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KEY POINTS

e Respiratory symptoms are poor predictors of either the presence or the severity of

exercise-induced bronchoconstriction (EIB).

There are many factors affecting the response to exercise, such as workload, ventilation,

humidity, temperature, and time since medication.

e There is a high rate of negative test results using exercise ergometers in a laboratory

setting.

Surrogates for exercise have been developed to identify the potential for EIB in the labo-

ratory setting.

e Eucapnic voluntary hyperpnea is a very potent and sensitive test to identify EIB and is rec-
ommended to identify EIB in elite athletes or in regular exercisers with suspected mild EIB.

e Challenge with mannitol dry powder aerosol, which uses prepacked capsules of
increasing doses, reduces the risk of large decreases in the forced expiratory volume in
the first second of expiration, helps to identify the presence of currently active asthma,
and detects the potential for EIB.

BACKGROUND TO THE NEED TO IDENTIFY EXERCISE-INDUCED
BRONCHOCONSTRICTION

“Exercise-induced asthma and exercise-induced bronchoconstriction (EIB) are the
terms used to describe the transient increase in airways resistance that follows
vigorous exercise.”! EIB occurs most commonly in people with clinically recognized
asthma. History and symptoms cannot be relied on to predict EIB either in adults
(Fig. 1)? or children.® In one study, 40% of children considered well controlled by a
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Fig. 1. Individual values for the highest percent decrease in FEV,; documented after 2 ex-
ercise tests in relation to the National Asthma Education and Prevention Program (NAEP-
PIl) asthma severity score at visit 1. Score 1 = symptoms 2 or less times per week; score 2 =
symptoms 2 or more times a week but less than 1 time a day; score 3 = symptoms daily.
(From Anderson SD, Pearlman DS, Rundell KW, et al. Reproducibility of the airway
response to an exercise protocol standardized for intensity, duration, and inspired air con-
ditions, in subjects with symptoms suggestive of asthma. Respir Res 2010;11:120; with
permission.)

questionnaire had EIB*; in another study, 40% of children with EIB had never had a
diagnosis of asthma.® EIB also occurs in people without other symptoms of asthma,
particularly elite athletes.>%7 In elite athletes, self-reported symptoms related to exer-
cise are neither sensitive nor specific for identifying EIB (Table 1).28-'" An overdiag-
nosis and underdiagnosis of EIB from symptoms was realized when investigators
started to measure the airway response to exercise in athletes with and without symp-
toms. The move away from symptoms to lung function measurement to diagnose EIB
was facilitated by sporting bodies requesting objective evidence of asthma or EIB to
justify the use of a beta, agonist aerosol before a sporting event.'? Further, the recent
large surveys on exercise-related symptoms reported in both adults'® and children
in the United States suggest that objective measurement is required to identify EIB so
that appropriate treatment can be prescribed.®

Table 1
The sensitivity, specificity, PPV, and NPV for respiratory symptoms to predict EIB

Sensitivity % Specificity % PPV % NPV %
Cough 61 65 38 83
Wheeze 17 82 25 74
Chest tightness 20 80 26 74
Excess mucus 22 85 33 76

EIB is defined as a decrease in the FEV; of 10% or more following actual or simulated competition
exercise in elite athletes.

Based on the findings of Rundell et al.?

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.
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WHAT WE NEED TO KNOW TO IDENTIFY EIB

To develop successful protocols and reduce the possibility of false-negative tests, it is
necessary to understand the stimulus and mechanism whereby exercise narrows the
airways in susceptible people. This understanding also explains why surrogates for
exercise, such as eucapnic voluntary hyperpnea (EVH) and inhaled mannitol, have
been used successfully to identify the potential for EIB.

The stimulus for EIB is water loss, by evaporation, from the airway surface in humid-
ifying large volumes of air in a short time (Fig. 2). This water loss cools the larger air-
ways (>2 mm) and may increase the osmolarity of the airway surface liquid because of
its small volume (<1 mL)."® Inspiring cool dry air enhances the possibility of EIB, and
inspiring warm humid air reduces the possibility and may even prevent EIB."” Exercise
of high intensity is needed’® to identify EIB because it determines ventilation; the
higher the ventilation, the greater the rate of water loss. The duration of exercise is
also important. It cannot be too long because of the high intensity of exercise or too
short because it will not result in sufficient water loss. In combination with the intensity
of exercise and inspired air conditions, duration determines the number of generations
of airways required to heat and to humidify the inspired air. The greater the number of
generations, the greater the surface area of the airways involved in the exercise
response. Exercising under conditions that require recruiting the small airways'® to
heat and to humidify the air increases the chances of identifying EIB. The small airways
have a high density of the mast cells?® and are an important source of mediators of
bronchoconstriction.

The mechanism whereby the airways narrow is thought to relate to both the osmotic
and thermal effects of evaporative water loss.2! Although water can rapidly return to
the airway surface, a transient increase in osmolarity of the airway surface liquid will
occur if the rate of water loss exceeds the rate of return.’® This transient hyperosmolar
environment favors the release of mediators from cells near the airway surface.??23
These mediators include prostaglandins (PGs), leukotrienes (LTs), and histamine,
which can cause the bronchial smooth muscle to relax (PGE,) during the first few

Water Loss by Evaporation

[ from the airway surface 1

Mucosal Dehydration

Mucosal Cooling 1
1 Increase [Na*][CIH][Ca**][ K*]
Vasoconstriction 1
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v \
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Fig. 2. The stimulus to exercise-induced bronchoconstriction is the water loss by evaporation
from the airways surface in conditioning large volumes of air in a short time. The mechanism
for airway narrowing relates to the thermal (cooling) and osmotic effects of this water loss.
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minutes of exercise in all patients and then to contract (PGD,, LTs, and histamine) in
those with EIB.2"-24 For this reason, medications that inhibit the production or release
of these mediators or antagonize their effect need to be withheld for the appropriate
time (Table 2). Further, patients should not have exercised within 2 hours2® and pref-
erably 4 hours of a test because a state of refractoriness during that period occurs in
50% of patients with EIB.2® Even warm-up exercise can induce refractoriness.?”
During exercise under temperate or cold conditions, the airways cool because of the
latent heat of vaporization in humidifying the inspired air. The colder the inspired air is
during exercise, the greater the possibility for the thermal effects to enhance the
severity of EIB. The thermal effects involve a reactive hyperemia of the bronchial
vasculature, which is an event that follows the vasoconstriction in response to airway
cooling.?® This reactive hyperemia may also be accompanied by increased vascular
permeability and mucosal edema. As previously discussed,?® these events may not
only serve to cause narrowing in their own right but may also amplify the effects of
airway narrowing arising from bronchial smooth muscle contraction. The interplay of
the thermal and osmotic effects is important in the assessment of cold-weather ath-
letes who may need to exercise under conditions that reproduce their symptoms.3°
To optimize the chance of identifying EIB in untrained patients in a laboratory re-
quires measuring the forced expiratory volume in the first second of expiration
(FEV,) before and at frequent intervals after exercising. The exercise should preferably

Table 2

Medications and their required withholding times before challenge by exercise, EVH, or
mannitol to reduce the possibility of a false-negative test result and optimize the possibility of
finding a positive test result

Time to Withhold Medication

8h Short-acting B, agonists
(eg, albuterol, salbutamol, levalbuterol terbutaline)
Inhaled nonsteroidal antiinflammatory agents
Cromones (eg, sodium cromoglycate, nedocromil sodium)

12h Inhaled corticosteroids
(eg, beclomethasone dipropionate, budesonide, fluticasone propionate,
ciclesonide)
Ipratropium bromide

24 h Inhaled corticosteroids plus long-acting B, agonists
(eg, fluticasone and salmeterol, budesonide and formoterol)
Long-acting B, agonists
(eg, salmeterol, eformoterol)
Theophylline

72 h Tiotropium bromide
Antihistamines
(eg, cetirizine, fexofenadine, and loratadine)

4d Leukotriene-receptor antagonists
(eg, montelukast sodium)
Nonsteroidal antiinflammatory
(eg, indomethacin, ibuprofen)

Foods: Ingestion of caffeine-containing foods, such as coffee, tea, cola, and chocolate, may
decrease bronchial hyperresponsiveness. These substances should be withheld on the day of the
test.

Other factors that may confound results: Smoking and vigorous exercise should not be under-
taken on the day of the test.

Abbreviations: HR, heart rate; HRmax, predicted maximum heart rate; VE, ventilation.
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involve running (rather than cycling) and should last for 6 to 8 minutes. Patients should
breathe dry air via the mouth with the nose clipped and exercise intensely enough to
achieve a minute ventilation more than 21 times the baseline FEV; (in liters) by 4 mi-
nutes, but preferably within the first 2 minutes, and maintain this level until the end
of exercise. In the absence of a measure of ventilation, heart rate can be used. The
target heart rate should be between 85% and 95% of the predicted maximum for
the duration of the test and preferably more than 95% predicted for the last 4 mi-
nutes.'® Protocols that have met these requirements for both running and cycling
have been used successfully in laboratories or in the field.510:18:30-32

There is a high frequency of negative exercise results in those tested in a laboratory
for suspected EIB.31:3334 This high frequency has resulted in fewer exercise tests be-
ing performed these days. Screening tests, in the field, for EIB have also had a low
yield in some studies.® In part, this may be explained by the inadequacy of the exer-
cise task, variable inspired air conditions, or the lack of attention to the conditions pre-
ceding the test, particularly recent exercise or the withholding of medication (see
Table 2; Table 3).

Elite athletes are a special case in that sport-specific exercise in the field, under the
appropriate conditions, may be required in the event of negative results of exercise
tests or surrogates for exercise in the laboratory.?%1° The thermal and vascular effects
are expected to be the greatest under conditions of inspiring air of subfreezing temper-
atures (such as in winter sports), less important when breathing warm humid air (such
as during swimming),3%3” and absent under conditions of breathing hot dry air.38-3°

HOW IS THE DIAGNOSIS OF EIB MADE?

A diagnosis of EIB is commonly made on the measurement of an abnormal reduction
in the FEV, after exercise. The FEV; does not need to be accompanied by a full forced
vital capacity maneuver. Measurements of the FEV, are usually made in duplicate or
triplicate 5, 10, 15, 20, and 30 minutes after exercise, with the best FEV value at each

Table 3
Key determinants of the airway response to exercise challenge

Factors that Enhance the Possibility of EIB

Factors that Reduce the Possibility of EIB

Inspiring cold dry air

Inspiring warm humid air

Exercise of high intensity (VE >21*FEV, or
HR >85%-95% pred HRmax within 2-4 min)

Exercise of low intensity (VE <22 x FEV; or HR
<85% pred HRmax)

Duration of 6-8 min

Duration of less than 6 min or more than
8 min

Constant load exercise with rapid (in the first
2 min) workload increment

Incremental exercise protocol

Recent exposure to allergens

Strenuous exercise within 2-4 h before testing

Recent exposure to irritants or high densities
of particulate matters

Warm-up exercise

Recent URTI or chest infection

Ingestion of caffeine-containing foods (eg,
coffee, tea, cola, and chocolate) on the day
of testing

Inappropriate withholding time of drugs
(cf Table 2)

Out-of-season testing (for athletes only)

Abbreviations: HR, heart rate; HRmax, predicted maximum heart rate; URTI, upper respiratory tract

infection; VE, ventilation.
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time point being recorded. Earlier and more frequent measurements may be required
to identify and avoid severe bronchoconstriction. The lowest value for the FEV4 is usu-
ally observed within 15 minutes after exercise and recovers spontaneously within 30 to
60 minutes. Inhalation of a beta, agonist bronchodilator is recommended if there is a
need to enhance recovery to the baseline FEV4. A decrease in the FEV, after exercise
of 10% or more from the pre-exercise value “is generally accepted as abnormal,” but a
cutoff of 15% or more is often used when exercise has been performed in the field.*°
The severity of EIB is expressed as the maximum percent decrease in the FEV, after
exercise, and suggested grades of severity are given in Table 4. For elite athletes to
identify EIB, a decrease of 10% or more in the FEV, is preferable at 2 consecutive
time points (eg, 5 and 10 minutes after exercise). This practice reduces the possibility
of a false-positive result from recording a low FEV; immediately at the end of exercise
because of respiratory muscle fatigue.*'

A decrease in the FEV4 of 10% and 15% from the baseline is close to the 95% con-
fidence interval observed in healthy subjects in the laboratory*>4® and the field.54* A
value of 13% has been reported to provide the optimal sensitivity (63%) and specificity
(94%) for identifying children with asthma and young adults.*® The choice of cutoff will
be determined by the investigator’s need to be either more sensitive or more specific.
Although a 10% decrease in the FEV is acceptable for sporting bodies seeking clear-
ance to use an inhaled beta, agonist, a value of 20% has been suggested to be
included in a clinical trial to assess new drugs for EIB.%®

VARIABILITY IN THE RESPONSE TO EXERCISE

Since the early studies in EIB 50 years ago, variability of the airway response to exer-
cise has been recognized.*” There is a recent report in 373 subjects with signs and
symptoms of asthma but without a definite diagnosis who performed running exer-
cises on 2 occasions within 2 to 4 days under the optimal conditions described
earlier.®2 In 19% of the subjects, a decrease in the FEV; of 10% or more was docu-
mented after both tests. The mean of the highest percent decrease in the FEV, was
24.7% + 9.7%, leaving the diagnosis of EIB in no doubt. For 24% of the subjects,
only one test was positive, with the mean highest decrease being 14.3% + 4.8%.
For 57% of the subjects, the 2 tests were 10% or less with the mean of the highest
percent decrease being 4.9% + 2.9%. A value of 0% was assumed in 55 of the 210
subjects who had only an increase in the FEV, in response to exercise. The 5-times
difference in the mean percent decrease in those with 2 positive tests and those
with 2 negative tests suggests that 2 concordant test results may be useful to include
or exclude a definitive diagnosis of EIB.

The variability in the percent decrease in the FEV4 on the 2 test days was + 9.7% in
the 278 adults, + 13.4% in the 95 children, and + 14.6% for the 72 subjects with 2
positive exercise tests (with an FEV decrease of 10% or more) (Fig. 3). This variability

Table 4

Classification of severity of EIB

Degree of Severity of EIB Maximum Percent Decrease in FEV, After Exercise
Mild >10% but <25%

Moderate >25% but <50%

Severe >50% for steroid-naive patients

>30% for steroid-treated patients

A suggested classification for severity of EIB based on the percent decrease in FEV;.
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Fig. 3. Reproducibility of the percent decrease in FEV; measured after 8 minutes of running
exercise of high intensity while breathing dry air by mouth. The difference between values
for the percent decrease in FEV; on the 2 exercise tests performed within 2.6 + 3.2 days in
relation to the average value on the 2 tests for those 72 subjects who had a 10% or more
decrease following both exercise tests. The interval defines the 95% probability that the dif-
ference between a single measurement and the true value for the subject is within that
range. (From Anderson SD, Pearlman DS, Rundell KW, et al. Reproducibility of the airway
response to an exercise protocol standardized for intensity, duration, and inspired air con-
ditions, in subjects with symptoms suggestive of asthma. Respir Res 2010;11:120; with
permission.)

in the percent decrease in the FEV, needs to be considered when selecting a subject
for inclusion in a drug trial.

Seasonal differences can contribute to the variability of EIB.#84° Although variability
in the percent decrease is recognized when conditions of the inspired air alone are
altered, it may also be important if the environmental conditions are altered.>° Thus,
exercising in subfreezing conditions may enhance responses via a facial reflex.5':52
These subfreezing conditions, although uncommon, have been used in a laboratory
environment.3%:53 Other factors that can affect the exercise outcome are recent expo-
sure to allergens or irritants or to high densities of particulate matter.54-5¢

During exercise testing, other conditions than EIB may cause a turbulent sound in
the tracheal area. Inspiratory stridor,%” vocal cord dysfunction,®® or laryngeal obstruc-
tion®® have all been reported to masquerade as EIB. It is important to consider these
as a cause of symptoms (especially wheeze) if an exercise or surrogate challenge
proves negative and there is no significant bronchodilator response to inhaling a
beta, agonist.®°

SURROGATE TESTS TO IDENTIFY POTENTIAL FOR EIB
EVH

The many factors that determine the outcome of an exercise test and the inherent vari-
ability of EIB prompted the development of surrogates that could be more easily stan-
dardized for use in a hospital or office laboratory. That exercise itself was not
necessary to elicit an airway response to hyperpnea with dry air was recognized in
the 1970s. One test protocol, standardized for evaluating defense force recruits and
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involving 6 minutes of voluntary hyperpnea of dry air at room temperature, has
become the most widely used (Table 5).6" As with exercise, the FEV, is measured
and the maximum percent decrease in the FEV4 usually occurs within 10 minutes of
finishing the test. A value of 10% or more has been taken as abnormal, based on
the finding of a specificity of 90% and a sensitivity of 63% for identifying patients
with asthma. A decrease in the FEV; of more than 14% was 100% specific for iden-
tifying patients with asthma.®2 The variability for the percent decrease to EVH between
2 tests is reported within 4 6%.5° The fixed concentration of 4.9% to 5.0% carbon di-
oxide (CO,) allows eucapnia at ventilations between 40 and 105 L/min.5*

This EVH test has been increasingly used to test elite athletes®® in addition to de-
fense force recruits.®® For elite athletes, the EVH test needs to be performed during
the training season to enhance the chance of a positive test result,®” and a sustained
10% or more decrease in the FEV, is used as criteria for a positive test.®® For athletes
and recruits, 6 minutes of breathing at a high level of ventilation (30 times the FEV,) is
used as a target to reduce the possibility of false-negative results. Because this high
ventilation can lead to a severe percent decrease in the FEV (Fig. 4),%° it is recommen-
ded for use only in those who exercise regularly and intensely at high ventilation.”®
Because of the high potency of the test, EVH is often used to exclude EIB in elite ath-
letes, especially in those with suspected upper respiratory tract dysfunction or
dysfunctional breathing.

For those who do not exercise regularly, the potency of the stimulus using EVH can
be reduced by decreasing the target ventilation to 17 to 21 times the FEV;. Provided
the ventilation is 21 or more times the baseline FEV, (in liters) for 6 to 8 minutes, it
should be a valid test to exclude EIB in most untrained patients whose ventilation dur-
ing exercise is unlikely to exceed this level.3! Using a standard 6-minute protocol, 81%
of 178 patients achieved a diagnostic test.”’ Women were less likely to achieve the
target ventilation of 21 times the FEV,; compared with men. For many untrained
women, however, a ventilation of 17.5 or more times the FEV; would be the maximum
level achieved during exercise.>"

There are many advantages in using EVH to identify EIB in the laboratory, particu-
larly for athletes. Providing the resistance of the equipment is low and permits high
flow, voluntary hyperpnea of dry air is less stressful than exercise-induced hyperpnea,
particularly at high ventilation. The duration of the ventilation and the temperature of
the air inspired can be varied if required to evaluate the conditions under which exer-
cise is performed (eg, cold air and so forth). Importantly, the target ventilation is based
on the FEV, of the individual patient and is not dependent on muscle power of the
limbs. Although it is easy to set up a circuit to perform an EVH test, attention should

Table 5

Protocol for EVH for identifying EIB

Measurement FEV, before and 5, 10, and 15 min after EVH and as required

Target ventilation 30 times? or 21 times® FEV,

Duration 6 min

Inspired air Dry air containing 4.9% to 5.0% CO,, 21% O,, and balance N, inhaled at

room temperature

Positive response FEV, percent decrease 10% or more preferably at 2 consecutive time
points

[

For those who exercise intensely, Anderson et al, 2001.7°
For untrained subjects, Brummel et al, 2009.”
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Fig. 4. Individual values for the dose of mannitol required to provoke a 10% decrease in
FEV; (PD4p) in relation to the maximum percent decrease in FEV, after 6 minutes EVH of
dry air at room temperature in elite athletes. (Modified from Holzer K, Anderson SD,
Chan HK, et al. Mannitol as a challenge test to identify exercise-induced bronchoconstric-
tion in elite athletes. Am J Respir Crit Care Med 2003;167:534-47; with permission.)

be given to minimize the dead space and to ensure a low resistance in the circuit
(Fig. 5).7° To overcome the limitation in ventilation set by the use of preprepared
gas mixtures, a commercial system can be used that mixes the gases and monitors
the fraction of CO, in inspired air and ventilation (up to 220 L/min) during challenge
(EucapSys SMTEC, Switzerland).

EVH is more sensitive to detect the potential for EIB compared with exercise®’? and
mannitol when using the same cutoff point of 10%.5° The higher sensitivity for EVH to
identify EIB likely relates to the very rapid increase (within seconds) in the rate of venti-
lation to the target value compared with exercise whereby minutes are required. For
some patients, the dry air is an irritant to the throat and causes them to cough, so wa-
ter should be provided. As with exercise, the EVH test is associated with an increase in
the urinary concentration of PGs and LTs.”37# Care should be taken to withhold med-
ications and abide by the same pretesting conditions as exercise (see Tables 2 and 3).

In one study, in all but a few athletes responsive to EVH, the PC,, to methacholine
was 2 pmol or less.®® However, there is probably no role for methacholine challenge to
identify EIB. The reason relates to the high frequency of methacholine responsiveness
in those without EIB'%75 and a low frequency of methacholine responsiveness in some
groups with positive responses to EVH.856 The high frequency of methacholine hyper-
responsiveness in elite athletes has been attributed to airway injury.”®”” A low fre-
quency of methacholine hyperresponsiveness was recently reported by the US
Army whereby the EVH test was positive in 26 patients negative to a methacholine
challenge,®® confirming earlier studies whereby athletes were EVH positive and meth-
acholine negative.®”® In these groups, the FEV, is frequently close to or more than
100% predicted. This value may be relevant because the prevalence of hyperrespon-
siveness to methacholine decreases as the FEV, percent predicted increases.”®
Importantly, the mediators associated with hyperpnea and hyperosmolar challenges,
namely, the PGs and LTs, are 100 and 1000 times as potent as methacholine in
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Equipment for Eucapnic Hyperventilation Test
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Fig. 5. Some equipment used to perform the eucapnic voluntary hyperpnea test. The gas
cylinder contains 4.9-5% carbon dioxide, 21% oxygen, balance nitrogen (1). A regulator
(2) a demand resuscitator 30-150 L/min (3) with high pressure tubing (4) and a demand valve
in the fully open position, (5) allows the required flow of gas, to meet the target ventilation,
to pass through a rotameter (6) via a three way tap (8) that allows gas to simultaneously
enter and leave the large meteorological balloon (7) that acts as a reservoir. The subject in-
hales the dry gas via wide bore tubing (11) and a large low resistance low dead space two
way valve (9) as close to the target ventilation as possible and exhales through a meter (10)
that measures ventilation. (From Anderson SD, Argyros GJ, Magnussen H, et al. Provocation
by eucapnic voluntary hyperpnoea to identify exercise induced bronchoconstriction. Br J
Sports Med 2001;35:344-7; with permission.)

causing bronchoconstriction.®? Therefore, small concentrations of PGs and LTs
released during exercise or EVH may provoke a 10% or more decrease in the FEV,4

in some patients negative to methacholine.

Hyperosmolar Aerosols

Hyperosmolar saline was developed as a bronchial provocation test during the
1980s. When it was observed that patients with asthma with EIB could have an
attack of asthma provoked by inhaling hyperosmolar aerosols,?' the tests were stan-
dardized and became used as surrogates for exercise.®2:83 However, there were lim-
itations in that a large-volume ultrasonic nebulizer was needed, and the dose of the
aerosol delivered could differ widely between patients and over time, depending on
the inspiratory flow through the nebulizer and the age of the piezoelectric crystal.34
The technical and hygienic limitations associated with the correct use of the 4.5%
saline test were overcome by the development of a dry powder of mannitol for
inhalation.

Mannitol as a dry powder was chosen as the osmotic stimulus because it is stable
at high relative humidity, has many medical applications, and was generally regarded
as a safe molecule.®> Mannitol caused the release of mast cell histamine in vitro, and
this release was enhanced in the presence of anti-immunoglobulin E.8% Mannitol
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inhalation in vivo has been shown to be associated with the same increase in urinary
concentration of PGs and LTs as those observed in response to exercise or
EVH.73’74’87'88

The mannitol test kit (known as Aridol or Osmohale; Pharmaxis Inc, Exton, PA) con-
tains prepacked capsules with increasing doses and an inhaler device, so there is no
preparation or cleanup time required (Table 6). The dose response protocol reduces
the risk of large decreases in the FEV, that can occur unexpectedly following exercise
and EVH. A positive test is a 15% decrease in the FEV4 at a cumulative dose of 635 mg
ora 10% decrease between doses. The test result is expressed as the provoking dose
to induce a 15% decrease in the FEV, (PD+s) and is a measure of sensitivity. This value
is based on the 95% confidence interval documented in healthy subjects.®® The
repeatability of the PD,5 is within & 1 doubling dose both in adults and children.%°:°"
The response dose ratio (RDR), a measure of reactivity, is calculated taking the final
percent decrease in the FEV, after challenge divided by the cumulative dose of
mannitol to provoke that percent decrease in the FEV. The 95% confidence interval
for RDR in healthy subjects is a 0.004% decrease in the FEV, per milligram.®® A 0%
decrease after mannitol is taken as 0.1% in calculating the RDR.®°

Most patients will cough during the mannitol challenge, but in 71% this is occa-
sional; in 13% it causes a delay in administering the capsule, and in 1.3% the chal-
lenge cannot be completed.®® The mannitol test has regulatory approval and is
available in 26 countries, including the United States, Europe, Australia, and South
Korea, to identify bronchial hyperresponsiveness. As with hyperosmolar saline,
sputum can be induced with mannitol inhalation and collected for analysis.®?

In groups of well-defined patients, hyperresponsiveness to mannitol has been
shown to have high specificity for a clinical diagnosis of asthma (95%), with a sensi-
tivity of approximately 60%.89:9%94 This sensitivity increases to 89% when the use
of inhaled corticosteroids (ICS) is taken into account.®® This finding means that like
exercise, a positive mannitol test is consistent with the diagnosis of asthma, but a
negative test does not exclude asthma. Most studies comparing responses to exer-
cise and mannitol show concordant test results both for children at 84%% and
80%%° and for adults at 74%.3* Mannitol had a sensitivity of 59% and 69% to identify
a10% or 15% decrease in the FEV, in a group of patients with symptoms but without a
definite diagnosis of asthma when 2 identical exercise tests were performed within a
few days.®* However, the frequency of a positive mannitol response was 1.41 times
that of a 10% or more decrease on the first exercise test and 1.65 times greater
than a 15% decrease.3*°"

Table 6
Mannitol provocation test kit* protocol
Inhaled agent Dry powder mannitol
Increasing doses 0, 5, 10, 20, 40, 80, 160, 160, 160 mg
Measurements FEV, before and 1 min after dose with highest value for FEV, recorded
Positive response Decrease FEV; 15% or more or 10% between doses
Expression of result
Sensitivity PD;5
Reactivity Response dose ratio
Recovery Bronchodilator or spontaneous

The time of testing should be kept to a minimum to progressively increase the osmotic gradient
and less than 35 minutes.
@ Commercially available as Aridol or Osmohale.

373



374

Anderson & Kippelen

There are individuals in whom a mannitol test is positive and EIB or EVH test is nega-
tive and vice versa.®*®° For those individuals with a positive mannitol test, the diag-
nosis is confirmed and the potential to get EIB is identified. The study in subjects
with exercise wheeze is a good example of this, whereby 36 of 39 (92%) subjects
tested positive to mannitol but only 14 (36%) had EIB to the exercise protocol.%®
When the exercise or EVH test is positive at a 10% or more decrease in the FEV,
and the mannitol test is negative, the different cutoff points should be kept in mind
and the percent decreases in the FEV,; compared. Further, if exercise or EVH tests
are performed with cold air inspirate, borderline airway responses may be entirely
mediated by reactive hyperemia, with ensuing vascular engorgement and edema in
the mucosa and submucosa (but without inflammatory mediator release).?® Some in-
vestigators have reported a 10% decrease or PD;o to mannitol to compare responses
with EVH (see Fig. 4),5%°° whereas others have compared mannitol and exercise in
children using a 15% decrease for both tests.%%9 |n addition, it is useful to calculate
the reactivity to mannitol (ie, RDR) and relate it to the maximum percent decrease after
exercise, which is also an index of reactivity.

A positive response to mannitol is consistent with other indices of inflammation and
was observed in 82% of those with eosinophilic asthma.® The response to mannitol
was greater in those with a higher exhaled nitric oxide.'®" In 252 patients with asthma
treated with ICS, the frequency of a positive mannitol test was 51%,"°? a value similar
to that reported for exercise.®! As with a negative exercise test, caution is needed
when interpreting a negative mannitol test in those being treated with ICS. In these pa-
tients, the negative test is likely caused by a reduction in inflammatory cell number'°®
or concentration of mediators rather than a loss of sensitivity of the bronchial smooth
muscle, which remains hyperresponsive to methacholine even after months of treat-
ment with high doses of ICS.1%4

In elite athletes, one might commonly encounter a positive methacholine test result
but a negative result to challenge with mannitol, exercise, or EVH. A possible reason
for this is that epithelial injury can result in a positive methacholine test because the
access of the methacholine to the smooth muscle is enhanced by the injury. The
same athlete may have no significant airway inflammation and, as a result, have nega-
tive tests to mannitol, exercise, or EVH.'° For this reason, it is not appropriate to make
a diagnosis of asthma or identify the potential for EIB in elite athletes from a positive
methacholine test result alone.
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