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.
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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.
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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 first American Thoracic Society (ATS) Statement on the Stan-
dardization of Spirometry’ was published 15 yr ago and was based
on the Snowhbird Workshop held in 1979 (1). This initia state-
ment was updated in March 1987 (2) after 8 yr of practicd ex-
perience with theinitial recommendations. The state of the art
of spirometry has continued to advance as aresult of scientific
studies that have provided additional data relating to performance
of spirometry. The use of computers for spirometry measure-
ment has become even more commonplace. New statements by
the ATS (3) and the European Respiratory Society (4) also un-
derscore the need to update the ATS statement on spirometry.
This revision of the standards for spirometry reflects the changes
in clinica emphasis and in available technology since the 1987
ATS spirometry update (2) was published. The changes in clini-
ca emphasis and eguipment include:

¢ The strong emphasis on the use of portable peak flow meters
to monitor lung function in asthmatics by the National Heart,
Lung, and Blood Ingtitute’s Asthma Education Programys),
the International Asthma Management Project (6), the Brit-
ish Thoracic Society (7), and others.

* The corresponding development of many new model peak flow
monitoring devices, some purely mechanical and some elec-
tronic

¢ A better understanding of the complexities of correcting spiro-
metric values to sres conditions.
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» A greater appreciation of the importance of the technicians
and procedures in achieving good spirometric results.

¢ An increased concern about the risk of transmission of infec-
tious diseases during pulmonary function testing.

We have responded to these changes by:

» Separating the standards for laboratory or diagnostic spirom-
eters from those of devices designed to be used primarily as
monitors.

* Adding ews testing to the testing of spirometers.

* Adding a section on performance of slow vital capacity.

¢ Strengthening and updating the procedural aspects of quality
control, including an appendix with sample spirograms.

» Adding a section on hygiene and infection control.

A central goal of any guideline or standardization document
is to improve performance and thus decrease the variability of
laboratory testing. In 1979 (1), and again in 1987 (2), the percep-
tion was that the major source of variability was instrumenta-
tion. More recently, instrumentation has improved to a point
where other sources of variability can be identified, in particu-
lar, procedural problems. In 1991, the ATS Statement on Lung
Function Testing: Selection of Reference Vaues and Interpreta:
tion Strategies (3) stated: “The largest single source of within-
subject variability is improper performance of the test.” More
recently, Enright and coworkers (8) have shown a positive im-
pact of an extensive quality control program on spirometric
results. As a conseguence, there is an effort in the present state-
ment to addressissues of test performance and quality control.

The ATS statements on standardization of spirometry have
had far-reaching effects on manufacturers and users of spirom-
eters. In some cases, manufacturers have used the document as
a minimum performance requirement document. We continue
to be concerned with this approach and encourage manufacturers
to seek excellence in design so that the state of the art for spirom-
eterswill exceed ATS recommendations. Some research protocols.
will necessitate even more stringent requirements than stated here

Spirometry isamedical test that measures the volume of air
an individua inhales or exhales as a function of time Flow, or
the rate at which the volume is changing as a function of time,
may also be measured with spirometry. Spirometry, like the mea-
surement of blood pressure, is a useful screen of general health.
Like the smple measurement of blood pressure, it does not suf-
fice in certain Stuations where more extensive testing is warranted.
Spirometric results correlate well with morbidity and life expec-
tancy. Spirometry is used to affect decisions about individua pa-
tients, including the nature of the defect, its severity, and the re-
sponse to thergpy. Table 1 lists some of the potential indications
for spirometry.

Results from tests based on spirometric maneuvers can have
an important effect on a person’s lifestyle, standard of living,
and future treatment (10). Similarly, accurate and precise spirom-
eters are required for epidemiologic studies. Rates of improve-
ment or deterioration of pulmonary function measured in rela-
tion to environmenta exposures and/or persona characteristics
may be erroneous if inaccurate spirometers are used or less sen-
sitive if imprecise spirometers are used (11).

Maximizing the clinical usefulness of spirometry depends on
a number of steps, ranging from equipment selection to interpre-
tation, and ultimately involves clinical assessment. Figure 1 is
aflow diagram of these steps.

The first step is establishing equipment performance criteria.
The Snowbird Workshop (1), 1987 Update (2), and this update
give recommendations for equipment used for ﬁoi rometry.

The second step in the process involves validation that the
spirometer design meets the minimum recommendations through
the testing of a representative device. Detailed methods for per-
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TABLE 1
INDICATIONS FOR SPIROMETRY*

Diagnostic
To evaluate symptoms, signs, or abnormal laboratory tests
-Symptoms: dyspnea, wheezing, orthopnea, cough, phlegm production,
chest pain
-Signs: diminished breath sounds, overinflation, expiratory slowing,
cyanosis, chest deformity, unexplained crackles
-Abnormal laboratory tests: hypoxemia, hypercapnia, polycythemia,
abnormal chest radiographs
To measure the effect of disease on pulmonary function
To screen individuals at risk of having pulmonary diseases
-Smokers
-Individuals in occupations with exposures to injurious substances
-Some routine physical examinations
To assess preoperative risk
To assess prognosis (lung transplant, etc.)
To assess health status before enrollment in strenuous physical activity
programs
Monitoring
To assess therapeutic interventions
—Bronchodilator therapy
-Steroid treatment for asthma, interstitial lung disease, etc.
-Management of congestive heart failure
-Other (antibiotics in cystic fibrosis, etc.)
To describe the course of diseases affecting lung function
-Pulmonary diseases
Obstructive airways diseases
Interstitial lung diseases
-Cardiac diseases
Congestive heart failure
-Neuromuscular diseases
Cuillain-Barre Syndrome
To monitor persons in occupations with exposure to injurious agents
To monitor for adverse reactions to drugs with known pulmonary toxicity
Disability/Impairment Evaluations
To assess patients as part of a rehabilitation program
-Medical
-Industrial
-Vocational
To assess risks as part of an insurance evaluation
To assess individuals for legal reasons
-Social Security or other government compensation programs
-Personal injury lawsuits
-Others
Public Health
Epidemiologic  surveys
-Comparison of health status of populations living in different
environments
-Validation of subjective complaints in occupational/environmental
settings
Derivation of reference equations

. Adapted from reference 9.

forming the validation testing are outlined later in this statement.
The ATS makes equipment recommendations but does not act
as a certifying agency to verify compliance with these standards.
Spirometer users should carefully select equipment that meets
the ATS recommendations to assure that spirometry testing can
be done accurately. Before purchasing a spirometer, It is wise to:
(/) ask the manufacturer to provide summary data that demon-
strates that the device being considered meets or exceeds ATS
recommendations, or (2) review results of spirometry testing from
independent testing laboratories. This statement does not man-
date testing by an independent laboratory. There are many cdli-
brated computer-driven syringes available. When an independent
laboratory is not used, manufacturers should make the testing
protocol, the raw data, and the summary data available to poten-
tial customersfor their review..

Even after spirometers have been found to meet ATS recom-
mendations, they (like other mechanical, electrical, or computer
equipment) must be routinely checked for performance qudlity.
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Figure 1. Spirometry standardization steps.
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Recommendations for spirometer quality control have been de-
veloped by the ATS and are summarized in this statement.

Spirometry is an effort-dependent maneuver that requires un-
derstanding, coordination, and cooperation by the patient-sub-
ject, who must be carefully instructed. Thus, procedura recom-
mendations are important components of testing. Part of the
recommendation isto obtain a sufficient number of maneuvers
of adequate quality and then determine if these acceptable maneu-
vers are reproducible, implying that maximal effort has been
achieved. Once spirometry maneuvers have been performed, data
are either measured by hand or computer. Measurement proce-
dures areincluded in this article to help assure that uniform
methods are used and comparable results are obtained. These
recommendations include considerations such as using “back ex-
trapolation” for determining the “start-of-test” time (zero point)
for measures such as FEV, and the criteria to determine the end
of the expiratory maneuver. Instruments that provide feedback
to the technician in the form of checks on the adequacy of the
data are clearly desirable.

The interactions between technicians and subjects are crucia
to obtaining adequate spirometry, sinceit is such an effort-
dependent maneuver. Technicians must be trained and must main-
tain a high leve of proficiency to assure optimal results.

The spirogram tracing must be carefully scrutinized for qual-
ity. Recommendations about quality, acceptability, and reprodu-
cibility of test results are presented, as well as examples of unac-
ceptable maneuvers (see Appenpix A). After adequate results
are obtained, they are usually compared with reference values
to make an assessment (interpretation) of the results. The ATS
1991 Statement on Lung Function Testing: Selection of Refer-
ence Values and Interpretative Strategies provides guidelines for
selecting reference values and interpreting the results. Clinica
assessment should be an integral part of spirometry. Results ob-
tained from spirometry are only one part of the much more com-
plex patient-care relationship or research study analysis. It is the
responsibility of the laboratory director to provide adequate qual-
ity control procedures to assure that an attempt to meet these
recommendations and criteria has been made

In both the original ATS statement on spirometry and the 1987
update, a rationale was provided for each recommendation. Since
many of these recommendations and their rationales have not
changed since the original statements, the reader is referred to
the 1987 update (2) for the rationales concerning less controver-
sial recommendations.

DEFINITIONS

All terms and abbreviations used here are based on a report of
the American College of Chest Physicians (ACCP)-ATS Joint
Committee on Pulmonary Nomenclature (12).

Accuracy and precision are important terms in equipment
recommendations and warrant some definition. Accuracy error
is the systematic difference between the “trug’ and the measured
vaue The accuracy of a spirometer system depends on a num-
ber of factors, including linearity and frequency response of the
system or processor, sensitivity to environmental conditions, cal-
ibration, and adequacy of correction factors. Its precision de-
pends on the signal/noise ratio and on the resolution (i.e., the
minimal detectable volume or flow). Precision error, usualy
denoted reproducibility, is the numerica difference between suc-
cessive measurements (4). For example, if a volume spirometer’s
pen is not on zero but a 1. L, al volumes read directly from the
graph would be overread by 1 L. The accuracy error would be
1L, since the measured volume would read 3 L when the true
volumeis 2 L. However, the precision of the spirometer would
remain unchanged, as the spirometer would consistently read 3
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L each time 2 L is injected into the spirometer. For some appli-
cations, eg., peak expiratory flow (PEF) monitoring, precision
is more important than accuracy.

In severd sections of this document, the terms “open circuit”
and “closed circuit” technique are used. The term “open circuit”
spirometry refers to the method of conducting spirometry where
the subject takes a full inspiration before inserting the mouth-
piece to perform the test. In this approach, the subject does not
inhae from the spirometer or potentialy contaminated flow sen-
sor. The term “closed circuit” spirometry refers to the method
of conducting spirometry where the subject is attached to the
mouthpiece before the inspiration is begun, and often severa
tidal breaths are obtained. In this approach, the subject does in-
hale from the spirometer. There are advantages and disadvan-
tages to both of these approaches and both are recommended
procedures. For example, an advantage of the closed circuit tech-
nique is that it alows measurement of expiratory reserve volume
(ERV), tidal volume (TV), and inspiratory flows.

Previous recommendations (1,2) treated al spirometers dike
whether used for clinical, diagnostic, or epidemiologic purposes.
However, anew class of device has been added for monitoring
purposes. Monitoring devices (portable peak flow meters, etc.)
have separate recommendations from diagnostic spirometers for
the recorder/display requirements as well as the accuracy require-
ments. In addition, precision requirements have been added for
monitoring devices. Recommendations concerning monitoring
devices are identified in this statement by the notation, ‘Monitor-
ing.” We do nor recommend the use of monitoring devices for
diagnostic purposes in the traditional diagnostic setting where
one is comparing a measured value with a reference vaue. In
this setting, monitoring instruments are likely to be inadequate
because: (1) they may be less accurate than diagnostic instru-
ments; (2) they usualy cannot be calibrated or checked to assure
their performance; (3) their graphical displays may be missing
or inadequate to allow proper evauation of the subject’s effort
and overall test quality; and (4) current PEF standards of .+ 10%
alow models of instruments to vary by up to 20%, adding vari-
ability to reference values derived when a monitoring instrument
is used. However, monitoring instruments may be useful in di-
agnosing excessive variability in spirometric parameters because
they tend to have excellent precision.

EQUIPMENT RECOMMENDATIONS

Accurate results require accurate equipment. Spirometer equip-
ment recommendations apply to al diagnostic spirometers
whether used for clinica or epidemiologic purposes. |nstrumen-
tation recommendations should be followed to provide accurate
spirometric data and information that are comparable from lab-
oratory to laboratory and from one time period to another (1).
The accuracy of a spirometry system depends on the resolution
(i.e., the minima detectable volume or flow) and linearity of the
entire system, from volume or flow transducer to recorder, dis-
play, or processor. Errors at any step in the process can affect
the accuracy of the results. For example, if the eres correction
factor isin error, an accurate, uncorrected FVC will be corrupted
when the factor is applied.

Recommendations are first provided for diagnostic spirome-
ters, followed by recommendations for monitoring devices un-
der the subheading, “Monitoring.” For example, the equipment
recommendations for diagnostic spirometry are summarized in
Table 2 and for monitoring devicesin Table 3. Spirometers are
not required to measure al the following parameters but must
meet the recommendations for those parameters that are mea-
sured. Accuracy and precision recommendations apply over the
entire volume range of the instrument.
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TABLE 2

MINIMAL RECOMMENDATIONS FOR DIAGNOSTIC SPIROMETRY*

1111

Range/Accuracy Flow Range Time Resistance and
Test (8TPS) (L/s) (s) Back Pressure Test Signal
vC 0.5to 8 L = 3% of reading or £0.050 &, zéro to 14 30 3-L Cal Syringe
whichever is greater
FVC 0.5to 8 L 3% of reading or £0.050L, zero to 14 15 Less than 1.5 24 standard
whichever is greater cm H20/Us waveforms
3-L Cal Syringe
FEVy 0.5to 8 L 3% of reading or £0.050 L, zero to 14 1 Less than 15 24 standard
whichever is greater cm Hz0/Us waveforms
Time zero  The time point from which all FEV¢ Back extra-
measurements are taken polation
PEF Accuracy: # 10% of reading or# 0.400 Us, zero to 14 Same as FEVy 26 flow standard
whichever is greater waveforms
Precision: £ 5% of reading or ¢ 0.200 Us,
whichever is greater
FEF25-7596 7.0 L/s 5% of reading or £ 0.200 Us, +14 15 Same as FEV 24 standard
whichever is greater waveforms
v % 14 Us £ 5% of reading or £ 0.200 Us, zero to 14 15 Same as FEV; . Proof from
whichever is greater manufacturer
MW 250 Umin at TV of 2 L within % 10% of +14 12 Pressure less Sine wave pump
reading or £15 Umin, whichever is greater + 3% to 15 than % 10 cm
H20 at 2-L TV
at 2.0 Hz

. Unless specifically stated, precision requirements are the same as the accuracy requirements.

Recommendation: Vital Capacity (VC)

v ¢ =The maximal volume of air exhaled from the point of
maximal inhalation or the maximal volume of air inhaled from
apoint of maximal exhalaion can be measured with a dow ex-
halation or inhalation, respectively. Thiswas previously called
the “slow” vital capacity and has been better described as the
“relaxed vita capacity” (13). The VC is expressed in liters (srps).
stes IS body conditions. norma body temperature (37" C), am-
bient pressure, saturated with water vapor. When the rebreath-
ing technique is used, an oxygen supply may be provided and
carbon dioxide ahsorbed to account for oxygen consumption and
the production of carbon dioxide In this case, the oxygen sup-

ply must account for the total oxygen consumed, maintaining
the volume constant at functional residua capacity. If this is not
done properly, an incorrect VC could be obtained. Because of
this potentia error, the rebreathing technique with the absorp-
tion of carbon dioxide is discouraged as a technique when only
VC isto be measured.

Rationale. In some subjects, a slow or relaxed vital capacity
provides a more accurate determination of the vital capacity than
those obtained with aforced exhalation. Forced expiratory vol-
umes are usualy lower than those obtained with a slow exhaa
tion in subjects with airways obstruction and in older subjects.
With severe airways obstruction, VC values may be larger than
FVCvauesby asmuchas1L.

TABLE 3
MINIMAL RECOMMENDATIONS FOR MONITORING DEVICES

FVC & FEV,

Requirement (87P3)

PEF
(8775)

Range High: 0.50 to 8 L
«Low: 0.5t0 6 L
Accuracy + 5% of reading or £0.100 L,
whichever is greater
Precision + 3% of reading or £0.050 L,
whichever is greater
Linearity Within 3% over range
Graduations Constant over entire range
High: 0.100 L
Low: 0.050 L
Resolution High: 0.050 L
Low: 0.025 L
Resistance Less than 2.5 cm Ha0/Lss, from

zero to 14 Us
Minimal detectable

volume 0.030, L
Test Signal 24 standard volume-time.
waveforms

High: 100 Umin to # 700 Umin but € 850 Umin
Low: 60 Umin to # 275 Umin but € 400 Umin
+ 10% of reading or * 20 L/min, whichever is greater

Intradevice: € 5% of reading or & 10 Umin,
whichever is greater

Interdevice: € 10% of reading or € 20 Umin,
whichever is greater

Within 5% over range

Constant over entire range

High: 20 Umin

Low: 10 Umin

High: 10 Umin

Low: 5 Umin

Less than 2.5 cm H20/Us, from zero to 14 Us

M-standard flow-time waveforms

High = high range and low = low range devices.
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Figure 2. Typical subject waveform of a volume-time spirogram il-
lustrating back extrapolation to determine “time zero.” Extrapolated
volume = Vext.

For measurements of VC, the spirometer must be capable of
accumulating volume for a¢ feast 30 s. Spirometers must be capa-
ble of measuring volumes of at least 8 L (eres) with flows be-
tween zero and 14 L/s with a volume accuracy of at least + 3%
of reading or + 0.050 L, whichever is grester.

Recommendation: Forced Vital Capacity (WC)

FVC = Maximal volume of air exhaled with maximally forced
effort from a position of maximal inspiration, ie., vital capacity
performed with a maximally forced expiratory effort, expressed
In liters (sTps).

The diagnostic spirometer must be capable of measuring
volumes up to a? feast 8 L (eres) with an accuracy of a? least

+ 3% of reading or+ 0.050 L, whichever is greater, with flows
between zero and 14 L/s. The 8-L range requirement applies to
newly manufactured instruments; existing spirometers with a 7-L
range may continue to be used. The spirometer must be capable
of accumulating volume for at least 15 s, although longer times
are recommended.

Monitoring. Monitoring devices must be cqoable of measur-
ing volumes up to at least 8 L (srps) with an accuracy of at |east
+ 5% of reading or £ 0.100 L, whichever is greater, with flows
between zero and 14 L/s. The precision of the monitoring devices
must be at least + 3% of reading or + 0.050 L, whichever is
greater. The device must be capable of accumulating volume for
at least 15s.

Recommendation: Timed Forced Expiratory Volume (FEVy)

FEV, = The volume of air exhaled in the specified time during
the performance of the FVC, e.g., FEV, for the volume of air
exhaled during the first second of FVC, expressed in liters (srps).

Measuring FEV, requires a spirometer capable of measuring
volumes of at feast 8 L. The spirometer must measure FEV,
within an accuracy of at least £ 3% of reading or + 0.050 L,
whichever is greater, with flows between zero and 14 L/s. The
start-of-test for purposes of timing must be determined by the
back extrapolation method (1, 14, 15) or a method shown to be
equwal ent (Figure 2). For manual measurements, the back ex-

olation method traces back from the steepest slope on the

olume-time curve (Figure 2) (15, 16). For computer methods
of back extrapolation, we recommend using the largest ope aver-
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aged over an 80-ms period (17). Thetotal resistance to airflow
at 14.0 L/s must be less than 1.5 cm H,0/L/s. The total resis-
tance must be measured including any tubing, valves, pre-filter,
etc., that may be inserted between the subject and the spirome-
ter. Since some devices may exhibit changes in resistance due to
water vapor condensation, resistance requirements must be met
under stps conditions when up to eight successive FVC maneu-
vers are performed in a|O-min period.

Monitoring. The monitoring device must be capable of meas-
uring FEV, up to at feast 8 L (sTps) with an accuracy of at least
+ 5% of reading or + 0.100 L, whichever is greater, with flows
between zero and 14 L/s. The precision of the monitoring devices
for FEV: must be at least + 3% of reading or + 0.050 L,
whichever is greater. Resistance should be lessthan 2.5 cm
H,0/L/s and the start-of-test requirement is the same as for di-
agnostic  spirometry.

Recommendation: PEF

PEF = Largest expiratory flow achieved with a maximally forced
effort from a position of maximal inspiration, expressed in
liters/second (BTPS).

Measuring PEF requires an instrument that has a frequency
response that is flat (+ 5%) up to 12 Hz. The instrument must
measure PEF within an accuracy of + 10% of reading or + 0.300
L/s, whichever is greater. Intra-instrument precision must be less
than 5% of reading or 0.150 L/s, whichever is greater. Inrerdevice
precison must be less than 10% or 0.300 L/s, whichever is greater.

The following or an equivalent method can be used in the de-
termination of FEF, or PEF for volume-time curvés. How-
ever, the method used to derive PEF may depend on the measur-
ing instrument (18), and the final determination of compliance
should be determined through testing using the standard wave-
forms (26 flow-time waveforms, Appenpix D), with PEF derived
from the flow-time waveform (Table DI, column 2).

Determination of PEF can be performed from the volume-
time data by using a parabolic curve-fitting algorithm, which
smooths the data using a least squares parabolic fit to a 40- or
80-ms segment (np = 2 or 4) of the volume-time curve, or:

5, j-vol(n + )
flow(n) =i=-m .
2.h. 34

i=1

where flow = an array of flow values from start to end of test;
n = index of current flow data point (n = [np + 1] to |ndex
value of end of test); vol = an array of volume values; j =
index value as indicated in the equation; h = the time between
samples (0.01 s in this example); np = the number of data points
(for a40-ms segment, np = 2 and for an 80-ms segment, np =
4); and PEF is the maximum value observed in the array flow.

Rationale. Using the 26 flow-time waveforms to define PEF
is a change from the ATS 1987 Update. The PEFs for the 24 stan-
dard volume-time waveforms and the FEFmax described in the
1987 ATS Spirometry Update used the above agorithm with an
80-ms interval. Manufacturers, through the use of mechanical
simulators and the 24 standard volume-time waveforms, have
been implementing this or equivaent methods through their at-
tempts to derive PEFs similar to those defined by the 24 stan-
dard volume-time waveforms.

In addition, the National Asthma Education Program (NAEP)
(5) has adopted ATS standard volume-time waveform number
24 as their standard for portable PEF meters. Hankinson and
Crapo (18) have shown that reducing the time interval in the above
eguation from 80 to 40 ms results in as much as an 8% higher
PEF for two of the 24 standard volume-time waveforms and a

PEF = Max (flow) "
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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 be defined based on a flow-time waveform rather than
avolume-time waveform (i.e., waveform number 24). The final
determination of compliance should be determined through test-
ing using the standard 26 flow-time waveforms ( Apreno x D)
and the PEF derived from the flow-time curve (Table D1, column
2). This approach alows al of an instrument’s characteristics
to be considered, rather than only the PEF computational al-
gorithm. Because PEF is more variable than FVC and FEV, and
because of the confusion surrounding PEF definition, a rela-
tively large = 10% accuracy requirement was allowed.

Recommendation (Monitoring): PEF

PEF = Largest expiratory flow achieved with a maximally forced
effort from a position of maximal inspiration, expressed in
liters/minute (eres).

Monitoring PEF aso requires an instrument that has a fre-
quency response that is flat (+ 5%) up to 12 Hz and a resistance
less than 2.5 cm H,0/L/s with flows up to 14 L/s, The instru-
ment must measure PEF within an accuracy of = 10% of read-
ing or + 20 L/min, whichever is greater, withPEFs between 60
to 400 L/min for children and from 100 to 850 L/min for adults.
The lower limit range of the instrument must be less than or equa
to 60 L/min for children and 100 L/min for adults. The upper
limit range must be greater than or equal to 275L/min but less
than 400/L. min for children and greater than’or equal to 700
L/min but less than 850 L/min for adults. If manua reading
of theinstrument is used, the reader must be able to resolve at
least 5 L/min for low range (children) and 10 L/min for high
range (adults) (marked PEF intervals [graduations] no greater
than 10 L/min for low range and 20 L/min for high range). Intra-
instrument precision must be less than or equal to 5% of read-
ing or 10 L/min, whichever is greater. Interdevice precision must
be less than 10% or 20 L/min, whichever is greater. Data on
the instrument’s life span and durability must be provided
by the manufacturer, specified as the typicd life span over which
the instrument will satisfy the requirements of this section.

In addition to the above requirements, PEF measuring devices
must also provide a method of reporting values a stes. For port-
able PEF meters, rps correction may be accomplished by limit-
ing the environmental operationa range for the instrument in
terms of barometric pressure (dtitude) and ambient tempera-
ture. Portable PEF meters must meet the accuracy and precision
requirements above, given the range of environmental conditions
encountered with typical use. A 10% accuracy requirement, higher
than the 5% for other flows, is recommended to alow for poten-
tial Brps correction complications associated with PEF measure-
ments. Besides providing a method of correcting PEF values to
ses, the instrument’s manufacturer must also provide a correc-
tion for the effects of dtitude or other environmental conditions
as gppropriate.

A package insert must be provided with each portable PEF
meter containing at feast: (/) clear instructions (with illustrations)
for use of the instrument in simple terms that are understood
by the general public; (2) instructions concerning maintenance
of the instrument and methods to recognize when it is malfunc-
tioning; and (3) appropriate actions to be taken when PEF read-
ings change appreciably (i.e., whom to contact).

Rationale. Concerning the requirement of a flat frequency re-
sponse up to 12 Hz, Lemen and coworkers (19) have shown that
the mean highest frequency (HF) with significant amplitude con-
tent was 5.06 Hz in hedthy individuals and 6.4 Hz in patients
and smokers. They concluded that flow measuring devices should
have a frequency response that is flat up to 12 Hz. Pedlin and
coworkers (20) found a dlightly higher HF of about 10 Hz in
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healthy males and 7.5 Hz in female subjects. In addition, cur-
rent mechanical waveform-generating equipment generally can-
not accurately produce waveforms with frequency content above
12 Hz. The accuracy recommendation is less stringent for PEF
than for the FVC and FEV, (10% versus 5%) because of the
higher within- and between-subject variabilities associated with
PEF measurements and because of testing instrument limitations.
The PEF instrument precision and intra-instrument variability
recommendations are lower (5%) than the accuracy and inter-
instrument variability requirements (10%) because of the need
for low instrument variability in the routine use of PEF meters
for serial measurements. In addition, severa studies have shown
PEF meters to be much more precise than accurate (21-23). These
recommendations are aso similar to those of the NAEP (5). The
range recommendations are made with the understanding that
PEF measurements are often made using portable PEF meters.
With these meters, reading resolution (number of graduations)
must be balanced against the range of the meter (upper and lower
meter limits). Therefore, different instrument ranges for children
and adults are appropriate. The range recommendations for chil-
dren are not intended to preclude the use of an instrument with
adult ranges if the instrument meets the resolution requirements
(ease of reading) for children.

An instrument’s life span and durability are difficult to de-
termine and will be specific to an instrument. However, porta-
ble peak flowmeters are often used for extended periods of time.
Therefore, the instrument manufacturer must provide informa-
tion on the typical life span of their instrument as well as clean-
ing and other maintenance instructions. The package insert re-
quirements recommended by the NAEP (5) are similar to those
recommended in this statement.

Recommendation: FEF25.7s59

FEF;s.7s» = Mean forced expiratory flow during the middle
half of the FVC. Formerly called the maximal mid-expiratory
flow (MMEF), expressed in liters/second (sres) .

The FEFas7s% Must be measured with an accuracy of at feast
* 5% of reading or + 0.200 L/s, whichever is greater, over a
range of up to 7 L/s. The FEF;s.,ss Must be measured on a sys-
tem that meets diagnostic FVC recommendations.

Recommendation: Flow (V)

V = Ingtantaneous forced expiratory flow (except for PEF), ex-
pressed in liters/second (sres) .

Flow may be measured electronically or manudly from a
flow-volume display with adequate size for hand measuring.
Where flow-volume loops or other uses of flow are made, with
flow in the range of -14 to 14 L/s, the flow must be measurable
to withinx 5% of reading or = 0.200 L/s, whichever is greater.

Recommendation: Forced Expiratory Time (FET%)

FET% = Time from the back-extrapolated “time zero” until a
specified percentage of a maneuver's FVC is exhaled, expressed

in seconds. For example, FET95% would be the time required

to reach 95% of a maneuver’s FVC. See Appenpix A for FET%

examples. FET100% would be defined as the time required to

reach the FVC or the time at which the volume was observed

to be a its highest level. For maneuver quality assessment pur-

poses, the reporting of the FET99% (24) or FET100% is encour-

aged but not mandated. Also, the FET25-75% (mid-expiratory

time) may be a useful indicator of diminished flow when VCis
decreased and may be less dependent on body or lung size than

other flow parameters (25).

Recommendation: Forced Inspiratory Vital Capacity Maneuvers
These maneuvers are inspiratory vital capacity maneuvers per-
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formed with maximally forced effort from a position of maxi-
mal expiration to a position of maximal inspiration. Roth volume
and flow parameters are measured, which roughly correspond
(except for direction) to those from the FVC maneuver. Volume
measurements are expressed in liters (sres), flow measurements
in liters/second (sTPs).

Rationale. Forced inspiratory maneuvers are useful in diag-
nosing and monitoring upper airway obstruction. They are usu-
aly performed either preceding or following the FVC maneuver
but may be performed separately. Elderly or ill patients often
have difficulty performing forced inspiratory and expiratory
maneuvers as part of the same effort. Forced inspiratory maneu-
vers require the use of one of the closed circuit techniques.

For measurements of forced inspiratory spirometric param-
eters diagnostic spirometers must meet the corresponding range,
accuracy, and precision recommendations specified for diagnostic
spirometry systems (Table 2).

Recommendation: Maximal Voluntary Ventilation (MW)

MVV = The volume of air exhaled in a specified period during
repetitive maximal respiratory efforts, expressed in liters/minute
(BTPS).

When a spirometer is used for measuring MVV, it must have
an amplitude-frequency response that is flat within £ 10% from
zero to 4 Hz at flow rates of up to 12 L/s over the volume range.
The time for exhaled volume integration or recording must be
no less than 12 s nor more than 15 s (26). The indicated time
must be accurate to within+ 3%. The MVV must be measured
with an accuracy of £ 10% of reading or + 15 L/min, whichever
is greater.

General Background: Spirometry Recorders/Displays

Paper records or graphic displays of spirometry signds are re-
quired and are used for:

1. Diagnogtic function-when waveforms are to be used for qual-
ity control or review of the forced expiratory maneuver to de-
termine if the maneuver was performed properly, so that un-
acceptable maneuvers can be eliminated.

2. Vdlidation function-when waveforms are to be used to vali-
date the spirometer system hardware and software for accuracy
and reliability through the use of manua measurements (for
example, measurement of FEV, using back extrapolation by
comparing computer- and manually determined FEV,).

3. Manua measurement function-when waveforms are to be
manually measured for spirometric parameters (FVC,FEV,,
etc) in the absence or failure of a computer.

With the continued advances in computer technology, there
are many different ways to display and record spirometric wave-
forms. The committee continues to encourage use of computer
technology.

Paper recorder requirements are the same regardless of the
purpose, diagnostic, validation, or manual measurement. If no
paper recorder or printer is available, then proof of validation
of the accuracy and stability of the spirometer by an indepen-
dent |aboratory must be provided by the manufacturer. For these
gone]guter methods, any new software releases must aso be vali-

ated.

Recommendation: Displa'y of VC Maneuver

Either “open” or “closed” circuit technique may be used to mea
sure the VC maneuver. Although the open circuit technique may
be preferred because of hygiene concerns, this technique does
not alow the monitoring (display) of the inhalation to TLC and
therefore is less than optimum. Regardless of whether the open
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or closed circuit technique is used, a display of the entire VC
maneuver must be provided. The maximal expiratory volume
must be assessed to determine whether the subject has obtained
a plateau in the expiratory effort. Subjects with airways obstruc-
tion usualy exhibit different shaped curves at the end of their
expiratory maneuver-a dope showing the nonhomogeneous
emptying of lung units. Some patients with severe airways ob-
struction are not able to return to the level of FRC due to gas
trapping (see AppenDIX A, VC maneuvers). In addition, impor-
tant differences between inspiratory (IVC) and expiratory (EVC)
maneuvers may be observed in patients with airways obstruc-
tion (27). For systems using a closed circuit with carbon dioxide
absorption, a volume-time display is needed to verify basdine
end-expiratory level (functional residual capacity or FRC). The
graph should indicate the starting volume to evaluate the correct
positioning of FRC.

Recommendation: Display of NC Maneuver

Displays using flow versus volume instead of volume versus time
expand the initial portions (first -2 s) of the forced vital capac-
ity maneuver. Since this portion of the maneuver, particularly
the peak expiratory flow, is correlated with the pleural pressure
during the maneuver, the flow-volume display is useful to assess
the magnitude of effort during the initia portions of the ma
neuver. Overlaying a series of flow-volume curves registered at
apparent TLC (maximal inhalation, which may not be true TLC)
is helpful in detecting a submaximal effort that may result in
a large though nonreproducible FEV, as a consequence of nega-
tive effort dependence (28).

Unlike the flow-volume curve display, display of the FVC ma
neuver as a volume-time graph expands the terminal portions
of the maneuver. Therefore, the volume-time display is useful
in assessing the duration of effort and whether a plateau is
achieved. Where spirometry may need to be reviewed by inde-
pendent agencies, a volume-time tracing of sufficient size alows
Independent measurement and calculation of parameters from
the FVC maneuvers. Overlaying a series of volume-time curves
aligned at back-extrapolated time zero or flow-volume curves
aligned a TLC isuseful in evaluating reproducibility and sub-
maximal efforts. For optima quality control, both flow-volume
and volume-time displays are useful and strongly encouraged.
See Appenpix A for illustrations of volume-time and flow-vol-
ume displays.

Recommendation: VC and NC Maneuver Volume
and Time Scales

Volume scae: When a volume-time curve is plotted or displayed,
the volume scale must be at least: 10 mnVL (&ws) .

Time scale: at least 2 cm/s; larger time scales are preferred
(at least 3 cm/s) when manual measurements are to be made (1,
29, 30). When the volume-time plot is used in conjunction with
a flow-volume curve (both display methods are provided for in-
terpretations and no hand-measurements are performed), the time
scale requirement is reduced to 1 cm/s from the usualy required
minimum of 2 cm/s. This exception is alowed because, in these
circumstances, the flow-volume curve can provide the means for
quality assessment during the initia portion of the FVC maneu-
ver. The volume-time curve can be used to evaluate the termina
portion of the FVC maneuver, and the time scale is less critical.
For display of the dow VC, the volume scale may also be reduced
to 1 cm/L and thetime scaleto 0.5 cm/s.

Recommendation: Flow-Volume Curves

When a flow-volume curve is plotted or displayed, exhaled flow
must be plotted upwards and exhaled volume towards the right.
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TABLE 4

MINIMUM REQUIRED SCALE FACTORS FOR TIME,
VOLUME, AND FLOW GRAPHICS

Resolution

Parameter Required Scale Factor
Volume 0.025 L 10 mm/L
Flow 0.100 us 5 mm/Us
Time 0.20 s 2 em/s

A 2:1 ratio must be maintained between the flow and volume
scales, e.g., 2 L/sof flow and 1 L of exhaed volume must be
the same distance on their respective axes. The flow and volume
scales must be at Jeast as shown in Table 4.

Rationale. It was the committee’s unanimous opinion that the
previous diagnostic recorder requirements of 5 mm/L and 1 cm/s
have proven inadequate for judging the quality of an expiratory
effort, eg., termina events are not detectable ( APeenoix A). For
certain applications (for example, for disability determination
and legal cases), diagnostic size displays are clearly not adequate
(26, 30). The U.S. Cotton Dust standard requires .. tracings
must be stored and available. for recall and must be of sufficient
size that manual measurements may be made...” (31). Also,
users will customarily not be able to verify accuracy and stabil-
ity of spirometers by themselves in the absence of an adeguate
paper recording.

Correction to BTPS

This statement recommends that diagnostic spirometric studies
not be conducted with ambient temperatures less than 17” C or
more than 40" C. In part, the rationale for this recommendation
is based on problems with finite cooling times of gases in volume-
type spirometers (32-34) and the problems of estimating sres
correction factors for flow devices (35-37). When a subject per-
forms.an FVC maneuver, the air leaving the lungs and entering
the spirometer is at approximately 33 to 35" C (38, 39) andis
saturated with water vapor. Most volume-type spirometers as-
sume instantaneous cooling of the air as it enters the spirometer.
However, thisis not always the case, and an error in FEV, can
occur due to the incorrect assumption of instantaneous cooling
of the air. For capillary and screen pneumotachometers, the gain
is dependent on gas viscosity and increases with increasing tem-
perature. Therefore, a different correction factor is needed be-
tween patients and a calibrating syringe and between inspiratory
and expiratory maneuvers. In addition, the assumption is usu-
ally made that no cooling of the air occurs asthe air passes
through the flow sensor. This may not be the case, particularly
with unheated flow sensors (35). If the expired gas is assumed
to be BTPS, an error of about 1% will result. The error will in-
crease if the flow sensor islocated further from the mouth and
more cooling occurs. In addition, water condensation within or
on the surface of a flow sensor may alter its cdibration. Depend-
ing on environmental temperature, the sres correction factor may
be as large as 10%. Therefore, the method used to cal culate or
estimate the stes factor can potentially introduce significant er-
rors by the application of an erroneous BTPs correction factor.

Changes in spirometer temperature can be a source of vari-
ability; therefore, spirometer temperature should be measured
and not assumed to be constant, even over the course of one test-
ing session. Johnson and colleagues (40) found that if ambient
temperature was used in BrPs correction and applied to al maneu-
vers, FEV, and FVC measurement errors of up to 6% may oc-
cur. When using volume spirometers, they recommend that the
temperature of ar inside the spirometer should be measured ac-
curately during each breathing maneuver.

Recommendation:
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Recommendation (Monitoring): Correction to BTPS

For operating simplicity, monitoring devices may use one BTPS
correction factor for a range of barometric pressures (atitude)
and environmental temperatures. However, the use of a single
BTPs correction factor or direct readings at BTPS does not elimi-
nate the requirement to meet the accuracy specifications under
BTPS conditions. Therefore, manufacturers must provide appro-
priate labeling concerning the environmental conditions (ambient
temperature and pressure) under which their device will meet the
accuracy requirements. If necessary or appropriate, the manufac-
turer may provide severa BTPS correction factors to meet the ac-
curacy requirements over a range of environmental conditions
(atitude and temperature).

EQUIPMENT VALIDATION
Recommendation: FVC Validation

The diversity of FVC maneuvers encountered in clinical practice
are currently best simulated by the use of the 24 standard wave-
forms developed by Hankinson and Gardner (17, 41). These wave-
forms can be used to drive a computer-controlled mechanical
syringe or its equivalent for testing actual hardware and soft-
ware (42, 43) or they can be put into a system in digital form
to evauate only the software. It is strongly recommended that
spirometry systems be evauated using a computer-driven me-
chanical syringe or its equivalent and that the digital forms only
be used for evaluating changes in software. Appenpix C shows
the measured values for each of the 24 standard waveforms. The
American Thoracic Society aso provides these waveforms on
floppy disks for an IBM-PC.* Appropriate corrections for using
gas a ambient temperature and humidity instead of BTPS may
need to be made for some mechanical syringe-spirometer com-
binations. In addition, precision criteria have been added, and
testing of spirometry systems using heated and humidified test
gas is recommended.

The accuracy validation limits (tolerance for simulator systems
isincluded in these limits) for volume are: volume (FVC, FEV,)
+ 3.5% of reading or + 0.070 L, whichever is greater; and aver-
age flow (FEFis-ssn) £ 5.5% of reading or = 0.250 L/s, which-
ever is greater. The error range is expanded from the earlier ATS
spirometry recommendation to allow for errors associated with
mechanica syringes (42). The precision validation limits are: vol-
ume (FVC and FEV,) 3.5% (range percent) or 0.100 L, whichever
is greater; and flow (FEF.s-ssw) 5.5% or 0.250 L/s, whichever is
greater. Mechanical syringes used for vaidation must be accurate
within £ 0.025 L for FVC and FEV, and + 0.100 L/s for
FEF15-75%-

Rationale. Testing of spirometry systems using heated and hu-
midified test gas has been added to the validation criteria be-
cause of potential problems associated with BTPSs correction
(32-37). See APPENDIX B for further details.

Recommendation: PEF Validation

PEF instrument designs must be validated using a mechanically
driven syringe or its equivalent, using the flow-time waveforms
described in APPENDIX D. These waveforms are available on dig-
ital media from the ATS. In addition, the mechanicaly driven
syringe must be validated (APPENDIX B) to ensure that it ac-
curately produces these waveforms and corresponding PEFs
within = 2% of reading. The flow-time waveforms in Appen-
pIx D were chosen to represent a range of pesk flows and
flow-time signals with various times-to-PEF (time required to
go from 0.200 L/s to PEF). The accuracy validation limit for
PEF is =+ 12% of reading or + 25 L/min, whichever is greater.

. Available from the American Thoracic Society.
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The precision (range deviation) vaidation limit for PEF is 6%
or 15 L/min, whichever is greater.

Rationale. The NAEP (5) recommended the use of a me-
chanically driven syringe to test and validate the accuracy of
peak flow measuring instruments and to assess intra- and inter-
device precision. Their recommendations included the use of ATS
waveform 24 with various multipliers to achieve different PEFs.
One problem with using only waveform 24 is a lack of variabil-
ity in the shape or rise-time in the waveforms used to test PEF
meters. Therefore, the use of several waveforms in the testing
and validation of PEF meters to provide a range of PEFs and
times-to-PEF (rise-times) is recommended. The waveformsin Ap-
renoix D are flow-time waveforms and, therefore, the defini-
tion of peak flow obtained from these waveforms is simple to
derive. In addition, a volume-time curve for use by the mechan-
ically driven syringe can be obtained from a flow-time curve by
S mgll)y summing the flow-time vaues (integrating the flow
signal).

The accuracy of the mechanically driven syringe for PEE
+ 2% of reading, was chosen based on current technical feasi-
hility. Current technology of mechanicaly driven syringes is not
sufficient to provide greater accuracies. This is due to the dy-
namic aspect of peak flow = high frequency content and PEF
occurs at a point in the flow-time signal where the acceleration
is changing, resulting in potential “overshoot” by a mechanical
syringe. In addition, insufficient data are available concerning
the accuracy of PEF meters using waveforms with higher fre-
quency content (shorter times-to-PEF). Additional detailed in-
formation concerning spirometer testing procedures is contained
iN APrenD ces B, C, and D.

MW Validation

When tested with a pump producing a sinusoidal waveform, the
accuracy validation limits of the spirometer used for MVV for
flows up to 250 L/min, produced with stroke volumesupto 2 L,
are = 10.5% of reading or + 20 L/min, whichever is greater.
During the testing, the pressure at the mouthpiece must not ex-
ceed = 10 cm H,O. For volume spirometers, these requirements
apply throughout their volume range.

Recommendation:

QUALITY CONTROL

Routine equipment preventive maintenance — cleaning, calibra-
tion checks, verification, and quality control- is essentia to as-
sure accurate spirometry results (44). A spirometry procedure
manual is an important base for a quality assurance program.
The manua should contain a quality control plan, guidelines
for ordering spirometry, guidelines for performing spirometry,
and guidelines for reporting spirometry results. See the docu-
ment, “ATS Quality Assurance for Pulmonary Laboratories,” for
more details (44).

Recommendation: Technician’s Role in Quality Control

Quality control is important to ensure that the laboratory is con-
sistently meeting appropriate standards. In any quality control
program, an important element is a procedures manual contain-
ing: caibration procedures, test performance procedures, calcu-
lations, criteria, reference values source, and action to be taken
when “panic” values are observed. A notebook should be main-
tained that documents daily instrument calibration as well as
problems encountered with the system, corrective action required,
and system hardware and software upgrades. Records of anom-
alous events involving either patients/subjects or the technician
should be documented, with the results of subsequent evaua-
tion and responses to the event. The technician should also main-
tain records of continuing education and the results of evalua
tion and feedback provided by the medica director. Perhaps the
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most important component in successful spirometry is a well-
motivated, enthusiastic technician. A recent study has clearly
demonstrated the importance of a quality control program with
feedback to technicians in obtaining adequate spirometry results
(8). A quality control program that continuously monitors tech-
nician performance is critica to the collection of high-quality
spirometry data. Feedback to the technicians concerning their
performance should be provided on aroutine basis. This feed-
back should include, a a minimum:(Z) information concerning
the nature and extent of unacceptable FVC maneuvers and non-
reproducible tests; (2) corrective action the technician can take
to improve the quality and number of acceptable maneuvers; and
(3) recognition for superior performance by the technician in ob-
taining good maneuvers from challenging patients/subjects.

Manufacturers are encouraged to include quality control aids
in their software packages for spirometers. For example, a cdli-
bration logging program may be provided that stores the time
and results of routine daily calibration checks. Additionaly, the
program could issue a warning if an acceptable daily calibration
check has not been performed.

Recommendation: Hygiene and Infection Control

This section has been reviewed by the Microbiology Assembly.

The major goal of infection control is to prevent infection
transmission to patients/subjects and staff during .pulmonary
function testing. Two mgjor types of infection transmission are:

1. Direct contact: Thereis potentia for transmission of upper
respiratory disease, enteric infections, and blood-borne in-
fections through direct contact. Although hepatitis and HIV
contagion are unlikely via saliva, thisis a possibility when
there are open sores on the oral mucosa, bleeding gums, or
hemoptysis. The most likely surfaces for contact are mouth-
pieces and the immediate proximal surfaces of valves or tubing.

2. Indirect contact: There is potential for transmission of tuber-
culosis, various vira infections, and, possibly, opportunistic
infections and nosocomia pneumonia through aerosol drop-
lets. The most likely surfaces for possible contamination by
this route are mouthpieces and proximal valves and tubing.

Prevention:

1. Prevention of infection transmission to technicians exposed
to contaminated spirometer surfaces can be accomplished
through proper hand washing or use of barrier devices (latex
gloves). To avoid technician exposure and cross-contamination,
hands should be washed immediately after direct handling
of mouthpieces, tubing, breathing valves, or interior spirom-
eter surfaces. Gloves should be worn when handling poten-
tially contaminated equipment if there are any open cuts or
sores on technicians' hands. Hand washing should always be
performed between patients. Indications and techniques for
hand washing during pulmonary function testing have been
reviewed by Tablan and coworkers (45).

2. To avoid cross-contamination, reusable mouthpieces, breath-
ing tubes, valves, and manifolds should be disinfected or steri-
lized regularly. Mouthpieces, nose clips, and any-other equip-
ment coming into direct contact with mucosal surfaces should
be disinfected, sterilized, or discarded (i., disposable mouth-
pieces, nose clips, etc) after each use. The optima frequency
for disinfection or sterilization of tubing, vaves, or manifolds
has not been established. However, any equipment surface
with visible condensation from expired air should be disin-
fected or sterilized before reuse Since the use of cold steriliz-
ing agents is not without risk, laboratory staff should take
care to follow all manufacturer’ s recommendations regard-
ing proper handling of these products.

3. Between subjects, spirometers using the closed circuit tech-
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nique should be flushed at |east five times over the entire vol-

ume range to facilitate clearance of droplet nuclei. Also, the

breathing tube and mouthpiece should be decontaminated be-
tween patients. When the open circuit technique is used, only

that portion of the circuit through which rebreathing occurs
needs to be decontaminated between patients. For example,
when a pneumotachometer system is used, either inspiration

from the device should be avoided or the resistive element and

tubing should be decontaminated between subjects. A dispos-

able sensor is another aternative. When an open circuit tech-
nique is used for measurement of only the forced exhalation,

without inspiration from the measuring system (either volume-
or flow-type spirometers), only the mouthpiece needs to be

changed or decontaminated between subjects.

It should be noted that disassembling, cleaning, and/or sen-
sor replacement requires recalibration. If patients do not inspire
through the device, there is the disadvantage that test accepta
bility may be more difficult to assess in the absence of an in-
spiratory tracing. On the other hand, disassembly, cleaning, or
sensor replacement has the disadvantage that recaibration is re-
quired. Alternatively, in-line filters may be effective in prevent-
ing equipment contamination (46). However, if an in-line filter
is used, the measuring system should meet the minimal recom-
mendations for range, accuracy, flow resistance, and back pres-
sure with the filter installed. The influence of commercialy avail-
ablein-linefilters on forced expiratory measures, such asthe FVC
and FEV,, has not been well characterized.

4. In settings where tuberculosis or other diseases spread by drop-
let nuclei are likely to be encountered, proper atention to en-
vironmental engineering controls, such as ventilation, air filtra-
tion, or ultraviolet decontamination of air, should be used
to prevent disease transmission.

5. Specia precautions should be taken when testing patients with
hemoptysis, open sores on the oral mucosa, or bleeding gums.
Tubing and breathing valves should be decontaminated be-
fore reuse and internal spirometer surfaces should be decon-
taminated with accepted disinfectants for blood-transmissible
agents.

6. Extra precautions may be undertaken for patients with known
transmissible infectious diseases. Possible precautions include:

a) Reserving equipment for the sole purpose of testing in-
fected patients; (b) testing patients a the end of the day to
alow time for spirometer disassembly and disinfection; and

(c) testing patients in their own room or in rooms with ade-

quate ventilation and easily cleaned surfaces.

7. In the absence of evidence for infection transmission during
pulmonary function testing, the regular use of in-linefilters
is not mandated when the precautions described above are
followed. However, some spirometric equipment, particularly
those incorporated in multi-purpose testing systems, employ
valve manifolds that are situated proximal to breathing tubes.
These valving arrangements provide internal surfaces on which
deposition of expired aerosol nuclei is likely. Given their com-
plexity, they may be difficult to disassemble and disinfect be-
tween subjects. To the extent that in-line filters have been
shown to remove microorganisms from the expiratory air
stream and thus prevent thelr deposition, presumably as aero-
sol nuclel on spirometer surfaces (46), their use may be indi-
cated in this setting. The economy of using in-line filters com-
pared with tubing and valve changes depends on the PFT
equipment in use. The extent to which measures such as max-
imum expiratory flow or other instantaneous flows are in-
fluenced by the use of in-line filters is undocumented. One
study has shown that a low impedance barrier device did not
have a significant impact on spirometric indices, such as the
forced vital capacity and the FEV, (47). If an in-line filter
is used during spirometry, interpretation of spirometric indi-
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ces other than FVC and FEV, (eg., PEF) should alow for
the possibility that the filter might affect spirometer perfor-
mance The mechanical characteristics of the combined meas-
uring device and filter should meet the minimal recommen-
dations outlined in Table 2. Furthermore, if in-line filters are
used, it is recommended that equipment be calibrated with
the filter installed. The use of in-line filters does not elimi-
nate the need for regular cleaning and decontamination of
Spirometric equi pment.

8. Manufacturers of spirometric equipment are encouraged to
design instrumentation that can be easily disassembled for
disinfection.

Rationale. Spirometric equipment has not been directly im-
plicated in the transmission of infections, although thereisin-
direct evidence of infection transmission during pulmonary func-
tion testing (PFT). Organisms from the respiratory tract of test
subjects can be recovered from PFT mouthpieces and from the
proximal surfaces of tubing through which the subjects breathe
(48, 49). There1s One case report of atuberculosis skin-test con-
version after exposure to a spirometer used to test a patient with
documented tuberculosis (50). Likewise, there is circumstantial
evidence that contaminated PFT equipment may be implicated
in the increasing prevalence of Pseudomonas infections among
cystic fibrosis patients at one center (51). There is some evidence
that pneumotachometer-based systems are less susceptible to bac-
terial contamination than water-sealed spirometers (52). Finally,
it is well documented that community hospital water supplies
can be contaminated with Mycobacteria and Pseudomonas aeru-
ginosa organisms (53-55). Thus, the potential exists for both pa-
tients/subjects and health care workers to deposit microorgan-
isms onto spirometer surfaces (including mouthpieces, nose clips,
tubing, and any internal or external machine surface), which could
subsequently come into direct or indirect contact with other pa-
tients. This does not seem to pose an appreciable threat to pa-
tients/subjects with competent immune systems.

It has been argued that immunocompromised patients may
require only a relatively small infective dose of either opportunis-
tic organisms or common pathogens. Concerns for the protec-
tion of immunocompromised hosts, along with increased public
and provider awareness of hospita infection control issues over
the past decade, has led many |aboratory directors to use in-line
filters routinely as a means of reassuring patients and labora
tory personnel that adequate consideration has been given to pro-
tection. There is no direct evidence that routine spirometry test-
ing poses an increased risk of infection to immunocompromised
patients.

Recommendation: Equipment Quality Control

The recommendations that follow are primarily aimed at diag-
nostic devices.

Attention to good equipment quality control and calibration
is an important part of good laboratory practice. Log books of
calibration results must be maintained. Documentation of repairs
or other aterations that return the equipment to acceptable oper-
ation need to be maintained. Dates of computer software and
hardware updates or changes must also be maintained.

Volume. The spirometer’s ability to accurately measure vol-
ume must be checked at least daily with a calibrated syringe with
avolume of at least 3 L. During industrial surveys or other studies
in which alarge number of subject maneuvers are done, the equip
ment’s calibration must be checked daily, before testing, and ev-
ery 4 h during use (44). In circumstances where the temperature
is changing(e.g., field studies), more frequent temperature cor-
rections may be needed. Although there is minimal day-to-day
variation in volume calibration, daily calibration checking is
highly recommended so that the onset of a problem can be de-
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termined within 1 day, eliminating needless reporting of fase
values for several weeks or months and also to help defineday-
to-day laboratory variability. It is recommended that the cali-
bration syringe be stored and used in such a way as to maintain
the exact temperature and humidity of the testing site. Thisis
best accomplished by keeping the syringe in close proximity to
the spirometer. In the case of flow-type spirometers where a vol-
ume syringe is used to check the instrument, volume calibration
checks using different flow rates are recommended. At least three
trials where the flow rates are varied between 2 and 12 L/s must
be performed (3-L injection times of approximately 1 s, 6 s, and
somewhere in between 2 and 6 ).

Syringe Accuracy. The syringe used to check the volume cali-
bration of spirometers must have an accuracy of at least 15 ml
or at least 0.5% of full scale (15 ml for a3-L syringe), and the
manufacturer must provide recommendations concerning appro-
priate syringe calibration intervals. If the syringe has an adjustable
variable stop, the syringe may be out of calibration if the stop
is reset. Calibration syringes should be leak-tested periodically
by trying to empty them with the outlet corked.

Leak Test. Volumetric spirometer systems must be evaluated
for leaks on adaily basis (15, 56). The Intermountain Thoracic
Society Manual (15) suggests that leaks can be detected by ap-
plying a constant positive pressure of 3 cm H,O or more with
the spirometer outlet occluded. Any observed volume change of
greater than 10 ml after 1 min isindicative of aleak (15) and
needs to be corrected.

Linearity. At least quarterly, volume spirometers must have
their calibration checked over their entire volumerange (in 1-L
increments) using a calibrated syringe (42) or an equivaent vol-
ume standard. Flow spirometers must have their linearity deter-
mined at least weekly and given the current software capabili-
ties, daily linearity checks are reasonable. Plow spirometer linearity
can be checked by injecting the volume from a 3-L syringe with
several different flows. The linearity check is considered accept-
able if the spirometer meets the volume accuracy requirements
for al flows and/or volumes tested.

Time. Assessing mechanical recorder time scale accuracy with
astopwatch must be performed at feast quarterly. An accuracy
of within 1% must be achieved. If equipment is changed or relo-
cated (e.g., industria surveys), calibration checks and quality con-
trol procedures must be repeated before initiating further testing.

PEF Meters. Since it is difficult to perform a calibration check
of portable peak flow monitoring meters, it is particularly im-
portant that the instructions from the manufacturer include in-
formation concerning typical instrument lifetimes and methods
of recognizing when an instrument is malfunctioning.

Other Qualify Assurance Procedures. In addition to calibra-
tion with physica standards, the practice of using laboratory per-
sonnel as “known subjects’ and performing intralaboratory and
interlaboratory testing is recommended (44). TheATS has pub-
lished guidelines for quality assurance in pulmonary function
laboratories (44), which can be consulted for specific details.

The use of computers to analyze spirometry has accelerated
in the past 10 yr, and this trend is advantageous to obtain ac-
curate spirometry (10, 30). However, testing of commercialy avail-
able spirometers consistently shows that a major source of er-
rorsisin computer software (42). Because of the increased use
of computers in pulmonary laboratories and the problems as-
sociated with them (42, 57), the ATS has published computer
guidelines for pulmonary laboratories (58), which should be fol-
lowed. Computer software must adhere to ATS recommenda-
tions, especially procedural recommendations, contained in this
statement. Because of the tremendous improvement in the power
and speed of computers and their extensive' use in hospitals and
clinics, manufacturers should attempt to integrate computers into
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TABLE 5
EQUIPMENT QUALITY CONTROL SUMMARY

Test Minimum Interval Action
Volume Daily 3-L syringe check
Leak | Daily 3 cm H20 constant pressure for 1 min

Linearity Quarterly
Weekly (flow spirometers)

1-L increments with a calibrating
syringe measured over entire
volume range (flow spirometers
simulate several different
flow ranges)

Mechanical recorder check with
stopwatch

Log installation date and perform test
using “known” subject

Time Quarterly

Software New versions

their spirometry systems. Primary data should be available, -
lowing independent manipulation of uncorrected values by the
user. Listings or descriptions of ATS agorithms should be avail-
able (end of test, back-extrapolation, etc.). In addition, some pro-
gram flexihility should be available to the user, for example,
allowing user selection of appropriate reference equations, in-
cluding the use of user-derived reference equations.

MANEUVER PERFORMANCE RECOMMENDATIONS

Personnel Qualifications

The ATS has made recommendations for laboratory personnel

conducting pulmonary function tests (59). High school training
was recommended. In addition, the ATS encouraged but did not
mandate one or more years of college or equivalent training and

a strong background in mathematics. For pulmonary function
laboratories, 6 mo of supervised training time is recommended
for conducting spirometry. If troubleshooting is to be a part of
the laboratory technician's responsibility, a training period of
1 yr is recommended. The ATS recommends that the medical

directors must have appropriate training and be responsible for
all pulmonary function testing (60).

For industria/occupational testing, there are training require-
ments mandated by the National Institute for Occupational Safety
and Health (NIOSH), industry, and the ACCP (16, 31, 61). Sev-
eral excellent training manuals have been prepared for perfor-
mance of spirometry (15, 16, 31, 62, 63). NIOSH approves the
content of spirometry training courses under the U.S. Cotton Dust
Standard (16).

Recommendation: K-Subject Instruction and
Maneuver Performance

The VC maneuver may be considered either as an inspiratory
vital capacity (IVC), where the subject inhales completely from
a position of full expiration, or as an expiratory vital capacity
(EVC), where the subject exhaes completely from a position of
full inspiration. In addition, several spirometer setups are possi-
ble using either open or closed circuit techniques with or with-
out rebreathing.

1. A closed circuit technique without CO, absorption (i.e.,, using
arolling-sealed or water-sealed spirometer) may be used. Sub-
jects may aso rebreathe from the spirometer circuit. Rebreath-
ing is preferable because it alows technicians to better moni-
tor the entire vital capacity maneuver. In the absence of CO,
absorption and the addition of supplemental oxygen, the ma
neuver should be brief — fewer tidal volumes before and after
the VC maneuver.

2. A closed circuit technique with CO, absorption and the addi-
tion of supplemental oxygen may be used. This system alows
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the subject to rebreathe for a longer period of time and estab-
lish a better FRC baseline. However, 1t requires precise replace-
ment of oxygen to avoid shifting the basdine.

3. A modified closed circuit technique (i.e., flow-sensor-based
systems where the subject can breathe in and out through the
sensor without the need for CQ, absorption) may be used.

4. An open circuit technique where the subjects may inhale com-
pletely before inserting the mouthpiece and exhding into the
spirometer may be used. This may be preferable when hygiene
concerns are present.

For dl systems, it isimportant to instruct the subject in the
VC maneuver and demonstrate the appropriate technique. It is
important that subjects understand they must completely fill and
empty their lungs.

Standard Procedure Open Circuit Technique. The subject in-
hales maximally, inserts the mouthpiece just past his’her front
teeth, seals his’her lips around the mouthpiece, and blows slowly
and evenly until a clear plateau is seen at maximal exhalation
or until end-of-test criteria (see sections on FVC and end-of-test
criteria) are met. The technician must observe the subject’ s in-
halation to ensure that it is complete and that air is not exhaled
while the mouthpiece is being inserted. During the exhalation,
the technician should monitor the spirometer volume-time dis-
play to ensure that arelatively constant expiratory flow and an
adequate end-expiratory plateau is achieved (see ArpenDix A
for examples of the VC maneuver).

Closed Circuit Techniques. The following procedure should
be used when testing is conducted without CO, absorption
(limited oxygen reserve available for test performance). A two-
way valve may be useful, allowing the initia tidal volumes to
be performed with room air before the subject is connected to
the spirometer. The test is begun with quiet breathing, prefera-
bly with the subject breathing room air. No more than five tida
volumes should be recorded with the subject rebreathing from
the spirometer. The subject should then perform the VC maneu-
ver described below. When CO, absorption is not used, return-
ing to FRC dfter the VC maneuver followed by three tidal volumes
may be helpful but is not required.

The following procedure should be used when testing is con-
ducted with CO, absorption and oxygen supplementation. The
test is begun with quiet breathing. Several tidal volumes should
be recorded (minimum of five or until a stable end-expiratory
level is observed). The subject should then perform the VC ma-
neuver described below. The end of test is reached when the sub-
ject returns to the level of FRC and performs at least three more
tidal volumes.

For both procedures, the maneuver is not forced; it is per-
formed in a relaxed manner with the subject using a mouthpiece
and a nose clip. The VC maneuver is composed of the subject
exhaling completely to residual volume (RV), and completely in-
haling to total lung capacity (TLC), and then exhaling to resid-
ual volume again. The technician should encourage the subject
to reach maximal inhaled and exhaled volumes with a relatively
constant flow. Technicians should observe the subject to be cer-
tain his/her lips are sealed, that nothing obstructs the mouth-
piece, that no leaks occur, and that TLC and RV are reached.
The technician should check the volume display to ensure rela-
tively linear inspiratory and expiratory volume curves and ade-
quate maximal inspiratory and expiratory level plateaus. Oxy-
gen should be added to the circuit to precisely counterbalance
the absorption of CO..

For dl techniques, a minimum of two acceptable VC maneu-
vers should be obtained, with a maximum of four attempts. The
largest VC should be reported. Some investigators have reported
that the VC is dightly higher than the FVC in normal subjects(64).
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TABLE 6
PERFORMANCE OF FVC MANEUVER

Check spirometer calibration
Explain test
Prepare subject
Ask about smoking, recent illness, medication use, etc.
Instruct and demonstrate test to subject
Correct posture with head elevated
Inhale completely
Position mouthpiece (open circuit)
Exhale with maximal force
Perform maneuver
Have subject assume correct posture
Attach nose clip
inhale completely; the inhalation should be rapid but not forced
Place mouthpiece in mouth and close lips around mouthpiece
Exhale maximally as soon as lips are sealed around mouthpiece’
Repeat instructions as necessary, coaching vigorously
Repeat for a minimum of three maneuvers; no more than eight are
usually required
Check test reproducibility and perform more maneuvers as necessary

« D'Angelo and coworkers (65) have reported that PEF and FEvy for 13 normal
subjects measured in a body plethysmograph are reduced (4% and 5%. respectively)
when, during the inspiratory maneuver, there is a 4-6-s pause at TLC before begin-
ning exhalation. Therefore, an excessive pause at TLC should be avoided.

Recommendation: Fvc-Subject Instruction and
Maneuver Performance

Instruct the subject in the FVC maneuver. The technician should
demongtrate the appropriate technique (Table 6). Have the sub-
ject inhale from FRC and then, if using the open circuit method,
insert the breathing tube into his’her mouth, making sure higher
lips are sealed around the mouthpiece, and begin the FVC ma-
neuver with minimal hesitation (65). It is impemtive that the sub-
ject have a complete inhalation before beginning the forced ex-
halation. Prompt the subject to “blast,” not just “blow,” the air
from their lungs, then continue to encourage him/her to fully
exhale. Throughout the maneuver, enthusiastically coach the sub-
ject by word and body language. It is particularly helpful to ob-
serve the subject and the chart recorder or computer display dur-
ing the test to better ensure maximal effort. Perform a minimum
of three acceptable FVC maneuvers. If a subject shows large vari-
ability (FVC and/or FEV,) between expiratory maneuvers (> 0.2
L), reproducibility criteria may require that up to but usually
no more than eight maneuvers be performed. Volume-time or
flow-volume curves from the best three FVC maneuvers must
be retained. See Figure 3 and the section on acceptability and
reproducibility for further clarification.

Recommendation (Monitoring):
and Test Performance

Since PEF is both effort- and volume-dependent, maximum sub-
ject cooperation is essential. Since an optimal peak flow is usu-
aly reached in about one-tenth of a second, patients must be
encouraged to perform the expiratory maneuver as vigorously
as possible. The subject should not cough and a prolonged ex-
halation is unnecessary (1 to 2 s is adequate).

When implementing unobserved self-administered PEF mea-
surements, it is essential that:

1. The subject should be taught how to use the peak flow meter
properly by someone skilled with the procedure. Trained per-
sonnel should observe the subject’s performance both initialy
and on repeat visits.

2. The subject should be taught how and when to record PEF
measurements, along with other pertinent information, such
as symptoms.

3. The subject should be instructed about what action to take
if PEF falls.

PEF-Subject Instruction
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Figure 3. Flow-chart diagram of FVC spirometry testing. ‘

Recommendation: FVC—Satisfactory Start-of-Test Criteria

To achieve accurate “time zero” and ensure that the FEV, comes
from a maximal effort curve, the extrapolated volume must be
less than 5% of the FVC or 0.15 L, whichever is greater. See Fig-
ure 2 for an example and explanation of back extrapolation. In
the example shown, the extrapolated volume is 0.16 L or 8%.
In general, back-extrapolated volume should be measured on any
curve with a perceptible extrapolated volume, Provisions for rapid
computerized feedback to the technician when these criteria are
not met are encouraged. _

The committee discussed the possible use of time-to-PEF as
ameasure of the subject’s performance early in the FVC maneu-
ver. However, the committee felt there were insufficient data on
which to base a clear recommendation, and additional research
is needed. When conducting research on assessment of the sub-
jects’ correct performance of FVC maneuvers, investigators are
encouraged to measure the time-to-PEF or rise-time of peak flow
in addition to other quality assessment parameters. The rise-time
of peak flow is defined as the time required for expiratory flow
to rise from 10% to 90% of the maneuver’s peak flow. Although
use of other measures of acceptable efforts have been described
and may be useful (8, 66), they are not recommended at this time.

Rationale. A very slow start with a low peak flow will resuit
in a greater than allowable extrapolated volume (Figure 2) (1,
67-69). In addition, the FEV, from a submaximal effort can be
either smaller than those obtained when a maximal effort is per-
formed because the subject fails to reach a maximal TLC, or larger

r
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TABLE 7
PERFORMANCE OF PEAK FLOW MANEUVER

Explain and demonstrate the test*

Zero the PEF monitor, if necessary

Stand up straight

Inhale completely; the inhalation should be rapid but not forced

Place PEF monitor in mouth and close lips around mouthpiece?

Exhale with maximal force¥ as soon as lips are sealed around
mouthpiece$

Write down results

Repeat two more times (three total)

Record all three values

* Not necessary if at home.

T Nose clips are not necessary. .

 Make sure subject understands to make full use of respiratory muscles, not just use
the diaphragm as 2 “toot” or “mouth” maneuver.

§ D’Angelo and coworkers (65) have reported that PEF is reduced when, during the
inspiratory maneuver, there is a 4-6-s pause at TLC before beginning exhalation. It is not
known if similar changes will be observed with portable peak flow meters.

due to less dynamic compression of airways in subjects where
airways are relatively more collapsible. Recent experience in large
epidemiologic studies (8) suggests that use of time-to-PEF and
PEF reproducibility may minimize most of these problems in
the majority of subjects. However, at this time, it is not recom-
mended that maneuvers be eliminated because of a low PEF or
PEF rise-time, but only because of an excessively large extrapo-
lated volume. :

Recommendation: FVC~Minimum Exhalation Time

A minimum exhalation time of 6 s (length of maximum expira-
tory effort), unless there is an obvious plateau in the volume-time
curve display, is required to obtain maximal FVC results. There
are instances (e.g., the testing of children, young adults, and some
restricted patients) where shorter exhalation times are acceptable.

Recommendation: FVC—End-of-Test Criteria

To obtain an optimal effort, it is important that subjects be ver-
bally exhorted to continue to exhale air at the end of the maneu-
ver. End-of-test criteria are used to identify a reasonable FVC
effort. Recommended end-of-test criteria are:

1. The subject cannot or should not continue further exhala-
tion. Although subjects should be encouraged to achieve their
maximal effort, they should be allowed to terminate the ma-
neuver on their own at any time, especially if they are ex-
periencing discomfort. The technician should also be alert to
any indication the patient is experiencing discomfort and
should terminate the test if a patient is becoming uncom-
fortable.

OR

2. The volume-time curve shows an obvious. plateau. This
criterion is based on no change in volume for at Jeast 1 s after
an exhalation time of at least 6 s (10 s is optimal). “No change
in volume” is defined as the minimal detectable volume of
the spirometer. To meet ATS criteria, the minimal detectable
volume for spirometers must be 0.030 L or less.

OR

3. The forced exhalation is of reasonable duration. For patients
with airways obstruction or older subjects, exhalation times
longer than 6 s are frequently needed to reach a plateau: Many
would not reach a plateau even with a 20-s exhalation. How-
ever, exhalation times greater than 15 s will rarely change clin-
ical decisions. Multiple prolonged exhalations (longer than
6 s) are seldom justified and may cause lightheadedness, syn-
cope, undue fatigue, and unnecessary discomfort. In such pa-
tients, a slow or unforced VC maneuver (previously described)
may provide a more appropriate denominator for calculation
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of the FEV./VC%. Manufacturers should note that several
of the 24 test waveforms have durations longer than 20 s.

Achieving an end-of-test criterion is one measure of maneu-
ver acceptability. Maneuvers that do not meet an end-of-test
criterion should not be used to satisfy the requirement of three
acceptable maneuvers. However, early termination is not by it-
self a reason to eliminate a maneuver from further considera-
tion. Information such as FEV, and FEV, may be valid (depend-
ing on the length of exhalation) and should be reported from
these early terminated maneuvers. When the subject does not
exhale completely, the volume accumulated over a shorter period
of time (e.g., 4 s) may be used as an approximate surrogate for
FVC. In such cases, the volume label should reflect the shorter
exhalation time (e.g., FEV, for a 4-s exhalation).

Recommendation: VC and FVC—Maximum Number of Maneuvers

Although there may be some circumstances in which more than
eight consecutive FVC maneuvers may be needed, eight maneu-
vers is considered a practical upper limit for most subjects. Af-
ter several forced expiratory maneuvers, fatigue begins to take
its toll on subjects, and thus on their spirometric parameters,
so additional maneuvers would be of little added value. In addi-
tion, some subjects with asthma may exhibit spirometry-induced
bronchospasm. Ferris and associates (70) and Kanner and col-
leagues (71) have reported that for adults and children, eight
maneuvers is a practical upper limit. For VC, four is considered
a practical upper limit. Because of the potential for muscular
fatigue and volume history effects, it is preferable that VC maneu-
vers be performed before FVC maneuvers.

Recommendation (Monitoring): PEF—Number of Trials
The subject must perform and record a minimum of three trials.

Recommendation: VC and FVC—Environmental Conditions

Spirometric testing with ambient temperatures less than 17° C
or more than 40° C may pose problems. Ambient temperature
must always be recorded and reported to an accuracy of = 1° C.
In situations where the ambient air temperature is changing rap-
idly (> 5° C in less than 30 min), continuous temperature cor-
rections should be made. Spirometer users should be aware of
the problems with testing done at lower temperatures, which in
some subjects can cause airflow limitation. Due to other techni-
cal reasons, 17° C is judged to be an acceptable and reasonable
lower limit (32-38, 72) for ambient temperature. Ranges of baro-
metric pressures that are acceptable for the spirometer must be
published by the manufacturer.

Rationale. There is evidence that some subjects may develop
airflow limitation with the inhalation of very cold air. There-
fore, spirometry should not be conducted when the ambient tem-
perature is cold enough to induce airflow limitation.

Studies also point out the problem of finite cooling times of
gases in volume-type spirometers and their associated tubing
(32-35) when BTPS correction techniques usually assume instan-
taneous cooling. In one of these studies, it was found that a 7.7
to 14% error in FEV, results if the volume-type spirometer is
at an ambient temperature of 3° C and the standard BTPs correc-
tion is used. This error is less if the spirometer is warmer (nearer
body temperature) (32). As a result, 17° C was judged to be an
acceptable and reasonable lower limit.

Complexities related to temperature are also encountered with
flow-measuring devices (34-38). Air exhaled from the mouth is
estimated to be 33 to0 35° C (36, 38, 39). If any connecting tubing
is used between the mouthpiece and the flow sensor, the exhaled
gas will experience a variable amount of cooling if the room tem-
perature is not at approximately 33° C. Details of the cooling
pattern for many types of flow spirometers have not been stud-
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ied, but they may result in errors similar to those for volume
devices (34-38).

Because not all spirometers are used at sea level (blood pres-
sure = 760 mm Hg), the range of barometric pressures allowed
by the spirometer and its associated computational equipment
must be specified by the manufacturer.

Recommendation: VC and FVYC—Use of Nose Clips

.In most people, not wearing nose clips does not appreciably in-

fluence the FVC when using the open circuit technique. How-
ever, some people breathe through the nose and the use of nose
clips is encouraged, especially when performing a slow VC ma-
neuver. Nose clips must be used if a closed circuit technique with
carbon dioxide absorption is used.

Recommendation: VC and FVC—Sitting Versus Standing

Testing may be done either in the sitting or standing position.
Indication of position is necessary on the report (1, 73). The stand-
ing position may not be appropriate in some circumstances, such
as in hospitals where many patients may not be able to tolerate
the standing position, especially when making forced maneu-
vers. The selection of the position for testing is, therefore, an
individual one. If the standing position is used, an appropriately
shaped chair should be placed behind the patient/subject so
he/she can be quickly and easily eased into a sitting position if
he/she becomes light-headed during the maneuver.

Rationale. Studies by Townsend show that for adults there
are significantly larger FE Vs in the standing position than in the
sitting position (73). The earlier ATS recommendation indicates
that in children, VC is greater when standing (1).

Recommendation (Monitoring): PEF—Nose Clips
and Subject Position

Nose clips are not necessary when using PEF meters. Although
the test can be conducted while sitting, the standing position is
preferred.

Rationale. Because the PEF is dependent on a complete in-
halation and an exhalation with maximal force, the standing po-
sition is preferred.

Bronchodilator Testing. Spirometry is often performed be-
fore and after inhalation of bronchodilators (or bronchoconstric-
tors) from a metered dose inhaler (MDI) or nebulizers. Although
specific recommendations are beyond the scope of this document,
it should be remembered that this is a complex procedure. Fac-
tors that can significantly affect a patient’s response include: (1)
activity, dose, and airway deposition of the medication; (2) re-
cent prior medication; (3) timing of the postmedication maneu-
ver; (4) choice and variability of the measurement used to detect
a response; and (5) the method of calculating the magnitude of
change after administering the bronchodilator.

MEASUREMENT PROCEDURES

-Measurement

Spirometric variables should be measured from a series of at least
three acceptable forced expiratory curves.

Recommendation: VC and FVC~—Test Result Selection/Reporting
of Results

The largest VC should be reported from all acceptable curves,
including the forced maneuvers (FVC). The largest FVC and the
largest FEV, (81Ps) should be recorded after examining the data
from all of the acceptable curves, even if they do not come from

the same curve. Other measures, such as the FEF;s_ss4 and the

instantaneous expiratory flows, should be obtained from the sin-
gle curve (1, 2, 15) that meets the acceptability criteria and gives
the largest sum of FVC plus FEV, (best test).
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Recommendation (Monitoring): PEF—Test Result/Reporting
of Readings

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 recorded to allow the comparison of
the trials to evaluate reproducibility and to detect possible
maneuver-induced bronchospasm.

Rationale. Since the PEF is effort-dependent, the highest read-
ing should be used. This is consistent with the current recom-
mended selection method for FVC and FEV,.

ACCEPTABILITY AND REPRODUCIBILITY
Recommendation: VC and FVC—Maneuver Acceptability

For FVC measurements, acceptability must be determined by
ascertaining that the recommendations outlined previously in the
section on performing the FVC test are met. APPENDIX A con-
tains examples of unacceptable volume-time and correspond-
ing flow-volume curves. In review, these acceptability criteria are:
(1) satisfactory start-of-test; (2) minimum FVC exhalation time
of 6 s; and (3) end-of-test criteria. In addition, the technician
should observe that the subject understood the instructions and
performed the maneuver with a maximum inspiration, with a
good start, with a smooth continuous exhalation, with maximal
effort, and without:

1. An unsatisfactory start of expiration, characterized by exces-
sive hesitation, false start, or extrapolated volume of greater
than 5% of FVC or 0.15 L, whichever is greater (Figure 2).

2. Coughing during the first second of the maneuver, thereby
affecting the measured FEV, value, or any other cough that,
in the technician’s judgment, interferes with measurement of
accurate results (APPENDIX A, Figures 2A and 2B).

3. Early termination of expiration. A plateau in the volume-time
curve should be observed, as defined by no change in volume
for at least 1 s or a reasonable expiratory time. In a normal
young subject this would be before completion of the breath—
usually less than a 6-s maneuver. In an obstructed or older
healthy subject, a longer expiratory time is required to reach
a plateau (2, 74, 75) (APPENDIX A, Figures 3A and 3B). How-
ever, multiple prolonged exhalations (longer than 6 5) are sel-
dom justified.

4. Valsalva maneuver (glottis closure) or hesitation during the '

maneuver that causes a cessation of airflow (APPENDIX A,
Figures 4A and 4B).

5. A leak (APPENDIX A, Figures 5A and 5B).

6. An obstructed mouthpiece (e.g., obstruction due to the tongue
being placed in front of the mouthpiece or faise teeth falling
in front of the mouthpiece).

For VC measurements, all of the above requirements should

be met with the exception of those related to the forced nature

of the effort. In addition, plateaus in the volume-time display
should be reached at both the maximal inspiratory and expira-
tory volumes.

Computer-based systems that provide feedback to the tech-
nician when the above conditions are not met are desirable. The
reporting format should include qualifiers indicating the accept-
ability of each maneuver. However, it cannot be overemphasized
that failure to meet these criteria does not necessarily invalidate
the maneuver, since for some subjects this is their best perfor-
mance. Further, such maneuvers should be retained, since these
maneuvers may contain useful information.

A flow chart outlining how acceptability and reproducibility
criteria are to be applied is shown in Figure 3.
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Recommendation: VC and FVC—Test Result Reproducibility

As a goal during test result performance, the largest FVC (or
VC) and second largest FVC (or VC) from acceptable maneu-
vers must not vary by more than 0.2 L. In addition for forced
exhalations, the largest FEV, and the second largest FEV, must
not vary by more than 0.2 L. The 0.2 L reproducibility criteria
are a change from the ATS 1987 Spirometry Statement and are
intended to provide an equal assessment of test reproducibility
independent of lung size. However, these criteria are only goals
during data collection; therefore, an immediate change in spirom-
etry data collection software is not warranted.

The reproducibility criteria are used as a guide to whether more
than three acceptable FVC maneuvers are needed; these criteria
are not to be used for excluding results from reports or for ex-
cluding subjects from a study. Labeling results as being derived
from data that do not conform to the reproducibility criteria
stated above is encouraged (especially when the data suggest that
bronchospasm was triggered by the FVC maneuver). In addition,
the reproducibility criteria are minimum requirements and many
subjects should be able to provide FVC and FEV, reproducibil-
ity well below 0.2 L. The acceptability criteria must be applied
before the reproducibility criteria (Figure 3). Unacceptable maneu-
vers 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 re-
jected solely on the basis of its poor reproducibility. Reproduci-
bility of results should be considered at the time of interpreta-
tion. 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.

Rationale. Several epidemiologic studies (67-69) have shown
that the elimination of data from subjects who fail to meet the
ATS reproducibility criteria may result in a population bias by
excluding data from subjects who have abnormal lung function.
Pennock and colleagues (76) have reported that subjects with ob-
struction have greater coefficients of variation than do normal
subjects. Therefore, these subjects are more likely to be unable
to meet the ATS minimum reproducibility criteria. The reprodu-
cibility criteria have been simplified to eliminate confusion. If
acceptability criteria are not applied before the reproducibility
criteria, a passive exhalation maneuver will often be labeled as
the best test maneuver because it may give the largest sum of
FVC and FEV,. v

The calculation of the FVC and FEV, reproducibility presents
no problem for a computer; however, the need for rapid deter-
mination of FEV, during the testing session presents a recog-
nized logistics problem if results are hand-measured and calcu-
lated. Changing to 0.2-L criterion does simplify this calculation.

Changing the reproducibility criteria to a minimum value of
0.2-L is based on evidence that within subject variability of FVC
and FEV, is not dependent on body size. The use of a 5% or
100-m] criterion has been shown to result in more individuals
of short stature being classified as nonreproducible. In contrast,
a 0.2-L fixed volume criterion provides a commensurable level
of difficulty for all subjects, regardless of age or height (lung
volume) (77). Regardless of the reproducibility criterion for FVC
or FEV,, it should be used as a goal during data collection. There-
fore, continued use of the previous criteria (5% or 0.1 L,
whichever is greater) during an interim period should have little
practical impact on spirometry results.

Recommendation: PEF—Maneuver Acceptability
and Reproducibility

PEF values for each maneuver must be recorded in the order
in which they occur. This information will be useful in detecting
possible test (maneuver)-induced bronchospasms.
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TABLE 8
ACCEPTABILITY AND REPRODUCIBILITY CRITERIA: SUMMARY

Acceptability criteria :
Individual spirograms are “acceptable” if:
They are free from artifacts (see APPENDIX A for examples)
Cough or glottis closure during the first second of exhalation
Early termination or cutoff
Variable effort
Leak
Obstructed mouthpiece
Have good starts
Extrapolated volume less than 5% of FVC or 0.15 L, whichever
is greater; OR
Time-to-PEF of less than 120 ms (optional until further information is
available)
Have a satisfactory exhalation
6 s of exhalation and/or a plateau in the volume-time curve; OR
Reasonable duration or a plateau in the volume-time curve; OR
If the subject cannot or should not continue to exhale
Reproducibility criteria
After three acceptable spirograms have been obtained, apply the
following tests: .
Are the two largest FVC within 0.2 L of each other?
Are the two largest FEVy within 0.2 L of each other?
If both of these criteria are met, the test session may be concluded.
If both of these criteria are not met, continue testing until:
Both of the criteria are met with analysis of additional acceptable
spirograms; OR
A total of eight tests have been performed; OR
The patient/subject cannot or should not continue
Save at a minimum the three best maneuvers

Rationale. Unlike the FEV, obtained from routine spirome-
try, PEF measurements are more variable, and the measurement
is often conducted in patients with high variability in their PEF,
Although there may be some benefit from using PEF reproduci-

bility to improve a subject effort, no specific reproducibility

criterion is recommended at this time.

REFERENCE VALUES, INTERPRETATION STANDARDIZATION,
AND CLINICAL ASSESSMENT

Clinical/Epidemiologic Considerations

Whether the spirogram results are to be used for clinical or
epidemiologic purposes, the following recommendations apply.
Since the last standards were issued in 1987, a detailed state-

ment on selection of reference values and interpretation of lung -

function tests has been published (3). The interpretation of
spirometry involves two tasks: (/) The classification of the de-
rived values with respect to a reference population and assess-
ment of the reliability of the data; and (2) The integration of
the spirometric values into the diagnosis, therapy, and prognosis
for an individual patient. The first task is ordinarily the respon-
sibility of the laboratory director or a designee and serves not
only to communicate information to referring health care pro-
viders but also is an important aspect of laboratory quality con-
trol. The second task is ordinarily the responsibility of the phy-
sician requesting the studies and is performed within the context
of patient care.

It is the responsibility of the medical director to develop ex-
plicit procedures for interpretation of spirometry and to select
appropriate reference values. The procedures for interpretation
and reference values may legitimately vary from laboratory to
laboratory depending upon geographic location and the charac-
teristics of the population being tested. In a setting where large
numbers of healthy individuals are being screened for abnormal-
ity and the prevalence of disease is low, it is appropriate to set
the threshold for abnormality at a higher level than in a setting
where most individuals are referred because of symptoms or dis-
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ease. In the latter case, where the prevalence of disease is high,
an appropriate standard would be set to a more sensitive thresh-
old for abnormality. The interpretative strategy should also take
into consideration the consequences of false-positive and false-

_negative errors. Accordingly, no specific guidelines for interpreta-

tive procedures are recommended that would be applicable to
all laboratories. More important, however, is that there be a con-
sistent approach to the interpretation of lung function tests within
a single laboratory. Therefore, referring physicians will not infer
a change in the condition of the patient from a change in in-
terpretation when it is the result of a change in the approach of
the interpreting physician.

In providing the referring physician with an interpretation of
spirometry results, it is also important to comment on deviations
of the data from the guidelines for acceptability and reproduci-
bility set forth herein. Although a spirometry session may not
meet all of the guidelines, it may provide important clinical in-
formation and should be reported with appropriate qualifica-
tion. Although some individuals display negative effort depen-
dence, submaximal efforts usually lead to underestimation of
the maximal effort values (28). Suboptimal efforts may be ade-
quate to assist clinical decisions, where it can be judged that the
recorded values underestimate true lung function.

Acknowledgment: The Committee thanks those who have provided input to
this update of the Standardization of Spirometry. Special thanks go to the original
participants of the Update Workshop, whose valued input was sought and used.

External reviewers: Scott T. Weiss, M.D., M.S., Gary R. Epler, M.D., and james
R. Hansen, M.D.

APPENDIX A
Sample Spirograms

The sample spirograms shown in this appendix are from actual
individuals and represent a few illustrations of acceptable and
unacceptable maneuvers. It is imperative that the technician ad-
ministering the test be capable of recognizing these anomalies
and take appropriate corrective action — proper coaching. Dur-
ing the interpretation process, the reviewer may decide to include
a maneuver that may have been considered unacceptable during
test performance. As with the reproducibility criteria, some judg-
ment must be made concerning what is an unacceptable maneu-
ver. This decision will be based on the number of curves avail-
able, the disease pattern 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 be to obtain
additional maneuvers combined with effective coaching of the
individual.

Figures Ala and Alb are volume-time and corresponding
flow-volume samples that are acceptable spirograms from the draft
NIOSH spirometry manual (78). In these spirograms, the in-
dividual exhibited a maximal effort for the entire maneuver, ex-
haling for at least 6 s with a greater than 1 s plateau in the vol-
ume-time curve. Figure Ala illustrates the relative expansion of
the last portion of the FVC maneuver associated with a vol-
ume-time curve display. In contrast, Figure Alb illustrates the
relative expansion of the initial portion of the FVC maneuver
associated with a flow-volume curve display. Notice in the
flow-volume curve (Figure Alb) it is more difficult to determine
that the individual produced an acceptable plateau than in the
volume-time curve display.

Figures A2a and A2b illustrate an unacceptable spirogram
due to a cough during the first second of exhalation. Notice that
the cough, which occurs at approximately 3.0 to 3.5 L, is very
apparent in the flow-volume curve but is more difficult to detect
in the volume-time curve. The anomalies seen in the volume-time
curve at approximately 5.0 and 5.5 L could be slight coughs or
variable effort, but occurred after the first second of exhalation.
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Figure Ala. Acceptable volume-time spirogram.
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Figure A1b. Acceptable flow-volume spirogram.'

Although the fluctuations in flow observed in the flow-vol-
ume curve in Figure A2b are reasonably large, they may not re-
sult in a significantly different FEV,. Therefore, the FEV, from
this curve may be valid, particularly if all other curves are unac-
ceptable. Regardless, when the technician observes the spirograms
in Figures A2a and A2b, additional maneuvers should be ob-
tained from the individual.

Figures A3a and A3b illustrate an unacceptable spirogram
due to a variable effort or cough during the first second of exha-
lation and early termination of the maneuver. The anomaly ob-
served at 1 L of exhalation is apparent on both the volume-time
and flow-volume curves.

The duration of the anomaly and the fact that the flow im-
mediately following the anomaly does not exceed the expected
flow-volume envelope suggest that the anomaly is a variation
in effort instead of a cough. The early termination is less appar-
ent on the flow-volume curve. However, on the volume-time
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Figure A2a. Volume-time spirogram with a cough during the first
second of exhalation.
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Figure A2b. Flow-volume spirogram with a cough during the first
second of exhalation.

curve, it is apparent that the individual failed to exhale for 6 s
and there is no 1-s plateau of the volume-time curve.

Figures Ada and Adb illustrate unacceptable sample spiro-
grams due to an abrupt termination of flow at the end of the
maneuver, possibly the result of the individual closing his/her
glottis. Notice in Figure Ada that the volume-time curve pla-
teau occurs abruptly at approximately 2.2 s where the volume
remains constant for the remainder of the maneuver. In Figure
Adb, the flow-volume curve exhibits an abrupt decrease in flow
at the end of the maneuver.

Figures A5a and ASb illustrate unacceptable sample spiro-
grams due to a leak in the volume-type spirometer or spirometer
hose. This leak is approximately 50 ml/s and produces an ap-
proximate 300-ml loss in volume over the 6-s exhalation produced
by this individual. Notice that the leak is very apparent on the
volume-time curve and perhaps less apparent on the flow-vol-
ume curve. At the end of the maneuver when the leak is most
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Figure A3a. Unacceptable volume-time spirogram due to variable
effort and early termination.
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Figure A3b. Unacceptable flow-volume spirogram due to variable
effort and early termination.

apparent, the flow is slightly negative and volume is decreasing
(see insert in Figure A5b, short line moving to the left below the

zero flow line). If a spirometry system display does not display -

negative flows, then the leak would be even less apparent on the
flow-volume curve.

Figures A6a and Aé6b illustrate acceptable sample spirograms
for an individual with mild airways obstruction (FEV,/FVC% =
67%). Notice the relatively small change in volume after 10 s
of exhalation (Figure A6a) and the corresponding relative low
flow (Figure A6b) at the end of the maneuver.

In addition to requiring three acceptable maneuvers, the
reproducibility criteria for FVC and FEV, should be met as a
goal during test performance. Figure A7a illustrates the vol-
ume-time curve and Figure A7b the corresponding flow-volume
curve for a 22-yr-old, healthy female. In these figures, the sub-
ject did not meet the minimum reproducibility criteria for both
the FVC and FEV, despite performing three acceptable maneu-
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Figure A4a. Unacceptable volume~time spirogram due to possible
glottis closure.
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Figure A4b. Unacceptable flow-volume spirogram due to possible
glottis closure.

vers. The second largest FVC was 0.43 L (10%) lower than the
largest, and the second largest FEV, was 0.37 L (12.1%) lower
than the largest FEV,. Therefore, at least one additional ma-
neuver should be performed by this subject in an attempt to meet
the FVC and FEV, reproducibility criteria. The most likely cause
of this pattern (nonreproducible tracings but good initial effort)
is a failure to achieve a maximal inhalation before performing
the FVC maneuver.

Figures A8a and A8b illustrate a reproducible test with three
acceptable maneuvers. Figure A8a displays the three acceptable
volume-time curves, and Figure A8b displays the correspond-
ing flow-volume curves. These maneuvers were obtained from
an 80-yr-old male with an FEV,/FVC% = 61.7%. Notice that
the curves are very reproducible even though the subject required
approximately 20 s to reach his final volume or FVC.

Figure A9 shows a sample VC maneuver for a normal sub-
ject. This subject starts the test with several tidal volumes through
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Figure ASa. Unacceptable volume-time spirogram due to a leak.
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Figure A5b. Unacceptable flow—volume spirogram due to a leak.

1 1 ! |

a valve opened to room air to become accustomed to breathing
on the mouthpiece. The subject is then connected to the spirom-
eter, where several additional tidal volumes are recorded. The

subject then completely inhales to total lung capacity (TLC) and -

slowly exhales to residual volume (RV), making sure to completely
inhale to TLC and exhale to RV. After reaching RV, the subject
returns to FRC, where several tidal volumes are again obtained
before the subject comes off the mouthpiece. Notice the plateaus
at TLC and RV, indicating that the subject has completely in-
haled and exhaled. ’

Figure A10 shows a sample VC maneuver for a subject with
severe airways obstruction. The identical maneuver for the nor-
mal subject shown in Figure A9 is repeated for this subject with
severe airways obstruction. However, the tidal volumes of the
~ subject with severe airways obstruction are much more rapid and
the subject requires a longer exhalation time to reach RV, as long
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Figure A6a. Acceptable volume-time spirogram for an individual with
mild airways obstruction.
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Figure A6b. Acceptable flow—volume spirogram for an individual with
mild airways obstruction.

as 25 s. Notice that as with the normal subject, a plateau in the

volume-time curve is obtained at both TLC and RV. This indi-
cates that the subject has completely inhaled and exhaled. Also
notice that the subject has some difficulty in obtaining a stable

FRC after the VC maneuver, probably due to gas trapping.

APPENDIX B
Spirometer Testing Guidelines

The following testing guidelines should be used when evaluating
new spirometer designs and when changes have been made to
spirometer hardware or software. For production testing, the use
of a smaller set of test waveforms may be appropriate. The
spirometer selected for testing should be a “production” model
and not one that was specifically selected because of any extraor-
dinary calibration efforts. Once testing has begun, the device be-
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Figure A7a. Nonreproducible test with three acceptable volume-time
curves. Percents are difference from largest value.
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Figure A7b. Nonreproducible test with three acceptable flow-vol-
ume curves.

ing tested should not receive any adjustments or special calibra-
tion procedures that are not part of its routine operational
' procedures.

Volume parameters should be validated using the 24 volume-
time standard waveforms described in ApPENDIX C. For PEF and
other flow parameters not based on a percentage of the FVC,
the 26 flow-time standard waveforms should be used (APPENDIX
D). The validation limits are provided for each parameter in the
main sections of this statement. All tests should be conducted
using the appropriate waveforms and a computer-controlled me-
chanical syringe or its equivalent (waveform generator). The ac-
curacy of the waveform generator should be checked at least daily
when in use, either using a spirometer for volume waveforms
or a pneumotachometer for flow waveforms, or an equivalent
method. The desired accuracy of the waveform generator for vol-
ume parameters is £ 0.5% (or = 0.05 L, whichever is greater);
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6.0 - Reproducible Test
- 3 Acceptable Maneuvers
5.0 -
4.0

Volume (L)
w
(-}

Curve FVC (%) FEV1 (%)
#1  5.34(0%) 3.30 (0%)
#  533(0%) 3.28(0%)
#3  5.30(0%) 3.29 (0%)
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Time (s)

Figure A8a. Reproducible test with three acceptable volume-time
curves. Percents are difference from largest vaiue.

12.0 -
Reproducible Test
10.0 - 3 Acceptable Maneuvers
8.0 -

Flow (L/s)
o
o

2.0 1

0.0

(] 1 2 3 4 5 6
Volume (L)

figure A8b. Reproducibie test with three acceptable flow-volume
curves.

+ 2% (or + 5 L/min, whichever is greater) for flow parameters
(e-g., PEF). In comparing results obtained from a particular
spirometer, the tolerance limits of the waveform generator are
to be considered by adding them to the accuracy requirement
for the parameter under test, for example 0.5% (+ 0.05 L) for
volume parameters and 2% (+ 5 L/min) for flow parameters.
Therefore, the FVC accuracy requirement for comparisons with
observed values would be £ 3.5% (performance accuracy require-
ment + 3% plus waveform generator accuracy of + 0.5%).
The accuracy and precision validation limits contained in this
section assume a waveform generator accuracy of 0.5% for vol-
ume and 2% for flow parameters. The accuracy of available wave-
form generators has not been established; therefore, the desired
2% waveform generator accuracy for flow parameters may not
be achieved. In this circumstance, the actual accuracy limit of
the waveform generator should be added to the accuracy require-
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Figure A9. Sample relaxed VC maneuver in a normal subject.

ment of the parameter under test. Every attempt should be made
to improve the accuracy of waveform simulators, but in no case
should the simulator accuracy limit be considered less than 0.5%
for volume and 2% for flow parameters.

Spirometers or peak flow meters should be connected to the
waveform generator in the same orientation used in the testing
of subjects. Tubing or other connecting material may be used,
but the volume associated with the connecting tubing should be
less than 300 ml. For handheld devices, full testing should be

conducted with the sensor in a horizontal position (the typical -

position with the patient at TLC about to initiate the maneu-
ver). In addition, handheld devices should be tested with two
waveforms (standard volume-time waveforms 1 and 6) at a typi-
cal FRC position (instrument at a 30° angle down from horizon-
tal). These devices must meet diagnostic spirometer accuracy
criteria for these two waveforms in the 30° down-angle position.

The instruments (diagnostic or monitoring devices) should
be tested using the waveform generator under conditions similar
to those present when testing human subjects. No special proce-
dures should be followed in testing the instrument. Specifically,
each waveform will be injected into the instrument within not
less than 5 s or more than 1 min of the instrument being set to

the ready condition. In measuring the resistance of the instru- -

ment, pressure should be measured in the side of the standard
mouthpiece used by the instrument when constant flows are in-
jected into the spirometer. If an in-line filter is to be used as part
of routine testing of humans, a filter must be attached during
spirometer validation and resistance testing.

Five repeats of each of the 24 waveforms should be injected
into the test instrument using room air at ambient temperature.
In those circumstances where the flow or volume sensor is
changed between subjects (e.g., disposable flow sensor), a differ-
ent sensor should be used for each of the repeat tests. The aver-
age of the five repeat values should be used for comparison with
the standard values. The range and percent deviations of values
from the five repeated tests should also be computed by:
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Figure A10. Sample VC maneuver from a subject with severe airways
obstruction.

Range = maximum - minimum 31

Range (%) = 100 (maximum — minimum) (B2)
average

Deviation = average — standard (B3)

Deviation (%) = 100 « (average — standard) (B4)
standard

Averages are calculated as a simple n weighted average.

The five repeats of 24 waveforms should be considered a rigid
testing sequence. The testing of a device should be completed
by running all 24 waveforms with five repeated tests. If the de-
vice fails to accurately measure a value for a particular wave-
form, no additional repeats should be conducted for only one
waveform.

Diagnostic devices should also be tested by injecting at least
four waveforms using heated and humidified air (waveforms 1
through 4) to verify accuracy of volume parameters under BTPS
conditions. Using volume-time waveforms 1 through 4, the av-
erage FVC and FEV, of three trials shall be compared to the stan-
dard values. The validation limits for testing under BTPs condi-
tions are + 4.5% or 200 ml, whichever is greater. Spirometers
must meet these accuracy criteria for all four waveforms under
BTPs conditions. Using 4.5% allows a 1.5% simulator error, neces-
sary because of the added uncertainty when using heated and
humidified air. The time between each of the three trials should
be less than 2 min. The temperature of the air injected into the
device under test should be within + 1° C of 37° C and should

" be measured before the air is injected into the device. Waveform

generators are being modified to allow BTPs testing. The BTPS
testing requirement will be implemented when BTPs testing ser-
vices are available.

In addition to testing using the waveform generator, the de-
vice should be tested using at least two healthy human subjects.

NIOSH Spirometry Training Guid‘e Appendix F-22



American Thoracic Society

TABLE B1

STROKE VOLUME, VOLUME IN SPIROMETER AT START
OF TEST (FOR VOLUME SPIROMETERS), RATE,
AND CORRESPONDING MVV TARGET VALUES

Test Target MVV  Stroke Volume Rate Starting Volume
Number (L/min) W) (Strokes/min) (3]
1 60 1.0 60 20
2 100 1.0 100 3.0
3 120 2.0 60 3.0
4 200 20 100 3.0

The purpose of the testing using a human subject is to verify
that the instrument will function properly under conditions other
than those present using a mechanical simulator. To achieve a
balanced design, each subject should perform alternating maneu-
vers between a standard spirometer and the device being tested,
performing three maneuvers on each device, for a total of six
maneuvers. One subject should be randomly assigned to perform
their first maneuver on the standard spirometer while the other
subject’s first maneuver will be performed on the device being
tested, allowing the learning effect to be equally distributed across
both instruments. The differences between the largest of the three
trials from each device should be within + 6% or 200 ml,
whichever is greater, for FVC and FEV,, and + 15% or 30 L/min,
whichever is greater, for PEF.

For validating MVYV, a mechanical pump should be used with
a sinusoidal waveform. The response of the device should be de-
termined using incrementally increased flows up to a maximum
0f 250 L/min, produced with stroke volumes up to 2 L. The spe-
cific minimum patterns and for volume spirometers, the volume
in the spirometer, are given in Tabie Bl. The device should read
the MVYV within + 10.5% of reading or + 20 L/min, whichever
is greater for all four test patterns specified in Table Bl. In addi-
tion, the pressure measured at the mouthpiece should not ex-
ceed 10 cm H,O during the entire MVV maneuver. No mechani-
cal pump testing at BTPs is required for MVV.

DIAGNOSTIC DEVICES: TESTING FOR ACCURACY AND
PRECISION WITH A WAVEFORM GENERATOR

Accuracy Testing

Accuracy criteria: Deviation + 3.5% or + 0.100 L, whichever
is greater, for volume measurements; * 5.5% or + 0.250 L/s,
whichever is greater, for FEFas_7sa; = 12% or + 25 L/min (=
0.420 L/s), whichever is greater, for PEF. These criteria are in-
creased slightly from those in Table 2 to account for the wave-
form generator inaccuracy. For MV'V testing, deviation must be
less than + 10.5% or 20 L/min, whichever is greater.

Waveforms: Twenty-four standard volume-time waveforms
(ArpenDIX C) for FVC, FEV,, and FEF,s.,ss; 26 standard
flow-time waveforms (ApPENDIX D) for PEF. For BTPS testing,
volume-time waveforms 1 through 4 should be used with heated
and humidified air as specified in this appendix. For MVV test-
ing, sinusoidal waveforms should be used with the patterns speci-
fied in Table BI.

Spirometer tested: One production spirometer. Spirometers
should not be screened or especially calibrated before testing.
If an in-line filter is to be used during the testing of humans,
it should be attached for this testing. When during clinical test-
ing, if the flow or volume sensor is changed between subjects,
the sensors must be changed for each of the five repeat tests de-
scribed below. The spirometer may not be recalibrated after these
sensor changes unless recalibration is required after each sensor
change during clinical testing.

Validation: Each spirometric waveform is to be injected into
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the spirometer five times. MV'V patterns will be injected in dupli-
cate. Average values will be calculated for each waveform and,
along with individual values, will be used to score the spirome-
ter. See formulas Bl1-B4.

Acceptable performance: For FVC and FEV, in each of the
volume-time waveforms: deviation (formula B3) must be less
than 0.100 L or deviation (%) (formula B4) must be less than
3.5%. For FEF.s.ssw in each of the volume-time waveforms:
deviation must be less than 0.250 L/s or deviation (%) must be
less than 5.5%. For PEF in each of the flow-time waveforms:
deviation must be less than 25 L/min (0.420 L/s) or deviation
(%) must be less than 12%. For BTPs testing using waveforms
1-4: deviation must be less than 0.2 L or deviation (%) must
be less than 4.5%. For MVV in each of the patterns: deviation
must be less than 20 L/min or deviation (%) must be less than
10.5%.

An error occurs when both deviation (formula B3) and devi-
ation (%) (formula B4) exceed their specified limits. For testing
with ambient air, acceptable performance is present if the error
rate for each individual parameter (FVC, FEV,, FEF;;_sn,
PEF) is less than 5% (one error for each parameter when 24 or
26 waveforms are used). For MVV testing and spirometric test-
ing with BTPs conditions, acceptable performance is present if
the error rate is zero.

Precision Testing: Intradevice Testing

Precision criteria: See the acceptable performance criteria listed
below.

Waveforms: Use data generated as part of accuracy testing.
Acceptable performance: For FVC and FEV,, for each of the
volume-time waveforms: The range (formula Bl) must be less
than 0.100 L or range (%) (formula B2) must be less than 3.5%.
For FEF,s_,s« using each of the volume-time waveforms: The
range (formula B1) must be less than 0.250 L/s or the range (%)
(formula B2) must be less than 5.5%. For PEF using each of
the flow-time waveforms: The range must be less than 25 L/min
(0.420 L/s) or the range (%) must be less than 7%.

An error occurs when both range (formula Bl) and range (%)
(formula B2) exceed their specified limits. Acceptable perfor-
mance is present if the error rate for each individual parameter
(FVC, FEV, PEF) is less than 5% (one error for each parameter
if 24 or 26 waveforms are used).

MONITORING DEVICES (PEF) TESTING CRITERIA

The range and deviations from the standard PEF values should
be calculated using formulas Bl through B4.

Accuracy Testing

Accuracy criterion: + 12% or + 25 L/min of target values,
whichever is larger. The primary criterion is + 10%; 2% is added
to account for the inaccuracy of the waveform generator.

Waveforms: 26 flow-time curves (APPENDIX D).

Meters tested: Two production meters. Meters should be
selected routinely from a production run and not be screened
before validation testing.

Validation: Each meter will receive five maneuvers for each
of the 26 waveforms. An average for each waveform will be cal-
culated and used to score that meter against the accuracy criteria.

Acceptable performance: An error occurs when both devia-
tion (formula B3) and deviation (%) (formula B4) exceed their
specified limits. Acceptable performance is less than three er-
rors out of the total 52 tests (26 waveforms, 2 meters).

Precision Testing: Intradevice Testing

Criterion: Less than 6% intradevice variability or 15 L/min, which-
ever is greater. The primary criterion is less than 5%. One per-
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TABLE C1 cent or 5§ L/min is added to account for the imprecision of the
VALUES FOR STANDARD WAVEFORMS waveform generator. ,
: Four of the 2 rd flow-time waveforms
FvC FEVy FEVy Vext Vext FEFmax FEV25-75% ( Wafverf;(r)ll;n;s 4F 8. and 25) 6 standa
Cuve () () (FVQ) ()  (%FVO  (Lfs) (Us) wavelo > % % -
Meters tested: Ten production meters.
1 6000 4262 710 0052 0.9 6.497 3.410 Validation: Three flows for each waveform for each meter.
2 4999 4574 91.5 0068 1.4 9.873 5.683 For each waveform and for each meter, calculate range (formula
3 3.498 1.188 339 0014 0.4 1.380 0.644
4 1498 13717 915 0019 1.3 2.952 1.704 BI) and range (%) (formula B2) for each PEF.
5 5132 3.868 754 0087 1.7 7.535 3.209 Acceptable performance: An error occurs when both range
6 4011 3027 755 0317 7.9 5.063 2.572 (formula B1) and range (%) (formula B2) exceed their specified
7 3969 2519 795 0354 M2 4.750 2368 limits. Acceptable performance is six or fewer errors (error rate =+
8 1.993 1.615 81.0 0151 7.6 3.450 1.857 5% for 120 trials).
9 4854 3772 777 0203 42 7.778 3.365
10 3843 3.031 789  0.244 6.3 4.650 . 2.899 Precision Testing: Interdevice Variability
1 2735 1.811 662 0022 0.8 3.708 1272 RS ) ) o )
12 2002 1.621 8.0 0094 4.7 3.807 1.780 Criterion: Less than 11% interdevice variability or 25 L/min,
13 4896 3.834 783 0460 9.4 5.207 3.677 whichever is greater. This includes 1% or 5 L/min for the impre-
14 3.786 3.053 806 0338 102 4.368 3.122 cision of the waveform generator.
12 :'ﬁ; g'gg‘; ";‘?'i g"z’fg ;; 1§;g§ g'ggg Waveforms: Same as for intradevice testing.
) ’ ' ’ ’ ’ ) Meters tested: Same as for intradevice testing.
17 5.833 2597 445 0035 0.6 5.257 1.153 bk 1 Y ; .
18 4343 3.155 726 0042 1.0 7.523 2.335 Vahdatlc_m: Same data as for intradevice testing. Interdevice
19 3.935 2512  63.8 0044 1.1 5.408 1.137 percentage is calculated as follows: for each meter, calculate an
20 2881 23563 890 0041 14 5.822 2.695 average PEF for each waveform. For each waveform, combine
2 4.477 3549 793 0302 2.3 9.398 3.368 all data from the 10 meters to calculate range (formuia Bl) and
g g'ff; fg;g ;g'g g'gfg g'z ;gzg g:‘;‘: range (%) (formula B2) for each of the four waveforms.
24 1237 0922 745 0037 3.0 2095 0709 . Acceptable performance: An error occurs when both range

(formula B1) and range (%) (formula B2) exceed their specified
Definition of abbreviations: Vext = extrapolated volume (see Figure 2 for description). limits. Acceptable performance is present if there are no errors.

TABLE D1

CALCULATED VALUES FOR 26 STANDARD FLOW-TIME
WAVEFORMS (0.002-S SAMPLING INTERVAL)*

Vext Fiow
Flow Vol-80 Vol-40 Rise- Time- Time- Extr
Waveform PEF PEF PEF Time to-PEF to-PEF Vol %Vext FEV:
Number (L/s) (L/s) (L/s) ~(ms) (ms) (ms) w (%FVC) )
1 7.445 7.245 7.337 93.5 86.8 1517 0.108 2.5 3.373
2 10.860 9.905 10.450 55.7 46.5 86.6 0.093 2.2 3.838
3 4.794 4.372 4.630 68.3 53.0 114.7 0.054 33 1.302
4 4.401 4.240 4321 76.0 65.6 116.3 0.051 2.9 1.468
5 3.630 3.564 3.584 1595 . 170.6 241.0 0.081 3.0 2.053
6 3.088 2.728 2.949 44.5 36.8 62.7 0.021 1.3 1.110
7 2.509 2.237 2.403 1480 . 67.6 173.6 0.057 3.7 1.046
8 2.328 2.048 2.210 42.4 35.6 57.6 0.015 1.0 0.950
9 5.259 4.923 5.109 57.0 47.2 85.4 ° 0.046 1.8 2.182
10 4733 4.657 4.666 46.7 93.6 122.2 0.035 1.5 2.029
n 6.870 6.472 6.706 81.1 67.4 125.6 0.085 3.1 2.080
12 10.684 10.528 10.558 1153 139.9 214.1 0.189 3.4 4618
13 4.804 4.708 4739 105.3 121.7 194.9 0.080 27 2304
14 3.821 3.756 3.769 124.7 127.7 201.8 0.074 2.5 2.249
15 7.956 7.814 7.852 174.9 152.6 270.4 0.192 5.0 3.219
16 5.251 5.100 5.165 76.3 80.5 123.7 0.060 2.1 2.246
17 5.842 s.721 5.757 165.1 163.4 265.1 0.151 5.0 2.802
18 8.593 8.404 8.465 1329 126.2 248.7 0.178 3.6 4.303
19 6.953 6.651 6.807 76.5 63.7 120.2 0.083 2.2 3.007
20 7.430 7.274 7.324 120.9 1433 . 268.4 0.141 2.5 4613
21 3.973 3.745 3.880 130.3 88.4 193.1 0.079 6.0 1.096
22 3.377 3.316 3.334 184.2 157.6 259.6 0.094 50 1.559
23 8.132 7.954 8.019 84.8 83.1 1521 0.107 2.4 3.476
24 4,155 4.028 4.086 50.3 52.3 83.7 0.032 1.2 1.833 ,
25 14,194 13.896 13.964 57.9 53.7 100.3 0.126 1.9 5.944
26 11.595 10.446 11.172 49.6 42.2 79.1 0.088 1.7 4311

Definition of abbreviations: Flow PEF = peak flow determined by obtained highest observed flow value; Vol-80 PEF = peak fiow deter-
mined from volume-time curve using an 80-ms segment; Vol-40 PEF = Peak flow determined from volume-time curve using a 40-ms
segment; Rise-Time = time required for the flow to rise from 10% of PEF to 90% of PEF; Fiow Time-to-PEF = time required for fiow to
rise from’' 200 mi/s to maximum flow (PEF); Vext Time-to-PEF = time required for flow to rise from Vext time zero to PEF.

* Units: flow (Us), volumes (L), and time (milliseconds). These waveforms are availabie on digital media from the American Thoracic
Society.
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MONITORING DEVICES (FVC AND FEV;) TESTING CRITERIA

Accuracy Testing

Criterion: Deviation + 5.5% or deviation (%) + 0.1 L, whichever
is larger.

Waveforms: Twenty-four standard volume-time waveforms
(ArpPENDIX C).

Device testing: Two production devices selected routinely from
a production run and not screened before testing.

Validation: Each device will receive five maneuvers for each
of the 24 waveforms. An average for each waveform will be cal-
culated and used to score that meter against the accuracy criteria.

Acceptable performance: An error occurs when both devia-
tion (formula B3) and deviation (%) (formula B4) exceed their
specified limits. Acceptable performance for each individual pa-
rameter is less than three errors out of the total 48 tests (24 wave-
forms, 2 devices).
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Precision Testing: Intradevice Testing

Criterion: Range (%) < 3.5% or range < 0.1 L, whichever is
greater.

Waveforms: Four of the 24 standard volume-time waveforms
(waveforms 1, 3, 6, and 11).

Meters tested: Ten production devices.

Validation: Three flows for each waveform for each device.
For each waveform and for each device, calculate range (formula
B1) and range (%) (formula B2) for FVC and FEV,.

Acceptable performance: An error occurs when both range
(formula Bl) and range (%) (formula B2) exceed their specified
limits. Acceptable performance for each individual parameter
is six or fewer errors (error rate = 5% for 120 trials).

Precision Testing: Interdevice Variability

Criterion: Less than 11% interdevice variability or 0.2 L, which-
ever is greater.
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Waveforms: Same as for intradevice testing.

Devices tested: Same as for intradevice testing.

Validation: Same data as for intradevice testing. Interdevice
percentage is calculated as follows: for each device, calculate an
average FVC and FEV, for each waveform. For each waveform
and parameter, combine all data from 10 meters to calculate range
(formula Bl) and range (%) (formula B2) for each of the four
waveforms.

Acceptable performance: An error occurs when both range
(formula Bl) and range (%) (formula B2) exceed their specified
limits. Acceptable performance is present if there are no errors.

APPENDIX D
Standard Flow-Time Waveforms for Validating PEF
The following flow-time waveforms are intended primarily for

-testing portable PEF meters but can be used for testing other

types of spirometers, especially those measuring PEF, time-to-
peak flow, or rise-time. These waveforms were chosen to repre-
sent a range of PEFs and efforts (rise-times). The PEF is derived
directly from the flow-time waveform-maximal observed value.
To calculate the volume-determined PEF, volume is first obtained
by integrating (summing) the flow values. Flow is then calcu-
lated from the volume-time waveform using the ATS 8-point

. smoothing function. The resulting volume PEF is usually lower

than the PEF obtained from the flow-time waveform. Rise-time
is defined as the time required for the flow to rise from 10% of
the PEF to 90% of the PEF and is expressed in milliseconds.
Other investigators have used the time-to-PEF, using the back-
extrapolated technique to determine the zero time-point. Using
back-extrapolation to calculate time-to-peak flow sometimes

NIOSH Spirometry Training Guide Appendix F-26



American Thoracic Society 1133
5+ 4+
‘ <4
3 S
55 Waveform #13 = Waveform #14
3 3
z z2
& 2
1 ] J 1 +
0 ——t- + t t J 0 + + + + t
0 0.5 1 1.5 2 26 0 0.6 1 16 2 26
Time (s) Time ()
8- 67
8+
6 1
A‘ <+
s 31
H g
[T [ TS
2 .
2+
1 E
0 . 4 + 4 ] 0 J + ; . . A
0 0.5 1 ) 1.5 2 25 0 0.5 1 1.8 2 28
Time (s) Time (s)
6 1 10 +
61 814
_41 W —_
2 aveform #17 267
i’s 1 2 Waveform #18
o ; 44
IL2 1 'S
11 2
0 t ~+ + 0 { + . A
0 0.5 1 1.5 2 2.5 0 0.6 1 1.8 2 26
Time (s) : Time (s)

results in artificially lower time-to-PEF, as can be seen in wave-
form 7.

APPENDIX E
Signal-Processing Tutorial

Since computers have come into such common use in spirome-
try and since fundamental errors have been detected in recently
tested commercially available hardware and software (79), a short
tutorial on signal processing is presented (Figure E1).

For volume spirometers, signals are generally derived from
electrical voltages from a potentiometer. Some spirometers also
use optical shaft or position encoders (80). Flow devices of the

Fleisch pneumotachometer variety also have electrical voltage
outputs. For the volume spirometer with a potentiometer and
the flow device with a flow transducer, the signal is sampled by
a computer’s analog to digital (A-to-D) converter. The ability of
these systems to accurately measure the spirogram depends on
the volume or flow transducer’s linearity, the accuracy and linear-
ity of the electrical transducer (potentiometer), and the resolu-
tion of the A-to-D converter. A resolution of 12 bits (I part in
4,096, raw resolution from 0.003 to 0.004 L) for the A-to-D
converter is recommended, although 10 bits (1 part in 1,024, raw
resolution from 0.008 to 0.016 L) may be adequate for sam-
pling volume. The sampling rate of the spirometer volume or
flow is very important. Lemen and associates (19) have shown
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Figure E1. Block diagram of spirometer data acquisition.

that for both infants and adults, 95% of the signal energy in the
flow-time spirogram is within a bandwidth of zero to 12 Hz. For
the volume-time curve, 95% of the signal energy is contained
from zero to 6 Hz. Digital sampling theory requires that sam-
ples be taken at least twice the rate of the highest frequency con-
tained in the signal (81). Thus for volume-time spirograms, a
12-Hz sampling rate should be adequate. However, most vol-
ume-time spirograms are sampled at a 100-Hz or greater rate
to make measurements easier and more accurate. Computer sys-
tem developers should be aware that even with 100-Hz sampling,
it may be necessary to linearly interpolate between sampling
points to determine accurate FEV,, FEF;s.,s4, and other simi-
lar spirometric measures.

Volume sampling techniques with optical and shaft or posi-
tion encoders of the volume-time signal have been used (80). This
approach measures the time interval between uniform volume
intervals (for example, 0.010 L). In this case, the resolution of
the time interval between measurements during rapid flow be-
comes a limiting factor. Ostler and associates have recently ad-
dressed these issues (80). For example, if a resolution of flow
to within + 5% of reading at 12 L/s for a system with 0.010-L
resolution is required, then a clock resolution of at least 40 us
is needed (80).
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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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