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RATIONALE

METHODS

• A new ERS Technical Standard was published in 2017, providing guidance on how to
perform the Methacholine Challenge Test (MCT), incorporating a change from evaluating
the Provocative Concentration to the Provocative Dose (PD20).
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• The ERS Technical Standard and appendices were reviewed and the MCT process
was broken down into the following discrete steps:

• A five step guide to the 2017 ERS Technical Standard has been developed.
This could either be used directly with the example nebulizer or modified with
alternative delivery systems once such systems have validated methacholine
delivery data available.
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1. Preparation of methacholine solutions
2. Calculation of doses at each concentration
3. Performance of actual challenge test

• The standard includes significant useful detail and considerations regarding how one might
undertake the MCT, with numerous appendices providing additional detail.
• The purpose of this abstract was to identify a small number of steps within the MCT
process and provide a practical example of how the test could then be performed.

CONCLUSIONS
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4. Determination of PD20
5. Assessment of Airway HyperResponsiveness (AHR)

AEROECLIPSE* II Breath Actuated Nebulizer
Trudell Medical International

• Each step was then expanded with supporting information from the ERS Technical
1
Standard validation data for a breath actuated nebulizer (AEROECLIPSE* II BAN) and
1 minute tidal breathing

5 STEPS FOR METHACHOLINE CHALLENGE TEST
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Prepare the Methacholine Solutions

• Dilutions of methacholine concentrate can be prepared in the
same way as with the previous 1999 guidance

Example of a Four Fold Dilution Schedule Based on the
Guidance in the New ERS Document1
Label Mass of
Concentrate
(mg)

Normal Saline Obtain Diluted Code Letter to
Start with Added to Effect Concentration Provide Order
Dilution
Dilution (mL) (CMC) (mg/mL) (seeofsecond
column)
100 mg

100

+ 6.25

16.0

A

3 mL of A

+ 9.0

4.0

B

3 mL of B

+ 9.0

1.0

C

3 mL of C

+ 9.0

0.25

D

3 mL of D

+ 9.0

0.0625

E

3 mL of E

+ 9.0

0.015625

F
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Calculate the Delivered Doses at
Each Concentration

• In order to establish the delivered dose to the lungs (DDMC) during a
defined delivery duration, the following need to be known
• Delivery Rate of methacholine
• Fine Droplet Fraction (droplets less than 5 μm aerodynamic diameter)
• Appendix D of the new ERS standard1 provides the following information
for the BAN
• For 20 seconds of tidal breathing, the delivery rate of methacholine
(RMC) is 2.70 mg/min for a solution concentration (CMC) of 16 mg/mL
when operated at 50 psi
• The Fine Droplet Fraction (FDF) is reported as being 0.761
• Hence the DDMC for t(s) can be calculated as:

DDMC = RMC x FDF x (t/60)
• In the example provided for 20 seconds with the 16mg/mL
concentration, DDMC would therefore be: 2.70 mg/min X 0.76 X 20/60 =
680 µg. Or for 1 minute would be 2,040 µg.
• This can further be generalized for any CMC (concentration of
methacholine), using 1 minute tidal breathing with the BAN as:

DDMC = [ CMC / 16 mg / ml ] x 2,040 µg
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Perform the Bronchial Challenge Test

• Once the calculations of DDMC are completed for all the concentrations
prepared, the measurement of FEV1 can be conducted at increasing
concentrations.

• The PD20 calculation below illustrates use of the
example data from Step 3 where R1 and R2 are
the percentage decreases in FEV1 for D1 and D2,
respectively

• The table below is an example of a bronchial challenge report taken from
Appendix F of the new standard.1 The DDMC values in this case are based upon
a 1 minute tidal breathing test duration as recommended in the standard.

Example Bronchial Challenge Report
DDMC (µg)

Test Phase

T0

Pre-challenge

N/A

3.10

N/A

N/A

T0 + 10 min

Post diluent
(reference condition)

N/A

3.00

100

N/A

T0 + 15 min

0.015625 mg/mL

1.9

3.05

102

-2

T0 + 20 min

0.0625 mg/mL

7.65

2.94

98

2

T0 + 25 min

0.25 mg/mL

31.8

2.62

87

13

T0 + 30 min

1.0 mg/mL

127

2.16

72

28

T0 + 45 min

After bronchodilator
administration

N/A

3.20

107

-7

(1 min tidal
breathing)

FEV1 (L)

FEV1
(% of reference)

PD20 = antilog

Change in
FEV1

Time of
exposure
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Determination of PD20

{

( log D2 – log D1 ) ( 20 – R1 )
log D1 +
( R2 – R1 )

• The PD20 value can then be used to interpret
the degree of AHR using values from the ERS
document1 represented in the table below

}

(% pre-challenge
value)

PD20 = antilog

The 20%
drop in FEV1
is reached
between
the 31.8 and
127 µg doses

{ 3.46

( 4.84 – 3.46 ) ( 20 – 13 )
+
( 28 – 13 )

Assessment of Airway
Hyper-Responsiveness

}

• Consequently, from this particular example above, the
bronchial responsiveness (PD20) is determined as
61 µg

Categorization of AHR to PD20 of
Methacholine
PD20 (µg)

Interpretation

> 400

Normal

100 – 400

Borderline AHR

25 – 100

Mild AHR

6 – 25

Moderate AHR

<6

Marked AHR

• Based on the given example, the patient would be
considered to have Mild AHR

In this particular example, the test was terminated after exposure to 127 µg (D2) and the dose at the
second to last exposure D1 is 31.8 µg.
1 Coates AL, et al. ERS technical standard on bronchial challenge testing: general considerations and performance of methacholine challenge tests. Eur Respir J 2017;49:1601526.
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