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CHALLENGE TESTS
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Bronchoprovocation Testing

• Bronchial hyperresponsiveness (BHR)

– Complex interaction between airway inflammation, smooth muscle function and mechanics

– Considered a key feature of asthma

• Measure of BHR used for diagnosis and monitoring of asthma in clinical practice and 
research

• Bronchoprovocation tests (BPT)
– Response in every subject, even healthy ones
– Abnormality defined by degree and ease of response
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Indications for BPT

• Accurate diagnosis of asthma

– Reversibility of airflow limitation through bronchodilator response
– Diagnostic marker for active asthma

– Not always demonstrable, especially in mild disease

• Assessment of the response to treatment

• Identification of triggers for in cases involving specific environmental or occupational 
exposures
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Stimulus Mechanism in Asthma



6

Types of Challenges

• Direct challenge tests (eg. methacholine, histamine)

– Cause airway narrowing by acting ‘directly’ on the receptor on effector cells, predominantly 
bronchial smooth muscles

• Indirect challenge tests (eg. exercise, hypertonic saline, cold air, mannitol, adenosine 
monophosphate)

– Induce airflow limitation by action on cells other than smooth muscle cells, with other cells, 
mediators and receptors being involved

– Closer association with inflammation, more specific for current clinically relevant asthma
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Bronchoprovocation Tests

• Pharmacologic challenge

– Methacholine

– Mannitol

• Exercise challenge

• Eucapnic voluntary hyperventilation
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Methacholine Challenge Test

• Synthetic acetylcholine derivative

• Dose-response of the airways to methacholine
– Provocative concentration (PC20) – the methacholine concentration which precipitates a 

20% decrease in FEV1

• Methacholine solutions and nebuliser apparatus are prepared in a 
standardized fashion
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Methacholine Challenge Test
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Methacholine Challenge Test
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Methacholine Challenge Test

Nebuliser should generate aerosol with particle size of 1.0 – 3.6 µm (mass median aerodynamic diameter, 
at output of 0.13 ml/min

English Wright Nebuliser
2 minute tidal breathing protocol

DeVilbiss model 646 nebuliser
5 breath dosimeter protocol
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Methacholine Challenge Test

Dosimeter activated for 0.6 seconds at the 
start of slow inhalation (over 5 seconds) 
from end exhalation during tidal breathing 
(Functional Residual Capacity) to Total 
Lung Capacity, and to hold for 5 seconds
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Methacholine Challenge Test

Interval between commencement of 
subsequent concentration 5 minutes

Measure FEV1 30 and 90 
seconds after completion of 
nebulisation or 5 inhalations
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Methacholine Challenge Test

• PC20 for methacholine in patients with asthma is usually 8 
mg/mL or less

• In asthmatic children, smaller concentrations of agonists (3 
mg/mL) are needed to reach PC20
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Methacholine Challenge Test
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Mannitol Challenge Test

• Mannitol
– Naturally occurring sugar, isomer of sorbitol
– Generally regarded as safe, commonly used as an excipient
– Stable at high levels of humidity
– Not absorbed to any significant extent by the gastrointestinal tract

• Increases osmolarity of airway surface, resulting in release of mast cell mediators (eg. 
histamine, prostaglandin D2, leukotriene E4) which cause bronchoconstriction

• Prepared as a dry powder in capsules containing graduated doses that are administered via 
a dry powder inhaler (Aridol)

– More convenient than challenges with metacholine, exercise, or isocapnic hyperventilation.
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Mannitol Challenge Test

• Mannitol dry powder rapidly inhaled in progressively increasing doses (0, 5, 10, 20, 40, 80, 160, 160, 
160 mg)

• FEV1 measured at baseline and repeated at one minute after each dose

• If the FEV1 decreases by 10 percent after a dose from the previous FEV1 then the challenge is 
considered positive

• A 15 percent fall from baseline FEV1 at a total cumulative dose of ≤635 mg (known as the provocative 
dose or PD 15) is considered a positive response

www.aridol.info
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Exercise Challenge Test

• Exercise induced bronchoconstriction (EIB)

– Minute ventilation rises with exercise

– Changes in airway physiology triggered by the 
large volume of relatively cool, dry air inhaled 
during vigorous activity

• Treadmill

– Motor driven with adjustable speed and gradient

• Cycle ergometer

– Electromagnetically braked

• Pulse oximeter

• Heart rate (HR) from 3 lead ECG Sandra Anderson. European Clinical Respiratory Journal 2016
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Exercise Challenge Test – Treadmill

• Treadmill speed and gradient chosen to produce 4–6 min of exercise at near-maximum targets with a total duration of 
exercise of 6–8 min

– Children < 12 years, time is usually 6 min

– Older children and adults, time is usually 8 min

• From a low speed and gradient, both are progressively advanced during the first 2–3 min of exercise until the HR is 80–
90% of the predicted maximum (calculated as 220 – age in years)

– Ventilation rather than HR can be used to monitor exercise intensity

– Ventilation should reach 40–60% of the predicted maximum voluntary ventilation (MVV, estimated as FEV1 x 35)

• Treadmill speed and slope are chosen to achieve a target HR (or ventilation) that is maintained for at least 4 min

• A treadmill speed greater than 3 mph (about 4.5 km/h) and a gradient greater than 15%, or an oxygen consumption of 35 
ml/min/kg or greater will usually achieve the target HR or ventilation in young healthy subjects
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Exercise Challenge Test – Cycle Ergometer

• Target work rate to achieve the target ventilation determined from equations relating work rate to oxygen 
consumption and oxygen consumption to ventilation, e.g.

– Target work rate (in watts) = (53.76 x measured FEV1) – 11.07

• The work rate is set to 60% of the target in the first minute, 75% in the second minute, 90% in the third minute, and 
100% in the fourth minute

– Check HR and/or ventilation to determine if the exercise targets are achieved

– Target exercise intensity to be sustained for 4–6 min

– To ensure that the target minute ventilation is sustained, work rate may need to be reduced in the final minutes of exercise

• Important to reach the target HR or ventilation within 4 min

– Rate of water loss determining factor for eliciting EIB

– Refractoriness can develop if exercise is prolonged at submaximal work
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Exercise Challenge Test

• Spirometry (FEV1) measurements

– Pre exercise, post exercise at 5, 10, 15, 20 and 30 min after cessation of exercise, EIB usually occurs 10 to 15 min after the end of exercise

– 1 and 3 min post exercise may be included as severe EIB can be present at the cessation of exercise

– If FEV1 returns from nadir to the baseline level or greater, testing may be terminated at 20 min post exercise

• b-agonist bronchodilator may be administered at any time to reverse bronchoconstriction

– If patient experiences appreciable dyspnea

– If the FEV1 has not recovered to within 10% of baseline when the patient is ready to leave the laboratory

– Spontaneous recovery usually occurs within 20–40 min

• FEV1 at each post exercise interval plotted as a percentage of the pre exercise baseline FEV1

– Decrease below 90% of the baseline FEV1 (10% decrease) generally accepted as abnormal response

– Some consider value of 15% more diagnostic of EIB, especially if exercise has been performed in the field

– Healthy subjects generally demonstrate increase in FEV1 after exercise
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Exercise Challenge Test

• Dry air less than 25ºC

– Noseclip – nasal breathing decreases water loss from airways

– Conduct study in air-conditioned room (ambient temperature 20–25ºC) with low relative humidity (50% or less)

– Alternatively, inspire dry air through a mouthpiece and a two-way breathing valve

• Limitations

– Level of exercise chosen may not mimic real-world triggers

– Subjects with asthma triggered by cold dry air may not show maximal response in standard laboratory conditions

– Sedentary subjects may not attain level of ventilation high enough to trigger EIB when exercising at 85% of their maximal HR

– Very fit subjects may require high workload to reach 85% of their predicted HR or increase their ventilation significantly
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Exercise Challenge Test
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Exercise Challenge Test

Exercise Induced 
Bronchoconstriction

Exercise Induced Vocal 
Cord Dysfunction

Dyspnoea Expiratory Inspiratory, usually audible

Occurrence 
After exercise, with 
decrease in FEV1

During maximum exercise 
intensity

Diagnosis
10 or 15 percent decrease 
in FEV1

Continuous laryngoscopy 
during exercise testing



32

Eucapnic Voluntary Hyperventilation 

• Dry air hyperventilation

– Drying and hyperosmolarity of the airway surface (similar to effect of exercise)

– Release of inflammatory mediators from inflammatory cells eg. mast cells (similar to mannitol inhalation)

• To prevent respiratory alkalosis and hypocapnia induced bronchoconstriction, CO2 is mixed with 
inspired air, or gas mixture containing 5% CO2, 21% O2 and the balance N2 is used

• EVH is one of the recommended challenge tests for identifying EIB in Olympic athletes, and also 
endurance athletes
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Eucapnic Voluntary Hyperventilation 

• Cold air/gas

– Heat exchanger/cooling coil cools air/gas to –10 to –20ºC with near 0% relative humidity

– Subject orally breathes between 30% to 70% of MVV, or at increasing levels of ventilation (eg. 7.5, 15, 30, 60 L/min and MVV) 
for 4 to 6 min

– Maintain stable PETCO2 by titrating CO2 into air, or using gas composed of 5% CO2, 21% O2 and the balance N2

• Ambient temperature 

– Dry gas mixture of 5% CO2, 21% O2 and the balance N2

– Subject orally breathes the gas mixture from 5L bag filled by a high output flowmeter, at ventilation of 30 x FEV1 for 6 min

• Spirometry performed immediately after hyperventilation and at 5 minute intervals

• A test is generally considered positive if the FEV1 decreases by 10 to 15% or more
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Withholding Medications Before BPT

Bronchodilators

Caffeine
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Considerations in Scheduling BPT
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Considerations in Choosing BPT

• Methacholine

– Most widely used direct challenge

– Highly sensitive, provided symptoms are clinically current and deep inhalations are avoided during inhalation

– Many causes of false-positive test result eg. allergic rhinitis, cystic fibrosis, heart failure, chronic obstructive pulmonary disease 
and bronchitis 

– Specificity is increased if the pretest probability of asthma is greater, if the methacholine responsiveness is moderate or greater, 
and if the methacholine-induced symptoms mimic the natural symptoms

– Function best to exclude clinically current asthma, positive test result is consistent but not diagnostic of asthma

Ann Allergy Asthma Immunol. 2009 Nov;103(5):363-9
Direct and indirect challenges in the clinical assessment of asthma.
Cockcroft D, Davis B

https://www.ncbi.nlm.nih.gov/pubmed/19927533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cockcroft%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19927533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19927533
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Considerations in Choosing BPT
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Considerations in Choosing BPT

• Indirect challenges

– More specific for asthma but are insensitive, particularly for mild and/or well-controlled asthma

– The lower sensitivity may relate to the fact that many indirect challenges (eg, exercise, eucapnic voluntary hyperpnea, 
adenosine monophosphate) are dose limited (ie, the dose of stimulus cannot be increased above a level based on physiology or 
solubility)

– Indirect challenges also correlate better with airway inflammation and are more responsive to anti-inflammatory treatments

– Superior for confirming asthma and are the challenges of choice when EIB is the question (eg, certification for international
athletic competition, armed forces, scuba diving)

– Indirect challenges would be preferred for monitoring of asthma control and used serially to help diagnose occupational asthma

Ann Allergy Asthma Immunol. 2009 Nov;103(5):363-9
Direct and indirect challenges in the clinical assessment of asthma.
Cockcroft D, Davis B

https://www.ncbi.nlm.nih.gov/pubmed/19927533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cockcroft%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19927533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19927533
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Considerations in Choosing BPT

Direct BPT Indirect BPT

Diagnosis of asthma
Sensitive
Not so specific

Specific
Not so sensitive

Response to inhaled 
steroids

Over 3 months Over 1 to 3 weeks

Treatment effect 
monitored

Airway remodeling Airway inflammation (EIB)
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CARDIOPULMONARY EXERCISE 
TESTING
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Exercise Testing in Children

• Exercise
– Complex activity
– Involvement of multiple systems - pulmonary, cardiovascular, haematopoietic, musculoskeletal and 

neuropsychological systems

• Exercise testing
– Important diagnostic tool in the assessment of the cardiorespiratory status of the child
– Dynamic assessment of pulmonary function

• Under the stress of exercise, subtle functional deficits in the lung may be identified that were not apparent during 
conventional static pulmonary function testing

• May detect early functional deficits due to early lung disease

– Can help ascertain if exercise capacity is reduced
– May also define aetiology of the reduced exercise capacity

Teoh et al. Exercise Testing in Children with Lung Diseases. 
Paediatric Respiratory Reviews 2009
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Exercise Testing in Children

Teoh et al. Exercise Testing in Children with Lung Diseases. 
Paediatric Respiratory Reviews 2009

6 minute walk test (6MWT)
3 minute step test (3MST)
Modified shuttle test (MST)
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Cardiopulmonary Exercise Testing

Teoh et al. Exercise Testing in Children with Lung Diseases. 
Paediatric Respiratory Reviews 2009

VO2max/peak
Maximum oxygen consumption during 
exercise challenge
Considered best overall measure of 
cardiovascular fitness of healthy child
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Cardiopulmonary Exercise Testing

Takken et al. Cardiopulmonary Exercise Testing in Paediatrics. 
AnnalsATS 2017

Treadmill
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Cardiopulmonary Exercise Testing

• Protocols
– Continuous

• Ramped
• Progressive incremental – increase by stages

– Constant work rate
– Discontinuous

• Rest between stages
• Preferred when invasive measures required e.g. finger stick or venous blood 

sampling
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Cardiopulmonary Exercise Testing

ATS/ACCP Statement on Cardiopulmonary Exercise Testing
AJRCCM 2003
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Paediatric Exercise Physiology

Takken et al. Cardiopulmonary Exercise Testing in Paediatrics. 
AnnalsATS 2017
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Cardiopulmonary Exercise Testing

Teoh et al. Exercise Testing in Children with Lung Diseases. 
Paediatric Respiratory Reviews 2009

CPET

CPET
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Cardiopulmonary Exercise Testing

Teoh et al. Exercise Testing in Children with Lung Diseases. 
Paediatric Respiratory Reviews 2009

Survival rates greater in CF patients with higher levels of aerobic fitness
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Cardiopulmonary Exercise Testing
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Contraindications to CPET

Yu et al. Cardiopulmonary Exercise Testing in Children. 
HK J Paediatr 2010
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THANK YOU
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Case Study

• 13 year old girl

• Breathlessness past 2 years, monthly attacks with chest tightness 
and cough – usually after physical activity in school, uses MDI 
salbutamol, no hospitalizations

• No exacerbations from URTI episodes

• Occasional cough few times/week 

• Has allergic rhinitis symptoms – responded to intranasal steroids, no 
eczema

• Family history of atopy – sister has allergic rhinitis

• Triggers at home – soft toys, but no smoking/carpets/pets
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Case Study

• What are your thoughts?

– Does she have asthma?

– What would you do? 
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Case Study

• What are your thoughts
– Do you think she has asthma?

– What would you do with her symptoms of breathlessness triggered by 
exercise?
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Case Study

• Started on low dose ICS (budesonide 200mcg/day)

• Improved after 3 weeks of use 

• Patient tried stopping on her own
– Symptoms recurred (though not as bad as previously) 

• Reinforced adherence
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THANK YOU


