Its Effect on Asthma Symptoms
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product that incorporates an inhaled
corticosteroid combined with a long-
acting maintenance bronchodilator is
particularly attractive, both with
respect to patient compliance and
interms of beneficial therapeutic
effects. The complementary modes of
action of these 2 agents has been
demonstrated to result in superior
therapeutic control, with improve-
ment in clinical symptoms, reduction
in exacerbations, less need for supple-
mental rescue medication, improved
quality of life, improved and main-
tained lung function, and suppression
of bronchial hyperresponsiveness.
Neither tachyphylaxis nor masking of
asthma exacerbations has been
observed with the administration of
the combination product.74,75

Perhaps the most relevant question
to address next is whether patients
with milder but persistent asthma
would be better managed by the use of
a combination product that incorpo-
rates 2 drug entities that have com-
plementary actions to control the
asthmatic disease process compared
with the current stepwise add-on
therapeutic approach.

Rescue Bronchodilator Therapy
Preventive therapy is the desirable

approach to the management of asth-
ma. However, sympathomimetic bron-
chodilators are important adjunctive
medications for relief of acute symp-
toms or for the treatment of break-
through symptoms in a patient who is
already on maintenance controller
therapy.

In essence, the need for bronchodila-
tor use should be considered an early
warning signal for the asthmatic; that is,
if a patient’s asthma symptoms begin to
increase in frequency or if the patient
begins to note the need for a bron-
chodilator on a more frequent basis (> 3
days in a week), it should be an indica-
tion of worsening asthma. Steps should
then be taken to identify the basis for
the worsening of the asthmatic condi-
tion. In a patient who is not already on

a primary antiinflammatory agent, this
would be an indication that such a drug
should be started. If a patient is already
on a primary antiinflammatory agent,
then the dosage of that compound
should be doubled. Subsequent
adjustment of the medication regimen
should be based on the therapeutic
response to these initial manipulations.

Short-Acting Selective Beta2
Agonists. Sympathomimetic bron-
chodilators have become a mainstay
in the therapeutic approach to the
treatment of asthma. These agents are
the drugs of choice for relief of acute
bronchospasm. They are used effec-
tively for the treatment of mild or
intermittent asthma symptoms, and
they are also effective in preventing or
reversing exercise-induced asthma.
Improved beta2 selectivity and
increased duration of action are seen
with the majority of the noncate-
cholamine derivatives.54

The therapeutic effects of beta-
adrenergic agents include bronchodila-
tion as a result of activation of a cell
membrane’s adenylate cyclase
enzyme, which converts adenosine
triphosphate to cAMP, resulting in
sequestration of intracellular calcium.
This leads to relaxation of smooth
muscle; increased ciliary movement,
which should improve clearance of
secretions; and stabilizing effects on
the mast cell to decrease mediator
release. However, provocation studies
demonstrate that beta-adrenergic
agents can effectively ablate the imme-
diate asthmatic response but have no
demonstrable clinical effect on the late
phase of airway reactivity.54

Selective beta2 agonists provide
better bronchodilation than the the-
ophylline products in both the acute
and chronic state. Furthermore, the
addition of aminophylline to a maxi-
mum dose of inhaled beta-agonist ther-
apy provides no further improvement
in the bronchodilator response.
However, in chronic therapy, receptor
subsensitivity may develop. This has
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led to considerable discussion as to
whether these agents should be admin-
istered on a regular (4 times daily)
maintenance dosage schedule, which
again reinforces the suggestion that a
short-acting beta2 agent should be
used on an as-needed basis for relief of
acute symptoms. Typical dosing is 1 to
2 puffs every 4 to 6 hours, because it is
needed for relief of breakthrough asth-
ma symptoms. However, these drugs
should not be overused. Increased
need for these drugs should signal the
need to address the underlying trigger
of the asthmatic exacerbation and
make appropriate adjustments in the
patient’s primary antiinflammatory
regimen.

Proper administration of the
aerosol should be emphasized. Careful
demonstration of inhaler technique by
the physician, nurse, or patient educa-
tor is mandatory and often requires
repeated reinforcement. Several tech-
niques for delivery are satisfactory,
but most investigators would suggest
discharging the inhaler when it is 1 to
11/2 inches (2 fingers) away from the
open mouth. The patient should then
take a slow, deep inspiration, from
functional residual capacity to total
lung capacity, and then hold the
breath for 8 to 10 seconds. This tech-
nique improves deposition and can
result in nearly doubling the amount
of medication that reaches the lower
respiratory tract. In patients with poor
technique, delivery can be improved
by using a spacer. Typically, 2 to 3
minutes should elapse between the
first and second puffs from an aerosol
bronchodilator so that the maximal
bronchodilating effect of the first puff
can permit better penetration of the
second puff.42

With environmental concerns about
ozone depletion as a result of the
extensive industrial use of chlorofluo-
rocarbons (CFCs), the development of
nonCFC and powder formulations of
selected beta2-agonist preparations has
resulted in a nonCFC formulation.
These may also be advantageous for

patients who are prone to the irritant
effects of a freon-metered device.

Oral beta-agonist preparations
are available, but inhalation delivers
more of the active drug directly to
the mucosal surface and, at the
same time, minimizes side effects.
Oral therapy may be useful in cer-
tain situations (eg, acute viral infec-
tion) in which airway irritation
prevents the comfortable use of an
inhaled therapeutic agent. Side
effects associated with beta-agonist
therapy include tremor, nervousness,
and, with higher doses of even the
selective beta2 agents, palpitations or
tachycardia.

Anticholinergic Agents. The
parasympathetic nervous system
appears to play a prominent role in
cold air-induced asthma, SO2-
induced asthma, and cough-variant
asthma. This may be a reflection of
direct neural (parasympathetic)
activity, reflex cholinergic bron-
choconstriction, or the interplay
between neural mechanisms and
inflammatory mediators.

Ipratropium has been shown to be
effective in reducing the cholinergic
hyperreactivity that is present in
many patients with chronic bronchi-
tis, emphysema, and asthma. It is
administered with an MDI (2 puffs
every 6 hours as needed). Although
the therapeutic response obtained
with ipratropium is comparable to
albuterol in terms of its bronchodilat-
ing effect (ie, an increase in FEV-1),
its onset of action is considerably
slower (15 to 30 minutes).42

Immunotherapy
Numerous studies with pollens (eg,

weeds, grasses, trees), animal aller-
gens, and dust mites support the effi-
cacy of immunotherapy in treating
allergic rhinitis. However, only a few
well-controlled studies that evaluate
the role of immunotherapy in treating
patients with allergic asthma have
been carried out.76
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Studies that use bronchial provo-
cation with specific allergens (eg,
cat, dust mites) have demonstrated
the ability to significantly shift the
PD20 FEV-1 (10-fold to 100-fold) in
patients who are immunized with an
appropriate dose of a standardized
extract. Most recently, a major place-
bo-controlled study of the role of
immunotherapy in adults with sea-
sonal ragweed-induced asthma
demonstrated improvement in the
ragweed-immunized patients both in
clinical endpoints (reduction in asth-
ma symptoms, decreased medication
usage, increased PEF measurements)
and in objective parameters (a
reduction in skin test sensitivity,
decreased bronchial responsivity to
ragweed upon bronchial provocation,
a rise in specific IgG ragweed anti-
bodies, and a blunting of the usual
seasonal rise in IgE ragweed antibod-
ies). As in ragweed-induced allergic
rhinitis, this study again demon-
strates that clinical success hinges
on the use of an optimal therapeutic
dose of the relevant allergen.77
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