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LEARNING OBJECTIVES

* Introduce the new ERS-ATS Interpretation Technical Standard

* Briefly review GLI and describe the new cut-points for
guantifying 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
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ERS/ATS technical standard on interpretive strategies for routine lung function tests

Sanja Stanojevic, David A. Kaminsky, Martin R. Miller, Bruce Thompson, Andrea Aliverti, Igor Barjaktarevic, Brendan G. Cooper, Bruce Culver, Eric Derom, Graham L. Hall, Teal S. Hallstrand, Joerg D. Leuppi,
Neil MaclIntyre, Meredith McCormack, Margaret Rosenfeld, Erik R. Swenson

European Respiratory Journal 2022 60: 2101499; DOI: 10.1183/13993003.01499-2021

2021 vs 2022? I've heard both!




TABLE 1 COMPARISON
SUMMARY 2005 VS 2021

TABLE 1 Summary of differences between the American Thoracic Society (ATS) and European Respiratory Society (ERS) 2005 [3] and 2021

interpretation standards

2005 ATS/ERS statement

2021 ATS/ERS technical standard

General comments

Using PFT interpretation to aid in clinical diagnosis and
decision making

.
.

Reference equations Use of race/ethnic-specific equations preferred over using
adjustment factors
Spirometry:
In USA: NHANES Il recommended
In Europe: no specific equations recommended
Lung volumes and D c:
In USA and Europe: no specific equations
recommended
General use of LLN=5th percentile
Use of fixed ratio FEV,/FVC <0.7 not recommended
Use of 80% predicted to define normal not
recommended

.
.

Defining normal range

. .
.

Bronchodilator
response

212% and 200 mL in FEV, or FVC from baseline
4 doses of 100 pg salbutamol; wait 15 min

.

Interpretation of
change over time

Variable changes over time depending on normal versus .
COPD and time period (within a day, week to week, year
to year)
Using FEV, (includes obstruction or restriction):
Mild: FEV, >70% predicted
Moderate: 60-69% predicted
Moderate-to-severe: 50-59% predicted
Severe: 35-49% predicted
Very severe: <35% predicted
Dycor
Mild: >60% predicted and <LLN
Moderate: 40-60% predicted
Severe: <40% predicted
Airflow obstruction: FEV,/FVC <5th percentile, using
largest VC; lung volumes to detect hyperinflation or air
trapping; elevated airway resistance; central/upper airway
obstruction
* Restriction:
TLC <5th percentile and normal FEV,/VC
Mixed: FEV,/VC and TLC <5th percentile
+ Gas transfer impairment:
D\ co, Kco <5th percentile
Importance of adjustments for Hb, COHb

Severity of lung
function impairment

.

Classification of

physiological
impairments

More eMWlogy,

not make a clinical diagnosis

Emphasis on uncertainty of interpretation, especially
near LLN

Recommendation to use GLI reference equations for
spirometry, lung volumes and Dico

More emphasis on incomplete understanding of role of
race/ethnicity on lung function

Clarify that biological sex, not gender be used to
interpret lung function

General use of LLN=5th percentile and ULN=95th
percentile

Use of fixed ratio FEV,/FVC <0.7 not recommended

Use of 80% predicted to define normal not
recommended

>10% of predicted value in FEV, or FVC

Choice of protocol for administering bronchodilator not
specified

Conditional change score in children

FEV,Q in adults

For all measures use z-score:
Mild: —1.65 to —-2.5
Moderate: —2.51 to —4.0
Severe: <—4.1

Airflow obstruction: FEV,/FVC <Sth percentile, using
FVC; lung volumes to detect hyperinflation or air
trapping; dysanapsis; non-specific pattern and PRISm;
central/upper airway obstruction
Restriction:
TLC <5th percentile
Simple versus complex restriction
Hyperinflation
Mixed
Gas transfer impairment:
D, co <5th percentile
Using Vi, Kco to classify low Dy cq




Height (inches)
Weight (Ibs)

Dyspnoea
Predicted Set

Medication

Please ensure that

-h on the Spiromete
applicabk

REFERENCE SETS

Spirometry
67 + BMI 28
145.1 %] occupation
Smoking [Not Specified
0 =) Referred By

[USA (Wang, NHaneslll) -

pFoeind

(GLI Quanijer (2012) + ECCS)

(GLI Quanijer (2012))
Asia (Cogswell, Solymar, Zapletal, Min Chein Wu)
Australia (Eigen, Hibbert, Crockett)
Austria (Forche)

Brazil (Knudson)

Brazil (Pereira 2007)

Chile (Gutiemrez, Zapletal, Solymar, Cogswell)
Europe (ECCS, Cogswell, Solymar, Zapletal)
Finland (Kainu (2016))

Finland (Koillinen, Vilianen, ECCS)

Indonesia (Cotes)

Indonesia (Indonesian)

Japan (Japanese Respiratory Society 2001)

Japan {Japanese Respiratory Society 2001, Various Authors)
Japan (Various Authors)

Mediterranean {Roca, Barcelona)

Mexico {Perez-Padilla, Regalado-Pineda, Vazquez-Garcia)
New Zealand (Hancox, Baxter)

Philippines ()

Sweden (Berglund, Jan Bjure) with @ Post test
Sweden {Hedenstrom)
Thailand (Dejsomritrutai, Nana, Maranetra) _

USA (Crapo, HSU)

USA {Crapo. Polgar
| LUSA ¢ iﬁ- NHaneslII

DLCO

Adults:

Ayers

Bates

Burrows
Burrows - BSA
Crapo

ECCS

Fallat

Fallat (obs VA)
Gaensler (obs VA)
Gelb

Gelb (obs VA)
GLI DLco 2020

Gutierrez (obs VA)
Gutierrez 2004
lowa
JohnsHopkins
McGrath

Miller

Miller no smoking
PittPresby

Roca (obs VA)
Salorinne

Spain

VanGanse




2021 ERS-ATS TS ON INTERPRETATIVE STRATEGIES

Comparison of measured values to a healthy population

Global Lung Function Initiative (GLI) reference equations for spirometry [10], diffusing capacity [11] and
lung volumes [12] should be used to define the expected range of values in healthy individuals.

Global Lung Function Initiative

f 1 About
1% - The Global Lung Function Initiative (GLI) has collected respiratory function

outcomes from researchers and health care professionals from around the world. To

Global Lung Function Initiative date, the GLI Network has produced reference equations for Spirometry and



What reference values are you
currently using?




GLI SPIROMETRY REFERENCE SET

Multi-ethnic reference values for spirometry
for the 3-95-yr age range: the global lung

function 2012 equations
Eur Respir J 2012; 40: 1324-1343

Predicted FEV1 L

-~ (Caucasian

— — North East Asian
- South East Asian

- = - African-American




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

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

* Standard states the change from the NHANES Il (National Health
and Nutrition Examination Survey ) set recommended in 2005 was
based on these factors:

- NHANES Il 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

Spirometric Reference Values from a Sample of
| the General U.S. Population
JOHN L. HANKINSON, JOHN R. ODENCRANTZ, and KATHLEEN B. FEDAN




Am J Respir Crit Care Med. 2020 Apr 15; 201(8): 1012. PMCID: PMC7159417
Published online 2020 Apr 15. doi: 10.1164/rccm.201912-2530LE PMID: 31930926

Reply to Townsend: The American Thoracic Society/European Respiratory Society

2019 Spirometry Statement and Occupational Spirometry Testing in the United
States

Brian L. Graham'"" and Irene Steenbruggen?

“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.”




A Race-neutral Approach to the Interpretation of
Lung Function Measurements

Cole Bowerman'*?, Nirav R. Bhakta®, Danny Brazzale®, Brendan R. Cooper?, Julie Cooper®, Laura Gochicoa-Rangel®,
Jeffrey Haynes’, David A. Kaminsky®, Le Thi Tuyet Lan®, Refiloe Masekela'®, Meredith C. McCormack’’,
Irene Steenbruggen'?, and Sanja Stanojevic?; on behalf of the Global Lung Function Initiative

o Am J Respir Crit Care Med Vol 207, Iss 6,
. GLI 2012 Ethnic Specific [IIMMN GLI2022 Global [ ] GLI 2012 'Other op 76 8—774, Mar 15’ 2023

«of L1 1 J 25% rule
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Figure 3. Calculated zscores for FEV, values collected in healthy individuals in the National



Application of GLI Global Spirometry Reference Equations Across a Large, Multicenter
Pulmonary Function Lab Population

Amjad N. Kanj, MD, MPH?; Paul D. Scanlon, MD'; Hemang Yadav, MBBS?*; William T. Smith, MD?;
Tyler L. Herzog, MD?; Aaron Bungum?; Daniel Poliszuk?; Edward Fick RRT, CRTY; Augustine S.
Lee, MD3; Alexander S. Niven, MD?

! Division of Pulmonary and Critical Care Medicine, Department of Medicine, Mayo Clinic,
Rochester, MN

AJRCCM Articles in Press. Published July 31, 2023

A GLI-2012 GLI Global B GLI-2012 GLI Global
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Figure 2: Absolute change in mean (A) FEV; and (B) FVC % predicted values using GLI-2012 and GLI-Global reference equations. In Caucasian and
|






GLI DLCO REFERENCE SET

Official ERS technical standards: Global
Lung Function Initiative reference values
for the carbon monoxide transfer factor
for Caucasians

Eur Respir ] 2017; 50

al] 157 b] 15+
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- - f s
7 10+ < 104 s
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R o {
* Agerange4.5t091 - s ||
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g 5l i g2 Koopman 2011 [22]
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: T ﬁitiﬁ;gg’%gﬁl -+ MicHaILoPOULOS 2015 [25]
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FIGURE 4 Comparison of transfer factor of the lung for carbon monoxide (TLco) reference equations to the
current Global Lung Function Initiative (GLI) equations. Equations found in a) most commercially available
equipment and b} more recently published studies.



IMPLEMENTING THE GLI DLCO REFERENCE SET
AT MAYO CLINIC

DLCO Comparison
(-1.7 units)

&
o

92, 6-17)
g

330

100
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Miller 1982 NS (n=145; age 18-70); Nasr (n

00 4£ v . v v . . . . ,
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2017 Global Lung Initiative (n=9710:age 4.5-91)




GLI LUNGVOLUME REFERENCE SET

Official ERS technical standard: Global
Lung Function Initiative reference values
for static lung volumes in individuals of
European ancestry

Graham L. Hall1'2F, Nicole Filipoyv3, Gregg Ruppel [‘, ToHlu Okitika1,

Eur Respir J 2021; 57




GLI LUNG VOLUME REFERENCE SET

e 7190 observations from participants of European
ancestry between the ages of 5 and 80 years.

TABLE 2 Summary of the demographic characteristics of the available data for each lung
volume index

Participants Age years Female

FRC

He 683 22.3-87.0 399 (58.4)

N, 489 3.2-50.0 263 (53.8)

Plethysmography 6018 6.0-91.0 3434 (57.1)

Combined techniques 7190 3.2-91.0 4096 (57.0)
TLC

He 681 22.3-87.0 398 (58.4)

N, 229 4.0-12.9 113 (49.3)

Plethysmography 5905 6.0-91.0 3367 (57.0)

Combined techniques 6815 4.0-91.0 3878 (56.9)
RV

Combined techniques 5660 4.9-91.0 3296 (58.2)




2021 ERS-ATS TS on Interpretative Strategies
LLN (OR Z SCORES) VERSUS FIXED CUT-POINTS




GLI STATISTICAL MODEL

34.13% 34.13%

* Lambda, Mu and Sigma (LMS) statistical model considers

expected mean, coefficient of variation (CV) and skewness.

68.26%
—— ]

95.44%

1 I
1 I
1 I
13.59% : : 13.59%

* Population defined z-scores or percentile values describe

the chance the observed result falls within the distribution A | 9974% | 3%
of values in healthy individuals ~3SD -2SD -1SD Mean 1SD 2SD 38D
zscores —3 -2 -1 0 1 2 3
° ° — o 2
* Lower Limit of Normal = 5% (1-20) Porcerie 01 2 16 50 8 9 909

¢ Predicted value - |.645 = LLN Mottram CD, Manual of Pulm Func 12t 2022




GOLD CLASSIFICATION OF COPD SEVERITY
BASED ON POST BRONCHODILATOR FEV I*

CLASSIFICATION OF AIRFLOW LIMITATION SEVE%“Y
1)

IN COPD (BASED ON POST-BRONCHODILATOR

)

In patients with FEV1/FVC < 0.70:

GOLD 1:

GOLD 2:

GOLD 3:

GOLD 4:

TABLE 2.4

Mild FEV; 280%pred|cted
Moderate SO%R;FEV1 < 80% predicted
Severe «‘30% < FEV,; < 50% predicted
Very Severeﬂ FEV; < 30% predicted

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

FEV1%FVC
100 °° 888 o0 e0 S . o o o o ©
2 86808 °2850 o
90 : RE80 o 990,° o5
80 SETEL FEEELLEERL L EREE -1: 1
Kog T REX FEERLEE FRHCEELEFTRLL E
70 R MMMM..._ SELECEEREEE
® .. .. .. [ ] 8 L]
60 e L 0. %o 0,
" o o s
i * o Mottram CD Manual of Pulm
] Func 12th 2022
40 2 s
30 4
L]
20
NHANES Il data courtesy J. Hankinson

20 30 40 50 60 70 80 90
Age (years)

O True negative @ True positive X False negative { False positive




MISCLASSIFICATION USING A FIXED CUT-POINT

AR ) Sex Ethnic Group -
& cimw g @ Male ® Cacssiari FEV1/FVC FEV1 FvC FEF25-75% FEF75
‘«i W Ofmte O e [em] [1%] [sm] | |
|4 O NorthEastAsian  post.BD I ‘ [ I l ‘ l J l ‘
(O South East Asian 1 201 l [ ‘ l l
In children and adolescents it is O Other/mixed :
importan't to enter age to one month or Bronchodilator ‘ 2.83 I | ’ I ‘
one decimal accuracy so as to
minimise errors in predicted values. @®) Pre only p [ I I 0.31 | | I l ]
(O Post only
Aol (O Pre and Post L ‘ ‘ I ‘ ‘ ‘ I l ‘ J
R comvaities | oo [ ] [M1] [@s] [ [
Siren w[ ] ] 1 CJ
Pre-BD
FEVIQ (335 |

Calculate Predicted Yalues Clear




WHAT IS ABNORMAL?

Or a z score of -1.645




2005 SEVERITY CLASSIFICATION -
SPIROMETRY

Table 4. Severity of any spirometric abnormality based on the FEV; as % of predicted.

DEGREE OF SEVERITY FEV,, % predicted
MILD =>T70%
MODERATE 60-69
MODERATELY SEVERE 50-59
SEVERE 35-49
VERY SEVERE <35

“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

TABLE 13.3

e z-score cut levels between -1.65 and - 2021 ERS-ATS Interpretation 3-Tier system
: : . to assess the severity of lung function
2.5 have little difference in risk of e
death Z score
.l s —1.645 N |
e z-score between -2.5 and -4 exhibita  ~ bl
g te risk of talit between —1.65 and —-2.5 Mild
QR e OTMOTEalIty. between —2.5 and —4 Moderate
* z scores >-4 had a high risk of <-4 Severe

mortality

Mottram CD Manual of Pulm Func 12th 2022




Severe Moderate Mild Normal

Female 3 o
(age 80 years; height 165 c¢m) very severe Moderate: Mild

Table 7

Male

(age 80 years; height 175 cm) Mild

Very severe Severe

convrnerdWvrnrnn . oo iin

Female : !
(age 50 years; height 165 cm) R AT=NEE Modefate Mild

Male i o F
(age 50 years; height 175 cm) Very severe Moderate Mild

Female :
(age 25 years; height 165 cm) Very severe Severe Mild

Male

(age 25 years; height 175 cm) Mild

Female

(age 15 years; height 162 cm) Very severe Mild

Male :
(age 10 years; height 137 cm) Very severe i Mild

T
% -5 -4 -3 2 2 | 0

FEV, z-score LLN

FIGURE 7 A plot of the old 2005 American Thoracic Society/European Respiratory Society Task Force [3] recommended thresholds for degree of

- PR S P G, AL = A




MAYO CLINIC’S PULMONARY FUNCTION TDPS

Technologist Driven Protocol For Complete
Pulmonary Function Testing with Bronchodilator

2: Abnormal Flow,
1: Abnormal MVV Volume, or

Normal| Spirometry

2: Abnormal Flow, - 4
Volume, or
MD requested TLC

Resting SpO,
< 88% on room air or oxygen

PATIENT ASSESSMENT

« Did the patient comply with pre-
test instructions?

o Prior to testing a patient with
suspected room air hypoxemia
place pulse oximeter. If resting

[e—Yes:
SpO2 < 80 on room air perform Ne
spirometry on oxygen (if

prescribed) and cancel lung
volumes and DLCO

o Report room air SpO,, do not
exercise

>4% Fall in SPO2 &
Normal Resting Saturation &
Normal PF

[€No-

PF TESTING COMPLETE



NORMAL SPIROMETRY AND DLCO-VA - NO TLC

Technologist Driven Protocol For Complete
Pulmonary Function Testing with Bronchodilator

S . t 2: Abnormal Flow,
plrome ry LA MY MD requested TLC
< Normal| Spirometry

<FEVIx30

Yes

v

Yes Yes

o Did the patient comply with pre-
test instructions?

o Prior to testing a patient with

p d room air hyp i

place pulse oximeter. If resting
Sp02 < 80 on room air perform
spirometry on oxygen (if
prescribed) and cancel lung
volumes and DLCO

¢ Report room air SpO,, do not
exercise

All
tests are
normal with no hx
of pulm. vascular
disease

PF TESTING COMPLETE



male 51 Years Wt: 1015kg BMI: 30 Ht: 1849 cr  Arm Span: Test: 3/30/2018

Medical Research Council (mMRC): 0 Cau
PREDICTED CONTROL POST-DILATOR
Substance Albuterol -8- Pre
Dose 2 Puff —A— Post
Patient Position Sitting Sitting
SPIROMETRY
NORMAL LLN FOUND %PRED. FOUND %CHNG %PRED.
VC MAX 543 423 568 105 % 5.81 2 % 107 % 12-
FVC 5.43 423 5.68 105 % 573 1% 106 % I ERe
FEV 1 423 329 447 106 % 446 0 % 105 % 107
FEV1/FVC 783 67.4 787 100 % 778 -1 % 99 % e-:
FEF25-75% BT 1.99 406 109 % 402 -1 % 108 % ]
PEF 9.6 6.2 10.5 110 % 10.6 1 % 110 % 6- |
FET 7.60 9.69 27 % 4_3
MV 162 129 144 89 % i
2-
DIFFUSION CAPACITY 0' B, . Vol [l
2 4 6 8
NORMAL LLN FOUND %PRED. FOUND %PRED
DLCO_SB 317 237 378 119 %
DLCOcSB 317 237 36.0 114 %
Hb 16.50

VA_SB 7.14 599 7.46




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 (GLlI)




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 t

* A change >10% of t
response.
* No more 12% and 200 ml

ne individual’s predicted value.” — “Using GLI”

ne predicted value indicates a positive




Case example

Name: Anonymous Doe MRIN:; #rx Sex: F DOB#4/1/1962 Age:60 Race: C

Height: 64 in Weight: 92 Ib BMI: 15.8
ICD-10 Chronic obstructive pulmonary disease, unspecified

Tech: Jeff Haynes RRT RPFT FAARC  Attending: ;agham S. Al Ashry, Referring: Carole Bibeau, M.D.

ATS/ERS compliant tests earn a +/ : Spiro / DLCO+/ VTG Predicteds: Spiro GLI 2012, DLCO GLI 2017, LV Quanjer

- Pre Bronchodilator Post Bronchodilator
St ) Actual LLN ULN Predicted % Pred Z-score Actual % Pred Abs Chg % Change Z-score

StartTime 13:09 ---- ---- ---- ---- A 13:36 ---- ---- - i
FVC ¥ 2.03 240 3.97 3.16 64 -2.46 2.38 75 350 mL 17 -1.68
FEV1 L 0.67 1.88 3.08 249 27 -4.65 0.77 31 100 mL 15 -4.42
FEV1 / FVC % 33 67 90 79 42 -4.71 32 41 - -3 -4.76
FEF25-75 L/s 0.19 1.16 3.75 27 8 -4.14 0.21 9 0.02 L/s 11 -4.05
PEFR L/s 2.89 460 8.04 6.32 46 ez 3.02 48 0.13L/s < s
MWV L/m ---- 40.8 1428 91.8 -

SVC LS ---- 240 397 3.16 -

ERV L ---- 044 1.16 0.80 ---- e ---- ---- ---- - i
IC L ---- 1.30 3.42 2.36 - — ---- ---- - - s

CPF Us -— 665 1065 8.13 - Wi — = - e




RESTRICTIVE PROTOCOL — NO BD FOLLOWING
NON-RESPONSIVE PREVIOUS TEST

Technologist Driven Protocol For Complete

PulmoOnary Function Testing with Bronchodilator

2: Abnormal Flow,

1: Abnormal MYV Volume, or
MD requested TLC

Normal TLC
Low FEV1 or FVC
lormal FEV1%,

Spirometry

Resting SpO,
< 88% on room air or oxygen

PATIENT ASSESSMENT

« Did the patient comply with pre-
test instructions?

o Prior to testing a patient with
suspected room air hyp i
place pulse oximeter. If resting
SpO2 < 80 on room air perform
spirometry on oxygen (if
prescribed) and cancel lung Y
volumes and DLCO

* Report room air SpO,, do not

>4% Fall in SPO2 &

exercise = 2
[¢No Normal Resting Saturation &
Normal PF

Y
[e—7Yes.
_ No

PF TESTING COMPLETE




male 82 Years Wit: 90.0 kg BMI: 31 Ht: 1706 cm  Arm Span:

Medical Research Council (MMRC): 3 Cauc C I
PREDICTED CONTROL
Patient Position Sitting
LUNG VOLUMES (Pleth)
NORMAL LLN FOUND %PRED 12~
TLC 6.55 5.40 56 % {Flow [L/s] FIV ex
vC 3.44 2.46 47 % ]
FRCpleth 3.64 265 268 74 % 104
NORMAL ULN FOUND %PRED. ]
RV 2.81 348 2.08 74 % |
RV % TLC 46 55 123 % 8-
SPIROMETRY ]
NORMAL LLN FOUND %PRED. 6
VC MAX 3.44 2.46 49 % .
FvC 3.44 2.46 49 % ]
FEV 1 255 1.74 48 % 4-
FEV1/FVC 748 59.5 72.3 97 % 4
FEF25-75% 1.80 0.65 0.79 44 % E
PEF 72 3.8 53 74 % 2 1
FET 6.19 !
MVV 106 73 49 %
DIFFUSION CAPACITY 0
NORMAL LLN FOUND %PRED.
DLCO_SB 222 142 44 %
VA_SB 6.08 491 45 %




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
FEVI/VC?

* “Nonspecific pattern”
{ oy [ { oo 1 * Most commonly seen in obesity
and asthma™

ossibl
Normal restriction or Airflow Possible mixed
spirometry non-specific obstruction disorder
pattern (o) 9 *
* 9.5% of all PFT MC
2D/ O a S at

e * 50% have increased Raw*

IGURE 8 Approach to interpretation of spirometry. Beginning with the forced expiratory volume in 15 (FEV,)/

CHEST 2011: 139(4):878-886




male 59 Years Wt: 63.7 kg BMI: 20 Ht: 177.2cm  Arm Span: Test:

Medical Research Council (nMRC): Caucasia~
1296 g FIV ex
PREDICTED CONTROL «
Patient Position Sitting 104
LUNG VOLUMES (Pleth) gl [T
NORMAL LLN FOUND %PRED <
TLC 7.08 5.93 7.59 107 % 6
Ve 461 3.52 59 % 4
FRCpleth 3.59 2.60 152 % ",
NORMAL ULN FOUND  %PRED. '
RV 2.39 3.06 203 % 4
RV % TLC 37 46 64 173 % 2-
Vol [L]
AIRWAYS RESISTANCE " A — IO, Tl
NORMAL  ULN FOUND %PRED 2 4 6 8
sR mid . 4.65 7.87 205 %
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2022 ERS-ATS TS ON INTERPRETATIVE

STRATEGIES

* Central or upper airway
obstruction

* Fixed upper airway

obstruction

Post-intubation tracheal stenosis:

Flow volume loop shows fixed upper airway
obstruction
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FIGURE 3. |dealised examples of a) fixed, b) variable extrathoracic, and c) variable infrathoracic airway obstruction.

7 IR R Lung function parameters capable of
differentiating extrathoracic from intrathoracic

obstruction
c ‘I . R c 99 Extrathoracic obstruction | z:\uouc:;l‘c
n 1s out, out 1S 1n s —
Inspiratory loop — Extra-thoracic Wb Decwsd Dvemad Mo i dacessed
MIFso/MEFso ~1 <1 >1
EXpiI'atOI'y 100p — Intra'thoraCiC PEF: peak expratory flow; MIFs0: maximum insprratory flow at 50% of forcad

vital capacity (FVC); MEFs0: maximum expiratory flow at 50% of FVC.




VARIABLE INTRA-THORACIC OBSTRUCTION

Flow/Volume — Volume/Time
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VARIABLE EXTRA-THORACIC OBSTRUCTION

Flow(s) Flow/Volume Vel Volume/Time
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2021 ERS-ATS TS ON INTERPRETATIVE
STRATEGIES

* FEV,/PEF: Increased ratio of FEV, (in mL) to PEF (L/min) can alert
the clinician to the need for an inspiratory and expiratory flow—
volume loop

* An FEV,/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 — FEV,/PEF ratio
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