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Although severe, refractory asthma is an uncommon disease
(likely < 5% of total asthma), it is poorly understood and,
therefore, often frustrating to treat. What follows is the pro-
ceedings of an American Thoracic Society (ATS)-sponsored
workshop. The participants hope it will serve as an aid to be-
gin to define, understand, and manage these refractory pa-
tients. Perhaps more importantly, it is also hoped that these
proceedings will highlight the many questions that remain,
and eventually lead to improved outcomes.

REFRACTORY ASTHMA: DEFINITION AND DIAGNOSIS

John Fahy, M.D.

Asthma affects 5-7% of the population of North America and
Europe, and the prevalence is increasing (1, 2). Most asthma is
mild or moderate (3) and can be well controlled with B-ago-
nists with or without usual or low doses of antiinflammatory
agents. A subgroup of patients with asthma (likely < 5%)
have more troublesome disease reflected by (/) high medica-
tion requirements to maintain good disease control or (2) per-
sistent symptoms, asthma exacerbations, or airflow obstruc-
tion despite high medication use. In considering a term to
describe this subgroup of asthmatic patients with troublesome
disease, the workshop participants agreed on the term “refrac-
tory asthma.” “Refractory asthma” is not meant to describe
only patients with “fatal” or “near fatal” asthma, but it is
meant to encompass the asthma subgroups previously de-
scribed as “severe asthma,” “steroid-dependent and/or resis-
tant asthma,” “difficult to control asthma,” “poorly controlled
asthma,” “brittle asthma,” or “irreversible asthma.” Clinically,
patients with refractory asthma may present with a variety of
separate and/or overlapping conditions. These may include (7)
widely varying peak flows (“brittle asthma”), (2) severe, but
chronic airflow limitation, (3) rapidly progressive loss of lung
function, (4) mucus production ranging from absent to copi-
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ous, and (5) varying responses to corticosteroids (CS).
Whether these groups form distinct clinical, physiologic, and
pathologic groups is unclear.

Because severe/refractory asthma has not been consistently
defined, and is relatively difficult to measure, the true size of
the subgroup of patients with refractory asthma is unknown.
In young male Israeli military recruits, Auerbach and cowork-
ers (3) found the point prevalence of asthma to be 6.4%. Less
than 1% of these patients had severe asthma, but severe
asthma was defined narrowly as steroid dependence and an
FEV, of less than 50% predicted. Woolcock (4) defined se-
vere asthma as severe hyperreactivity to histamine (PC,, hista-
mine [provocative concentration of histamine causing a 20%
fall in FEV,] < 0.1 mg/ml). Using this definition, Woolcock
found that approximately 12% of Australian children or
adults with asthma had severe asthma. It is unclear whether
these studies over- or underestimate the prevalence of refrac-
tory asthma as defined in Table 1. Although the precise size of
the subgroup with refractory asthma is uncertain, the eco-
nomic impact of the group is not. The total cost of illness re-
lated to asthma likely ranges between 6 and 10 billion U.S.
dollars (5, 6). More than 40% of its economic impact is be-
lieved to be associated with emergency room use, hospitaliza-
tion, and death. A more recent study from Europe estimated
that the average cost per patient with severe asthma, as de-
fined by the International Consensus Report, is nearly six
times the cost of care for a patient with mild asthma (7). It is
likely that the treatment of refractory asthma described in this
report utilizes even more health care dollars per patient.

Clinical Features/Natural History of Refractory Asthma

(See Table 1.) Refractory asthma encompasses wide ranges in
both clinical symptoms and in natural history. Patients may
appear to have highly labile disease, with wide swings in peak
flows, while others are more chronically and severely ob-
structed (8, 9). Other patients produce copious amounts of
phlegm, some have associated sinus disease and gastroesoph-
ageal reflux, while others do not. Despite these differences in
presentation, the workshop participants considered it impor-
tant to develop a “working” definition of refractory asthma.
For this purpose the participants agreed that refractory
asthma should be defined on the basis of medication require-
ments, asthma symptoms, frequency of asthma exacerbations,
and degree of airflow limitation. Specifically, the group agreed
on two major and seven minor criteria (Table 1), with refrac-
tory asthma being defined as one or both major criteria and at
least two minor criteria. This definition is applicable only to
patients in whom (/) other conditions have been excluded, (2)
exacerbating factors have been optimally treated, and (3) poor
adherence does not appear to be a confounding issue.

In considering the features that define refractory asthma,
Cockcroft and Swystun argue (10) that “well controlled
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asthma” does not exclude refractory asthma. This is likely true
if good asthma control and improved airway function (to the
level of a mild-moderate persistent patient) can be achieved
only with high doses of inhaled or oral CS with the associated
concerns for long term systemic toxicity. These patients are
captured in the recommended diagnostic criteria. In contrast,
some patients with refractory asthma continue to have persis-
tent symptoms or reduction in airway caliber despite high
doses of inhaled or oral CS. Incompletely reversible airway
narrowing in these patents may reflect airway remodeling con-
sequent on long-standing severe airway inflammation, or, al-
ternatively, an inability of currently available medications to
reverse “potentially reversible” obstruction (see PATHOLOGY
OF REFRACTORY AsTHMA) (11).

Whether there is a particular “natural history” that leads to
the development of refractory asthma is unclear. Although
mean figures suggest that pulmonary function declines more
rapidly over time in patients with asthma, the perception re-
mains that “most” of these individuals do not progress to more
severe disease (12). This is especially true among children with
asthma, of whom many will “outgrow” their disease (13, 14). In-
triguingly, longitudinal studies suggest that the more severe the
obstruction on initial presentation, the more likely the asthma
is to progress or remain severe (15). In addition, two longitudi-
nal studies now suggest that asthma presenting in adulthood is
likely to have a more precipitous decline in lung function (and
by inference, development of severity) than asthma that pre-
sents in childhood (16, 17). However, the factors that deter-
mine this “predisposition to severity” are not known.

Clinical Evaluation

In making the diagnosis of refractory asthma, it is important to
consider and exclude other diseases in the differential diagno-
sis of wheeze, dyspnea, cough, and eosinophilia (18). Specifi-
cally, patients should be evaluated for other diseases, such as
chronic obstructive pulmonary disease, bronchiectasis (includ-
ing allergic bronchopulmonary aspergillosis and cystic fibro-
sis), and vocal cord dysfunction (Table 2). The diagnostic
work-up of patients suspected of having chronic refractory
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asthma should consist of full pulmonary function tests includ-
ing spirometry with a flow—volume curve, total lung capacity,
residual volume, and diffusion capacity, as well as daily peak
flow monitoring. Additional suggested clinical tests include se-
rum IgFE and eosinophil levels (Table 2) (18, 19). Only after di-
agnosing and/or treating other disorders without clinical im-
provement should patients be classified as having “asthma.”
Finally, in any person with “refractory asthma,” a thorough
evaluation for factors that could contribute to the severity of
the disease, such as sinus disease, gastroesophageal reflux, and
compliance/adherence issues (including random morning se-
rum cortisol checks) should be performed. Patients should be
thoroughly evaluated for their understanding of asthma and
their ability to use a metered dose inhaler. Addressing these
issues may improve asthma outcomes in a poorly defined per-
centage of patients with severe, but not truly “refractory,”
asthma. However, a proportion of these patients will remain
uncontrolled, even with the best approach to diagnosis and
management, and hence, qualify as having refractory asthma.

PHYSIOLOGY OF REFRACTORY ASTHMA

Charles Irvin, Ph.D.

Whether the abnormalities of pulmonary physiology in pa-
tients with severe refractory asthma are intrinsically different
from those seen in milder forms of disease is poorly under-
stood. However, there is general agreement that residual air-
flow limitation (a persistently low FEV,) after optimization of
a patient’s asthma therapy represents an undesirable situation
that warrants further therapeutic intervention.

There are three principal physiologic features of “asthma”:
(1) reversible airflow limitation with a significant (> 12%
change in FEV, or FVC) response to acute, inhaled broncho-
dilator treatment, (2) airway hyperresponsiveness, either to
naturally encountered stimuli, for example, exercise, or to
chemical stimuli in a laboratory setting, for example, metha-
choline, and (3) episodic airflow limitation in response to vari-
ous triggers such as antigen or chronic, periodic changes such
as nocturnal worsenings. Patients with mild or moderate dis-
ease may not exhibit all three of these features and can move

TABLE 1
REFRACTORY ASTHMA: WORKSHOP CONSENSUS FOR TYPICAL CLINICAL FEATURES*'

Major Characteristics

In order to achieve control to a level of mild-moderate persistent asthma:
1. Treatment with continuous or near continuous (= 50% of year) oral corticosteroids
2. Requirement for treatment with high-dose inhaled corticosteroids:

Drug Dose (ug/d) Dose (puffs/d)
a. Beclomethasone dipropionate > 1,260 > 40 puffs (42 pg/inhalation
> 20 puffs (84 pg/inhalation
b. Budesonide > 1,200 > 6 puffs
c. Flunisolide > 2,000 > 8 puffs
d. Fluticasone propionate > 880 > 8 puffs (110 ng), > 4 puffs (220 png)
e. Triamcinolone acetonide > 2,000 > 20 puffs

Minor Characteristics

1. Requirement for daily treatment with a controller medication in addition
to inhaled corticosteroids, e.g., long-acting B-agonist, theophylline, or leukotriene antagonist

. One or more urgent care visits for asthma per year
. Three or more oral steroid “bursts” per year

NOw»nhwN

. Near fatal asthma event in the past

. Asthma symptoms requiring short-acting B-agonist use on a daily or near daily basis
. Persistent airway obstruction (FEV; < 80% predicted; diurnal PEF variability > 20%)

. Prompt deterioration with < 25% reduction in oral or inhaled corticosteroid dose

* Requires that other conditions have been excluded, exacerbating factors treated, and patient felt to be generally adherent.
T Definition of refractory asthma requires one or both major criteria and two minor criteria.
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in and out of the normal range, sometimes rapidly. It is gener-
ally believed that patients with refractory asthma exhibit all
three of these physiologic features, but to a more marked de-
gree than patients with milder asthma (20). That is, airflow
limitation can be demonstrated at all times, especially off medi-
cations, and is often markedly reduced (< 70% predicted);
definite hyperresponsiveness is present (e.g., < 1 mg/ml for
methacholine PC,); and/or wide swings in lung function occur
(e.g., > 20% peak expiratory flow [PEF] diurnal variability).
However, most studies and treatment guidelines have used
lung function (specifically FEV,) to stage asthma disease se-
verity. The relationship among these three variables in re-
sponse to treatment remains less clear.

Patients with refractory disease often fail to respond or
normalize lung function in response to B-agonist or CS treat-
ment; that is, their lung function is residually low (9). There is
likely another category of patients with severe or refractory
asthma, who have relatively normal FEV, at baseline, and
who then can rapidly decompensate to known or unknown
stimuli (i.e., “brittle asthmatics”) (8). Whether there are in
these patients with asthma specific differences that lead to the
rapid decompensation is not clear (21).

Airflow Limitation

The fixed airflow limitation of most patients with refractory
asthma can be defined as a postbronchodilator FEV; of
< 80%pred (in the presence of a reduced FEV,/FVC) after a
7- to 14-d course of oral CS (40 mg/d for adults and 2 mg/kg
per day in children). The mechanisms behind the inability to
totally reverse airflow obstruction in response to CS in refrac-
tory asthma are unclear. Although some studies have sug-
gested that patients with more severe asthma have more pro-
nounced subepithelial collagen deposition, a study of oral CS-
dependent asthma patients failed to confirm this association
(see PATHOLOGY OF REFRACTORY ASTHMA) (22-24). Additional
explanations for residual airflow limitation could include mu-
cous plugging, smooth muscle hypertrophy and/or hyperpla-
sia, and edema formation. Unfortunately, there is a paucity of
structure—function studies in this patient population.

It is also common for some patients with “refractory asthma”

2343

to demonstrate a poor acute bronchodilator response to B-ag-
onists, either before or after a course of high-dose CS (9). This
“irreversibility” is often attributed to long-standing, uncon-
trolled inflammation that then eventually leads to increasingly
fibrotic airways, although there are no studies that have ade-
quately addressed this issue (25-28), This “failure to respond”
could be due to a variety of factors, including (/) a downregu-
lation of B receptors, (2) fibrosis or other structural alterations
that limit dynamic responses, (3) unknown elements of the ob-
structive process that do not improve with bronchodilators or
CS (but which could improve with “other therapies”), or (4) a
different disease process altogether. Distinguishing among
these possibilities represents a fruitful area of research.

Progressive loss of lung function is not seen in all individu-
als with asthma (14, 29). In contrast, asthmatic children with
low lung function at early timepoints are predisposed to fur-
ther problems in adulthood (30-32). Studies also suggest that
the average rate of decline in lung function may differ be-
tween asthma that begins in childhood (usually associated
with atopy) versus asthma that begins in adulthood (often
“nonatopic”), with adult onset asthma having a more rapid de-
cline in FEV, (16, 17). The mechanisms by which some indi-
viduals more rapidly lose lung function are not clear, but a
longitudinal study of patients with asthma (including smoking
patients with asthma) suggested that increased sputum pro-
duction was at least one factor associated with a more rapid
decline in lung function (12).

Airway Hyperresponsiveness

Airway hyperresponsiveness is a physiologic feature charac-
teristic of asthma (20, 33-35). However, studies of more ho-
mogeneous patient populations suggest that bronchial chal-
lenge testing has a high degree of sensitivity but a lower
specificity. Other airway diseases also demonstrate airway hy-
perresponsiveness (36), but not to the degree observed in pa-
tients with moderate to severe asthma.

It is known that airway responsiveness varies in a temporal
fashion, and this is generally thought to reflect changes in dis-
ease activity and severity (36). However, this is often of little
more than statistical value, as there is considerable overlap

TABLE 2
EVALUATION OF PATIENTS WITH REFRACTORY ASTHMA

1. Confirm reversible airflow limitation and quantify severity:

a. FEV;, peak flow, and flow—volume loop before and after bronchodilator treatment*

b. Total lung capacity and residual volume®

c. Diffusion capacity (in adults—usually not indicated in children)*

2. Consider other diagnoses in differential diagnosis of cough, dyspnea, and wheeze:

a. Chronic obstructive pulmonary disease
b. Cystic fibrosis

. Vocal cord dysfunction, or other mechanical upper airway obstruction

. Churg-Strauss syndrome
. Cardiac dysfunction
. Allergic bronchopulmonary aspergillosis (ABPA)

[d
d. Obstructive sleep apnea
e
f

«Q

3. Investigate for the presence or absence of concomitant disorders that can exacerbate asthma:

. Allergen skin tests (atopy and allergic rhinitis)
. CT scan of the sinuses (sinus disease)

o aonoTo

bronchopulmonary aspergillosis)

. Twenty-four-hour esophageal pH monitoring (gastroesophageal reflux disease)
. Chest radiograph (pulmonary infiltrates, interstitial lung disease, bullous lung disease)
. Blood for eosinophil count, immediate hypersensitivity skin testing to aspergillus, IgE level (Churg-Strauss or allergic

* Lung function assessment is often limited to the measurement of peak flow and a single value of FEV;. Obtaining flow-volume charac-
teristics often reveals other causes of airflow limitation or wheezing such as fixed obstruction or vocal cord dysfunction.

" Indicated in this group of patients to confirm obstructive disease and rule out restrictive disease.

* Asthma is characterized by a high DLCO value or a value in the high normal range. A low diffusing capacity suggests emphysema, pul-

monary vascular disease, or interstitial lung disease.
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among disease groups of varying severity (37). Airway hyper-
responsiveness can also be thought of as a situation in which
the airways narrow too easily or too much in response to any
given dose of a provocative agent or stimulus. Therefore, some
authors distinguish a separate phenotype for patients with
more severe disease, in whom a larger than normal response
(35) or a failure to attain a plateau in the dose-response curve
occurs (38). However, the relevance (or even the occurrence)
of these physiologic changes (or their response to treatment)
in patients with more severe disease is not known. For exam-
ple, after intensive courses of antiinflammatory medications
(i.e., inhaled and oral CS), patients with refractory disease will
continue to exhibit marked airway hyperresponsiveness (39).
Why this occurs is unknown, but it is possible that the airway
alterations responsible for hyperresponsiveness are not the
same as those responsible for airflow limitation.

Variable Airflow Limitation

Asthma is also distinguished by periodic and/or reversible
changes in airflow, such as measured by the variability of PEF.
Unlike single measures of airflow, sequential measures of
PEF variability correlate with increased airway responsiveness
(40). Some, but not all, patients with refractory disease will
have lower values of peak flow, show less response to therapy,
and have wide diurnal swings in peak flow (9, 39, 41, 42).

Unstable variability might represent either ongoing inflam-
matory and/or neurogenic events, increased airway responsive-
ness, or temporal progression of the disease. Distinguishing
among these possibilities in this group might have implications
both for mechanisms and for treatment. In addition, patients
with refractory asthma often demonstrate a reduced percep-
tion of airflow limitation (when measured by inspiratory load
testing/Borg scales for dyspnea), and so measurement of lung
function at home can help detect and then guide changes in
treatment (43). Aggressive home monitoring is indicated for
the patient with refractory asthma, as these patients often dem-
onstrate low perception of their functional status. The avail-
ability of relatively inexpensive devices to measure FEV, and
FVC, in addition to PEF, in an ambulatory setting should im-
prove on the known problems with the measurement of PEF
alone (44), but further documentation is needed.

Other Physiological Issues

Lung volume is believed to be an important determinant of
overall morbidity/mortality in a variety of disease processes.
Lung volumes rise in airway disease, including asthma; how-
ever, even after normalization of lung function in patients with
mild asthma, lung volumes may still be abnormal. Why this is
50, is unclear, but may suggest that refractory asthma involves
inflammatory processes at the level of the parenchyma (small
airways/alveoli). Indeed, a number of studies have shown that
the pressure—volume relationships are abnormal in asthma.
Measurements of peripheral lung resistance reveal that even
in patients with normal spirometry there is persistent dysfunc-
tion, which relates to the decrease in PC,, (45, 46). Studies of
peripheral airway function in patients with refractory asthma
have not been performed.

The therapeutic modalities (specifically systemic CS) used
to treat refractory asthma may themselves affect the overall
physiologic responses of the airways. For example, excessive
or prolonged systemic CS administration often leads to obe-
sity, which in turn predisposes to sleep apnea or impaired re-
spiratory muscle function. In such a setting, the thorax is ill
prepared to cope with a severe asthma attack. Importantly,
however, as treatment of sleep apnea may improve asthma
symptoms, most (especially symptomatic) patients with refrac-
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tory asthma with significant weight gain should be evaluated
for obstructive sleep apnea (47).

Low perception of the degree of lung dysfunction appears
to relate to decreases in chemosensitivity to hypoxia; whereas
the response to hypercapnia is usually normal (48). Patients
who have had their carotid bodies removed show similar pat-
terns of blunted responsiveness. While one theory holds that
this reduced perception is genetically based, other possibilities
include a change in respiratory muscle afferent nerve traffic or
altered receptor output from within the lung. One study would
also suggest that the persistent presence of eosinophils in spu-
tum (despite CS) is associated with a decrease in the percep-
tion of dyspnea (49). Better understanding of this situation is
important, as reduced perception has been linked to near fatal
asthma episodes (48).

ENVIRONMENTAL RISK FACTORS FOR THE
DEVELOPMENT OF REFRACTORY ASTHMA

Stephen P. Peters, M.D., Ph.D.

A number of different environmental factors have the poten-
tial to produce asthma, exacerbate asthma that is already
present, or interact with host factors to produce an individual
who may be at risk for refractory asthma (Table 3). Unfortu-
nately, the relationship of these factors to “asthma,” per se, is
more clear than the relationship to “refractory asthma.” This
section reviews environmental factors that have been impli-
cated in the development of asthma. The extent to which these
factors are particularly important in the development of re-
fractory asthma is not known.

Exposure to cigarette smoke, both in utero and passively
during infancy and childhood, is felt to predispose children to
asthma and/or reduced lung function (50-55). Hanrahan and
coworkers (50) reported decreased expiratory flow rates and
decreased maximal flow with reference to the functional resid-
ual capacity (V.. FRC) in infants whose mothers smoked dur-
ing pregnancy. Martinez and colleagues (51) reported that
infants who wheezed during the first 3 yr of life and had de-
creased V,,FRC at 1 and 6 yr of age were more likely to have
had mothers who smoked. Weiss and coworkers (52), Mar-
tinez and coworkers (53), and Lewis and coworkers (54) re-
ported that exposure to environmental cigarette smoke in-
creased the probability of persistent wheezing, the probability
of being diagnosed with asthma, and/or decreased lung func-
tion. Both prenatal and postnatal cigarette smoke exposure
predispose infants to bronchitis and other respiratory illnesses
besides asthma (56, 57). While both prenatal and postnatal
cigarette smoke exposure appear to be risk factors for the de-
velopment of airway obstruction and asthma, prenatal expo-
sure may be a more important risk factor (50, 54, 55). The
mechanism behind the tobacco induced risk for reduced lung
function and asthma is not completely understood. Although
tobacco exposure increases respiratory infections, the actual

TABLE 3

ENVIRONMENTAL FACTORS THAT COULD
PLAY A ROLE IN REFRACTORY ASTHMA

1. Tobacco smoke

a. In utero

b. Environmental

. Allergen sensitization
. Viral infections

. Occupational agents
. Air pollutants

. Stress

AL wN
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role of infections in promoting “asthma” remains highly con-
troversial, with some data supporting a “protective” role for
certain types of infections (58). There are even fewer data to
support an influence of passive cigarette smoke exposure on
allergic state, or subsequent severity of asthmatic symptoms.
Active cigarette smoking does appear to hasten the decline in
pulmonary function (12).

Allergen sensitization and subsequent exposure, depen-
dent on both genetic and environmental factors, are widely
understood to influence the development of asthma. An asso-
ciation between total serum IgE level and asthma prevalence
has been recognized in asthma patients of all ages (59, 60).
The linkage of total IgE levels to chromosome 5q highlights
the importance of genetic factors in the development of sensi-
tization (61, 62). In addition, the level of environmental expo-
sure to allergen is likely to be important because sensitization
to different allergens in different patient populations has been
associated with asthma (63, 64) and airway hyperresponsive-
ness (65). The most prominent of these include Alternaria in
children living in a desert environment (63), dust mite in ado-
lescents living in central Virginia (63), and cat allergen in
older men (65). Further insights into the relative importance
of genetic versus environmental factors to the development
of asthma also come from monozygotic/dizygotic twin studies
(66, 67). Duffy and colleagues (67) reported that in 62 mono-
zygotic twin pairs discordant for a history of wheezing, a posi-
tive skin test to house dust extract was the most important dis-
criminator pointing to the presence of asthma, followed by
sensitization to cat and cockroach allergens. In further sup-
port, dizygotic twin pairs, in whom one wheezed and the other
did not, differed in their level of sensitization to grass pollens
and to fungi. On the basis of these data, both genetic and envi-
ronmental factors were considered important environmental
causes of asthma. In all instances, however, little is understood
regarding the specifics of the genetics for severity of disease.
Preliminary evidence has linked alterations in the interleukin
4 promoter and transforming growth factor  with more se-
vere disease, but the linkages remain weak at this time (68).

As with tobacco smoke, the relationship of allergen expo-
sure to asthma severity is less clear. Studies have linked sensi-
tization to Alfernaria with an increased risk for both severe
asthma (69) and death (70). In addition, one study evaluated
the combined risk of sensitization and exposure in a popula-
tion of inner city children with asthma (71). It appeared that
the children with the greatest numbers of hospitalizations
were those children with the highest sensitivity and exposure
to cockroaches. Interestingly, in that study, level of sensitiza-
tion and exposure to house dust mite or cats were not associ-
ated with more severe disease and outcomes. Unfortunately,
studies such as this can discern only an association between
cockroach sensitization and exposure, with further evidence
needed before “cause and effect” can be proven. It remains to
be determined whether the association between cockroach ex-
posure in sensitive individuals and more severe disease is a di-
rect effect of some poorly understood antigenicity factors of
the cockroach or other environmental or genetic elements that
may associate with cockroach exposure and sensitivity.

Interventional studies performed in Europe and involving
patients with severe asthma would support a role for allergen
exposure in disease severity. Patients with severe asthma who
are removed from their home environment and domiciled at
the high-altitude (low-allergen) clinic have been reported to
have improved pulmonary function, airway reactivity, symp-
toms, and decreased medication needs (72). Return to their
home is associated with a worsening of their disease. Again,
these studies are flawed by the nonspecific nature of the inter-
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vention. Although allergen immunotherapy has been used for
the treatment of refractory asthma (often with some risk to
the severely obstructed patient), there are few data that sup-
port an improvement in the course of the disease. Whether
this is secondary to the timing of the therapy (late in the
course of the disease), or the decreasing importance of aller-
gen in refractory disease is not clear.

A third important environmental factor associated with
asthma development (but not necessarily severity) is the de-
velopment of respiratory infections, especially viral infections,
but perhaps also mycoplasma and chlamydia. Studies using
highly sensitive techniques, including the reverse transcription
polymerase chain reaction (RT-PCR), have documented viral
infections in approximately half of adults with an asthma exac-
erbation (73), and as in many as 80-85% of exacerbations in
school-aged children (74). Although viral infections in infants
and children, particularly with respiratory syncytial virus
(RSV), parainfluenza virus, and rhinovirus, have all been as-
sociated with wheezing episodes that may be prolonged, the
importance of such infections for initiating an asthmatic state
or determining its severity is unclear (reviewed in References
75 and 76). Experimental models of viral infections suggest
that rhinovirus can increase the level of eosinophilic inflam-
mation and airway hyperresponsiveness in allergic, nonasth-
matic, individuals (77). In addition, some respiratory viruses
may be more “asthmagenic” than others (22, 75). Studies of
mice suggest that the effects of RSV on airway hyperrespon-
siveness may require concomitant allergic processes (78, 79).
As with allergens, anatomic factors (i.e., decreased lung and
airway size), genetic susceptibility, and exposure to cigarette
smoke may also determine the response to the virus (76).

Agents encountered in the work place are well known to pro-
duce asthma (occupational asthma) and aggravate asthma that is
already present (80). Continuous exposure can lead to progres-
sive disease, and removal from the workplace often improves
the disease. However, even with occupational asthma, removal
from the work place may not completely abrogate the disease.

Finally, environmental “stress,” broadly defined, appears
to play a role in asthma exacerbations, at least in some individ-
uals (81, 82). The phenotype of patients at highest risk for
stress-related airway dysfunction and mechanisms by which
such dysfunction occurs have not been well defined. Certainly,
refractory asthma, itself, can be a stress-inducing condition,
making it difficult to determine “chicken and egg” relation-
ships between stress, anxiety, and disease severity.

PATHOLOGY OF REFRACTORY ASTHMA

Sally E. Wenzel, M.D.

The pathology of asthma, and in particular refractory asthma,
remains poorly described. The limited pathology data that
exist in refractory asthma have been obtained primarily from
autopsy specimens. Such studies are limited by the mixed
composition of patients dying from asthma, of whom only a
minority may be from the refractory group as defined previ-
ously. In addition, extrapolations have been made from endo-
bronchial biopsy, bronchoalveolar lavage, and sputum analy-
ses of patients with mild to moderate asthma. Limitations to
these sources include size of tissue sample, adequate control
groups, clinical data, and concentration uncertainties. Impor-
tantly, extrapolating data from patients with mild/moderate
asthma assumes that the process in refractory asthma is a
pathologic extension of milder disease, without much evi-
dence to support that concept. Finally, the clinical presenta-
tion of patients with refractory asthma varies widely, with
some having highly unstable symptoms and disease, while oth-
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ers have more chronic, unremitting symptoms. The pathology
of these different clinical types may be quite dissimilar.

Current Hypotheses Regarding the Pathology
of Refractory Asthma

Refractory asthma as an extension of mild/moderate asthma,
with ongoing Th2 predominant inflammation. Autopsy studies
of patients dying of status asthmaticus often show an inflam-
matory pattern consistent with a helper T cell type 2 (Th2)
paradigm, with eosinophils and lymphocytes present in large
quantities. In addition, the few endobronchial biopsy and la-
vage studies performed on patients with “steroid-resistant
asthma” also appear to show increases in eosinophils and Th2-
type cytokines, such as interleukin 4 (IL-4) and IL-5 (com-
pared with steroid-responsive patients with asthma), which do
not decrease with CS therapy (83, 84). It has been suggested
that the diminished efficacy of CS in this population may be
due to any number of effects of persistent inflammation.
These may include downregulation of the binding affinity of
the glucocorticoid receptor, upregulation of the less active glu-
cocorticoid B receptor, decreased ability of CS to interfere
with nuclear transcription factor binding or failure to suppress
c-Jun N-terminal phosphorylation (85-87). In certain patients,
increasing the CS dose sufficiently may improve CS binding,
presumably by decreasing local inflammation (88). Broncho-
scopic studies of patients with refractory asthma support the
concept that some, but not all, of these patients continue to ex-
hibit persistent eosinophil/lymphocytic inflammation despite
high-dose CS (89). The factors responsible for this persistent
eosinophilic process are unknown.

Refractory asthma as a “different” inflammatory process
from that seen in milder forms of asthma. An alternative expla-
nation for the poor response to CS is that a different type of
inflammatory process is present, which is less responsive to
CS. Studies of many patients with refractory asthma suggest
that a basic pathologic difference may be present in this popu-
lation, as compared with patients with milder disease, namely,
the presence of the neutrophil. Multiple studies of patients
with mild asthma, not administered inhaled CS, have failed to
demonstrate neutrophils in higher quantities than in normal
control subjects. However, pathologic studies of refractory
asthma now suggest that neutrophils are present in higher
quantities in the airways of these patients, than in the airways
of patients with mild asthma or in normal control subjects (90,
91). In addition, neutrophils have been seen in increased num-
bers in patients dying of status asthmaticus, demonstrating
that when death occurs within several hours of the attack, the
predominant inflammatory cell is the neutrophil (92). Studies
of sputum samples from patients undergoing emergency room
visits for status asthmaticus, as well as studies of bronchial
washes from patients intubated for status asthmaticus, also
support the concept that the neutrophil may be an important
inflammatory cell in more severe forms of asthma (93-95). Al-
though the activation state of these neutrophils remains to be
determined, neutrophils also can produce substances, such as
matrix metalloproteinases and oxygen radicals, that could pro-
foundly alter the structure and function of the airways. Con-
founding these studies, however, is the observation that neu-
trophils are poorly responsive to steroids. In fact, steroids
may prolong the survival of neutrophils by decreasing the apo-
ptosis of these cells (96). Therefore, at the present time, the rel-
evance of these cells to the pathophysiologic changes of se-
vere, refractory asthma is unknown.

Refractory asthma as structurally remodeled airways leading
to fixed/irreversible obstruction. One of the hallmarks of wors-
ening asthma has been the development of irreversible or par-
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tially irreversible disease, as defined by the poor response to
bronchodilators and CS. This observation has led to the con-
clusion that the structural elements of the airways have
changed (or remodeled), to include “irreversible” changes in
the amount/type of smooth muscle, the amount and distribu-
tion of fibrosis in the airways, altered glandular components
and alterations in blood vessels and subsequent edema forma-
tion. While most of these elements have been described to be
“abnormal” in biopsies from patients with mild asthma or in
autopsy specimens from patients who have died from status
asthmaticus, the relationship of any of these elements to se-
verity of disease (as defined clinically and physiologically) re-
mains to be elucidated (97).

Perhaps the most commonly described abnormalities have
been in the type and amount of airway smooth muscle and
thickening of the subbasement membrane (SBM). Pathologic
studies of endobronchial biopsies of patients with asthma have
demonstrated a wide variability in SBM thickness (22, 23, 98).
When subjects with refractory asthma, as defined here, were
evaluated as a single group, no differences in SBM thickness
were seen between these individuals and those with milder
asthma (24). Interestingly subjects with asthma with persistent
eosinophil inflammation may demonstrate an increase in SBM
thickness (89, 99). The SBM in subjects with refractory asthma
without eosinophils did not differ in thickness from that of
normal control subjects. In contrast, subjects with refractory
asthma with eosinophils had a thickened SBM and increased
numbers of submucosal cells positive for transforming growth
factor B (TGF-B), a cytokine with known fibrogenic proper-
ties (89). The thickness of the SBM in subjects with refractory
asthma did not, however, appear to correlate with physiologic
parameters, such as FEV, (24, 89). IL-11, a cytokine linked to
fibrosis and airway hyperresponsiveness, has also been shown
to be increased in subjects with refractory asthma (100).

Smooth muscle is also likely increased in patients with
asthma who die of status asthmaticus (101), but the phenotype
of the smooth muscle or the controlling factors for its hypertro-
phy/hyperplasia are unknown. In addition, multiple remaining
elements, including glandular formation, epithelial changes,
blood vessel formation, and other extracellular matrix protein
amounts and distribution, must be analyzed in a similar fashion
to determine which of the elements of the airway are contribut-
ing to functionally important structural changes in the airways
(102-104). Unfortunately, all these studies are nearly impossi-
ble to perform on standard endobronchial biopsies, emphasiz-
ing the need to develop chronic animal models of asthma, and
consideration for more invasive methods to obtain tissue.

Refractory asthma on the basis of altered distribution of in-
flammation and/or structural abnormalities. Autopsy studies
have suggested that inflammatory processes and structural
changes in asthma extend to the small airways (105, 106).
Transbronchial studies of distal airway changes in living pa-
tients with asthma would support the concept that inflamma-
tion extends to the distal airways and even the alveoli (90,
107). The ability of currently available inhaled medications to
reach these distal airways is not clear, but certainly suspect.
This inflammation could be associated with increased smooth
muscle in the distal airways (101). However, a complete evalu-
ation of abnormalities in the inflammation or structure of the
distal airways in patients with severe asthma (both living and
dead asthmatics), as compared with lesser severities of asthma,
has not been performed.

Refractory asthma as one or more subtypes. As alluded to
earlier, the clinical presentation and progression of refractory
asthma varies considerably. One study supports the heteroge-
neity of the pathologic processes of severe asthma, as well.
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When patients with severe asthma are grouped into those with
and without eosinophils (by endobronchial biopsy), differ-
ences in associated clinical and physiologic patterns appear
to emerge. Those patients with eosinophils demonstrate in-
creases in lymphocytes, consistent with a Th2-type response,
while the eosinophil-negative group does not. Eosinophil-pos-
itive patients had a thickened SBM and increased TGF-B-pos-
itive cells in the submucosa, while eosinophil-negative patients
did not. Eosinophil-positive patients also had evidence of sub-
tle physiologic differences (significantly decreased FVC/slow
vital capacity [SVC] compared with eosinophil-negative pa-
tients with asthma) and a dramatically increased number of
near fatal events. These results would seem to support the
concept that at least two different subtypes of severe asthma
exist, but further study is required to fully characterize these
differences. If these differences are confirmed, considerable
implications for therapy will arise.

It is certainly possible, and even likely, that a combination
of the above hypothesized events or other pathologic elements
not yet appreciated are involved in the pathogenesis of refrac-
tory asthma. Further pathologic evaluation is warranted.

THERAPEUTIC ISSUES IN REFRACTORY ASTHMA

Stanley ). Szefler, M.D., and Sheldon Spector, M.D.

As outlined in the Expert Panel 2 report (108), the cornerstone
of management for patients with severe persistent asthma is
high-dose inhaled CS (see Table 1). Although a preferred in-
haled CS has not been defined, studies suggest that subjects
with refractory asthma should be treated with a high-potency
inhaled CS (budesonide, fluticasone propionate, or mometa-
sone) to minimize the number of actuations administered by
the patient, and to potentially improve outcomes (108-111).
Generally, this treatment is combined with a long-acting bron-
chodilator (long acting inhaled or oral B,-agonist and/or sus-
tained release theophylline). Although not currently in the Ex-
pert Panel 2 report, more recent data would also support the
trial of a leukotriene modifier in this population (112). How-
ever, patients with “refractory asthma” often will not improve
with these combinations. The “best” therapeutic step to under-
take in this population at this point is not at all clear.

Before a patient is termed “refractory,” it is extremely im-
portant that adherence to the treatment program be moni-
tored. Simple methods to assess medication adherence include
direct questioning of the patient for medication recall in the
last several days. Adherence should be further pursued in pa-
tients who appear hesitant on specifics of their medication use.
Pharmacy records can also provide information on the amount
of medication used by the patient. Finally, devices that moni-
tor the time and date of medication administration have also
been developed. While none of these are perfect, they can be
used in selected patients to provide an estimate of medication
adherence. Even with these efforts, an accurate assessment of
adherence is often difficult.

The clinician should also be sure that an action plan has
been developed and that the patient is carefully following this
plan. This, along with frequent visits to review asthma control,
are key elements to reducing the oral and inhaled CS require-
ments in many patients. It is recommended that repeated at-
tempts be made to reduce systemic CS and maintain control
with high-dose inhaled CS therapy (108). However, in contrast
to patients who are under- or poorly treated, patients with
truly refractory asthma often pose considerable challenges to
the successful reduction in systemic CS.

Beyond high-dose inhaled CSs combined with one or two
other long-term controllers, it is not clear what the preferred
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“next step” medication should be. Although there are several
studies that show the benefits of combination therapy with an
inhaled CS and a long-acting inhaled 3,-agonist, such as sal-
meterol, or oral theophylline, no studies have evaluated the
benefits of multiple combinations of these alternative control-
lers. In addition, although modest data now exist with the leu-
kotriene modifiers in this situation, no studies have evaluated
the combination with the further addition of a long-acting
B-agonist or theophylline. Therefore, it is not known what
combination is most likely to enhance asthma control, assist
in resolving inflammation, and perhaps contribute to normal-
ization of the airway. In the absence of this information, the
clinician should carefully monitor clinical parameters to assess
the best combination of medications. The physician should be
encouraged to try an assortment of combinations of long-term
controllers with high-dose CS in a controlled and stepwise
fashion. While environmental control can be helpful in im-
proving clinical control in the sensitized patient, there are few
data to support immunotherapy in the treatment of patients
with refractory asthma and these patients may be at risk for
adverse effects to immunotherapy (113).

If a patient fails to respond or is unable to tolerate CS
doses lower than 20 mg every other day with either prednisone
or methylprednisolone, evaluation of CS pharmacokinetics
can identify patients with incomplete CS absorption, failure to
convert an inactive form (prednisone) to an active form (pred-
nisolone), or rapid elimination (114, 115). However, less than
25% of patients with severe asthma show clinically significant
increased clearance of either prednisolone or methylpredniso-
lone. Most of these patients have a specific reason for rapid
elimination, such as a drug interaction with a medication that
induces CS metabolism, including rifampin and the anticon-
vulsants phenytoin, carbamazepine, and phenobarbital.

Markers of inflammation, for example, plasma or sputum
eosinophils/eosinophil cationic protein and exhaled nitric ox-
ide, may be helpful in examining medication response in those
patients in whom they are detectable (88). In these patients,
the marker can be measured before and after a 1- to 2-wk
course of oral CS therapy, but no studies have demonstrated
the long-term efficacy of this approach. Although tissue biop-
sies have not generally been used to guide therapy, better un-
derstanding of the underlying pathology has the potential to
lead to more rational approaches to therapy. These studies
should be done only in centers with experience in performing
and interpreting biopsies from asthma patients, and ideally in
the context of a clinical trial (90).

Several observations help to explain the limitations in re-
sponse to conventional therapy in subjects with refractory
asthma. Certain patients with asthma have been termed “steroid
resistant” or “steroid insensitive.” These patients are character-
ized by a prebronchodilator FEV, of less than 70% predicted
with a maintained bronchodilator response. Steroid resistance is
defined by administering a course of oral prednisone, for exam-
ple, 40 mg/d (divided doses) for 7 d, or preferably 2 wk, and ob-
serving the effect on morning pre-bronchodilator FEV; (116).
This type of trial can also assess the possibility of poor adherence
to the maintenance regimen. If the FEV, fails to increase by
15% (and 200 ml), the patient is considered steroid resistant. It is
not clear what dose should be administered to patients who are
already receiving high-dose oral CS therapy. If the patient fails
to respond, the dose is generally doubled and the patient is mon-
itored for an additional 2 wk. If the patient responds to this high
dose, then the dose is gradually decreased to determine a thresh-
old dose. Many patients with severe asthma will not meet the cri-
teria for steroid resistance, but rather will demonstrate a re-
sponse at a “higher than expected” dose, suggestive of altered,
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but not absent, steroid responsiveness. The relation of this con-
dition to “steroid resistance” is not clear.

Multiple explanations for CS resistance exist. These in-
clude decreased numbers or binding affinity of the CS recep-
tor in association with increased glucocorticoid receptor
concentrations, altered suppression of transcription factors,
the presence of relatively steroid resistant neutrophils, or ex-
tensive airway structural changes (85-87, 117). In some indi-
viduals, it appears that reduced CS receptor binding affinity
may be improved with a course of high-dose CS (88). The cli-
nician must, however, keep in mind the complicating effects of
CS, specifically high-dose systemic CS therapy, on neuromus-
cular function and general conditioning. These complications
may interfere with assessment of the beneficial effects of these
medications on airway inflammation and lung function.

In patients with refractory asthma who remain symptomatic
despite optimal application of conventional therapy and man-
agement of concomitant disorders, some studies have demon-
strated modest, but inconsistent, efficacy of alternative antiin-
flammatory and immunomodulating drugs, such as methotrexate,
gold, cyclosporine, intravenous gamma globulin, and macrolide
antibiotics (118, 119). Although some studies indicate an ability
to reduce oral CS requirements by approximately 50%, concur-
rent improvement in pulmonary function is limited. Most of the
studies were not conducted at a time when it was customary to
utilize high-dose inhaled CS. In the presence of this form of
treatment and especially in combination with other long-term
controllers, the use of these immunomodulator and alternative
antiinflammatory treatments has not been impressive. Al-
though intravenous gamma globulin may be effective in some
patients, its high cost is prohibitive. Methotrexate has limited
efficacy and carries a risk for liver toxicity and immunosuppres-
sion. Cyclosporine has been utilized only in a limited study pop-
ulation and carries a significant risk for hypertension. Oral gold
has limited efficacy and gastrointestinal adverse effects can limit
its use. None of these medications have demonstrated a signifi-
cant improvement in airway hyperresponsiveness. More studies
are needed with all of these agents to carefully define their ben-
efits and risks, as well as which patients are most likely to re-
spond to the selected treatment.

SUMMARY OF RECOMMENDATIONS

In approaching a patient with refractory asthma, it is impor-
tant to: (/) confirm the diagnosis of asthma, (2) evaluate and
treat confounding or exacerbating factors, and (3) optimize
the “standard” asthma pharmacotherapy. The workshop
group believed that certain testing should be fairly routine to
address points 1 and 2. These are outlined in Table 2.

Confirmation of Diagnosis

Beyond an extensive history and physical, an in-depth assess-
ment of pulmonary function testing, including pre- and post-
bronchodilator spirometry, flow-volume loops, lung volumes,
and diffusing capacity, total eosinophil count, allergy skin testing
and evaluation, serum IgE, and chest X-ray should be part of
any initial evaluation. This combination of studies should sug-
gest whether more detailed studies are required to confirm alter-
native diagnoses, such as chronic obstructive pulmonary disease
(COPD), vocal cord dysfunction, eosinophilic syndromes, and
allergic bronchopulmonary aspergillosis. Depending on these
initial results, further testing could include high-resolution chest
computed tomography (CT) scans (primarily for bronchiectasis
or hypersensitivity pneumonitis), genetic testing for cystic fibro-
sis or oy anti-trypsin deficiency, and allergy skin testing and/or
evaluation of specific IgE antibodies for aspergillus.
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Evaluation for Exacerbating Factors

There was general consensus by the workshop participants that
an evaluation for level of compliance (history, pharmaceutical
records, morning cortisol), allergic factors (history, allergy
[prick] skin testing), sinus disease (sinus CT), gastroesophageal
reflux disease (GERD) (24-h pH probe monitoring), and psy-
chiatric issues, such as anxiety, external stress factors, and sec-
ondary gain issues should be pursued. Obese patients with
asthma should be evaluated for sleep disorders, as well. It was
pointed out that vocal cord dysfunction (VCD) can coexist with
asthma and may be an “exacerbating factor” as well as an alter-
native diagnosis. These potential exacerbating factors should
then be managed as effectively as possible. While this may be
“relatively easy” for some of these exacerbating factors (remov-
ing a cat from the home, treating GERD), therapy is often diffi-
cult or inadequate for others (sinus disease, psychiatric issues).

Pharmacotherapy of Refractory Asthma

The consensus of the workshop group was that all patients with
refractory asthma should be treated, as a starting point, as out-
lined in the Expert Panel 2 report (108). This includes high-
dose/high-potency inhaled CS, oral CS at as low a dose as possi-
ble, and one to three additional controller agents. These pa-
tients should be recording peak flows on a daily basis, and
should be provided with an “asthma action plan” with appropri-
ate rescue plans outlined. Most of these patients will require
frequent clinic visits to monitor their condition. If these steps do
not lead to an improvement in their condition, these patients
should be referred to an asthma center. These asthma centers
should have extensive experience in evaluating and treating
these patients, as well as research protocols available to address
the unanswered questions outlined in the next section.

UNANSWERED QUESTIONS

Many questions remain regarding refractory asthma, and will
require extensive further study.

1. Little is known regarding the natural history of refrac-
tory asthma, or even the prevalence of this subgroup of pa-
tients. Do some individual with refractory asthma have a
much more rapid decline in pulmonary function than others?
The long-term prognosis of these patients is not clear.

2. Clinically, there is considerable heterogeneity among pa-
tients with refractory asthma, and it is not known whether re-
fractory asthma is one disease or multiple different diseases.

3. While certain genetic polymorphisms have been loosely
associated with asthma, are certain genetic polymorphisms
more closely associated with refractory disease?

4. It is not clear whether certain physiologic properties
characterize patients with refractory asthma in general, or a
particular subgroup. Could certain physiologic abnormalities
predispose patients with refractory asthma to “near fatal
events”? What are the mechanisms involved in the poor per-
ception of dyspnea?

5. Although allergen exposure and sensitization, viral ill-
nesses, and stress are clearly linked to asthma, how do they in-
fluence the development of refractory asthma?

6. Can reversal of sinusitis or GERD improve outcomes in
patients with refractory asthma?

7. The pathologic processes of refractory asthma are poorly
understood. Similar to the clinical pattern, there may be more
than one pathologic process associated with the development of
refractory asthma. Is there a classic Th2 pattern for some pa-
tients with refractory asthma, with other less well-defined pro-
cesses driving refractory disease in other patients? What role do
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abnormalities at the level of the small airway and parenchymal/
airway interface play in refractory asthma? Is “irreversibility” a
hallmark of fixed fibrotic disease, or is it a potentially reversible
process? What is the association of persistent inflammation
with irreversible disease and/or airway remodeling?

8. Treatment beyond that outlined by the Expert Panel 2 re-
mains problematic. Future studies should address the following
questions: Are there novel nonspecific or specific antiinflamma-
tory medications that will consistently impact the course of the
disease? Can treatment be customized on the basis of patho-
logic subtype, as ascertained by tissue specimens or biologic
markers from other sources? Does early treatment with antiin-
flammatory agents prevent progression to refractory disease?

PROPOSED APPROACH

It was proposed that a working group be assembled to effi-
ciently design and conduct clinical trials at a small number of
sites. This group should be represented by allergy/immunol-
ogy, pulmonary, pharmacology, pathology, molecular biology,
epidemiology, and biostatistics. The workshop group believed
that a national registry of subjects with refractory asthma cou-
pled with a national database of information on the clinical
and pathologic features of the disease should be developed to
aid in the conduct of epidemiologic studies and assist in re-
cruitment for clinical trials. Such a registry should include
both children and adults. Longitudinal studies of children in
particular may be useful in determining the changing patterns
of pediatric and adult refractory asthma. The utility of this da-
tabase will be greatly increased by having a bank of tissue and
blood from these patients that could be used to advance
knowledge of the immunopathologic and genetic characteris-
tics of the disease. More specific epidemiologic studies aimed
at determining prevalence of refractory disease and distribu-
tion of subtypes of patients with asthma is greatly needed. The
incorporation of genetic testing in these epidemiologic studies
would be desirable. Similar studies are currently being under-
taken by the European Network for Understanding the Mech-
anisms of Severe Asthma (ENFUMOSA). As the approach
recommended here varies somewhat from the ENFUMOSA
approach, it is hoped that the results will be complementary.

As so little is understood regarding the pathophysiology of
asthma in these patients, clinical trials should be initiated at a
small number of sites that incorporate an extensive evaluation
of clinical symptomatology, environmental and genetic fac-
tors, pulmonary physiology, and lung inflammation and struc-
ture. Concurrent evaluation of noninvasive measures of in-
flammation, such as sputum and exhaled gases, should be
included. Unfortunately, understanding the pathologic/struc-
tural processes involving the small airways and parenchyma
are more problematic, but consideration should be given to
pathologic approaches such as transbronchial biopsies and
thoracoscopic or open lung biopsy procedures in patients with
refractory asthma. Concurrent with these studies, physiologic
and radiologic measures of small airway function and appear-
ance should also be undertaken. These studies should deter-
mine if multiple subtypes of disease exist under the umbrella
term of “refractory asthma.”

Pharmacologic trials either with nonspecific antiinflamma-
tory agents or novel specific agents should also be undertaken
in a multicenter, placebo-controlled design. An approach that
customizes therapy on the basis of pathologic features should
be entertained. Objective measures of response should include
physiologic readouts (including, but not limited to FEV,), tissue
measurements of inflammation and structural elements, and
changes in exacerbations/need for systemic CS.
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The committee believed that until these far-reaching ap-
proaches are initiated, most of the understanding of refractory
asthma will remain anecdotal and the treatment will continue
to be “by consensus opinion.”
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