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DISCLOSURE OF 
INTERESTS

• Author of Ruppel’s Manual of Pulmonary Function Testing 12th

Edition 2022 Elsevier

• Member ATS-ERS Lung Volume Task Force

• Member ACCP ATS AARC CRS Task Force on Ethnicity’s Effect on 
PF Interpretation
• Board Member – NBRC and Clinical Laboratory Standards 

Institute  
• Consultant to the College of Physicians and Surgeons of British 

Columbia Diagnostic Accreditation Program



LEARNING OBJECTIVES

• Introduce the new ERS-ATS Interpretation Technical Standard

• Briefly review GLI and describe the new cut-points for 
quantifying the degree of abnormality 

• Describe the new method of calculating a bronchodilator 
response and the change in the criteria for a positive response

• Focus on updates that effect testing



WHO COMES FIRST?

• ATS – ERS

• ERS - ATS

• ERS only or ATS only, but endorsed 
by the other

• Where it’s published!



2021 vs 2022?  I’ve heard both!



TABLE 1 COMPARISON 
SUMMARY 2005 VS 2021



REFERENCE SETS
DLCOSpirometry 



2021 ERS-ATS TS ON INTERPRETATIVE STRATEGIES



What reference values are you 
currently using?



Eur Respir J 2012; 40: 1324–1343

GLI SPIROMETRY REFERENCE SET



GLI SPIROMETRY REFERENCE SET

•160,000 data pts from 72 centers in 33 countries
• 97,759 records of healthy nonsmokers (55.3% females) aged 2.5–95 yrs.
• Reference equations were derived for healthy individuals aged 3–95 yrs for 

Caucasians (n=57,395), African–Americans (n=3,545), and North (n=4,992) 
and South-East Asians (n=8,255).

• Nine datasets with 13,247 records were included from Hong Kong,  
China, Taiwan, Thailand, and Korea

• “Other” which is a 9% adjustment
• Made up of 80% Caucasians 



2021 ERS-ATS TS ON INTERPRETATIVE STRATEGIES

• Standard states the change from the NHANES III (National Health 
and Nutrition Examination Survey ) set recommended in 2005 was 
based on these factors:
• NHANES III data are included in the GLI data set
• Lacked representation from other cohorts.  
•Greater age range 3-95 vs 8-80 y.o.

• Pushback from the occupational community 

AM J RESPIR CRIT CARE MED 1999;159:179–187–187.



“Therefore,	for	occupational	spirometry	testing	in	the	United	States,	choosing	to	
use	the	National	Health	and	Nutrition	Examination	Survey	III	spirometry	
reference	values	is	in	full	compliance	with	the	2019	Update	of	the	American	
Thoracic	Society/European	Respiratory	Society	Spirometry	Standards.”



Am J Respir Crit Care Med Vol 207, Iss 6, 
pp 768–774, Mar 15, 2023

25% rule



Data review of ~110,000 spirometry tests

AJRCCM Articles in Press. Published July 31, 2023





GLI DLCO REFERENCE SET 

• N=9710 

• Age range 4.5 to 91 
years

Eur Respir J 2017; 50



IMPLEMENTING THE GLI DLCO REFERENCE SET 
AT MAYO CLINIC 



GLI LUNG VOLUME REFERENCE SET 

Eur Respir J 2021; 57



GLI LUNG VOLUME REFERENCE SET 
• 7190 observations from participants of European 

ancestry between the ages of 5 and 80 years.



LLN (OR Z SCORES) VERSUS FIXED CUT-POINTS

2021 ERS-ATS TS on Interpretative Strategies



GLI STATISTICAL MODEL

• Lambda, Mu and Sigma (LMS) statistical model considers 
expected mean, coefficient of variation (CV) and skewness.

• Population defined z-scores or percentile values describe 
the chance the observed result falls within the distribution 
of values in healthy individuals 

• Lower Limit of Normal = 5% (1-20) 

• Predicted value - 1.645 = LLN Mottram CD, Manual of Pulm Func 12th 2022



GOLD CLASSIFICATION OF COPD SEVERITY 
BASED ON POST BRONCHODILATOR FEV1*

Global Initiative for Chronic Obstructive Lung Disease. Global strategy for the diagnosis 
management, and prevention of chronic obstructive pulmonary disease. (Updated 2020). 

http://www.goldcopd.org.



MISCLASSIFICATION USING A 70% FIXED CUT-POINT 

Mottram CD Manual of Pulm
Func 12th 2022



MISCLASSIFICATION USING A FIXED CUT-POINT 

“The widely used cut-offs of 80% of predicted for FEV1 (% predicted = 
Observed*100/Predicted) and the 0.70 cut-off for the FEV1/FVC ratio are 

strongly discouraged” 2021 ATS-ERS



WHAT IS ABNORMAL?

<LLN

Or a z score of -1.645



2005 SEVERITY CLASSIFICATION -
SPIROMETRY

“The number of categories and the exact cut-points are arbitrary.”

Enright:  Caution re shifting of disease severity, false positives, excess 
therapy, potential conflict of interest in clinical practice guidelines

Enright PL.  Flawed interpretative strategies for lung function tests harm patients Eur. 
Respir. J., 2006; 27(6): 1322-1323 



2021 ERS-ATS TS ON INTERPRETATIVE 
STRATEGIES

• z-score cut levels between -1.65 and -
2.5 have little difference in risk of 
death

• z-score between -2.5 and -4 exhibit a 
moderate risk of mortality.

• z scores >-4 had a high risk of 
mortality 

Mottram CD Manual of Pulm Func 12th 2022



Table 7



MAYO CLINIC’S PULMONARY FUNCTION TDPS

• System allows for MD override 



NORMAL SPIROMETRY AND DLCO-VA – NO TLC





2021 ERS-ATS TS ON INTERPRETATIVE 
STRATEGIES

Bronchodilator Responsiveness Testing (BDR)



2021 ERS-ATS TS ON INTERPRETATIVE 
STRATEGIES

BDR = Post BD Value – Pre BD Value x 100

Predicted value (GLI)



2021 ERS-ATS TS ON INTERPRETATIVE 
STRATEGIES

• “Changes in FEV1 and FVC following bronchodilator 
responsiveness testing should be expressed as the percent 
change relative to the individual’s predicted value.” – “Using GLI”

• A change >10% of the predicted value indicates a positive 
response.
• No more 12% and 200 ml



0.77 – 0.67 x100/2.49 = 4%

Case example



RESTRICTIVE PROTOCOL – NO BD FOLLOWING 
NON-RESPONSIVE PREVIOUS TEST 



Case example



RESTRICTIVE PROTOCOL – NO BD FOLLOWING 
NON-RESPONSIVE PREVIOUS TEST 

• 82-year-old male with known asbestosis 

• Previous negative BD response

• No wheezing or hyperreactivity noted in medical record



2021 ERS-ATS TS ON INTERPRETATIVE 
STRATEGIES TS

• What is “Obstruction” with normal 
FEV1/VC?

• “Nonspecific pattern”

• Most commonly seen in obesity 
and asthma*

• 9.5% of all PFT’s at MC*

• 50% have increased Raw*

Figure 13-7 Mottram CD. Manual of Pulmonary 
Function Testing 12th ed



2021 Interp. TS: “Addition of BDR 
or SVC to characterize the 
abnormality”



2022 ERS-ATS TS ON INTERPRETATIVE 
STRATEGIES

• Central  or upper airway 
obstruction
• Fixed upper airway 

obstruction 



“In is out, out is in”
Inspiratory loop – Extra-thoracic

Expiratory loop – Intra-thoracic

2005 ATS-ERS TS ON INTERPRETATION 



VARIABLE INTRA-THORACIC OBSTRUCTION



VARIABLE EXTRA-THORACIC OBSTRUCTION



2021 ERS-ATS TS ON INTERPRETATIVE 
STRATEGIES

• FEV1/PEF: Increased ratio of FEV1 (in mL) to PEF (L/min) can alert 
the clinician to the need for an inspiratory and expiratory flow–
volume loop

• An FEV1/PEF ratio > 8 ml/L/min in adults suggests the presence 
of central or upper airway obstruction
• Addition of a FV loop or FIVC to characterized the abnormality.



SUMMARY
• GLI recommended across spirometry, DLCO, and Lung volumes 

and the effect that may have on testing
• Z – scores and the new cut-points for defining the degree of 

abnormality

• Bronchodilator responsiveness testing 
• 10% is now a positive response – predicted GLI

• Non-specific pattern – add BDR or SVCs (sRaw/sGaw)

• Central or upper airway obstruction – FEV1/PEF ratio



QUESTIONS


