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Summary 

Bronchial challenge tests (inhaled delivery of provocation agents) are performed to measure bronchial 
hyperresponsiveness (BHR), a characteristic feature of asthma. Measuring BHR is useful in the diagnosis and 
assessment of asthma, both in a clinical setting and in the development of new asthma therapeutics. For the latter 
application, bronchial challenge testing has proven its value in studying active and variable airway inflammation and 
how treatment can alter this. The applications of bronchial challenge tests are diverse, but critically depend on 
selection of the challenge agent that best suits the study objective and on ensuring that this agent reaches its site of 
action in the airways reliably and reproducibly. 

Despite the numerous challenges that have been performed over the last decennia, surprisingly little attention has 
been afforded to quantifying the delivery of challenge agents to the airways. The large variations in chemical 
composition of these challenges (sulphur, methacholine, adenosine, mannitol) and their dose requirements do not 
allow for a singular approach, which is what has mostly been used to date. Moreover, research groups tend to use 
their own, non-standardised challenge protocols, impeding comparison of study results across different groups. The 
diagnostic potential of bronchial challenge tests could greatly be enhanced by quantifying, optimising and 
standardising the delivery method for each challenge agent. 

Bronchial challenge testing is a neglected field where it comes to drug delivery; its current limitations, potential and 
unmet needs warrant urgent consideration. By highlighting new applications, both existent and proposed, a future for 
bronchial challenge testing can be sketched in which there is an imperative opportunity for drug delivery scientists to 
contribute. 

 

Introduction 

Airway smooth muscles can contract in response to noxious stimuli, leading to bronchoconstriction. In asthma, this 
response and the accompanying airflow limitation are exaggerated due to hyperresponsiveness of the airways. 
Bronchial hyperresponsiveness (BHR) is thus a characteristic symptom of asthma, although it can be present in other 
obstructive airway diseases as well.

[1]
 Measuring BHR by means of a bronchial challenge test is useful in diagnosis 

and assessment of asthma, both in a clinical setting and in the development of new asthma therapeutics. In a 
bronchial challenge test, a stimulus is applied to the airways to provoke bronchoconstriction, and the resulting airflow 
limitation is a measure for the sensitivity of the airways to that stimulus. A wide range of stimuli can be used, either 
pharmacologic or physical, with either a direct effect on effector cells or an indirect effect through stimulation of 
inflammatory or neural cells. 

 

The many faces of asthma 

Whereas asthma used to be regarded as a single disease entity, focus has now shifted to exploring the 
heterogeneous character of this disease. The concept has been introduced that asthma consists of multiple 
phenotypes, which were initially grouped by clinical features. More recently, large-scale studies have been performed 
to link clinical expression to molecular pathobiology and genetics by statistical approaches like cluster analysis.

[2,3]
 

Although invaluable to understanding disease pathology, such statistics can only be applied to very large cohorts. 
Therefore, these techniques are not applicable to diagnostic purposes or small-scale patient-oriented clinical 
research. Especially clinical studies investigating asthma and the impact of new and existing pharmacotherapy require 
careful stratification and identification of distinct patient phenotypic targets (Figure 1). The need for fast and reliable 
tools for phenotyping thus remains eminent. Bronchial challenge testing has proven useful in establishing the 
presence of BHR, the contribution of active and variable inflammation and how treatment can augment these 
responses.

[4]
 Carefully selecting the challenge agent provides significant diagnostic benefits, in terms of both study 

subject inclusion and addressing the research question. 
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Figure 1 - The many faces of asthma and other airway diseases that can be presented with BHR. 

 

Bronchial challenges 

Various bronchial challenges have been investigated and used over the last decades. The gold standard to measure 
BHR is methacholine, which induces bronchoconstriction by acting directly on airway smooth muscle cells.

[5]
 However, 

methacholine challenge testing is unspecific, since patients with any type of obstructive airway disease and even 
healthy subjects may present BHR to this substance. Indirect stimuli are more selective, since they better reflect 
certain aspects of the disease pathology: 

- Osmotic agents like hypertonic saline and mannitol provoke airflow limitation by increasing the osmolarity of 
the epithelial fluid, thereby initiating the release of mast cell mediators;

[6]
  

- Adenosine, bradykinin and tachykinins are endogenous compounds involved in (eosinophilic) inflammatory 
responses that also induce bronchoconstriction when administered exogenously;

[7,8]
  

- Sulphur dioxide and sodium metabisulphite appear to induce bronchoconstriction through stimulation of 
neural pathways;

[9,10]
  

- Lipopolysaccharide (LPS), known to have pyrogenic and pro-inflammatory effects, induces 
bronchoconstriction in asthmatics and has been associated with airway neutrophilia when inhaled;

[11,12]
  

- Selective agents, such as aeroallergens or occupational agents, provoke airflow limitation in the airways of 
sensitised patients.

[13]
  

 

Challenge delivery to the lungs 

For non-selective (i.e. non-allergic) stimuli, it has been shown or can generally be assumed that there is a dose-
dependent response upon administration to the lungs. The minimal dose required to obtain a response, as well as the 
slope of the dose-response curve, is different from patient to patient and depends on the severity of their BHR. The 
aim of a bronchial challenge test is to induce a pre-defined degree of bronchoconstriction without risking an 
exacerbation, meaning that the dose of the stimulus requires titration. For that reason, incremental ascending dosing 
protocols have been developed. The dose range is dependent on the potency of the stimulus (Figure 2). 

Most (pharmacologic) challenge agents are administered by nebulisation, except for mannitol and an investigational 
formulation of dry powder adenosine.

[6,14-16]
 Preparing nebuliser formulations can be very straightforward, which is the 

main reason why nebulisers are often used in the early stages of clinical development. However, it has to be carefully 
evaluated whether the formulation affects nebuliser performance and, in the case of more complex molecules, 
whether the nebulisation process leads to degradation of the agent. For methacholine, the most often used stimulus 
and the one that has the widest application as clinical diagnostic, standardised dosing protocols have been 
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published.
[17]

 For other agents, which are less well-established, comparable ascending protocols have generally been 
followed. 

For optimal efficacy, inhaled medical aerosols should achieve maximal delivery to, and deposition in, the target area in 
the lungs. As the name implies, bronchial challenges are aimed at the bronchial tree, where the airway smooth muscle 
is found. This means that the requirements for aerosol particle size are readily met. However, the patient’s inhalation 
flow rate should be adjusted to the type of delivery device to prevent loss of aerosol through deposition in the throat. 
 

 

Figure 2 - Dose ranges of some common bronchial challenges. Stimuli represented in dark grey are expressed in 
concentration (bradykinin, methacholine, AMP); stimuli represented in light grey in dose (allergen, LPS, 
adenosine, mannitol). *Allergen and LPS can also be expressed in biological units (BU) and endotoxin units (EU) 
respectively. 

 

Applications of bronchial challenge testing 

The current and potential applications of bronchial challenge testing are diverse and can be divided into clinical uses 
and research uses. In the clinic, the most obvious application is as a diagnostic tool for asthma, for which 
methacholine is most often used. Methacholine has a high sensitivity but poor specificity when the diagnosis asthma 
is suspected based on clinical symptoms.

[5,17]
 A negative test result can rule out asthma, but a positive test result does 

not confirm the diagnosis. Specificity can be increased by using an indirect challenge and mannitol is now available as 
standardised challenge test kit. This test may be especially useful in diagnosing exercise-induced asthma, but it 
appears that its use may be limited by severe coughing in 13% of the patients undergoing the test.

[14]
 Besides the 

initial diagnosis of asthma, bronchial challenge tests can also be used to monitor disease progression and effects of 
treatment on lung inflammation. AMP has been shown to be a better marker for this

[7]
 and the adenosine test that is 

under development may find an application in this field. 
 
In research and development, bronchial challenge tests can be applied even more widely, from studying disease 
mechanisms to effectiveness of investigational medicinal products. In addition, inhaled challenge with LPS has been 
developed into a challenge model to investigate the effect of novel anti-inflammatory drugs under development for the 
treatment of airway diseases that are associated with neutrophil infiltration into the lungs.

[18,19]
  

 

Conclusions and future directions 

It is apparent that various challenge options are available, but little work has been done on standardisation of how and 
when the different challenges should be used. Research groups working with inhaled challenges use their own 
protocols, impeding comparison of study results across different groups. In order to reach their full diagnostic 
potential, standardisation of challenge methods is required, in which the delivery method is one of the key aspects. 

In conclusion, bronchial challenge tests are versatile diagnostic tests, which are relatively easy and cheap to perform. 
Their applications reach far beyond their use in diagnostics and they have great potential as a research tool to 
distinguish between different phenotypes of asthma. 
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