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Diagnostic tests can only increase or decrease the probability of the asthma diagnosis, so a thorough
history is very important. In patients with asthma-like symptoms, spirometric evidence of airway
obstruction plus a large bronchodilator response makes asthma much more likely. However, nor-
mal spirometry is common in patients with mild asthma who are not symptomatic at the time of
testing, and patients with poorly controlled asthma may lack substantial bronchodilator response.
Inhalation challenge test often helps confirm asthma in patients with normal spirometry. Adult
smokers with intermittent respiratory symptoms may have either asthma or chronic obstructive
pulmonary disease (COPD). Normal post-bronchodilator spirometry rules out COPD. In patients
with airway obstruction, a low diffusing capacity of the lung for carbon monoxide increases the
probability of COPD and makes asthma much less likely. A high exhaled nitric oxide level makes
allergic asthma more likely. Response to inhaled corticosteroids makes asthma more likely and
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Introduction

Asthma is a common, chronic disease of airway inflam-
mation that manifests clinically with recurrent episodes of
coughing, breathlessness, wheezing, and chest tightness.
These episodes are associated with airflow obstruction that
is at least partially reversible. There is no accepted stan-
dard diagnostic test for asthma. Making the diagnosis of
asthma requires a critical evaluation of the patient’s symp-
toms, medical history, physical examination, and diagnos-
tic tests.

Signs and Symptoms

The first step in making the diagnosis of asthma is re-
viewing the patient’s history and formulating the pre-test
probability of asthma (Table 1). Patients typically present
with intermittent symptoms of cough, wheeze, dyspnea,
and/or chest discomfort. These symptoms are often exac-
erbated by identifiable triggers, such as tobacco smoke,
perfume, pets, workplace exposure, or upper-respiratory-
tract infection. Patients may experience symptoms during
the daytime, nighttime, or with exercise, and the symp-
toms may vary depending on the time of year.

Asthma is often associated with a history of atopy, and
this association in a symptomatic patient is one of the
strongest predictors of asthma.1 Thus, personal and family
histories of allergies are key components of the medical
history. Other important information to elicit includes early
childhood breathing problems, occupational exposures,
sensitivity to aspirin or nonsteroidal anti-inflammatory pain
relievers, nasal polyposis, or sinusitis.

Cough-variant asthma is a subset of asthma character-
ized by cough as the predominant or sole symptom.2 In
patients with chronic cough, asthma should always be con-
sidered as a possible diagnosis. The diagnostic and thera-
peutic approaches are similar to those for the typical form
of asthma. The diagnosis of cough-variant asthma should
be confirmed by the resolution of cough in response to
asthma therapy.

Physical examination can be normal but often reveals
wheezing, chest hyperinflation, or a prolonged expiratory
phase, especially when patients are symptomatic. The use
of accessory muscles may be apparent during a more se-
vere exacerbation. Examination for signs of allergic rhi-
nitis, conjunctivitis, and dermatitis should also be done.

Differential Diagnosis

In patients who present with a chronic cough as the
predominant symptom, it is important to consider other
common causes of cough, such as post-nasal drip and
gastroesophageal reflux disease.3 Chronic obstructive pul-
monary disease (COPD) is another common disease in the
differential diagnosis for asthma, especially among adults
with a history of tobacco use. In older patients, heart fail-
ure can present with intermittent symptoms of wheezing
and breathlessness. Less common diseases that may present
similarly to asthma include vocal cord dysfunction, bron-
chiolitis obliterans, cystic fibrosis, lymphangioleiomyoma-
tosis, and allergic bronchopulmonary aspergillosis. Asthma
can also occur as part of a systemic disorder such as Churg-
Strauss syndrome (Table 2).

Diagnostic Testing

Spirometry

Spirometry is a pulmonary function test (PFT) that mea-
sures the amount (volume) or speed (flow) of air that can
be inhaled and exhaled. The patients is typically asked to
breathe normally and then to take the deepest possible
breath and then exhale as quickly and as hard as possible.

Table 1. Signs and Symptoms of Asthma

Symptoms
Cough
Wheeze
Shortness of Breath
Chest tightness

History
Environmental triggers
Atopic/allergic history
Symptoms with exercise
Sensitivity to aspirin or nonsteroidal anti-inflammatories
Nasal polyposis
Family history of asthma or allergies

Physical Examination Findings
Hyperexpansion of the chest cavity
Prolonged expiratory time
Expiratory wheezing
Decreased air movement
Use of accessory respiratory muscles
Rash/eczema

Table 2. Differential Diagnosis of Asthma

Chronic obstructive pulmonary disease
Heart failure
Post-nasal drip
Gastroesophageal reflux disease
Vocal cord dysfunction
Cystic fibrosis
Bronchiolitis obliterans
Lymphangioleimyomatosis
Allergic bronchopulmonary aspergillosis
Churg-Strauss syndrome
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From that maneuver the forced expiratory volume in the
first second (FEV1) of exhalation is measured and com-
pared to the entire volume of air that can be expelled in a
forced expiration (forced vital capacity [FVC]). Spirome-
try is indicated as part of the initial diagnostic evaluation
for asthma in all patients � 5 years old to test for airflow
obstruction, the severity, and the short-term reversibility.4

Spirometry provides an objective assessment of airflow
obstruction. Though physicians can generally categorize
pulmonary abnormalities as obstructive based on the clin-
ical history, they are less able to correctly predict the
severity of obstruction and the degree of reversibility.5,6

The presence of airflow obstruction (a reduced FEV1 to
FVC ratio) is consistent with the diagnosis of asthma.
However, as asthma can be intermittent and asthma air-
flow obstruction is (by definition) reversible, spirometry is
often normal when the patient is not experiencing respi-
ratory symptoms. The American Thoracic Society guide-
lines recommend comparing the patient’s spirometry re-
sults to the reference equations from the National Health
and Nutrition Examination Survey.7 Airway obstruction is
defined as an FEV1/FVC less than the 5th percentile.7 The
use of other indices, such as forced expiratory flow during
the middle half of the forced vital capacity maneuver,
cause misclassification. The use of a fixed threshold, such
as 0.70 for FEV1/FVC, to define airway obstruction also
causes misclassification.8 Airway obstruction due to poorly
controlled asthma may also be recognized by a character-
istic “scooped out” appearance of the expiratory limb of
the spirometry flow-volume curve (Fig. 1). During symp-

tomatic episodes of vocal cord dysfunction, variable re-
duction in forced inspiratory flow may be seen on the
flow-volume loop, with normal forced expiratory flow.9,10

As spirometry has become more widely available, it is
now performed in some primary care offices with techni-
cal adequacy and accurate interpretation.11 Good-quality
spirometry can also be obtained in the emergency depart-
ment during an asthma exacerbation.12 The introduction of
spirometry into more clinical settings has the advantage of
increasing the use of spirometry for diagnostic testing,
which is emphasized by the 2007 National Asthma Edu-
cation and Prevention Program’s Expert Panel Report 3,
Guidelines for the Diagnosis and Management of Asth-
ma.4 However, there are limitations to spirometry in pri-
mary care settings. Primary care offices do not have ade-
quate time to perform post-bronchodilator spirometry,
which is indicated for patients with airflow obstruction.
Thus, patients found to have airflow obstruction via office
spirometry should be referred to a PFT laboratory for fur-
ther assessment, including bronchodilator response and pos-
sibly plethysmography and diffusing capacity of the lung
for carbon monoxide (DLCO). In asthma (as well as COPD),
lung volumes often show hyperinflation.13 DLCO is normal
or increased in patients with asthma, but decreased in pa-
tients with COPD (emphysema).7

Peak flow meters should not be used in the diagnostic
evaluation for asthma. Spirometers are much more accu-
rate than peak flow meters (3% vs 10%), and FEV1 is less
effort-dependent than peak flow measurements.14,15 The
quality of spirometry is verified from the graphs. Peak
flow meters are still used for home monitoring by some
patients with moderate-to-severe asthma, but the increased
availability of spirometers, especially inexpensive pocket
spirometers designed for use by patients, has made the
portability and low cost of peak flow meters less of an
advantage.16,17

Bronchodilator Response Testing

Patients who have airflow obstruction on spirometry
should undergo bronchodilator-response testing. This is
done by administering 2–4 puffs from an albuterol inhaler
(90 �g/puff), via a spacer or valved holding chamber.
After waiting for 10–15 min, spirometry is repeated. Short-
acting anticholinergic agents can also be used but require
a delay of more than 30 min before repeating spirometry.
An improvement of � 12% or � 0.2 L in baseline FEV1

or FVC has traditionally defined reversible airflow ob-
struction.7 An increase of � 10% of the predicted value is
another criterion that has been used, and this may be less
subject to bias (see Fig. 1).18,19

The presence of airflow obstruction and a good bron-
chodilator response is consistent with the diagnosis of
asthma, but lack of a bronchodilator response does not rule

Fig. 1. Flow-volume curves characteristic of asthma airflow ob-
struction and post-bronchodilator improvement.
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out asthma. For example, some patients do not exhibit
substantial bronchodilator reversibility until they are on
therapy and their asthma is under better control. The bron-
chodilator response is not necessarily helpful in distin-
guishing asthma from other forms of airway obstruction,
because patients with COPD and other obstructive lung
diseases often have at least a small bronchodilator re-
sponse.20 However, normal spirometry after an inhaled
bronchodilator rules out COPD.21

Inhalation Challenge Test

To assess bronchial hyperreactivity, inhalation-challenge
tests are safe and useful diagnostic tools.22 Typically, the
patient is exposed to an agent or activity that could pro-
voke bronchoconstriction during serial spirometry. Metha-
choline is used to directly stimulate airway smooth muscle.
Other agents or activities indirectly provoke bronchocon-
striction by inducing an airway inflammatory response (eg,
mannitol, cold air, hypertonic saline, exercise). Methacho-
line challenge is best used in patients with no baseline
obstruction who can perform good-quality spirometry. The
interpretation is based on the provocational concentration
of methacholine that induces a 20% decrease in baseline
FEV1 (PC20) (Table 3). A normal methacholine challenge
test (PC20 � 16 mg/mL) usually rules out asthma. How-
ever, the pre-test probability of the asthma diagnosis and
the clinical circumstances of the test should be considered
in interpreting the results, especially if the patient has
taken any symptom-modifying drugs (eg, inhaled cortico-
steroids) or if the patient has not been experiencing recent
symptoms (eg, has the aeroallergen season during which
the patient experiences symptoms already passed?). See
the Appendix for an example of how test results alter the
probability of asthma.

A positive methacholine challenge test (PC20 � 4 mg/
mL, depending on the method used) indicates airway hy-
perresponsiveness, which is consistent with asthma but
can also be present in other diseases.23 Borderline bron-

chial hyperresponsiveness should be interpreted within the
clinical context of the presentation, in an attempt to shift
the probability toward or away from the diagnosis of asthma.
In patients with suspected paradoxical vocal cord dysfunc-
tion, laryngoscopy during methacholine challenge may be
needed to confirm vocal cord dysfunction.24

Other agents can also be used to provoke reversible
airflow obstruction. Histamine has a shorter half-life than
methacholine but is more likely to cause adverse effects
such as voice changes, flushing, and headache, in addition
to the chest tightness, dizziness, and cough that are com-
mon to both agents.25,26 Powdered mannitol is more spe-
cific for diagnosing asthma27 and may predict responsive-
ness to inhaled corticosteroids. It is currently awaiting
United States Food and Drug Administration clearance for
this use.28,29 Cold air challenge is less sensitive than man-
nitol challenge.30

Exercise challenge test can be used to assess exercise-
induced bronchoconstriction. The patient can exercise on a
treadmill or a bicycle ergometer. A decrease to � 90% of
baseline FEV1 at 5–20 min after the end of the exercise
confirms exercise-induced bronchoconstriction.22 Exercise
challenge is less sensitive than methacholine in diagnosing
asthma.31,32

Radioallergosorbent Test and Allergen Skin Test

Atopy, a high total immunoglobin E (IgE), any positive
allergen skin test, or any high specific IgE level increases
the probability of asthma in a patient with respiratory symp-
toms.33,34 Elevated IgE is consistent with the diagnosis of
asthma, but very high IgE (� 1,000 ng/mL) should prompt
consideration of allergic bronchopulmonary aspergillosis.35

Skin testing or in vitro testing for specific IgE antibodies
should be based on a careful history to ascertain likely
aeroallergen exposures. This is important because the re-
sults will guide patient education about allergen avoidance
and possibly immunotherapy. Skin testing and in vitro
testing for specific IgE antibodies are equally sensitive,
and each has advantages. Skin testing is performed by
introducing an allergen into the skin and observing for
wheal and flare. Skin-test results are available within one
hour and are visible to the patient, which may encourage
compliance with environmental control practices. How-
ever, this approach requires training and the availability of
allergen extracts. In vitro assays, such as the radioaller-
gosorbent test and the fluorescent enzyme immunoassay
test, are blood tests used to identify specific IgE antibodies
to suspected allergens in the serum. In vitro tests are more
expensive but can be performed for patients who are tak-
ing medications that suppress skin-test reactions, such as
antihistamines and some antidepressants; these tests do not
entail a risk of systemic reactions and can be performed in
patients with extensive eczema.36,37

Table 3. Methacholine Challenge Interpretation

PC20 (mg/mL) Interpretation*

�16 Normal bronchial responsiveness
4.0–16 Borderline bronchial hyperresponsiveness
1.0–4.0 Mild bronchial hyperresponsiveness
� 1.0 Moderate-to-severe bronchial hyperresponsiveness

* The following assumptions must be met prior to applying this interpretation scheme: (1) no
baseline airway obstruction, (2) good quality spirometry, (3) post-challenge recovery of forced
expiratory volume in the first second (FEV1).
PC20 � provocational concentration that produces a 20% FEV1 decrease.
(Adapted from Reference 22.)
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Exhaled Nitric Oxide

The measurement of certain biomarkers in the diagnosis
and assessment of asthma has gained increased attention.
These include induced sputum, exhaled gases, and exhaled
breath condensate. Induced sputum is collected by asking
the patient to inhale nebulized saline (often hypertonic)
and to then expectorate. Exhaled gases, such as nitric ox-
ide, are measured by having the patient exhale to maintain
a specified flow into a balloon or a measuring device.
Exhaled breath condensate is obtained by passive breath-
ing through a cooling device that contains a tube to collect
the liquid sample. Of these, sputum eosinophil count and
exhaled nitric oxide have shown the most promise for
diagnosing asthma. Induced sputum eosinophil count can
distinguish patients with and without asthma and predict
responsiveness to inhaled corticosteroids.38,39 However, the
methods for obtaining and processing the samples are time-
consuming and not standardized, so the use of induced
sputum for assessing asthma is still most appropriate in the
clinical research setting.

Exhaled nitric oxide is an index of eosinophilic airway
inflammation. In asthma, exhaled nitric oxide correlates
well with more invasive and less convenient measures of
airway eosinophilia, such as induced sputum,40 bronchoal-
veolar lavage,41 and bronchial biopsy.42 One of the more
recent advances in asthma diagnosis is the application of
exhaled nitric oxide assessment as a diagnostic tool.43 Stud-
ies in selected populations have reported sensitivity and
specificity of better than 80%.44-46 A high exhaled nitric
oxide predicts a good response to inhaled corticoste-
roids.47,48 The Current Procedural Terminology code 95012
became available in January 2007 for exhaled nitric oxide
test, which made the test reimbursable.49 Third-generation,
less expensive, hand-held exhaled-nitric-oxide analyzers
will soon be marketed in the United States.50,51

Radiographic Imaging

Chest radiographs and high-resolution computed tomog-
raphy are often used in diagnosing asthma, to rule out
other lung diseases.52 The chest radiograph is typically
normal in patients with asthma.53 Radiographic abnormal-
ities can help identify alternative diseases, such as heart
failure (pulmonary vascular congestion) and COPD (em-
physematous changes). Parenchymal abnormalities can be
detected in diseases such as cystic fibrosis and lymphangio-
leiomyomatosis.

Asthma Versus
Chronic Obstructive Pulmonary Disease

One of the challenges in diagnosing asthma can be dis-
tinguishing asthma from COPD. Smoking can cause

asthma, and many adult and adolescent patients with asthma
are smokers. Only about 20% of smokers ever develop
COPD. Many patients with chronic respiratory symptoms
and airway obstruction are erroneously diagnosed as hav-
ing COPD by applying the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) COPD guidelines54 to
pre-bronchodilator spirometry results without taking the
time to perform post-bronchodilator spirometry.55,56 Ap-
plying the pre-test probability formulated from the clinical
history and physical examination to the results of the di-
agnostic testing further increases the likelihood of arriving
at the correct diagnosis. In interpreting the PFT results it is
important to consider the degree of bronchodilator revers-
ibility and any abnormalities in the DLCO. A decreased
DLCO makes COPD much more likely than asthma.57,58 In
the future, biomarkers may have an increased role in dis-
tinguishing between COPD and asthma. For example, a
patient with COPD will typically have a normal exhaled
nitric oxide concentration, even during an exacerbation.59,60

However, the utility of exhaled nitric oxide and other bio-
markers in distinguishing between asthma and COPD has
not been validated.

Asthma Severity

Once the diagnosis of asthma is made, the clinical his-
tory and spirometry results are used to assess the severity
of disease. This assessment is generally made before the
patient is prescribed long-term control medication. Patients
are asked about the symptoms during the previous 2–4
weeks, or, if the patient is presenting with an exacerbation,
during the period before the exacerbation. This informa-
tion is combined with spirometry findings to categorize
the asthma severity.4 FEV1 provides an objective index of
disease severity, correlates somewhat with symptoms,61

and provides additional information that is useful to de-
termine disease severity. This was demonstrated in a large
study where one third of children with moderate-to-severe
asthma were reclassified to a more severe category when
FEV1 was added to symptom assessment.62,63

Summary: Take-Home Messages
for the Respiratory Therapist

Making the diagnosis of asthma requires a systematic
approach to reviewing the patient’s medical history and
interpreting diagnostic tests. Considering the diagnosis of
asthma in patients with a history of suggestive symptoms,
such as wheeze, cough, chest tightness, and shortness of
breath, is a critical first step. Patient report of triggers or
history of allergies with these symptoms further suggests
the diagnosis of asthma. The diagnostic testing can shift
the probability in favor of or against the asthma diagnosis.
Among symptomatic patients, aspects of the evaluation
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that support a diagnosis of asthma include spirometry ev-
idence of airflow obstruction that is largely reversible with
bronchodilators, or a positive response to bronchoprovo-
cation in a patient with normal spirometry. In distinguish-
ing COPD from asthma, normal post-bronchodilator spi-
rometry results rule out COPD, whereas a decreased DLCO

strongly suggests COPD. Biomarkers such as exhaled ni-
tric oxide may have a greater role in asthma diagnosis in
the future.
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ment between pneumotachograph and PiKo-1 measurements of PEF
and FEV1] Arch Bronconeumol 2006;42(3):144–147. Article in Span-
ish.

18. Brand PL, Quanjer PH, Postma DS, Kerstjens HA, Koeter GH,
Dekhuijzen PN, et al. Interpretation of bronchodilator response in
patients with obstructive airways disease. The Dutch Chronic Non-
Specific Lung Disease (CNSLD) Study Group. Thorax 1992;47(6):
429–436.

19. Quanjer PH. Predicted values: how should we use them? Thorax
1988;43(8):663–664.

20. Calverley PM, Burge PS, Spencer S, Anderson JA, Jones PW. Bron-
chodilator reversibility testing in chronic obstructive pulmonary dis-
ease. Thorax 2003;58(8):659–664.

21. Celli BR, MacNee W. Standards for the diagnosis and treatment of
patients with COPD: a summary of the ATS/ERS position paper. Eur
Respir J 2004;23(6):932–946.

22. Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL, Irvin
CG, et al for the American Thoracic Society. Guidelines for metha-
choline and exercise challenge testing-1999. Am J Respir Crit Care
Med 2000;161(1):309–329.

23. Allen ND, Davis BE, Hurst TS, Cockcroft DW. Difference between
dosimeter and tidal breathing methacholine challenge: contributions
of dose and deep inspiration bronchoprotection. Chest 2005;128(6):
4018–4023.

24. Guss J, Mirza N. Methacholine challenge testing in the diagnosis of
paradoxical vocal fold motion. Laryngoscope 2006;116(9):1558–
1561.

25. Higgins BG, Britton JR, Chinn S, Jones TD, Vathenen AS, Burney
PG, et al. Comparison of histamine and methacholine for use in
bronchial challenge tests in community studies. Thorax 1988;43(8):
605–610.

26. Schmidt LE, Thorne PS, Watt JL, Schwartz DA. Is an abbreviated
bronchial challenge with histamine valid? Chest 1992;101(1):141–
145.

27. Porsbjerg C, Rasmussen L, Thomsen SF, Brannan JD, Anderson SD,
Backer V. Response to mannitol in asymptomatic subjects with air-
way hyper-responsiveness to methacholine. Clin Exp Allergy 2007;
37(1):22–28.

28. Koskela HO, Hyvarinen L, Brannan JD, Chan HK, Anderson SD.
Sensitivity and validity of three bronchial provocation tests to dem-
onstrate the effect of inhaled corticosteroids in asthma. Chest 2003;
124(4):1341–1349.

29. Koskela HO, Hyvarinen L, Brannan JD, Chan HK, Anderson SD.
Coughing during mannitol challenge is associated with asthma. Chest
2004;125:1985–1992.

30. Koskela HO, Hyvarinen L, Brannan JD, Chan HK, Anderson SD.
Responsiveness to three bronchial provocation tests in patients with
asthma. Chest 2003;124(6):2171–2177.

31. Brown LL, Martin BL, Morris MJ. Airway hyperresponsiveness by
methacholine challenge testing following negative exercise challenge.
J Asthma 2004;41(5):553–558.

32. Souza AC, Pereira CA. [Bronchial provocation tests using metha-
choline, cycle ergometer exercise and free running in children with
intermittent asthma]. J Pediatr (Rio J) 2005;81(1):65–72. Article in
Portuguese.

33. Gelber LE, Seltzer LH, Bouzoukis JK, Pollart SM, Chapman MD,
Platts-Mills TA. Sensitization and exposure to indoor allergens as
risk factors for asthma among patients presenting to hospital. Am
Rev Respir Dis 1993;147(3):573–578.

34. Pollart SM, Chapman MD, Fiocco GP, Rose G, Platts–Mills TA.
Epidemiology of acute asthma: IgE antibodies to common inhalant
allergens as a risk factor for emergency room visits. J Allergy Clin
Immunol 1989;83(5):875–882.

MAKING THE DIAGNOSIS OF ASTHMA

588 RESPIRATORY CARE • MAY 2008 VOL 53 NO 5



35. Greenberger PA. Allergic bronchopulmonary aspergillosis. J Allergy
Clin Immunol 2002;110(5):685–692.

36. Douglass JA, O’Hehir RE. 1. Diagnosis, treatment and prevention of
allergic disease: the basics. Med J Aust 2006;185(4):228–233.

37. Emanuel IA. In vitro testing for allergy diagnosis. Otolaryngol Clin
North Am 2003;36(5):879–893.

38. Deykin A, Lazarus SC, Fahy JV, Wechsler ME, Boushey HA, Chin-
chilli VM, et al. Sputum eosinophil counts predict asthma control
after discontinuation of inhaled corticosteroids. J Allergy Clin Im-
munol 2005;115(4):720–727.

39. Green RH, Brightling CE, McKenna S, Hargadon B, Parker D, Brad-
ding P, et al. Asthma exacerbations and sputum eosinophil counts: a
randomised controlled trial. Lancet 2002;360(9347):1715–1721.

40. Jatakanon A, Lim S, Kharitonov SA, Chung KF, Barnes PJ. Corre-
lation between exhaled nitric oxide, sputum eosinophils, and metha-
choline responsiveness in patients with mild asthma. Thorax 1998;
53(2):91–95.

41. van den Toorn LM, Overbeek SE, de Jongste JC, Leman K, Hoogst-
eden HC, Prins JB. Airway inflammation is present during clinical
remission of atopic asthma. Am J Respir Crit Care Med 2001;164(11):
2107–2113.

42. Payne DN, Adcock IM, Wilson NM, Oates T, Scallan M, Bush A.
Relationship between exhaled nitric oxide and mucosal eosinophilic
inflammation in children with difficult asthma, after treatment with
oral prednisolone. Am J Respir Crit Care Med 2001;164(8 Pt 1):
1376–1381.

43. Silkoff PE, Erzurum SC, Lundberg JO, George SC, Marczin N, Hunt
JF, et al. ATS workshop proceedings: exhaled nitric oxide and nitric
oxide oxidative metabolism in exhaled breath condensate. Proc Am
Thorac Soc 2006;3(2):131–145.

44. Dupont LJ, Demedts MG, Verleden GM. Prospective evaluation of
the validity of exhaled nitric oxide for the diagnosis of asthma. Chest
2003;123(3):751–756.

45. Fortuna AM, Feixas T, Gonzalez M, Casan P. Diagnostic utility of
inflammatory biomarkers in asthma: Exhaled nitric oxide and in-
duced sputum eosinophil count. Respir Med 2007;101(11):2416–
2421.

46. Smith AD, Cowan JO, Filsell S, McLachlan C, Monti-Sheehan G,
Jackson P, et al. Diagnosing asthma: comparisons between exhaled
nitric oxide measurements and conventional tests. Am J Respir Crit
Care Med 2004;169(4):473–478.

47. Silkoff PE, McClean P, Spino M, Erlich L, Slutsky AS, Zamel N.
Dose–response relationship and reproducibility of the fall in exhaled
nitric oxide after inhaled beclomethasone dipropionate therapy in
asthma patients. Chest 2001;119(5):1322–1328.

48. Smith AD, Cowan JO, Brassett KP, Herbison GP, Taylor DR. Use of
exhaled nitric oxide measurements to guide treatment in chronic
asthma. N Engl J Med 2005;352(21):2163–2173.

49. American Association for Respiratory Care. AARC In the News.
CPT Code for exhaled nitric oxide on the way. http://www.aarc.org/

headlines/cpt code noxide.cfm December 4, 2006. Accessed Feb-
ruary 28, 2008.

50. Menzies D, Nair A, Lipworth BJ. Portable exhaled nitric oxide mea-
surement: comparison with the “gold standard” technique. Chest
2007;131(2):410–414.

51. Aerocrine is proud to announce the introduction of NIOX Flex.
Aerocrine, Solna, Sweden. http://www.nioxflex.com/us/index_
start.html. Accessed February 29, 2008.

52. de Blic J, Scheinmann P. The use of imaging techniques for assess-
ing severe childhood asthma. J Allergy Clin Immunol 2007;119(4):
808–810.

53. Park SW, Park JS, Lee YM, Lee JH, Jang AS, Kim DJ, et al.
Differences in radiological/HRCT findings in eosinophilic bronchitis
and asthma: implication for bronchial responsiveness. Thorax 2006;
61(1):41–47.

54. Global Initiative for Chronic Obstructive Lung Disease. Global strat-
egy for the diagnosis, management, and prevention of chronic ob-
structive pulmonary disease. Updated 2007. http://www.goldcopd.
com. Accessed February 26, 2008.

55. Johannessen A, Omenaas ER, Bakke PS, Gulsvik A. Implications of
reversibility testing on prevalence and risk factors for chronic ob-
structive pulmonary disease: a community study. Thorax 2005;60(10):
842–847.

56. Perez-Padilla R, Hallal PC, Vazquez-Garcia JC, Muino A, Maquez
M, Lopez MV, et al. Impact of bronchodilator use on the prevalence
of COPD in population-based samples. COPD 2007;4(2):113–120.

57. Mohsenifar Z, Lee SM, Diaz P, Criner G, Sciurba F, Ginsburg M, et
al. Single-breath diffusing capacity of the lung for carbon monoxide:
a predictor of PaO2

, maximum work rate, and walking distance in
patients with emphysema. Chest 2003;123(5):1394–1400.

58. Sin BA, Akkoca O, Saryal S, Oner F, Misirligil Z. Differences
between asthma and COPD in the elderly. J Investig Allergol Clin
Immunol 2006;16(1):44–50.

59. Fabbri LM, Romagnoli M, Corbetta L, Casoni G, Busljetic K, Turato
G, et al. Differences in airway inflammation in patients with fixed
airflow obstruction due to asthma or chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 2003;167(3):418–424.

60. Maziak W, Loukides S, Culpitt S, Sullivan P, Kharitonov SA, Barnes
PJ. Exhaled nitric oxide in chronic obstructive pulmonary disease.
Am J Respir Crit Care Med 1998;157(3 Pt 1):998–1002.

61. Kuntz KM, Kitch BT, Fuhlbrigge AL, Paltiel AD, Weiss ST. A novel
approach to defining the relationship between lung function and
symptom status in asthma. J Clin Epidemiol 2002;55(6):11–18.

62. Stout JW, Visness CM, Enright P, Lamm C, Shapiro G, Gan VN, et
al. Classification of asthma severity in children: the contribution of
pulmonary function testing. Arch Pediatr Adolesc Med 2006;160(8):
844–850.

63. Sorkness CA. Traditional and new approaches to asthma monitoring.
Respir Care 2008;53(5):593–599; discussion 599–601.

MAKING THE DIAGNOSIS OF ASTHMA

RESPIRATORY CARE • MAY 2008 VOL 53 NO 5 589



MAKING THE DIAGNOSIS OF ASTHMA

590 RESPIRATORY CARE • MAY 2008 VOL 53 NO 5



Discussion

Stoloff:* Paul, You said that the ma-
jority of people have intermittent or
mild asthma.

Enright: Well, I “see” them on the
Web MD asthma message board. The
majority of people with intermittent
asthma don’t actually see a doctor
about it, but may purchase Primatene
Mist over the counter to treat their
intermittent symptoms.

Stoloff: The papers that have been
published clearly identify that when
questions are asked of patients—con-
sistent with the 1997 and 2007 NAEPP
[National Asthma Education and Pre-
vention Program] asthma guide-
lines,1,2 or any other document on that
level—the majority have mild-to-
moderate asthma, with a far greater
population who have severe asthma
based on the concept of impairment,
let alone risk. We can’t clearly iden-
tify the people with intermittent or mild
asthma who do not present.

When someone comes into my of-
fice with asthma, it’s not mild or in-
termittent, because the impairment is
enough that it’s affecting their daily
life, so it’s moderate, because it’s caus-
ing a change in their behavior and to
seek medical care.

1. Expert panel report 2: guidelines for the
diagnosis and management of asthma. Be-
thesda MD: National Institutes of Health,
National Asthma Education and Preven-
tion Program; 1997. NIH Publication No.
97-4051. Available from http://www.nhlbi.
n ih .gov/guidel ines /archives /epr-2 /
asthgdln_archive.pdf. Accessed February
12, 2008.

2. Expert panel report 3: guidelines for the
diagnosis and management of asthma. Be-
thesda MD: National Institutes of Health,
National Asthma Education and Prevention
Program; 2007. NIH Publication No. 08-
4051. Available from http://www.nhlbi.nih.

gov/guidelines/asthma/asthgdln.pdf. Ac-
cessed February 29, 2008.

Enright: Good point. I am talking
about estimates of prevalence rates
from population-based samples from
epidemiologic studies.

Stoloff: The other question is the
issue of the percentage of primary care
providers who use spirometry or have
spirometers.

Enright: In Italy the percentage is
very low.1 There is also a new publi-
cation2 on this topic, from a small
group of primary care physicians in
the United States, that is more encour-
aging.

1. Lusuardi M, De Benedetto F, Paggiaro P,
Sanguinetti CM, Brazzola G, Ferri P, Don-
ner CF. A randomized controlled trial on
office spirometry in asthma and COPD in
standard general practice: data from spi-
rometry in asthma and COPD: a compara-
tive evaluation Italian study. Chest 2006;
129(4):844-852.

2. Yawn BP, Enright PL, Lemanske RF Jr,
Israel E, Pace W, Wollan P, Boushey H.
Spirometry can be done in family physi-
cians’ offices and alters clinical decisions
in management of asthma and COPD. Chest
2007;132(4):1162–1168.

Stoloff: A survey on this topic was
conducted about a decade ago by the
American Academy of Family Physi-
cians, but, unfortunately, they decided
not to publish because the statistics
were so low. Only 5% of the respon-
dents said that they did spirometry.
Now approximately 20% of clinicians
in primary care specialties do spirom-
etry, but less than 50%—more like
40%—of them say they do post-bron-
chodilator spirometry. And when
they’re questioned on how they were
trained in the interpretation of either
the pre-bronchodilator or post-bron-
chodilator results, few actually under-
stand it.

Yesterday I was at a clinic for the
underserved in Las Vegas. There are
3 physicians there, and they see about
210 patients a day. It is one of 4 clin-
ics serving Latino Americans in the

Las Vegas area. They each have a spi-
rometer, but none of them knows how
to use it. Even if they ordered a spi-
rometry test, the patient would have
to go to a local hospital to have it
done. They don’t even use peak flow
meters, because they don’t know
where to get them. So when you look
at this conundrum it is far more crit-
ical than discussions of the appropri-
ate place for methacholine challenge
in the workup of a patient with asth-
ma-like symptoms. I think we need to
hone down to the key issues.

Enright: Granted. An analogy is that
many people have a home gym appa-
ratus but very few of them have used
it in the last 3 months. I think they’re
all just hoping that if they bought the
gizmo, they’d lose weight.

Colice: How much bronchodilator
do you give? Do you give 2 puffs of
albuterol, or do you give 10 days of
prednisone and Singulair [montelukast
sodium] and albuterol on top of that?

Enright: There is short-term bron-
chodilator responsiveness, and people
will give either 2 or 4 puffs of albu-
terol. Or if it’s an adult, they might be
savvy enough to use Combivent [al-
buterol and ipratropium combination
formula]. Do the 2007 NAEPP guide-
lines indicate what is considered an
adequate clinical trial of asthma ther-
apy—the duration and the mix of
drugs?

Stoloff: No.

Diette: I like the idea you mentioned
of taking the prior probability into ac-
count and trying to decide where you
are along the continuum. One of the
things you’ve probably wrestled with
is what information you still have
available. Collectively, I think we’ve
been somewhat lazy about insisting
that there’s a threshold—for example,
that 12% bronchodilator response
means something that 11% doesn’t, or
that 13% is exactly the same as 12%.

*Stuart W Stoloff MD, Department of Family
and Community Medicine, University of Ne-
vada, Reno, representing Monaghan/Trudell
Medical.
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In your example there was an 8%
bronchodilator response; that’s not
meaningless information; it just
doesn’t meet that threshold. It’s dif-
ferent from 2% and it’s different from
18%. It could be that somebody just
needs to do the hard work of looking
at the likelihood ratios that come from
the different values of each of these
continuous variables and then feed
them to the clinician on these now
very-easy-to-generate reports and say
that a certain value indicates a 20%
likelihood or a very low or very high
probability, and use the full contin-
uum of information instead of forcing
it into a dichotomy.

Enright: And those of us who run
pulmonary function laboratories

ought to ask, what specifically is the
question asked by the clinician when
she ordered the pulmonary function
test, rather than just using these
rather arbitrary thresholds for nor-
mal or abnormal bronchodilator re-
sponsiveness. It ought to be a mini-
consultation.

Colice: My European colleagues tell
me that they use bronchodilator re-
versibility to tell them how well the
patient’s asthma is controlled. So if
they’ve got them on an inhaled corti-
costeroid and they bring them into the
laboratory and give them a puff of
albuterol and their FEV1 increases by
14%, then they say the asthma is not
well controlled.

Enright: I love to hate the topic of
bronchodilator reversibility for diag-
nosis or as an index of asthma control.
I don’t think that we should push drugs
on patients to achieve maximum lung
function. We should only give them
enough medication(s) to treat their
symptoms and reduce the risk of fu-
ture exacerbations.

Moores: I think this relates to the
newer model that says that the inflam-
mation process and airway hyperactiv-
ity aren’t always necessarily linked, so
persistent bronchodilator reversibility
may not be a good marker of control.
They may be doing a lot for inflamma-
tion, and it’s independent of the airway
hyperactivity they’re seeing.
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