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DISCLOSURES

* UpToDate



OBJECTIVES

 Basics of pulmonary function testing:
 why / what / how

* Interpretation algorithm, with recent updates (2022)

* Grading severity

* “non-specific” impairment

* Bronchodilator response definition
e (Removal of race adjustment)

* Examples



Purpose of PFTs

* Aid in diagnosis of lung disease
* Evaluate patients with dyspnea
* Monitor disease progression, treatment response, toxicity

e Estimation of risk
* Peri operative
* Occupational



Pulmonary Function Testing

@rometD

* Lung volumes
e Diffusing capacity (DLCO)




Spirometry: how to do it, what we measure

TLC
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Spirometry: results

New Z score column

Spirumetry (BTFS) Predicted Range Wclwmali [
Mean 95% Actual % Pred
FEV 1 L 2.48 1.92 [ 241 97
FVC L 3.27 2.59 3.37 w
FEV 1/ FVC % 75 96

) \n/



Spirometry: graphics
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Lung volumes

* Plethysmography “body box”

e Helium dilution
* Nitrogen washout
e TLC (total lung capacity)

e Also information from:
e RV
e RV/TLC
* FRC




Diffusing Capacity

* Patient breathes in a gas mixture that includes 0.3%
CO
* Binds 250x more avidly to Hgb than oxygen
* Hold breath for approximately 10 sec, exhale

* Machine measures the change in concentration of CO
and the volume exhaled to determine diffusing
capacity (amount of CO bound to Hgb)



Types of deficits

* Obstructive
e FEV,/FVC < LLN

* Restrictive
e TLC < LLN

e Combined obstructive and restrictive
. FEVl/FVC < LLN, +/- FVC < LLN AND TLC < LLN

* “Non-specific” impairment
* FEV,/FVC > LLN, FEV, or FVC < LLN AND TLC > LLN

 With or without diffusion abnormalities
e DLCO < LLN

* Additional considerations:
* Hyperinflation TLC > ULN
 Air trapping RV, RV/TLC > ULN
e Always compare to priors when available!




Reminder: meaning of LLN

* Threshold, but not necessarily clinically meaningful
* Does not necessarily define presence or absence of lung '
disease 6-

* Low(er) chance (= 5%) this number is within normal s
range (based on the reference population)
* Continuum

4 -

FEV, (L)

3 -

24 e
Also AF .
* Changes in lung function even if they remain within °+—————F——F——————
normal limits can still be pathologic / clinically age (years)
meaningful

e Example: 95% predicted - 80% predicted



Spirometry interpretation

Stanojevic ERJ 2022
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Interpretation Algorithm

Pellegrino ERJ 2005
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routine lung function tests
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Joerg D. Leuppi*™*?, Neil Macintyre™?, Meredith McCormack'*, Margaret Rosenfeld™ and
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Important Take Home Point:

Recent updates may change the
interpretation of your patients’ results with

NO ACTUAL CHANGE in the measurement of
their lung function



Grading Severity of
Impairment:

FEV, Z score instead of % predicted



OLD: FEV, % predicted NEW: FEV, Z score

- :IN Nl Severity of any spirometric abnormality based on 1
the forced expiratory volume in one second (FEV1) m Seve rlty

S ek > -1.645 Normal
::drum ﬁ '1-65 tO '2.5 Mlld
e = -2.5to -4 Moderate

% pred: % predicted.

<-4 Severe

*This also applies for grading severity of diffusing capacity deficit (DLCO)

Severity of physiologic impairment NOT disease severity
Pellegrino ERJ 2005 Quality of life, functional impairment, symptoms etc.

Stanojevic ERJ 2022



Lung function and overall mortality

Z score has better correlation with mortality compared to percent predicted

12

107 D FEV,

Hazard ratio for all-cause mortality
o
|

z-score threshold

Severe Moderate Mild Normal



FEV, Z score

(NOT FEV,/FVC, TLC or FVC!)
to grade severity
for any type of impairment

(obstruction, restriction, mixed,
non-specific etc.)



How might this affect your patient’s results?

* Older subjects:
* results may { in severity

* Younger subjects
* Grouping more stable
* Mod / mod severe merged

Female
(age B0 years; height 165 cm)

Male
(age B0 years; height 175cm)

Female
(age 50 years; height 165cm)

Male
(age 50 years; height 175 cm)

Female
(age 25 years; height 165 cm)

Male
(age 25 years; height 175cm)

Female
(age 15 years; height 162 cm)

Male
(age 10 years; height 137 cm)

Severe

Very severe

Very severe

Very severe

Very severe

Very severe

Very severe

Moderate

Mild

Mild

Mild

Mormal

FEV, z-score







Example 1

Spirometry (BETPS)

Predicted Range

Pre Bronchodilator

Mean 99% Actual % Pred

FVC Effort Time - ——-

FEV1 L 2.26 1.70

FvC L 2.81 214
FEV1 [ FVC % 81 70 94
FEVg L 2 66 1.98 2.51 94
FEV1 | FEVg % 83 73 77 93
FEF25-75 L/s 2.28 1.09 1.60 70
PEFR L/s 5.93 3.99 5.31 90
FET Sec -—-- —- 8.63 —
MVV L/'m 799 28.9 —



Example 1
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Result: Normal spirometry



| I I FEV,/FVC>5th
E X a p | e 2 ves pelrcentile?‘ P

Spirometry Predicted Range Pre Bronchodilator }
Mean 95% Actual % Pred 7 score -
FEV1 L 2.39 1.83 1.09 46 -4.25| o e
FVC L 2.93 2.25 2.69 92 %
FEV1 / FVC % 81 12 41 o1 o
- m— Pre R, 3 FETEH > -1.645 Normal
. Post Ry B =
ol L mmmme— Predicted | -1.65 to -2.5 Mild
o b FEVI=109 |
- z ¥ _ i i -2.5to0 -4 Moderate
& T
£ g Y L | <-4 Severe
O | A O B S 5 | L |
o . ] o |
S g 3 |
= |
4 | Severe Obstruction
H EERNEEREERER
“ Volume (L) Time (S)
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PFT’s: define “norma

* 95% confidence interval / LLN or ULN = Normal vs. Abnormal but....
* Use FEV, Z score >HOW SEVERE impairment is



Example 3

Spirometry Pre Bronchodilator

FVC A . )

BV A Spiromeilry Grading

Actual Pred % Pred Lower Upper Z-Score

FEV, L 106 148 72 101 183 -1.48
FVC L 1.29 180 88 131 250 -1.68
FEV: f FVC A 82 80 102 86 a1 0.27
FEFz=- [I1S0] Lis 136 133 102 056 250 -—
PEFR Lis 288 384 75 248 520 -—
FET s 1003 OO0 — 600 D000 -—

* Low FVC~> need lung volumes

Yes —

MNormal
spirometry

k.

FVC=5th
percentile?

— Mo

FEV,/FVC >5th
Yes percentile? No
| /
Vg
FVC =5th
percentile? [ No Yes
Possible
restriction ar Airflow
non-specific obstruction
pattern \
Meed lung

volumes

Possible mixed
disorder




Example 3

* Mild /minimal RESTRICTION

* WITH moderately reduced
diffusing capacity

Spirometry Pre Bronchodilator |
CXC, A ety Gradeg

Actual Pred % Pred Lower Upper Z-Score
FEV, L 106 148 72 101 163 -148 |M
FVC L 129 18 62 131 250 -1898 |A
FEV: i FVC 4 a2 aa 102 oa 21 0.27T |HW
FEF:=-:= [IS0] Li= 1.36 1.323 102 058 250 —
PEFR Liz 288 384 T5 248 520 —
FET s 1003 0D0 — 600 000 —
Lung Volumes Box | Pre Bronchodilator

Actual Pred % Pred Lower Upper Z-Score
TLC L 3786 TD 282 472 228 |A
WG L 137 204 &7 158 250 233 A
RV L 125 170 74 0088 285 D97 |N
RVITLC % 48 45 107 31 &0 0.24 | N
FRC L 127 211 80 1560 287 241 |A
IC L 135 152 80 100 205 D53 |NW
ERV L 0.02 048 4 000 107 235 A
Diffusing Capacity | Pre Bronchodilator

Pred % Pred Lower Upper Z-Score

DLCO [Une] mL/min/mmHg 15.22 48 1128 2015 -3.79% A
DLCO [Cor] mL/min/mmHag 1522 52 1126 2015 -342 A
KCO mL/min/mmHag/L 440 95 332 582 D30 N
VA [BTPS] L 348 55 274 428 388 |A
VI [BTPS] L 2.04 a2 158 250 _—
Diffusion Time 8 000 — 000 0.00 _—




NSIP

CT scan




PFTs in [LD _ .
>LLN
‘t’esl / l”ﬂ
Typical pattern for ILD

VC =LLN VC = LLN
* Normal (or high) ratio Yes l""“
* Low FVC—> lung volumes! TLIC2LLN ¢ TLC >LLN
e Low TLC=>confirms restriction ' k’i\\. \
Normal Restriction Obstruction Eﬂéfﬁ:i
 Low DLCO l l l
Dv,co=LLN D,co= LLN D,co=LLN
Yes / \N-D Yes / Yes / \H-D
Normal CW and NM ILD sthma Emphysema

d|3+:nrders disorders N Pneumonitis




Example 4

Spirometry (BTPS) Predicted Range Pre Bronchodilator
Mean 95% Actual % Pred

FEV 1 L 213 1.57 0.48 23
FVC L 247 1.79 1.03 42
FEV 1/ FVC % 85 76 47 55

e — Pre R, = rer-ss

Post R x [
= —————— Predicted

i
Volume (L)

“Wolume (L) Time (S)




Interpret patient’s spirometry result:

Low ratio, Low FEV,, Low FVC

A) Obstruction

B) Restriction

C) Non-specific respiratory deficit

D) Obstruction and possible restriction
E) Combined obstruction and restriction



Low ratio, Low FVC

FEV,/FVC >5th
Yes percentile? Ma
r k
FVC =5th FVC =5th
Yes percentile? [ No ves percentile? [ No
Possible
MNormal restriction ar Airflow Possible mixed
spirometry non-specific obstruction disorder

pattern /

/

Meed lung
volumes




Interpret patient’s spirometry result:

A) Obstruction

B) Restriction

C) Non-specific respiratory deficit

D) Obstruction and possible restriction
E) Combined obstruction and restriction

If FVC is low: lung volumes are necessary to confirm (or rule out) restriction



Lung Volumes

Spirometry (BTPS)

FPredicted Range Pre Bronchodilator

Mean 95% Actual % Pred
FEV! L 213 1.57 0.48 23
FVC L 247 1.79 1.03 42
FEV! / FVC % 85 76 47 55
Lung Volumes (Box) Predicted Range Pre Bronchodilator
Mean 95% Actual % Pred
TLC L 423 315 438 104D
FRC L 2.38 1.32 3.76 158
IC L 1.85 -—-- 0.62 34
ERV L 0.80 0.06 8
RV L 1.58 0.81 10 2
RV/TLC % 36 25 B4 233

RV, RV/TLC >ULN-> air trapping
* |f TLC>ULN—>hyperinflation (not in this case)



In Obstruction, FVC can be LOW Due to Trapped Gas at End-
Exhalation ( T* RV)

TLC

\

} Inspiratory Reserve Volume

} Tidal Volume (V5) > FVC

>

Residual Volume




Interpret patient’s full PFT result:

A) Obstruction

B) Restriction

C) Non-specific respiratory deficit

D) Obstruction and possible restriction
E) Combined obstruction and restriction

Despite low FVC, normal TLC rules out restriction



Example 5

Spirometry (BTPS)

Predicted Range

Pre Bronchodilator

Mean 95% Actual % Pred
FVC Effort Time —— . -
FEV{ L 2.36 1.80 45
FVC L 297 2.29 46
FEV1 [/ FVC % 79 70 97
FEVg L 3.07 2.41 43
FEV1 / FEVg %o 81 72 99
FEF25.75 Lis 2.39 1.03 36
PEFR L/s 6.14 4.48 75
FET sec — — -
MVV L/m 89.4 384 — _—

e Ratio: NORMAL
* FEV,: low
* FVC: low



Obstruction or Restriction?—> Need lung volumes

v FEV,/FVC =5th
& percentile?
re '
Yes — AL m — Mo Yes F‘lﬁ,‘.::-.'ilh — Mo
{ percentile? —[ { percentile? —[
\mssible
Mormal restriction or Airflow Possible mixed
spirometry non-s pecific obstruction disorder
pattern

volumes

b N



Lung volumes

Lung Volumes (Box)

Fredicted Range

Fre Bronchodilator

Mean 95% Actual % Pred
VTG Effort Time - - 10:38 —
TLC L 6.77 5.16 5.49 81 O
FRC L 3.54 2.08 3.12 88
IC L 3.23 — 2.37 73
ERV L 1.31 — 0.63 48
RV L 2.23 1.47 2.49 112
RV/TLC % 33 22 45 136
VC L 4.54 3.42 3.00 56

e TLC: normal=NOT restriction
* RV, RV/TLC: high = AIR TRAPPING



“non-specific” impairment
Reduced FEV, and FVC, normal FEV,/FVC, normal TLC

* Poor effort
* Failure to inhale or exhale completely “falsely low” FEV, and FVC

Severe Obstruction
* Flow reduced cannot exhale long enough to get to RV, should appear concave

e Early obstruction
* Small airway collapse =2 reduced FVC, increased RV but ratio still normal

Early restrictive pattern
* FVCreduction not yet RV reduction

In current or former smokers
* Preserved Ratio Impaired Spirometry or PRISm

3 year follow up of non-specific pattern
* 1/3 develop overt obstruction or restriction
* 2/3 remain with this pattern



Non-specific pattern: other clues 7 =

* Obtain lung volumes
e = if reduced then restriction

* Look at FV loop, VT curve .
* Concave, failure to reach plateau suggestive of obstruction N

* Air trapping or hyperinflation?
* RV, RV/TLC, or TLC > ULN

* Compare FVC to SVC

» /A >100cc : airway collapse during forced exhalation

Flow (L/sec)

Volume (L)

||||||||||

Volume (L)
- =
g ={n3d
o
LL'L = €A

* Assess BD response
* If + suggestive of airways disease 4

Time {S})




Bronchodilator response

e 2-4 puffs albuterol MDI or nebulizer, wait 15 min

* Hold short-acting and long-acting bronchodilators
4 hours and 12 hours, respectively, prior to
testing




BDR: bronchodilator response

* Old:
* 12% AND 200cc
* relative to measured baseline FEV, or FVC

* New
* 10% change
* relative to predicted value of FEV, or FVC

* Minimizes effect of height/age/sex and baseline value in assessing BDR
* Based on studies of healthy subjects showing 10% to be ULN

* Better prediction / separation of subjects with asthma from normal or other
lung diseases

e “Over-reliance on strict cut-offs for BDR should be avoided”
e Not dichotomous trait

Brand Thorax 1992
Quanjer Chest 2017
Tan Thorax 2012



BDR: bronchodilator response

* Absolute change expressed as a percentage of predicted value

* >10% considered significant

BOX 1 Determination of a bronchodilator response

(post-bronchodilator value (L)-pre-bronchodilator value (L)) x 100

Bronchodilato =
onchodilator response predicted value (LU#

A change of =109 is considered a significant bronchodilator response.

". predicted value should be determined using the appropriate Global Lung Function Initiative (GLI) spirometry
equation.

For example, a 50-year-old male, height 170 cm, has a pre-bronchodilator forced expiratory wvolume in 1 s (FEV,)
of 2.0 L and a post-bronchodilator FEV, of 2.4 L. The predicted FEV, is 3.32 L (GLI 2012 “other” equation).

24 —2.0) x 100
Bronchodilator response = { ) =121%

3.32

Therefore, their bronchodilator response is reported as an increase of 12.1% of their predicted FEV, and
classified as a significant response.

Stanojevic ERJ 2022




Example 5 cont: bronchodilator testing

Spirum etry {ETFS] Predicted Range Pre Bronchodilator Post Bronchodilator Percent
Mean 95% Actual % Pred Actual % Pred Change
FVC Effort Time - S S 15:29 - =
FEV{ L 2.36 1.80 45 1.28 54 @
FVC L 297 2.29 46 1.57 53 14
FEV1 [ FVC % 79 70 97 82 104 §
FEVg L 3.07 241 43 1.50 49 13
FEV1 / FEVg % 81 72 99 85 105 §
FEF25.75 L/s 2.39 1.03 36 2.05 86 138
PEFR L/s 6.14 4.48 75 6.26 102 36
FET sec e - 11.53 - 18
MWV L/m 894 384 - --

* Old BDR criteria: FEV, 220cc and 21% = YES
* New BDR criteria:(1.28-1.06)x100 / 2.36 = 9.3% NO... but almost



FV loop: Bronchodilator response

Flow Volume

8 Pre Ry - FET=9.7
. Post R,

5l m=mm== Predicted

5—

FEV1 = 1.06

JFEVI =122

i mi
|
-4
Wolume (L)

—_ 2
o
B 1 1
= o
£ab
g 3|
(TH = b
n [&]
=]
o
4
-5
=f—]
] T T T T T T T T ]
7—| 1 i) 1 2 3 4 5 5] T B 2] 10 11 12 13 14 15
-8

Volume (L) Time (S)




Example 6

Spirometry Pre Bronchodilator

Actual Pred % Pred Lower Upper Z-Score
FEV L 233 213 108 152 271 058 |N
FVC L 321 278 115 100 382 088 N
FEV: I FVC % T3 L a5 64 80 050 N
FEFz-n Lis 1.74 1.74 104 0./a 316 —_
PEFR L/s 384 538 71 2382 714 —
Multiple Breath N2 Pre Bronchodilator

Actwal Pred % Pred Lower Upper Z-Score
TLC L 470 500 ©2 300 634 D5 N
Ve L 321 288 111 223 35 085 N
RV L 149 214 70 126 330 116 N
RVITLC % 32 42 78 29 58 124 |N
FRC L — 283 — 2089 400 038 N
Ic L 187 213 @2 140 285 D38 N

Diffusing Capacity

DLCO [Unc] mL/min/fmmHg
KCO mL/min/mmHg/L
VA [BTPS] L
V1 [BTPS] L
Diffusion Time s

Pre Bronchodilator

Actual FPred % Pred Lower Upper Z-Score
168.10 70 1425 2513

328
4.10
3.01
9.32

4.07 81 3.08
4.85 g8 3.70
288 106 223
0.00 —  0.00

5.18
5.1
3.52
0.00

-1.87
-1.31
-0.83

&
M
M

m



This pattern is consistent with any of the
following except:

A) Interstitial lung disease
B) Emphysema

C) Neuromuscular weakness
D) Anemia

E) Pulmonary hypertension



CT chest



Echocardiogram




Isolated decrease in DLCO

* Emphysema

* Anemia (if not corrected for hemoglobin level)

* Early interstitial lung disease

* Pulmonary edema

e Pulmonary vascular disease (pulmonary hypertension)

NOT neuromuscular disease



Example 7

Spirometry Pre Bronchodilator

Actual Pred % Pred Lower Upper Z-Score
FEV, L 1.56 276 5 211 338 -2897 A
FVC L 207 350 59 268 435 -293 A
FEV./FVC % 75 79 95 68 89 -060 N
FEF:zs-:s L/is 1.20 252 48 133 408 -187 A
FEFR L/s 705 679 104 49 862 -
FET 5 794 000 — 600 0.00 -
Lung Volumes Box Pre Bronchodilator

Actual Pred % Pred Lower Upper Z-Score
TLC L 3.53 550 64 447 666 -332 A
VC L 207 374 55 295 453 344 A
RV L 1.46 1.77 82 108 268 -067 |N
RV/TLC % 41 32 128 21 43 130 |N
FRC L 1.80 292 65 207 398 -204 A
IC L 1.63 267 61 181 354 -199 A
ERV L 044 097 45 036 187 -136 N

DLCO: normal




Case 3 (cont): Respiratory muscle strength

 MIP: maximal inspiratory pressure
 MEP: maximal expiratory pressure

Respiratory Muscle Pre Bronchodilator
Actual Pred % Pred Lower Upper

MIP cmH=0 3€) 76 47 50 102

MEP cmH=0 96 78 56 136

€
 MIP: primarily diaphragm L

e MEP: intercostal and abdominal muscles



PFT patterns in neuromuscular weakness

Restriction
Normal DLCO

Not all volumes down the same (vs. ILD)
RV, FRC often normal or not as low
* RV/TLC may be elevated— NOT due to air trapping but bc RV is normal while TLC
low

Reduced PEFR (in systemic disorders)
FVC

* Seated / supine spirometry: 20% decline suggestive of diaphragmatic weakness
e Often followed over time

e Used to predict need for nocturnal ventilation (<50%)

e Daytime ventilation (<20%)



Summary /MOC REFLECTIVE STATEMENT

* PFTs can be very useful in defining physiology in patients with
respiratory symptoms

e Use LLN / 95% ClI to define normal/abnormal
 But remember itis a continuum!

* Use FEV, to grade severity of ANY respiratory deficit

* FEV,/FVC<LLN defines obstruction
* But can see other patterns in obstructive lung disease

e Consider lung volumes
* Necessary to define or rule out restriction
* Delineate other patterns



Selected References

* Pellegrino et al ATS/ERS Task force: Interpretive strategies for lung
function tests. ERJ 2005;26:948-968

* Stanojevic et al ERS/ATS technical standard on interpretive strategies
for routine lung function tests. ERJ 2022,;60:2101499



- Thank youl!

' LY Questions? nlange@bwh.harvard.edu
.\ )

AN/

¥
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