NIOSH SPIROMETRY TRAINING GUIDE

NIOSH SPIROMETRY
TRAINING GUIDE

December 1, 2003

Prepared by

UNIVERSITIES OCCUPATIONAL SAFETY AND HEALTH
EDUCATIONAL RESOURCE CENTER

CONTINUING EDUCATION AND OUTREACH PROGRAM

Division of Consumer Health Education
Department of Environmental and Community Medicine
Robert Wood Johnson Medical School
University of Medicine and Dentistry of New Jersey

and

CENTERS FOR DISEASE CONTROL AND PREVENTION
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH
Division of Respiratory Disease Studies
Surveillance Branch
Morgantown, West Virginia 26505

The development of the original draft version (1991) of this guide was supported by
NIOSH Grant Number T15-OH-07125



The Universities Occupational Safety and Health Educational Resource Center (UOSHERC) is
one of sixteen Educational Resource Centers (ERCs) - now called Education Research Centers -
located at universities throughout the United States. The ERCs, which were first established in
1977 in response to the OSHACt, receive sponsorship from the National Institute for
Occupational Safety and Health (NIOSH) to provide undergraduate, graduate, and continuing
education for occupational safety and health professionals. Educational programs are primarily
designed to meet the needs of occupational health physicians, occupational health nurses,
industrial hygienists, safety professionals, and those professionals in related disciplines.

UOSHERC served New York, New Jersey, Puerto Rico, and the U.S. Virgin Islands.
UOSHERC was a consortium composed of the following educational institutions and programs:

Hunter College School of Health Sciences
Graduate Industrial Hygiene Program

The Mount Sinai School of Medicine
Occupational Medicine Program

New Jersey Institute of Technology
Safety Engineering Program

New York University Medical Center
Graduate Occupational Hygiene Program

University of Medicine and Dentistry of New Jersey
Robert Wood Johnson Medical School
Continuing Educational and Outreach Program
Occupational Medicine Program
School of Health Related Professions
Occupational Health Nursing Program



NIOSH SPIROMETRY TRAINING GUIDE

CONTENTS
DISCLAIMER ...ttt bbbt bbbt et e bbbt bt et eebe e eneas iv
ACKNOWLEDGMENTS ...ttt bbbttt bbbt eneas %
PROJECT FACULTY AND STAFF ...ttt vi
NOTICE TO ALL COURSE ATTENDEES.........ccooiiiiiiiieeee et viii
INTRODUCTION ...ttt bbbttt bbbttt et bbbt ne e 0-1
COURSE GOAL AND OBJECTIVES .....oiiiiititiiseee et 0-2
UNIT ONE: OVERVIEW OF PULMONARY ANATOMY AND PHYSIOLOGY ................ 1-1
A, The ReSPITAtOrY SYSIEM ....ccuiiiiiiiieiie sttt nnes 1-1
B. Mechanics 0f RESPITAtION........c.eiveiieie e 1-3
C. Mechanisms for Protecting the Lungs against Airborne Hazards............cccccoeevvennene. 1-7
D. Smoking and Occupational Lung DISEASE ........cccceeierrereeiesienireieseesieeeeseesieenee e 1-8
E. Occupational LUNQG DISEASES ........cerueririieeieiieniieiesieesieesiesiee it ie s steeeesseesseeeesneesees 1-9
UNIT TWO: OVERVIEW OF SPIROMETRY ....ooiiiiiiie it 2-1
A. Definition of SPITOMELIY ......cov e 2-1
B. TYPES OF SPIFOMELEIS ...coiieiiiiiecieee ettt enes 2-1
C. Important Measures of Ventilatory Performance.........c.ccccoocvvveieeiesiciivese e, 2-5
D. Limitations of SPIrOMELIY .......c.ccviiiiie e 2-11
E. ACCUIaCy and PreCISION ........coueiiiiiiiiiiesiieieeieie ettt 2-12
UNIT THREE: THE QUALITY ASSURANCE PROGRAM........ccocoviiiieieieiese e 3-1
A. Components of a good spirometry QA Program..........cccceeeeieeresieesieesesieeseeseeseesnns 3-1
B. Calibration checks and other equipment quality control measures............ccccccecenvnene 3-4
C. INFECION CONLIOL ... e re e 3-6
UNIT FOUR: SPIROMETRIC TECHNIQUE ..ot 4-1
A. Prepare the EQUIPMENT ..o 4-1
B. Prepare the SUDJECT.........cov o 4-2
C. POSITION the SUDJECT......c.eiiiiiiiee s 4-3
D. PerfOrm the TeST......ccviiiiiieieiee ettt 4-4
E. Check the Acceptability and Reproducibility of the Maneuver ..............cc.ccoovvivenennee, 4-6
F. REteSt @S NEBUBM. .......oiiiiiiiiieeee bbb 4-9
G. RECOIT KEEPING. ... ettt bbbttt sttt eneas 4-9
H. SAMPIE TIaCINGS. .. .eetiiieiiie ittt ettt s sre et esbeebesneesreas 4-10
UNIT FIVE: BASIC SPIROMETRIC CALCULATIONS ......ccotiiiieieieere e 5-1
A. Forced Vital CapacCity (FVC) ....coeiiiiiiiiiiiieee e 5-1

NIOSH SPIROMETRY TRAINING GUIDE i



B. Calculating Excessive Variability for FVC.........ccoooiiiiiiii e 5-2

C. Forced Expiratory Volume in One Second (FEV1)...cccooovvieviiie i 5-7
D. Calculating Excessive Variability for FEV] ......ccocoiiiiiiie e 5-10
E. Back EXTrapOlation .........cccvoiiiiiiiciice et 5-13
F. Calculating Excessive Extrapolated VOIUME...........cccooiiiiiiiiiniecce e 5-22
G. FEV; as a Percentage of FVC (FEVI/FVCY) ..c..ocoeiieieieceece e 5-30
H. Forced Mid -Expiratory Flow (FEF25.750) (OPTIONAL).....cccvviiiiiiieiieieeieseeies 5-35
1. CONVErSION t0 BTPS ..o bbb 5-42
UNIT SIX: COMPARING OBSERVED TO PREDICTED NORMAL VALUES................... 6-1
AL NOIMAL" SPITOMELIY ..o rs 6-1
B. Spirometry ReferenCe StUdIES.......ccviveiieieiiecie et 6-1
C. The Lower Limit of the Normal (LLN) RANGE ........cccevviiiiiiiieiieenie e 6-2
D. How to Determine Predicted Values Using Look-up Tables 6-3
UNIT SEVEN: COMPARING CHANGES IN FOLLOW-UP SPIROGRAMS ..........ccccvvvnnenn. 7-1
A. Rationale for Comparing Changes.........ccooiiiiiiiiiiierieese e s 7-1
B. Interpreting Changes in FOIlOW-Up SPIrograms...........ccoccvevieiierveiesiesese e 7-1
UNIT EIGHT: OVERVIEW OF STANDARDS FOR SPIROMETRIC EQUIPMENT ............ 8-1
UNIT NINE: ADDITIONAL EXERCISES .......ccoiiiiiiiee e 9-1

APPENDIX A: GLOSSARY OF TERMS COMMONLY USED IN SPIROMETRY ............ A-1
APPENDIX B. AN OVERVIEW OF OCCUPATIONAL LUNG HAZARDS............ccccveeneen. B-1
APPENDIX C. OVERVIEW OF OCCUPATIONAL LUNG DISEASE ..........cccocevvveeiieeenen. C-1
A. Some of the Pulmonary Diseases that Show Obstructive Patterns...............cccccoeueeee. C-1
B. Some of the Pulmonary Diseases that Show Restrictive Patterns..........cc.cccooevvenenne. C-2

C. Some of the Pulmonary Diseases that Show Either Obstructive or Restrictive PatternsC-3

APPENDIX D. RESPIRATORY SURVEILLANCE PROGRAMS ........cccoiiiiiiiiiiiciiies D-1
APPENDIX E. APPENDIX D OF THE OSHA COTTON DUST STANDARD ........ccccoveunine E-1
APPENDIX F. AMERICAN THORACIC SOCIETY STANDARDS........c.ccocoviiiiiiiiiiiene F-1
APPENDIX G. SPIROMETRY PROCEDURE CHECKLIST .......ccoiiiiiiiiiiiiiicics G-1
APPENDIX H. OUTLINE OF SPIROMETRIC CALCULATIONS ........ccoiiiiiiiiiicinens H-1
APPENDIX I. BASIC MATHEMATIC CALCULATIONS.......ccooiiiiii I-1

NIOSH SPIROMETRY TRAINING GUIDE ii



APPENDIX J. METRIC CONVERSIONS ........ooiiiiii e J-1

APPENDIX K. OTHER FACTORS TO CONSIDER WHEN CALCULATING BTPS......... K-1
APPENDIX L. TABLES OF PREDICTED VALUES ........ccoiiie L-1
APPENDIX M. TABLES OF OBSTRUCTIVE/RESTRICTIVE PATTERNS..........cccoiiine M-1
REFERENGCES ... .o REF-1

NIOSH SPIROMETRY TRAINING GUIDE iii



DISCLAIMER

The opinions, findings and conclusions expressed herein are not necessarily those of the National
Institute for Occupational Safety and Health (NIOSH), the University of Medicine and Dentistry
of New Jersey (UMDNJ) or the Universities Occupational Safety and Health Educational
Resource Center (UOSHERC), nor does mention of company names or products constitute
endorsement by NIOSH, UMDNJ or UOSHERC.

NOTE: Due to printing constraints of the NIOSH SPIROMETRY TRAINING GUIDE, the
distance representing one second may vary from one spirogram to another. Measure at the top of
the spirogram to determine the distance for one second for each example and exercise.
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NOTICE TO ALL COURSE ATTENDEES:

Section (h) (2) (iii) of the Cotton Dust Standard (29 CFR 1910.43) promulgated by OSHA in
1978 and amended December 13, 1985 states: "Persons other than licensed physicians, who
administer the pulmonary function testing required by this section shall have completed a
NIOSH-approved training course in spirometry."

Within NIOSH, the responsibility of approving courses had been delegated to the Division of
Training and Manpower Development but currently resides in the Division of Respiratory
Disease Studies. Minimum requirements for approval of a course are contained in Appendix D.
of the Standard and include criteria for apparatus, technique, interpretation, course content and
hours of instruction. In addition, NIOSH has established criteria for staff qualifications and
course format.

When NIOSH approves a course, it is attesting to the fact that the course meets the minimum
OSHA/NIOSH criteria for teaching individuals to perform spirometry in the Cotton Dust
Industry. This does not mean that the individual taking the course is certified as a pulmonary
function technician by NIOSH. Students have merely completed a NIOSH-approved course.
The Standard does not require the completion of a second/update course nor is there a
requirement that an update course must be taken to complete the first course approved by
NIOSH.

NIOSH SPIROMETRY TRAINING GUIDE viii



INTRODUCTION

BACKGROUND: The NIOSH Spirometry Training Guide is based on two earlier
publications, the NIOSH Spirometry Workbook and the NIOSH Manual of Spirometry in
Occupational Medicine. In the new curriculum, the material covered in the NIOSH Manual of
Spirometry in Occupational Medicine has been simplified and incorporated into the content of
the NIOSH Spirometry Workbook. New material has also been added, including a comparison
of volume and flow spirometers and volume/time and flow/volume tracings, quality assurance
procedures, occupational lung diseases and hazards, and information from the American
Thoracic Society Standardization of Spirometry--1994 Update (1).

The American Thoracic Society is the medical section of the American Lung Association. It has
provided a leading thrust in the standardization and upgrading of spirometric instruments and
practices. Its first set of standards, ATS Statement--Snowbird Workshop on Standardization
of Spirometry was essentially incorporated by OSHA in the Cotton Dust Standard, which was
promulgated on June 23, 1978. The Snowbird Workshop standards were revised in 1987 (2), and
again in 1994, and released as the ATS Standardization of Spirometry--1994 Update (1).

PURPOSE: The NIOSH Spirometry Training Guide was prepared for use as an adjunct or
supplement to a NIOSH approved course on spirometry. It is not intended to serve as a self-
instructional package. Learning spirometry requires observation, demonstration, and hands-on
practice.

INTENDED AUDIENCE: This Guide is intended for individuals who are responsible for
conducting spirometry in the workplace. It will be of special interest to occupational health
physicians, nurses, and other health professionals.

NOTE: Due to printing constraints of the NIOSH SPIROMETRY TRAINING GUIDE, the
distance representing one second may vary from one spirogram to another. Check at the top of
the spirogram to determine the distance for one second for each example and exercise.
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COURSE GOAL AND OBJECTIVES
Goal: The goal of this course is to increase the number of spirometry technicians who:
1. Use standardized methods to obtain acceptable and reproducible spirograms.
2. Correctly perform calculations for basic spirometric parameters.
3. Implement appropriate quality assurance procedures for spirometric equipment.

4. Recognize the applications, strengths, and limitations of spirometry in the occupational
health setting.

Objectives: At the end of this course, students will be able to do the following:
Unit One: Overview of Pulmonary Anatomy and Physiology
Briefly describe:

a. The function of the respiratory system and the mechanics of respiration.
b. Mechanisms within the respiratory system to protect the lungs from airborne hazards.
c. Obstructive and restrictive lung diseases.

Unit Two: Overview of Spirometry

Briefly describe:

a. Common spirometric terms.

b. Volume and flow spirometers.

c. Volume/time and flow/volume tracings.

d. Forced Expiratory Maneuver, Forced Vital Capacity (FVC), and Forced Expiratory
Volume at One Second (FEV1).

e. The role of spirometry in evaluating pulmonary function and detecting occupational lung
diseases.

f. The limitations of spirometry as a screening tool.

g. The importance of accuracy and precision in spirometry.

Unit Three: Quality Assurance Procedures

Perform spirometric equipment quality assurance procedures:
a. Calibrate volume for volume and flow spirometers.
b. Check that the mechanical recorder is working properly.
c. Verify the accuracy of the ambient temperature reading.
d. Inspect that the start of the test begins at the right time and at the right place on the graph

paper.
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Check that the electronically-derived FEV is calculated using the back extrapolation
method.

Verify that the electronically-derived predicted normal values are calculated correctly.
Maintain spirometer records and calibration and maintenance logs.

Perform infection control procedures appropriate for the type of spirometer used.

Unit Four: Spirometric Technique

~® o0 oW

Properly prepare equipment prior to testing.

Identify suitable subjects and criteria for postponing the test.

Prepare subjects to perform the test.

Perform the test correctly.

Determine the acceptability of spirograms obtained.

Determine the reason(s) why the subject is having difficulty in completing a satisfactory
test and make appropriate coaching changes as needed for retesting.

Obtain at least two spirograms that are reproducible from at least three that are
acceptable.

Maintain subject records that include date/time, age, height, sex, race, testing position
used, ambient air temperature, barometric pressure, spirometer used, tests performed, test
results, predicted normal values used, and comment on subject cooperation and effort.

Unit Five: Basic Spirometric Calculations

Correctly calculate the basic measures used for interpreting test results:

o

D oo

Forced Vital Capacity (FVC) and variability between the two largest FVCs.

Forced Expiratory Volume in One Second (FEV1) and variability between the two largest
FEVs.

Back extrapolation and extrapolated volume.

FEV1/FVC%.

Forced Mid-Expiratory Flow Rate (FEF2s.750,) (Optional measurement).

Conversion to BTPS.

Unit Six: Comparing Observed to Predicted Normal Values

a.

b.

Select predicted normal value tables that are appropriate for the subjects and the
employment setting.

Use the same set of predicted values for all spirometric calculations and for future
comparisons.

Determine subjects' predicted normal values and calculate the subjects' percentage of the
predicted values.

List factors that affect normal predicted values (e.g., age, sex, height, race).

Calculate the race correction factor for appropriate ethnic categories and occupational
settings.

Unit Seven: Comparing Changes in Follow-Up Spirograms
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a. Determine subjects' absolute change and percent change in follow-up spirograms.
b. Identify common non-pathological factors that potentially affect changes in follow-up
spirograms (e.g., age, height, season, time of day, etc.).

Unit Eight: Overview of Standards for Spirometric Equipment

a. List instrument specification for spirometers and calibration equipment from the Cotton
Dust Standard and American Thoracic Society recommendations.

Unit Nine: Additional Exercises

a. Successfully complete the exercises.
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UNIT ONE: OVERVIEW OF PULMONARY ANATOMY AND PHYSIOLOGY
A. The Respiratory System

A person can live for weeks without food and a few days without water but only a few minutes
without oxygen. Every cell in the body needs a constant supply of oxygen to produce energy to
grow, repair or replace itself, and maintain vital functions. The oxygen must be provided to the
cells in a way that they can use. It must be brought into the body as air that is cleaned, cooled or
heated, humidified, and delivered in the right amounts.

The respiratory system is the body's link to this supply of life-giving oxygen. It includes the
diaphragm and chest muscles, the nose and mouth, the pharynx and trachea, the bronchial tree,
and the lungs, each of which is discussed below. (See Figure 1-1. The Respiratory System.)
The bloodstream, the heart, and the brain are also involved. The bloodstream takes oxygen from
the lungs to the rest of the body and returns carbon dioxide to them to be removed. The heart
creates the force to move the blood at the right speed and pressure throughout the body. The
smooth functioning of the entire system is directed by the brain and the autonomic nervous
system.

A person at rest breathes about 6 liters of air a minute. Heavy exercise can increase the amount
to over 75 liters per minute (3). During an 8-hour work day of moderate activity, the amount of
air breathed may be as much as 8.5 m*® (300 cubic feet). The skin, with its surface area of
approximately 1.9m? (20 sg. ft.) is commonly thought to have the greatest exposure to air of any
body part. However, in reality the lungs have the greatest exposure, with a surface area exposed
to air of 28 m? (300 sq. ft.) at rest and up to 93 m? (1,000 sq. ft.) during a deep breath (4).

The respiratory system is susceptible to damage caused by inhaled toxic materials and irritants
because the surface area of the lungs exposed to air is so large and the body's need for oxygen so
great. The ability of the respiratory system to function properly has a great impact on the body.
Disease in any one of its parts can lead to disease or damage to other vital organs. For example,
occupational lung disease can also cause heart disease.
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FIGURE 1-1. THE RESPIRATORY SYSTEM
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From American Lung Association: Occupational Lung Diseases: An Introduction. New York,
NY. Macmillan. 1979: pp 10. (5).
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B. Mechanics of Respiration

Air containing oxygen enters the body through the nose and mouth. From there it passes through
the pharynx or throat on its way to the trachea (windpipe). The trachea divides into two main
airways called bronchi upon reaching the lungs; one bronchus serves the right lung and the other
the left. The bronchi subdivide several times into smaller bronchi, which then divide into
smaller and smaller branches called bronchioles. These bronchi and bronchioles are called the
bronchial tree because the subdividing that occurs is similar to the branching of an inverted tree.
After a total of about 23 divisions, the bronchioles end at alveolar ducts. At the end of each
alveolar duct, are clusters of alveoli (air sacs). The oxygen transported through the respiratory
system is finally transferred to the bloodstream at the alveoli. (See Figure 1-2. Schematic
Diagram of the Airway.)

The trachea, main bronchi, and approximately the first dozen divisions of smaller bronchi have
either rings or patches of cartilage in their walls that keeps them from collapsing or blocking the
flow of air. The remaining bronchioles and the alveoli do not have cartilage and are very elastic.
This allows them to respond to pressure changes as the lungs expand and contract.

Blood vessels from the pulmonary arterial system accompany the bronchi and bronchioles.
These blood vessels also branch into smaller and smaller units ending with capillaries, which are
in direct contact with each alveolus. Gas exchange occurs through this alveolar-capillary
membrane as oxygen moves into and carbon dioxide moves out of the bloodstream. (See Figure
1-3. A Close-Up View of Alveoli and Capillaries.) Although the 300 million alveoli found in
the lungs are microscopic, they have a total surface area equivalent to the size of a tennis court

(6).

Diffusing capacity measures the ease with which gas exchange takes place between the alveoli
and capillaries. Certain lung diseases affecting the alveoli and capillary walls can interfere with
diffusion and reduce the amount of oxygen reaching the bloodstream. Spirometry does not
measure diffusing capacity, but it can be measured in a pulmonary function laboratory using an
instrument which cost $20,000 to $40,000.

The movement of air into and out of the lungs is called ventilation. The contraction of the
inspiratory muscles (principal inspiratory muscle is the diaphragm) causes the chest cavity to
expand, creating a negative pressure. The resulting flow of air into the lungs is called
inspiration. During a maximal inspiration, the diaphragm contracts forcing the abdominal
contents downwards and outwards (See Figure 1-1). The external intercostal muscles, found
between the ribs, are also involved. These muscles contract and raise the ribs during inspiration,
thus increasing the diameter of the chest cavity. In addition to these muscles, the scalene muscle
and the sternomastoid muscle in the neck may be employed during extreme ventilation or in
conditions of respiratory distress.
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FIGURE 1-2. SCHEMATIC DIAGRAM OF THE AIRWAY
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Schematic diagram of the airway. Progressive subdivision of the tracheo-bronchial tree
illustrating both conducting airways and respiratory unit. From 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. (6).
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FIGURE 1-3. A CLOSE-UP VIEW OF
ALVEOLI AND CAPILLARIES
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From 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. 9. (6)

Normal expiration is a passive process resulting from the natural recoil or elasticity of the
expanded lung and chest wall. (However, when breathing is rapid, the internal intercostal
muscles and the abdominal muscles contract to help force air out of the lungs more fully and
quickly.) A lung can be viewed as the opposite of a sponge. When a sponge is squeezed and
released, its elasticity causes it to rebound to its larger initial size. At the end of an inspiration,
the elasticity of the lung causes it to return to its smaller inter-breath size. The ability of the lung
to do this is called elastic recoil.

The degree of stiffness or compliance of the lung tissue affects the amount of pressure needed to
increase or decrease the volume of the lung. Lung compliance can affect elastic recoil. With
increasing stiffness, the lung becomes less able to return to its normal size during expiration.
Lung diseases are discussed later in this unit.

The amount of airflow resistance can also affect lung volumes. Resistance is the degree of ease
in which air can pass through the airways. It is determined by the number, length, and diameter
of the airways. An individual with a high degree of resistance may not be able to exhale fully,
thus some air becomes trapped in the lungs.
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The total capacity of the lungs is sometimes useful for understanding pulmonary pathology. A
reasonable estimate of total lung capacity can be obtained by combining several volume
parameters. (See Figure 1-4. Lung Volumes.) The most common parameters are:

1.

6.

Tidal Volume (TV): during quiet, relaxed breathing, the volume of air that is inhaled or
exhaled with each breath.

Expiratory Reserve Volume (ERV): the maximal amount of air forcefully exhaled after
a normal inspiration and expiration. The amount of exhaled air will be more than was
just inhaled.

Inspiratory Reserve Volume (IRV): the maximal amount of air forcefully inhaled after
a normal inhalation.

Residual Volume (RV): the amount of air remaining in the lungs after the deepest
exhalation possible.

Vital Capacity (VC): The maximum amount of air that can be exhaled after the fullest
inhalation possible. Vital capacity is the sum of the tidal volume, the inspiratory reserve
volume, and the expiratory reserve volume. (The amount of air that can be exhaled with
a maximal effort after a maximal inhalation is called the Forced Vital Capacity (FVC).
The FVC is the volume that is measured in spirometry and will be discussed in more
detail in subsequent units.)

Total Lung Capacity (TLC): the sum of the vital capacity and the residual volume.

(The reader may find it helpful to refer to Appendix A. Glossary of Terms Commonly Used in
Spirometry when reading this and subsequent units.)

Inspiratory Reserve_>
Vital
Tidal Volume > Capacity I Total
Lung
Expiratory Reserve| » Capacity

Residual Volume

FIGURE 1-4. LUNG VOLUMES
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C. Mechanisms for Protecting the Lungs against Airborne Hazards

Airborne contaminants can be in the form of gases (vapors), liquids (mists), or solids (smokes
and dusts). (See Appendix B. An Overview of Occupational Lung Hazards for a discussion
of common types of lung hazards seen in the occupational setting.) Toxic chemicals or irritating
materials that are inhaled can damage the tracheo-bronchial tree or the lungs. These substances
can cause harm in other parts of the body as well because the lungs provide an important route of
exposure.

In order for a hazardous substance to affect the lungs, it must first pass through the bronchial tree
and reach the alveoli. The body's defensive mechanisms prevent all but the smallest respirable
particles from reaching the alveoli. The average person can see with the naked eye particles as
small as 50 microns in diameter. (The symbol "um" is the abbreviation for micron.) To put this
in perspective, there are 25,400 microns in an inch or 10,000 microns in a centimeter. Smaller
particles can sometimes be seen if a strong light is reflected from them (such as specks that can
be seen in the air when sunlight streams through a window). Particles of respirable size are less
than 10 microns and cannot be detected without a microscope.

The size, shape, and mass of particles affect where they are deposited in the respiratory system.
Particles bigger than 5 microns usually do not remain airborne long enough to be inhaled or they
are trapped by the nose. Heavier particles also settle out quickly and are easily removed if they
are inhaled. Particles of intermediate size (1-5 microns) are more likely to deposit in the trachea
and bronchi. Small particles (0.01-1 micron) are more likely to reach the bronchioles, alveolar
ducts, and alveoli. Fibrous or irregularly shaped particles tend to become caught at bronchiole
branching points. However, some fibers and small particles travel readily to the alveoli because
of their aerodynamic properties.

The lungs have several mechanisms to protect themselves from contamination by particles and
infectious agents. The fine hairs in the nose provide the front-line barrier by filtering out large
dust particles and other materials. However, when individuals exercise or work hard, they need
to breathe through their mouths to get enough air, and the nasal filtering system is bypassed.

The cough reflex clears foreign material from the trachea and main bronchi. Whenever irritating
materials touch the walls of these airways, the chest and lungs quickly contract. As a result, air
is rapidly forced out of the lungs, which usually expels the irritant.

The trachea, bronchi, and larger bronchioles are lined with fine, hair-like ciliary cells. These are
covered with a thin layer of mucous that catches foreign material. The cilia rhythmically beat
and move the mucous-trapped material up to the throat where it can be swallowed or spit out,
and thus eliminated from the body. This process is called the mucociliary escalator (see Figure
1-5. Mucociliary Escalator).
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FIGURE 1-5. MUCOCILIARY ESCALATOR

The tracheal lining showing ciliated and goblet cells and the mucous layer. This is called the
"mucociliary escalator."”

From 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, Cincinnati, p. 9. (6)

Alveolar macrophages are specialized cells that mobilize to destroy bacteria and viruses. In
healthy lungs, the production of macrophages and mucous increase as needed to remove foreign
matter and then return to normal levels.

Coughing usually removes irritating particles instantly and the mucociliary escalator may take
only a few hours to expel foreign materials. However, the innermost areas of the lungs can take
considerably longer to clear out foreign matter (7). Lungs that receive prolonged or repeated
exposure to air contaminants eventually cannot keep up with the rate of deposition and/or the
constant irritation. As a result, the contaminants accumulate, contributing to the development of
occupational lung diseases.

D. Smoking and Occupational Lung Disease

Smoking contributes to lung disease in several ways. It impairs the lungs' natural defense
mechanisms by irritating the airways and inhibiting the work of macrophages and the
mucociliary escalator. In itself, it is a leading cause of serious lung and heart disease and certain
types of cancer. It also has a synergistic effect with other pulmonary carcinogens, such as
asbestos, chromium and uranium compounds, and arsenic. Synergistic means that the combined
effect of two or more substances is greater than the effects of each added together. Smoking
increases the risk of lung cancer by 15%, chronic asbestos exposure by 4%, but together they
produce a 60% increase in risk, not a 19% increase (8). As a result, smokers who receive
prolonged occupational exposures to other airborne contaminants develop heart and lung disease
and cancer more readily than do nonsmokers with comparable exposures, and these diseases
progress more rapidly because of the extra burden on the lungs created by smoking.
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E. Occupational Lung Diseases

Spirometry is used to detect lung abnormalities that show obstructive or restrictive patterns, or a
combination of the two. (See Appendix C. Overview of Occupational Lung Disease for
descriptions of some of the better known occupational lung diseases. Also see Appendix D.
Respiratory Surveillance Programs for information on the role of spirometry in the medical
surveillance of occupational lung disease.) Obstructive diseases or abnormalities interfere with
the flow of air into and out of the lungs. The underlying disease process frequently alters the
diameter or integrity of the airways, causing increased airflow resistance from bronchospasm,
mucosal edema, and increased production of secretions. Emphysema is one form of obstructive
disease. When individuals with emphysema exhale (especially if they exhale forcefully) the
airways narrow further or collapse. Asthma and chronic bronchitis are other common
obstructive diseases. Restrictive diseases, such as asbestosis and silicosis, are caused by fibrotic
tissue changes that reduce the ability of the lungs to expand (i.e., they have low compliance) but
do not necessarily affect air flow. Disorders that affect the neuromuscular functioning of the
chest wall may also produce a restrictive pattern. Other lung diseases, such as pneumonia, may
show both obstructive and restrictive patterns.
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UNIT TWO: OVERVIEW OF SPIROMETRY
A. Definition of Spirometry

Spirometry is a medical screening test that measures various aspects of breathing and lung
function. It is performed by using a spirometer, a special device that registers the amount of air
a subject inhales or exhales and the rate at which the air is moved into or out of the lungs.
Spirograms are tracings or recordings of the information obtained from the test. The most
common spirometric tests require that the subject exhale as forcefully as possible after taking in
a full, deep breath. The subject's effort is called the forced expiratory maneuver.

B. Types of Spirometers

There are two types of spirometers: 1) those that record the amount of air exhaled or inhaled
within a certain time (volume) and 2) those that measure how fast the air flows in or out as the
volume of air inhaled or exhaled increases (flow). Both are used in screening for lung disease.
(Standards for spirometric equipment are discussed in Unit Eight: Overview of Standards for
Spirometric Equipment.)

1. Volume Spirometers

Volume spirometers record the forced expiratory maneuver as it is produced. When the subject
breathes into a mouthpiece, the air moves a cylinder, a plastic bell, or a rubber or plastic
diaphragm, which in turn moves a pen that traces a curve on a moving paper graph. The water
seal, dry rolling seal, and bellows spirometers are the three most widely used types of volume
spirometers (6, 9).

Key Features
1. Tracings record volume in relation to time. The "y" (vertical) axis plots volume in liters

and the "x" (horizontal) axis plots time in seconds. (See Figure 2- 1. Normal Volume
Time Curve.)
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FIGURE 2-1. NORMAL VOLUME TIME CURVE
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2. On most volume devices, the tracing is mechanically produced during the subject’s
expiratory maneuver. This type of spirogram is sometimes called a "real time" tracing.
"Real time" tracings are useful for the following reasons:

a. The technician can easily determine when to end the test by watching the subject's effort
being recorded as it happens. However, some volume devices do not produce a real time
tracing. Instead, the tracing is printed after the forced expiratory maneuver has ended
and the computer has completed its calculations. If the volume/time tracing is
electronically produced, the technician should watch a digitized version of the tracing on
a computer screen.

b. Mechanically produced tracings permit hand calculations of spirometric values (see Unit
Five: Basic Spirometric Calculations). Even if the computer system fails, the data
from the tracings can still be analyzed.

c. Computers or microprocessors are not needed for basic operations.

3. Some volume spirometers are easily portable and operable under a variety of environmental
conditions.

4. A leak test and a three liter syringe calibration check are easy to perform (see Unit Three:
The Quality Assurance Program).

5. Many volume spirometers can produce flow/volume curves and loops, with the addition of
special electronic or digital circuitry.

Other Considerations
1. Volume spirometers hold their calibration months to years better than flow spirometers.

2. When using volume/time tracings, it is not practical to determine by hand the peak expiratory
flow (PEF - the point of maximal air flow during the forced expiratory maneuver) or
instantaneous flows at a given volume. However, it is possible to add special equipment that
will allow this information to be obtained. Flow-volume displays can also be derived from
many volume spirometers that are equipped with a potentiometer or digital encoder
connected to a PC.

3. Coughs and submaximal efforts are not as obvious as they are on flow/volume tracings. The
significance of coughs during a forced expiratory maneuver is discussed in Unit Four:
Spirometric Technique.

4. Some volume spirometers are heavy, cumbersome to move, and may be prone to fostering
mold or bacterial growth if not cleaned properly.
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2. Flow Spirometers

Flow spirometers measure how quickly air flows past a detector and then derive the volume by
electronic means. They record the flow rate at very brief intervals, such as 30-300 times a
second, and use the data obtained to reconstruct the flow rate at each point in time and volume.
This process is called digitization. The most common types of flow spirometers are the
pneumotachographs, hot wire anemometers, and rotating vanes (6, 7).

Key Features

1.

Tracings measure flow in relation to volume. The "y" (vertical) axis plots the rate of air flow
in liters per second and the "x" (horizontal) axis plots volume in liters. (See Figure 2- 2.
Normal Flow VVolume Curve.)

Flow/volume tracings are useful for several reasons, including:

a.

The peak expiratory flow (PEF) and instantaneous flow at any given volume can be
easily determined and the patterns of slow or hesitant starts are easier to recognize.

It is very easy to detect a cough because the flow drops to zero with no air flow when the
glottis closes.

It is easy to detect a possible artifact, such as occlusion from the subject's tongue or
dentures, because the peak flow will be variable or reduced.

Many flow spirometers can also print flow/volume loops. These give information about
inspiration as well as exhalation.

The computer can produce a volume-time tracing from the digitized flow rate data.
However, the tracings are not mechanically produced.

Flow spirometers are usually lighter and more portable than volume spirometers.

Disposable, single-use flow sensors, available on some flow spirometers eliminate the
(extremely low) risk of cross-contamination.

Other Considerations

1.

The tracings are not produced during the actual maneuver but instead are reconstructed

afterwards from the computerized information that has been recorded. There is no "real

time" or “hard-copy” tracing that is recorded independently of the electronic system. This

can be a problem for the following reasons:
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a. The equipment must include a computer, microprocessor, or other electronic circuitry; so
if the electronic system fails completely, there is no tracing on which to calculate
spirometric values by hand.

b. On some systems, the technician has to rely on the computer to decide when to end the
test.

c. Since the tracing is reconstructed, it will usually correspond to the printout. Therefore
hand calculations may not provide a reliable way to check that the system is working

properly.

d. The Cotton Dust Standard and other federal regulations require tracings. According to
the Cotton Dust Standard, "the tracing must be stored and available for recall and must be
of sufficient size that hand measurements may be made (10)." (See Appendix E. OSHA
Cotton Dust Standard, Appendix D.)

2. The Forced Expiratory Volume in One Second (FEV;) cannot be calculated by hand unless
the time is indicated in seconds on a flow-volume tracing. The FEV; is one of the basic
spirometric calculations used in medical surveillance. It is discussed in more detail later in
this unit and in Unit Four: Spirometric Technique and Unit Five: Basic Spirometric
Calculations.

3. Some flow spirometers are harder to calibrate than volume spirometers and may lose their
calibration over time if not well maintained. Flow spirometers may also be less accurate in
determining volumes since volume must be derived from the flow signal.

C. Important Measures of Ventilatory Performance

Certain diseases or conditions affect the rate at which air can move through the lungs
(obstructive diseases) or the ability of the lungs to expand (restrictive diseases). (See Unit One:
Overview of Pulmonary Anatomy and Physiology and Appendix C. Overview of
Occupational Lung Disease for more information). Since spirograms reveal both the rate of air
flow and the volume of air moved, they identify individuals who have these diseases or
conditions.

Three measurements obtained through spirometry are particularly useful: forced vital capacity
(FVC), forced expiratory volume at one second (FEV), and the ratio of the FEV; to the
FVC. Computerized spirometers frequently print out six or more measures of flow or volume.
However, for most purposes, the FVC and FEV; suffice. The FVC is the total volume of air
exhaled after a Forced Expiratory Maneuver (the act of exhaling as hard and fast as possible
after maximal inspiration). FVC should not be confused with vital capacity, which is defined as
the maximum amount of air that the subject can breathe out after the deepest inspiration, whether
or not the air was exhaled forcefully. In subjects without airways obstruction, the FVVC is usually
equal to the VC. The FEV; is the amount of air that a person breathes out during the first second
of a forced expiratory maneuver. (See Figure 2- 3. FVC and FEV; on a Normal Volume Time
Curve and Figure 2- 4. FVC and FEV; on a Normal Flow Volume Curve.)
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The ratio of the FEV; to the FVC is obtained by dividing the FEV; by the FVC. (See Unit Five:
Basic Spirometric Calculations for instructions on computing these measurements.)

A person with a low FVC may have a restrictive disease while a low FEV1/FVC ratio may
indicate an obstructive disease. (See Figure 2- 5. Normal and Restrictive Pattern Volume
Time Curves, Figure 2- 6. Flow Volume Curves, Figure 2- 7. Normal and Obstructive
Pattern Volume Time Curves, and Figure 2- 8. Flow Volume Curves.) For example, on the
average, 70-80% of the FVC is exhaled in the first second from a person who is healthy, while a
person with airways obstruction may only be able to exhale 60% or less of the FVVC in the first
second, even though the FVC may be normal. A person with a low FVC typically will also have
a low FEV1, indicating a possible restrictive pattern. Some individuals may also show evidence
of a combination of both airways obstruction and a low FVC. (See Figure 2- 9. Normal and
Mixed Pattern Volume Time Curves and Figure 2- 10. Flow Volume Curves.) It should be
noted that some clinicians may consider these curves to show an obstructive pattern instead of a
mixed pattern. In many cases, the low FVC of a mixed impairment pattern is secondary to the
air-trapping and incomplete expiration of moderate or severe airways obstruction. Table 1.
Lung Diseases and Spirometry Results shows the possible relationships between spirometry
results and lung disease.
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FIGURE 2-3. FVC AND FEV; ON A NORMAL VOLUME TIME CURVE
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FIGURE 2-5. NORMAL AND RESTRICTIVE PATTERNS
VOLUME TIME CURVES
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FIGURE 2-9. NORMAL AND MIXED PATTERNS
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TABLE 1

LUNG DISEASES AND SPIROMETRY RESULTS

Interpretation FvC FEV1 FEV1/FVC%
Normal normal normal normal
Spirometry

Airway low or low low
Obstruction normal

Lung low low normal
Restriction

Combination of low low low
Obstruction &

Restriction

Spirometric testing is utilized both for screening and an aid to diagnosis. As a screening tool,
spirometry is performed periodically on workers at risk for occupational lung disease due to
exposure to specific respiratory hazards. As a diagnostic tool, it is used when a patient has a
specific medical complaint or finding, such as shortness of breath, wheezing, etc. It can also
measure the effects of treatment regimens, such as use of bronchodilators or steroids.

D. Limitations of Spirometry

Although spirometry can provide useful diagnostic and screening information, it has a few
limitations. Test results can show restrictive or obstructive disease patterns, but they are not
disease-specific. For example, a person's spirogram may show a low FEV1, but a physician may
not be able to determine whether the cause is from asthma, emphysema, or some other
obstructive disease. Additional information, such as a physical examination, chest x-rays, and
health and occupational histories, are needed to make a diagnosis.

Spirometry often can detect obstructive diseases in their early stages, but for some of the
restrictive diseases, it may not be sensitive enough to show abnormalities before extensive, and
in some cases, irreversible damage has been done. For example, signs of silicosis and coal
worker's pneumoconiosis may be found on chest x-rays while spirometry results are still normal.
Thus spirometry should not be the sole screening tool of a respiratory surveillance program.
Aspects of the ideal surveillance program are described in Appendix D. Respiratory
Surveillance Programs.
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E. Accuracy and Precision

Spirometric results must be accurate, or free from errors, to be useful. For example, three liters
of air injected into a spirometer should be recorded as three liters on the tracing. The results
must also be precise, or repeatable. For example, a spirometer must be capable of consistently
recording three liters when that amount is injected into it several times. Thus the information
obtained must be comparable between different settings and from one time to another.

The American Thoracic Society (ATS) has played a major role in the standardization and
upgrading of spirometric instruments and practices. The ATS document, Standardization of
Spirometry--1994 Update (1), points out the serious ramifications that can result if accuracy and
precision are not maintained.

Spirometry is used to affect decisions about individual employees, such as: "Does this subject
have enough evidence of impaired lung function to preclude working at a specific job? Should
treatment be initiated or continued? Does this person qualify for full disability compensation on
the basis of impaired lung function? Answers to each of these questions based on spirometric
maneuvers can have a dramatic effect on a person’'s lifestyle, standard of living, and future
treatment.

During recent testing of commercially available spirometers, devices were found that had FVC
errors as large as 1.5 L, a 25% error (11). If an inaccurate spirometer is used, especially a
spirometer with poor repeatability, the improvement or degradation measured may be entirely
spirometer-related and have nothing to do with the subject.

Similarly, accurate spirometers are required for epidemiologic studies. Rates of improvement or
deterioration of pulmonary function measured in relation to environmental exposures and/or
personal characteristics may be erroneous if inaccurate, or imprecise spirometers are used (2).
What can be done to assure the most accurate and precise spirometric results? Summarized
below are the "Spirometry Standardization Steps"” recommended by ATS in the 1994 Update (1).
Each topic is covered in more detail in other units of this guide. Where appropriate, each unit
refers to both the Cotton Dust Standard and ATS Standards. (See Appendix F. American
Thoracic Society Standards for a complete copy of Standardization of Spirometry--1994

Update.)

Equipment

1. Performance. Choose equipment that meets or exceeds the Cotton Dust and ATS Standards
and has been properly validated (e.g., can demonstrate that the standards have been met).
Check with the manufacturer for verification and contact independent testing laboratories for
information on their spirometer validation studies. (See Unit Eight: Overview of
Standards for Spirometric Equipment.)

NIOSH SPIROMETRY TRAINING GUIDE 2-12



2. Equipment Quality Control. Check that the equipment is functioning properly by checking
the calibration, checking other equipment parameters and performing maintenance
procedures at regular intervals. (See Unit Three: The Quality Assurance Program.)

Spirometric Results

1. Performance. Obtain the best possible results from subjects through appropriate subject
preparation and coaching. (See Unit Four: Spirometric Technique.)

2. Calculations. Use calculation methods standardized by ATS for determining test results.
(See Unit Five: Basic Spirometric Calculations.)

3. Acceptability. Use only results from maneuvers that are free from errors. (See Unit Four:
Spirometric Technique.)

4. Reproducibility. Use results with minimal variability whenever possible. (See Unit Five:
Basic Spirometric Calculations.)

Interpretation of Results

1. Reference values. Select reference values appropriate to the setting and ensure that the same
values are used consistently. (See Unit Six: Comparing Observed to Predicted Normal
Values and Unit Seven: Comparing Changes in Follow-Up Spirograms.)

Spirometry technicians play a critical role in obtaining accurate and precise results. They
frequently have primary responsibility for seeing that quality assurance measures are carried out;
selecting, preparing, and coaching subjects; and determining whether results are acceptable and
reproducible. Therefore it is essential that these individuals receive comprehensive training in
these areas. Although the Cotton Dust Standard does not require recertification, recent studies
(12, 13) have suggested that some type of quality control program that evaluates technician skills
on an ongoing basis can have a dramatic effect on improving the quality of spirometry testing.
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UNIT THREE: THE QUALITY ASSURANCE PROGRAM

Why worry about it? Spirometry is among the most useful and accurate measures of lung
health. However, when not performed correctly, the values obtained can be misleading, and
result in misclassification of the worker’s health status (14,15). Some workers may be told they
have normal lung function when they actually have airway obstruction (a falsely negative
report), and other workers may be told that they have a disease when their lungs are actually
normal (a falsely positive report). Physicians who are asked to follow-up workers who have had
inaccurate tests may conclude the spirometry results cannot be trusted, and the entire worker
monitoring program may be placed in jeopardy. Thus, a good quality assurance (QA) program is
essential to assure that spirometry results are beneficial in monitoring the health of workers
(16,17).

A. Components of a good spirometry QA program:
Management support and sufficient resources
Knowledgeable QA program director
Procedure manual
Accurate spirometry equipment
Daily spirometer checks
Monthly spirometry quality reports
Equipment maintenance records
Technician training and review
Maneuver quality checks

Management support. Spirometry testing requires time, space, and administrative support.
Technicians need proper training, equipment, supplies, and a realistic testing schedule, as well as
a quiet and private testing area. Management support is essential to assure resources are
sufficient for a reliable program.

QA program director. The QA program director assumes direct responsibility for the entire
quality assurance program. The director ensures that technicians are trained properly and
maintain their levels of competency, resources are available to technicians to do their job
properly, all methods used follow sound scientific evidence, and that all technicians follow
guidelines established in the quality assurance program (18). The program director should have
enough confidence in the QA process that he or she can personally verify that all test results
reported from that laboratory are valid and accurate. The program director should participate in
continuing education to maintain proficiency in current techniques, protocols, and equipment.

Procedure manual. Each monitoring program should develop and use a spirometry procedure
manual. An operator’s manual from the spirometer manufacturer is not enough. The procedure
manual assures that spirometry testing procedures and equipment calibration information are
available for quick reference. It helps the program to maintain consistency by ensuring that the
same standardized procedures are available to all staff and substitute staff, and should be used to
help train new staff. A spirometry procedures manual titled “Pulmonary Function Laboratory
Management and Procedures Manual” may be obtained from the American Thoracic Society
(ATS). To order the Pulmonary Function Laboratory Management and Procedure Manual, go to
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the ATS web site (http://www.thoracic.org/statements/) and follow the instructions located under
the “Pulmonary Function and Exercise Testing” section. The program director can modify the
manual to reflect the program’s choice of equipment and procedures. The program’s manual
should be updated as needed, and copies made available to staff members.

The following topics should be included in the spirometry procedure manual:
Spirometry standards or regulations pertaining to your industry
A description of employees eligible and a testing schedule
Equipment calibration and leak test procedures, and how often they are performed
A specific description of the spirometry testing procedures
A copy of the article from which the reference values are derived
A sample of the pretest questionnaire and examples of reports
Spirometer operator’s manual and contact information for manufacturer and local distributor
A list of the necessary supplies
Instructions for infection control procedures, including cleaning or sterilizing the spirometer
The date and filename for the current version of the procedure manual

Accurate spirometry equipment. Some electronic flow-sensing spirometer models
manufactured before 1995 were not accurate. Almost all newer models are accurate when they
leave the factory, but some are more likely than others to lose accuracy over months to years of
use. The American Thoracic Society has published guidelines for testing spirometer accuracy
using a spirometry waveform generator (1). Before buying a spirometer, review the results of
accuracy testing for that model, and ask the dealer how long the spirometer is warranted to
maintain its accuracy. Purchase a rugged 3.00 liter calibration syringe to perform daily checks.
Ask the dealer whether the spirometer can be configured for NHANES III reference equations,
maneuver quality checks, storage of the results from the 3 best maneuvers, and printing of both
flow-volume and volume-time graphs.

Daily spirometer accuracy checks. Daily checks for leaks and volume accuracy of the
spirometer are needed. False positive or false negative tests can result from inaccurate
spirometers. Volume-sensing mechanical spirometers are prone to leaks. A leak can cause a
falsely low measurement of the vital capacity of tested workers (19). On the other hand, flow-
sensing spirometers are prone to clogging, which can falsely increase the results. Some
spirometers may experience other problems such as high internal temperatures causing inaccurate
BTPS corrections, and chart drives slipping due to old rubber belts. It is important that
laboratories keep accurate records of all equipment testing done for leak detection, calibration,
and maintenance. These records will assist in identifying problems with the equipment to
minimize accuracy errors. (See section on Equipment maintenance records below).

Monthly spirometry quality reports. A supervisor, medical director, or a knowledgeable third
party should review and grade the quality of all spirometry tests (and calibration check records).
Monthly or quarterly reports on test session quality (by technician) are an essential part of a
spirometry QA program. At least 95% all tests should have acceptable quality (meet the criteria
listed below for reproducibility and maneuver acceptability). Supervision or retraining of a
technician is indicated when the overall spirometry test quality falls below a 90% success rate.
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Equipment maintenance records. For each spirometer, maintain a quality log which records
calibration checks, maintenance, upgrades, and repairs, including the date and time, name of the
technician, procedures performed and the results, and remedial steps taken. Some computerized
spirometry systems store this information in a database. Record the model, serial number, and
identification number for every spirometer used. Also keep the manufacturer's manuals,
warranties, etc. with the procedure manual. Manufacturers often update or revise their software.
The program director will want to check these updates to review their relevance to his or her
laboratory’s needs.

Technician training and review. A well-trained and competent technician is the most important
factor in assuring good quality spirometry results (20). Each technician should have successfully
completed a 16 hour NIOSH-approved spirometry training course prior to performing spirometry
tests in the occupational setting. Their certificate of completion should be framed and mounted
on a wall in the spirometry testing room. Ongoing professional development and seminars for
technician reviews of the latest techniques, equipment, and procedures will assure that the
program keeps up-to-date.

Maneuver quality checks. Technicians must vigorously coach each subject in performing
acceptable maneuvers, and recognize the various patterns of poorly performed maneuvers. A
slow start (poor blast effort) can cause falsely low FEV| values. Failure to fully inhale before the
maneuver or exhale during the test can cause falsely low FVC values. Spirometers which
automatically check the acceptability of each FVC maneuver can serve to remind the technician
(21).

Some automated software will review each spirometry maneuver for ATS acceptability criteria.
(1) An error code may or may not be displayed on the computer screen for the technician. The
presence of any error code would deem that maneuver unacceptable. Remember that the
technician’s goal is to obtain at least three acceptable maneuvers. A maneuver is considered
acceptable if it does not contain any the following seven errors:

1) extrapolated volume > 5% of FVC or 150 ml

2) presence of cough during the first sec

3) variable effort

4) glottis closure

5) exhalation time < 6 seconds

6) leaks

7) baseline error

Test sessions in which the highest minus second highest FEV s (or FVCs) don’t match within
0.20 liters indicate poor reproducibility (repeatability or degree of match) and should be
interpreted with caution. Poor reproducibility of the FEV| or FVC within a test session is an
indication that effort was submaximal. This also reduces confidence in the interpretation of
subsequently measured changes in lung function (changes across the work shift or year-to-year).
The repeatability of the FEV, and FVC, and the quality of all test sessions should be checked
either manually or by an automated spirometer.
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B. Calibration checks and other equipment quality control measures
Daily accuracy checks. Daily checks for leaks and volume accuracy of the spirometer are
needed. Volume spirometers should be checked for a leak every day before use, and their
accuracy verified using a 3.00 liter syringe. Flow spirometers should be checked for volume
accuracy at 3 different flows, every day before use. During industrial surveys or other field
studies where large numbers of people are tested, calibration checks should be done at least every
four hours.

When using a volume spirometer, perform the following checks every three months:
1. Check the accuracy of the chart drive
2. Check the accuracy of the internal thermometer
3. Check the calibration syringe for a leak
4. Check for accurate volume measurements across the entire volume range

How to check for a leak in a volume spirometer. Leaks are common following disassembly of
volume spirometers for cleaning. A leak check should be done every day before testing subjects
and before the volume calibration check. Various spirometers use gravity, a metal weight, or a
spring (“negator”) to return the bell to zero volume at the end of each FVC maneuver. For some
spirometers, this return pressure may provide sufficient pressure (about 2 cm water) for leak
checks, while for others, a weight or a large rubber band may be needed. Consult the operator’s
manual or the dealer’s customer service to determine the recommended method to increase the
pressure inside the spirometer for leak checks. Start the leak check by inserting about 3 liters of
room air into the spirometer (perhaps using the calibration syringe), occlude the end of the
breathing hose, and use the recommended method to provide internal pressure. Then note the
starting volume, wait one minute, and note the ending volume. There should be no measurable
change in the volume (less than 0.02 liters). A decrease in volume by more than 0.02 liters
indicates a leak, and testing should not be done until it is corrected. Look for the usual sources of
leaks (such as a crack in the breathing hose, a loose hose connection, a loose plate, a missing
rubber O ring, etc). To track down the problem, try repeating the leak check without a breathing
hose connected, by plugging the spirometer opening with a rubber stopper. Silicone sealant may
be used to fix some leaks.

How to check the accuracy of a volume spirometer. Use an accurate 3.00 liter calibration
syringe. If the calibration syringe has been dropped accidentally, or has loose components, or a
leak, it should be returned to the manufacturer for repair and re-calibration. Make sure that the
BTPS correction is turned off, to avoid a calculation error when calibrating a computerized
spirometry system. ' Keep the syringe near the spirometer so it is at the same temperature. The
volume recorded when air is injected from the syringe into the spirometer must be within +3 % of
3.00 liters (between 2.91 and 3.09 liters). (See Figure 3-1. Volume Time Syringe Calibration.)

! This usually is done by selecting “calibration check” from the display or printout. If
regular FVC testing has been inadvertently selected, and air is injected from the calibration
syringe (simulating an FVC maneuver from a subject), the computer will report the FVC as if the
air were exhaled at body temperature. This will falsely increase the 3.00 liter calibration result
to about 3.30 liters (the BTPS correction factor).
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Record the calibration and leak check results on the daily worksheet or quality log. If the volume
is low (less than 2.91 liters), first repeat the leak check. If using a water-sealed spirometer, check
the water level. If the volume is high (above 3.09 liters), check to see if the zero volume is
correct, and ensure that the temperature of the calibration syringe is identical to the spirometer.

EXAMPLE: Air from a 3 liter syringe was injected into the spirometer, producing the tracing
below (Figure 3-1. Volume Time Syringe Calibration Check). To meet the criterion of +3%
of 3 liters, a volume must fall between 2.91-3.09L. The volume reads 2.93 liters so it is within
the acceptable range. (If the baseline does not start at zero, remember to adjust accordingly.)

FIGURE 3-1. VOLUME TIME SYRINGE CALIBRATION CHECK

It is important to understand the difference between calibration checks and re-calibration of the

6

Volume (liters)

0 1 2 3 4 5 6 7 8 9 10
Time (seconds)

spirometer. You should check the calibration of the spirometer every day; however, the
calibration of the spirometer should not be adjusted unless repeated checks determine that it has
become inaccurate, and no mechanical cause for the loss of accuracy can be determined. Review
the volume-time tracing exercise (Figure 3-2. VVolume Time Syringe Calibration Check) from
a calibration check of a dry rolling seal spirometer at the end of this chapter.

How to check the accuracy of a flow spirometer. Check the volume accuracy using a 3.00 liter
calibration syringe every day before using the spirometer. Select “calibration check” from the
menu of the spirometer (so that the software does not apply a BTPS correction factor to the
results). If the flow sensor is permanent and heated (as in some older models), check the manual
to see if the heater should be turned off for at least 30 minutes before calibration checks. If an
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unheated permanent flow sensor is used and it was recently cleaned, be sure that it is completely
dry and at room temperature before the calibration check. If the spirometer uses disposable flow
sensors, use a new flow sensor from each box of flow sensors for the calibration checks. For
calibration checks, some flow spirometers require a special adaptor that fits between the syringe
and the flow sensor.

First fill the syringe with air completely, then attach it firmly to the flow sensor, and empty it
smoothly and completely. End the maneuver carefully until a soft click is heard, meaning that the
syringe was emptied completely. Do not bang the syringe while emptying it, to avoid damage.
Disconnect, refill with air, and then empty the syringe three times, each time at a different speed:
First, empty it in less than one second (fast), next in 2 or 3 seconds (medium), and the third time
take about six seconds (slow). Count “one-one-thousand, two-one-thousand” etc, while emptying
the syringe, to gauge the speed of emptying. The resulting FVC for all 3 of these maneuvers
should be between 2.91 and 3.09 liters. Record all three results on the daily worksheet or quality
log.

Quarterly equipment checks for volume spirometers. To check a mechanical chart recorder,
use a stopwatch to ensure that one second recorded on the tracing equals one second to within
+1% (or one half of the smallest time division on the graph). Since one second is difficult to
measure accurately, measure how long it takes for the pen to traverse a 10 second segment of
chart paper and divide the result by ten. Observe that the chart drive is functioning smoothly,
since the clutch or rubber rollers may slip (indicating the need for replacement). Record your
results in the quality log.

Use a reference thermometer to check the accuracy of the thermometer used to measure the
internal temperature of the spirometer. If the two temperatures do not match within one degree
Centigrade, the BTPS correction factor will be inaccurate. If the volume spirometer does not
measure the temperature inside the bell or volume chamber, ask the manufacturer how to install a
thermometer, or ask an engineer to install one. Electronic indoor/outdoor thermometers
(available for about $20) should work fine.

Check that the spirometer starts the test at the right time. Some spirometers falsely start the test if
the subject shakes the mouthpiece when inhaling. This causes the FEV to be artificially low
(22). Some require excessive exhalation volume before the mechanical chart or pen starts moving.
Calculate the FEV| by hand from the tracing and compare to the electronically-derived FEV; to
ensure that the equipment is using the equivalent to the back extrapolation method to determine
the start of the test. (Directions for calculating FEV, and back extrapolation are given in Unit
Five: Basic Spirometric Calculations.)

C. Infection control. Although the transmission of infection through spirometry has not been
documented, the theoretical risk should not be overlooked. The Centers for Disease Control and
Prevention (CDC; http://www.cdc.gov) has published several guidelines for preventing cross-
contamination.

Always wash your hands before and after spirometry testing.
Instruct workers to attach, remove, and discard the disposable mouthpiece for each session.
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Use disposable or sterilized nose clips.

Don’t test workers who have an active respiratory infection (a cold or the flu).

When using a volume spirometer, use a clean breathing tube for each subject.

When using a volume spirometer, consider using disposable spirometry “filters.”

Don’t re-use flow sensors designed for single patient use.

Follow the spirometer manufacturer's recommendations for cleaning and disinfecting.

Most hard surfaces may be disinfected by wiping with isopropyl alcohol.

Check with your state health department for state mandates on infection control in health care
settings.
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Figure 3-2. Volume Time Syringe Calibration Check has been included below for students to
practice their calculation skills.

EXERCISE: Air from a 3 liter syringe was injected into the spirometer, producing the tracing
below. Is the spirometer in need of repair?

FIGURE 3-2. VOLUME TIME SYRINGE CALIBRATION CHECK - EXERCISE

Volume (liters)
w

0 1 2 3 4 5 6 7 8 9 10
Time (seconds)

FEEDBACK: The volume from the calibration check reads 3.1 liters, which is not within the
acceptable range. Check that the syringe is working properly. If it is, repair the spirometer
before using.
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UNIT FOUR: SPIROMETRIC TECHNIQUE

A well-trained technician is essential for achieving accurate and precise spirometric results. The
consequences of not implementing quality assurance measures were discussed in units two and
three. Poor subject preparation and coaching can also adversely affect results. This unit will
cover the steps to be taken to help subjects produce the best tracings that they can. (See
Appendix G. Spirometry Procedure Checklist for a summary of the material covered in this
unit.)

A. Prepare the Equipment

1.

Check that the equipment has been properly cleaned according to established policies.
(See Unit Three: The Quality Assurance Program for infection control
recommendations.)

Check that the equipment is set up:

Attach breathing hose if applicable.

Check paper supply.

Set the paper speed.

Check the position of the pens.

Give the equipment a test run, preferably test yourself, since you will be familiar with
your result if you have routinely performed forced expiratory maneuvers on your
equipment (see Unit Three: The Quality Assurance Program).

®o0 o

Be sure that a calibration check of the equipment has been performed on the day of testing
according to established policies. (See Unit Three: The Quality Assurance Program for
more information.)

Check that there are enough supplies (mouth pieces, nose clips, denture cups, subject record
forms, and any other materials used) to perform and record the tests. Note what supplies
should be reordered soon.

Note the ambient or room temperature (temperature within the spirometer is preferred) and
convert to centigrade if needed. (See Unit Five: Basic Spirometric Calculations, Section
I: Conversion to BTPS, for conversion tables.) Note the barometric pressure if required.

Check that the scales to measure weight and height are working properly.

Set up an area that is screened off where subjects can loosen or remove restrictive clothing
or loose dentures.

Have available a chair without wheels for subjects.

Make available trash receptacles for discarded gowns, mouthpieces, etc.
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10. Follow your institution's requirements for disposal of medical waste.

B. Prepare the Subject

1. Explain the purpose of the spirometry test

a.

Introduce yourself and tell the subject that today you will be taking measurements to
check on the health of his/her lungs. The word "test” often makes people nervous
because they worry that they won't know the "right" answer or that they won't "pass".
Try to avoid using that word when speaking to the subject to prevent him/her from
developing "test" anxiety.

Point to the spirometer and note that you'll be using it to record the amount of air he/she
can exhale and how quickly he/she can do it. (NOTE: Exhaling as forcefully and
quickly as possible into a spirometer is called the Forced Expiratory Maneuver.)

Emphasize that the procedure doesn't hurt, but to get useful and valid results, he/she must
breathe as hard and as fast as possible when told to do so and the procedure must be
repeated a few times to obtain all of the information needed.

Explain that you will tell him/her how to do the procedure and that you will also give a
demonstration before he/she does it, but first you need to ask a few questions.

2. Check whether the test should be carried out or postponed. Certain conditions can affect
test results. Follow the criteria established by your institution for postponing spirometry. If
no criteria exist, the sample questions listed below can be used to guide your decision.
Before using these questions, it is recommended that you review them with your
organization's physician to determine if any should be deleted or others added.

If the test is postponed, be sure to reschedule the subject before he/she leaves, and to indicate
in the chart the date and the reason for the postponement.

a.

How are you feeling today? Find out if he/she has any acute illness that might affect
his/her ability to take a deep breath or to blow out forcefully. If so, postpone spirometry
at least three days.

Have you smoked any cigarettes, pipes, or cigars within the last hour? If yes,
postpone spirometry at least one hour. Smoking can have a short-term effect on the small
airways.

Have you used any inhaled medications, such as an aerosolized bronchodilator
within the last hour? If yes, postpone spirometry at least one hour. These can have a
short-term effect on the small airways.

What have you eaten in the last hour? A heavy meal may have a short-term effect on
the subject's ability to take the deepest breath possible. After finding out what the subject
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has had to eat, decide whether or not the amount of food was sufficient to influence the
results. If so, postpone spirometry at least one hour.

e. Have you had any respiratory infections, such as flu, pneumonia, severe cold or
bronchitis within the last three weeks? If yes, consider postponing the test until at
least three weeks after the symptoms have passed, or longer if there is a lingering cough.
These illnesses may have a small short-term effect on the airways.

f. Have you had any ear infections or problems in the last three weeks? If yes,
postpone the test at least three weeks. The subject may experience ear discomfort during
a forceful exhalation.

g. Have you had any recent surgeries? If the subject has had any major surgeries, such as
oral surgeries, surgeries to the trunk of the body, or eye surgery, consult with the surgeon
to determine how long to postpone the test. The subject's ability to take as deep a breath
as possible, or in the case of oral surgery, to obtain a tight seal, may be temporarily
affected.

C. Position the Subject

1. Sitting or Standing: The subject may sit or stand. The standing position is preferable,
particularly for obese subjects, since studies have shown that a larger FVC is obtained from
standing (23). Put a chair behind subjects if they perform the test standing. They may wish
to use it between tests. If subjects sit, encourage them to sit up straight. Note in the chart
the position in which the test was conducted.

Whenever possible, when spirometry is performed on subsequent dates, subjects should be
tested in the same position as was used the first time. If a subject stands for the first testing,
but sits for testing at a later date, his/her FVC may show a decrease that is the result of the
position rather than lung disease. This will make interpretation of the test results difficult
unless the position is noted in the chart each time. Note: the standing position should be
used for pregnant women, obese men and women, and children to obtain the best
results.

2. Clothing: Instruct the subject to loosen tight clothing, such as ties, belts, bras or girdles,
which tend to restrict hard and fast breathing. You may want to have available disposable
gowns and a screened area where the subject can loosen restrictive clothing or remove it and
put on a gown if needed.

3. Chin and Neck Position: Instruct the subject to elevate the chin and extend the neck
slightly. This position allows for the most forceful exhalation possible. (See Figure 4-1.
Chin and Neck Position.)

4. Nose clip: We recommend that the subject use a nose clip. Show him/her how to use it. This

clip prevents air from escaping through the nose during the test. If this is not possible, have
the subject pinch his/her nostrils with fingers.
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FIGURE 4-1. CHIN AND NECK POSITION.

Wrong

5. Dentures: Ask the subject if he/she has dentures and whether they are loose. Dentures
should be left in place if they are not loose, since it is often difficult to keep a tight seal
around the mouthpiece without the dentures in place. Make a note in the chart if the test is to
be attempted while wearing them. Watch the shape of the curves closely to determine if the
dentures are obstructing the subject's airflow. Keep a supply of plastic denture cups for
possible use.

D. Perform the Test

1. Explain to the subject how the forced expiratory maneuver is performed:

a.

b.

Hold the spirometer tube near a shoulder so that it will be close by when needed.

Take the deepest possible breath after breathing in and out normally for several seconds.
Bring the spirometer tube to the mouth and place it on top of the tongue between the
teeth. Put the mouth firmly around the mouthpiece, making sure not to purse the lips as if
blowing a musical instrument. Instruct the subject not to inhale from the mouthpiece
unless information on inspiration as well as expiration is to be recorded. (See Figure 4-
2. Correct Mouth Position.)

Keep the chin slightly elevated and make sure that the tongue is out of the mouthpiece.

Without further hesitation, BLAST into the mouthpiece of the spirometer as hard, fast
and completely as possible.
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f. Keep blowing as long as you can or until you are told to stop.

FIGURE 4-2. CORRECT MOUTH POSITION

Right

. Always demonstrate for the subject the proper technique using a mouthpiece. Check to
see if the subject has any questions.

Perform last minute equipment preparations if applicable:

a. Place the recorder pen in the appropriate position on the chart paper.

b. Start the paper moving at least one second before the subject blows into the mouthpiece.

Coach the subject

a. Instruct the subject: "Whenever you are ready, take the deepest possible breath, place
your mouth firmly around the mouthpiece, and without further hesitation, blow into the
spirometer as hard, fast, and completely as possible.” Watch the subject inhale fully,
place the mouthpiece, and BLAST out the air.

b. Actively and forcefully coach the subject as he/she performs the maneuver. Emphasize,
"BLAST the air out, blow, keep blowing, keep blowing!" Studies have shown that active
coaching during both inspiration and expiration help the subject to give a maximal effort.

c. Keep coaching them to continue to exhale until the point at which the tracing becomes
almost flat -- an obvious plateau in the volume-time curve. Since the end of test is hard

for the technician to determine during the maneuver, tell the subject to blow as long as
he/she can. After each maneuver let him/her relax for a few minutes.

NIOSH SPIROMETRY TRAINING GUIDE 4-5



OSHA Cotton Dust Standard Definition of Plateau: less than 25 ml volume change in 0.5
seconds (see Appendix E. OSHA Cotton Dust Standard, Appendix D.). This is hard to
visualize and requires that the technician become familiar with this degree of change. In
addition, one study has shown that strictly following the 25 ml in 0.5 seconds criterion results in
premature termination of the FVC maneuver and correspondingly lower FVCs (24).

ATS 1994 Definition of Plateau: The American Thoracic Society defines the end of the test as:
A plateau in the volume-time curve, as defined by no change in volume for at least 1 second, or a
reasonable expiratory time. In a normal young subject, the expiration would usually be
completed in less than 6-second. In an obstructed or older healthy subject, a longer expiratory
time is required to reach a plateau. However, multiple prolonged exhalations are seldom
justified (1). (See Appendix F. American Thoracic Society Standards.)

5. Check the acceptability of each tracing before continuing the testing. (See below)

E. Check the Acceptability and Reproducibility of the Maneuver

Rationale. Spirogram results are used to detect possible conditions that affect the subject's
ability to exhale as fully and forcefully as possible. The results are compared either to the
subject's previous spirogram results if they are available or to established tables of results that
would be expected for a person with his/her characteristics (e.g., sex, age, height, etc.).
(Comparing results will be discussed in greater detail in Unit Six: Comparing Observed to
Predicted Normal Values and in Unit Seven: Comparing Changes in Follow-Up
Spirograms.) If inaccurate results are obtained, the information from the comparisons will not
be correct, creating the potential for not detecting serious lung diseases, or, diagnosing disease
where none exists. Therefore, the goal of each testing session is to obtain acceptable maneuvers
and a reproducible test.

1. For the purposes of spirometric testing, acceptable is defined as free from error.
Reproducible is defined as being without excessive variability. Criteria for determining
whether tracings are acceptable and reproducible are discussed below.

2. Criteria for an Acceptable Spirogram: A Forced Expiratory Maneuver which is free from
the errors listed below (examples of tracings with errors are given in Section H.). Some
errors can be easily seen, others require calculation.

a. Hesitation or false starts, indicating that the subject did not exhale as forcefully as
possible at the start of the maneuver. One check for this is the ATS criterion that the
extrapolated volume be no more than 5% of the Forced Vital Capacity (FVC) or 150 ml,
whichever is greater. (See Unit Five: Basic Spirometric Calculations for a definition
of FVC and instructions for calculating extrapolated volume.) Some automated
spirometers calculate and display this at the end of each maneuver. If you use an
automated spirometer, verify that these calculations and extrapolated volume checks are
indeed performed.
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b. Cough.

ATS 1994: Coughing during the first second of the maneuver or at other times that
might affect the results. Coughing during the first second may affect the Forced
Expiratory Volume in One Second (FEV;). However, coughing and sputtering toward
the end of the maneuver does not affect spirometric calculations (1). (See Unit Five:
Basic Spirometric Calculations for a definition and instructions for calculating FEV1.)

c. Variable effort, where the subject forced out the air at an inconsistent rate.

d. Glottis closure. Sometimes the (epi)glottis closes involuntarily, temporarily cutting off
the flow of air completely. A similar pattern will be observed if a subject stops his active
pushing and keeps his mouth on the mouthpiece.

e. Early termination, before an obvious plateau is reached (no change for at least 1 second
after an exhalation time of at least 6 seconds (10 s is optimal)). (Plateau is defined in
Section D. Perform the Test, in this unit.)

f. Leaks, which are caused when the subject does not have a tight seal, or if a volume
spirometer is not airtight.

g. Baseline error. The recording pen must start the tracing of the subject's effort at zero for
the volume line and must begin moving upward when the forced expiratory maneuver
begins.

Criteria for Reproducible Spirograms (after three acceptable maneuvers). The two
highest values for FVVC and FEV; taken from acceptable forced expiratory maneuvers must
show minimal variability. (See Unit Five: Basic Spirometric Calculations for definitions
and instructions for calculating for FVC, FEV, and excessive variability.) While it is
important to calculate and determine if the test satisfies the reproducibility criteria, it is
equally import to visually inspect the volume-time curves (and flow-volume curves if
available) to determine if the size and shapes of the curves are reproducible (See Figures 4-
20 through 4-23).

Number of maneuvers to perform: Ask subjects to perform at least 3 maneuvers that
are acceptable, with the highest FVCs and FEV;s within 200 milliliters of the second
highest FVC and FEV;s (The reproducibility criterion has changed over time: ATS - 1994
within 200 ml; ATS-1987 - within 5%; Cotton Dust - within 10%) from acceptable
maneuvers. The ATS recommends that 8 maneuvers be the upper limit performed during
any one testing session (1). However, eight maneuvers may cause too much discomfort for
many individuals, particularly those with lung diseases with severe airway obstruction. If,
after five attempts, the number of tracings needed to meet acceptability criteria have not been
meet, check that the subject is able to proceed. Consider rescheduling another session at a
later date.
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After each maneuver, check to determine whether it is acceptable according to the
criteria above before taking additional tests. If errors are found, discuss with the subject
ways to prevent them before proceeding. (See Section F. Retest as Needed later in this unit
for suggestions for coaching the subject.)

After three acceptable maneuvers have been obtained, check for excessive variability before
proceeding (see Unit Five: Basic Spirometric Calculations to calculate excessive
variability.)

NOTE: Individuals with normal lung functioning generally are able to perform forced
expiratory maneuvers with reproducible results. However, a recent study reported that
individuals of short stature may have more difficulty satisfying the reproducibility criteria
(25). In addition, individuals with lung impairment, especially those with obstructive
diseases, often require longer exhalation times. This can lead to more variable results and
poor reproducibility (26). The ATS Standardization of Spirometry--1994 Update points out
that eliminating test results not meeting reproducibility criteria can lead to bias since subjects
with lung impairment may be excluded from analyses (1). The importance of this concern is
illustrated in the occupational setting where group data are sometimes used to detect possible
exposures to pulmonary hazards. If subjects with excessive variability are not included, the
data may indicate that the workplace exposure had no adverse effect, when in fact it had.
Thus, workers might continue to be subjected to hazards.

The ATS 1994 Update recommends that reproducibility be a goal to strive for during testing.
It suggests that the reproducibility criteria be used as a guide to determine whether more
maneuvers are needed and not to exclude subjects:

"Labeling results as being derived from data that do not conform to reproducibility
criteria...The acceptability criteria must be applied before the reproducibility criteria.
Unacceptable maneuvers must be discarded before applying the reproducibility criteria...The
only criterion for unacceptable subject performance is fewer than two acceptable curves. No
spirogram should be rejected solely on the basis of its poor reproducibility. Reproducibility
of results should be considered at the time of interpretation... Use of data from maneuvers
with poor reproducibility is left to the discretion of the interpreter. In addition, use of data
from unacceptable maneuvers due to failure to meet the end-of-test requirements is left to the
discretion of the interpreter.” (1)
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F. Retest as Needed

1. Coach the subject. Review with the subject these common problems before proceeding
with additional maneuvers:

a. Quitting too soon or not completely emptying the lungs due to insufficient effort at the
end of the maneuver (low FVC or no plateau).

b. Not taking the deepest breath possible (low FVC and FEV;).

c. Not blowing as completely and forcefully as possible, particularly during the initial
portion of the maneuver, (low peak flow, large extrapolated volume, and variable effort).

d. Failure to maintain an airtight seal around the mouthpiece or on the nose (leaks).
e. Pursing the lips as with a musical instrument.

f.  Obstructing the mouthpiece with the tongue or dentures. If dentures seem to be the
problem, ask the subject to remove them for the remaining tests.

g. Bending over or not extending the chin.

2. Allow the subject to recover between maneuvers. The subject may require several
minutes before proceeding.

G. Record Keeping
Below are guidelines to consider for keeping subject records.

1. Consistent systems. Consistency in the record keeping system is important to ensure that all
of the information needed is obtained.

2. Data Sheets: At a minimum, the following information should be obtained each time
spirometry is performed:

a. Test date and time.

b. Subject's name, identification number, age, height, sex and race.
c. Spirometer used (e.g., type, serial number, etc.).

d. Ambient air and spirometer temperature.

e. Sitting or standing position used.

f. Source of reference values used (predicted normals).
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g. Testresults.
h. Technician's name or initials.

I. Barometric pressure. This information should be included if it is not too difficult to
obtain. Barometric pressure changes are especially important when testing is conducted
at different altitudes.

J. Any technician comment on subject cooperation/effort or other comments regarding the
test session.

When spirometry is used for medical surveillance it is often helpful to have a data sheet that
summarizes spirometric test results and comparisons in the subject's record. This provides a
quick way to keep track of changes. Some spirometers are connected to a computer with a
database of results which automates this process. (On the last page of this unit, the Pulmonary
Function Studies Flowsheet, is a sample of a data sheet).

3. Tracings: The actual spirogram should also be incorporated into the permanent record.
Federal regulations affecting spirometry require a permanent record and this ensures access
to the tracing at a later date, even if computerized records are not available. Some
recommend that the subject sign each tracing as it is produced. This eliminates any
possibility of a mix-up, especially on mechanical tracings that don't print out the subject's
name.

4. Confidentiality: Remember that spirometric test results and tracings are confidential, as are
all medical records.

5. Length of time to keep records: Most federal regulations for certain workplace exposures
require retention of medical records for 30 years following the date of an employee's
termination. Check the requirements applicable for your company or industry.

6. Back-up copies: Make backup copies of all critical computerized information.

H. Sample Tracings

1. Hesitation or false start (this can include excessive extrapolated volume): (Figures 4-3

and 4-4). The volume time curves starts slowly instead of climbing sharply. The peak of the
flow volume curve is displaced to the right, away from the ‘y’ or vertical axis.
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FIGURE 4-3. VOLUME TIME CURVE
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2. Cough: (Figures 4-5 and 4-6). Both the volume time and the flow volume curves show

dips instead of a smoothly-formed line.

FIGURE 4-5. VOLUME TIME CURVE - COUGH
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3. Variable effort. (Figures 4-7 and 4-8). Both curves show dips in the line similar to those

for a cough. It is usually difficult to distinguish between a cough and variable effort on a
tracing. However, either cause during the first second will make the tracing unacceptable to

use for calculations. Note that the variable effort tracings also terminate early in this sample.

FIGURE 4-7. VOLUME TIME CURVE - VARIABLE EFFORT
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4. Glottis closure: (Figures 4-9 and 4-10). Both curves stop abruptly. On the volume time
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5. Early termination: (Figures 4-11 and 4-12). The volume time curve does not plateau and

is less than six seconds in this example. The flow volume curve shows a low total volume

and the line (flow) drops sharply at the end of expiration.

FIGURE 4-11. VOLUME TIME CURVE - EARLY TERMINATION
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plateau. The flow volume curve "backtracks™ at the end. This pattern can be caused by leaks

6. Leaks: (Figures 4-13 and 4-14). The volume-time curve drops instead of reaching a
in a volume spirometer or around the mouthpiece.

FIGURE 4-13. VOLUME TIME CURVE - LEAKS
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acceptability criteria are met, these tracings could be used by adjusting calculations to reflect
FIGURE 4-15. VOLUME TIME CURVE - BASELINE ERROR

7. Baseline error: (Figures 4-15 and 4-16). Neither tracing starts at zero for volume. If other
where the baseline should have been.
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EXAMPLE: 8a. Visual inspection of curves for non-reproducible test. Figures 4-17 and
4-18 show a non-reproducible test with 3 acceptable curves. The actual calculation of excessive
variability will be covered in Unit 5, but a visual inspection of the curves below reveal an
obvious variability in the size (FVC) of the curves. Since variable volumes (FVVCs) are most
likely due to an incomplete inhalation, the subject should be coached to take a deeper breath in
before performing the forced exhalation.

FIGURE 4-17. VOLUME-TIME CURVE - NON-REPRODUCIBLE TEST
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FIGURE 4-18. FLOW-VOLUME CURVE - NON-REPRODUCIBLE TEST
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EXAMPLE: 8b. Visual inspection of curves for non-reproducible test. Figure 4-19 and 4-20
show a reproducible test with 3 acceptable curves. Visual inspection of the curves below reveals
an obvious reproducibility in the size (FVC) of the curves. This indicates that the subject most
likely completely inhaled, before performing a forced exhalation. If a flow-volume display is
available, then the flows around peak flow should also be reproducible (highest flow values in
Figure 4-20). If peak flows are not reproducible, then the subject should be coached to Blast the
Air Out.

FIGURE 4-19. VOLUME-TIME CURVE - REPRODUCIBLE TEST
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FIGURE 4-20. VOLUME-TIME CURVE - REPRODUCIBLE TEST
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EXERCISES:

Exercises are given on the following pages so that students can practice selecting acceptable
tracings. Determining hesitations or false starts, such as excessive extrapolated volume, will be
covered in Unit Five: Basic Spirometric Calculations. Students can further practice
acceptability skills by completing the first ten exercises in Unit Nine:

EXERCISE 1: (Refer to Figure 4-21.) Do the curves below meet acceptability criteria?
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FIGURE 4-21. VOLUME TIME CURVE - EXERCISE
FEEDBACK:

No. Curves A and B show early termination. Curve B also shows a cough. Curve C shows a
cough or variable effort.
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EXERCISE 2:
(Refer to Figure 4-22.) Do the curves below meet acceptability criteria?

FIGURE 4-22. VOLUME TIME CURVE - EXERCISE
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FEEDBACK:

No. Curves A and C show possible leakage. Curve B shows early termination. Check for a
leak, particularly around the mouthpiece, and coach the subject to Blow Out Longer.
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EXERCISE 3: (Refer to Figure 4-23.) Do the curves below meet acceptability criteria?

FIGURE 4-23. VOLUME TIME CURVE - EXERCISE
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FEEDBACK:
No. All three tracings show a baseline error. Curve B doesn't plateau. Curve C is a judgment
call on whether or not a plateau was reached.
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SPIROMETRY FLOWSHEET (SAMPLE DRAFT)

Name: SS#:

. 1 ; .
Sex: Race Birthdate:
Job Location: Job Title:
Date:

Tech. Initials:
MD Initials:

Spirometerztype
or serial

Predicted used

3
Reason for test

O
Temperature C

Position:
Sit or Stand

Age

.4
Height

5
Smokes yes/no

6
Job change  yes/no

Subject effort
(good, fair, poor)
Observed FvC
Values
(BTPS) FEVY
FEV 19
FvC
Predicted FvC
Normal
Value % Pred.
FEV1
% Pred.
Change FvC
+%or
liters FEV
NOTES: 1. The predicted FEV1 and FVC in non-Caucasians (blacks and asians) must be multiplied by 0.85.
2. Be sure serial # and other relevant information are recorded in the spirometer logbook.
3. E.g., routine, asbestos, cotton dust, etc.
4. In stocking feet.
5. If yes, record smoking history in subjects’ chart.
6. Note job change information below: date, workstation, process, building, etc. Use additional paper if
necessary.

b
o
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UNIT FIVE: BASIC SPIROMETRIC CALCULATIONS

Several spirometric values can be calculated by hand from mechanically produced volume/time
spirograms. As discussed in Unit Two: Overview of Spirometry, this allows the information
obtained to be usable, even if the electronically produced printout malfunctions. See Appendix
H. Outline of Spirometric Calculations for a summary of this unit. Also see Appendix I.
Basic Mathematic Calculations and Appendix J. Metric Conversions.

A. Forced Vital Capacity (FVC)

DEFINITION:

The maximal amount of air that can be exhaled forcefully after a maximal inspiration or the
most air a person can blow out after taking the deepest possible breath. The FVC is useful for
detecting restrictive diseases, since lower than expected results may be a sign that the lungs
cannot inflate as fully as normal. The F\VC may also be reduced in severe obstructive diseases.

HOW TO CALCULATE:

1. After the subject has produced three acceptable tracings, calculate the total volume for
each tracing (count the volume lines on the graph paper). Remember that acceptable
tracings are free from error, as explained in Unit Four: Spirometric Technique, Section
E: Check the Acceptability and Reproducibility of the Test.

2. Check for excessive variability between the two largest FVCs to determine if additional
maneuvers are needed. (See the next section, Calculating Excessive Variability for
FVC for instructions.) If the reproducibility criteria are not met, continue the test as
needed, assuming that the subject is able to continue.

3. If the reproducibility criteria are met, use the FVC with the largest volume for future
calculations unless otherwise noted.
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EXAMPLE: (See Figure 5-1. Volume Time Curve - FVC Measurement): The FVC for
curve Ais 3.55 L.

EXERCISE: What are the FVVCs for curve B and C? Which of the three curves has
largest FVC?

FEEDBACK: Curve B-FVC=3.33L
Curve C-FVC=3.26 L
Largest FVC - Curve A (3.55L)

POINTS TO REMEMBER:
1. Always use the largest volume from an acceptable tracing to ensure that the maximal
results are used.

2. FVC should be given in liters rounded to 2 decimal places (e.g., 4.25 L.).

3. Remember to convert the answer to BTPS when needed. (For a definition of BTPS and
calculating instructions, see Section I.: Conversion to BTPS, which appears later in this
unit.)

B. Calculating Excessive Variability for FVC

DEFINITION:

Using three acceptable spirograms (tracings), the two with the largest FVCs are examined to
determine whether there is more than a 200 milliliter difference (0.20L) between them. [Note
(optional): reproducibility criteria have changed over the last 20 years: ATS-1994, 200 ml;
ATS-1987 5% or 100 ml (whichever is greater); Cotton Dust-1979, 10% or 100 ml (whichever
is greater). To determine “whichever is greater,” if the difference is greater than 100 ml (100
ml for Cotton Dust as well), then the percentage criterion should be used. If the difference is
not greater than 100 ml, then the percentage criterion does not need to be used as the tracings
do not have excessive variability.] (See Unit Four: Spirometric Technique, Section E.:
Check the Acceptability and Reproducibility of the Test, for the criteria for acceptable
spirograms.)
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Figure 5-1. Volume Time Curve - FVC Measurement

FIGURE 5-1. VOLUME TIME CURVE - FVC MEASUREMENT
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HOW TO CALCULATE:
To find if the difference is greater than 200 ml (calculate Best FVVC - Second Best FVC):
1. Determine the volumes for the two acceptable tracings with the largest FVCs.

2. Subtract the volume of the second largest FVVC from the volume of the largest FVC.

To find if the difference is excessive expressed in percentage (OPTIONAL):
1. Follow steps 1 and 2 above.

2. Proceed if the difference is greater than 200 ml (100 ml for Cotton Dust as well).
3. Divide the answer (the difference) by the volume of the largest FVC.

4. Multiply the answer by 100 to find the percentage of the difference, or:

Best FVC - Second Best FVCX1 0
Best FVC

0

% Reproducibility =

EXAMPLE: (See Figure 5-2. Volume Time Curve - FVC Variability).
Curve A (FVC - 3.55 L) and Curve B (FVC - 3.33 L) are the two largest curves so they
are the ones to use.

3.55-3.33=0.22
Since 0.22 is greater than 200 milliliters (0.20L), there is excessive variability between
curves A and B.

Since 220 ml is greater than 100 ml (ATS-1987) the 5% criterion can be appropriately
applied. In addition, 220 ml is greater than 100 ml (Cotton Dust). Therefore, the percent
reproducibility (optional) can appropriately be used for both the ATS-1987 and the Cotton
Dust and is calculated by:

Best FVC - Second Best FVCX1
Best FVC

00

% Reproducibility =

0.22/3.55 = .062
0.062 x 100 = 6.2%
Since 6.2% is greater than 5%, there is excessive variability between curves A and B
using the ATS-87 (5% criterion) but not using the Cotton Dust (10% criterion).
EXERCISE: (See Figure 5-2. Volume Time Curve - FVC Variability). How much
variability would there be if curves B and C had been the two largest curves?

FEEDBACK: 0.07L or [(3.33 - 3.26)/3.33] x 100 = 2.1%
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FIGURE 5-2. VOLUME TIME CURVE - FVC VARIABILITY
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EXERCISE: Three otherwise acceptable tracings had the following FVCs: A=190L.,B =
1.19L.,, C=1.97 L. How much variability would there be between the two

largest FVCs?

FEEDBACK: 70 ml. Since this is less than 200 ml (ATS-1994 criterion), there is no
excessive variability. Optional: There is no excessive variability using the
100 ml ATS-1987 or Cotton Dust criteria as well.

POINTS TO REMEMBER:
1. 1 liter = 1000 milliliters (ml)

2. The ATS Standardization of Spirometry--1994 Update recommends that reproducibility
be a goal to strive for in testing. It suggests that the reproducibility criteria be used as a
guide to determine whether more maneuvers are needed and not to exclude subjects (1).
The rationale for this is discussed in Unit Four: Spirometric Technique, Section E.
Check the Acceptability and Reproducibility of the Test.
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C. Forced Expiratory Volume in One Second (FEV)
DEFINITION:

The volume of air exhaled during the first second of a forced expiratory maneuver. The FEV;
is useful for detecting obstructive diseases since a person with obstructed airways will not be
able to exhale as much air in the first second as a person with normal lungs. The FEV; may
also be low if the person has severe restrictive disease.

HOW TO CALCULATE:

1. Find the starting point of a forced expiratory maneuver along the baseline of an acceptable
spirogram. A more accurate way for determining the start of the test will be described
later in this unit in Section E. Back Extrapolation. This is the point where time (t) =
zero. Note the scale on your graph paper to determine the length of one second. Measure
the appropriate distance fromt=0to t = 1 second.

2. Draw a straight line vertically up from the point on the baseline where t = 1 to where it

intersects with the curve. Determine the volume on the graph paper at the point of the
intersection. This is the FEV;.
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EXAMPLE: (See Figure 5-3. Volume Time Curve - FEV; Measurement):

For curve A, t =0 is at 0.24 seconds, therefore t = 1 is at 1.24 seconds. A straight line drawn
vertically at t = 1 intersects the curve at 3.15 liters. Therefore, the FEV; for curve A is 3.15
liters.

EXERCISE: Calculate the FEV;s for curves B and C.

FEEDBACK: Curve B-FEV; =298 L.
Curve C-FEV;=2.82L.

OPTIONAL EXERCISE: Calculate the FVC for curves A, B and C in Figure 5-3 and
determine if there is excessive variability.

FEEDBACK: Curve A-FVC=3.98 L.
Curve B-FVC =3.86 L.
Curve C - FVC = 3.65 L.

3.98-3.86 =0.12L
% Reproducibility (optional) = (0.12)/3.98) x 100 = 3.0%
The variability between curves A and B is only 120 milliliters and 3.0% so the FVCs do not
have excessive variability for all the criteria. Note (optional) that 120 milliliters is greater

than 100 ml; therefore, the percentage criterion is used to determine excessive variability
under the Cotton Dust criteria.

POINTS TO REMEMBER:
1. The FEV; to be used for subsequent analyses should be the largest one, regardless of the
curve on which it occurs. For example, the largest FEV; may not be on the curve with the
largest FVC.

2. The FEV; should be given in liters rounded to 2 decimal places (e.g., 3.15).

3. Excessive variability and extrapolated volume must be calculated to determine if
additional maneuvers are needed. See the following three sections for details.

4. Remember to convert the answer to BTPS when needed. For a definition of BTPS and

calculating instructions, see Section I: Conversion to BTPS, which appears later in this
unit.
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FIGURE 5-3. VOLUME TIME CURVE - FEV; MEASUREMENT
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D. Calculating Excessive Variability for FEV;

DEFINITION:

Using three acceptable spirograms, select the two with the largest FEV; and determine whether
there is more than a 200 ml difference between the two. [Note (optional): reproducibility
criteria have changed over the last 20 years: ATS-1994, 200 ml; ATS-1987 5% or 100 ml
(whichever is greater); Cotton Dust-1979, 10% or 100 ml (whichever is greater). To determine
“whichever is greater,” if the difference is greater than 100 ml, then the percentage criterion
should be used. If the difference is not greater than 100 ml, then the percentage criterion does
not need to be used as the tracings do not have excessive variability.] Remember that acceptable
tracings are free from error, as explained in Unit Four: Spirometric Technique, Section E:
Check the Acceptability and Reproducibility of the Test.

HOW TO CALCULATE:
To find if the difference is greater than 200 ml (calculate Best FEV; - Second Best FEV1):
1. Determine the FEV; for each of the tracings of an acceptable spirogram.

2. Subtract the second best FEV; from the first best FEV;.

To find if the difference is excessive expressed in percentage (OPTIONAL):
1. Follow steps 1 and 2 above.

2. Proceed if the difference is greater than 200 ml (100 ml for Cotton Dust as well).
3. Divide the answer (the difference) by the volume of the largest FEV;.

4. Multiply the answer by 100 to find the percentage of the difference, or:

e e Best FEV, - Second Best FEV,
% Reproducibility = Beat FEV x100
1

EXAMPLE: (Figure 5-4. Volume Time Curve - FEV; Measurement.) Curve A (FEV; =3.15
L.) and Curve B (FEV; = 2.92 L.) have the two largest FEV;s.
3.15-2.92=0.23L
To express the reproducibility in a percentage (OPTIONAL):
0.23/3.15=0.073 and 0.073 x100=7.3%
Since 230 ml is greater than 200 ml, there is excessive variability.

OPTIONAL.: 7.3% is greater than 5% but less than 10%, therefore these tracings would not
meet the ATS-1987 criterion but would meet the Cotton Dust criterion.

EXERCISE: Suppose that the largest FEV;s in Figure 5-4 had come from curves B and C.
Would there be excessive variability?

FEEDBACK: No, because 100 ml is less than 200 ml. OPTIONAL.: These tracings would
also meet the ATS-1987 and Cotton Dust criteria because 3.4% is less than 5%.
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FIGURE 5-4. VOLUME TIME CURVE - FEV; VARIABILITY
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EXERCISE: Three otherwise acceptable tracings had the following FEV3s: A=177L.,B =
1.71L.,C=1.98 L. Would there be excessive variability between the two largest
FEV1s?

FEEDBACK: Yes, because 210 ml is greater than 200 ml. OPTIONAL: Since 210 ml is
greater than 100 ml (ATS-1987 and Cotton Dust), the percentage criteria should be used.
Since (0.21/1.98L = 10.6%), the FEV;s for these tracings exhibit excessive variability using
the ATS-1987 (5%) and the Cotton Dust (10%) reproducibility criteria.

POINTS TO REMEMBER:

1. 1 liter = 1000 milliliters (ml)
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E. Back Extrapolation
DEFINITION:

The preferred method for determining zero time on a tracing when the exact starting point of a
forced expiratory maneuver is not obvious. Since the FEV; is affected by the point on the
graph that is selected as the start, a uniform way to determine this point must be used.

HOW TO CALCULATE AND EXAMPLE:

1. Using an otherwise acceptable tracing (see Figure 5-5), look at the F\VVC curve obtained
and lay a straight edge along the steepest portion of the curve. (See Figure 5-6.)

2. With a sharpened pencil, draw a line along the straight edge and along the steepest portion
of the curve, and extend the line to intersect the baseline. (See Figure 5-7.)

3. Where the straight line intersects the baseline is the new zero time to be used for
calculating FEV;. Mark the intersection t=0, and find the point on the baseline one second
later and mark this t=1. (Note the distance for one second on your graph paper to measure
t=1.) (See Figure 5-7.)

4. Proceed with the usual step for calculating FEV1. (For the curve in Figure 5-7, the FEV; is
2.33L.)

NOTE: To see the significance of back extrapolation to the zero time point, mark the
point at which the tracing actually leaves the baseline, and the point exactly one second
later. As seen in Figure 5-8, the FEV; would have been 2.16 L. That is a sizeable
difference.

NIOSH SPIROMETRY TRAINING GUIDE 5-13



(spuodas) awi],

01

FIGURE 5-5. VOLUME TIME CURVE
FEV1: AND EXTRAPOLATED VOLUME (VEXT)

;

Lt

NIOSH SPIROMETRY TRAINING GUIDE 5-14

(1xap) sumjoA parejodenxy pue [AH] - 3AInD W], SWNJOA ‘G- N1y



FIGURE 5-6. VOLUME TIME CURVE - DRAW LINE FOR TEXT
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FIGURE 5-7. VOLUME TIME CURVE - MEASURE TIME ZERO AND FEV;

[

:

B

o

g

[ V]

n§

b

8

:

=

(]

2

.

O

Q

B

1l

:

)

>

5

v

g &

% - \

e i ¥
3
e X
R e
""-“-....__ \\ """
é" ; jedePricded

—
.
b
EZ::!'iE::;;iZE'E Eidabad Lod
=] v <t o (o |

NIOSH SPIROMETRY TRAINING GUIDE 5-16

10

1

t

=0

t

Time (seconds)



FIGURE 5-8. VOLUME TIME CURVE - TWO POSSIBLE TIME ZEROS
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EXERCISE: Using the curve in Figure 5-9, calculate the FEV1, using back extrapolation.

FEEDBACK: FEV;=3.08 L.
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Figure 5-9. Volume Time Curve - Exercise

FIGURE 5-9. VOLUME TIME CURVE - EXERCISE
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EXERCISE: Using the curve in Figure 5-10, calculate the FEV1, using back extrapolation.

FEEDBACK: FEV;=1.56 L.

POINTS TO REMEMBER:

1. The American Thoracic Society has identified the back extrapolation method as the most
consistent and accepted technique for determining the zero point and has recommended its

use for every calculation of the FEV1. (1)

2. After using back extrapolation, extrapolated volume must be computed to determine the
acceptability of the tracing for calculating the FEV;. (See the next section for details.)
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Figure 5-10. Volume Time Curve - Exercise

FIGURE 5-10. VOLUME TIME CURVE - EXERCISE
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F. Calculating Excessive Extrapolated Volume
DEFINITION:

As described earlier, extrapolated volume is the volume exhaled before the timing of the
maneuver has started -- “time zero”. Extrapolated volume should not be greater than 5% of the
FVC or 150 ml, whichever number is greater (1). Extrapolated volume is used to determine
whether or not the tracing is acceptable to use for calculating FEV;. Excessive extrapolated
volume is a type of hesitation or false start and is one of the criteria for determining
acceptability. Excessive hesitation can exhibit several different shapes -- two examples are given
in Figures

5-11 and 5-12.

HOW TO CALCULATE AND EXAMPLE:

To find if the extrapolated volume is greater than 150 ml (use for FVVCs that are 3 liters or less):

1. Take the point at which t=0 was found by the back extrapolation method. (See Figure
5-13.)

2. Draw a vertical line through t=0 up to the FVC curve and read the volume at the
intersection. This number is the extrapolated volume. (In Figure 5-13, the extrapolated
volume is 0.175 L or 175 ml.)

3. Check to see that the extrapolated volume does not exceed 150 ml. (In Figure 5-13, the
extrapolated volume of 175 ml exceeds 150 ml. Therefore this tracing would not be
acceptable to use for calculating the FEV1.)

To find if the extrapolated volume is greater than 5% (use for F\VVCs greater than 3 liters):

1. Follow steps 1 and 2 above. (In Figure 5-14, the extrapolated volume is 0.329 L. or 329
ml.)

2. Divide the extrapolated volume by the FVC. (In Figure 5-14, the FVCis 3.34 L.;
.329/3.34 = .0985.)

3. Multiply the answer by 100 to find the percentage of the difference. (In Figure 5-14,
0.0985 x 100 = 9.9%. Clearly there is excessive extrapolated volume and this would not
be an acceptable tracing.)

4. (Optional) Another way to determine if the extrapolated volume is greater than 5%, is to
multiply the FVC by 0.05 and check that the extrapolated volume in liters does not exceed
this amount. (In Figure 5-14, the FVC is 3.34 L. 0.05 x 3.34 = 0.167 liters. Since the
extrapolated volume is 0.329 liters, this is not an acceptable tracing.)

NIOSH SPIROMETRY TRAINING GUIDE 5-22



Volume (L)

FIGURE 5-11. EXAMPLE OF EXTRAPOLATED VOLUME
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FIGURE 5-14. VOLUME TIME CURVE
MEASURE EXTRAPOLATED VOLUME (VEXT)
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EXERCISE: Using the curve in Figure 5-15 (which is the same as Figure 5-9), determine
whether there is excessive extrapolated volume.

FEEDBACK: No excessive extrapolated volume. Extrapolated volume = 0.07 L.
FVC =355 L.

(0.07/3.55) 100 = 2%
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Figure 5-15. Volume Time Curve - Exercise

FIGURE 5-15. VOLUME TIME CURVE - EXERCISE
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EXERCISE: Using the curve in Figure 5-16 (which is the same as Figure 5-10), determine
whether there is excessive extrapolated volume.

FEEDBACK: Excessive extrapolated volume. Extrapolated volume =0.13 L.
FVC=225L.
(0.13/2.25) 100 = 5.7%

POINTS TO REMEMBER:

1. 1 liter = 1000 milliliters (ml)

2. Use 150 ml for FVCs of 3 liters or less. Use 5% for FVCs greater than 3 liters.
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Figure 5-16. Volume Time Curve - Exercise

FIGURE 5-16. VOLUME TIME CURVE - EXERCISE

Lt

| | i

redh

NIOSH SPIROMETRY TRAINING GUIDE 5-29

10

Time (seconds)



G. FEV; as a Percentage of FVC (FEV1/FVC)
DEFINITION:
The percent of the total observed FVVC that is exhaled in the first second (FEV1). This
calculation is useful for detecting obstructive disease. A person with healthy lungs can exhale
70-80% of the FVVC in the first second, while a person with airways obstruction may be able
to exhale 60% or less of the FVC in the first second.

HOW TO CALCULATE:

1. Calculate the largest acceptable FVC and FEV3, even if they are not from the same
tracing.

2. Divide the FEV; by the FVC.

3. Multiply the answer by 100 to obtain the percentage.

EXAMPLE: (See Figure 5-17. Volume Time Curve - Calculation of FEV1/FVC%):
The largest acceptable FVC is 3.75 L. (from Curve C).
The largest acceptable FEV; is 3.15 L. (from Curve A).

(3.15/3.75) x 100 = 84%
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FIGURE 5-17. VOLUME TIME CURVE - CALCULATION OF FEV1/FVC%

(spuodas) auu],

49 01 8 9 4 z
{ { m
|
|
|
/
/
/
/i
Alie /1 11/
b4 /
4 /
9648 1= (SLIE/STEN00T = ZONT/ T/ FINGH SLIEFOA
= TAHA V0D TARH 18331y FIAEH 99 FOAS
HgL'e |5 DA | D 9MND L DAH 1s3dteT FEFIALD BLE RO,

%IOA/TATA 3O UOHEINI[ED - 3AIND) JUIL], SWN[OA L[-G dInF1g

NIOSH SPIROMETRY TRAINING GUIDE 5-31



EXERCISE: Using the information in Figure 5-18, calculate the FEV1/FVC%. Before doing so,
check to be sure that reproducibility criteria are met for the FVC and the FEV;.

It should be noted that a larger paper size would have been needed to use a time
scale meeting ATS standards. (See Unit Eight: Overview of Standards for
Spirometric Equipment.) However, larger paper was not possible to use in this
guide due to reproduction constraints. These curves were included as a reminder

that many individuals, especially those with obstructive patterns, need longer than
10 seconds to complete a forced expiratory maneuver.

FEEDBACK: FVC variability =1.1%
FEV; variability =0

FEV1/FVC% = 66.3%
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FIGURE 5-18. VOLUME TIME CURVE - CALCULATION OF FEV1/FVC%
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EXERCISE: Three acceptable and reproducible curves yielded the following results:

Curve A: FVC =3.65L.
FEV,; =3.01 L.
Curve B: FVC =352 L.
FEV,=3.01L.
Curve C: FVC =3.53 L.
FEV, =3.07 L.

Calculate the FEV1/FVC%

FEEDBACK: 84.1%

Did you remember to use the largest FEV; and FVC, regardless of which curve?
POINTS TO REMEMBER:
1. The percentage is given rounded to one decimal place (e.g., 85.4%).

2. The FEV; and the FVC may come from different tracings for this calculation.
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H. Forced Mid -Expiratory Flow (FEF2s5.750,) (OPTIONAL)

DEFINITION:

The mean forced expiratory flow during the middle half of the FVC (previously known as the
mid-expiratory flow rate or MMEF). Although it may be more sensitive than the FEV1, it has
considerably more variability than the FVC and FEV;. Therefore, the ATS (1) recommends
that the FEF25.750 Only be considered after determining the presence and clinical severity of
impairment and should not be used to diagnose disease in individual patients.

HOW TO CALCULATE AND EXAMPLE:

1.

Using an acceptable tracing, identify the "best curve”, the one with the largest sum of the
FEV; and the FVVC. In most cases, the best curve will have the largest FVC. To do this,
for each curve, add together the FEV; and the FVC. (See Figure 5-19. In this case, the
best curve is curve A.)

Using the best curve, calculate 25% and 75% of the FVC curve.
25% of FVC =0.25 x FVC
75% of FVC =0.75 x FVC
Note: The FVC is given in liters, therefore the answers will also be in liters.
(For curve A, 25% of the FVC is 0.94 L. and 75% is 2.81 L.)

Mark the answers on the FVC curve. (See Figure 5-20.)

Having found the two points which represent 25% and 75% of FVVC, draw a straight line
through them. (See the line drawn through these points for Figure 5-20.)

This line should intersect some of the time bars on the graph paper. To do the next
calculation, use any two adjacent time bars that are one second apart and intersect the line
that you have drawn. Read off the volumes for each of these time bars at the point where
they intersect the line. (See Figure 5-20, Point A (1.70) and Point B (5.05). Other points
could have been selected on the line, as long as they were 1 second apart.)

Find the difference between these two volumes. Subtract the volume at the 1st time bar
intersection from the volume at the 2nd time bar intersection to get the difference.) (See
Figure 5-20. 5.05-1.70=3.35L.

Convert the answer to BTPS. For instructions, see the next section.

The answer is given in liters per second. This is because you have calculated a change in
volume over a one second interval.
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FIGURE 5-19. VOLUME TIME CURVE - FEF2s.750o BEST CURVE
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FIGURE 5-20. VOLUME TIME CURVE - FEF25.750
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EXERCISE: Using the curves in Figure 5-21, identify the best curve (the best curve is
defined as that which has the largest sum of FEV; and FVC).

FEEDBACK:
Curve B is the best curve.

FEV:1=422L FVC=555L
Total of FEV; + FVC =422 L+555L =9.77L
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Figure 5-21. Volume Time Curve - Exercise FEF25-75%

FIGURE 5-21. VOLUME TIME CURVE - FEF25.750
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EXERCISE: Using the curve in Figure 5-22, calculate the FEF25_750.

FEEDBACK:  The FEF;s5.754 = 3.75 L/sec.

25% of the FVC (5.55 L) = 1.39 L
75% of the FVC (5.55 L) = 4.16 L

Draw a straight line at any 2 adjacent time lines and read the volumes at the intersection
of the slope and 2 adjacent time lines (5.60 L and 1.85 L). Calculate the difference
between these 2 numbers (5.65 L - 1.85 L = 3.75 L/sec.)

POINTS TO REMEMBER:

A number of problems have precluded widespread use of the FEF,s.754 in industrial screening
programs. Although less dependent on voluntary effort than FEV, the FEF5.759 IS also less
reproducible. The amount of variability in the same person may be as great as 20%,
compared with 3% for the FEV1. Isolated abnormalities in the FEF25.75 are relatively
common, particularly in asymptomatic asthmatics and young cigarette smokers. Hence, there
is a danger that an abnormal FEF,s.75¢, may become reason for employment rejection or job
transfer in such individuals. Although clearly not justifiable, such misapplication of screening
data occurs all too frequently in the occupational setting (6). To prevent this from happening,
the FEF5.750, should only be interpreted by a physician experienced in its use.
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Figure 5-22. Volume Time Curve - Exercise FEF25-75%

FIGURE 5-22. VOLUME TIME CURVE - FEF25.750
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|. Conversion to BTPS
DEFINITION:

Gas (air) at:
...Body Temperature (37°C)
...Ambient Pressure (surrounding air pressure)
...Saturated with water vapor (relative humidity = 100% as is the case in the lungs).

Air is at body temperature in the lungs and is saturated with water vapor. The ambient
temperature is usually much cooler and dryer, thus exhaled air contracts as it leaves the
lungs and enters a spirometer. The volume of air as recorded by most spirometers is
usually 6-10% less than the actual volume of air exhaled by the test subject. The BTPS
correction adjusts the measured result obtained in the spirometer to what the volume
originally was in the lungs. In most volume spirometers, recorded volumes that have not
been converted are indicated as ATPS (ambient temperature and pressure saturated with
water vapor).

Spirometric Tests Requiring Conversion to BTPS:

1. FVC, FEV, and FEF;s.759 all represent volumes (or volumes per unit of time).
Therefore these tests must be converted to BTPS.

2. FEV1/FVC (%) is a ratio of volumes. It does not have to be converted to BTPS
since the same conversion factor would appear in both the numerator and the
denominator and therefore it would cancel out.

HOW TO CALCULATE:
1. Convert the ambient, room air, or spirometer temperature to Centigrade if needed.
°C=5("F-32)
9
2. Locate the ambient, room, or spirometer temperature on the BTPS Conversion Chart.

3. Look across the table to find the corresponding conversion factor.

4. Multiply the volume of gas recorded by the spirometer (FVC, FEV1, or FEF,5.75%) by the
correct conversion factor to obtain the volume at BTPS.
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BTPS CONVERSION CHART

FACTORS FOR CONVERTING VOLUMES FROM
AMBIENT OR SPIROMETER TEMPERATURE TO BTPS

Gas Temperature Conversion
°F °C Factor
64 18 1.114
66 19 1.111
68 20 1.102
70 21 1.096
72 22 1.091
73 23 1.085
75 24 1.080
77 25 1.075
79 26 1.068
81 27 1.063
82 28 1.057
84 29 1.051
86 30 1.045
88 31 1.039
90 32 1.032
91 33 1.026
93 34 1.020
95 35 1.014
97 36 1.007
99 37 1.000

NIOSH SPIROMETRY TRAINING GUIDE 5-43



EXAMPLE: A subject's FVC as recorded by the spirometer reads 5 liters (volume of gas)
at an ambient temperature of 21°C (ATPS).

The conversion factor that corresponds to 21°C is 1.096.
5 liters x 1.096 = 5.48 liters BTPS.

Therefore, the recorded FVC of 5 liters at 21° C (ATPS), actually represents
a volume of 5.48 liters (BTPS) in the subject's lungs at body temperature.

EXERCISES: Convert the following data for several individuals from ATPS to BTPS:
FVC =6.71 L. (ambient temperature = 75°F)
FEV; =5.02 L. (ambient temperature = 26°C)

FEF2s5.750, = 4.01 L/s (ambient temperature = 82°F)

FEEDBACK: FVC=7.25L.BTPS
FEV: =536 L. BTPS

FEF5.7500 = 4.24 L/s BTPS

POINTS TO REMEMBER:
1. Temperature: ATS makes the following recommendations:
a. Ambient temperature should be accurately recorded to within 1°C.

b. Spirometric testing should only be done with ambient temperatures between 17°-40°C.
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c. Recent studies have shown that at ambient temperatures lower than 23°C, the BTPS
correction factor may cause errors in FEV; readings when using volume spirometers.
BTPS factors are based on the assumption that the subject's exhaled breath cools
immediately upon entering the spirometer. However, it has been found that expired breath
takes longer than previously thought to reach equilibrium with the ambient temperature.
Therefore, the BTPS correction factor falsely raises the FEV; and peak flow, and as the
ambient temperature drops, the rate of error increases. For example, Hankinson and Viola
found an error range from 7.7% at 3°C to 2.1% at 23°C for FEV; and 14.1% at 3°C to
4.6% at 23°C for peak flow (27). FVC readings typically are not affected because the
exhaled breath usually reaches equilibrium by the time the forced expiratory maneuver is
completed.

The BTPS error caused by low ambient temperature is of concern during longitudinal and
pre- and post-shift studies. If testing is done at different temperatures, statistically significant
changes in the FEV; and peak flow could be caused by ambient temperature alone.

"For example, during a recent study at a cotton-processing facility, the temperature was

10 “C during the pre-shift examinations. After 6 h of exposure, the spirometric examinations
were repeated on the same subjects. However, the ambient temperature after the work shift
was approximately 25 or 15 “C higher.

Upon analysis of these data, an average decrease in FEV; of approximately 4% over the
work shift was observed. Not only was a decrease observed for the exposed workers but also
for the technicians who were conducting the examinations. This decrease was thought to be
explained by the increase in ambient temperature over the work shift. With low
temperatures, the BTPS correction factor was falsely elevated, resulting in falsely elevated
FEV;s. After the work shift, the FEV;s were less in error because of a higher temperature,
and therefore statistically significant drops over the work shift were observed. The cotton
dust standard defines a worker as a possible "reactor" if he has a 5% or greater drop in
FEV, over the work shift" (28).

Until the BTPS correction factor is modified and new correction tables are developed, the
simplest solution to this problem is to keep the ambient temperature constant with a range of
no more than 3°C (23). Or keep the ambient temperature at 23°C, + 1.5°C (28).

Since ambient temperature is difficult to control in field studies, the problem should be
brought to the attention of the medical surveillance physician so that it can be considered
during the interpretation of results. It is also best if the temperature sensor is located inside
the spirometer and ambient (spirometer) temperature is recorded at each testing session.

. Other Factors to Consider: Three other factors may need consideration when calculating
BTPS: ambient pressure, instrument or bell factor, and the use of graph paper in BTPS units.
See Appendix K. Other Factors to Consider When Calculating BTPS for further
information.
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UNIT SIX: COMPARING OBSERVED TO PREDICTED NORMAL VALUES
A. "Normal" Spirometry

Lung function increases rapidly with growth during childhood and adolescence, reaches a peak
sometime between the ages of 18 and 35, and then begins to slowly decline, even in healthy
persons (29). Persons who grow relatively tall also have relatively large lungs when compared to
those who are shorter in stature. Women on average, have lungs that are about 20% smaller than
men of the same height and age (30). For a given standing height, African-American men, on the
average, have longer legs than Caucasian men, and a correspondingly shorter trunk size; and
therefore slightly smaller lungs (29,31,32,33) explaining most of the differences between predicted
values for Caucasian and African-American men. All of the above factors mean that to optimally
interpret spirometry results (observed values), you must first know the employee’s age, height,
gender, and race or ethnicity.

Before performing spirometry, record on a worksheet, or enter directly into a computer, the
following information about the employee (at a minimum):

1. The employee’s date of birth (DOB), and their age calculated from the date of testing and their
DOB. Ask the employee their age, in order to verify the calculation.

2. The employee’s standing height in stocking feet should be measured using a stadiometer, and
recorded in feet and inches, to the nearest half inch. Verify this height with the employee. Their
height should then be converted to centimeters by multiplying their height in inches by 2.54.

3. The employee’s weight (in stocking feet) should also be measured to the nearest pound, using a
scale which is accurate to within one pound. The computer should convert their weight to
kilograms (multiply pounds by 0.4536) and then calculate and display their body mass index
(BMI) in kilograms per meter squared. A BMI greater than 30 Kg/m? indicates that the employee
is overweight. Body weight is not used to calculate spirometry reference values, but obesity can
lower the measured lung volumes, and changes in body weight can result in small changes in lung
function.

4. An attempt should be made to determine and record the employee’s race or ethnicity. Often
this can be done with adequate accuracy merely by observation. If in doubt, ask the employee,
explaining that race affects the reference values used for the test. If the employee considers the
question objectionable, or if their race or ethnicity does not clearly fit the limited categories
available, just record “unknown” and use Caucasian reference equations (no race correction or
race-specific reference value).

B. Spirometry Reference Studies.
There have been dozens of studies published in the medical literature which have determined
spirometry reference values from groups of relatively healthy persons. The OSHA Cotton Dust

Standard, published in 1978 (10), mandated that spirometry reference equations, determined from
healthy persons in Tucson, Arizona, and published by Knudson, et. al. in 1976 (32,33,34) be used
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when performing spirometry testing to detect lung disease in employees working in the cotton
textile industry. Because the Knudson-1976 study did not include African-Americans, a “race
correction factor” of 0.85 times the Knudson-1976 Caucasian reference value is recommended in
the Cotton Dust Standard [10]. However in 1983, Knudson et. al. (35) published revised reference
equations for their 1976 published values. See Appendix E for more information about the Cotton
Dust Standard. The use of the Knudson equations to determine predicted normal values was
adopted during the 1980s by many other industries for spirometry testing done in the occupational
setting. However, the instruments and techniques for performing spirometry have improved and
the American Thoracic Society (ATS) has published updated detailed recommendations for the
interpretation of spirometry in the clinical setting, most recently in 1991 (30) and 1995 (1). When
spirometry is being performed to comply with current regulations, the reference equations that are
specified in the regulation must be utilized, such as Knudson 1976 in the OSHA Cotton Dust
Standard. When interpretation of spirometry is not specified by regulation, NIOSH recommends
following the most recent update of the ATS recommendations for interpretation of spirometry and
selecting reference values based on the third National Health and Nutrition Examination Survey
(NHANES III), published in 1999 (29).

It may be necessary to consult with the manufacturer of some older model spirometry systems to
update the software to include the NHANES III spirometry reference equations for adults. The use
of older spirometry reference values when testing employees in the age range of 18-65 years of
age may result in slightly lower predicted values for FEV; and FVC when compared to using the
NHANES III equations (29).

Racial Differences in Spirometry.

The NHANES III study (29) provides a separate set of spirometry reference equations for men and
women of African-American, Caucasian, and Mexican-American ethnic groups. The NHANES III
study did not provide spirometry reference equations for Asian-Americans, American Indians, East
Indians, or other ethnic groups. Other investigations suggest that spirometry results are not
substantially different for American Indians when compared to Caucasians living in the United
States (36,37); therefore, NIOSH recommends that when testing American Indian employees, the
reference equations for Caucasians be used. Large studies of Asians outside of the U.S. (39, 40)
suggest that Asian FEV, and FVC values are, on average about 15% lower than Caucasians of the
same age, gender, and standing height. However, smaller studies of Asian-Americans living in the
U.S. (40,41) suggest that Asian-American FEV; and FVC are approximately 6 to 7 % lower than
Caucasians. Therefore, until separate reference equations are published and accepted for Asian-
American and East Indian ethnic groups, the NHANES III reference equations for Caucasians
should be used, but a correction factor of 0.94 should then be applied to the predicted values for
FVC and FEV,. Note that the predicted values are multiplied by the correction factor, not the
observed values.

C. The Lower Limit of the Normal (LLN) Range.
The predicted value calculated from spirometry reference equations is the average or mean value

observed from many healthy persons of the same age, gender, height, and race as the employee
being tested. The predicted value is actually in the middle of a rather wide, bell-shaped
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distribution (range) of normal values. For instance, some healthy persons may have FVC values as
much as 20% lower than the predicted value.

The lower limit of the normal range (LLN) is the threshold below which a value is considered
abnormal - usually the value is set so that 95% of a “normal” population will have values above
the LLN value and correspondingly, 5% of a “normal” population will have values below the
LLN. The LLN is about 80% of the predicted value for FEV| and for FVC, but about 90% of the
predicted value for the FEV,/FVC ratio, and about 60% of the predicted value for the FEF25-75%.
However, these are only rough “rules of thumb” and the exact LLN should be determined using
the reference equations. If a race correction factor is used (0.85), the same race correction factor
should be applied to the LLN value.

What is Considered Abnormal?

Abnormalities detected by spirometry may show one of three patterns: obstructive, restrictive, or
mixed obstructive and restrictive. Employees with obstructive lung diseases, such as emphysema
or chronic asthma, often have an abnormally low FEV1/FVC and a low FEV1 (below the LLN).
Employees with fibrotic lung diseases, such as asbestosis, often have an abnormally low FVC, but
their FEV1/FVC will generally be above the LLN. Persons exposed to certain dusts, such as silica
or coal mine dust, can develop either pattern of abnormality, or a mixed pattern with reductions of
both the FEV1/FVC ratio and the FVC below the LLN.

Occasionally, spirometry results from a worker without any apparent health problems are found to
be slightly below the LLN. In contrast, it is not unusual to have high FVC or high FEV1
spirometry values. In fact, when they begin working, a majority of individuals in blue collar jobs
have lung function that is considerably above average, a phenomenon called the “healthy worker
effect”. Young adults who were competitive athletes in high school, trade school, or college
(while their lungs were still growing) may have a percent predicted FVC above 120%. On the
other hand, it is unusual to have a percent predicted value above 140%, so if this occurs, be sure to
check that the employee’s age or height was measured, recorded, transcribed, and entered
correctly. If an unusually high percent predicted value cannot be explained by an error, you should
check the calibration of your spirometer.

D. How to Determine Predicted Values Using Look-up Tables.

There are several methods available to calculate spirometry reference values, percent predicted
values, and the LLN’s for an employee: 1) using a calculator, 2) using a nomogram, 3) using
“look-up” tables, 4) using a personal computer or automated spirometry system which has already
been programmed with the appropriate reference equations.

There are two times when it is useful to determine spirometry predicted values without using a
computer: 1) when learning about them (using this workbook); and, 2) when verifying (checking)
the accuracy of the reference equations which have been programmed into a spirometry system

that you are using for the first time.

Abbreviated tables based on the NHANES III reference equations are provided in Appendix L for
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the purpose of completing the examples given in this workbook and for verifying the accuracy of a
spirometry system for computing the predicted values. However, these small tables will not be
adequate for the routine testing of employees, because the range and intervals of heights are
limited. Also, there may be slight differences (+ 0.02 liters), depending on whether a reference
calculator, nomogram, or table is used.

The steps for determining the predicted normal and the LLN values from the tables are:

1. Choose the appropriate table from the six tables in Appendix L, based on the employee’s
gender and race. Use the employee’s height and age to find the predicted normal values and
LLNs for the FVC, FEV,, and FEV/FVC%.

2. Use a pocket calculator to determine the percentage of the predicted values as follows:
a.  Divide the observed FEV, and FVC by the predicted result.
b.  Multiply the answer by 100. Round to one decimal place.

An Example:

A 30 year-old woman is a firefighter in Miami. She is 4 foot 11 inches tall, 135 pounds, and states
that she is a Mexican-American. To determine her spirometry predicted values, choose Table 6
from Appendix L for Mexican-American women. Then note that her height is listed as 150 cm in
the first column. Find age 30 on the second vertical column and use a straight-edged ruler to
underline the row of predicted values for 30 year old women of this height. Move over to the third
vertical column labeled “FVC Pred” and read the value 3.21 L. This is the predicted FVC in liters
(BTPS) for this employee. Also record the lower limit of the normal value for the FVC as 2.60
liters, and the other predicted and LLN values for this employee from same row.

Her FVC was measured (observed) as 2.85 liters (BTPS) and her FEV, was 2.28 liters. Use a
pocket calculator to determine that her FEV/FVC was 80.0% To determine her FEV| percent
predicted value:

Observed FEV1
Predicted FEV1

%Pred FEV1 =100.0 X

Note that her FVC and FEV| were both above the LLNs and both above 80% of the predicted
values. Her FEV/FVC was also above the LLN. Her results would be interpreted as normal,
since all three of these values were within the normal ranges.

EXERCISES:

1.  What is the predicted FVC value for a 60 year old, Caucasian male steelworker in Pittsburgh.
He is 71 inches tall and weighs 220 pounds.

2. What is the predicted and LLN for FEV, for a 40 year old African-American man, who is a
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supervisor at a petrochemical company in Alabama. He is 170 cm tall and weighs 170
pounds.

A 20 year old, third-generation Japanese-American man, working at an electronics plant in
San Jose, has an FVC 0of 4.00 L. He is 5 feet 11 inches tall and weighs 135 pounds. What is
his percent predicted FVC?

What is the predicted FEV, for a 40-year old African-American man, 170 cm tall, using the
reference value recommended in the Cotton Dust Standard? The Knudson 1976 (Cotton
Dust) FEV, reference value for a Caucasian subject of the same gender, age and height is
3.56 liters.

FEEDBACK:

His predicted FVC is 4.92 liters, based on a height of 180 cm. Note that weight is not
considered when calculating spirometry reference values.

His predicted FEV is 3.23 liters, with a lower limit of 2.47 liters.

Since there are no tables for Asian-Americans, use table 1 for Caucasian men who are 5 feet
11 inches (180 cm) tall. Reading from the table, the predicted FVC for a 20 year old
Caucasian man of this height is 5.75 liters. Then multiply this value by the suggested Asian-
American correction factor of 0.94 to estimate the predicted value for this employee as 5.41
liters. Divide his observed FVC of 4.80 liters by the predicted value of 5.41 to obtain his
percent predicted FVC as 88.7%. He clearly has a normal vital capacity since his percent
predicted FVC is greater than 80% and his FVC is above the LLN value of 4.51 liters

(0.94 x 4.80 =4.51).

The Cotton Dust standard recommends that a “correction factor” of 0.85 be multiplied times
the FEV, reference value from the Knudson-1976 study of Caucasians. The predicted FEV,
for a Caucasian male from Knudson-1976 is 3.56 liters. Therefore, the predicted value for
this African-American worker would be 0.85 x 3.56 = 3.03 liters.
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UNIT SEVEN: COMPARING CHANGES FOLLOW-UP SPIROGRAMS
A. Rationale for Comparing Changes

Medical surveillance is an important use of spirometry in occupational health. In this context, it
is essential to compare an employee's present results with his or her past results. When no other
data are available, comparison with predicted normal values is useful. However, predicted
values are not a baseline; therefore a subject's previous test results should be used as a baseline
whenever possible. (See Unit Six: Comparing Observed to Predicted Normal Values for
information on using predicted values.) A healthy individual's performance relative to predicted
values remains remarkably consistent in adulthood. For example, a person who achieves 106%
of the predicted FVC in one year tends to perform between 102-110% in subsequent years,
assuming that the testing is satisfactory. Repeat testing of the same subject over a period of time
may be more sensitive than comparing his/her values to a set of "predicted” normals. Hankinson
and Wagner (42) concluded that approximately half of a worker population may benefit from the
addition of a longitudinal comparison of their spirometry results, over using only comparison
with predicted normal values. They suggest a greater than 15% decrease in FEV; is significant.
This is illustrated by the following example:

During his first year on the job, the FVC of a healthy young worker was 110% of a
predicted normal value. The following year it was 90%. If his second year FVC is
compared to the value of the first year, the difference could indicate the rapid development
of serious restrictive pathology. This should alert the physician to conduct additional tests
to identify the problem. However, if his FVC is only compared to a predicted value, it
would be considered normal. Therefore, it is likely that no follow-up action would have
been taken. As a result, his health could be seriously jeopardized. Although the
comparisons with the LLN are preferred, results that are at least 80% of the predicted
normal value, are often considered within the normal range if no other data are available for
comparison. Interpreting follow-up spirograms will be discussed in more detail later in this
unit. (See Appendix M. Tables of Obstructive/Restrictive Patterns.)

B. Interpreting Changes in Follow-up Spirograms.

Spirometric testing is usually used in two ways for respiratory surveillance programs:

a. To compare pre- and post-shift values for acute changes (example: FEV; in cotton dust
exposure).

b. To compare longitudinal test results (e.g., those taken over an extended period of time,
such as annually) for signs of chronic disease (example: FVC in asbestos exposure).
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HOW TO CALCULATE:

When comparing a current spirometric value to a previous one, the difference can be expressed

in two ways:

1. As an absolute difference (+ gain, - loss) in liters or ml:
Value at time; - Value at time, = + or - liters.

2. As a percent change from the previous value (+ gain, - 10ss):

Value at time; - Value at time, x100

Value at time;

a. Calculate the absolute difference.
b. Divide the answer by the value at time;.
c. Multiply by 100 for the percent change and indicate whether it is a gain or a loss.

3. A third method involves a least squares linear fit to the FVC and FEV; values as a
function of time. However, this approach generally requires the use of a computer and is
not described in this manual.

EXAMPLE A:

EXAMPLE B:

In an ongoing annual surveillance of asbestos workers, a 24 year old woman is
found to have an FVC of 3.59 liters. Her previous FVC was 4.17 liters. What
is the absolute and percent change in her FVC from the previous value?

Absolute change: 4.17-3.59 = .58 liters
She showed a loss of .58 liters.

Percent change: ((4.17-3.59)/4.17) x 100 = 13.9%
She showed a loss of 13.9% in her FVC.

A 23 year old cotton dust worker has a pre-shift (7AM) FEV; of 4.00 liters, and
a post-shift (3PM) FEV; of 3.85 liters.

Absolute change: 4 - 3.85 = .15 liters
He showed a loss of .15 liters.

Percent change: ((4.00-3.85)/4.00) x 100 = 3.8%
He showed a loss of 3.8%.
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EXERCISE: A 71-inch, 62-year-old Caucasian male maintenance worker is intermittently

exposed to asbestos. In ongoing medical surveillance testing, the following
results were obtained:

1989: FVC =4.48 L. ATPS (24°C)
1990: FVC =4.38 L. ATPS (26°C)

Calculate the absolute change in the FVVC and the change as a percent.

FEEDBACK: 1989 FVC: 4.84 L. (BTPS)

1990 FVC: 4.68 L. (BTPS)
FVC absolute change: - 0.16 liters

FVC change as a %: 3.3% decline

POINTS TO REMEMBER:

1.

Percent change: Percent changes in follow-up studies always refer to a percent change from
a PREVIOUS value, so the PREVIOUS value always appears in the denominator.
Percentages are rounded to one decimal point (e.g., 85.3%).

Expected decline in pulmonary function in longitudinal studies: In annual follow-up
studies, the comparison of current results can be made to:
a. The previous year's value.
b. The previously recorded best value for each test, regardless of the year in which it
occurred.
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In either case, the expected annual decline (simply due to normal aging) in spirometry
values must be taken into account. The numbers below are "averages" derived from cross-
sectional studies; considerable variation may occur among individuals.

a. Formales FEV;: 30 ml/year
FVC: 25 ml/year

b. For females: FEV;: 25 ml/year
FVC: 25 ml/year

3. Other changes: One of the purposes of respiratory surveillance programs is to detect
changes in lung functioning that may be job-related. However, there may be other changes
that could influence spirometric results. Some of the more common ones are given below.
Be sure to note any of these changes for the physician to aid in interpretation.

a. Height: Some individuals tend to become shorter as they age.

b. Weight: A large weight gain or loss over the period of examination.

c. Smoking: The FEV; declines more quickly from year to year in smokers than in
nonsmokers.

d. Seasonal Allergies: Someone with hayfever may not perform as well during
allergy season.

e. Medications: May influence motivation or may directly affect air flow.

f.  lllness: May reduce performance. (See Unit Four: Spirometric Technique for
guidelines for postponing the test.)

4. FEurther investigation is usually recommended for follow-up results when:

a. Thereisadecline in FEV; or FVC that is greater than 15% in longitudinal
screening. However, if the period of follow-up is long (greater than 5 years), it
may be necessary to adjust for the expected decline due to aging.

B. The FVC, FEVL, or FEV1/FVC% is less than the LLN at any time.

c. Thereisa10% or greater decline in the FEV; between pre- and post-shift
screening, when a single exam is conducted or a 5% or greater decline (more than
150 ml for FEV;s less than 3 liters) if a follow-up exam confirms this decline
(Cotton Dust recommendation).

NOTE: The interpretation of longitudinal changes in FVC and FEV; are limited due to the
relative considerable variability of these parameters with respect to the expected annual
decline (25 to 30 ml/year). This means that either a large change must occur in a short
period of time, or the length of follow-up must be longer than 5 years. In addition, a good
quality control program is essential if these relatively small changes are to be detected. For
this reason, the ATS has recommended that a greater than 15% year-to-year change is
needed to be considered significant.
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UNIT EIGHT: OVERVIEW OF STANDARDS FOR SPIROMETRIC EQUIPMENT

When purchasing spirometric equipment, check that the manufacturer's specifications meet
current ATS standards. These standards are summarized below. Unless otherwise noted, the
Cotton Dust Standard equipment requirements are the same. (See Appendix E: OSHA Cotton
Dust Standard, Appendix D. and Appendix F: American Thoracic Society Standards, for
copies of these standards.)

1.

(62}

Volume

The spirometer must be capable of measuring volumes of at least 8 liters (BTPS) with flows
between zero and 14 L/s. It must also be able to accumulate volume for at least 15 seconds
(10 seconds for Cotton Dust Standard).

Inertia and Resistance
There must be less than 1.5 cm H,O/liter/second at an air flow of 12 liters/second. (Read the
manufacturer's specifications to check this.)

Zero Time Determination.

The spirometer must have a recording chart that is activated before the forced expiratory
maneuver begins in order to calculate zero time. For computerized systems, the start of the
test must be determined by back extrapolation for timing purposes. (Cotton Dust Standard:
zero time is determined by back extrapolation or an equivalent method.)

Conversion to BTPS
The instrument and/or the user must have a means for converting values to BTPS.

. Accuracy.

a. The equipment must be capable of being calibrated in the field.

b. The FVC and the FEV; must be measured with an accuracy within +3% or +50ml,
whichever is greater.

c. The volume calibration check must show an accuracy of within +3% or +50ml,
whichever is greater.

d. If the FEF25.759 is used, it must be measured with an accuracy of at least +5% or 200ml/s,
whichever is greater. It should be measured on equipment that meets ATS standards for
the FVC. (Cotton Dust Standard: The FEF;s.750, IS Not required.)

e. Flow measurements must be accurate to within +5% or 200ml/s, whichever is greater.
(Cotton Dust Standard: No information is given.)
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6. Spirometry Recorder/Displays.

Paper records or graphic displays are required.

a. Recorders must have the capability of recording volume vs. time or flow vs. volume
during the entire forced expiratory maneuver. (Cotton Dust Standard: The tracing
must be stored and available for recall and must be of sufficient size that hand
measurements may be made.)

b. The paper must move at a chart speed of at least 20mm/sec.

c. Recorders must trace flow/volume curves with exhaled flow on the vertical axis and
exhaled volume on the horizontal axis, going from left to right. (Cotton Dust Standard:
It allows only tracings of the size used for validation and measurement by hand.)

d. The volume scale should be at least 10mm/L (BTPS), the flow scale should be 5mm
(4mm for Cotton Dust Standard) of chart paper per liter per second of flow, and the
time scale at least 2cm/s (although 3cm/s is preferred).

(According to ATS, using tracings for doing calculations by hand allows for determining
spirometric values "in the absence or failure of a computer (10)." Tracings for validation
"validate the spirometer system hardware and software for accuracy and reliability
through the use of hand measurements...” (10). [However, as was pointed out in Unit
Two: Overview of Spirometry, electronically produced spirograms are reconstructed
instead of mechanically produced and therefore will always correspond to the printout.
As a result, hand calculations provide only a limited way to check that this type of system
is working properly.])
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UNIT NINE: ADDITIONAL EXERCISES
This unit contains spirograms and test results from several individuals to give you additional
opportunities to practice calculation skills. Answers are given for most of the questions.
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EXERCISE 1.

(Refer to Figure 9-1. Volume Time Curve - Exercise.)

a. Do these curves meet acceptability criteria?
FEEDBACK:
a. No. Curve C shows a glottis closure. Curve A is a judgment call on whether or not a

plateau was reached.
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Figure 9-1. Volume Time Curve - Exercise

FIGURE 9-1. VOLUME TIME CURVE - EXERCISE
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EXERCISE 2.

(Refer to Figure 9-2. Volume Time Curve - Exercise.)

a. Do these curves meet acceptability criteria?
FEEDBACK:
a. No. Curve A shows a cough or variable effort early in the maneuver.
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Figure 9-2. Volume Time Curve - Exercise

FIGURE 9-2. VOLUME TIME CURVE - EXERCISE
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EXERCISE 3.
(Refer to Figure 9-3. Volume Time Curve Exercises.)

a. Do these curves meet acceptability criteria?
FEEDBACK:
a. No. All curves show a failure to plateau. Curve C also had some extrapolated volume but

would have been acceptable (4.4%) if a plateau had been reached.
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Figure 9-3. Volume Time Curve - Exercise

FIGURE 9-3. VOLUME TIME CURVE - EXERCISE
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EXERCISE 4.

(Refer to Figure 9-4. Volume Time Curve - Exercise.)

a. Do these curves meet acceptability criteria?
FEEDBACK:
a. Yes. However, the plateau is short and it would be a good idea to have the individual

blow slightly longer (another half-second) to be sure a plateau has been obtained.
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FIGURE 9-4. VOLUME TIME CURVE - EXERCISE.
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EXERCISE 5.

(Refer to Figure 9-5. Volume Time Curve - Exercises.)

a. Do these curves meet acceptability criteria?
FEEDBACK:
a. No. Curve C shows a cough or variable effort early in the maneuver.
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Figure 9-5. Volume Time Curve - Exercise

FIGURE 9-5. VOLUME TIME CURVE - EXERCISE
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EXERCISE 6.

(Refer to Figure 9-6. Volume Time Curve - Exercises.)

a. Do these curves meet acceptability criteria?
FEEDBACK:
a. No. Curve C shows excessive extrapolated volume (approximately 7.03%).
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Figure 9-6. Volume Time Curve - Exercise

FIGURE 9-6. VOLUME TIME CURVE - EXERCISE.
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EXERCISE 7.

(Refer to Figure 9-7. Volume Time Curve - Exercises.)

a. Do these curves meet acceptability criteria?
FEEDBACK:
a. No. All three indicate leakage.
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Figure 9-7. Volume Time Curve - Exercise

FIGURE 9-7. VOLUME TIME CURVE - EXERCISE.
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EXERCISE 8.

(Refer to Figure 9-8. Volume Time Curve - Exercises.)

a. Do these curves meet acceptability criteria?
b. If not, what could be done to make them acceptable?
FEEDBACK:
a. No. All three show the same baseline error.
b. Subtract 0.3 liters from the FEV; and FVC results to correct for the error in this example.
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FIGURE 9-8. VOLUME TIME CURVE - EXERCISE.
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EXERCISE 9.

(Refer to Figure 9-9. Volume Time Curve - Exercise.)

a. Do these curves meet acceptability criteria?
FEEDBACK:
a. No. Curves B and C did not reach a plateau. Curve A had some extrapolated volume,

but would have been acceptable. (FVC A = 3.5 L, extrapolated volume = 0.15 L or 4.3%
of the FVC). Coach Blast the Air Out at first and blow out longer.
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EXERCISE 10.
Refer to Figure 9-10. Volume Time Curve - Exercise.

The paper size does not conform to ATS standards for hand calculations due to reproduction
constraints. This exercise was included to show curves that are longer than 10 seconds in
duration.

a. Do these curves meet acceptability criteria?
FEEDBACK:
a. No. None reached a plateau. However, this individual shows an obstructive pattern and

may not be able to produce reproducible tracings with plateaus. The technician may
want to discuss these results with the interpreting physician before determining whether
to obtain additional tracings. Although all of the curves show coughs or variable efforts,
they occurred late in the maneuver and were insignificant in size.

NIOSH SPIROMETRY TRAINING GUIDE 9-20



FIGURE 9-10. VOLUME TIME CURVE - EXERCISE.

Figure 9-10. Volume Time Curve - Exercise
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EXERCISE 11.

(Refer to Figure 9-11. Volume Time Curve - Exercises.)

a. Do these curves meet acceptability criteria?

b. Do at least two of the three curves meet FVC and FEV; reproducibility criteria?
FEEDBACK:

a. Yes. Acceptability criteria are met.

b. FVC reproducibility criteria are met (190 ml difference; optional 4.3%).
FEV: reproducibility criteria are met (190 difference; optional 5.2% does not meet ATS-
87). There are variable volumes; so, coach Take a Deeper Breath In.

Curve A: FVC=4.40L FEV:=3.64 L

Curve B: FVC=4.21L FEV1=345L
Curve C: FVC=4.12L FEV1=334L
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FIGURE 9-11. VOLUME TIME CURVE - EXERCISE.
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EXERCISE 12.

(Refer to Figure 9-12. Volume Time Curve - Exercises.)

a. Do these curves meet acceptability criteria?

b. Do at least two of the three curves meet FVC and FEV; reproducibility criteria?
FEEDBACK:

a. Yes. The curves meet acceptability criteria.

b. FVC variability = 180 ml (5.1%)
FEV; variability = 150 ml (4.9%)

The FVC is slightly below the ATS-1995 reproducibility criteria, and it is slightly beyond
the ATS-1987 5% cut off. The technician may want to obtain further tests, depending on
whether the subject feels he/she can continue. There are variable volumes, so coach
Take a Deeper Breath In.

Curve A: FVC=355L FEV1=3.07L

Curve B: FVC=337L FEV: =292 L
Curve C: FVC=3.26 L FEV:=280L
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FIGURE 9-12. VOLUME TIME CURVE - EXERCISE.
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EXERCISE 13.

(Refer to Figure 9-13. Volume Time Curve - Exercise.)
Curve A is the largest of three acceptable tracings.

a. Calculate the FVC.

b. Calculate the FEV;.

FEEDBACK:
a. FVC = 4.40 L.

b. FEV; = 3.65 L.
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FIGURE 9-13. VOLUME TIME CURVE - EXERCISE.
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EXERCISE 14.

(Refer to Figure 9-14, page 9-33. Volume Time Curve - Exercise.)

a. Determine the FVVC for each curve:
Curve A
CurveB__
CurveC
b. Is there excessive variability between the two largest FVCs?
C. What is the best FVC (ATPS) __ ? What is the best FVC (BTPS) (ambient
temperature =24°C) __ ?
FEEDBACK:

a. FVC (ATPS):
Curve A=3.06 L.
Curve B=297L.
Curve C=2.89 L.
b. No excessive variability, 90 ml or optional 2.94%.

C. Best FVC (ATPS) =3.06 L,;
Best FVC (BTPS) =3.30 L.
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EXERCISE 14. CONTINUED:

d. Calculate the FEV; (ATPS) for each curve:
Curve A
CurveB__
CurveC
e. Is there excessive variability between the two largest FEV;s?
f. What is the best FEV; (ATPS)? What is the best FEV, (BTPS) __ (ambient
temperature = 24°C)?
g. Do all three tracings meet acceptability criteria?
h. Do at least two of the three tracings meet reproducibility criteria?
FEEDBACK:
d. FEV: (ATPS): Did you remember to use back extrapolation?
Curve A=2.71L.
Curve B=2.79 L.
Curve C=2.78 L.
e. No excessive variability, 10 ml (0.36%).
f. FEV, (BTPS) = 3.01 L.
g. All three meet acceptability criteria.
h. The two largest FVCs and FEV1s meet reproducibility criteria.
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EXERCISE 14. CONTINUED:
i. Calculate the FEV1/FVC%

J. Calculate the FEF;5.750 (BTPS)

FEEDBACK:

I. FEV1/FVC% = 91.2% Did you remember to use the best FEV; and the best FVC, even if
they didn't come from the same curve?

J. FEF,5.750 = 3.10 liters/sec (BTPS). Did you remember to convert to BTPS?
Sum of the best curve: 5.77 (Curve A)
25% of the FVC =0.77 L.

75% of the FVC =2.30 L.
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EXERCISE 14. CONTINUED:

k. If these curves were from a 30-year-old Caucasian female, 63 inches tall, what would her
predicted values be using Appendix L.?

FVC pred. FEV: pred.
l. What percent of the predicted values are the following for the above individual?
% FVC pred. % FEV; pred.

m. If these curves were from a 30-year-old African American female, 67 inches tall, what
would her predicted values be using Appendix L?

FVC pred. FEV: pred.

n. What percent of the predicted are the following for the above individual?
% FVC pred. % FEV; pred.

FEEDBACK:

K FVC pred. =3.65L. FEV;pred.=2.09 L. Note: 63 inches is about 160 cm.
l. % FVC pred. =90.4% % FEV; pred = 97.4%

m. FVCpred. =355L. FEV;pred.=3.01L. Note: 67 inches is about 170 cm.
Did you remember to use the race correction?

n. % FVC pred. =93.0% % FEV; pred. = 100.0%
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EXERCISE 14. CONTINUED:

0. If these curves were from a 30-year-old Caucasian male, 67 inches tall, what would his
predicted values be using Appendix L?
FVCpred. FEVipred.

p. What percent of the predicted values are the following for the above individual?
% FVCpred. % FEVipred._

g. If these curves were from a 30-year-old African-American male, 67 inches tall, what
would his predicted values be using Appendix L?
FVCpred. FEVipred.

r. What percent of the predicted values are the following for the above individual?
% FVCpred. % FEVipred.

FEEDBACK:

0. FVC pred. =4.97 L. FEV; pred. =4.08 L.

p. % FVC pred. =66.4% % FEV;pred. = 73.8%

o} FVCpred. =411 L. FEV;pred.=3.46 L.

% FVC pred. =80.3% % FEV; pred. = 87.0%
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Figure 9-14. Volume Time Curve - Exercise

FIGURE 9-14. VOLUME TIME CURVE - EXERCISE
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EXERCISE 15.

(Refer to Figure 9-15, page 9-38. Volume Time Curve - Exercise.)

a. Do these curves meet acceptability criteria?
FEEDBACK:
a. These curves meet all acceptability criteria. The cough or variable effort in curve C is

late in the maneuver and is so small (less than 50 ml) that it should not affect results.
Remember that the next step would be to check reproducibility criteria.
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EXERCISE 15. CONTINUED:

b. Calculate the FVVCs and the FEV1 in ATPS for each curve.

Curve A: FVC FEV,
Curve B: FVC FEV:
Curve C: FVC FEV,
C. Determine whether there is excessive variability between the two largest FVCs and the

two largest FEV3s.

FVC variability FEV; variability

FEEDBACK:
b. Curve A: FVC=353L. FEV; =3.09L.
Curve B: FVC=352L. FEV; =3.05L.
CurveC: FVC=3.35L. FEV; =2.90L.
C. FVC variability = 10 ml (0.3%) FEV; variability = 40 ml (1.3%)

Curves A and B meet reproducibility criteria.
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EXERCISE 15. CONTINUED:
d. Calculate the FEV1/FVC%.

e. Calculate the FEF25.750.

FEEDBACK:

d. FEV1/FVC% = 87.5%

e. FEF25.750 = 3.5 liters/sec (ATPS)
Best curve = A

25% of FVC =0.88 L. 75% of FVC =2.65 L.
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EXERCISE 15. CONTINUED:

f. These curves are from a 55-year-old Caucasian male welder who is 69 inches tall. The
ambient temperature was 75°F. He has participated annually in his company's
respiratory surveillance program. Last year his FVC was 4.34 L.(BTPS) and his FEV;
was 3.71 L.(BTPS). What was the absolute and percent change from last year?
Absolute change FVC:

% of FVC change:
Absolute change FEV1:

% of FEV; change:

FEEDBACK:
f. Absolute change FVC: -0.53 liters
% of FVC change: 12.2% decline

Absolute change FEV;: -0.39 liters
% of FEV; change: 10.5% decline

Did you remember to convert the current year's test results to BTPS?
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EXERCISE 16.

(Refer to Figure 9-16, page 9-45. Volume Time Curve - Exercise.)

a. Do at least three of these curves meet acceptability criteria?
FEEDBACK:
a. Yes. Curves A, B and C meet acceptability criteria. Curve D shows excessive

extrapolated volume and early termination. To decrease the extrapolated volume, coach
Blast the Air out at first.
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EXERCISE 16. CONTINUED:

b. Calculate the FVC (ATPS) for the acceptable curves:

Curve A CurveB__ CurveC__
C. Is there excessive variability between the two largest FVCs?
d. Calculate the FEV;s for the acceptable curves:

Curve A CurveB__ CurveC___
e. Is there excessive variability between the two largest FEV;s?
FEEDBACK:

b. Curve A: FVC=3.66L.

Curve B: FVC=3.60 L.

Curve C: FVC=3.58L.
C. No. The amount of variability is only 60 ml (1.6%) so reproducibility criteria are met.
d. Curve A: FEV;=3.12 L.

Curve B: FEV; =3.05 L.

Curve C: FEV; =3.08 L.

e. No. The amount of variability is only 40 ml (1.3%), so reproducibility criteria are met.
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EXERCISE 16. CONTINUED:
f. Convert the best FVC and FEV; to BTPS (the ambient temperature was 25°C).
FVC (BTPS) FEV; (BTPS)

g. Calculate FEV1/FVC%

FEV1/FVC%
h. Calculate the FEF5.750,
FEF25.75%
FEEDBACK:
f.  FVC(BTPS)=3.93L. FEV; (BTPS) = 3.35 L.

g. FEV./FVC% = 85.2%
h. FEF25.7500 = 3.71 L/s (BTPS) Did you remember to convert BTPS?
Sum of best curve: 6.78 (Curve A)

25% of FVC =.92L. 75% of FVC=2.75L.
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EXERCISE 16. CONTINUED:

If these curves were from a 50-year-old Caucasian male, 190 cm tall, what would his
predicted values be using Appendix L?

FVC pred. FEV: pred.
What percent of the predicted are the following for the above individual?
% FVC pred. % FEV; pred.

In the previous year's surveillance studies, his FVC was 5.01 L.(BTPS) and his FEV; was
4.02 L.(BTPS). Calculate the absolute and % changes for the FVC and FEV;.

FVC absolute change FVC% change
FEV; absolute change FEV1% change

Why would it be better to compare his current results to those of the previous year
instead of to predicted values?

FEEDBACK:

FVCpred. =5.90 L. FEV; pred. =4.56 L.

% FVC pred. = 66.6% % FEV; pred. = 73.5%
FVC absolute change: -1.08 L.

FVC% change: 21.6% decline

FEV; absolute change: -0.67 L.

FEV1% change: 16.7% decline

When compared to the previous year, this individual shows a greater than 15% drop in
volume and FEV;. These declines are beyond what would be expected for normal aging.
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EXERCISE 16. CONTINUED:

m.

If these curves were from a 50-year-old African-American male, 190 cm tall, what would
his predicted values be using Appendix L?

FVC pred. FEV: pred.

What are the percent of predicted and lower limit of normal (LLN) values for the above
individual?

% FVC pred. % FEV; pred.
FVC LLN FEV; LLN

In the previous year's surveillance studies, his FVC was 4.13 L. (BTPS) and his FEV;
was 3.60 L.(BTPS). Calculate the absolute and percent changes for the FVC and the
FEV;.

FVC absolute change FVC% change

FEV; absolute change FEV1% change

What would his absolute and percentage change have been if his FVC had been 4.75 L.
(BTPS) and his FEV; had been 3.87 L. (BTPS) in the previous year?

FVC absolute change FVC% change
FEV; absolute change FEV1% change

Why would it be good to compare this individual's results to those from the previous year
as well as to predicted values?
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FEEDBACK:

m.

FVC pred. =4.95 L. FEV, pred. =3.95 L.
Did you remember to use the race correction?
FVC% pred. = 79.4% FEV1% pred. = 84.8%
FVCLLN=3.87L FEV: LLN=3.00 L

FVC absolute change =-0.20 L or -200 ml
FVC% change = 4.8% decline

FEV; absolute change = -0.25 L or -250 ml
FEV1% change = 6.9% decline

FVC absolute change = -0.82 L or 820 ml
FVC% change = 17.3% decline
FEV; absolute change =-0.52 L or 520 ml
FEV1% change = 13.4% decline

His values for the FVC and FEV; would be considered within the normal range because
they are above the lower limit of normal (LLN). The use of the LLN is recommended by
the ATS instead of percent predicted. His percent predicted FVC is 79.4% which is
below 80% of predicted, but his observed FVC is 3.93 L which is above the FVC LLN of
3.87 L, so his FVC is considered normal. However, when compared to the previous year,
he shows a greater than 15% drop in FVCs. This is beyond what would be expected for
normal aging.
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Figure 9-16. Volume Time Curve - Exercise

FIGURE 9-16. VOLUME TIME CURVE - EXERCISE
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EXERCISE 17.
(Refer to Figure 9-17, page 9-47. Syringe Calibration Check - Exercise.)

a. The tracing in Figure 9-17 was made when you injected 3 liters of air with a calibrated
syringe into your spirometer. Is your spirometer in need of repair?

FEEDBACK:

a. Yes. The tracing reads 2.83 liters, which is outside of the acceptable range (between
2.91-3.09). Itis also 5.7% of 3 liters, which is outside the range of *3%.
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Figure 9-17. Syringe Calibration Check - Exercise

FIGURE 9-17. SYRINGE CALIBRATION CHECK - EXERCISE
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EXERCISE 18.
(Refer to Figure 9-18. Syringe Calibration Check - Exercise.)
a. Your spirometer has been repaired and you want to check that it is now properly

recording volumes. The tracing in Figure 9-18 was made when you injected 3 liters of air
with a calibrated syringe. Are the results acceptable?

FEEDBACK:

a. Yes. The tracing reads 3.04 liters, which is 1.3% more than 3 liters. This is in the
acceptable range of +3% or between 2.91-3.09 liters.
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Figure 9-18. Syringe Calibration Check - Exercise

FIGURE 9-18. SYRINGE CALIBRATION CHECK - EXERCISE

=
|
[«
o0
r~
(V=]

: 5
= i §
7 R
[ : T
o = 3
-2 = <
s
e
E
<
9 N

(o]
— =i
- =]
wy - o o L [o=]

NIOSH SPIROMETRY TRAINING GUIDE 9-49



EXERCISE 19.

Consider the following 10 year record of FEV; and FVC for a male cotton worker. All results
have been corrected for BTPS.

a. How do the 1989 values for FEV; and FVVC compare with the previous high (expressed
as an absolute change)?

b. How do these changes compare with the expected decline due to aging alone?
YEAR 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
FVC 534 540 532 530 528 527 526 524 521 519
FEV; 437 438 435 434 431 430 428 422 421 416
FEEDBACK:

a. Previous high FVC (1981) =5.40 L.
1989 FVC =5.19 L.
Absolute change: -0.21 L.

Previous high FEV; (1981) =4.38 L.
1989 FEV; =4.16 L.
Absolute change: -0.22 L.

b. Expected decline in FVVC for males = 0.025 L/year on the average.
8 years x 0.025 L/year = 0.20 L loss in FVC expected over 8 years.
The observed loss of 0.21 L. is approximately what would be expected simply due to aging.

Expected decline in FEV; for males = 0.030 L/year on the average.
8 years x 0.03 L/year = 0.24 L. loss in FEV; expected over 8 years.

The observed loss of 0.22 L over 8 years is not more than would be expected simply due to
aging.
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EXERCISE 20:

A 20-year-old Mexican-American male, 180 cm tall, is exposed to cotton dust on his job. His
company performs routine pre-and post-shift spirometry as part of its medical surveillance
program. The morning ambient temperature was 24°C. The afternoon ambient temperature was
27°C.

Results from the best FVCs and FEVs are given below:

Pre-shift:

FVC (ATPS) =4.42 L. FEV1(ATPS) =3.87 L.
Post-shift:

FVC (ATPS) =3.82 L. FEV:(ATPS) =3.33 L.

a. Calculate the following:

Pre-shift:
FEV; predicted (Appendix L)

FEV: %predicted
FEV./FVC%

Post-shift:

FEV; predicted (Appendix L)
FEV; %predicted
FEV./FVC%

Absolute change inFEV;

% change in FEV;

b. What would you say to the company doctor?
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FEEDBACK:

a. Preshift:
FVC (BTPS) = 4.77 L. FEV; (BTPS) = 4.18 L.
Post-shift:
FVC (BTPS) = 4.06 L. FEV1(BTPS) =3.54 L.
Pre-shift:

FEV1% predicted: 84.6%
(Appendix L predicted 4.94 L.)
FEV1/FVC%: 87.6%

Post-shift:

FEV1% predicted: 71.7%

FEV1/FVC%: 87.1%

Absolute change in FEV;: -640 ml or 0.64 liters
Percentage change in FEV;: 15.3% decline

b. Follow your company's reporting protocols, making sure that the large FEV; decline is
brought to the attention of the health professional in charge of the respiratory surveillance
program.
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EXERCISE 21:

Your department gets a new director of occupational medicine who wants to know what your
spirometry quality assurance program entails. How do you respond?

FEEDBACK:

Refer to Unit Three: The Quality Assurance Program, Unit Four: Spirometric Technique,
Unit Five: Basic Spirometric Calculations and Unit Six: Comparing Observed to Predicted
Normal Values. You would probably want to discuss:

a. How you ensure precision and accuracy of your equipment.

b. The measures you take to obtain acceptable and reproducible spirograms.

c. The predicted values used.
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EXERCISE 22:
While you were on vacation, your substitute forgot to calibrate equipment according to your
company's protocols. When you return, you discover that a 3-liter syringe calibration is 10%

greater than it should be. What do you tell the company physician who wants to review the test
results taken in your absence? What could you do to prevent this from happening again?

FEEDBACK:
Possible responses:

a. Refer to Unit Three: The Quality Assurance Program to explain to the company doctor
why the results can't be used.

b. Review quality assurance procedures with your substitute before taking time off and explain
the consequences of not carrying out the procedures.
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EXERCISE 23:

While you were at a conference, your substitute performs spirometry on several subjects in an
ongoing annual surveillance program. You take a look at the results before passing them on to
the physician. One subject showed a significant decline in the FVVC and FEV; from the previous
year's results. You decide to call the subject to ask a few questions since the substitute didn't

indicate any problems on the chart. You find out that the subject has just returned from medical
leave for abdominal surgery. What should you do?

FEEDBACK:
Possible responses:
a. Inform the company doctor of the surgery.

b. Review other test results taken by the substitute to see if other "red flags™ appear since he/she
may have forgotten to check on which subjects should be postponed for spirometry.

c. Review subject selection criteria with your substitute.
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EXERCISE 24.

You are training a new spirometry assistant. He suggests that since the room in which you
perform the test is usually around 23°C, you could use that number all of the time to calculate
BTPS. How do you respond?

FEEDBACK:
A possible response might be to measure your testing room over a week's time and document the

temperature fluctuations, however minor. Then you could show your assistant how even a
difference of a few degrees can affect tests results.
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EXERCISE 25:

The new nurse in your unit wants to try out your spirometer. After she performs three acceptable

and reproducible maneuvers, the computer prints out the following best results: FVC = 3.83 L.

(ATPS); FEV; = 2.91 (ATPS).

She is 50 years old, Caucasian and 67 inches tall. The room temperature was 75°F.

a. You decide to draw a curve for her to explain what the results mean. Draw the FVC and
FEV: on the attached graph paper, using volume (liters) as the vertical axes and time

(seconds) as the horizontal axis.

b. What would her predicted values be using Appendix L? Add the predicted curve to the curve
you already drew and label accordingly.

c. Calculate her percent of predicted values for:

% FVC pred. % FEV; pred.
FEEDBACK:
b. FVCpred.=3.91L. FEV:pred. =3.09 L. Note: 67 inches is about 170 cm.

75°F is about 24°C

c. % FVC pred. =105.9% % FEV1 pred. = 101.6%
Did you remember to convert to BTPS?

FVC (BTPS) = 4.14 L. FEV, (BTPS) =3.14 L.
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EXERCISE 26:

The new nurse reads in a journal that spirometry alone is not adequate for a pulmonary
surveillance program and she asks you for clarification. What do you tell her?

FEEDBACK:

Refer to Unit Two: Overview of Spirometry.
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UNIT TEN: ADDITIONAL EXERCISES MEASURING EXTRAPOLATED VOLUME

Figures 10-1 through Figure 10-9 are additional exercises to practice measuring extrapolated
volumes. Determine whether there is excessive extrapolated volume.

FEEDBACK: The extrapolated volumes are:

Figure 10-1 0.160 L (10.7%) excessive

Figure 10-2 0.125 L (9.4%) less than 0.15 L so OK
Figure 10-3 0.120 L (5.8%) less than 0.15 L so OK
Figure 10-4 0.130 L (5.7%) less than 0.15 L so OK
Figure 10-5 0.270 L (5.1%) excessive

Figure 10-6 0.570 L (11%) excessive

Figure 10-7 0.370 L (11.3%) excessive

Figure 10-8 0.270 L (9.8%) excessive

Figure 10-9 0.660 L (13.0%) excessive
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Figure 10-2. Extrapolated Volume - Exercise

FIGURE 10-2. EXTRAPOLATED VOLUME EXERCISE
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Figure. 10-4. Extrapolated Volume - Exercise

FIGURE 10-4. EXTRAPOLATED VOLUME EXERCISE

.--"""'-‘

3,51

NIOSH SPIROMETRY TRAINING GUIDE 10-5

4.5

3.5

25

1.5

0.5

Time (seconds)



(spuo2as) auy,

14

St

Sv

FIGURE 10-5. EXTRAPOLATED VOLUME EXERCISE

NIOSH SPIROMETRY TRAINING GUIDE 10-6

astoIaxy - sawn[oA parejodenxyg ‘¢-0T 21nSg



Figure 10-6. Extrapolated Volume - Exercise

FIGURE 10-6. EXTRAPOLATED VOLUME EXERCISE
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Figure 10-8. Extrapolated Volume - Exercise

FIGURE 10-8. EXTRAPOLATED VOLUME EXERCISE
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APPENDIX A: GLOSSARY OF TERMS COMMONLY USED IN SPIROMETRY

ACCEPTABLE SPIROGRAM. A forced expiratory maneuver, after a maximal inhalation,
that is free from hesitation or false starts, coughs, early termination, variable effort, or baseline
errors. Three acceptable maneuvers should be obtained before evaluating excessive variability.

ACCURATE. A measurement that is very close to the true value or is free of error. In practical
terms, a measurement that is within a predetermined range of the true measurement value.

AIRFLOW RESISTANCE. The degree of ease in which air can pass through the airways. The
number, length, and diameter of the airways determine the amount of resistance that exists.

ATS. The American Thoracic Society promotes the improvement of spirometry through the use
of their recommendations.

ATPS. The letters stand for ambient temperature and pressure saturated with water vapor.
Volumes measured directly from the spirogram of a volume type spirometer (not yet adjusted for
BTPS) are at ATPS.

BACK EXTRAPOLATION. The method for determining zero time from a spirogram,
particularly important when the exact starting point of a forced expiratory maneuver is not
obvious. Since the FEV; is affected by the point on the graph that is selected as the start, a
uniform way to determine this must be used.

BEST CURVE. An acceptable spirogram that has the largest sum of the FEV; and the FVC.

BTPS. The letters stand for body temperature and pressure saturated with water vapor. A
volume of gas will shrink when cooled. The volume of air exhaled into a spirometer from the
lungs will contract because the lungs are warmer than the spirometer. Therefore, it is necessary
to adjust the recorded values with a BTPS conversion factor to determine the actual volume of
air exhaled before it contracted. This corrects the volume of air saturated with water vapor to
body temperature for various spirometer temperatures.

CALIBRATION CHECK. Periodic determination of a spirometer's ability to make accurate
measurements of volume and time (and flow if appropriate).

COMPLIANCE. This affects the amount of pressure needed to increase or decrease the volume
of the lung. Lungs with emphysema have a high compliance while lungs with interstitial lung
disease have a low lung compliance.

ELASTIC RECOIL. The ability of the lung to return to its resting state. The natural recoil or
elasticity of the lung during expiration.

END OF TEST. The point during the forced expiratory maneuver when a plateau is reached.
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EXPIRATORY RESERVE VOLUME (ERV). The maximal amount of air forcefully exhaled
after a normal inspiration and expiration.

EXPIRATORY TIME. The time required for the subject to reach his largest volume (FVC).
For quality control purposes, total expiratory time is the time from the beginning of exhalation to
the end of the subject’s expiratory maneuver. As a rule of thumb, total expiratory time should be
greater than 6-seconds.

EXTRAPOLATED VOLUME. The volume that was determined by a perpendicular line
drawn from the point where time equals zero to where it intersects the FVC curve. The
extrapolated volume must be less than 150 ml (for FVCs less than 3 L) or less than 5% (for
FVCs greater than 3 L) for the tracing to be acceptable. A high extrapolated volume is due to a
slow start or hesitation in the start of the maneuver.

FEF25.7506. Mid forced expiratory flow measured from the point at which 25% of the FVC is
achieved to the 75% point ( during the middle half of the FVC). Also called mid-expiratory flow
and abbreviated MMEF, MMFR, or MMF.

FEV1/FVC (given as % or ratio). Forced expiratory volume in one second expressed as a
percent of the forced vital capacity is the fraction of the total that is exhaled in the first second.
It is the index of the speed of expiratory airflow. It is calculated by using the largest FEV; and
the largest FVC, even if they are not from the same curve. A low FEV1/FVC% is associated
with airways obstruction.

FLOW/VOLUME LOOP. A tracing of flow rate (on the "y" or vertical axis) against volume
(on the "x" or horizontal axis) for a forced expiratory maneuver followed by a maximal
inhalation.

FLOW SPIROMETER. A type of spirometer that measures how fast the air moves in or out of
the lungs. Flow spirometers are usually smaller than volume spirometers. Examples include
pneumotachograph, hot wire anemometer, and rotating vane.

FORCED EXPIRATORY MANEUVER. The basic maneuver of spirometry where the
subject takes the deepest possible breath and blows into the mouthpiece as hard, fast and
completely as possible. Also known as the forced vital capacity maneuver.

FORCED EXPIRATORY VOLUME IN ONE SECOND (FEV3). The volume of air exhaled
during the first second of a forced expiratory maneuver. It may also be considered the average
flow during the first second of the FVVC maneuver.

FORCED VITAL CAPACITY (FVC). The maximal volume of air which can be exhaled
forcefully after maximal inspiration. NOTE: The vital capacity is the amount of air that can be
exhaled by an individual after taking the deepest breath possible, whether or not the air is
exhaled forcefully (FVC) or slowly (VC).
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INSPIRATORY RESERVE VOLUME (IRV). The maximal amount of air forcefully inhaled
after a normal inhalation.

INSTRUMENT FACTOR. In certain water-seal spirometers, it refers to a constant indicating
the volume of displacement per millimeter of vertical movement of the bell.

LLN. The lower limit of normal is the value below which only 5% of a “normal” reference
population should have observed values. The specific value of the LLN is dependent on the
study population and methods used to derive the reference values. LLNs should be available
from the reference value source.

LONGITUDINAL STUDIES. Data collected from the same individual or group at regular
intervals over an extended period of time. The values of a current test are compared to the
individual's or group's previous test results.

OBSTRUCTIVE LUNG DISEASES. Diseases that reduce flow from the lungs. These
diseases include asthma, chronic bronchitis, and emphysema.

PRECISE. Capable of giving consistent, reproducible results on successive times. A
spirometer that is not properly calibrated may produce precise results that are not accurate.

PREDICTED NORMAL VALUES. Expected values for various lung volumes and flow rates,
derived from healthy non-smoking populations. The values are adjusted for sex, age, height, and
race.

REAL TIME TRACING. A spirogram that is made as the forced expiratory maneuver is
performed.

REPRODUCIBILITY. The ability of a test to obtain the same result from an individual when
it is repeated several times. Reproducibility is determined by checking for excess variability
between the two largest values for FVC and FEV; obtained from three acceptable spirograms.

RESIDUAL VOLUME (RV). The amount of air remaining in the lungs after a complete
exhalation. This cannot be measured by spirometry.

RESTRICTIVE LUNG DISEASES. Diseases that reduce the ability of the lungs to expand
fully but do not necessarily affect air flow. Asbestosis and silicosis, two of the most common of
the occupationally caused restrictive diseases, are caused by the development of fibrotic tissue in
the lungs.

SPIROGRAM. A single tracing or graphic recording of breathing maneuvers. Given as
volume/time or flow/volume tracings depending on the type of spirometer used.

SPIROMETER. An instrument for measuring lung volumes and flow rates. The two primary
types are volume sensing and flow sensing spirometers.

NIOSH SPIROMETRY TRAINING GUIDE APPENDIX A-3



SYNERGISM. The combined effect of two or more substances is greater than the effects of
each substance added together.

TIDAL VOLUME (TV). The volume of air inhaled and exhaled during quiet, normal
breathing.

TOTAL LUNG CAPACITY (TLC). The sum of the vital capacity and the residual volume.

VITAL CAPACITY (VC). The maximum amount of air that can be exhaled after the fullest
inhalation possible. The sum of tidal volume, expiratory reserve volume, and inspiratory reserve
volume. May be measured either during inhalation or exhalation.

VOLUME SPIROMETER. A type of spirometer that records the amount of air inhaled or

exhaled within a certain time. Examples include water-seal, dry rolling-seal, and bellows
instruments.

ZERO TIME POINT. In the measurement of the FEV1, the point selected as the start of the
test, obtained using back extrapolation.
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APPENDIX B. AN OVERVIEW OF OCCUPATIONAL LUNG HAZARDS
Types of Lung Hazards

Occupational pulmonary contaminants come in many forms. Some can be seen, smelled, or felt
as irritants in the nose or throat. But others can only be detected with special equipment. Short-
term exposure to many toxicants can cause immediate, acute damage. However, most
contaminants take repeated or constant exposure over months or years to cause disease or
permanent harm. The impact of pulmonary hazards is also influenced by air pollution in general,
age, smoking history, nutritional status, and other less well understood factors such as genetics
and stress.

Many work processes generate several contaminants at the same time. The health consequences
of these hazards can simply be additive or, worse, they can be synergistic. Thus it is essential to
know what materials and processes are used on the job to be able to evaluate, monitor, and
control potential pulmonary hazards. (It is beyond the scope of this guide to cover hazard
control measures. However it should be noted that most occupational exposures to airborne
hazards can be greatly reduced or eliminated through engineering controls, such as improving
ventilation; good work practices; and the use of personal protective equipment, such as properly
selected and maintained respirators. Refer to Fundamentals of Industrial Hygiene for an
overview of control measures (43).

Two approaches are commonly used to categorize occupational lung hazards. The first approach
uses a medical framework to classify hazards by their impact on the respiratory tract. Thus,
hazards causing similar health effects are grouped together, whether or not the hazards
themselves share similar properties. In the second approach, an industrial hygiene framework is
used to group hazards by their common properties and the methods by which they are generated.
Both approaches are given below.
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Hazards Classified by Their Impact on the Respiratory Tract

ASPHY XIANTS:

Simple
Asphyxiants:

Examples:

Chemical
Asphyxiants:

Examples:

IRRITANTS:

Examples:

FIBROSIS
PRODUCERS:

Examples:

ALLERGENS:

Examples:

CARCINOGENS:

Examples:

Gases that deprive the body tissues of oxygen.

Physiologically inert gases that displace oxygen in the blood and at
high enough concentrations cause suffocation.
Nitrogen, methane, argon, neon, helium.

Gases that interfere with the body's ability to utilize oxygen (e.g.,
by binding to hemoglobin or preventing chemical reactions needed
to utilize oxygen in the cells).

Carbon monoxide, cyanide compounds, arsenic.

Substances that irritate air passages leading to airway constriction.
Asthmatic symptoms, difficulty breathing, pulmonary edema and
infection may result.

Chlorine, hydrogen chloride, hydrogen fluoride, ammonia,
fluorine, sulfur dioxide, phosgene, oxides of nitrogen, ozone.

Substances that cause fibrotic tissues changes associated with
restrictive diseases.

Asbestos, beryllium, silica, coal dust, other inorganic and organic
dusts.

Substances that induce an allergic response characterized by
bronchoconstriction. This can occur even if previous exposures
produced no ill effects.

Isocyanates, fungal spores, formaldehyde, animal dander.

Substances that can cause or lead to cancer.
Asbestos, cigarette smoke, chromium, uranium, arsenic, coke oven
emissions.
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Hazards Classified by Their Properties

Although some contaminants may not adversely affect the lungs, the lungs provide the means
through which they enter the bloodstream and harm other organs or impair the blood's oxygen-
carrying capacity. These types of health effects are not detectable through spirometry.
However, the hazards that cause them are included to show the range of ways in which
respirable contaminants damage the body.

The information below was adapted from Occupational Lung Diseases: An Introduction (44).

DUSTS

Mineral Dusts:

Sources:

Health Effects:

Organic Dusts:

Sources:

Health Effects:

Dusts and mineral fibers formed from stones, rocks, and ores. Examples
include asbestos, crystalline silica, and coal dust.

Mining, quarrying, tunneling, blasting, smelting, grinding, milling,
processing, etc.

Most are inert and not readily dissolved or broken down. They
accumulate in the lungs after overloading lung-clearing mechanisms. Can
lead to pneumoconioses, chronic bronchitis, emphysema, cardiac
complications and can initiate other disease processes, such as fibrosis or
cancer. They are associated with the class of fibrotic occupational lung
diseases called pneumoconioses.

Dusts formed from living materials (e.g., microorganisms, plants, and
animals) and natural products such as wood and leather.

Plant products (e.g., cotton, wood, cereal grains, spices, coffee beans,
etc.): planting, harvesting, storing, transporting, processing (grinding,
cutting, spinning, etc.). Animal husbandry: droppings, dander, feathers,
etc.

Don't usually accumulate, but dissolve or break down. Can cause
hypersensitivity reactions, such as occupational asthma, byssinosis (from
cotton), or hypersensitivity pneumonitis. Can lead to permanent
obstructive disease or diffuse lung fibrosis. Certain wood dusts have also
been associated with cancer.

NIOSH SPIROMETRY TRAINING GUIDE APPENDIX B-3



Chemical Dusts:

Sources:

Health Effects:

Sources:

Health Effects:

MISTS & SPRAYS:

Sources:

Health Effects:

Synthetic chemicals that come in powder form (e.g., pesticides,
pharmaceuticals, dyes, bleaching agents, detergents, paints, etc.)

While making, drying, and packaging mixtures; preparing for use,
applying, drying, as a result of weathering (such as paints on exterior
walls), etc.

Dependent on the toxic properties of the specific chemicals. A number are
irritants or allergens; others have a caustic effect and can cause chemical
burns. Some are toxic to cells or tissue. Some enter the body through the
lungs and cause cancer in the lungs or other parts of the body.

Very small solid particles formed when hot vapors (usually from metals or
polymers) cool rapidly and condense. Hazardous gases may be given off
at the same time. In the lungs, fumes act like a very fine mineral dust.

High heat processes (e.g., welding, furnace work, smelting).

Difficult to assess effects of individual materials since usually several
hazards are present at the same time. Can lead to Metal or Polymer Fume
Fever, emphysema, and lung cancer.

NOTE: Smoke is not usually classified as a separate category because it
is a mixture of gases and solid particles.

Liquid droplets suspended in air or other propellant gas.

Used widely in industry, especially for applying substances to hard-to-
reach surfaces; or substances that might damage the skin if applied by
hand (e.g., cleaning products, pesticides, paints, cosmetic products, rust
removers, etc.) Also, as by-products from other processes, such as from
cutting oils in machine shops.

The finer the spray, the deeper the penetration in the lungs. Effects
depend on the material being sprayed, the concentration and the
temperature. Can range from chemical burns to the lungs to various forms
of cancer.
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GASES:

Sources:

Health Effects:

VAPORS:

Fluids that expand to fill the space that contains them. Can travel quickly
from the point of origin. Many are highly flammable, explosive when
mixed with air, or chemically or physiologically reactive. Some are both
colorless and odorless.

Natural chemical reactions (e.g., methane from coal fields, nitrogen oxides
from fermenting silage, and methane and hydrogen sulfide from sewage
treatment or landfills). Manmade chemical reactions (e.g., from industrial
processes, 0zone from smog, and interactions between cleaning products
such as ammonia and chlorine bleach). In industrial settings, gases may
be emitted during their manufacture, handling, or transporting, if
protective measures aren't taken. Also produced during high-heat
processes (e.g., furnace work, welding, brazing, smelting, oven-drying,
accidental burning of some synthetic materials).

Physiologically inert gases (e.g., methane and nitrogen) can cause
suffocation by displacing oxygen (simple asphyxiants). Others interfere
with the use of oxygen (e.g., carbon monoxide and cyanide) (physiologic
asphyxiants).

Gases that are immediately irritating (e.g., ammonia, bromine, sulfur
dioxide, chlorine): Sudden intense exposure to these gases can cause
severe irritation that burns the lungs or closes the trachea. Low level
exposures may constrict airways and aggravate existing lung disease.

Gases that are not immediately irritating (e.g., phosgene and nitrogen
oxides): These gases penetrate deeply into the lungs causing pulmonary
edema and other serious complications without producing upper
respiratory symptoms.

Carcinogenic gases (e.g., radioactive gases, nickel carbonyl, vinyl chloride
gas): Cancers from these gases typically take years to develop and the
exact cause may be hard to trace. The site of the cancer may be other than
the lung.

The technical term for the gaseous form of a liquid that always is found
over that liquid. More vaporizing occurs as the liquid approaches the
boiling point. Vapors affect the lungs in similar ways to gases. The main
difference between vapors and gases is that vapors are always found over
their parent liquids while gases aren't always associated with their liquid
forms.
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Sources:

Health Effects:

RADIATION:

Sources:

Health Effects:

BIOLOGICAL

HAZARDS:

Sources:

Health Effects:

Inorganic substances: Most have high boiling points and don't vaporize at
room temperature. These usually are not associated with lung disease.
Organic vapors: Many vaporize at room temperature. Usually used as
solvents (ketones, aromatic hydrocarbons, alcohols, acetates).

Many organic vapors enter the body through the lungs. Although the
lungs are not harmed, extensive harm may be done to other organs.
Damage to the brain and central nervous system, pulmonary edema, and
tracheobronchitis (mercury and related compounds). Hypersensitivity
reactions (polyvinyl chloride), cancer (benzidene and related compounds).

Non-ionizing radiation includes electromagnetic waves (e.g., infrared,
ultraviolet, microwave, laser, radar, radio frequency). lonizing radiation
includes alpha, beta, and gamma rays; neutron particles, and X-rays.

Mining radioactive ores. Also used in medicine, weapons, power plants,
industry (e.g., high energy electrical equipment, lasers, microwaves, and
radar).

Electromagnetic waves do not appear to harm the lungs unless the energy
is sufficient to cause thermal burns. However, it can cause eye damage.
lonizing radiation damages human tissue and can lead to various kinds of
cancer, including lung cancer.

Bacteria, viruses, fungi, and rickettsial, chlamydial, and parasitic agents.

Health care facilities, child care facilities, poorly maintained ventilation
systems, biological research laboratories, animal care and processing
facilities.

Depends on the type of hazard. Can range in severity from minor allergies
and respiratory infections to lethal nervous system disease and cancers.
Vaccinations are available for some.
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APPENDIX C. OVERVIEW OF OCCUPATIONAL LUNG DISEASE
A. Some of the Pulmonary Diseases that Show Obstructive Patterns

Occupational Asthma

Occupational asthma is caused by repeated exposure to certain airborne contaminants, which
results in sensitization, leading to a chronic allergic response. On subsequent exposures, the
smooth muscles of the bronchial tubes go into a spasm and some of the smaller airways close
down. Excessive mucous is also produced, which further aggravates the problem by clogging
small airways. Coughing, difficulty breathing, and wheezing are common symptoms. A wide
variety of sensitizing agents can induce attacks. These may occur in people who are essentially
normal and who become sensitized, or in individuals with a prior history of allergies or
childhood asthma. (Certain agents, such as the diisocyanates, are such potent sensitizers and
irritants that they cause respiratory reactions in most individuals.) Workers can sometimes relate
their asthmatic symptoms to a specific exposure, or at least to a specific part of the workplace.
In many cases, however, the symptoms begin after the work shift and subside by the following
morning.

Reactive Airways Dysfunction Syndrome (RADS)

Reactive Airways Dysfunction Syndrome mimics asthma, but is due to an irritant rather than an
allergic stimulus. Individuals with RADS will experience airflow obstruction at exposure levels
much lower than would produce a response in non-affected individuals.

One special case of RADS involves a heightened response to cold air. It is known that
asthmatics can have their attacks initiated by cold air. Other individuals with no known history
of asthma may develop bronchoconstriction and tightness and shortness of breath when exposed
to cold air, either on the job or during exercise. Removal from the exposure usually causes
symptoms to subside within 1-2 hours.

Emphysema

Chronic exposure to irritant substances, most notably cigarette smoking, can cause emphysema.
These exposures lead to the destruction of the elasticity of the smaller bronchi. When pressure
in the chest begins to increase upon exhalation, these bronchi may collapse, trapping air inside.
As a result, the air sacs remain partially expanded. Shortness of breath is a permanent problem
and trying to breathe faster or more deeply only causes more air to become trapped inside. The
lungs frequently become distended, causing a barrel-chested appearance. The disease is
progressive and damage to the heart is a frequent side effect.

Chronic Bronchitis

Chronic bronchitis is caused by repeated infections and/or exposure to irritants such as fumes
and dusts (including wood dusts and mineral fibers), oil aerosols, gases such as ozone and
nitrogen dioxide, and smoke from cigarettes or exposure to fire (such as fire-fighting).
Inflammation, swelling, and increased mucous production occur, fostering chronic bacterial
infections in the mucous-plugged small airways. Symptoms include shortness of breath and a
persistent and productive cough.
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B. Some of the Pulmonary Diseases that Show Restrictive Patterns

Pneumoconioses

The three major types of pneumoconioses in the United States are asbestosis, silicosis, and coal
worker's pneumoconiosis (Black Lung Disease). The pneumoconioses are some of the best-
known of the occupational lung diseases, yet for a long time the courts doubted their existence
and refused to consider them as compensable illnesses. Most causes of pneumoconioses are
inorganic dusts or fibers, with particles less than 5 microns in size. Particles of this size are
called "respirable particulates.” Since these particulates are invisible, it is possible to be exposed
without knowing it. However, many of the heaviest exposures were accompanied by larger
particulates so that the industries were recognizably "dusty".

The pathology in the lung is fibrosis, a profusion of fibrous tissue between the alveoli which
interferes with the normal expansion of the lungs. The fibrosis can take two forms: nodular and
localized around the bronchi (peribronchial), (typical of silicosis), or interstitial (between the
alveoli) and diffuse (typical of asbestosis). With continued exposure, the fibrosis increases,
leading to shortness of breath and a persistent cough, and, in late stages, heart failure.
Pneumoconioses are almost exclusively occupational diseases and therefore are compensable.

Hypersensitivity Pneumonitis

Hypersensitivity Pneumonitis is also referred to as Extrinsic Allergic Alveolitis. The disease
occurs mainly in the alveoli and terminal bronchi in response to organic dusts associated with
specific occupations. In some cases the offending agents are fungi, such as in Farmer's lung and
Bagassosis. In other cases they are animal proteins (such as bird breeder's lung, and furrier's
lung) or vegetable proteins (such as coffee worker's lung). The workers develop an acute illness
with cough and shortness of breath, usually without wheezing, but often accompanied by chills
and fever. The first occurrence may be mistaken for a "flu syndrome”. Once workers are
sensitized, they may respond to very small doses of the allergen. Fluid accumulates in the
alveoli interfering with the oxygen diffusing capacity. Termination of exposure allows the acute
phase to resolve over a period of 1-2 weeks. However, recurrent exposures may produce a
chronic disease with interstitial fibrosis and severe shortness of breath.

Granulomatous Disease

Granulomas are inflammatory responses that occur as a reaction to infections (e.g., tuberculosis)
or toxins. Large inflammatory cells move in and begin to collect around the point of exposure.
Later fibrous tissue migrates in and surrounds the site, producing a globular mass that can be
seen under the microscope. Berylliosis is the best known occupational example of this class of
lung diseases.

Other Health Conditions

Several preexisting conditions can cause restrictive patterns. These include pregnancy, obesity,
anatomical abnormalities, and thoracic or abdominal surgery. Although these conditions are not
occupationally induced, they are mentioned here because their impact must be considered when
reviewing spirometric results.

C. Some of the Pulmonary Diseases that Show either Obstructive or Restrictive Patterns
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Pneumonias

Pneumonias may have a restrictive effect due to accumulation of fluid and inflammatory cells in
the alveoli (much like alveolitis) or an obstructive effect due to accumulation of cells around the
bronchi (bronchial pneumonia). Pneumonias can arise as part of a toxic process, or more
commonly through infections. Occupational lung disease of infectious origin occurs primarily in
health care workers, child care workers, and animal care workers. The offending agents may be
fungi, bacteria, viruses, or other microorganisms. In many cases these diseases are accompanied
by chills and fever.

Pneumoconioses
Although pneumoconioses are primarily restrictive diseases, in advanced cases the fibrous tissue
may impinge on the bronchial tree causing obstructive symptoms as well.

Occupational Lung Cancer

Lung cancer is characterized by an enlarging mass of cells that grow uncontrollably. Smoking is
the single most important cause and has a synergistic effect with some occupational carcinogens.
Epidemiological studies have shown higher than normal rates of lung cancer for individuals
exposed repeatedly to bis-chloromethyl ether, coal tar, pitch volatiles, mustard gas, arsenic,
asbestos, radium, petroleum, chromates, and uranium. Lung cancer is especially insidious
because symptoms frequently do not appear until it is too late to intervene medically. Depending
on where the tumor(s) grows, in late stages it may cause obstructive or restrictive pattern
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APPENDIX D. RESPIRATORY SURVEILLANCE PROGRAMS

Employment settings where workers use or are potentially exposed to pulmonary hazards should
have a respiratory surveillance program. Although lung diseases are not the most common
occupational diseases, they are the most significant due to their severity. The human and
economic toll from occupational asthma, the pneumoconioses (asbestosis, black lung disease,
silicosis, etc.), and occupational lung cancer is very large. These diseases are significant causes
of morbidity, disability, early retirement, and death. Moreover, they are entirely preventable
once their causes are recognized. Therefore, recognition of the hazards associated with
occupational lung disease and prevention of exposure must be a high priority.

Ideally a respiratory surveillance program has four primary objectives:

1. To reduce the human suffering and economic impact of occupational disease. Prevention,
early detection, and treatment are less expensive both to a company and to society than
reduced productivity, worker's compensation payments, litigation, higher insurance
premiums, and medical bills.

2. To detect occupational and non-occupational lung diseases in their earliest stages when
reduction of exposure is likely to be most effective. For example, early detection and
removal of the offending allergens reduces the chances of permanent damage for individuals
with occupational asthma.

3. To identify working conditions that are hazardous so that improvements in industrial hygiene
can be made. Ideally this should not be necessary. However, occupational health is not an
exact science. As more is learned about the relationship between exposure and disease, it
may be found that current standards are not adequate. In addition, some individuals develop
occupational lung disease at exposure levels below those considered safe.

4. To establish baseline function for new employees and to identify job applicants with
preexisting pulmonary damage so that they can be placed in positions that do not jeopardize
their health. For example, a job that requires using a respirator may not be appropriate for
someone with emphysema (45).

Spirometry plays an important role in a respiratory surveillance program. It is portable, safe for
both the subject and the technician, non-invasive, inexpensive, and reproducible. With skilled
and experienced staff, it is also relatively simple to perform. However, as discussed earlier,
spirometric test results must be evaluated in the context of other medical information to offset its
limitations. Respiratory surveillance programs should contain at least the following regularly
scheduled components:

1. A detailed health history, with emphasis on smoking patterns, previous lung disease, and
current respiratory symptoms.

2. A comprehensive employment history, with emphasis on potential occupational exposures to
pulmonary hazards and respirator usage. Information should also be sought on potential
exposures from hobbies, recreational activities, and part-time employment.
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3. A thorough physical examination, with emphasis on the chest.

4. Chest radiographs (X-rays) where appropriate. It is important to consult with radiologists
who have had special training in reading chest x-rays for occupational diseases, such as B-
readers. These are physicians trained and certified by NIOSH to read chest x-rays for
evidence of pneumoconioses.

5. Spirometry.

A respiratory surveillance program should also interface with an industrial hygiene program that
identifies and controls potential pulmonary hazards and oversees employee respirator training
and fit testing activities.

The frequency with which spirometry is used to monitor workers depends on the level of
exposure and the severity of the potential impairment. However, as with every medical test, one
must have a clear reason for performing spirometry, and guidelines for interpreting the tests and
applying the results.

Medical surveillance itself must be used in conjunction with environmental monitoring and
engineering controls to limit, if possible, the amount of exposure. In this context, medical
surveillance is really a quality control procedure, designed to detect whether excessive exposure
is occurring despite the control procedures in place.

After ruling out technical causes for low or declining pulmonary function, if abnormalities are
detected or if a decline in pulmonary function compared with previous tests is detected, efforts
must be made to identify the cause. If the cause is a workplace exposure, then steps must be
taken to reduce the exposure and prevent further damage to the individual's lungs. It is unethical
to use spirometry to detect workers with occupational pulmonary damage if no attempt is made
to reduce their exposure or if the information is used as a reason for dismissal.
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APPENDIX E. APPENDIX D OF THE OSHA COTTON DUST STANDARD

Appendix D of 29CFR1910.43 - Pulmonary Function Standards for Cotton Dust Standard

The spirometric measurements of pulmonary function shall conform to the following minimum
standards, and these standards are not intended to preclude additional testing or alternate
methods which can be determined to be superior.

. Apparatus

a.

The instrument shall be accurate to within +50 milliliters or within +3 percent of reading,
whichever is greater.

The instrument should be capable of measuring vital capacity from 0 to 7 liters BTPS.

The instrument shall have a low inertia and offer low resistance to airflow such that the
resistance to airflow at 12 liters per second must be less than 1.5 cm H,0/(liter/sec.).

The zero time point for the purpose of timing the FEV; shall be determined by
extrapolating the steepest portion of the volume time curve back to the maximal
inspiration volume (1, 2, 3, 4) or by an equivalent method.

Instruments incorporating measurements of airflow to determine volume shall conform to
the same volume accuracy stated in (a) of this section when presented with flow rates
from at least 0 to 12 liters per second.

The instrument or user of the instrument must have a means of correcting volumes to
body temperature saturated with water vapor (BTPS) under conditions of varying
ambient spirometer temperatures and barometric pressures.

The instrument used shall provide a tracing or display of either flow versus volume or
volume versus time during the entire forced expiration. A tracing or display is necessary
to determine whether the patient has performed the test properly. The tracing must be
stored and available for recall and must be of sufficient size that hand measurements may
be made within requirement of paragraph (a) of this section. If a paper record is made it
must have a paper speed of at least 2 cm/sec and a volume sensitivity of at least 10.0 mm
of chart per liter of volume.

. The instrument shall be capable of accumulating volume for a minimum of 10 seconds

and shall not stop accumulating volume before (1) the volume change for a 0.5 second
interval is less than 25 milliliters, or (2) the flow is less than 50 milliliters per second for
a 0.5 second interval.
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I. The forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV;)
measurements shall comply with the accuracy requirements stated in paragraph (a) of this
section. That is, they should be accurately measured to within +50 ml or within +3
percent of reading, whichever is greater.

J. The instrument must be capable of being calibrated in the field with respect to the FEV;
and FVC. This calibration of the FEV; and FVC may be either directly or indirectly
through volume and time base measurements. The volume calibration source should
provide a volume displacement of at least 2 liters and should be accurate to within +30
milliliters.

I1. Technique for Measurement of Forced Vital Capacity Maneuver

a. Use of a nose clip is recommended but not required. The procedures shall be explained
in simple terms to the patient who shall be instructed to loosen any tight clothing and
stand in front of the apparatus. The subject may sit, but care should be taken on repeat
testing that the same position be used and, if possible, the same spirometer. Particular
attention shall be given to insure that the chin is slightly elevated with the neck slightly
extended. The patient shall be instructed to make a full inspiration from a normal
breathing pattern and then blow into the apparatus, without interruption, as hard, fast, and
completely as possible. At least three forced expirations shall be carried out. During the
maneuvers, the patient shall be observed for compliance with instruction. The
expirations shall be checked visually for reproducibility from flow-volume or volume-
time tracings or displays. The following efforts shall be judged unacceptable when the
patient:

1. has not reached full inspiration preceding the forced expiration.
2. has not used maximal effort during the entire forced expiration.

3. has not continued the expiration for at least 5 seconds or until an obvious plateau in
the volume time curve has occurred.

4. has coughed or closed his glottis.

5. has an obstructed mouthpiece or a leak around the mouthpiece (obstruction due to
tongue being placed in front of mouthpiece, false teeth falling in front of
mouthpiece, etc.)

6. has an unsatisfactory start of expiration, one characterized by excessive hesitation
(or false starts), and therefore not allowing back extrapolation of time O
(extrapolated volume on the volume time tracing must be less than 10 percent of the
FVC).

7. has an excessive variability between the three acceptable curves. The variation
between the two largest FVCs and FEV;s of the three satisfactory tracings should
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b.

not exceed 10 percent or +100 milliliters, whichever is greater.
Periodic and routine calibration of the instrument or method for recording FVVC and FEV;
should be performed using a syringe or other volume source of at least 2 liters.

I11. Interpretation of Spirogram

a.

The first step in evaluating a spirogram should be to determine whether or not the patient
has performed the test properly or as described in Il above. From the three satisfactory
tracings, the forced vital capacity (FVC) and forced expiratory volume in 1 second
(FEV1) shall be measured and recorded. The largest observed FVC and largest observed
FEV; shall be used in the analysis regardless of the curve(s) on which they occur.

The following guidelines are recommended by NIOSH for the evaluation and
management of workers exposed to cotton dust. It is important to note that employees
who show reductions in FEV1/FVC ratio below .75 or drops in Monday FEV; of 5
percent or greater on their initial screening exam, should be re-evaluated within a month
of the first exam. Those who show consistent decrease in lung function, as shown of the
following table, should be managed as recommended.

IV. Qualifications of Personnel Administering the Test

Technicians who perform pulmonary function testing should have the basic knowledge required
to produce meaningful results. Training consisting of approximately 16 hours of formal
instruction should cover the following areas. Persons who successfully complete the course will
be certified by OSHA or their designee.

a.

e.

f.

Basic physiology of the forced vital capacity maneuver and the determinants of airflow
limitation with emphasis on the relation to reproducibility of results.

Instrumentation requirements including calibration procedures, sources of error and their
correction.

Performance of the testing including subject coaching, recognition of improperly
performed maneuvers and corrective actions.

Data quality with emphasis on reproducibility.
Actual use of the equipment under supervised conditions.

Measurement of tracings and calculations of results.

2. Part 1928 of Title 29 of the Code of Federal Regulations is hereby amended by adding a new
paragraph (a)(5) to Section 1928.21 to read as follows:

Section 1928.21 Applicable standards in 29 CFR Part 10.
(a) * * *
(5) Exposure to cotton dust in cotton gins - Section 1910.1046.

(Secs. 6, 8, 84 Stat. 1593, 1599 (29 U.S.C. 655, 657); Secretary of Labor's Order 8-76 (41 FR 25059); 29 CFR Part 1911)
[FR Doc. 78-17233 Filed 6-19-78; 11:53 am]
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The frst American Thoracic Socety (ATS) Statement on the Stan-
dardization of Spiromerry was piblished 15 yr age and was based
on the Snowbird Workshop hedd in 1979 (1). This inftial scate-
men: was apdared in March 1987 {2) after & yT of practical ex-
perience with the initial racommendations. ‘The state of the art
of spirometry has continusd to advance as a result of sciendfic
studies thar have provided additional data relating to performance
of spiromery. The use of computers for sprrometty measure-
ment has become even more commeonplacs Mew statements by
the ATS {}) 1ad the European Respiratory Socety (4) also ud-
derscare the oerd 1o updare the ATS siatement on spirometry.
This revision of the tandards for spiromesy reflecs the changes
in clipical emphasis and io available technotogy sincs the 1987
ATS spinometry update {2) was published. The changes in clini-
¢al erophasis and squipment inciude
* The sitong emphasis on the use of pormble peak flow meters
o moniler lung function in asthmacies by the Natonzl Heart,
Lung, and Blood [nstitute’s Asthma Education Program (%),
the laternarional Asthmas Managemem Project (6], the Brit-
ish Thorcic Sodety (7). and others,
+ The comeponding development ¢f mary new model peak fow
" monitoring devices, somé parely mechanical and some slec-
tronic
s A herter ynderstanding of the complexities of correcting spirc-
metric values to £1F4 conditipns
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+ A greater appreciation of the imporance of the wehnicians
end procedutes in achieving good spiromerric resulis,

s An jncreased concern abour the risk of transmission of infec-
tious diseases during pulmonary function resting

W have responded o these changes by:

= Separating the standards for laboratory of diagrestic spirom-
erers from those of devices designed to be used primarily as
monitors.

» Adding BTPS testing 10 the testing of spirometers.

¢ adding a section on performance of slow vital capacity.

¢ Strengthening and updating the procediral aspects of qualiry
control, incleding an appendit with sample spirograms.

¢ adding a stection on hygien= and infecrion conirol.

A central goal of any guideline of standardization dotument
is 10 improve performmance and thus decrease the variability of
laboratory 1esting In 1979 (13, and again in 1987 (1), the percep-
tipn was that the major soures of variability was instrumenta-
tion. Wore reesntly, instrumentation has improved to a point
where other sources of variability can be identified, in partfeo-
lar, procedural problems. In 1991, the ATS Statement on Lung
Function Testing: Seiection of Reference Values and Interpreta-
tion Sirategies {3) syared: “The largest single source of within.
subject variakility is improper performance of the rest.” More
recenthy, Enright and coworkers () have shown a positive im-
pact of an extensive guality control program on spirometric
results. As a consequence, there 1s an effort in the pressnt state-
ment o address issues of test performancs and quality coatrad.

The ATS staements on standamiization of spirometry have
‘had far-reaching effects on manufacturers and wsers of spircm-
erers. In some cases, manufacturers have used the document as
2 mipimum performance requirement document. We continue
to be concerned with this approach and encourage manu fachirers
10 seek excellends in design so that the stat= of the an for spirom.
erers will exeeed ATS recommendations. Some research protocolr
will pecessitate gven mare STingent requirsments than stated here

Spirometry is @ medical test that measutes the volume of air
an individual inkales or exhales as 2 funcion of time Flow, or
the rat+ at which the volume is changing s a functiom of Lime,
rmay also be measured with spirametry. Spirnmetry, ke the mea-
snrement of biood pressure, is a useful screem of generat heaith,
Like the sumplk* measurement of blood prewsare, it does not suf-
fice in cortam siuations where more SXIensve 1sHing is warranted.
Spirometric resalts corelass well with morbidity and Life expes-
tancy. Spirometry is nsed 1o affect decisions about individual pa-
tisnts, including the nammre of the defec, its severity, and the re-
sponst 10 therapy. Takle 1 Hs1s same of the porential indications
far spiromenry.

Results from tests based on spircmermic maneovers can have
an important effect on & person's lifestyle, standard of Living,
and furure treatment {10). Similariy, accurate and prease spirom-
erers &re required for epidemiologic studies. Rates of improve-
ment or deterieration of puimenary funcrion measered in rels-
tion 1o environmentat exposures and/or personal characeristics
mey be erroneous if inaceurare spirometsrs are used or less 3en-
sitive if impreciee spiromeners are used (1),

Maximizing the clinical grefulines of gpiromerry depends on
2 pumber of steps, manging from equipment selection 10 mterpre-
tation, and wrimarely invobaes clinical assessment. Figere | is
a fiow diagram of these steps

The firsi step is establishing equipment performance criteria.
The Snowbird Workshop (13, 1987 Updarte (2}, and this updare
give recommendations for equipment used for spirometry.

The second step in the process imvolves validation that the
spiromessr design mees the minimum recommendarions through
the testing of a represantative device, Derailed methods for pet-
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forming the validaticn testing are outtined kster in this sarment
The ATS makes equipment recommendations but does Dot act
as 3 certifying axency 1o verify complianee with these standands,
Spirometer users should carefully selest equipment that mests
the ATE fecommendations 1o axmure that SprOmMeTry tetting Can
be done accurately. Before purchating a spiromerer, it is wise 10:
{7} ask the manufacturer 10 provide summary data thet demon-
strares that the device being considersd meets or eweeds ATS
recommendarions, or (2 review neulis of spirometry =ting from
mdependent tesfing baboratoriss. Thic matement does not man-
dare 1s5ting by an independent laboratory. There are many cali-
brated computer-driven syringes availabie When an independent
laboravory 15 not wied, manufacturers should make the teting
protocol, the saw dama, and the summary data svailable Lo potén-

Even after spirometers have been found to meer ATS recom-
mendations, they (like other mechanlcal, shectrical. or compaser
squipment) must be routdnely checked for performance qualicy.
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Revommendations for spiromerer quality control have been de-
veloped by the ATS and are summarized o this statement.

Spiromemry is an effort-dependent maneuver that requires uo—-
dersianding, cocordinazion, and cooperation by 1he patient-sub-
jeet, who mus be careiully inwracted. Thus, procedural recom-
mendaticns are imporant componets of wsting, Pam of the
recommendation is w obtain a sufficient cumber of Maneuvers
of adequate quality and then determine if these aceeprable maneu-
vars ae reproducible, implving that maxitnal effort has besn
achieved. Once spirometry mansuvers have bem performed, dara
are mither measured by hand or computer, Measurcment proces
dures are included in this artighe to help assure that uniform
methods are used and comparable results are obtained. These
recommendations include considerations such as using “back ex-
trapoiaticn” for determining the “start-of-test” time (2eto point)
for measures such as FEY, and the criteria to determine the snd
of the spiratory maneuver. Inszruments that provide feedback
(o the technician in the form of checks on the adequacy of the
data are clearly desirablie

The interactions berwesn technicans and subjects are crucial
to abtaiting adequate spiromstry, since it s such an =ffor-
depenident maneuver. Technicians must be ramed and zoust main.
tain a high level of proficency w assure optimal resulrs,

The spirogram tracing must be carefuliy scrutinized for qual-
iry. Racommendations about quality, accepability, and reproduo-
ofbility of rest results are presented, as well as exampies of unac-
teprable thaneuvers (o APPENDIX A). After adequate results
are obimined, they are usually compared with refsrence values
to make an assessment (interpretation) of the results. The ATS
1991 Sunement cn Lung Function Testing: Selemtion of Refer-
ence Values and Interpretative Sirategies provides guidelines for
salacting reference values and interpreting rhe resules. Clinical
assessment showld be an integral pan of spirometry. Resulzs ob-
tained from spirometry are ooly coe part of the much mobe com-
plex patisni-care t=farionship or mesearch study analysis, It is the
responsbility of the Wbormory director o provide adequade qual-
ity control procedures to assure that 2n atrempt (o meet these
recommendations ang criteria has been made

In both the original ATS statemvent'on spiromerry and the 1557
update, a ationale was provided for each recomm endation. Since
many of these peommendatons and their rationales have not
changed since the original statementy, the reader is referred to
the 1987 updats (2) for the rationales cotcerning less controver-
sial recommendations,

DEFINITIONS

Al terens and abbreviations used here are based on & report of
the Americar College of Chest Physicians (ACCPR-ATS Joimt
Commimee oo Pulmopary Womenclature {12).

Accuracy and precision are itoportant terms in equipment
recommendarions and warrant some definidon. Accuracy oy
is the systemazic difference berworn the “roe” and the measured
vajue The acouracy of a spirometer sysem depends on 2 gum-
ber of factors, Including linearity and frequency response of the
SYstem OF PrOCessor, sensitivity 10 environmental conditons, cai-
tbration, and adeguacy of cormection fastors [ts precision de-
pends on the signal/moise ratio and or the rsolution: (ie, the
mirimal detectable volume or flow). Precision error, usually
denoted reproducibility, is the numerical difference beroesn nsc-
cessive measurements {4). For sample, if a volume spiromeier’s
pen is not on 2ero but at 1 L, all vohunes read directly from the
graph would be overnead by I L. The accuracy error woald be
1 L, since the measured volume would read 3 L when the rue
volome is 2 L. However, the precision of the spirometer would
remain unchanged, as the spirometer would censistenthy read 3
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L each rime 21, is injecied into the spirometsr. For some appli-
cations, =g, pe=ak expiratory flow (PEF) monitoring, presisicn
it more important than assaracy.

In several sections of this document, the terms “open cirouit™
and “sosed cirauar™ technique are used. The term “apen cincait™
spiromery refers o the method of conducting spiromeiry where
the subjeet takes 3 full insprration before inserting the mouth-
piece 10 perform the test. 1o this appreach, the subject does oot
inhale from the spiomete or p-utmuall}r coataminared flow swn-
$oT. The term “closed circuit” spimmetry tefers o the methad
of conducting spirometry whers the subjes (s attached to the
mouthpiecs before the mspirazion is begun, and cfien sevemal
tida! breaths are nbrained. In this approach, the subjest does in-
hale from the spirometsr. There are advantages and disadvan-
wmges 1o both of thess approaches and both are recommended
procedures. For sxampie, an advantage of the chosed circuit tech-
nique is that it allows measurement of expiratory reserve volume
{ERY}, tidal volome (TY), and inspiratory flows.

Previous recommendanons L, 2} tearsd all spirometers alike
whether used for clinical, diagnostic, or epideminlogic purposes.
However, a new class of device has been added for monitoring
purpeseyr Monitoring devices (portable peak [ow meters, 2ic)
have separate cormendations from diagnostic spiromeners jor
the recorder /dispiay mqui:mmtsas well at the accuracy raquire-
ments. In ad@tor, precision reguirements have been added for
monitoring devices Racommendations concaming monitoring
dmcumﬁmuﬂudmthummmmhﬂh:mﬂdm
ing." We do mor recommend the we of monitoring devices far
diagnostic purposes in the rraditnonal diagnostic setiing where
ome 15 comparing 4 measured value with & reference valte [n
this serting, monitering instrumenty s likely 1o be I
becauss: () they may be lexs accurare than diagnosuic mstra-
ments; () they usually cannet be calibrated or checked to assure
their performarnce; {3) their graphical displays may be missing
ot inadequate o allow proper cvaivation of the subject’s effort
and overall test qualiry; and {#) current PEF standards of = 10%
allow mrodels of instrements ¢ vary by op to 20%, adding vari-
ability to reference values derived when 2 monitoring insoumerit
is used. However, monitoring mstruments may be useful in di-
agnosing mmhﬁryinspmm parametery because
they temd 1o have exceilent precision.

EQUAPMENT RECOMMENDATIONS

Arcurate resules require accurate equiptent. Spirameter equip-
ment recommendations apply 10 all dixgnottic spirometers
whether wsed For elinical or epidemiologic purposes. Insrumen-
tation recammendarions should ke followed to provide accurate
spiromeric data and informarion thar are eomparable from Lab-
oTatory to laboratery and from one tme period to another (1)
The acsuracy of a spirometry system depends oo the resolution
{ie., the minima) detectabie vofume or flow) and linearity of the
emitice ystem, from volume or flow tansducer to recorder, dis-
piay, or processor. Ermors at any siep in the process can affect
the accuracy of the resulis For example, if the srrs correcticm
factor is in erTor, an accurate, uncorrected FVC will be corrupred
when the factor is appli=l

Recommendations are first provided For diagnostic spirome-
ters, followed by recommendations for monitering devices un-
der the subheading, “Maonitoring * For examphe, the equipment
recommendations for diagnostic spiromerry are summarized in
Table 2 and for monitoring devices in Table 3. Spirometers are
net required 1o meanoe all the following paramserers bt muost
moest the recommendations for those parzmerers that are mes-
sured. Accuracy and precsion recommendations apply over the
entire volume range af the insorument.
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TabLE I
MIHIMAL RECOMMENDATIONS FOR DIACNOSTIC SPIRCMETRY*
Rarage! ALCurney Flow Marge  Time Rhufmance and
Taem ) [ £} Back Prasure Teut Sgral
v B.5 18 8 Lz 3% ol eting o2 0583 1, a0 T4 ] L. Cal Synnoge
whichewrr i gredbir
PYC 0.5 t0 B Lz % of repding o 2 0080 1 oGt 14 5 Lemythan 1.5 24 candard
it iy Rl e HHoIL g wavelorms
L Cal Synnge
FEVE 0.5 to 8 L= A% of resding or + 0,050 4, Ieto te T4 1 Le=it e 1.5 T4 standant
wheCTivey 14 GHeADer cm HpO L' wavgtorms
Tirme 2vm The e posnt iam which 18 FEY, Batk £xtra-
Ao TR, Al Ol RO ERCa
MEF Acrurpcy: £ 10% of repging o 2 00400 LYy, TeiC M 14 Sarme 11 FEV; 26 frw standatd
wihicherr if Qi weannptoang
Frecision: £ 59 of hrading of = D200 L,
whichever it greate
FEFpspm -0 L5 x 5% of readting o 2 (L2000 Ly, T4 1% Same ¢ FEWY 24 stindard
whichawer is Qresief waner ey
v £ 74 L5t 5% ol reaiing or & 0200 iy e to 14 15 Sarre a1 FEW) Progolt broam:
- whichursit i1 Qreaber Mt Irer
Iy 250 1reman at Ty of 2 L weithion £ 10 ol z 14 12 Prevsume bess Sire warr pump
redding of x 15 Limin, wiswchever is greatar EREL ] 13 than x 10 am
Hy 0w ZL TV
20 HE

= Linuess Lpaoelically PO, pICHion meguinma e O ueet b Ow doiut'y regquirementt

Recommendaton: Yital Capacity (V)

¥C = The maximal volume of air exbaled from the point of
maximal inhalarion or the maximal volume of air mhaled from
a point of maxiraal exhalarion can be measmred with a slow ex-
halation or inbzlation, respectively. This was previcusly called
the “slow™ vital aapacity and bhas been berer described a5 the
“rejaxed viral capacity™ (13). The VC is expressed in liters (area).
=TPe is body condidons: normal body temperature (37" C), ams
bient pressure, saturated with wazer vapor. When the rebreath-
ing techajque ix used, an oxygen supply may be provided and
carbon dicuide absorbed to account for oavEen comsurnption and
the producticn of carbon dicxide, In this case, the oXyEen sup-

piy must saccount for the toml axygen consumed, maintxining
the voluroe consrant a1 funrtonsl residual capacity. [fthisispot
done properly, an ipovmect ViC could be obtained Becaise of
this potential orror, the rebreathing technique with the absorp-
ton of carbon dicadde is discouraged as a rechaique whep caly
VT & 1o be measured.

Rationgle In some subjects, a skow or relaxed vital capacity
provides a more acourme derermnation of the vim] capasry than
thoae nirained with a forced exhalation Forced sxpiratory vol-
umes are wally lower than those obtained with a slow exbada.
Ton In subjecrs witk airways obstruection and in older subjects.
With severe airways obsruction, YO valhues may be larger tham
FYC values by as much as 1 L.

TAME 3
MINIMAL RECOMMENDATIONS FOR MOMTORING DEVICES
P/ & FEY; ' PEF
Recpuirmrmant [arra] [AT™)
Rarmpt Hight 050w B L Higie 100 Limies tn @ 700 Limin bat & 450 Limin
Low 04 S E Lowr: 80 L/mish i3 & 175 Litin ot & 200 L'mim:
ACOUTRCY 2 5% of maing or + L1001 L, = 107 Of resdang oF = 20 Limin, whichever is greatst
whichewer b grustar
Frecinion * 1% of reading or x 0050 L. Intracievics: € 5 of resding oF € TO Linwin,
whichevr & ginatey whichewer i graster
Imwrchesic £ 10W oF rading or £ 20 Limin,
wisciurvi! o ghaite
Lirwgariy VAT 3% e OGN Wik 5% v Qe
Ly 2T COMEL oot ENting Fangd COrRmank ovee Sndine rynge
Migh 010 L High: 20 Limin
Lowe QLOCSH L Lo 10 Lirmin
Ressiution High: 0.8%0 | ighs 10 1M
Lower. 0025 L Low: 5 Limin
R b Lonx than 15 o HyOfLs, from imcn than 23 em ipOfLYs from rem to 14 L3
iwo o 14 L
AT R O
vl Ly o3l L -
Tust Skonal 24 smnder veluame-ome ; HSrpnipr fiowe-tmd waARRITe
wrysiomma

Hhght = figh TEOge dfml lmer B lrw range devion.
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Volume L)

Figure Z. Typical subject wa-\reinrrn of a volume—tme spirogram i
lustrating back extrapelation 1o < stermine "time zerc.” Extrapolated
valhuTe & Yext,

For measurements of ¥iC, the spirometsr must be capable of
accumuiating wolame for a1 fease 10 5. Spiromerers must be capa-
ble of measuring volumes of ar lsost 8 L (rrrs) with flows be-
tween rero and 14 L/t with a volume aceuracy of or feast = M
of reading o¢ = 0050 L, whichever i3 greater.

Recommendation: Farced Vital Capacity (FYC)

FVC = Maximal volume of air exhaled with maximally forced
etfon from a position of maximal nspiraticn, ie., vital capacity
performed with 3 maximally forced expiratory <fToee, expressed
in liters (arres)

The diagnostie spirometer must be capable of measuring
volumes up to af feasy € L (pTP) with an accuracy of af et
+ 1% of eading or + C.030 L, whicheéver is greater, with flows
between zero and 14 L/s, The E-L range requircment applies 10
newly manufactured instruments; existing spirometers with a 7-L
range may contioue o be used. The spirometer mus: be capable
of accomulattng wohurme for or demsr 15 4, although longer drmes
are recommended.

Moniraring. Monitoring devices must be capable of measur-
ing voluntes up w af Jeast 8 L (1rs) with an aceuracy of of least
+ 5% of rading or = (.100 L, whichever is greater, with Flows
betwesn zero and 14 L/ The precision of the monitoring devicss
must be af fegst = 3% of rading or = 0030 L, whichever is
greater. The device mus: be capable of accumulating volume for
ai bemr 15 & :

Recomimendstion: Timed Forcad Expiratory Woiume (FEVY)
FEV; = The whume of air exhaied in the specified time during
the performance of the FYC, £3.. FEV, for the walume of air
exhaled during the first second of FYC, sxpressed in liters (2TFSL
Me=asuring FEV, requires a spirometer capabie of measuring
yolumes of 2f jeast & L. The spirometer mua measure FEV,
within an accuracy of ot femt + 3% of nading or = 0.050 L,
whichewver is greater, with flows berweern zero and 14 LAL The
start-of-test for purposes of tming st be dewermined by the
back extrapolation method (1, 14, 15) or 2 method shown to be
equivalent (Figurs 2). For marnal measrements, the back ot
trapolation method waces back from the steepest slope on the
volume-time curve (Figure 2) (15, 16). For computer methods
of bask sxtrapolaricny, we recommend using the Lt slope aver-
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aged over an 83.ms period (17} The total msistance to airflow
a1 14.0 L/s must be less than 1.5 qm H,O/L/s. The total resis-
tance must be measured inciuding any tubing, valves, pre-fiiter,
et that may be ipseried betwesn the subject and the spircme-
ter. Since some devices may cxhibit changes in resistancs dues (o
waterT VAROT COndensalion, resistance requirmments must be met
under 31ps conditions when tp 1o #ighl successive FYC maneu-
wers are perfortved io a W-min pericd

Monitoring. The monitoring davice must be capable of meas-
uring FEY, up 1o of feast 8 L (ETPS) with an accuracy of ar feast
= $% of reading or = (1100 L, whichever is greater, with ficws
berween zeto and 14 L3, The precision of the monitoring devices
for FEVY, must be ar fegsr = 3% of reading or = 0050 L,
whichever i5 greater. Resistance should be less than 2.5 cm
H.0/L./% and the star-of-ie51 requincment is the same as for di-
ARNOALC SpiromneLry.
Recommendation: PEF
PEF = Largest expimatory flow achieved with a maximally forced
effort from & position of maodmal inspiration, xpressed in
lrers/second (BTPSh

Measuring PEF requirss an instrument thar kax & frequency
response that is flat {+ %) up o0 i2 He The instrument must
measure PEF within an accaracy of £ 10% of rading or = 0,300
I./5, whichever is greater. Intra-instruonent precision must be less
than 5% of reading or 0.150 L/s, whichever is greater. Interdevice
pracision musm be less than 10% or 0300 L/s, whichewer iy greater.

The following or ap squivaient method can be used in the de-
termination of FEF g, of PEF for volume-time curves. How
ever, the oetkod usad 1o derive PEF may depend on the roeasur-
ing instrument {15), and the fingl determination of
should ee determined through testing veing the sandard wave-
forms (26 flow~tme waveforms, Arrernoox D), with PEF derived
from the flow—time waveform (Tabie D1, cohmn 2).

Determination of PEF can be performed from the volume-
time dats B iting & parabolic curve-[Ttting algorithm, which
smooths the data using a least squares parabolic 1t 1o & 40 or
B0-ms segment {(op = 2 or 4) of the wlome-time curve, o

-_J

5 j-volin+3)
i -

2 5 3

i

where [low = an ammay of flow valoes from sar to end of test
o = intex of current flow dim point (o = [op + 1) 1o index
vitue of end of stk vol = an array of volome valoes; | = an
index value ac indicarad in the equation; b = the time between
sampples (001 s In this example); np = the pumber of duta points
{for a 48-ms segment, np = 2 and for m 8-ms eyt np =
4); and PEF is the maximem vatue observed in the armay flow

Rarignale, Using the 26 flow—time waveforms to define PEF
is 2 change from the ATS 1987 Updars ‘The PEFs for the 24 stan-
dard volume—titie waveforms and the FEF e, described i the
19287 ATE Spirometry Update used the above algorithm with an
&0-ms interval. Manufacturers, through the e of mechanical
simutators and the 24 standand volume-tinae waveforms, have
been impiementing this o equivalent methods through cheir at-
temprs to derive PEFs similar to those defined by the 24 stan-
dard volume—thne waveforms .

1n addition, the National Asthrna Educarion Program (MAEP)
{5} has adopt=d ATS standard volume-time waveform number
24 as their standard for porable PEF mevers. Hankinson and
Crapo (18) kave shown that reducing the time moeval in the above
equation from 80 1o 40 ms resules im as ruch as an §% higher
PEF for iwo of the 24 standard volume~time waveforms and a

flow (n) = PEF = Max ([low)
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5% higher PEF value for waveform number 24. Regardless of
this apparent change, PEF is a flow parameter and therefore
should e defmed based om a flow-time waveform rather that
a volume-time waveform {i.., #aveform noumber 24). The final
determinarion of compliarce should be determined throngh test-
ing using the standard 26 fAow-time waveforms (AF*erpm )
and the PEF derived from the flow-time curve (Table D1, column
2). This approach ailows ali of an iDstrirment's characteristics
10 be consider=d, rather than cnly the PEF computatdonal al-
2orithie. Bevause PEF is more variabie than FYC and FEY, and
becalse of the confusicr surtounding PEF definition, a reia-
tively large + 10% accuRcy requiremeni was allowed.

Recommendation (Monitoring): PEF

FEF = Largest expireiory flow achizved with 2 maximally foresd
effort from a peositien of maximal inspiradon, expressad in
liters/minute (Fres).

Monitoring PEF also requires an instrument that has a fre-
quency responss that is flat {+ 5% ) up to 12 Hz and a resistance
tess than 2.5 ¢ HoO/L /s with lows up 1o 14 L/s The instro-
ment Mmust measere FEF withio an accurzcy of = 10% of read-
ing or + 20 L/min, whichever is preater, with PEFs terwe=n 60
to 400 L/ min for children and from 100t 8§50 L/min for adults
The lower limit range of the instrurment must be Jess than or squal
te 60 L/min for children and 100 L/min for adults, The uppes
lirnit range must be greater then or equal to 275 L/min but less
thart 40071, min for children and grezter than or equal w 70
L/min but less than 850 L/min for adults. If manaoal reading
of the jnstrument is used, the reader must be abic to retoive at
least § L/min for low range (children) and 1§ L/min for high
rangs {adutis) (marked PEF intervaly [kradualions] no greater
than 10 L/min for low range and 20 L /min for kigh mange). Iotra-
insurument precision must be less than or equal to 5% of read-
ing or 10 L/min, whichever is greater, [nterdevics precision foust
be lesy than 10% or 20 L/min, whichever jx preater. Data on
the irstrument’s life span and durability mos be provided
by the man facturer, spevified as the typical life span over which
the instrument will satisfy the requirements of this section,

[o addition to the above requirements, PEF mexsuring devices
must also provide 3 method of reporting vitues at ¥T9. For port-
abie PEF rneters, WTPS coffectioa toay be aceomiplished by Jimit-
ing the savironmental operational range for the instrement in
terms of barometric pressure {aitivud«) and amkbient tempera-
wure Portable PEF meters must meet the acturacy and precision
requiremenis above, given the mnge of epvironmental conditions
ancountered with rypical use A 10% acouracy requiremnant, higher
than the 5% for other flow, is recommended o allow for poten-
tial BTPS correction complicarions astocisted with PEF measure-
ments. Besides providing 2 method of correcring PEF valus 10
WTPS, the insTument's manufacmerer must ko provide a coppec-
tion for the effesys of altin:de or other envirommental conditions
as appmopriate,

A package insert mist be provided with cach porntable PEF
meter contaiting gf dexst; (7] citar insructions (with Hhustrarions)
for use of the instrument in simple terms that are understood
by the general publies () instructions concerning maintenance
of the instrament and methods 10 recognize when it is malfune-
tioning. and (3) appropriate actions o b ke when PEF re=ad-
ings change appreciably (i, whom o contao)

Ratiorale Concerning the requirement of a fla frequency re-
sponse up o I3 Hz, Lemen and cowarkers {19) have shown that
the mean highest frequency (HFY with significapt amplitude con-
went was 5.06 Hz in healthy individuals apd 6.4 Hr in patients
and smokers. They conciuded that flow measuring devices should
have a frequency response that s flat up to 12 Hz Peslin and
cowotkers (200 found a slightly higher HF of about 10 Hz in
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healthy males and 7 5 Hr in female subjects. In additon, our-
ren mechanical waveform-generaling squipment generally cap-
not accurately produce waveforms with frequency conten: above
12 Hz. The scouracy recommendation is tess stringent for PEF
than for the FVC and FEV, (10% versus 5%) because of the
higher within- and berween-nziject variabilities associated with
PEF measuremenss and becanse of testing insrumen: imitations,
The PEF instrument precision and intra-instrament variabilicy
recommendations are lower (5%0) than the accuracy and inter-
insinument variakility requirsmenrs (10%) because of the pead
for low instrument varabilicy in the routine us= of PEF meters
for serial measurements. [n addition, several studies have shown
PEF metets 10 be much mome precise than accuras (21-23), These
recommendations are also similar wo those of the MAEP (5), The
rabge recomnnendations are made with the wodersianding dhat
PEF measurements are often made uting portable PEF meters,
With these meters, reading resolution (number of graduarons)
rmus be balanced against the range of the mever (upper and lower
meter limirs). Therefore, different instrament ranges for children
andg adults are appropriare. The rangs recommendations for ckil-
drem are not mtended o preclude the use of ab insirument with
adult ranges if the instrument mests the resolution requirsments
{=ase of reading) for children.

An nstrement's life span and durzbility are difficuli to de-
termine and will be specific to an instrument. However, porta-
ble peak lowmerers are often used for exrended periods of tme.
Therefore, the insrrument manufacturer must provide informa-
tior oo the rypical life span of their instrument as well a3 clean-
ing and other mainrenance instructions. The package insert re-
quirements recommended by the NAEP %) are similar to those
recommended in this staternent. ‘!_g
Recommendaticn: FEF2s 71w
FEF:sna = Mean forced expimiory flow during the middle
balf of the FVC. Formerly caifled the maximal mid-expiratory
flow (MMEF), expressed in Liters/second (TPS)

- The FEFas-ym must be measured with an acouracy of af famiy
* 5% of rmading or = 0200 L/5, whichever is greater, over a

range of up 0 7 L/ The FEF e fust de meitured oo 2 sy~
1em thar mests diaghosrie FYWC recotomendations,

Recommendation: Fow (V]

¥ = Insanmanecus forced expiratary flow (exsept for PEF), ex-
pressed in litery/second (BTPS)

Flow may be measyred etectronically or mtanually frem a
fow-volume display with adequats tize for hand measuring,
Where fTow—vohmme Joops or orher uses of flow are made, with
flow in the range of —14 10 14 L/s, the flow must be measurable
o within + 5% of reading or = 0200 L/s, whichever is greater.

Recommendation: Farced Expiratory Tame [FET)

FETTi1 = Time from the back-exrapolatsad “dme zero” unl 2
specified percentage of a maneuver's FVC is exhaled, expressed
in seconds For example, FET93% would be the dme required
to reach 95% of o mansuver’'s FYC. See APPENDIX A for FET%
examples FET100%: would be defmed a5 the time required o
reach the FYC or the time 3 which the vohime was observed
1o be af itz highest ievel. For mareuyer quality accescment puf-
poses, the reporting of the FET99%s (24) or FET100% i encour-
aged but not mandated Alta, the FET25.75% (mid-expiratory
tirne} may be a usaful indicator of diminished ficw when VC is
decreased and may be less dependent oo body or lung size than
other flow parameters (2755

Recommendation: Foroed inagivatoery Vit Capacity Maneuvers
Thess maneuvers aré DSPUALoTY vital cpacly maneuvers par-
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formed with maximally forced effort from a pasivien of maxi-
mai sxpiration o a position of maximal inspiration. Both volume
and flow parameters ars measurad, which raughly correspond
(except for direction) 1o these from the FVWC maneuwer, Vojume
measurements are sxpressed in liers (ares), flow measurements
it ters/secood (¥TPS).

Rativagie. Fored inspiratory maneuvers are useful in diag-
nosing and monitoring LppsT airway obsiruction. They are usu-
aily performed either precoiiog or follewing the FYC mansuver
but may be performed separatsly. Elderly or il patients often
have difficulty performing formsd inspirstory and expiratory
mansuvers as part of the same effort. Forsed inspiratory maneu-
vers require the use of one of the closed circuit m:h.u.iquﬁ.

For measurements of Fomeed inspiratory spirometric param-
eters diagnostic spirometers mus meet the corresponding range,
accuracy, and presivion recommendarions specified for dizgnostic
spirometry syitems (Table 2),

Recommencation: Maomal Voluntary Yentilation (M)

MYY = The volume of air exhaled in a specified period during
repetitve maximal respiratery efforts, expressed in liters/minue
(HTI).

When a spirometsr is used for measuring MV, it muost have
an amplitude-frequency respanse that is flat witkin = (% from
zeroto 4 Hz at flow rates of up & 12 L/ over the volgme range
The time for exhaied volume tegration or recording mist be
no less than 12 5 gor more than 15 5 (26, The indicared tme
must be acourare to within = 3%, The MVY must be mearured
with an aceuracy of + 10 of reading or + 13 L/min, whichever
i5 greater,

Guneral Backgrounc: Spiromety Recordenn/Displays

Paper records or graphic displays of spirometry signals are ne-
giired and am used for:

1. Diagnostic funetion— when waveforms are to be used for quai-
ity control o review of the forced expiratory maneuver to da-
terpine if the manesuver was performed properly, so chat un-
acrrptable mancuvers can be eliminated.

2. Validarion fungtion —when waveforms are tn be used 1o vali-
dlate the spirometer system hardware and software for accuracy
and reliability through the use of mannal measurements {for
example, measurement of FEV, using back extrapolation by
comparing computer- and manually determined FEV, ).

3, Manmzad measurement function — when waveforms art o ke
manially measursd for spimmeric paameters (FYC, FEV,,
etc) io the abtence or fiiure of a computer.

With the continued advanes in computsr wchnoiogy, there
are many differ=ni ways (o display and record spirometric wave-
forms. The comumities continues 10 sacourage use of computer
technalogy.

Paper recorder mequirementy are the same regardless of the
purpose, diagnostic, validdtion, or manval measurement. If oo
paper recorder of printer i available, then proof of validation
of the accuzacy and stability of the spirometer by an mdepen.
demt laboratory must be provided by the manofacryrer. For these
compyter methods, sy new softwars releassy muw alsg be vadi-
darad.

Recomumendation: Diplay of YV Maneurver

Either “ppen™ or “closed™ cireuit techniqne mey be used 0o mea-
sure the VO manesver, Although the open circud! technique may
be prefermed because of hygiene concerns, this wechrique does
rot allow the monitoring {display) of the inhaladion w TLC and
therefore is less than optimum. Regardless of whether the open
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or ciosed circuit techmique is used, a display of the entire VC
manecuver most be provided. The maximal expiratiey veluose
must be asseised 10 determine whether the subject bas olbrouinsd
a plapeau in the expirarory effore Scbjects with atrways obstruc-
tion usuzily sxhibit different shaped curves a1 the end of their
eXpiratory maneuver —a slope showing the nonhomogencous
emptying of luog units. Some patimrs with severe airways ob-
Rruction are oot able v rererm 1o the level of FRC due to gas
trapping (see APPENDIX A, VO maneuvers). 1o addition, impor-
tant differences between inspiratory (1VC) and expiratory (EVCD)
Maneuysrs may be observed in pacents with airways albsgaric-
tion {Z7). For systems using a closed cirouit with carbon dioxide
absorption, 4 volume-time display is nesded to verify baseline
end-gxpiratory level (funcrional residual capacity or FRC). The
graph shomld indicare the stardng volume to evaiuate the correct
positioning of FRC.

Recormmendation: Display of FYC Manewrver

Displays using flow versus volume insvead of volume versus time
expand the initial pordons (first 1-2 s} of the Forced vital capac-

_ ity maneuver. Since this portico of the manegver, particalarky

the peak expiratory flow, is cotreiated with the plevral pressure
during the mansuver, the flow—volume disphay is zsefisl o assess
the magnitude of effort doring the iniua) portions of the ma-
asuver. Overiaying a series of flow-volume curves registered at
apparent TLC (mavima? inhalzton, which muay rot be mue TLC)
is belpful in devecting 4 submaximal effort that may msule in
a large though nonreprodusible FEV, a3 a consequenceof nega-
tve effort dependence (28).

Unliie the flow—voinme curve display, disptay of the KYC ma-
neaver 25 a volume-time graph sxpands the porminal bordons
of the mancuver. Therfore, the volume-rime dispiay is useful
in attescing the duratom of effort and whether a plateay is
achieved. Where spiromeiry may need o be reviewed by mde-
pendent agencie, 3 volume—time tacing of sufficiens size allows
indepetdent mensurement and cajrularion of parammers from
the FVC maneuvers Onverlaying & seried of volome-time carves
afigned at bock-exrrapolated time zero or flow-volime curves -
aligned at TLC is useful in cvaluating reproducibility and sul-
maximal efforts. For opdmal quality comirol, both fow—volume
and volume-time dispiays arc vaeful andd suongly escouraged.
Sen APPENDIX A for lusorations of volume-time and flow-vol-

Recommiendation: W and FYC Manewver Volume:

arvd Torewe Scabes .

Volume scaje: When 2 volume—time mzrve b ploteed or displayed,
the volame scale must be o deexr ) mm/L (BTPI)

Time sale o feerr 2 ands larger e scabet are prefermd
fat least 3 cm/) when mannsl messurements are to be made (1,
2%, 30). When the volume-time plot is used in conjuanction with
2 flow-volume curve (both dispiay methods are provided for in-
terpre@tons and no hand-messrements are performed), the fime
scale reguirernent is reduced 10 ] an/s from the usually required
minitmum of 2 Gn/s. This eeeprion is allowed because, in these
circumstances, the flow-valume curve czn provide the means for
Guality assessment during the initial portien of the FVC manru-
v, The valume-time curve can be used 1o svaluate the terminal
portion of the FVT maneuver, and che ime scale is less critical.
For dispiay of the siow VC, the volume scale may ats be reduced
w | cm/L and the time scale to L5 ao/s.

Racommendation: Raw-Volume Curve

When a flow—viplume curve is plonsd or di exhaled Florw
must be piottad upwards and ethated volume rowards the right.
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TABLE 4

MIKIMUM REQUIRED SCALE FACTORS HHL TIME,
VOLUME AND FLOW SRAPHICS

[FE TV
Parameter Recsined Scale facor
Vel urme a02% L 10 mma
Flow 0790 L's 5 memsL
Tirme ol 2 omi

A 1:] rapio must be maintained berween the flow and voiume
scales eg., 2 L/t aof Aow and 1 L of exhaled volume must be
the same distance o thelr respactive axes. The fiow and volume
scales must be ar feasr as shown in Teble 4.

Rarionale It was the commifies’s ufanimous opinion that the
previpys dizgnostic recorder requirements of 5 mm/L and 1 emss
have proven inadeguate for judging the quality of an =xpiratory
effort, ag., ietminal events ane oot detectable (APPENDIX AL For
certain applications (for example, for disability derermination
and legal cases), dagoostic siee displays are clearly zo¢ adequare
{2&, 30). The U5, Cotton Dust standard requirss “. _  tracings
musy be stored and avaitable for recall and must be of mifisient
sire that manual measurements may e made . . .7 (31). Alsg,
users will custcomarily oot be able Lo venily accuracy and stabi)-
ity of spirometers by themselves in the absence of an adequate
paper recording.

Recommendation: Comection to 8TPS

This satement recommends that diagnastic spirometric sudies
nat be conducted wicth ambient temperarures less than 17° C or
more than 40° C. In par, the rationate for this recommendation
15 based on problems with finite cooling dmes of gases In vohame-
vpe spimmeters (12-34) and the problems of eximating sTrs
correcdon factors for flow devices (15-3T). When a subject pet-
forms an F¥C maneaver, the afr leaving the lungs and entering
the spirometer is at 2pproxiroately 33 to 35* C (38, 3% and is
sarurated with warer vapor. Most volume-type spirometers as-
sume instantanepus cooling of the air 25 it enters the spirometer.
However, this is not always the case, and an eror in FEY, @an
oceur due to the incorrect assumprion of inszantaneous cooling
of the air. For capillary and screen: pnevmotachometers, the gain
is dependent on gas viscosity and increases with increasing tem-
peramre. Thersfore, a different cormection factor is nesded be-
rwesn patients afd 3 cfibrating syringe and berween inspiratery
and sxpitarory manevvers. [n addition, the assumpticn is usu-
ally made that no eooling of the air oocurs af the air passes
through the flow sensor. Thix may net be the case, pardcularly
with unheated flow sensors (35), 1f the expired 3as it acymed
10 be pres, an oror of abour 1% wil] result. The errér will m-
crease if the Oow senser is lncared farther from the moutk and
more cooling occurs. [n addition, water condmsarion withio or
on the surface of a flow sencor may ajter jis calibation. Depend-
ing oo envircnmental Ehperansre, the kT comecion factor may
be as jarge as 10%. Therefore, the method wied o caleular: or
estimate the aTPs factor can potsntally inraduce significant er-
rors by the application of an eropecus BTPs correction factor.

Changes in spirometer temperature can be a source of vari-
ability; thersfore, spirometer temperature showld be measursd
and not assumed ko be constant, sven over the course of one test-
ing session. Johnxom and colleagyes (40 found that if ambient
LT P atire was used it XTPS correction and applied to 2l manen-
vers, FEY, and FYC measurement errars of up 1o 8% may oc-
tur. When using velume spirometsrs, they recommend that the
ternperalure of atr inside the spirometer should be measimred ac-
curately during =ach breathing maneuver.

11ts

Recommendation [Monitoring): Comrection o &S

Fot gperating simplicity, monitoring devices may use One BTPS
correcmon facor for 2 range of barometric pressures [altitude)
and sovironmental emperatures. However, the use of a single
ATPs correction facter of dirsct readingy at ATPE does 0ot &limi-
nate the requiremesnt o mest the aceuracy specificadons under
BTPE condinians. Therefore, manufacturers muast provide appro-
priate lxbeling conczrnipg the emvironmentai conditions (ampient
temperarre znd pressure) under which their devics will meet the
ACCUracy regquirements. If necesgary or appmopriate, the manufac-
turer may provide severat BTPs correction factors o meet the ac-
CUracy requirsments over a range of enviroomental cooditions
(aftitode and temperature).

EQUIPMENT VALI Dﬁ'l'lbﬂ
Recommendation: FYC Yalwdation

The diversity of FVC maneuvers encountersd in clinical practice
are currendy best simulaied by the use of the 24 standard wave-
forms developed by Hankinson and Gardner (17, 41). These wave-
forms can be nsed 0 drive a mmpﬂ:u—mnuuﬂed mechanical
syTinge or its squivalent for resting aciuzl hardware and sofi-
ware (42, 43) or they cag be put into a sysem in digital form
to evaluate onfy the softwarr, It is strongly recommended thar
spiromerry systezns be svaluated ysing 3 compuier-driven me-
chanical syripge or its equivalent and that the digital forms only
be used for evaluating changes in software APPENDOX Cshows
the measared vajines for ach of the 24 standard waveforms, The
American Thoreeir Society also provides thest waveforms an
floppy disks for an 1IBM-PC.* Appropriate corrections for usig
gas ai Amipient temperaturt and humidizy i of BTrs may
need 1o be made for some mechanical syringe-spirometer com-
binaticns. I additon, precision criteria bave been added, ang
usting of spirometry systems using heated and humidified test
gas is recommendead.

The acouracy validarion limits {poierance for smulator systems
i5 included in thess Limits) for valume are: volume (FVC, FEVY .}
* 3.5% of readipng or = 0.0M) L, whichever is greater: and aver-
age Plow [FEFy.na) = 5.5% of rading or £ 0.250 L/s, which-
ever is greater. The errof raage is expanded from the earlier ATS
spirometry meommendation to allow for errors associated with
mechanjcal syringes (42). The precision validadon limits ane wol-

" ume (FYC and FEV,} 5.5%s (range percent) or 0,100 L, whichever

is prater; and fow (FEF ) 55% or 0250 L/5, whichever iz
greater. Mechanicad syringes used for validarion must be accurate
within + 0.025 L for FYC and FEV, and + 0,100 L/ for
FEF 1perem.:

Rationgle. Testing of spiromery systems using heated and ho-
midified st gas has been added 1o the validation riteria bes
cayse of potential probiems assccizted with TP commection
(31-37). See AprEnNDIX B for further details.

Recarmendation: PEF Validation

PEFinsmmdmgnsmust bew.lidamdu.nn:amnchmmauy
driven syTinge or its equivaient, using rhe flaw—time waveforms
described in APPENDIX D. These waveforms are available on dig-
ital media from the ATR In addition, the mechanically driven
syringe mus be validated (Arrenpix E) o sasure that it ag-
curately produces thess waveforms and corresponding PEFs
withit = 2% of reading. The Mow-time waveiorms in AFFEN-
oDl D were chosen to represent a rapge of peak flows and
flow-time sighes with varicus times-10-PEF (time required 1o
g0 from 0.200 L/x 1o PEF). The accuracy wlldation Lmir for
PEF ia = |3% of reading or + 25 L/min, whichewer is greater.

" Avadpble ram the Amencan Themcic Secdty.
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The precision (range deviation) validation limit for PEF is 6%
or |5 L/min, whichever i5 greates.

Rationale, The NAEP (f) recommended the use of a me-
chanically driven syringe 1o =z and validate the aceuracy of
peak flow measering mstroments and 1o assess intra- and inter-
devics precision. Their recommendations inchuded the use of ATS
wavefarm 24 with various multipliers 1o achieve different PEFs.
One problem with using ooly waveform 24 is a lack of variabil-
ity in the shape or rise-time in the waveforms used to tesn PEF
meters. Therefore, the use of several waveforms in the westng
and vatidarion of PEF meters 1¢ provide a range of PEFs and
tire-o-PEF (tise-times) is recommended. The waveforms in Ar-
PENDIX [ are flow-time waveforms and, therefore, the defini-
tion of peak flow obtained from these waveforms is simple 10
derive In addition, a volume-time curve for use by the mechian-
ically driven syringe can be obtaiped from a flow-time curve by
simply summing the fow-time values (integratng the flow
signal).

The accuracy of the mechanically driven syringe for PEF,
+ 2% of reading, was chosen based on current technica] feasi-
bility, Current technology of mechanically driven sytinges is oot
sitfficienr 1o provide greater securacies. This is doe o the dy-
ramic aspect of peak flow—high frequency cacteat and PEF
occurs at 4 poiot in the flow-tume signal whers the acccieration
is changing, resalting in potental “overshoot” by 2 mechanical
syringe {n addition, insufficient data are availabie concerning
the acturacy of PEF meters uxing waveforms with higher fre-
quency conten: (shorter imes-to-PEF). Additional detaijed n-
formarion conserning spirometer 1esting procedures is contuned
in APPENDICES B, C, and I

Recommandation: MV Yalidatian

When rested with 2 pumyp producing a sinusoidal waveform, the
accuracy validatiom limits of the spirometer used for MVY for
flesws up o 250 L/min, produced with stroke volumesup 1o 2 L,
are + 10.5% of reading or + 20 L/min, whichever i3 griarer.
Druring the testing, the pressgre at the mouthpiece must ot &=
cesd = 10cm HyO, For volume spirometers, these igquirements
apply throughout their volome range

QUALITY CONTROL

Routine squipment prevendve maintenance - cleaning, calibra-
tion checks, wrification, and quatity congol — is exsentil 1o 25~
sure accurate spirometry resuls (44} A spirometry procedure
manual is an important base for @ quality assurance program.
The manual should contain a quality cooool plan, puidetines
for ordering spirometry, guideiines for performing

spiromerTy,
and guideline for reparting spiromesry resuity See the docu-

ment, “ATS Qualkty Assurasce for Pulmonary Laborat;ties,” for
more details {44),

Reconunenvdation: Technicians Rode i Quality Control

uality conzrol is important to ensore that the laboratory is con-
sistenzly metting appropriate standards. In any quality contral
program, an important element is a procedures manual contain-
ing: calibrarion procedures, st performance procedurss, calcu-
ladions, criteria, reference vaiues source, and action to be takem
when “panic” valoes are obterved. A notebock should be main-
1ained that documentt daily instrument calibration as well as
and system hardware and sofiware upgrades. Revords of anom-
alous weenas imvolving either parients/subjeces or the technician
shouid be documentad, with the results of subsegquent svalua-
Hon and responses [ the event. The technician should slye main.
tain reconds of cootinuing edusation and the results of evalua-
tion and feedback provided by the medical director. Perhaps the

AMEALCAN FOURMAL OF RESPIRATORY AMD CRFTICAL CARE MEDICIME WVOIL 152 1994

most important component o suecessful spirometry is 3 well-
motivated, snthusiastic lechnician. A recent siudy has chearly
demonstrated the importanes of 2 guaiity control program with
fesdback o techpicans in gbraining adequate spirometry results
{8). A quality conrrel program thal continuously maonitors wech-
nician performance is criGeal to the colection of high-quaility
spircmerry dara. Feedback to the wechnicians concerning cheir
performance should be provided on a rowtine basis. This feed-
back should include, at a minimum: () informaticn concerning
the natere and exemn of wnasceprable FYC mapsuvers and non-
reprocucible wests; (27 corrective action the technician can take
to imnprove the quality and number of accepiable manmvers: and
(3 recogmition for superior performancs oy the wechnician in ob-
taining good maneuwers from challenging patienrsssubiecis

Manufaciurers are sneourzged to inchide quality contrel aids
im thetr sofiware packages for spirometers. For example, a cali-
bravion loggping program may be provided that stores the tme
and resuits of routine daily calibration checks. Additicnally, the
program could issue a warning if an acceptabie daily calibration
check has not been performed.

Recommendaton; Hygiene and Infection Control

This section has been reviewed by the Microbiology Assembly.

The major goal of nfecion conurod is 1o preven: infection
(ransmissicn 10 paurnts/subrecrs and saff during pulmorary
funcricn testing. Two majos rypes of infection repsmission ane;

1. Direst comtacy: There is poteatial for mansmissicn of upper
respiratory disease, emteric infectionk, and blood-borae in-
fections through direet contact. Although hepatitis and HIV
contagion are uniikely via saliva, this is a passibility when
there are open sores oo the oral mucosa, blesding or
hemoptysis. The most Lkely surfaces fivr contact are mouth-
piecet and the mmediziz proximal surfacet of valves or mbing.

2. lndirect contact: There is poteniial for gansmission of tuber-
cuiosis, various viral infections, and, possibly, opportunistic
infecions and nosocomial poecmonia through arrosol drop-
lets. The most likely surfaces for ponible contaminatica by
this route are mouthpiecss and proximal valves and tabing

Prevawntian:

1. Pmmmofmfemunmnmmnwmhmmupmd
o contaminsted spirommetsr sarfasts can be aeromplished
through proper hand washing or use of barrier devices (latex
Povet), To avoid technician scposune and cross-contamination,
hands should be washed immediately after direct handling
of mouthpieces, abing, breathing valves, or interior spirom-
eter surfaces, Gloves should be worn when handling poten-
daily contaminated equipment if there ame any open cuts o
sores on technicians’ hands, Hand washirg chould always be
periormed betwesn patienty. Indications and rechnigues for
hand washing during pulmonary functicn testing have been
reviewed by Tablan and coworkers (45).

1 To avoid erss-conmamination. reasabie mouthpiccss, breath-
ing nibes, vaives, and manifokls shoukd be dixinfectsd or steri-
lized regularly. Mouthpieces, pose clips, and any other equip-
be disinfected, sterilized, ar discarded {ie disposable mouth-
pieces, nose clips, = ) after sach use. The optimal frequency
for disinfection ar steniization of ubing, vaives, or manifokis
has not been ssmblished. Howeves, any squipment surface
with visible condensation from expired air should be disin-
fected or steriiized before rozse, Since the wwe of cold steriliz-
ing agents is not withoue risk, laboratory swaff should take
care 10 follow all manufacturer’s recommendations regard-
ing proper handling of these products.

3. Betwesn subjects, spirometers using the closed circuit tech-
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nigue should e [ushed A beast five times over the encire vol-
ume range to Facilitate clearance of droplet pucled, Alse, the
breathing tube and mouthpiece thonld be decontaminated be-
twesn patients When the open circuit technique is used, oniy
that porrian of the cieuit through which rebreathing cocars
nerds (o be decontaminated berween patients. For sxample,
when 2 poevmaotachometsr system is used, cither inspiration
From the device sbowrld be avoided or the resistive ¢lement and
tubing shouid be decontammated heyween subjerts. A dispos-
able sensor is another alternative. When an open cinenit tech-
nique is used for measurement of only the forced exhalation,
without inspiration from the measuring systemn (either volutne-
or flow-t¥pe spirometers), ondy the mouthpiece peeds o be
changed or decontaminated bevween snbjects.

It should be noted that disassembling, ¢leaning, and/or sen-
sar repiacsment requires tecalibration. If patients 4o oot inspire
through che device, there is the disadvantage thar (est accept-
kility may be more difficult to assess in the absence of an in-
spiratory gweing On the other hand, dizassembiy, cleaning, or
sensor replacement has the disadvantage that recalibrazion is re-
quired Alternatively, in-line fitters may be offective in prevent-
ing squipment conmminarion (46). However, if an in-line filter
{5 used, the measuring system should mest the minimal recom-
mendations for range, accuracy, flow resistance, and back pres-

sure with the fiiter instalied. The influence of commeraally avail -

able in-line filters on forced expiratory measures, such as the FVC

and FEY,, kas oot heen w=ll characterized,

4. In settings where uberculosis or other diseases spoead by drop-
let auclei ar= likely (o0 be encouprered, propar anention o en-
virouetal enginesring coutrols, such as ventilation, ir flira-
tion, or wtraviolet decontamination of air, should be ased
1o prevent disease mansmissico

5. Special precautons should be taken when testing patients with
bemoprysiz, open sores on the oral mucosa, or bleading gums
Tubing and breathing vaives sheuld be decopramipated be-
fore reuse and internal spiromecer surfaces shouwld be decon-
taminated with accepued disinfecrants for blood-ransmiccble
Agenty.

6. Extra precautions may be undartaken for patients with knoem
transmissible infectimes diseases. Possible precautions inclode:
(a) Reserving squipment for the sole purpose of wating in-
feced patients: (&) testing patients at the snd of the day to
ailow titoe for spirometer disassembly and disinfecion: and
(c) westing patients i their own room of io rooms with ade-
guats ventilation and easily cleaned surfaces.

7. In the absence of evidence for infection trapsmission during
pulmonary function testing, the regular use of ip-iine filters
it not mandated wher the precautions described above are
followed However, some spirernetric squipment, particularty
Those incorporated in multi-purpose tstng sysiems, employ
valve manifickds that are simated praoximal to brearhiag ubes,
These valving arangements provide internal surfaces on which
depasinor of expired asrcssl oucie is likely. Given their com-
plexiry, they may be difftcwlr o disass=mble and disinfect be-
oween subjects To the extsnr that in-line filters hawe been
shown 0 remove microorganisms from the expirmtory air
stream and thus prevent their deposition, presumably ax aero-
siof nuglei oo spiromerer surfaces (456), their use may be mdi-
cated in this setting. The economy of using in-tine flwrs com-
parsd with tubing and vaive changes depends on the PFT
equipment in use The extent to which measures such at max-
imusn expitatory flow or cther instantaneons flows are in-
fluenced by the use of in-line filters iz vndocumented. One
study has shown thar 2 iow impedance Barrier device did pot
have a significant impact oo spirometric indicss, such as the
forved vital capacity and the FEV, (4T). If an in-line Fiter
is used during spirometry, interpretarion of spirometric indi-
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c25 ather thap FVYC and FEV, {ex., PEF) shonid aliow for

the possibility that the Hlter might affect spirometer perfor-

mance, The merhanical chapacerimics of the combined meas-
uring device and filter should mest the minimat recommen-
dations cutlined in Tabie 2, Furthermore, if in-line filters are
used, it is recommended that equipment be calibrated with
the filter installed The use of in-line fters does nor elimi-
nate the need for regular cleaning and decontamination of
spirometric aquipment.

$. Manufacrurers of spirometric squipment are encouraged Lo
design instrumentation that can be sy disassembled for
disinfection.

Rarionale. Spirometric equipment has not been dirsctly im-
plicared i the transmission of infetions, aithough there is ip-
direct evidence of infection ransmission during pulmenary fupe-
ton testing (PFT). Organisms from the respiratory tract of test
subjerts can be recovired fram PFT mouthpisces and from the
proximal surfaces of ubing through which the subjects breathe
{48, 49]. There iz one case report of a tuberculosis skin-tast con-
version after exposure 1o a spirometer used 1o (25t 2 patient with
documented mbertuiosis {500 Likewise, thers is circumstantial
evidence that contaminated PFT equipment may be implicated
int the increating prevalence of Perudomonas infections amang
cystc fibrosis patients at one center {51). There is sotne evidence
that poesmotachomersr-based symems are less suscvpeible to bae-
terial contamination than water-sealed spircmerers (52). Finally,
it is well documented that community haspital warer supplies
can b contammated with Mycobacrsria and Praudomongs teru-
gingsz organivng {(53-55), Thus, the porenrial exiss for both pa-
fients/subjects and heeleh care workers to dq;;g:hmmn-
izms enin spiromeer surfaces (inchiding mowh aose clips,
tubing, and agy imteroal or exemnal machine surface), which could
subsequentty come into dirert or indirect contact with other pa-
tients. This doss net seem o pose an appreciable threat to pa-
tients/subjects with competent immune sysTema

It bas besn antued that immunocompromised patiénts may
require onfy 4 refatively small mfective dose of siher opporturLs-
tic organisms or common pathogens. Concerns for the protec.
thor: of immunccompromised hests, along with increased public
and provider awareness of hospital infection conirol issues over
the past decade, has lad many laborarory directors Lo use in-lins
filters routinely a3 2 meany of remasuring patients and labora-
tory personne] thar adequare comyideration bas beex: given 1o pro-
rection. There is no direct evidence that reutine spirometry teste
ing poses an increased risk of infection 1) ImunocompTnmised
pagents
Recommendaton: Equipment Cuality Control

- The recommendations thay foliow ars primazily aimed at diag-
nosTic devices

Arrention to good equipment quality conmel and cilibraton
is an important part of good laboratory practce Log books of
alibration resubis must be mabcained. Docarmrnarion of repairy
o other alicrations that rerurn the seoipanent (o acseprable oper-
atlon need 16 be maintzined Dates of eamputir sofrevare and
hardwars updatss or changes must alon be maintained.

Volume. The spirometer's ahility to accorarely memsare vol-
wme mus be checked af leayr daily with a calibrared syringe with
a vodume of at least 3 L. During dusmrial nerveys or other stadies
in which a large number of salbjest maneouvers are done, the equip-
ment’s calivration mus be checked daity, before testing, and ev-
ery 4 h during use (44). In circomstances where the temperatyre
is changing {=3., field srudies), mone frequen? tmperaturs cor-
rections may be peeded, Although there is minimal day-ro-day
variation in volume calibratiom, daily calibration checking is
highly recommended 5o thar the onset of a probism can be de-
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terminesd within ] day, elininating needless reporting of Faise
values for several weeks of mooths and also to help define day-
ro~day laboratory variability. It is recommendiad that the cali-
brazion syTinge be stored and sed in such a way as to mainnain
the exact temperarurs and humidity of the testing siee This is
best accomplished by keeping the syringe in close proximiry to
the spirometer. In the case of flow-type spiromerers where a val-
dme syTinge is used to check the instrument, volume calibradon
checks using different flow razes zre recornmended. AL least thres
rriais where the Tlow rates ar= varjed between 2 and 12 T/s must
be performed {3-L injecrion times of approximately 1 5, &5, and
somewhers in between 2 and & 5).

Syringe Accuracy. The syringe used to check the valume cali-
bralion of spirometsrs must bave an aceuracy of at jeast 15 ml
or at deast 0.5% of full scale (15 ol for & 3-L syringe), and the
manufacturer must privvide recommendations concerning Ipgeo-
priate syringe calibration intervais If the syringe has an adjustable
variable s20p, the syringe may be out of mlibraden if the sop
is reser, Calibration syTinges should be leak-testexd periadicalty
by trving to emply them with the ountler corked.

Leak Test. Volumetric spi S¥ysiems must be svaiuzted
for leaks on 2 daily basis (15, 58). The [ntermountain Thorace
Sociery Manual {15) suggests that leaks can be detected by ap-
plyingamnmrposfﬁwmoﬁcmﬂ,ﬂmmmwﬁh
the spirometer outlet occladed. Any cbserved volume change of
greater than 10 ml after 1 min is indicative of a leak (15) and
ne=ds 1o be cormesied.

Linsgrity. At yan quarterly, volume spirometers must have
their calibration checked cver their mrire volyme tange (ix I-L
incrernents) using a calibraved syringe (42) or ap equivabent vol-
ume standard. Flow spirometers must bave their linearity deter-
mined ar lewsr weekly and given the curremt sofrware capabill-
tiss, daiky kinearity checks are rasonable. Flow spirometer linearity
can be checked by injectng the volume from a 31 syringe with
several different fiows. The lincarity check is considered accept-
able if the spiromerer mests the volume acouracy requirements
far ali fiows and/or volumes tested.

ﬁmﬁmmﬂmmmmmm
ammuhmunhpafmmdarkunqumum
of within % must be achieved. 1f squipment is changed or o~
cated {eg , mdusirial surveys), calibration chacks and qualirty con-
mlgmﬂmmmhummdbdweﬁﬁmshmm

PEF Meters, Since it is difficubt to perform n culibmsion check
nfpambkpenkﬂowmnndwin;mmﬂipuﬁmﬂuhrim-
poTiant that the instiucrions from the manufacturer include -
formatiop concerning typical inscument lifetimes and methods
of recognizing when an jnstrumenst i malfencrioning.

Other Quolity Asmurance Procedures. In addition 1o calibea-
tion with physical standards, the practice of using laboratory per-
sonnel as “known subjects” and performing intralaboratory and-
interiaboratery Lsting is recoramended {44} The ATS has pub-
ushed;uidglinufnrquﬁtrmuinpﬂmomfmm
laboratories {(44), which can be consulted for specific details.

The use of computers b anaivze spiromeay has acesleraied
inthepastlnw.andthinrmdiudmmuwmmohuhm-
curate spiroeerry (10, 301 However, ting of commendially avail-
abl:spimmews:uminmﬂrshw:thuamljursmn{er-
Tors is i computer sofrears (41). Because of the increased use
ufmmpuwsmwmmmmm
sociarad with them (42, 57), the ATS has published computer
guid:linsforpuhnonmhhmum'iu{ﬂ},whichshuuldbefol-
lowed, Computer software mug adhere 10 ATS recommenda-
tions, especially procedural recommendarions, contained in this
staternent. Because of the tremendous improveraent in the powet
and speed of computers and their ogensive use io bospimls and
clinics, manufacnurers shoild Amempt o inEegraLe COMputers Lo
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TABRLE %
EQUIPMEMT QUALITY COMTROL SUMMARY
Tast My merval A
volume  Thaily . L syringe Cheok
Leak Daily 1 cm HeO cormt previeo ior 1 mm
Linearmty  CQuarery 1k iNCrETET with 2 GINbrating

Weshly [flow soinamene) TYTINGE ML RIS DAEr BTN
veluma g (fio tRinomwien
SHTULAE Mvary cibterer
flanwr rRnN)

hvpch et Fooncer chveck wilh
o IToh

Log immallytion SAE and pertorm el
uding “engwe” subject

Tume

Guaniry

Saftware  Mew veruond

their spirometry systems. Primary data shouid be available, al-
lowing independent manipuiation of uncormeeted values by the
user. Listings or descriptions of ATS aigorithros should be avail-
able (end of wsit, back-svrapolation, erc). In addition, soms pro-
gram flexibility should be available to the user, for example,
allowing user selection of appropriate refersnce equations, in-
cluding the use of user-derived reference equaticns.

MANEUVER PERFORMAMNCE RECOMMENDATIONS
Fersunnal Qualifications

The AYS has made recommendations for laboratory personnel
eonducting pulmonary function tests (59). High school training
was recommendad. 1o addition, the ATS encouraged but did not
mandate one of more yeary of college or equivalent training and-
a strong background in mathematics, For pulmanary fufction
iaboratories, 6 me of supervised training Sme is recommended
for conducting spirometry. If moubleshooting is to be a part of
the laboratory technician’s responsibility, a training period of
1 yT is recommended. The ATS recommends that the medical
directors must huve approprists taining and be reaponsible for
all pulmonary function testing (600

For infustrial/oceaparional testing, thers are training require-
menrs mandated by the National Instituts for Occupational Safery
and Health (NIQOSH), industry, and the ACCP (16, 31, §1). Jev-
eral excellent training mamuais have been prepared for perfor-
magce of spiromerry (I3, 16, 11, 62, 63), NTOSH approves the
comien of spiromery maining courses upder the US, Cotzon Dust
Standard (16).

Recomimendation: VWC—Subject Instruction and
Mansuver Performance

The VC maneover may be comgidered cither a4 an inspiratory
vital capacity (TWC), where the subject inhales completely from
:pnsiﬁonaffnﬂmpinﬁnn,orumﬂpinmqﬁmmpndw
{EVC), where the subjest exhales completely from » pesition of
fuil inepiration. In addivion, several] $pirometer seups are posi-
bie using either open or ciosed circuit techniquey with or with-
out rebreathing.

i. A closed creuit eechnique witkout CO, absorption (e, using
amﬂing-sﬂindorwm-sﬂlndmm}wbeuﬂhb-
ing is preferable because it aliows technirians i better moni-
tor the entire vital capaciry maneuver, [n the absence of OOy
absorprion and the addirion of supplemental axygen, the ma-
preuver should be hrief = fewer tidal volumes befor: and after
the VC manegver.

2. A closed cireuit technique with CO, absorption and the addi-
tipm of supplemental oxygen may be used. This system ailows
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the subject to rebrezthe for a longer period of time 3nd enab-
lish 3 beter FRC baseline. Fowever, it mequires precise replace.
ment of cxygen to avoid shifting the baselies

3. A modified closed circuit technique (L, flow-sensor—basad
3ysiems where the subject can breathe in and out through the
sengar without the need for CO; absorption) may be wsed.

4. An open circuh rechnigue where the subjects may inhale com-
Hetety before inserting the mouthpiece and exhating into the
spiramerer may be used. This may be preferable when hygiene
CODCENS aT¢ Present.

For all systems, it is important 10 instruct the subjeer in the
VC maneuver and demonstrate the appropriace technique, 1t is
imporrane ther subjects understand they must compierely fill and
empry their jungs

Sranderd Procedure Cpen Circyit Technigus The subject in-
halss maximally, insetts the mouthpiecs just past hiv'her froat
teeth, s2als his/her Gps around the mouthpiecs, and blows slowly
and svenly uorl a clear plateau ix seen at maximal exhalation
of until end-of-test criteria (see sections om FVC and end-ofstest
criteria) are met. The techoician must chserve the subject's in-
. halation 10 ensure that it {5 compiete and tha air is not exhaied
whiie the mouthpizce ix being inserted. During the exhalation,
the technician should monitor the spirometer volume-time dis-
play o ensure that a relarively constant expiracory flow and an
adequate emd-expiratory plateau is ackieved (see AFrENDIX A
for mamples of the YO maneuver).

Closed Circwit Techniguer The following procedurs should
be used when testing is cosducted withow 0, absorprion
(iimited oxygen reserve available for test performance). A two-
way valve may be useful, allowing the imitial fidal volumes o
be performed with room zir before the subject is sognected to
the spirometer. The 1=t it begun with quiet breathing, prefera-
bly with the subject brearhing room ait. No more than five ridal
voiumes shouid be recorded with the subject rebreathing from
the sprrometer, The subject should then perform the VC manen-
ver described below. When C0, absorption is nat oied, retarme-
ing to FRC after the W maneyver followed by three rtidat volumes
may be helpful but is not required.

The fotlowing procedure should be axed when testing is con-
ducted with C0, absorpdon and oxyger supplementation. The
[est is begun with quiet breathing. Several dial volumes showld
be reconded (minimum of e or untl a stable end-egiratory
level is observed) The subject should then perform the VC ma-
reuver described below. The end of test is reached whien the sub-
Ject reipros {0 the bevel of FREC and performs at Least three more
tidal volures, .

For both procedures, the maneuver s ao forced; it is per-
formed in a refaxed manner with the subject uting a mowthpiece
and a nese clip. The VO mancuver is composed of the subject
exhaling complerely to residual volume (KV), a0d completely in-
haling 10 o] lung capacity (T1.C), and then exhaling to resid-
tai volume again. The technician should sncourage the subject
to reach maximg inhaled and sxhaled vohumes with a relatively
consant flow, Technicians should obaerve the subject to be cer-
tain his/her Lps are sealed, that nothing obstructs the mouth-
picce, that no leaks occur, and thar TLC and RV are reached,
The technician shouid check the volume dispiay to snspre mia-
tively linzar inspiratory and expiratory volume curves and ade-
quate maxima) jpspriratory and expiratory level plaraus. Oxy-
g should be added 1o the crenit 1o precisely counterbalance
the absorpricn aof CO,.

For all wehniques, a minimum of two acceptable YC maneu-
vers should be obained, with & maximum of four attemprs, The
largest Y should be reported. Some investigators have reported
thar the Wi is slightly higher than the FVC in normal subjects (64).
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TARLE &
PERFOAMANCE OF VL MANELAER

Check apirometer cahbrawen
Explain e
FrEpare upject
Ak ABmt SMaka PecenT llmess rredrldbcn WEe B
INTLAST JMT dermonatrace 10 o subjea
Correct poiture with head srvated
Inhake covmpiatehy
Peartion mocthprce {open cirgurt)
Exale werth mammal tonce
Fyriorm mantyver
FEIVE SLDRRET B MR COmect pedt g
Aftach ngLe clip
Mhale complatrly; the rmhaaoon should be rpid byl met borced
Mace moothpikte in mouth ang < fips amund Cathpessr e
Exhale maxnmaty a3 100N 25 liog 300 ieaked areund mouthpiece”
ReoRat infUrLCUGNE &4 ncesary, eoaching vigorously
Aapeat Ior 2 MMy of thees ARSI 18 Mo han wight ane
umialy requined
Chach test repreducbility and perform Mo tarereen Laad H

* DFAngaly and conaoreery (5] hans reported tu PEF and FEY, kv 71 normad
At MR AU in 3 DOdY PHETYUNCQRIEN AN Mt (4% and %, nEprCvey)
witen, dumtg e INIREELEY MArskuwey, ThTT B 8 =61 Dlirid uF T1C T i
ring etulibon Tharelome s coomanar RMaH M TLC shouls be ol

Recommendation: FYC—Subsect Instruction and
Maneuver Performance

Instruct the subject in the FVC mapeuver. The technician should
demonstrate the appropriare rechmique (Tabie 61 Have the sub-
ject inhade from FRC and then, if using che opet circait method,
insert the breathing tube into his/her mouth, makirg sure his/her
lips are sealed arcund the mouthpicce, and begin the FYC ma-
never with minimal hesitation {65). It is imperztive that the sub-
joct have 2 complete inhalation befors beginning the forced ex-
batation. Prompt the subjest to "Hast,™ not just “biow,” the air
from their lungs, then continue to encourage him /her Lo fully
axhaie Throughout the maceuver, enthusiastically coach the syb.
jest by word and body language Tt is partcutar]y balpful o ob-
serve the subject and the chart recorder or computer dispiay dur-
ing the test 1o better snsare maximal effort. Perform a minirnon
of three aceeptable FYC manewvers, If a subject shows large vari-
ability (FVC and/or FEV,) betwesn expiramsry maneuvess (> 0,2
L), reproducibility criteria may require that up to but usually
oo mare than eight mancovers be performed. Yolume-time pr
fkyw—wniume curves from she best three FVC mansuvers must
be resrined. See Figure 3 and the section on aceepability and
reproducibibity for forther clarification.

Recovnmendation (Mondtaring): PEF—Subject instruction:

and Tust Performance .

Singe PEF is both effort- and volume-dependent, maxiomym sub-

ject cooperation is essential. Since an optimal peak flow it usy-

ally reached in about one-tenrh of 3 second, patients must he
sacouraged 1o perform the expiaiory manmpver as vigoronsty
as possible. The subject should not congh and a protonged ex-
haixtion is unnecessary (1 to 2 s is adequate).

When implementing unobserwed self-adminictered PEF mea-
surememts, it is essential that:

I. The subject should be mught how to use the peak Fow meter
properly by someone skilled with the procedure. Trained per-

- sonnel should oiserve the subject’s performance both initally
And on repeat visies,

2 The subject shouid be taught how and when to record PEF
feasuremnents, along with other pertinent informarion, such
as Iymploms

3. The subject should be instructsd abour whar acton to ke
if PEF falls
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Figure 3. Flow-chan diagram of FYC spitomedry terting.
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Racommendation: FVC-~Satisfactory Start-of-Test Criteris

T achiewe accurate “time zerc” and enture that the FEV, comes
from a maximal effort curve, the exxrapolared voiume must be

icss than 5% of the FYC or 0,15 L, whichever is greater. Sec Fig-

ure 2 for ar example and sxplanarion of back exrapolation. I
the example shewn, the exzrapolared volume is D16 L or 8%
In genera], back-extrapolated vohume showld be mexsured on sy
curve with a pescemtible extrapolzted volome Provixom for rapid
computerized feedback to the technician when these criteria ars
U0t mer are sncouraged.

The commities discussed the posaible use of dme-to-PEF 33
2 measure of the subject’s performanes early in the FVC manee-
ver, However, the committes felt there were insufficient data oo
which to Base 2 clear recomnmendation, and additional mesearch
is nesded When conducting research on asyessoent of the sub-
jaets eorreet performance of FYC mansovery, investigators ans
encouraged to measure the dme-to-PEF of tize-time of peak flow
i addition 1o otker qualicy assesstnent pararneters, The rise-tme
of peak flow is defined as the tirme required for expiratory flow
12 rise from- 1% o 0% of the manenver’s peak flow. Although
wse of other mevsnres of acceprable efforts have been described
and may be udeful {8, 58), they are not rcommended at this time

Ratipnale & wvery slow suirt with 2 low peak flow will reralt
in a greater than allowable sxrapelaed volume (Figume 23 {1,
&7-89). In addition, the FEV, from a submaximal effort can be
rither stnalier than those obtained when a maximal ffiart is per-
formed pemgse the subjest fils wo reach a maximal TLC, or larger
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TABLE 7
PERFORNMANCE OF PEAK FLOW MAMEUVENL

Explain and demonerste the wmatr*

Zerny che FEF moomw, if mepceasary

Stand up nrught

Infaie coWTIphEtely: the wnhalman shoukd oe g But not faced

Pace PEF monilor in mewuth and cose lips aound mouthpeeoe

Exhake with mavtimal bomes o soon 23 lips are drdled around
L'L'I-:n.'ll.l."|1:|-il.':lj

‘Write Sown rerulls

Reepar Twe mome e (theee tokald

Rermrd all three valusa

* T T il P

T Mo cips are ot neoeary.

¥ Mabr ST UG, WRGETTInGY T Mok Tl vl B Attty Much, AOC Rt LB
o CRMIERET AL T OF TIMOUITT T

+ [rangek and cowovicen (657 have reported that PEF i3 reduced wiem, during Tt
imspartnry MU, gaery o 8 Sodor puarr ACTLE Detfors Degenmg schulanon. b i ot
mdmwwﬁllnmmmmmhm

due 1o less dynamic compression Of alrways in subjacis where
alrways are relatively more collipsible Racent sxperjencs in large
spidemiciogic sindies (%) suggears that use of time-to-FEF and
PEF repreducibility may minimize mos of these problems n
the= majoriry of subjects. However, ar this time, it 15 nor recom-
mended that maneuvers be eliminated becanse of a low PEF o

PEF rise-time, bur only bc:au.w of an excessively large SXiRpe-
lated volume

Recomerrendation: FYC—MInimenn Exhalation Time

A minimum exhalation time of § 3 {lengrh of maxim

tory effort}, unless there is an obviows platsar in the wol

curve display, is required 1o obtain maximal FYWC resales, There
are instances (&g the teaing of children, young aduits, and some
reszracted patients) whers shorter exhalation times are acceptable -
Racormemendation: FFC—End-of-Tast Criteria

To obtain an optimal effort, it is imporaot that subjects be ver-
bally exhored 0 continue 1y exhale air at the end of the maneu-

wver; End-of-test rriteria are used to identify & reasonablke TVC
cffore Recommended end-of-test criteria are:

1. The subject cannot or shenld pot cominue Further exhais.
tion. Althcugh subjects should be encouraged 1o achieve their
maximal effort, they should be allowed o rrrminate the ma-
neuver on thetr own ar any time, especially if they are ex-
periencing discomfore. The technician should also be alert 1o
amy ipdication the pacient & experiencing discomfort and
should werminats the et if a patient is becoming uncom-
fortabe

oR
lmwmmm;hmmuhnuu:pmm
- criterion iy based on o change in vohume for ot feas? 1 s after
an exhalation thoe of ar feasy 6 5 (105 is optimal). “No Guange
in vohame™ is dafined as the minimal detectable wolume of
the spiromerer. To meet ATS oriteria, the minimal desctabls
volume for spirometers must be 0030 £ or less.
ar

3. mfnmdnhlhnmnnfmubleMMFnrpnﬂm
with sirwsys obstruction of plder subjects, exhalation rimes
looger than & 5 are frequrently needed 10 nearh a platean. Mamy
would not reach a plarean even with a 20-5 exhalation How-
ever, exhzlation dmes greacer thae 15 s will mrely change clin-
ical decisions. Multipie projonged sxhalations (konger than
6 5) are seldom justified and may Gainge lightheadedness, sy
cope, udiue Gatigae, and unnecessary dscomfort. In sich pa-
tients, a slow or unforeed VIC maneuver (previously described)
may provide a more 2ppropriste denominator for caleularion
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of the FEV./VC % Manufacturers showd note that severa|
of the 24 fest waveforms have durations looger than 20 5

Achieving an end-of-test criterion is one measure of maneu-
wer acceprabiliry, Maneuvers that do not meet an end-ofest
criterion should not be used to satisfy the mquirement of three
acceprable maneuvers. However, early trmination is zot by it-
self a r=ason to eliminale 2 mapeyver from further considera-
tomn Infarmarion such as FEV, and FEY, may be valid {depend-
ing on the lengrh of exhalation} and should be repered from
these carly rerminated mansuvers. When the subject Joes not
exhale complaely, the volume ascumulated over a shorur period
of time (e.g.. 4 5} may be used as an approximare surrogate for
FVEC. In such cases, the volume tabel shouwld reflect the shorter
exhalztion dme (eg., FEV, for a 45 =halagion),

Recommendation: YC and FYC—Maxzimum Mumber of Manegwers

Although thers may be some croumsiances in which more than
eight consecutive FYC maneuvers may be needed, sight manen-
vers ix considered a practical upper Hmit for most subjects. Af
ter several forced expiratory maneuvers, fatigue begins 1o ake
its 1]l on subjects, apd thus oo their spircmetnc paramerrs,
so additional manepvers woeld be of livtle added value. In addi-
tiotw, some subjects with asthma may exhibit spiromerr-inducad
bronchaspasm. Ferris and associares {70} and Kaoner and col-
leagues (71) have reported that for adults and children, eight
maneuvers is a pracucal upper it For VC, four is considered
a practical upper limit. Because of the potential for muscular
fatigue and vohime history effects, it i preferable that VO mane-
vers be performed before FYT maneuvers.

Recommendation [Monitaring): PEF—Number of Trials
The subject must perform and record 2 minimum f thre: mials,

Recommendaton: V¢ and AVC—Environmental Conditioms

Spirometric testing with ambient temperarcres deas than 17 C
or more than 40° C may pose problems. Ambient emperature
must aiways be recorded and reported 10 an accuracy of x 1" C
in situarions where the ambient'air O perature it chan gng mg-
idly - 5" C in less than 30 min), contipnous emperature cor-
rections should be made Spirommeter users should be aware of
the problems with testing done at Jower emperarures, which in
some subjecty oan musse airflow Lmitadon. Due to other techni-
cal reasons, 17* C is judged 1o be an acceptable and reasonable
loweer limit (32-38, 72) for ambient emperamre. Ranges of baro-
metric pressurs tha: are acceptabie for the spiromerer must be
publizshed by the manufacturd. ;

Reorionele There is evidence that scme sulrjerts mey develop
airflow Emitarion with the inhalation of very cold air. There-
fore, spirometry should act be conthacted when the ambien: tem-
perature is cold sacgh to indwes airflow limitarion.

Studies als¢ point cut the prablem of fnite cocling tmes of
gases in volume-typs Fpirometers and their associated wbing
{32-35) when aTPs cormeiion echniques usually assame instan-
tanecus cooting. [0 one of these studies, is was found thata 7.7
to 14% sror in FEV, resulw if the volume-type spiromerer is
at an ambienl emperature of 3° C and the standard BTPS corves-
fion is used. This srror is lexs if the spircmeter is warmer (ke
body temperarere) (32). As a result, 17° C was judged to be an
accepcable and rexsonablie lower limic,

Compledties related to ternperahure are also encounered with
flow-measuring devices (34-33}, Air exhaled from the mouth is
esttmated 1o be 33 o 34* C {36, 38, 39, [f any connecting wbing
is nsed beyween the mouthpiece and the flow sexsor, the oxhaied
gas will experience a variable amount af cocling if the room tem-
perature is oot ai approximately 33" C. Details of the cooling
pattern For many types of flow spiromerers have not been stud-

M2

ied, but they may result in emors similar to those for volume
devices {34-38).

Because oot all spirpmeters ars used ag s= level (blood pres-
sure = 760 mm Hpg), the range of barometric pressuees ailowed
oy the spirometsr and its associated compumiional squipment

“must be specified by the maoufacturer.

Recommendation: ¥ and FYC—Lxe of Mose Clips

In coost people, oot wearing nose clips does not appreciably in-
Nuence the FYC when using the open circwil technique How-
ever, somne peouple breathe through the noss and the use of nose
clips is encouraged, especially when pecforming a slow Vi ma-
nsuver, Nose clips must be used if a closed circuit technique »Ath
carbon dioxide absorpizon iS5 used

Recommendation: VT and FYC—Sitting Versus Standing

Testing may be done sither in the sitting or swnding pasiton.
[ndication of position is necessary on the report (1, 73). The stand-
ing position may not be appropriate in some circrmstances, such
48 in hospitals where many patienis may not be able w tolerate
the standing position, especiaily when making forced mansy-
vers. The selerticn of the position for tstng is, therefore, an
individual ome [f the standing pesition is used, an appropriately
shaped chair should be placed behind the patient/subject so
ha/she can be quickly and sasily sased into a sitting position if
he/she becomes Light-headed during the maneuver.

Rationafe Siudiss by Townsend show that for adalty thers
are significanily larger FEVs in the standing position than in the
sining position {73). The earlier ATS recommerdation indicates
that in childre, VC is greater when standing (1)

.

Recommendation (Monitoring): PEF—Nose Clijts
and Subject Position
Wose clips are not necessary when using FEF meter= Although
the tast can be conducted while giting. the standing poxition is
preferred.
" Rationale Becanse the PEF iy dependent on 4 complet= in-
halatipn and an exhalation with maximal force, the standing po-
sition is preferred

Browckodilator Teting Spirometty is often paricamed be-
fore and after inhalation of bronchodilarors {or Bronchoconsrie-
tars) from a mevered dose inhaler (MDT) or pepulizers. Although
specific recommendations are bevond the scope of this documenr,
it should be remembered thar this is 2 comphex procedure. Fac-
tors that can significantly affect a patient's response include: ()
activity, dose, and airwzy deposition of the medication; {3 re-
cent prict medication; () tmierg of the postmedication maney-
ver; (4] choice and variability of The mousuranent used 10 deteet
2 response; and (5) the methed of aadenlaring the magnitade of
change after admiristering the broochodilator,

MEASLIREMENT PROCEDURES
Mleasunement

Spirometric vatiables should be mensured from a series of o lersy
thres= acceriable forced expiatery curves.

Recommendation: YC and FYC—Test Result Seiection/Reporting
of Resudts

The largest VT should be repored from all arceptable curve,
including the forced maneavers FYCY, The largest FVC and the
largest FEV, (s1P3) should be recorded afier samining the dara
fiom all of the scceptable corves, sven if they do not come from
1he same corve Other measures such as the FEF 3p.xps and the
instantanecus sxpizatory fiows, should be chrained from the sin-
gle curwve (1, 2, 15) that mess the acoepeability criteria and gives
the largest sum of FVC plus FEV, (bext =st).
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Recommendation {Monitoring): PEF—Test Rexgit/ Reporting

of Aeadings

Although all readings are recorded, the highest reading at any
testing session {minimum of three trials) should be used in trend
analysis. All readings are recorled to allow the comparison of
the (Hals 10 evaiuate reproducibility and o detest possible
mansuver-induced bronchospaso

Rarionole Sines the PEF is effort-dependent, the highest read-

ing should be used, This is consistent with the curment recoim-
mended selecrion method for FYC aod FEV,.

ACCEPTABIUTY AND REPRODUCIBILITY
Recommendation: ¥C and FYC—Maneuver Acceprability

For FYC measurements, aceepiability must be determined by
asceriaining that the recommendations outlined previously in the
section on performing the FVC test are met. AFFENDII A COD-
tains examples of unaccaptable volume-time and cortespond-
ing fow-volume carves. In review, these acceprability criteria are
(1) saustaciory stari-of-test; (2) minimum FVC exhalation time
of & 5= and (3) end-of-t=st criteria. [n addition, the technician
should observe that the subject understood the instructions and
performed the maneuver with a maximam inspiration, with a
good start, with a smooth coptinucus exbalarion, with maximal
effort, and withoul

|. An unsatisfactory start of sxpirarion, characterized by exres-
sive hesitation, false start, or exmrapolated volume of greater
than 5% of FYC or 0.1% L, whichever is greater (Figure 2},

pR Cau:hin;durin:th:ﬁmmnﬂoftb:meummm
affu:ﬁugmemnwmdFEV,m:,mmmhﬂmushm
in the technician's judgment, interferes with measurement of
accarare resulis (APFENDI A, Figures 24 and 1H).

3. Early terminarion of sxpiration. A platsau in the volume—time
curve should be abserved, as defined by ne change in vohone
for af least 1 5 or a reasonabie expiratory tme In 3 sormal
wungmbjeﬂ;tdswmﬂdbcbefmrmplﬁmnfmmh—
mﬂ&*mmun&smnm.h'uumcmdmoldu
hﬂlmymbiau.ahuWuphamryﬁm:ismquﬁdmm
aplatnu(l.?&?ﬂ{,ﬁnmﬁ,ﬁmruiﬁmdﬂ].ﬂw
ever, multiple prolonged exhalations (longey than 6 3) are sei-

) dom justified.

4. Valsalva maneuver (glottis closure) or hesitatton during the
maneuver that cuses a cessation of airflow (AFFENTHX A,
Figures 4A and 4H).

5. A Jmk (AFFENDI A, Figures SA and SB).

6. An obsouctsi mouthpiece{e g, obstractice due (o the wogue
b&ngpla:ndinfmmdth:mmﬂpimurfahmhﬂh;
in fromt of the mouthpiece).

For ¥C meastrements, all of (he above requirements should
e 81 with the exception of those related 1o the foresd natare
of the effort. 1 additicn, plateans in the volume-time display
shuuldbemchad:tbmhmcmuimalinspimorymdnpirb
wory volumet

Computer-based systems that provide fasdback to the tech-
ni:iuwhmtheahmmndiﬁnmmmtmumdﬁinbh.fhe
reporting format should inctude qualifiers indicatng the accept-
abﬂiwofuchmmmm.m,hmmbemphﬂﬂ
mufaihmwmmmmmﬁniadnummmﬂrimmm
the manguver, since for some sabjecis this is their best perfor-
mance. Further, such maneyvers should be retained, since these
Mmaneavers may contain uwyeful informaion.

A Tlow chart outlining how acceptability and reprodudhbility
criteria are 1o be applied is shown in Figare 3.
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Recommendation: vC ang FYC—Test Result Reprodudbaity

As 2 goal during 1es result performance, the largest FYC (of
¥C) and second largest FYC (or YO) from accepuabie maneu-
vers must not vary by mors than 0.2 L. 1n addition for foresd
ethalations, the largest FEY, and the second largest FEY, must
oot vary by more than 0.2 L. The 0.2 L reproducbility criteria
are a change from the ATS 1987 Spiromerry Stat=ment apd are
intended to provide an squal assessment of test reproducthility
independent of lung size However, these criteria are ooly goals
during data ¢oilection; therefore, an immedize chinge 0 Spirom-
ey dara collection saftwary it noT warranted.

The reproducility criteria are used 25 3 guide 1o whether more
than three acespable FVC maneuvers are peeded; these criterid
are npi to be used for excluding results from repons of for e-
cluding subjests from a study. Labeling resuits as being derived
from dara that do not canform o the reprodusbilicy criteria
stzted above is encouraged {especilaily when the data suggest thal
broochospasm was triggered by the FVC maneuver). In addition,
thempmdudbﬂitymﬁuiamminimummuimnmumdmm
subjects should b able 10 provide FVC and FEV, reproducibil-
izy well below 0.2 L. The acceptability criteria must be applied
before the reproducibility criteria (Figue 1) Unaccepable mares-
vers must be discarde:d before applying the reproducibility crheria.

The ogly criterion for unacceptable subject performance is
fewer than rwo accspiabie curves Mo spirogram should be re-
jecudsn]&yontbebmsnfitspmrrepmducibﬂimn:pmdu:i-
biliry of reswits should be considered at the rime of interprera-
tion Dse of dara From mapeovers with poor reproducbilicy i
left to the discreticn of the interpretar. In addition, ute of data
from unzcreptabie maneavers duc t¢ faihure 1o meet the end-of-
test requirements is Jeft 10 the discretion of the interprever.

Rerionale. Several apid emiologic srudies (67-69) have shown
that the elimination of data from subjects who fail 10 meet the
ATS reproducibiliry criteria may result in a populiarion bias by
excluding data from subjects who have abmormal lung fanetion.
Pennock and colleagues (76) have reported that sabjects wich o
struction have greaer cosfficients of variation than do normal
subiests. Therefore, these subjects are more kely to be unabie
to ment the ATS minimum reproducibility criteria. The reproau-
citility criteria have been simplified to eliminate confusiorn. If
agcepmbiliry criteria are not applicd before the reproducibuiity
oriteria, & passive exhalation mancuwer will often be labeled 23
the best test mansuver because it may give the lurgen sum of
FVC and FEY.. . :

“The caleuiation of the FVYC and FEY, reproducbility presents
no problem for 2 computer; however, the need for rapid deter-
mination of FEY, during the mating sesyion presents a recog-
pized logisties problem if reruits are hand-measared and calos-
lated. Changing w 0.2.L criterion does simplify this cabcutation.

Changing the reproducibility criteria to a minimum wahae of
0.2-L is based on evidence that within subject variability of F¥C
and FEV, is not dependent on body size The use of 2 3% or
100-m1 criterion has been shown to resukt in more individuais
of short statures being classified at nonreprodiucite. [n concast,
a 0.2.L fixed volume criterion provides a commensurable jevel
of difficulry for all subjects, regardless of age or height (lung
volume) (77). Regardbess of the reprodusibility criteriom for FYC
or FEV,, it should be used a5 a goal dyring daca collection. There-
fore, coptinued use of the previons criteria (5% or Ol L,
whichever is greair) during an interim period shouid have Hetle
practical impact on sprometry mepults
Recommendation: PEF—Marmrrer Accepiability
and RAeproducbiiity
PEF values for each mancuver nust be resorded i che order
in which they ocour. This informadon will be useful in detecting
possible 1 (maneuverHnduced bronchospasms
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Raticnale. Unlike the FEY, obrained from routine spirome-
iy, PEF measursments are more variable, and the measurerent
is oftep condusted in padents with high variabifiry 15 ther PEF.
Altbeugh there may be some benefit from using PEF reproduci-
bilicy o improve a subject effort, no specific reproducdibility ©
criterion is recommended at this rime

REFEREMCE VALLIES, INTERPRETATHON STANDARDIZATION,
AMD CLANICAL ASSESSMENT

Chnicat/Epidemickagic Consiberations

Whether the spirogram resubs afe 1o be used for clinial or
epideminiogic purpeses, the following recommendartions apply.

Stoer the last standards were issuead in 1987, a detadled stars-
ment o selection of reference values and inrerpretation of hng
funczion testx hax hesn published (3). The interpretation of
spiromerry involves twe tasios {/) The ciassification of the de-
rived vajues with respect to 2 referenes population xod atwess-
ment of the relizbility of the dara; and {2) The integration of
the spirometric values into the diagnosit, theragpy, and progonsis
far an individua) pasient. The first task is ordinarily the rspon-
sibilicy of the laboratory director or 2 designees and serves not
coly to communicate miormation 1o referring bealth care pro-
viders but alsa is an impartant atpect of laboratory quality son-
trid. The tecond task is ordinarily the responsibility of the phy-
sician requesting the studies and is performed within the context
af patient care.

[t is the responsibilicy of the medical director to devalop -
plicit procedures for interpreation of spiromeny 2od 1o selam
appropriate reference values The procedures for inwerpreation
and reference vaings may legitimarety vary from laboratory to
laboratory depending upon geographic location and the charzc-
terisiics of the population being resied. in 2 setting whers jarge
numbers of heaithy individuals are being screened for abnormai-
ity and the prevalence of discace i low, it 1» appropriate to set
the thresheld for abnormality at a bigher level than in x sstting
where most individuals are referred because of symproms o dis-
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ease it che larier case, where the prevalence of disease is high.
ap 2pproprials standard would be set 1o a more sensitive thiesh-
0ld for abnormality. The interpretative strategy should also take
intw cousideration the consequences of False-positive and false.
negative errars. Accordingly, oo specific guidelines for interpreta-
Tive procedures ars ~ecommendead that would be appliczhle 1o
all laboratonies. ore important, however, is that thers be a con-
sistent approach 1o the inerpretation of lung function tests wirhin
a sipgie laboratory. Therefore, referring physicians will not infer
a shange it the conditon of the patient from a change i in-
terpretation when it 15 che resull of a change in the approach of
the interpreting physician,

in providing the refarring physician with an inrerpretation of
spirometry resulrs, it is alsa imponant w comment oo deviations
of the data frotn the guidelines fior acceptability 2nd reproduci-
kility set forth hersin. Although 2 spirometry session may oot
meet all of the guidelines, it may provide important clinical in-
formation and shauid be reported with appropriate qualifica.
ton. Alhongh some individuais display negative effort depen-
dence, submaximat efforts usually lead oo ungersstimmnation of
the maximal effor values (28} Suboptimal =fforts may be zde-
quate to assist chinical decisions, where it can be fudged that the
Tecorded values underestimate trye lung function.

Acknowtedgment The Commimer Tharrks those who haws provded input o
Tt upaate of the STnCardizaton of Spirsmetry. Soecisl Suims ga o the onginal
PArEcpants of the Update Workshon, witdse «Bnd imout was solght 3na i,
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R Harzen, WD,

AFPEMDHX A

Sample Spiragrams

The sample spiregrams shown in this appendix ars from actual
individuals and represent a few illustrations of acceptable and
unaccsprable manegvers, It is imperative that the rechrician ad-
ministering the test be capable of recoxnizing these anomalies
and ake appropriate corTeCive 2ClON - proper coaching. Due-
ing the interpretation process, the reviewsr may decide to inchade
a manesuver that may have been congsidered unacceptable during
test performance. As with the reproducibility criteria, some judg-
ment must be mads concerning what is an unaceeptable maney-
ver, This decision will be hased on the aumber af curves avail-
abix, the discase parern observed or expected for the individual,
etc, However, the technician's action taken during the data col-
lection stage of the process should almost always b= to obtain
additional maneuvers combined with effective coaching of the
individual

Figures Ala and Alb are volume-time and corresponding
flow—volume sampls that are acceptable spimgrams froem the draft
NIOSH spiromerry manual {73 In these spirograms the in-
dividuai exhibited 1 maximat effort for the eatire mansuver, ax-
haling for at least 6 3 with a grester than 1 $ piateau in the val-
urme-time curve Figure Ala illustrates the relarive expansion of
the last porton of the FYC mancuver associated with a vol-
ume-time curve display. 1o contrast, Figure Alb llnsrrates the
relative expansion of the ipital portion of the FYC mansgver
associated with a flow—volume curve display. Notice in the
Mow-volume curve (Figure Alb)it is more difficalt o determine
Lhar che individuai produced an accepatle plareay than in the
volume-time furve display,

Figures A22 and A2b illustrate an unacceptable spirogram
due 10 @ cough during the first second of exhalation. Motice thar
the cough, which ccours ar approximately 3.0 to 3.5 L, is very
apparent in the flow-vohzme curve but is more Siffoutr 1o detec:
in the volume-time curve The ancmalies seen m the yolume-time
curye a1 2pproximmacsly 5.0 and 5.5 L could be slight coughs ar
variable effort, but oeourred after the first second of exhalation.
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Acceptable Spirogram

Volumes {L.}

a.0 20 4.0 6.0 8.0

10.0
Time {3}
figure Ala. Agceptable volurre-time sgircgram.
b
10.0 -
Acceptable Spirogram
a0 -
% €0-
é 4.0 -
u o
u'u & ' 1 ' | 1 ] 1 1 1 1
&.0 10 20 a0 a4 50
Volume (L}
Figure Alh. Acceptable Row—volume spirogram.

Ahthough the fucruazions in flow observed in the ow-—vol-
ume curve in Figure AZb are measonably large, they oy not me-
sult in a significantly different FEV,. Therefore, the FEY, from
this curve may be valid, pardeularniy if all other corves are unsc-
captable Regardless, when the wechoician observs the spirograms
in Fizurey Aa and Alh, additional maneuwss should be ab-
tained from the individuat.

Figures A3a and Alb lusrate an upacceptable spirogram
due to a variable effort or cough during the first second of exha-
larion and early termination of the maneuver. The anomaty ob~
served at 1 L of exhalation is apparent on both the volume-time
and Mew-vohome curves.

The doration of the anomaly and the fact that the flow im-
mediarely following the anomaly doss not sxcsed the expecied
flow-volume sovelopes suggest that the anomaly is a variation
in #ffort instead of 2 cough. The eariy ermination is less appar-
ent of the flow-volume surve However, on the volume-dme
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Valuma (L}

0.0 v : . - !
0.0 20 4.0 6.0 3.0
Time is}

Figure A20. Yolume=time spirogram with a cough during the first
second of exhalation.

0.0 1.0 20 .0 40 50 &.0r
Volums (L)

Figure A2b. Flow—volume spirogram with cough dyring the first
second of exhalaticn.

curve, it is apparent that the individuat failed to exhale for 63
and there is oo ks plateay of the volume-time corve.
Flaures Ada and Adb illusmates wnacepable sample spiro-
grams due 1 ap abrupt termination of flow ac the rod of the
maneuver, possibly the result of the individuai closmg hit/hac
glowtis. Notice in Figure Ads that the volume—tims curve pia-
tean occurs abruptly at approximarely 2.2 s where the volume
remains copstani for the remainder of the maneuver. In Figure
Adb, the flow-volume surve exaibits an abrups decrease in flow
at the end of the maneuver. :
Figures A%Sa and A¥b illusirate unaceptable sample spirc-
grariys due o a leak in the wolume-type spirometer or spiromeser
hose This leak is approximacely 50 ml’s and prodoces an ap-
proximare 300-ml loss in volume over the -3 exbalation produced
by this individual. Notice that the leak is very apparent on the
volume—time curve and perbaps less apparent on the flow-vol-
ume curve At the entd of the manetver when the kmak is rmost
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Figure A3, Unaccegtable volume-time spirogram due to variable
effort and earfy tenminatian.

b
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an - ElﬂrTlrmiﬁIﬁﬂﬂ
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figure Alb. Unacoeptable Row—volume 1pimgram due to varigble
effort and earky termination.

spparent, the flow ix siightly negative and volume iz decrexsing
(s£e intert i0 Figure ASh, shom line moving to the left belgw the
zere flow line). If 2 spirometry system display does not dispiay
negarive flows, then the leak would be even less apparent on the
fow—yoiyme curve,

Figures Afia znd Adb illustrare acceprable sample spircgrams
for an indfvidiza) with mild airezys cbstruction (FEV FVC Y =
£7%2). Notice the relatively small change in volume after 10 5
of exhalation (Figure Afia) and the corresponding refative low
flow [Figure Afh) &t the end of the maneover.

In addition to requiring three acceprable maneyuvers, the
reprochacibifity stiteria for FVC and FEV, should be met a8 a
goal during et performanes Figure A7a ilustrates the wol-
ume-rime curve and Figure A7 the corresponding flow-volume
curve for a 32-yr-0ld, heplthy female In these figurss, the sub-
ject did mot meet the minimum reprodacibillty criteria for boch
the F¥C and FEY, despite performing three acceprable maneu-
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Figure Adg, Unacceptable volume=time spirogram due to possible
Qs azure.

b
10.9 -

Glotlis Closum .
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Fgure Adb. Unaccepuable fow-volume sxirogram due 1o passible
giatus dosure. e

vers, The second Largest FVC was 0.43 L (10%) lower than the
largest, and the second largest FEV, was 037 L (12-1%) iower
than the largest FEV,. Therefore, a1 least one additional ma-
aeuver shirld be performed by this subject in an amempe 1o met
the FVC and FEY, reproducibility eriteria. The most likely cuse
of this pattern (sonreproducible tracirgs bt good initiad effort)
is a failure to achieve a rnaximal inhalation befare performing
the FYC manauver.

Figures Ads znd ASb [ltustrare 3 reproducible tace with thres
accepiable mancuvers. Figure Afa displays the thres acceptable
volume-time curws, and Figore ABb displays the corrmspond~
ing flow—volume curves. Thess maneuvers were obrained from
an #0-yr-old male with ap FEV,/FYC T = §1.7%. Notice that
the curves are very repmducible even though the sublect required
appreximately 10 5 0 teach bis final volame or FVC.

Figre A shows a sampie VO mansuver for 3 normal sub-
jecz. This subject starts the test with several ridal volumes through
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Figure Afa, Unaccepiable volume-time spirogram due to 3 lesk

Leak {50 mifs)

00 10 20 3¢ 40 50
. Volums (L} '
Figure ASh. Unacceptable flow—wolume spirogram due to a kak

aﬂlunpmadmmum:irtnbm:mmﬁmbmﬂm
on the mouthpiecs. The subject is then connected to che spirom-
eter, where several additional tidal vohumes are reconded. The
subiect then completsly inhales to toal lung capacity {TLC) axd
slowly exhales to reidual votume (KY), malking sure in complesly
inhale to TLEC and sthate 1o KV, Afuer veaching RY, the subject
returns 1o FRC, where several tidal vohames are again obtained
befare the subject comes off the mauthpiece. Notice the pinteans
at TLC and RV, indicating thar the subject has compietely in-
haled and exhated.

Figure A10 shows a sample VC maneuwver for a subject with
severe airways obstroction. The identical manettver for the Dor-
snal subject shown in Figure A9 is repeated For this subjesct with
severe airways obstruction. However, the ddal wiumes of the
mbjmwﬂhsnmairwmohsmmionmmu:hmomupidud
the subject requirss 2 longer exhalation time to reach RV, as loog
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Figure AS@. Acceptathe vohme—time sprregram for an individual with
mild airways obstruction.

b
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Fgure Asb. Accepable firw—vohrne spirogram for an individual with
mitcl airways oESULCHN

as 25 . Nodce that 33 with the pormal sukject, a plarsan in the

volume-time curve i obrained at both TLC and RY. This indi-
cares thar the schject has completaly inhaled and exhaied. Alsa
notice that the subject has sorne difficulty i obtaining a stable

_FRCaﬁ:rthe?Cman:um. probabiy due o gas Tapping.

APPENDIX B

Sparometsr Testing Guslelinex .

The following testing guidelines should be used when evaluating
new spirometer designs and when changsy have been made 70
spirometer hardware or software. For production resting, the use
of a smaller se of test waveforms may be appropriate. The
sph-un:urselmudfurmingshoulﬂben‘pmduﬂm“mndd
and not one that was gpecifically selected becguse of any extraor-
dinary calibration efforts. Once testing has begun, the device be-
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Figore A7 Nonmeprpducile test with thies acceptable volumetims
crprves, Percents 2re difference fom largest vaiue.
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I
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Vohsma (L}

Figure A7b. MWonreproducible test with thres acrentaile flow-val
UITHE Curfves,

ing tested should not receive any adjusements or special calibra-
ton procedurss that are not part of its noutine operational
procedures,

Volums paameters should be validated unng the 24 volume-
time standard waveforms desribed in Arrevox C. For PEF and
other flow pararneters Ao Based oo 2 percentage of the FVC,
Lhe 25 flow-time standard waveforms should be used (ArrevnDc
D). The validarion imits are provided for ench parameter in the
main secrions of this statement Al te=it should be conduered
using the appropriate waveforms and a computer-controlled me-
chanical 1yTinge or its equivalent (waveform generator), The ac-
curacy of the waveform generator should be checked at lest daily
when in use, sther ysing 2 spirpmeter for volume waveforms
or a poneumotachometsr for flow waveforms, or an equivalenr
method. The desired accuracy of the waveform generator for vol-
ume parameters is = {.5% {or = 0.05 L, whichever is greater);
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a
6.0 - Aeprocducible Test
- 3 Acceptable Maneuvary
540 -
4.0

Valume (L)
Lk
o
1

20 - Courve FVC (W) FEVY %)
" 234 0% 3.30 (0%)

; #2 533{0%F  3.28 (0%)

19 - B 5I0{0%) 329 (0%)

0 2 4 € 8 0 12 14 18 18 20
Time (s}

Figurz ARa. Reproducible test with thee accepizbie valume—time
Curves, Percents are difference from largert values.

12.0 -

Reproducible Test
1 Acceptabris Manauvers

Vielums L)

Figere ASS. Reproducitle test with three acceprble Agw—volumme
urves,

x 2% (of + § L/min, whichever iz greawe) for Row parameters
{§. PEF). In comparing resubis obtained from a paricular
spirometer, the tolerance limirs of the waveform generator are
1o be congsidered by adding them o the accuracy requircment
for the parameter under test, for ewample 05% (+ 0,05 L) for
volume parmmeters xnd 2% (+ 5 L/min) for flow paramerers.
oiserved values woukl be x 3.5% (performance acauracy requires
ment * 3% plus waveform generpior accuracy of = 05%).

mmncyudpmdﬂmv:ﬂdaﬁmﬁmumtﬁnﬂhthis
section assume a waveform generarns scouracy of 0,.5% for vol-
ume and 2% for flow prramaes The seouracy of availabie weve-
form gensrators has not been enablished; therefore, the desired
2% waveform generaror accuracy for flow paramerers may not
be achieved. In this crcumstance, the ecruel acrumacy limit of
the waveform generator should be added to the accuracy require-
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Volums (L)
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Figure AS. Sample relaxed VO manewryar in a normal subjpect

ment of the parameter nnder test. Every attempe should be nade
to mprove the accuracy of waveform simulacons, but in Do case
shionld the simulator acouracy fimit be considered less than 0. 3%
for volume and 2% for flow parameters.

Spiromerers or peak fow meters should be connected io the
waveform generatot in the same orlentatton used in the c=ting
of subjects. Tubing or other connecring marsrial may Be used,
bui the volume assoctared with the conneming rebing should be
less than 300 ml. For handhetd devices, full wsiing should be

cooducte] with the sensor in a horizontal position {the oypical-

position with the patient at TLC about 1o inidate the manesy-
ver). In additon, handheld devices should be testad »ith two
waveforms (siandard volume—time waveforms § and €) 412 7vps-
tal FRC position {instrurment ar a 30* angle down from horizon-
tal). These devipss miutt meet diagnostic spirometer acmiracy
criteria for thess rwo wavelforms in the 30" down-angle posidon

The inscruments {diagnostic or menitoring devices) should
be tesred using the waveform generator ander conditions similar
t those present when testing human subjeas. Mo special proce-
dures shonld be fallowad th tetring the indtimenent Specifically,
each waveform will be injected into the instrument within e
less than § 4 or more than 1 min of the instrument being se1 10
the ready condivion. In measuring the resiscanes of the nctra-
ment, pressure should e messured in the side of the standard
mauthpisce ussd by the instrument when constant flows are in-
Jected into the spircmeter. If ao m-line filter is to be used as part
of routine esring of humans, & flter mest be attached during
spirometer validation ahd resistance testing,

Five repeats of mech of the 24 waveforms should be injected
into the best instrument UsSing TOOm Air ar ambient temperamire.
In those sreumstances where the flow or vohume sensor is
changed Berween subjects (Lg., dispeaable flow sepsor), 3 differ-
eat sensor should be osed fer wach of the repeat tests. The xver-
age of the five repear values should be used for comparison with
the standard valuss. The range and pereent deviations of values
from the five repeated restz should alse be computed by:
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|

Volume (L)
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W 0 30 40
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Figure ATE. Sarmple ¥YC maneuyyer ITom & subject with severt 3irvays
ostructicn.

+

Rangs = rmaximum — minimum (B1)

Range (o} = 100 » (DAXimum - minimum)  pay
average

Devigticn = average — standard BN

Deviation (%) = (00 « (¥Eage — sapndard) gy,
standard
Averages are calculared a5 a simple o weighted average.

The five repeats of 24 waveforms should be coasidered a rigid
testihg sequence. The resting of a device should be compieoad
by rumming all 24 waveforms with five repeated tests. If the de-
vice faily o accurately measurs a value for a partcular wave-
form, no additional repeats should e conducted for only one
waveiorm.

Dingnostic devices should alcg be testad Yy injecting a3 lease
four waveforms using beared and humidifi=d air (wayeforms 1
through 4} oy verify acouracy of volume paramerers under sres
conditiont. Lixing volume-time waveforms | through 4, the aw~
erage FVC and FEV, of three trials shall be compared m the stan-
dard values The validation limits fir testing under ¥12s condi-
tions are + 4.5% or 200 ml, whichever is grearsr, Spiromerers
must mest these aoruracy criteria for all four waveforms under
BT conditions. Using 4.5 % allows a 1.%% simulator error, neces-
sy because of the added uncemainty when using heated and
bumidified air. The fime between sach of the three trials should
be le=s than 2 min, The wmpeminre of the air injected into the
device under test shoyld be within = 1* C of 37* C and should
be measured pefore the afr is injected iota the device Waveform
generators are being modifled to aliow XTPS asring. The TPS
testing requiremnent will be implemented when BTPS (esting ser-
vices ar= available,

[n addition to testing using the waveform geperater, [he de-
vice should be tested wsing ar least w0 healiny kuman subjacts.
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TABLE B3

STROKE VOLUME VOUMIE IN SPIRGMETER AT STAXT
OF TEST (FOR YOLUME SPIROMETERS), RATE
AND CORAESPOMDING MW TARGET VALLIES

Tt Target WYY Siroke Yolume Rate Surung valume
Numaes T Lirmun) L} [ Stroestiman} 4§
1 1] 10 aa 0
2 100 [H: ] 180 140
3 120 1o 52 kA
4 200 14 100 30

The purpose of the (=sting using a human subject is to verify
that che instrument will function properiy under conditions other
than those presept using 2 mechanica] simuiator, To achisve a
balanced design, each subject should perform alternaring maneu-
vers herwieen: a standard spirometer and the device bring tested,
periorming three maneuvers on sach device, for a ol of six
manegvers. Ooe subjec showld b randomiy assigned 1o perform
their first maneover on the standard spiromerer while the other
subject’s first muneyver will be performed on the device being
tested, ailowing the learning effect to be equally dismitured across
both instruments. The differences berween the Largest of the thres
trials from cach device should be within + 6% or 200 mi,
whichever is greaier, for FYC and FEV,, and + !5% or ) L/min_
whichever is grearsy, for PEF.

For validating MYV, a mechanical pump shouid be used with
a sinusoidal waveform. The response of the device should be de-
termined using incrementally increased flows up to a maximum
of 230 L/min, produced with swroke volumes up o 2 L. The spe-
cific minimum parterns and for volune spiromerers, the volume
ins the spirometer, are given in Table Bl. The device should read
the MVY within = 10.5% of reading or + 20 L/min, whichever
is greater for all four west parterns specified in Tabie B, In addi-
ticom, the pressure measured at the mouthpisce should not ex-
eeed 10 cm HO during the entire MYV maneuver, No meackani-
cal pump testing at NTYS is required For MYV,

ES

DIAGNOSTIC DEVICES: TESTING FOR ACCLURACY AND
PRECISION WITH A WAVEFORM GEMERATOR '
Accuracy Testing
Accuracy criterie: Deviation = 3.4%s or 3 0.100 L, whichever
is greaver, for volume measursments; + 5.5% or = 0250 L,
whichever is greater, fof FEFu-rua; = 12% of + 25 L/min (+
0.420 L/s), whichever is greater, for PEF. These criteria ars in-
creased slightly from chose in Table 2 to account for the wave-
form generater inzcouracy. For MVY testing, deviatiog must be
less than = 105% or 20 L/mim, whichever is gremer,

Waveforms: Twenty-foor standard solume—time waveforms
(Arrermomx ) for FVYC, FEV,, and FEFjrm: 26 stazodard
flew-time waveforms (Arrevpmx D) for PEF. For wTes tesTing,
volume-rime waveforms | through 4 shoudd be used with heared
and humidified air as specified in this appendix. For MYV test-
ing, sinnscidal veaveforms stould be used with the parnerns speci-
fied in Table HI i

Spiromener tested: Oue production spiromerer. Spiromerstx
should oot be screemed or especially cajibrated Mefom testing,
If an in-lins filter is to be used during the wsdng of humans,
it should be attached for this testing. When during clinical 1est-
ing, if the fiow of volurme sensor is changed berween subjects,
the sensars must be changed for cach of the five repear tests G-
wribed belew. The spirometer may net be recalibrated after these
sensor changes ualesy recalibration is required afer sach sensor
change during clinical testing,

Validation: Each spirometric wavefarm is to be injectad into '
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the spirometer five times. MYY parterns will be injected jo dupki-
Cate Average values will be calculared for cach waveform and,
alomg with individual vatues, will be used to score the spirome-
ier. Ses formules Bi-B4.

Acceptable performance: For FYC and FEY, in sach of the
volume-time waveforms: deviation (formula B3} must be jess
than 0.120 L or deviation (%) (Formula B} musr b= fevs than
3.3%s. For FEF:y o, in =ach of the velume-tme waveforms:
deviazion must be less than 0250 L/ or deviation (T} must be
less than 5.5%s. For PEF in sach of the flow-time waveforms:
deviation must be lews than 25 L/min (3.420 L/s) or deviarian
(") must be less than 12%. For 573 (ssting using waveforms
-4 deviation must be less thar 0.2 L or deviation (%) muise
be less than 4.5%. For MYV in each of the patterns: deviarion
musi be [2ss than 20 L/min or deviation (%s) must be less than
10.5%,,

A error oocurs when bath deviation (formulz BY) and devi-
aticn (%) {formula B4) excesd their specified Limits. For esling
with ambient air, accepuabie performance is present if the eror
tate for each individual paramerer (FVC, FEV,, FEF, vu,
PEF) is less than 5% {one error for each parameter when 24 or
26 waveforms are used). For MYV testing and spirometric test-
ing with arPs conditions, accepiabie performance is present if

- the €ITor rate is rero.

Precizion Testavg: Intradevicr Testing

Precizicn criteria: Seo the acceptable performance criteria listed
below. "

Waveforms: Use data generated as part of accuracy Testing,

Actepable performance: For FYC and FEY,, far =ach of the
volume-time waveforms: The range (formula BI) must be less
than 100 L a7 range (%) {formuia B2) must be less than 3.5%.
Fot FEFa-ras, using exch of the voiume-time waveforms; The
range (formula Bl) roust be fegs than 0.250 Ls or the range (%)
{formula B2) must be iess than $.5%. For PEF using sach of
the flow-time waveforms: The aoge must be less than 25 I/min
{0.420 L/5)y or the range (") must be less than 7%

~An error oceurs when both range (formula Bl) and razge (%)
{formula B2} rxceed their ypecified Amite Acceptabie perfor-
mance i present if the ettor mte for each individual paramerer
(FVC, FEV, PEF) is less chan 5% (on= ervor for #zch parameter
il 24 or 16 waveforms are used).

MONITORING DEVICES (PEF) TESTING-CRITERIA

‘The range and deviations from the sandard PEF values should
be makulated using formulas B] through B4,

Acuracy Testing

Accuracy criterion: & 12% or = 2% L/min of targer values,
whichever is larger. The pritary critericn is = 10%h; 3% is added
b account fot the ipacruracy of the waveform generator,

Wavefarma: 16 flow-time curves {Arperpm DL

Meters 1ened: Two production mieters, Meters should be
s=lected routinely from a production runm and not b scresmed
before validation esting,

V¥alidadon: Each meter will receive five manemvers for #ach
of the 26 waveforms. An aversgs for sach waveform will be ca)-
crulavet and vyed to score thar meter Against the aceuracy criteria,

Arceptable performance: An error ocours when, oth devia-
tion {formula BI) and deviation (W) (formula B4) exceed their
spesified limits. Acceprable performance s jees than three -
rofs out of the toral 57 texts (26 waveforms, 2 meters).

Preclsion Tasdng: Intradevice Testing

Criterien: Less than 6% inmadevics variakility or 15 L/min. which-
ever is greater. The primary criterion is leyy than $%. Cne per-
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YALLES FOR STAMDARD WAYEFORMS

cent or 5 LAmin is added oo account for the imprecision of the
waveform Zemararcys, .
Waveforms: Four of the 26 standard flow-tme waveforms

R F FEv1 Wext. Vet FEF FEW 2oy
v 0 D e D AD e {waveforms 1, 4, 8, anad 25).
Meters tested: Teo production meters.
1 4000 4243 710 0052 0e 6497 E Vatidation: Three flows for each waveforo for each meter.
A o - o e For each waveiorm and for 2ach mever, calcutate range (formula
- - " ; Bl} and e (%) {formula B2) for =ach PEF.
i 1a98 137 51.% oang 1.3 2952 1704 ang
3 L132 1AM 7Ed4 D08 1.7 535 1w Acceptable performanes An error occurs when both range
& 011 34027 7SS T ) 5063 2572 (formuta Bl) and range (%) (formuwla B2) exceed their specificd
7 1189 251 RS oS 112 475 1368 lmnite Acceptabie performance is six or fewer srrors (e=Tor ate =
4 1993 ts1 g 0asn ra 1450 1887 5% for 120 trials).
$ apse  1IF2 7 LM a2 1T 3.3858
] LM 3031 7RI D2 &3 4550 ZEwe Precisi Lercevice Yaria
1M 2715 A1 62 omk oA 708 1272 ion Testing: In bility
i 2062 .61 N0 00 i7 EX T h 1,780 Criterion: Less than 1% interdevice variabilicy or 25 L/min,
13 4808 1334 PRI 04D 2.4 saor 1677 whichever is greater. This includes 1% or 5 L/min for the impre-
14 AFssE A0 0. 0138 ol ENTE 1122 cisian of the waveform gonerator.
15 S97 5304 93 GOS0 13 12182 5,092 . ; : ;
I 5458 3898 T4 0218 % Tavs 89z Wavclorms: Sm: as for '“‘.“"‘““. iesting.
17 4833 2587 445 QO3S Qe 5,287 1153 Moerers tesied: Same as for intredevice t=sting,
1 M3 1455 7re QoM o 7 zag Validarion: Same dita as for intradevice testing. 1oterdevics
1% 1935 2512 38 O0a 11 5408 1137 percentage is caloulaved as follows: for each meter, @iouiate an
20 a0 2541 Mo aba T4 LY rrl 2e9s average PEF for cach waveform. For sach waveform, combine
n 4477 1349 T3 002 23 .39 1364 all data from the 10 meters o catcubare range (formula Bt) and
;-: :ﬂ; fﬁ ::-: :.'213; g': ;ﬁ nm_m rangs (%) (formula B2) for each of the four waveforms, -
o 1_‘237 Qv ras 0087 10 Zows oo Acceptable perfarmance: An &mar occurs when both ange
{formulz B1) and range (%} (formula B2 exceed their specified
Dfimitine of ABSrrvittind: VWt = eorspolaed wiyme (e Frgum 7 lor gesompvion). —— limigy. Acceplable performance is present iff there are no errors
TABLE DT
CALCUATED VALUES FOR 26 STAMDARD FLOW-TIME
WAVEFORMS (0.002-3 SAMPLING INTERVAL)*
Vet Floaw
Flow Yok-B0 Wok-40 Mam- Thmae hel " Lxir
Wavinem FEF FEF PEF Titrm to-PEF e e Wiaxt EEvy
Number (173 {Lis) [L5) (et} ()} () [43] (AT (1))
1 T.H5 7243 73 M5 BB 1587 .10 5 iin
H 16,850 2.905 10,450 357 465 b Qie3 Ll 35
3 + a4 4371 443 sA3 530 114 005 11 1302
4 .1 £ 2ag 431 e 856 1163 051 19 1448
5 1430 1564 1584 1594 1704 0 e 1 2am
1] - 10Kk 1.7k Fho 445 WA [ Q0T 1.3 LY
7 130 inr 20 THLD 674 1734 o.087 17 1.048
1 il 1048 ine FLIS 154 =4 0.0 1.0 0950
- 5259 YLy Li0w 20 73 o 0.048 11 i
10 4713 4.457 - 4.5k 7 1% 1z2 a.035 13 i
n 6370 6472 &704 M E7.4 1284 0.0%4 it Lo
12 [T 10,528 10558 1153 1308 i PR (8] ] 34 415
12 £y 4708 A Ty 1053 121.7 1949 0000 F i) 2304
L LK1 1754 178 1387 127 oA 07 25 224
5 7954 714 732 1749 1526 I 192 5.0 L)
T 528 5100 5168 b %] T 1Az D00 z1 124
17 L2347 57N 5T 1651 1634 LY amn 50 a0
u 30 La08 S48 1329 1263 LT 017 14 4303
hiJ 5953 * 451 &0 res az 1202 [+ T+ 1) 221 3007
o 7430 7374 Tan 1209 1433 2684 14 P11 4513
Fi iy 1745 3580 303 A 1931 00re Y] 1.0%
sl a7 1314 33M4 1842 1574 2598 L% 50 x
n b3 7954 a1 4 (] 1521 0107 14 TATE
24 4155 4028 A0S 503 523 nr Q.01 1.2 553
2= 14194 11896 T304 573 LER 10003 2128 1.3 [T77)
24 T1.395 [P 172 a5 al 1 LT 1.7 43N

Fffraiaom of mpdwsrvaptiony How FEF = paas low deterrmaned by oomeed heghait abasnand T viulc Wil PEF & Dbl fdyer -

Socky.

ST, Viki0 FEE + Peak faes QurtdrTec iem volim-CIme Cutvl LANG 4 -Al-my
spcprepets Rigg-Tlrrek & fima reQuited for tvr Rowe o ma om0 ol PEF to 908 of PEF: Row Time-toEF = tring reguined oo fone 3
rebd Froats 200 MUME L macivman Sow {FEFY, Vst Time-o-PEF # tme tbtpyined e e b fe TTom Yaxz ome oere o PEF

™ Limi: feow (LM, wolumas (L), ana ame Cmbisecondc). Thase wirtionmm Jne 2vsilibis on digiad media from the Amenicen Thomsic
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MOMNTORING DEVICES (FYiC AND FEV:) TESTING CRITER1A

Accuracy Testing
Criterion: Deviation = 5.5% ordeviarion (%} £ 01 L, whichever
5 larger,

Waveforms: Twenty-four standard velume-time waveforms
(ArpENDIX C).

Drevies tasting: Two production devices selected rowrinely frem
a produrton rzn and oot screened before lesting.

Validation: Fach device will recaive five maneuvers for sach
of the 24 waveforms. An average fior each waveform will be cal-
culated and used 1o score thar metsT against the accuracy critefia

Acceptable performanss: AD error occurs when both devia-
tian {formulz B3) and deviaticn (M) (formula B4) exceed their
specified limits. Accsprable performance for wach individual pa-
rameter is less than three erTors out of the total 43 tedts (24 wave-
forms, 2 devices).

Powilin

L

Tirns {8]
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Prediiion Testing: Imtrecevior Testing
Criterion: Range (%) < 1.5% or mange < 0.1 L, whichever is
gTeater.

Waveforms: Four of the 24 standard volume-time waveforms
{waveforms 1, 3. 4, and ).

Meters exied: Ten production deviess,

Validation: Three flows for each waveform for sach deviee
fer each waveform and for sach device, calcuiate range (formuta
Bl) and range () (formula B2) for FYC and FEV,.

Acceptable performance An srror ocours when both range
(formuia BL) 2and range (M) (formula B2) sxceed their specified
imits. Acceprable performance for sach individual parametsr
15 gix or fewer erTOrs (MfTOr rate -« 3% for 120 triais)

Precision Testing: Inberdevice Vanizbility
Criterion: [=ss than 11%: interdevice vanability or 0.2 L, which-
&VEl i5 greater,

g
o
t

T {8y

Wavetorm #i

=
—
4

&
e
-
&
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Waveforms: Same as for intradevice testing.

Devices testad: Same ay for intradevice tesiing.

Validatior: Same data as for intradevice testing, Interdevice
permenings is calculared as followes: forsach device, calontate an
average FY'C and FEV, for each waveform. For sach waveform
and prrameter, combine all data from 10 meters w caioulate aoge
(formula By and range (%) (formula B2} for each of the four
waveforms.

Acceprable performance; An error cecurs when both Ao
(forroula Bl) and rmnge (%) {formula B2 exceed their specified
limits, Acceprable performance Is present if there am oo eToors.
APPENDIX D
itandard Fow-Turs Waveforms for Validating PEF

The following flow-time waveforms are imended primarily for

testing portable PEF meters but can be used for testing other
types of spiromerers, cspeciaily those megsunng PEF, tme-to-
peak flow, or rise-time These waveforms were chosen (0 Tepre- .
senit a range of PEFs and efforts (rise-times). The PEF it derived
direetly from the flow-time waveform-maximal ghserved value
“To caleulate the volume-det=mined PET, volume is first obtained
by integrating {summing} the flow values Flow is then caku-
laced from the volume—time waveform wsing the ATS 3-poiot
smocihing funcrion. The resuldag vwolume PEF it wsaally lower
than the PEF obtained from the fiow-Lime waneeform. Rise-time
5 defined ax the time required for the flow to rise from L0 of
the PEF to 90% of the PEF and is sxpressed in milliseconds.
Crther irrvesrigators have used the time-to-PEF, usting the back-
extrapolated technique to determine che zero time-poier. Using
back-extrapolation 10 calcuiare time-to-peak flow sometimes
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results in artificially lower time-1o-PEF, as can be seen in wave-
form 7.

APPEMDIX E
Signal-Processing Tutarisl
Since compaters have come inic smuch common use in spirome-
try and since fundamental srrors have bean detected in recentdy
tested comnvrtialty availe e hardware a0d sofrware {79), 2 shoet
tutonial on signel processing is presenred (Figure E1).

For volume spirometers, signals are generally derived from
slecirical veliages from a potentiomerer. Some spiremeters also
use oprical shaft or position encoders {80). Flow devices of the

Fleisch preumolachomerer vaniery also have slecrrical volage
outputs. For the volume spircmeter with a poteoucmeter and
the flow device with a flow transducer, the signal is sampled by
a compuler’s anadog to digtal (A-to-D) convener. The 2bility of
these systems o aceurately measure the spirogram depends on
the volhume or flow ransducer's linsariry, the aceuracy and linear-
ity of the ebecirical ransdueer {potentiometer), and the resoiy-
ton of the A«o-D converter. A resolution of 12 bits {1 part m
4,006, raw resciutdon from Q003 to G004 L) for the Awe-D
caoverter is recommencded, although 10 bits {1 part in 1,024, raw
resohation from U008 o 0.014 L) may be adequare for sam-
pling volume The sampling mte of the spirometer volume of
flow is very irmpomant. Lermen and asscciates (19} have shown
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Figure EY. Biock diagram of spirometer data acqursition.

that for both infants and adules, 93%. of the signal energy io the
flerw~time spirogram is within a bandwidth of zero to 12 Hz For
the volome-tme cyrve, 95% of the signal energy 5 contained
from r#ro to & H2. Digital sampling theory requires that sam-
ples be raken ar leass twice the race of the highest frequency con-
tained in the signal {81} Thus for volume-time spirograms, 4
12-Hz saropling rate shouild be adequate However, most vol-
ume-time spirograms are sampled at a 100-Hz or greater rate
to tnake measyrements sasier and more accurate Computer 5ys-
e devebapers should be avears thar even with 100-Hz sampling,
it may be necessary 1o linearly interpolate betwesh campliog
poines 1o devermine accurate FEV,, FEFyy ogn, and other simi-
lar spirometric measure=e

Yoinme sampling techmiques with optical and shaft or posi-
tion encoders of the volume-tme signal have been used (80). This
aperogeh Meatures the ome interval betwesn uniform volume
intervals {for example, 0.01¢ L) In this case, the resolurion of
the time ingerval betwesn measursmentd during rapid fiow be-
comes a limitng facor. Ostler and associawes have recently ad-
dressed these issues {B0). For eurnple, if 2 resotution of fow
to within + 5% of reading at 12 L/ for 2 system with 0.010-L
resolution is required, then acln:k reanluton of at least 40 us
is needed (800
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APPENDIX G. SPIROMETRY PROCEDURE CHECKLIST

The list below is summarized from Unit Four: Spirometric Technique. Refer to that unit for
further information.

1. Prepare the equipment.

a.

e.

f.

Set up and clean equipment.

Check paper supply.

Set the paper speed if applicable.
Check the position of the pens.
Attach the main tubing if applicable.

NS -

Check to calibration of the equipment.

Do a test run.

Check that there are enough supplies.

Note room temperature (and barometric pressure if applicable.)

Check that the weight and height measuring scales are working properly.

2. Prepare the subject.

a.

b.

Explain the purpose of spirometry--"1 want to learn how hard and fast you can breathe."”

Determine if spirometry should be postponed using your institution's criteria or the

sample questions below:

1. How are you feeling today?

2. Have you smoked any cigarettes, pipes, or cigars within the last hour?

3. Have you used any inhaled medications, such as aerosolized bronchodilators, within
the last hour?

4. What have you eaten within the last hour?

5. Have you had any respiratory infection, such as flu, pneumonia, severe cold, or
bronchitis, within the last three weeks?

6. Have you had any ear infections or other ear problems within the last three weeks?

7. Have you had any recent surgeries?

8. If you wear dentures, are they loose?

3. Position the subject.

a.

b.

C.

Note the previous position used (sitting or standing) in past spirometric tests and use the
same position if possible. Record the position to be used in the chart.

Instruct the subject to loosen tight clothing, elevate the chin, and extend the neck slightly.

Show the subject how to apply a nose clip and check to see that it is on properly.
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Perform the test.

a.

Explain how to position the mouthpiece (in mouth without obstruction from teeth or
tongue, with a tight lip seal).

Explain and demonstrate how to perform the forced expiratory maneuver. -- "When you
are ready, take the deepest possible breath, place your mouth firmly around the
mouthpiece, and without further hesitation, blow into the spirometer as hard, fast, and
completely as possible, without stopping until I tell you."

Perform last minute equipment preparations.

a.

b.

Place the recorder pen in the appropriate position on the chart paper.

Start the paper moving at least one second before the subject blows into the mouthpiece.

Coach the subject.

a.

Actively and forcefully coach the subject as he/she performs the maneuver! (Blow, blow,
blow!)

Keep coaching until a plateau is reached -- ATS-1994. (Cotton Dust: less than 25 ml
volume change in 0.5 seconds.)

Check the acceptability of each tracing before continuing the testing.

a.

Acceptable spirograms are free from:

Hesitation or false starts.

Cough.

Variable effort.

Glottis closure.

Early termination, before a plateau is reached.
Leaks.

Baseline error.

Noo,rwhE

Review causes of errors with the subject if needed.

Continue testing until three acceptable tracings have been obtained, allowing the subject
to recover between tests, up to a maximum of eight trials.

Check for excess variability of the two largest FVCs and FEV;s. (See Unit Five: Basic
Spirometric Calculations and Appendix H: Outline of Spirometric Calculations for
more information.) Have the subject perform additional forced expiratory maneuvers as
needed or as is appropriate for his/her medical condition.
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9. Record information in the subject's chart. Ata minimum, note the information below in
the subject's chart:

Name.

Age

Sex.

Height.

Race.

Position of previous testing.

Previous predicted values used.

Date and time of test.

Ambient temperature.

Barometric pressure (if possible).

Test results.

Technician identification

—XT T SQ P00 T
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APPENDIX H. OUTLINE OF SPIROMETRIC CALCULATIONS

The list below is summarized from Unit Five: Basic Spirometric Calculations. Refer to that
unit for further information.

1. Use only the tracings that meet acceptability criteria (see Appendix G. Spirometry
Procedure Checklist and Unit Four. Spirometric Technique for instructions).

2. Forced Vital Capacity (FVC)

a.
b.

C.
d.

Measure the FVC from baseline to plateau for all acceptable tracings.

Determine if there is excess variability, difference between the two largest FVVCs should
be less than 200 ml (Optional: for ATS-1987, FVCs that are 2 liters or less, use 100 ml;
for FVCs greater than 2 liters, use 5%; Cotton Dust - FVCs less than 1 liter use 100 ml or
10% for FVCs greater than 1 liter).

Use the largest FVVC obtained from all acceptable tracings.

Convert to BTPS as needed (see below).

3. Forced Expiratory Volume in One Second (FEV;)

a.
b.
C.

g.

Measure FEV; on the acceptable tracings.

Find t=0 and t=1 second.

Do back extrapolation if t=0 is not obvious. ATS recommends to do it for all FEV;
calculations. Draw a straight line along the steepest portion of the curve and extend the
line to intersect the baseline.

Calculate the volume at t=1 second.

Determine if there is excessive extrapolated volume at t=0. Extrapolated volume is not
acceptable if it is greater than 5% of the FVC for FVCs exceeding 3 liters -- use 150 ml
for FVCs less than 3 liters.

Determine if there is excess variability, difference between the two largest FEV;s should
be less than 200 ml. Optional: for ATS-1987, use 100 ml for FEVs that are 2 liters or
less, use 5 % for those that are greater than 2 liters; Cotton Dust - for FEV;s less than 1
liter use 100 ml or 10% for FEV;s greater than 1 liter.

Convert to BTPS as needed (see below).

4. FEV, as a Percent of FVC

a.
b.
C.

Use the largest acceptable FVVC and FEV1, even if not from the same tracing.
FEV./FVC x 100 = FEV1/FVC%
Don't convert to BTPS, since the answer is a ratio.

5. Forced Mid-Expiratory Flow Rate (FEF25.750)

@+roo0 oW

Use the "best curve™ (acceptable tracing with the largest sum of the FVVC and the FEV;).
Calculate 25% and 75% of the FVC and mark those points on the tracing.

Draw a straight line through the 25% point and the 75% point.

Find two adjacent time bars that are one second apart.

Determine the volume at each of those two time bars.

Determine the difference between those two volumes.

Convert to BTPS (see below).
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h.

The answer is in liters per second.

6. Conversion to BTPS

a.
b.

Convert the ambient temperature to Centigrade if needed.

Find the ambient temperature and the corresponding conversion factor on the BTPS
Conversion Chart.

Multiply the FVC, FEV1, and FEF25.75¢, by the conversion factor to obtain the correct
volume at BTPS.

7. Predicted Normal Values

a.
b.
C.

d.

Be consistent in which predicted tables are used.

Locate predicted values for FEV; and FVC, using subject's age, race, height, and sex.
In some non-Caucasians, multiply the predicted values by 0.85 (the race correction
factor).

Calculate the percent of the predicted value:

FVC observed/FVC predicted x 100 = FVC% of predicted normal. (Do the same for
FEV, and FEF25-75%).

8. Changes in Follow-Up Spirograms

a.

b.

Calculate as an absolute difference (e.g., FVC at time; - FVC at time, = + or - liters
difference).
Or calculate as a percent change from the previous value (e.g.,
FVC at time; - FVC at time, x 100 = + or - %.

FVC at time;
Use the same steps for calculating percent change in FEV; and percent change in
FEF25.750%.
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APPENDIX I. BASIC MATHEMATIC CALCULATIONS

ADDITION:

SUBTRACTION:

MULTIPLICATION:

DIVISION:

FRACTIONS:

DECIMALS:

a+b=c

Example: 3+2=5

c-b=a

Example: 5-2=3
axb=d

Example: 3X2=6
d

b=a o d/b=a

Example: 6/2=3

a = numerator or a/b

b denominator

Example: 3/5

1. Numbers to the left of the decimal point are whole numbers.
Example: 3.

2. The first number to the right of the decimal point is in tenths.
Example: 2=2/10

3. The second number to the right of the decimal point is in hundredths.
Example: .05=5/100
.67 =67/100

4. The third number to the right of the decimal point is in thousandths, etc.
Example: .009 = 9/1000
.872 =872/1000

CONVERTING FROM

NI
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FRACTIONS TO
DECIMALS: alb=.c

Example: 4/5=.8

CONVERTING FROM

DECIMALS TO
FRACTIONS: a.bc = abc/100
Example: 3.75=375/100
=33/4
CONVERTING DECIMALS
TO PERCENT: AaA=ax100=a%

Example: .8=80%
(.8 x 100 = 80%)

CONVERTING PERCENT
TO DECIMALS: a% =a% + 100 = .a

Example: 80% = .8
(80/100 = .8)
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APPENDIX J. METRIC CONVERSIONS

The metric system follows an orderly sequence for prefixes that indicates the unit of
measurement:

Prefix Units in Example

kilo- thousands 1 kiloliter = 1,000 liters
hecto- hundreds 1 hectoliter = 100 liters
deca- tens 1 decaliter = 10 liters
no prefix ones

deci- tenths 1 deciliter = 0.1 liter
centi- hundredths 1 centiliter = 0.01 liter
milli- thousandths 1 milliliter = .001 liter

Commonly used metric measurements and their U.S. equivalent are given below:

Metric Unit Abbreviation Approx. U.S. Equivalent
Distance

kilometer km 0.62 miles
meter m 39.37 inches
centimeter cm 0.39 inches
millimeter mm 0.04 inches

Capacity (liquids)

liter | 1.057 quarts
Capacity (dr

liter | 0.908 quarts
Weight

kilogram kg 2.2046 pounds
gram g 0.035 ounces
milligram mg 0.015 grains
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U.S. Unit Metric Equivalent

Distance

1 mile 1.609 km

1 yard 0.914 m

1 foot 30.480 cm

1inch 2.540 cm
Capacity (liguid)

1 gallon 3.785 |

1 quart 0.946 |

1 pint 0.4731

1 fluid ounce 29.573 ml
Capacity (dr

1 bushel 35.238 |

1 quart 1.1011

1 pint 0.550 |
Weight (avoirdupois)

1 pound 453 km

1 ounce 28.349¢
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APPENDIX K. OTHER FACTORS TO CONSIDER WHEN CALCULATING BTPS

1. Ambient Pressure: Some physicians prefer to use BTPS conversion factors that correct for
ambient pressure as well as temperature. Fluctuations in ambient pressure produce changes
of less than 1% in the usual spirometric tests. However at high altitudes or during research
studies, the use of ambient pressure conversion factors should be considered.

To obtain ambient pressure, use a barometer or call the weather service and use reported
barometric pressure. Convert the reading from inches of mercury to millimeters if necessary
(Imm = 0.04 inches).

To take ambient pressure into account when calculating BTPS, use the following formula:

ViTps = Vatps X [310 X (PB - PHzo)] - [( PB - 47) X (273 + T)]

PB = Barometric pressure, mm Hg.

PH,O = Vapor pressure of water at
spirometer temperature.

T = Temperature in Centigrade.
47 = Vapor pressure of water at 37°C.

310 = Absolute body temperature.

2. Instrument or Bell Factor: The Instrument or Bell Factor is occasionally mentioned in
addition to BTPS. In certain water-seal spirometers, it refers to a constant indicating the
volume of displacement per millimeter of vertical movement of the bell. If you use this type
of spirometer, a bell factor correction is necessary. Consult the manufacturer's manual for
instructions.

3. Instruments with Graph in BTPS Units: Some instruments have graph paper which assumes
the spirometer is at 25°C and 760 mm of mercury (the barometric pressure at sea level). If
the ambient temperature is not 25°C, data collected from this type of instrument must be
corrected to the appropriate BTPS factor. Consult the manufacturer's manual for
instructions.
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APPENDIX L. REFERENCE VALUES TABLES FROM NHANES I11 (Hankinson et. al. - 1999)

Table 1. Caucasian-Males

Height Age FVC FEV1 FEV1/FVC%
Pred LLN Pred LLN Pred LLN
170cm 20 5.10 4.25 4.30 3.58 83.9% 74.3%
30 4.97 4.12 4.08 3.36 81.9% 72.2%
40 4.79 3.94 3.83 3.11 79.8% 70.1%
50 4.55 3.70 3.55 2.83 77.7% 68.1%
60 4.26 3.41 3.23 2.51 75.7% 66.0%
180cm 20 5.75 4.80 4.79 3.98 83.9% 74.3%
30 5.62 4.67 4.58 3.77 81.9% 72.2%
40 5.44 4.49 4.32 3.52 79.8% 70.1%
50 5.21 4.25 4.04 3.23 77.7% 68.1%
60 4.92 3.96 3.72 2.91 75.7% 66.0%
190cm 20 6.44 5.38 5.31 4.41 83.9% 74.3%
30 6.31 5.25 5.10 4.20 81.9% 72.2%
40 6.13 5.07 4.85 3.95 79.8% 70.1%
50 5.90 4.83 4 .56 3.66 77.7% 68.1%
60 5.61 4.54 4.24 3.34 75.7% 66.0%
Table 2. African-American-Males
Height Age FVvC FEV1 FEV1/FVC%
Pred LLN Pred LLN Pred LLN
170cm 20 4.29 3.43 3.69 2.93 85.6% 75.2%
30 4.11 3.25 3.46 2.70 83.8% 73.3%
40 3.93 3.07 3.23 2.47 81.9% 71.5%
50 3.75 2.89 3.00 2.24 80.1% 69.7%
60 3.57 2.71 2.77 2.01 78.3% 67.9%
180cm 20 4.88 3.91 4.15 3.30 85.6% 75.2%
30 4.69 3.73 3.92 3.07 83.8% 73.3%
40 4.51 3.55 3.69 2.84 81.9% 71.5%
50 4.33 3.37 3.46 2.61 80.1% 69.7%
60 4.15 3.18 3.23 2.38 78.3% 67.9%
190cm 20 5.49 4.42 4.64 3.69 85.6% 75.2%
30 5.31 4.24 4.41 3.46 83.8% 73.3%
40 5.13 4.05 4.18 3.23 81.9% 71.5%
50 4.95 3.87 3.95 3.00 80.1% 69.7%
60 4.76 3.69 3.72 2.77 78.3% 67.9%
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Table 3. Mexican-American-Males

Height Age FVC FEV1 FEV1/FVC%
Pred LLN Pred LLN Pred LLN
170cm 20 5.14 4.31 4.41 3.71 85.7% 76.6%
30 4.96 4.13 4.12 3.41 83.5% 74.4%
40 4.74 3.91 3.82 3.12 81.3% 72.2%
50 4.49 3.66 3.53 2.83 79.1% 70.0%
60 4.20 3.37 3.24 2.54 76.9% 67.8%
180cm 20 5.76 4.83 4.94 4.15 85.7% 76.6%
30 5.58 4.65 4.65 3.86 83.5% 74.4%
40 5.36 4.43 4.35 3.56 81.3% 72.2%
50 5.11 4.18 4 .06 3.27 79.1% 70.0%
60 4.82 3.89 3.77 2.98 76.9% 67.8%
190cm 20 6.42 5.38 5.50 4.62 85.7% 76.6%
30 6.24 5.20 5.20 4.33 83.5% 74.4%
40 6.02 4.99 4.91 4.03 81.3% 72.2%
50 5.77 4.73 4.62 3.74 79.1% 70.0%
60 5.48 4.44 4.33 3.45 76.9% 67.8%
Table 4. Caucasian-Females
Height Age FVvC FEV1 FEV1/FVC%
Pred LLN Pred LLN Pred LLN
150cm 20 3.20 2.61 2.87 2.37 86.6% 76.8%
30 3.19 2.61 2.74 2.24 84.4% 74.6%
40 3.11 2.53 2.57 2.07 82.3% 72.5%
50 2.96 2.37 2.35 1.86 80.2% 70.4%
60 2.72 2.14 2.10 1.61 78.1% 68.3%
160cm 20 3.66 2.99 3.23 2.66 86.6% 76.8%
30 3.65 2.98 3.09 2.53 84.4% 74.6%
40 3.57 2.90 2.92 2.35 82.3% 72.5%
50 3.42 2.75 2.71 2.14 80.2% 70.4%
60 3.18 2.51 2.46 1.89 78.1% 68.3%
170cm 20 4.15 3.39 3.61 2.97 86.6% 76.8%
30 4.14 3.39 3.47 2.83 84.4% 74.6%
40 4.06 3.31 3.30 2.66 82.3% 72.5%
50 3.91 3.15 3.09 2.45 80.2% 70.4%
60 3.67 2.92 2.84 2.20 78.1% 68.3%
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Table 5. African-American-Females

Height Age FVC FEV1 FEV1/FVC%
Pred LLN Pred LLN Pred LLN
150cm 20 2.76 2.15 2.49 1.97 87.6% 76.9%
30 2.68 2.07 2.31 1.79 85.5% 74.9%
40 2.55 1.94 2.12 1.60 83.5% 72.8%
50 2.36 1.76 1.90 1.38 81.5% 70.8%
60 2.13 1.52 1.66 1.15 79.4% 68.7%
160cm 20 3.18 2.49 2.82 2.24 87.6% 76.9%
30 3.10 2.41 2.65 2.06 85.5% 74.9%
40 2.97 2.28 2.45 1.86 83.5% 72.8%
50 2.78 2.10 2.24 1.65 81.5% 70.8%
60 2.55 1.86 2.00 1.41 79.4% 68.7%
170cm 20 3.63 2.85 3.18 2.52 87.6% 76.9%
30 3.55 2.77 3.01 2.34 85.5% 74.9%
40 3.42 2.64 2.81 2.14 83.5% 72.8%
50 3.23 2.46 2.59 1.93 81.5% 70.8%
60 3.00 2.22 2.36 1.69 79.4% 68.7%
Table 6. Mexican-American-Females
Height Age FVvC FEV1 FEV1/FVC%
Pred LLN Pred LLN Pred LLN
150cm 20 3.29 2.69 2.91 2.40 87.9% 78.5%
30 3.21 2.60 2.73 2.22 85.6% 76.3%
40 3.07 2.47 2.54 2.03 83.4% 74.1%
50 2.89 2.29 2.32 1.81 81.1% 71.8%
60 2.66 2.06 2.07 1.56 78.9% 69.6%
160cm 20 3.73 3.05 3.28 2.70 87.9% 78.5%
30 3.65 2.96 3.11 2.53 85.6% 76.3%
40 3.51 2.83 2.91 2.33 83.4% 74.1%
50 3.33 2.64 2.69 2.11 81.1% 71.8%
60 3.10 2.41 2.45 1.87 78.9% 69.6%
170cm 20 4.20 3.43 3.68 3.03 87.9% 78.5%
30 4.12 3.34 3.51 2.86 85.6% 76.3%
40 3.98 3.21 3.31 2.66 83.4% 74.1%
50 3.80 3.03 3.09 2.44 81.1% 71.8%
60 3.57 2.80 2.85 2.20 78.9% 69.6%
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APPENDIX M. TABLES OF OBSTRUCTIVE/RESTRICTIVE PATTERNS

The information below represents a method for interpretation of spirometric results. This
method is not required practice and other methods exist.

LUNG DISEASES AND SPIROMETRY RESULTS

Interpretation
Normal person

Airway obstruction

Lung Restriction

Combination of
Obstruction/Restriction

FEV/FVC% FVvC FEV,

normal normal normal
low normal or low low
normal low low
low low low

Adapted from Chronic Obstructive Pulmonary Disease, 5th Edition [1977]. American Lung

Association (46).

GUIDELINES FOR ASSESSING DEGREE OF VENTILATORY IMPAIRMENT

Interpretation
Normal

Borderline

Mild

Moderate

Severe

Obstructive Pattern Restrictive Pattern

FEV1/FVC% > LLN FVC > LLN

FEV1/FVC < LLN & FEV; > LLN

FEV: <100 & > 70% Pred FVC <LLN & > 70% Pred
FEV: <70 > 50% Pred FVC <70 & > 50% Pred
FEV1 < 50% Pred FVC< 50% Pred

Adapted from American Thoracic Society: Lung function testing: Selection of reference values
and interpretative strategies [1991]. American Review of Respiratory Diseases 144:1202-1218

(30).
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