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Definitions (working definitions)

• Spirometer: a device that measures the volume of air exhaled or 
inhaled out of/in to a person’s lungs

• Spirometry:  the measurement of  the volume of air exhaled from a 
person’s lungs

• Spirogram: a graphic depiction of the volume of  air exhaled from a 
person’s lungs over a period of time

• VC (vital capacity): the amount of air that can be expelled from the 
lungs after a person’s deepest breath

• FVC (forced vital capacity): the amount of air that can be forcibly 
expelled from the deepest breath

• FEV1 (forced expiratory volume in 1 second):  the amount of air 
that can be exhaled in 1 second with a forced exhalation

• FEV1/FVC: the ratio of the FEV1 to the FVC.  

• FEF 25-75 (“midlflow”): average airflow middle of FVC maneuver

• Flow-volume loop: flow of exhaled air plotted against volume



Spirometer

https://www.studyblue.com/#flashcard/vie
w/11665032 (accessed 6/2/17)

Spirogram

https://www.studyblue.com/#flashcard/view/11665032


Water Seal Spirometer
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Spirogram



FVC

Forced Vital Capacity (FVC)

FVC = 4.0 L



FVC

FEV1
FVC = 4.0 L

FEV1 = 3.3 L 

Forced Expiratory Volume at 1 second 
(FEV1)



FVC

FEV1
FVC = 4.0 L

FEV1 = 3.3 L 

FEV1 ÷ FVC = 3.3/4.0=0.83    (83%)

FEV1/FVC ratio



FVC

Forced  Expiratory Flow 25-75% (FEF 25-75%) 

FVC = 4.0
0.75(FVC) = 3.0

0.25(FVC) = 1.0



Flow Spirometers 
(pneumotachometer)

• Advantages

– Measure flow directly

– Portable

– Easily cleaned, (often disposable)

• Disadvantages

– Hypersensitive:  small error in zero can produce 
large error in volume 



normal flow-volume loop

Peak flow

TLC
FEV1

FVC
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John Hutchinson

http://www.healthline.com/health- slideshow/ 
copd-history#5.  Accessed 7/1/2013

Med Chir Trans 1846; 29: 137-252



Hutchinson’s Spirometer

https://wiki.engr.illinois.edu/display/BIOE414/ 
History+of+Spirometry Accessed 7/1/2013

Med Chir Trans 1846; 29: 137-252



Med Chir Trans 1846; 29: 137-252



Med Chir Trans 1846; 29: 137-252



AJRCCM 2017. 195:1399-1401



Diagnosis
• evaluate symptoms

– cough
– dyspnea
– wheezing

• evaluate signs 
– cyanosis
– abnormal breath sounds
– chest deformity

• evaluate abnormal laboratory tests
– hypoxemia
– hypercarbia
– polycythemia
– abnormal chest imaging

Indications for Spirometry



• measure the effect and progression of disease on 
pulmonary function

• assess therapeutic intervention 
– inhalers
– systemic medications (corticosteroids, immunomodulators)

• assess pre-operative risk 
– lung resection
– pneumonectomy

• assess health status before beginning strenuous 
physical activity programs

• screening individuals at risk for the development  of            
.pulmonary disease
– toxic exposures (occupational, disasters, medications )
– Smokers (with symptoms and/or if > 45 y.o.)

Indications for Spirometry



National Lung Health Education Program

“COPD is easily detected in its preclinical phase 
using spirometry, and successful smoking cessation 
(a cost-effective intervention) prevents further 
disease progression. This consensus statement 
recommends the widespread use of office 
spirometry by primary-care providers for patients ≥ 
45 years old who smoke cigarettes.”

Ferguson GT et al. Chest. 117:4, 1146  2000



Byssinosis



% change FEV1 by respirable dust level in a 16-man panel of cotton cardroom
workers exposed to raw cotton and steamed cotton, 1971-1972.  

Merchant, JA et al. Br J Ind Med 1973, 30:237-47



Occupational Safety and Health Cotton Dust Standard 
(29 CFR 1910.1043)

• 1978 – Cotton Dust Standard established

• Based on exposure – response relationship 
between cotton dust particle concentration 
and lung function impairment



Permissible Exposure Limit (PEL)

• the amount of dust that a person can be 
exposed to in an 8-hour work shift over 
their working life without adverse health 
effects



PEL Cotton Dust 
(29 CFR 1910.1043)

• 200 micrograms per cubic meter of lint-free 
respirable dust averaged over an eight-hour 
period in yarn manufacturing

• 750 micrograms per cubic meter of lint-free 
respirable dust over an eight-hour period of 
slashing and weaving

• 500 micrograms per cubic meter of lint-free 
respirable dust over an eight-hour period in waste 
houses and yarn manufacturing areas where 
exposure to lower grade washed cotton occurs.

A Guide for Persons Employed in Cotton Dust Environments: 

2007 North Carolina Department of Labor



Medical Monitoring 
(29 CFR 1910.1043)

“In any workplace where cotton dust is present there 
must be a medical surveillance program for all 
employees exposed to cotton dust. Examinations must 
be done by or  under the direction of a licensed 
physician. People administering the pulmonary function  
breathing tests must have attended a course approved 
by the National Institute for  Occupational Safety and 
Health (NIOSH).”

A Guide for Persons Employed in Cotton Dust Environments: 

2007 North Carolina Department of Labor



Medical Monitoring 
(29 CFR 1910.1043)

Test results are compared to a set of predicted tables based on a 
person’s age, height, sex and race. Generally, tests are considered 
to be within the normal range if they are 80 percent or greater of 
the predicted value. The initial determinations should be made 
prior to entering the workplace on the first day worked and after 
having no cotton dust exposure for at least 35 hours. The 
pulmonary function tests will be repeated during the shift, at 
least four hours, but not longer than 10 hours after the first test. 
These tests are then compared for changes. If there is a decrease 
of 5 percent or greater on the  second after-exposure test, it may 
indicate a reaction to cotton dust. Each employee will be assigned 
a byssinosis grade based on his or her response to the 
respiratory questionnaire.

A Guide for Persons Employed in Cotton Dust Environments: 

2007 North Carolina Department of Labor



Other occupational exposures that 
require assessment of lung function

• Title 29, Part 1915.1001: Asbestos.  If possible 
exposure,  surveillance including spirometry

• Title 29, Part 1910.1028: Benzene containing 
petrochemicals.   if respirators required more 
than 30 days per year, then spirometry required 
every 3 years. 

• Title 20 CFR part 718.204 : Coal dust exposure.  





20 CFR 718.204 
(2) Medical criteria. In the absence of contrary probative evidence, evidence 
which meets the standards of either paragraphs (b)(2)(i), (ii), (iii), or (iv) of 
this section shall establish a miner's total disability: 

(i) Pulmonary function tests showing values equal to or less than those listed 
in Table B1 (Males) or Table B2 (Females) in Appendix B to this part for an 
individual of the miner's age, sex, and height for the FEV1 test; if, in addition, 
such tests also reveal the values specified in either paragraph (b)(2)(i)(A) or 
(B) or (C) of this section: 

(A) Values equal to or less than those listed in Table B3 (Males) or Table B4 
(Females) in Appendix B of this part, for an individual of the miner's age, sex, 
and height for the FVC test, or 

(B) Values equal to or less than those listed in Table B5 (Males) or Table B6 
(Females) in Appendix B to this part, for an individual of the miner's age, sex, 
and height for the MVV test, or

(C) A percentage of 55 or less when the results of the FEV1 test are divided 
by the results of the FVC test (FEV1/FVC equal to or less than 55%), 



• disability

– assess individuals for medical/legal reasons

– assess patients as part of a rehabilitation program

– assess risks as part of an insurance evaluation

• public health

– epidemiological surveys

– clinical research

– derivation of reference equations

Indications for Spirometry



Guides to the evaluation of 
permanent impairment. 6th ed. 2008.  
American Medical Association. p.88.



Guides to the evaluation of 
permanent impairment. 6th ed. 2008.  
American Medical Association. p.88.



Diagnosis
• evaluate symptoms

– cough
– dyspnea
– wheezing

• evaluate signs 
– cyanosis
– abnormal breath sounds
– chest deformity

• evaluate abnormal laboratory tests
– hypoxemia
– hypercarbia
– polycythemia
– abnormal chest imaging

Indications for Spirometry
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Asthma:

Recurring and variable symptoms
Airflow limitation with reduced 

FEV1/FVC
Positive bronchodilator reversibility test 
Positive bronchial challenge test

Global Initiative for Asthma. Global Strategy for Asthma 

Management And Prevention, 2016. Available from: 

www.ginasthma.org. 



http://goldcopd.org/gold-2017-global-strategy-diagnosis-
management-prevention-copd/.  Accessed 6/14/2017

http://goldcopd.org/gold-2017-global-strategy-diagnosis-management-prevention-copd/


American Lung Association: Occupational Lung Diseases: An 
Introduction. New York, NY. Macmillan. 1979: pp 10. (5)



Conducting Airways

E.P. Horvath Jr., S.M. Brooks, and J.L. Hankinson [1981]. Manual of Spirometry in 
Occupational Medicine, U.S. Department of Health and Human Services, p. 5. 



Physiology: FVC

• Flow (Pouiseuille’s law)

– Airway diameter

• Asthma: thickened basement membrane, matrix, 
hypertrophic musculature

• Airway compliance
– Airway structure  (abnormal in bronchiectasis and 

tracheomalacia)

– Supporting parenchymal stroma (abnormal in emphysema)

– Laminar vs turbulent flow

• Secretions

– Dynamic compression



The entire point of the next  slide 
is that the rate of flow of air in the 
airways is related to the 4th power 
of the radius.  This means that 
even small changes in the size of 
the airway have very large effects 
on the flow of air in the lungs. 

AND DON’T WORRY 

ABOUT THE



Laminar Flow and Pouiseuille’s Law

http://commons.wikimedia.org/wiki/File:Toky.png

p1-p2 = pressure difference
r = radius
v = viscosity
L = length of tube

Laminar Flow

Turbulent Flow

p1 p2



Laminar Flow and Pouiseuille’s Law

http://commons.wikimedia.org/wiki/File:Toky.png

p1-p2 = pressure difference
r = radius
v = viscosity
L = length of tube

Laminar Flow

Turbulent Flow

p1 p2



West, JB. Pulmonary Pathophysiology – the essentials.  1987

bronchitis asthmaemphysema

Obstructive lung diseases



http://emedicine.medscape.com/article/297664-overview



Performing Valid Spirometry



Relative and absolute contraindications 
to PFTs

• Infectious risk (TB, Influenza) 

• Hemoptysis (coughing blood)

• Severe SOB - (Can't hold breath for 10 seconds)

• Severe cough

• Chest, abdominal, oral, or facial pain

• Stress Incontinence

• Inability to cooperate (dementia/confusion/language 
barrier)

• Medically unstable



Relative and absolute contraindications 
to Spirometry



Patient preparation for PFTs

• Instructions to patient prior to the study:
– Do not use LABA w.in 12 hours (Spiriva 24 hrs), 

SABA w/in 4 hours
– Avoid smoking (at least 1 hour prior to study)
– No heavy meal w/in 2 hours of the test
– Avoid heavy exercise (w/in 30 min before the test)
– Avoid tight clothing

• Technician to review these issues, delay the 
study if necessary
– Medical issues/symptoms
– URI – delay by 4 weeks 
– Document steroids, bronchodilators and last use of 

bronchodilators



Optimal Conditions for Spirometry

• Patient and tech:

– speak same language, 

– have good rapport, and 

– are both highly motivated

• Excellent equipment, calibration verified

• Previous study before patient was exposed or 
became ill for comparison



FVC Maneuver

• Instructions – explain the test

• Before starting:
– Standing vs sitting (standing FVC > Sitting FVC)

– Loosen tight clothing

– Sit straight and don’t slump

– Feet flat on floor

– Elevated chin and neck

– Nose clip 

– Be sure teeth and tongue are not blocking 
mouthpiece

– Tight seal with lips



FVC Maneuver

• Demonstrate

• Emphatic coaching

• Several systems and ways to do this
– Closed systems – with loop

• Breath in and out slowly, then take as deep a 
breath as you can and blast it out!!!!! – when I tell  
you, suck the air back in as hard as you can until 
your lungs are completely filled again

– Open systems  - FVC with no loop

• Take as deep a breath as you can, put the 
mouthpiece in you mouth and blast it out!!!!!!!



Valid spirometry must meet 
criteria for:

• Acceptability

• Repeatability

Eur Respir J 2005; 26: 948–968



Forced Vital Capacity Maneuver (FVC)
Acceptability
• vigorous effort –usually requires:

– maximal inspiration 
– vigorous encouragement by tech

• start of test criterion: no hesitation
– explosive (“blast it out!!!!!”) exhalation
– “extrapolated volume” 

• middle of test: smooth expiratory effort 
– no cough in 1st second, 
– no leak, 
– no obstruction

• end of test criteria: 
– > 6 seconds long – to maximal exhalation
– plateau (< 0.025 liters in the last second)

Eur Respir J 2005; 26: 948–968
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Acceptable VT Curve



Mahler DA, Horowitz MB.  Pulmonary Function Testing.  In Pulmonary and 

Critical Care Medicine.  Bone RA (ed), 2nd Ed, Part F, Ch 6, p7.  St. Louis MO  

Mosby 1983 

Acceptable FV Loop

Peak 

Flow



Mahler DA, Horowitz MB.  Pulmonary Function Testing.  In Pulmonary and 

Critical Care Medicine.  Bone RA (ed), 2nd Ed, Part F, Ch 6, p7.  St. Louis MO  

Mosby 1983 

Acceptable FV Loop



Townsend, MC. 2011.  JOEM 53:569-84



Acceptable VT Curve



Acceptable 

Start of Test

Acceptability (start of test):
extrapolated volume – hesitation - error
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Acceptability (start of test):
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Acceptability (start of test):
extrapolated volume – hesitation - error



Extrapolated volume

0.35 L 

Acceptability (start of test):
extrapolated volume – hesitation - error



Acceptability (start of test):
extrapolated volume – hesitation - error



• The “blast it out” criterion (hesitation)

• The extrapolated volume should be 
less than:

–0.15 L or….

– 5% of the FVC (whichever is greater)

Eur Respir J 2005; 26: 948–968

Acceptability (start of test):
extrapolated volume – hesitation - error



Extrapolated volume

0.35 L 

FVC = 2.65 L

EV = 0.35 L  (13%)

Acceptability (start of test):
extrapolated volume – hesitation - error



Acceptability (start of test):
extrapolated volume – hesitation - error
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Acceptability (end of test):
plateau

ATS/ERS criterion: 

< 0.025 L  in final 1 second



Normal VT Curve



Acceptability:
glottic closure



Acceptability (end of test):
early termination (< 6 sec)



Forced Vital Capacity Maneuver (FVC)
Acceptability
• vigorous effort –usually requires:

– maximal inspiration 
– vigorous encouragement by tech

• start of test criterion: no hesitation
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– no cough in 1st second, 
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Eur Respir J 2005; 26: 948–968



Acceptability:
cough in 1st second



Acceptability:
cough in 1st second

FEV1



Acceptability:
Inadequate inhalation



Acceptability:
variable effort



Acceptability:
variable effort





Valid spirometry must meet 
criteria for:

• Acceptability

• Repeatability

Eur Respir J 2005; 26: 948–968



Repeatability
• Need 3 acceptable maneuvers (though only 2 

used):

• Largest FVC and second largest FVC must not 
vary by more than 0.15 Liters

AND

• Largest FEV1 and second largest FEV1 must 
not vary by more than 0.15 Liters

• (If FVC is < 1.0 Liters volumes need to be 
within 1.0 liter)

Forced Vital Capacity Maneuver 
(FVC)

Eur Respir J 2005; 26: 948–968



Repeatability

Repeatable Test

3 Acceptable 

Maneuvers



Repeatability

Repeatable Test

3 Acceptable 

Maneuvers



Repeatability

3 Acceptable 

Maneuvers



Repeatability

Non-Repeatable Test

3 Acceptable 

Maneuvers



Error Codes



Error Codes





Patterns of impairment

• Restrictive

• Obstructive

• Mixed



Restrictive Defects 
size of lung reduced to the point of 

impairment

• Interstitial lung disease (reduced compliance -
”stiff”)
– Interstitial pneumonitis

– Pulmonary fibrosis

– Pneumoconiosis

– Granulomatous

– Pulmonary edema

• Infiltrative

– malignancy

Adapted:  WM Gold, 1994



Restrictive Defects 
size of lung reduced to the point of 

impairment
• Space occupying lesions

– tumor
– cyst 

• Pleural
– pneumothorax,
– effusion 
– fibrothorax

• Chest Wall
– scoliosis
– kyphosis
– obesity

• Abdominal
– ascites
– pregnancy Adapted:  WM Gold, 1994



Patterns of Impairment 
Restrictive Defects

• FEV1 low

• FVC usually low

• FEV1/FVC normal or high

• Midflows normal or high



Patterns of Impairment 
Restrictive Defects

• “…the pattern of a reduced VC and a normal or even 
slightly increased FEV1/VC is often caused by 
submaximal inspiratory or expiratory efforts and/or 
patchy peripheral airflow obstruction, and a reduced 
VC by itself does not prove a restrictive ventilatory 
defect. It is associated with a low TLC no more than 
half the time.”

• “A restrictive ventilatory defect is characterized by a 
reduction in TLC below the 5th percentile of the 
predicted value, and a normal FEV1/VC.”

Eur Respir J 2005; 26: 948–968



Patterns of Impairment  
Obstructive Defects

Lower/peripheral (small and medium) airways
• Intrinsic obstruction (lumen) small and medium 

airways
– Asthma
– Bronchitis

• Airway collapse
– Emphysema
– Bronchiectasis 

Upper airway – large airways 
• Trachea/mainstem bronchi: tumor, stenosis, 

collapse
• Pharynx: tumor, infection, edema, foreign body

Adapted:  WM Gold, 1994



Obstructive defects 
(lower/peripheral airways)

• FVC normal or low

• FEV1 low (sometime normal)

• FEV1/FVC low

• Midflows low



“Midflows”

 Mean expiratory flow rate at 25-75% FVC (MEFR25-75% )

 Forced expiratory flow rate at 25-27% (FEF25%-75%)

o (the average expiratory flow over the middle half of the FVC)

 Highly dependent on the validity of the FVC measurement 
and the level of expiratory effort.  

 When the FEV1 and FEV1/VC are in the normal range, 
the wide variability of the midflows in healthy subjects 
must be considered

 Helpful in the presence of a borderline FEV1/FVC

Eur Respir J 2005; 26: 319–338

Same 

thing

http://spirxpert.com/indices11.
htm.  Accessed 7/7/2013



“…abnormalities in these mid-range flow 
measurements during a forced exhalation are 
not specific for small airway disease in 
individual patients.”

Eur Respir J 2005; 26: 948–968



FEF25-75 % predicted was well correlated with 
bronchodilator responsiveness in asthmatic 
children with normal FEV1. FEF25-75 % 
predicted should be evaluated in clinical 
studies of asthma in children, and may be of 
use in predicting the presence of clinically 
relevant reversible  airflow obstruction.

J Allergy Clin Immunol. 2010.  126(3): 527–534.e8



“…childhood asthmatics with a normal FEV1, 
FEF25–75 should be considered as a potentially
important spirometric variable that can be used 
as a marker of BDR, asthma severity, and asthma 
exacerbations both in the clinical and research 
settings.”

Journal of Asthma,  2012. 49:6, 586-592.



“Forced expiratory flow between 25 and 75 
percent of vital capacity (FEF25-75) less than 
65 percent correlates with reversible airflow 
obstruction in children with normal FEV1 and 
may be a useful measure in this subgroup, 
although further studies are needed ... “ 

UpToDate. Accessed 6-18-2017



UpToDate. Accessed 6-18-2017



Asthma:

• Recurring and variable symptoms
• Airflow limitation with reduced 

FEV1/FVC
• Positive bronchodilator reversibility test 
• Positive bronchial challenge test 

(bronchial hyperresponsiveness)

Global Initiative for Asthma. Global Strategy for Asthma 

Management And Prevention, 2016. Available from: 

www.ginasthma.org. 



Bronchodilator reversibility 

•Salbutamol 100 ug X 4 (or Ipratropium)

•15 minutes

•Increase FEV1 or FVC of 200 ml 

and > 12%



Bronchodilator reversibility 

•Salbutamol 100 ug X 4 (or Ipratropium)

•15 minutes

•Increase FEV1 or FVC of 200 ml 

and > 12%

Obstructive ventilatory defect with moderately severe 

reduction in FEV1, with significant increases in, and 

normalization of, FVC and FEV1 after administration 

of bronchodilators



Bronchodilator 
response?

Eur Respir J 2005; 
26: 948–968



Reversible with bronchodilator?



Methacholine Challenge Testing:
Bronchial Hyperresponsiveness - Indications

• Diagnosis of Asthma when:
o Traditional methods, i.e. spirometry with pre 

and post BD have not been diagnostic
– Strong clinical suspicion

• Symptoms of cough, wheeze, chest tightness
o Exposure to cold air
o Exercise
o Exposure to allergens
o Workplace exposure
o Respiratory viral infections



Bronchoprovocation:  Methacholine Challenge 
(five breath dosimeter protocol)



Bronchoprovocation:  Methacholine 
Challenge



Bronchoprovocation:  Methacholine 
Challenge (five breath dosimeter) protocol



Bronchoprovocation:  Methacholine 
Challenge



Bronchoprovocation interpretation

Am J Respir Crit Care Med 

Vol 161. pp 309-329, 2000



AMA Guides to the 

evaluation of permanent 

impairment. 6th ed.  2008



Spirometry/PFTs - what is normal?



Derivation of Predicted Values

Comparison with Predicted/Reference Values•Large numbers of measurements in an asymptomatic, 

nonsmoking population

•Development of regression equations

o spirometry

o lung Volumes

o DLCO

o VO2max

•Populations change over time

o cohort effect (changes of the population)

o health of the society (nutrition, survival of less 

healthy    infants, etc)



Spirometry Reference Sets/Equations

• Morris 1971

• Knudson 1976 (predicteds mandated by the 
Cotton Dust Standard)

• Crapo 1981, 

• Knudson 1983 

• Miller 1986

• Hankinson et. al. 1999 (NHANES III).

• ATS/ERS 2005  
o NHANES III 

o ERS 1993 – European Community for Steel and Coal

• Global Lung Initiative (GLI)



National Health and Nutrition Examination Survey 

(NHANES III)

•Data collected 1988-1994

•81 counties across U.S.

•Spirometry on 20,627 participants > 8 y.o.

•Caucasian-Americans, African-American and Mexican-

American

•Use of equipment and procedures meeting ATS standards 



Use of Reference (predicted) Values

 Predicted values should be obtained from studies of 

‘‘normal’’ or ‘‘healthy’’ subjects with the same 

anthropometric (e.g. sex, age and height) and ethnic 

characteristics of the patient being tested

 Height and weight should be measured for each patient 

at the time of testing

 When using a set of reference equations, extrapolation 

beyond the size and age of the investigated subjects 

should be avoided

Also

 Mixed race – use the race the patient most closely 

identifies with (but consider in the interpretation)

 Asian – Americans correction factor of 0.88 (Hankinson, 

2010)
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“For each lung function index, values below 

the 5th percentile of the frequency distribution 

of values measured in the reference 

population are considered to be below the 

expected ‘normal range’ ’’

(applies to FEV1, FVC, FEV1/FVC, FEF 25-75)





Obstruction: FEV1/FVC < 70%



“The practice of using 0.70 as a lower limit of the 

FEV1/FVC ratio results in a significant number of false 

positive results in males aged > 40 yrs and females > 50 

yrs, as well as in a risk of overdiagnosis of chronic 

obstructive pulmonary diseases (COPD) in asymptomatic 

elderly neversmokers.”

Eur Respir J 2005;26:948-968

Fixed cut-off controversial



Severity: characterized by the FEV1 
(not FEV1/FVC)

Eur Respir J 2005; 26: 948–968



Obstructive defect, moderately severe 
reduction in FEV1



Severity: characterized by the FEV1 
(not TLC or FEV1/FVC)

Eur Respir J 2005; 26: 948–968



if FEV1 > 70% ATS/ERS guidelines calls this a “mild” 
defect

Obstructive defect present, but FEV1 is normal

Could say “obstructive defect with normal FEV1”





Summary
• Spirometry is used for

– screening and surveillance in evaluation of individuals 
exposed to toxic inhalants, 

– evaluation of respiratory impairment, 
– Monitoring  therapeutic effect/disease progression
– Diagnosing obstructive lung disease
– Suggesting restrictive lung disease

• Spirometry is essential in the diagnostic evaluation of 
patients with suspected airways disease

• Even small changes in the size of airways have very large 
effects on the flow of air in the lungs (Poiseuille)

• To be useful diagnostically, spirometry must be valid (3 
acceptable, 2 repeatable trials)

• Midflows (FEF 25-75)  not helpful in adults, but useful in 
children



END

Soli Deo Gloria


