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OBJECTIVES

At the conclusion of this session, participants should be able to:

1. Use flow volume loop to differentiate restrictive pulmonary disease, obstructive pulmonary
disease, variable extrathoracic obstruction, and fixed airway obstruction.

2. Interpret pulmonary function tests (spirometry, lung volumes, and diffusing capacity) as
normal, restrictive, obstructive, or mixed.

3. Summarize 2021 European Respiratory Society/American Thoracic Society guidelines for
interpreting pulmonary function testing using z-scores.



COMPONENTS OF PULMONARY FUNCTION TESTS

Spirometry DLCO Lung Volumes

*  How much air is *  How well does air * How much air do
moving? move from alveoli the lungs hold?
* How fastis it to capillaries?

moving?




Can they do the test?2?

‘ PFT=PULMONARY FUNCTION TESTS

Indications Contraindications
Diagnosis Increased myocardial demand
Monitoring Increased pressure:

. - . . . * Blood Pressure
Disability /impairment evaluation .
* |ntracranial

* Intraocular

* Sinus/middle ear
* Intrathoracic

* Intra-abdominal

Active infection



SPIROMETRY

LUNG VOLUMES
DIFFUSING CAPACITY




Flow

How good are the airways at
moving air? (speed)

How much air is moving?




HOW MUCH AIR IS MOVING? VOLUME

Forced Vital Capacity

MAXIMUM
CAPACITY




HOW FAST IS IT MOVING? FLOW

Forced Expiratory Volume in 1 second
(FEV,)

* Volume expired in first second

FEV, /FVC

* Portion of FVC that is expelled in 1 second i “America is all about speed.

Hot, nasty, bad speed”
* Reduced value indicates obstruction, a “straw”

problem Eleanor Roosevelt, 1936




Flow (L's™2)

How good are the airways at
moving air? (speed)

How much air is

Volume (L)

moving?




* Narrowing of airways that results in reduction of
maximal airflow in relation to maximal volume

* Disease of lung, chest wall, pleural space, or NM
that reduce lung volumes

* Reduced lung volumes, vital capacity and airflow
with airway narrowing

CATEGORIES OF ABNORMAL FINDINGS




FLOW/SEC

o A N O N MO ®

EARLY SMALL
AIRWAYS
OBSTRUCTION

CHRONIC
OBSTRUCTIVE
DISEASE

FIXED LARGE
AIRWAY
OBSTRUCTION

RESTRICTIVE
DISEASE

N/
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FVC and FEV,

* > 80% predicted

WHAT IS

NORMAL = LLN

ANYWAY? FEV. /FVC
e > 70%

e > LLN




OUT WITH THE

Predicted FEV1/FVC
8

0 20 40 60 80 100
Age (years)
Males ========= bth percentile
Females 5th percentile

Figure 4. FEV|/FVC predicted and limits of normal compared with the fixed cut-off of 0.7
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PUT IT TOGETHER

FEV, FVC FEV,/FVC Ratio
Normal Normal
Obstructive Disease or or Decreased?
Decreased Decreased
Normal
Restrictive Disease or Decreased Normal

Decreased



Yes

FEV,/FVC >5th
percentile?

\ 4
— Yes — i }5.th — NO —
percentile?
\ 4 \ 4
Possible
Normal restriction or
spirometry non-specific
pattern

No
\ 4
— Yes — Ve >5.th — No —
percentile?
w v
Airflow Possible mixed

obstruction

Need lung
volumes

disorder




FEV1 z-score Impairment Severity

1.65to0-2.5 Mild
-2.5t0-4.0 Moderate
Less than -4.0 Severe

FEV, determines

severity of
obstruction
>70% Mild
50-70% Moderate
35-50% Severe

<35% Very Severe




FEV,/FVC >5th

15 percentile? No
v v
— Yes — i }S.t h —Ng— — Yes — e >5.th — No —
percentile? percentile?
v v v v
Possible
Normal restriction or Airflow Possible mixed
spirometry non-specific obstruction disorder
pattern

Need lung

volumes




SPIROMETRY

LUNG VOLUMES

DIFFUSING CAPACITY




LUNG VOLUMES
& CAPACITIES

Inspiratory 2
FRARIVS In5|:::||r'atll:!r';.ur
i volume eapacity
(IRV) vita (1 Total
capacity lung
—_F (VC) capacity
";.]E' Tidal 4 (TLC)
= volume (TV)
= ¥
© t
2L Expiratory
reserve
volume (ERV)
Functional
i I residual
HEE'dual Eapacit?
volume (FRC)
(RV)
- I v

Time (s)

Source: M, A. Grippi, D, E. Antin-Ozerkis, C. 5. Dela Cruz, R. M. Kotloff,
C. N. Kotton, A, I. Pack: Fishman's Pulmonary Diseases and Disorders, Ge
Copyright © McGraw Hill Education. All rights reserved.



FEVi/NVC

>LLN
Yes No
Y Y
VC = LLN VC = LLN
OBSTRUCTION Yes No ves | Mo
1] 7 ’ ¥
WITH NORMAI‘ TLC = LLN TLC = LLN
FEV]/FVC No @ Yes No
A  J F Y L
Normal Restriction Obstruction Mixed
defect
L k v
DL,co = LLN DL,co = LLN DL,co = LLN
Yes No Yes No Yes No
Y L L J Y Y L
Normal PV CW and NM ILD Asthma Emphysema
disorders disorders Pneumonitis CB

Source: M, A, Grippi, D, E. Antin-Ozerkis, C, 5. Dela Cruz, R. M. Kotloff,
C. M. Kotton, A. I. Pack: Fishman's Pulmonary Diseases and Disorders, Ge
Copyright © McGraw Hill Education. all rights reserved,




exercise

TLC

TLCp

IRV

ERV

RV

Normal at rest COPD atrest
(static hyperinflation)

COPD during exercise
(dynamic hyperinflation)



FEV1/VC

- ;.*I.lLN -
LUNG VOLUMES s e -
CONFIRM Tl_c;LLN | TLG;LLN
RESTRICTION AND/OR | N e | e

Mixed
defect

M I X E D MNormal Restriction Obstruction

L 3
DL,co >LLN DL,co >LLN | DLeo>LLN |
Yes MNo Yes No Yes Mo
Normal PV CW and NM ILD Asthma Emphysema
disorders disorders Pneumonitis CB

Source: M, A, Grippi, D, E. Antin-Ozerkis, C. S. Dela Cruz, R. M. Kotloff,
C. N, Kotton, A, I, Pack: Fishman's Pulmonary Diseases and Disorders, Ge
Copyright © McGraw Hill Education. All rights reserved.



SPIROMETRY
LUNG VOLUMES

DIFFUSING CAPACITY




DLCO: HOW DO WE DO IT?

Alvaolar Muel f il .
connective “;nzu;:elf;p;eﬁw Siep 1: Insplre full breath of CO

lissue  pyclaus
of alveolar (meclsured)

type | call
|

Erythrocyte Capillary

Step 2: Hold breath x 10 seconds

Step 3: Exhale Maximally (measure
amount of CO)

Step 4: Measure difference in inspired
and expired CO to determine how much
CO crossed into the blood stream

Alveolus | Alveolar epithelium

Fused basement membranes
Respiratory — of the alveolar epithelium and
membrane the capillary endothelium

Capillary endothelium




DLCO: VARIABLES ASSESSED

Alveolar Surface Area Pulmonary Perfusion

How much area is available to allow for How much blood (and Hgb) is available
diffusion? to take up the CO?



DLCO: PUT IT TOGETHER

Low

Reduced diffusion due
to alveolar disease

Decreased perfusion
(i.e. narrowed or
sclerosed arteries,
thromboembolism)

Anemia

Normal

Extrinsic restrictive
disease

High

Increased
pulmonary
perfusion

High RBC



‘ DLCO: CLINICAL APPLICATION

Asthma &

Chronic

*Normal DLCO
Bronchitis




‘ DLCO: CLINICAL APPLICATION

Disorders of

chest wall or
NM disease

*Normal DLCO

Pulmonary

LeEnel *low D LCO

Disease




FEV1/NVC
=LLN

Yes No

DLCO CAN LOCALIZE 7G> LN P
PATHOLO GY e No Yes | No

y Y
TLC =z LLN TLC =z LLN
Mo Yes Yes Mo
3 ¥ LA 2 ¥
Normal Restriction Obstruction Mixed
defect
L L L
DL,co > LLN DL.co > LLN DL.co>LLN |
Yes No Yes No Yes No
Y L J L4 4 Y v
Normal PV CW and NM ILD Asthma Emphysema
disorders disorders Pneumonitis CB

Source: M, A, Grippi, D, E. Antin-Ozerkis, C. 5. Dela Cruz, R. M. Kotloff,
C. N. kotton, A, 1. Pack: Fishman's Pulmonary Diseases and Disorders, Ge
Copyright © McGraw Hill Education. All rights reserved.



BRONCHODILATOR
RESPONSE




\ BRONCHODILATOR RESPONSE

COPD Asthma



BRONCHODILATOR RESPONSE (BDR)

OoLD NEW

>200 mL AND >12% in FEV, and/or FVC Change assessed based on individual’s predicted
value

Change assessed on absolute and relative
changes from initial values >10% relative to predicted value for FEV1 or FVC

Limitation: inversely proportional to baseline Advantage: avoids misinterpretation due to
lung function magnitude of baseline lung dysfunction




BRONCHODILATOR RESPONSE (BDR): AN EXAMPLE

(Post BD value)-(Pre BD value)

Predicted value How should these results be interpreted?
A. Significant Response to Bronchodilator

Pre-BD FEV1 =2.0L B. No Significant Response to Bronchodilator

Post-BD FEV1=2.4L
Predicted FEV1=3.32L

>10% relative to predicted value for FEV, or

FVC




INDICATIONS FOR SERIAL
PULMONARY FUNCTION TESTING

Track Course of Disease Response to Treatment



SIGNIFICANT

CHANGE
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