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Test di provocazione bronchiale: a 
che punto siamo? 
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Test di provocazione bronchiale: a che punto siamo? 

  I test di broncostimolazione esprimono la sensibilità delle vie aeree a 
fattori in grado di scatenare sintomi e broncocostrizione. Sono utili nella diagnosi 
di asma in pazienti sintomatici, ma con normale spirometria.
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DIRETTI

• Test alla Metacolina

INDIRETTI

• Single Strong Stimulus Test
•Test da Sforzo
•Test  di iperpnea eucapnica
• Test con aria fredda

• Incremental Challenge Test
• Aerosol con soluzione 
ipertonica

•Test al Mannitolo 
• Test all’Adenosina
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ERS technical standard on bronchial challenge testing: 
general considerations and performance of methacholine 
challenge tests 
Coates, Eur Respir J 2017 

Indications 

 Bronchial challenge, or bronchoprovocation, testing is used to assess airway 
hyperresponsiveness (AHR), defined as an increased sensitivity and exaggerated 
response to nonallergenic stimuli that cause airway narrowing. 

 While most commonly associated with asthma, AHR is also seen in other diseases 
associated with airway inflammation or obstruction and is common among 
athletes, especially in winter sports. 

 Methacholine mimics the neurotransmitter acetylcholine to directly interact 
with muscarinic receptors on airway smooth muscle, resulting in contraction and 
airway narrowing. 
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Controindications 
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Preparation

 Avoid prior to the test alcohol (4 h)  and smoking (1 h) before the test
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Preparation

 Stop medication 
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Preparation

 Explain the test
 Obtain informed consent 
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Preparation

 Explain the test
 Obtain informed consent 
 Urinate before the test
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Delivery methods and dosing regimens 

 Current technology has made it easier to calculate a delivered dose for any 
combination of device and inhalation protocol. 

 Methods requiring deep inhalations to TLC during aerosol delivery are no 
longer recommended because of  the bronchodilating or bronchoprotective 
effect of a maximal inspiratory manoeuvre with a breathhold at TLC. 

 We recommend tidal breathing with an inhalation period of 1 min (or more) 
when using a breath-actuated or continuous nebuliser; when using a dosimeter, a 
breath count is calculated to deliver appropriate dose steps. 



ERS technical standard on bronchial challenge testing: 
general considerations and performance of methacholine 
challenge tests 
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Delivery methods and dosing regimens 

 We recommend the calculation of stepwise 
delivered doses starting at 1–3 μg followed by 
either doubling or quadrupling steps 

 Standardising the time of the start of delivery 
with the time of spirometry is absolutely 
essential for consistency of test results. 



ERS technical standard on bronchial challenge testing: 
general considerations and performance of methacholine 
challenge tests 
Coates, Eur Respir J 2017 

 We recommend basing the result upon the effective delivered dose of 
methacholine causing a 20% fall in FEV1 (provocative dose (PD20)). The 
PD20 end-point allows comparable results from different devices or protocols. 



ERS technical standard on bronchial challenge testing: 
general considerations and performance of methacholine 
challenge tests 
Coates, Eur Respir J 2017 

 The optimal diagnostic value of methacholine challenge testing occurs when the 
pre-test probability of asthma is 30–70%. Current symptoms consistent with 
asthma increase the pre-test probability of this diagnosis. 

 Methacholine challenge testing is more useful in excluding a diagnosis of 
asthma

 Airway responsiveness may have been suppressed if the patient was taking 
medications 

 In patients without current symptoms, the season for aeroallergen exposure 
may have passed



 48 children : 29 male and 19 female, mean age 5.3 years

 The mean maximal reduction in FEV1 was 29.8% (p < 0.0001)
 The mean increase in Rsr5 was 55.3%, and the mean decrease in Xrs5  was    

0.37 kPa s L-1  0.23 (p < 0.001) 

Methacholine challenge in young children as evaluated by 
spirometry and impulse oscillometry 
Schulze, Resp Med 2012



 To evaluate the sensitivity and specificity of Rrs5 and Xrs5 to detect a 20% 
drop in FEV1, we calculated the receiver-operator characteristic (ROC) curve 
(Figs. 2 and 3). 

 An Rrs5 increase of 45.2% compared to the base- line showed the optimal 
combination of sensitivity and specificity. The area under the ROC (AUC) was 
0.76 (p < 0.005). 

 An Xrs5 decrease of 0.69 kPa s L-1 showed the optimal combination of 
sensitivity and specificity and the AUC was 0.81 (p < 0.001). 

Methacholine challenge in young children as evaluated by 
spirometry and impulse oscillometry 
Schulze, Resp Med 2012
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Test di provocazione bronchiale: a che punto siamo? 

 Diagnosi EIB (con o 
senza asma)

 Valutazione della 
risposta alla terapia 
(EIB/asma)



Exercise-Induced Bronchoconstriction in Children: State 
of the Art from Diagnosis to Treatment 
Grandinetti , J. Clin. Med. 2024 

 “Exercise-Induced Asthma” (EIA) indicated the narrowing of the airways 
occurring in asthmatic patients during or after physical exercise 

 In 1970, the term “exercise-induced bronchoconstriction” (EIB) replaced the 
term EIA since the narrowing of the airways after or during physical activity 
could also occur in non asthmatic patients 

 American Thoracic Society (ATS) Clinical Practice Guideline proposed to 
differentiate EIB occurring in asthmatic patients (EIBa—EIB with asthma) and 
exercise-induced bronchoconstriction in patients without typical signs or 
symptoms of asthma (EIBwa—EIB without asthma) 

 Common symptoms include cough, dyspnea, wheezing, chest tightness, increased 
mucus production, heightened respiratory effort, diminished performance, 
increased fatigue, or a sense of reduced fitness in physically fit patients 

  EIB typically starts within 15 min after 5 - 8 min of high-intensity aerobic 
training. Symptoms spontaneously resolve within approximately 60 min. 

Definizione



Exercise-Induced Bronchoconstriction in Children: State 
of the Art from Diagnosis to Treatment 
Grandinetti , J. Clin. Med. 2024 

Higher occurrence in those engaged in endurance activities such as long- distance 
running, cycling, triathlon, and pentathlon.
EIB among general athletes is 23%, while for Olympic athletes the estimate is 8% 
In sports with elevated risk factors, such as swimming and activities exposing 
athletes to cold air, the prevalence varies widely, ranging from 25% to 75% 
For summer sports, the reported prevalence of EIB is 23%, 
and in winter sports, this increases up to 55%.

The prevalence of EIB:

 One study found that 46.7% of 
children with asthma experience 
symptoms of EIB, compared with 
only 7.4% of those without 
asthma.

 This increased prevalence is 
indicative of disease control, since 
it is more present in severe or 
poorly controlled asthma patients



Exercise-Induced Bronchoconstriction in Children: State 
of the Art from Diagnosis to Treatment 
Grandinetti , J. Clin. Med. 2024 

The pathogenesis of EIB:
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Exercise challenge test
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Exercise challenge test
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 The rapid rise in work rate is needed 
because a warm-up period or prolonged 
lower-level exercise may decrease the 
severity of EIB 

 it is preferable to achieve a ventilation 
target 

 An acceptable alternative is a target heart 
rate of >85% of the predicted maximum 

     (calculated as 220 − age in years) 



Tredmill Protocol 

Bicycle ergometer protocol

ERS technical standard on bronchial challenge testing: 
pathophysiology and methodology of indirect airway 
challenge testing 
Hallstrand TS Eur Respir J 2018 



ERS technical standard on bronchial challenge testing: 
pathophysiology and methodology of indirect airway 
challenge testing 
Hallstrand TS Eur Respir J 2018 



Exercise-Induced Bronchoconstriction in Children: State 
of the Art from Diagnosis to Treatment 
Grandinetti , J. Clin. Med. 2024 



Exercise-Induced Bronchoconstriction in Children: State 
of the Art from Diagnosis to Treatment 
Grandinetti , J. Clin. Med. 2024 

Differential Diagnosis:
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Differential Diagnosis:



 Airway resistance (R5) and reactance (X5) at 5 Hz and VE were measured prior 
to forced expiratory volume in 1 s (FEV1) before and up to 20 min after a 
standard Exercise Challenge  in people with asthma and healthy controls. 

 Subjects with current asthma (n = 19, mean ± SD age 28 ± 6 years) and controls 
(n = 10, 31 ± 5 years) were studied 

Exercise-Induced Bronchoconstriction Identified Using 
the Forced Oscillation Technique 
Seccombe LM, Front. Physiol. 10:1411 



 Five of the 19 subjects with asthma were 
EC positive (fall in FEV1 >10%). 

 The R5 and X5 responses following EC were 
different in this group as compared to EC-
negative asthma and healthy normal 
subjects 

 The % recovery to baseline from maximum 
change at 20 min post EC was greater for 
X5 (p = 0.03) but similar between R5 and 
FEV1.

 Following EC, max % change FEV1 correlated 
with R5 (r = 0.92, p = 0.001) and X5 (r = 
0.91, p = 0.001) across all subjects. 

Exercise-Induced Bronchoconstriction Identified Using 
the Forced Oscillation Technique 
Seccombe LM, Front. Physiol. 10:1411 



 R5 had a sensitivity and specificity of 
80 and 86%, X5 had a sensitivity and 
specificity of 80 and 93%, 
respectively. 

 A cut-off of 27% increase in R5 
and 47% decrease in X5 yielded 
optimal sensitivity and specificity 
for a positive response as detected 
using FEV1. 

Exercise-Induced Bronchoconstriction Identified Using 
the Forced Oscillation Technique 
Seccombe LM, Front. Physiol. 10:1411 

The sensitivity and specificity of 
R5 and X5 to detect a positive 
response to the EC as determined 
by FEV1



Indications and outcomes of exercise challenge tests 
performed in children before and during COVID-19 
pandemic 
De Bernardo, PRJ 2024

Gr1. asthmatic patients who reported 
exercise-induced 
respiratory symptoms
Gr2. patients with no previous 
diagnosis of asthma who reported 
respiratory symptoms only with 
exercise 
Gr3. patients with no previous 
diagnosis of asthma who reported 
both exercise-related and at rest 
respiratory symptoms; 
Gr4. patients with no previous 
diagnosis of asthma who reported 
exercise-related subjective 
respiratory symptoms
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 Following spirometry, increasing doses of 
mannitol (5, 10, 20, 40, 2×40, 4×40, 4×40 
and 4×40 mg) are administered using the 
same cycle of the inhaled dose from the 
dry powder inhaler, followed by two 
acceptable spirometry manoeuvres 
conducted 1min after administration of 
the dose. 

 A mannitol challenge test is considered 
positive if there is a 15% decrease from 
baseline FEV1 in response to the 
cumulative total dose, or a 10% decrease 
in FEV1 between two consecutive 
mannitol doses.  The PD15 mannitol can be used to 

classify the severity of indirect AHR 
as mild (>155 mg), moderate (>35 and 
⩽155 mg) or severe (⩽35 mg) 



 Mannitol challenge tests are used clinically to diagnose asthma and, in particular, 
exercise-induced broncoconstriction (EIB) in adults and children above 6 years 
of age 

 20 children aged 3–7 years were recruited; 10 of these children were healthy 
and 10 children had a history of parentally reported exercise-induced symptoms 
(EIS) in the past year. 

 FOT was performed 1 min after each stage and 15 min after salbutamol 
inhalation at the end of the challenge. 

 A positive response to the challenge was recorded if there was one of the 
following: 1) an increase in Rrs8 by 50% from the control inhalations; 2) 
persistent cough after mannitol inhalation; 3) wheeze on auscultation and 4) a 
drop in SpO2 to ,90%. 

The safety and feasibility of the inhaled mannitol 
challenge test in young children 
Eur Respir J 2013 
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Eur Respir J 2013 

 All 10 children with EIS and seven healthy children 
completed the challenge

 Six of the 10 children with EIS responded to the 
mannitol challenge, while none of the healthy children 
had a positive response 

 Three of the six children that responded to the mannitol 
challenge did so by an increase in Rrs8, suggesting that 
FOT can be used with mannitol challenge to facilitate 
the diagnosis of EIS in young children.



Bronchial hyperresponsiveness to mannitol, airway 
inflammation and Asthma Control Test in atopic 
asthmatic children 
Marina Attanasi Arch Med Sci 2016 

 All the subjects showed positive 
AHR to mannitol. 

 Pearson’s correlation test revealed 
a significant inverse correlation 
between AHR (mannitol PD15) 
and FeNO (p = 0.020). 

 Significant positive correlation 
between ACT and PD15 (p = 
0.020) and a significant negative 
correlation between ACT and 
FeNO levels (p = 0.003). 

 The study population was divided into two groups according to FeNO levels 
(group A ≥ 16 ppb vs. group B < 16 ppb). 



Bronchial hyperresponsiveness to mannitol, airway 
inflammation and Asthma Control Test in atopic 
asthmatic children 
Marina Attanasi Arch Med Sci 2016 



 60 athletes (median age 
17.5)

 67% winter- sports
 43% reported asthma

 At least one positive 
BPT was observed in 
68% (n=41/60)

 51% (n=21/41) for 
standardised ECT, 

 49% (n=20/41) for 
unstandardised ECT

Unsupervised field-based exercise challenge tests to 
support the detection of exercise-induced lower airway 
dysfunction in athletes 
Reier-Nilsen T, BMJ Open Sport & Exercise Medicine 2023 



Test di provocazione bronchiale: a che punto siamo? 



Test di provocazione bronchiale: a che punto siamo? 

Lele……ci ho messo solo 1 
mese, sono un fenomenoooo



Test di provocazione bronchiale: a che punto siamo? 

Lele……ci ho messo solo 1 
mese, sono un fenomenoooo

GRAZIE
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