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1. SPIROMETRY OVERVIEW

1.1 Overview of the Spirometry Exam Component

Spirometry, which means “the measuring of breath,” is a routinely used pulmonary function
test (PFT) that measures the amount and speed of air that a person can inhale and exhale. Results from the
test can be used to estimate lung function and aid in the diagnosis of certain respiratory disorders. The
current NHANES spirometry component is sponsored by the Centers for Disease Control and Prevention,
National Institute for Health Statistics (CDC/NCHS), the National Heart, Lung, and Blood Institute
(NHLBI), and the National Institute for Occupational Safety and Health (NIOSH). The objective of the
2007-8 spirometry data collection cycle is to assess the prevalence of asthma and adult chronic
obstructive pulmonary disease (COPD) in the U.S. population. The data will also be used to produce
updated spirometric reference data for the general population. Moreover, comparisons of 2007-8 data
with that of previous studies will illuminate trends in asthma and COPD prevalence over time in the

United States.

Prior to the current survey, NHANES III (1988-1994) also included a spirometry
component.' These spirometry data were used to generate age, gender, and race/ethnicity specific
prediction equations for normal spirometric values.” These reference standards have been widely used in
research relating to occupational pulmonary disease, the effects of air quality on spirometric function, and
in particular the relationship of smoking to COPD. The data from the NHANES III survey have been used

also in evaluation of asthma and COPD prevalence and their risk factors in the general U.S. population.™*

All sample persons (SPs) aged 6-79 years will be eligible to participate in the spirometry
component. The procedures are based on the current standards for pulmonary function, equipment,
testing, and interpretation set by the American Thoracic Society (ATS). Spirometry training is required
for all health technologists and will be provided by NIOSH.

Spirometry is part of the Respiratory Health (RH) component, together with Exhaled Nitric
Oxide (ENO) testing (please refer to the ENO Procedures Manual for further details). The spirometry
component will include a subcomponent in which the spirometry exam will be repeated on a small subset
of participants following the administration of a bronchodilator medication. This will make it possible to

distinguish between COPD and asthma, which have similar baseline spirometry profiles but differ in post-
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bronchodilator spirometry testing. This distinction is important because, although asthma and COPD have
similar symptoms, they are associated with different risk factors and molecular and patho-physiologic
mechanisms. The bronchodilator evaluation will be conducted by the MEC physician (see Bronchodilator

Component Procedures Manual for details).

1.2 The Bronchodilator Subcomponent

The main difference between the 2007 spirometry component and spirometry during
NHANES III is the addition of the bronchodilator subcomponent. Participants whose baseline spirometry
results show lung function values below a certain threshold will be asked to repeat spirometry after
inhaling a f,-adrenergic bronchodilator medication that acts to open constricted airways. Typically,
asthma patients show marked improvements in post-bronchodilator spirometry testing, while patients
with COPD exhibit little, if any, response to the medication. Therefore, results from repeat spirometry
testing following the bronchodilator could potentially provide a more detailed picture of each individual’s

breathing problem, i.e., an indication of whether the person is likely to have asthma or COPD.

In clinical settings, spirometric testing using f,-adrenergic bronchodilator administration has
been routinely employed to diagnose asthma in both children and adults since the 1970s. Moreover,
albuterol inhalers have been approved for administration to persons 4 years of age and older. Further,
current U.S. National Heart, Lung and Blood Institute (NHLBI) Expert Panel Report Guidelines for the
Diagnosis and Management of asthma’ state that post-bronchodilator spirometry testing is essential for
the initial diagnosis of asthma; hence, its routine diagnostic use in both children and adults is considered a
clinical standard or “best practice.” The American Thoracic Society has described standards for the

interpretation of bronchodilator response testing.*’

The addition of spirometry to NHANES in 2007 marks the first year that a bronchodilator
medication has ever been administered in the survey. However, spirometry with post-bronchodilator
testing has been successfully employed in many major population-based surveys, in both children and
adults. A major example for children is the Southwestern Children’s Respiratory Study in Arizona, a
continuous longitudinal community-based study of 1,250 children studied from birth in 1980 to the
present. '° For adults, major current examples are the European Community Respiratory Health Survey of
men and women at 36 sites in the European Union,'" and the Platino Project, a multicountry survey in

Latin American urban settings.'> Currently, the Framingham, Massachusetts study is also deploying post-
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bronchodilator spirometry.”” We have derived our safety exclusion protocols for bronchodilator

administration based on these and other epidemiological studies.

In summary, bronchodilator testing is not planned to be administered to healthy participants,
but only to a survey subpopulation with abnormal baseline spirometry (i.e., those persons with a high
likelihood of clinical obstructive respiratory disease). This subgroup is intended to be similar to the set of

respiratory disease patients who would routinely receive such testing in clinical settings.

Since a B,-adrenergic bronchodilator is a prescription medication, the MEC physician will
administer the bronchodilator only after he or she obtains informed consent and completes a review of
safety exclusions that would prohibit the participant from taking the medication. For example, individuals
who are taking particular types of medications (e.g., antiarrythmics, anticonvulsants, and some
antidepressants) or who have certain heart conditions (i.e., high blood pressure, high pulse, etc.), will be

excluded from the bronchodilator portion of spirometry for safety reasons.

1.3 Chronic Obstructive Pulmonary Disease

The term chronic obstructive pulmonary disease (COPD) refers to a group of conditions
characterized by progressive development of airflow limitation that is usually not fully reversible with
medication treatment. Chronic obstructive bronchitis and emphysema are two serious conditions that
cause COPD. Although both conditions may result in irreversible airway obstruction, they exhibit
different pathologic mechanisms leading to COPD. For example, in chronic bronchitis, airflow limitation
is caused by obstruction of small airways in the lung due to inflammation and excessive bronchial mucus
secretion. In emphysema, airflow limitation is caused by the destruction of elastic tissue in the respiratory
part of the lung where gas exchange occurs (respiratory bronchioles and alveoli), resulting in air trapping

and decreased oxygen to the body.

COPD is a serious public health problem in the United States and is responsible for
extensive morbidity and mortality in the American population. According to the most recent NCHS
statistics (based on data from 2002), COPD is the fourth leading cause of death in the United States and
was responsible for 124,816 American deaths in 2002." In fact, this statistic is probably an

underestimation of COPD mortality since the disease is often a cofactor in other leading causes of death
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such as heart disease. Despite the important role of genetic and environmental factors in causing COPD,

most cases are related to cigarette smoking or other environmental exposures, and thus are preventable.

Because COPD is a major cause of death in the United States, there is a need for continued
monitoring of its prevalence in the general population. The inclusion of spirometry in the current
NHANES survey will lead to more up-to-date and detailed estimates of the nationwide prevalence of and
risk factors for COPD.

1.4 Asthma

Both asthma and COPD are characterized by chronic airway inflammation. However, the
inflammatory mechanisms and general disease profiles of the two conditions are very different. As a

result, COPD and asthma affect different types of people and respond to different types of treatment.

Asthma has many different clinical manifestations but is generally characterized by airflow
obstruction, bronchial hyper-responsiveness, and airway inflammation. Similar to COPD, asthma is
caused by a combination of genetic and environmental factors. Unlike COPD, however, the inflammatory
reaction involved in asthma may often be an allergic-type reaction, meaning that the inflammatory

response (or asthma attack) can be brought on by the inhalation of some sort of allergen.

Asthma is widely prevalent in the American population. According to self-reported data
from the 2004 National Health Interview Survey, approximately 7.3 percent of the U.S. population suffers
from asthma, and prevalence is higher among children than adults. The addition of spirometry into the
current NHANES will provide new evidence-based information about the nationwide prevalence of

asthma in both children and adults.

One treatment for asthma is the administration of B,-adrenergic inhalants (bronchodilators),
which act quickly and effectively to open constricted airways. Conversely, pB,-adrenergic inhalants have
little or no effect among patients with COPD. This allows diagnoses of asthma and COPD to be
distinguished based on a subject’s response to the inhaled bronchodilator. The inclusion of the
bronchodilator portion of the new spirometry component will allow for separate analyses of the

prevalence of asthma and COPD in NHANES data output.
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1.5 Basics of Respiration

The respiratory tract consists of the trachea, lungs, bronchi, bronchioles, and alveoli as

shown in Figure 1-1. The alveoli constitute both the functional unit of the lung and the site of cellular
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Figure 1-1. The respiratory tract

respiration. From the trachea, the airways divide progressively like branching trees in both symmetrical
and asymmetrical fashion: each branch of airways leading away from the trachea becomes smaller, but in
turn the total area of cross-sectional airways actually increases. As a result, airflow resistance decreases as

air moves from the large airways to the smaller bronchioles.

The movement of air in and out of the lungs is called ventilation, that includes both
inspiration and expiration. Inspiration, or inhalation, is an active process that utilizes muscles in the chest,
primarily the diaphragm. Expiration, or exhalation, is normally a passive process that requires little
muscular activity unless air is forcefully expelled from the lungs, such as during a forced vital capacity
maneuver (see Section 1.6). The main purpose of the respiratory tract is to conduct air between the

external environment and the surface of the alveoli to permit an exchange of oxygen and carbon dioxide.



Spirometry testing does not directly measure the rate of oxygen transfer to the lungs; rather it measures

lung volume and air flow rates, which are major factors that influence the process of oxygen transfer.

The exchange of oxygen from the outside environment for carbon dioxide from venous
blood defines the fundamental process of respiration. This exchange occurs at the surface of each of the
approximately 300 million alveoli contained in the lungs. The alveoli have a combined total surface area

for gas exchange that is equivalent to the size of a tennis court.

The lung is served by two blood supplies: pulmonary and bronchial. Pulmonary circulation
pumps oxygen-depleted venous blood from the heart through the pulmonary arteries and to the lungs to be
oxygenated before being pumped by the heart to the rest of the body. Bronchial circulation arises from the
aorta (the largest artery coming from the heart) and pumps oxygenated blood to the lungs, providing the
primary supply of blood for the lung tissue itself.

Finally, it is important to remember that, while the main purpose is to facilitate the transfer
of oxygen and carbon dioxide, the lung also serves other functions: metabolism and detoxification of a
wide range of substances; protection against infectious agents and environmental pollutants; and the

synthesis of important compounds such as prostaglandins, which are important in inflammatory reactions.

1.6 Spirometric Measurements

The NHANES spirometry protocol relies on certain standard spirometric measurements to
assess lung function. Participants perform the spirometry test using a spirometer, a device that measures
the amount of air a subject exhales and the rate at which he or she exhales the air. The basic standard
spirometric test requires the subject to exhale as forcefully as possible after taking in a full, deep breath.
The subject’s effort is called the forced expiratory maneuver. In the current NHANES, each
participant’s individual spirometric measurements are compared to standards established from NHANES
III data.” These standards are calculated based on an individual’s age, height, sex, and race/ethnicity since
the diagnostic thresholds for obstructive lung disease differ by body size and by demographic subgroups.

The following standard measurements will be used in the NHANES spirometry component:

Forced Vital Capacity (FVC): The maximum volume of air exhaled forcefully after a

maximal inspiration. For adults, this forced exhalation should last at least 6 seconds; however, persons
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with COPD may take considerably longer to exhale all their air. Children under the age of 10 should be

coached to exhale for at least 3 seconds.

NOTE: FVC should not be confused with vital capacity (VC), which is defined as the
maximum amount of air that the subject can breathe out after the deepest inspiration, whether or not the
air was exhaled forcefully. In subjects without airway obstruction, the FVC is usually equal to the VC.
Also, some residual air always remains to keep the lungs partially inflated even after a maximum FVC

maneuver is completed; thus, the FVC does not measure the total lung volume.

Forced Expiratory Volume in One Second (FEV1): The volume of air exhaled during the
first second of a forced expiratory maneuver. Normally, a healthy person can be expected to exhale from

70 to 80 percent of the FVC in the first second of a forced expiration maneuver.

Peak Expiratory Flow (PEF): The highest instantaneous airflow rate measured during the

FVC maneuver. PEF is measured in liters per second and will be used mainly to assess participant effort.

In the current NHANES spirometry study, the primary measurement used to assess
obstructive lung disorders will be the ratio of forced expiratory volume in 1 second to forced vital
capacity expressed as a percentage, or FEV1I/FVC%. Sample persons will be assigned to the
bronchodilator subcomponent for further testing if their baseline spirometric testing results exhibit the

following:

n FEV1/FVC% less than the Lower Limit of Normal (LLN) determined for their age,
height, sex, and race/ethnicity or

n FEV1/FVC% less than 70 percent.

Additionally, participants showing a FEV1/FVC% less than 50 percent of that predicted
based on their demographic characteristics will automatically be sent to the MEC physician (i.e., persons
likely to have severe obstructive lung disease), who will assess whether referral to a community provider

is necessary.

Spirometric data are viewed as graphs called spirograms. Measurements of exhaled volume
(in liters), time (in seconds), and airflow rates (in liters per sec) are determined and displayed on the

spirograms. There are two types of spirograms that will be used in the NHANES spirometry component:

n Volume-Time: The basic volume vs. time curve contains points corresponding to the
FEV1 and FVC and
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n Flow-Volume: The expiratory flow vs. volume curve displays instantaneous airflow
rates as a function of volume exhaled. This curve also contains points corresponding
to the PEF and FVC.

Figures 1-2 and 1-3 illustrate a normal volume-time curve and a normal flow-volume curve,

respectively.
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In the following illustrations, the values for FVC and FEV1 are shown in a normal volume-

time curve (Figure 1-4). The FVC is shown again in a flow-time curve (Figure 1-5).

6 =
5 £ .
—_ =3 =3
g pesii
£ B == =
=
52 =2 EEEEEE EE
- =31 SES===2==:z=23c =1=
1 £EE
=1
u :::T_
0o 1 2 3 4 5 6 7 8 9 10
Time (seconds)

Figure 1-4. FVC and FEV1 on a normal volume-time curve
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Figure 1-5. FVC on normal flow-volume curve
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Spirograms may be used to classify participants as normal, having an obstructive pattern
and/or a restrictive pattern. Specifically, a low FVC is indicative of a restrictive disorder, and typically
these individuals will also have a low FEV1. A low FEVI/FVC% ratio may indicate an obstructive
impairment. On average, typically 70-80 percent of the FVC is exhaled in the first second from a person
who is healthy. However, a person with airway obstruction may be able to exhale only 60 percent or less
of the FVC in the first second even though the FVC may be normal. Additionally, some persons may
show evidence of a combination of both airway obstruction and restrictive disease. Figures 1-6 and 1-7
show examples of normal compared to restricted curves, while Figures 1-8 and 1-9 show examples of

curves resulting from persons with obstructive lung disorders.
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Figure 1-6. Normal and restrictive patterns volume-time curves
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Figure 1-7. Flow-volume curves
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Figure 1-8. Obstructive pattern shown on a volume-time curve
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Figure 1-9. Obstructive pattern shown on a flow-volume curve

Although spirometry can provide useful diagnostic and screening information, it has some
limitations. Table 1-1 provides a brief interpretation of spirometry results based on values obtained for
FVC, FEV1, and FEV1/FVC%. Test results can show restrictive or obstructive disease patterns, but they
are not disease-specific. For example, a person’s spirogram may show a low FEV1, but a physician may
not be able to determine whether the cause is from asthma, chronic bronchitis, or some other obstructive
disease. A low FVC (an overall reduction in measured lung volume) may be due to emphysema or to lung
scarring such as from asbestos or silica exposure. Additional information, such as a physical examination,

chest X-rays, and health and occupational histories, is always needed to make a diagnosis.



Table 1-1. Lung diseases and spirometry results

Interpretation FVC FEV1 FEV1/FVC%
Normal spirometry Normal Normal Normal
Airway obstruction Low or normal Low Low
Lung restriction Low Low Normal
Combination of obstruction Low Low Low
and restriction

Finally, spirometry can often detect obstructive diseases in their early stages but, for certain
restrictive diseases, spirometric testing may not be sensitive enough to show abnormalities before
extensive and, in some cases, irreversible damage has been done. For example, signs of overt lung disease
and lung scarring may be found on chest X-rays while spirometry results are still normal. Thus, while
spirometric testing is important, spirometry should not be used as the sole screening tool of a respiratory

disease survey program, or as the sole criterion for a clinical diagnosis of disease.
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2. EQUIPMENT AND SUPPLIES

The two subcomponents of Respiratory Health, ENO and Spirometry, are conducted in an
examination room in trailer 1 of the MEC. The walls of the spirometry room are carpeted as a sound
buffer for verbal coaching during spirometric testing. This chapter describes the spirometry equipment
and supplies and explains the procedures for the setup, operation, and packup of the spirometry

component.

2.1 List of Equipment and Supplies

All of the spirometry equipment meets the current ATS guidelines for accuracy and

precision of diagnostic devices. A complete list of the equipment and supplies for this component is

provided as follows:

Equipment Supplies

m  Spirometer m  PFT kit (mouthpiece, nose clip, filter)
m  Calibration syringe m  Padded nose clips

m  Temperature/barometric monitor m  Cardboard mouthpieces

m  Spirometer hoses m  Stopcock grease

m  Stadiometer*® m  Germicidal wipes

m  Scale* m  Nonlatex gloves

m  Stool* m  Tissues™

m  Wastebasket m  9-Volt Batteries

m  Container for PFT kits
m  Container for clean hoses

*These items are shared with the ENO component; refer to the ENO Procedures Manual,
Chapter 2.

At the beginning and end of each stand, the health technologist will inventory all
component-specific equipment and supplies. Supplies ordered from the warehouse by the previous team
should be on site when the next examination staff arrives at the MEC. Technologists will check all newly
received supplies against the associated packing slips before incorporating them into the existing
inventory. After reconciling the supplies, the technologist will stock the spirometry exam room and store

additional supplies in the designated MEC belly compartment. Any needed items should be noted on the
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inventory sheet, reported to the chief technologist and MEC manager, and documented in the Unusual

Field Occurrence or UFO system (refer to UFO Utility Manual for details).

2.2

2.2.1

Description of Equipment and Supplies

Equipment

Spirometer

The spirometer is a device that measures the amount of air a subject exhales and the
rate at which the air is exhaled. The present survey uses the Ohio 822/827 dry-rolling
seal volume spirometer. Each MEC caravan will house one spirometer and the home
office will retain a spare in the event of a malfunction in the field. NIOSH will also
retain a fifth spirometer at the Morgantown laboratory. The same spirometers were
also employed in the NHANES III data collection cycle (1988-1994). These devices
have been reconditioned for use in the current survey and will be maintained by
NIOSH technicians.

The Ohio 822/827 spirometer meets three basic requirements of NIOSH spirometer
systems:

(1)  The system must be as accurate as possible using available technology;

(2) The system must have sufficient backup to prevent loss of at least basic
spirometric parameters; and

(3) The system must be reliable for use in remote field locations where subject
testing time is limited.

The spirometry system is also required to meet the NIOSH and American Thoracic
Society’s most recent Recommendations and Guidelines for the performance and
interpretation of spirometry (5, 13, 19). For informational purposes, the basic design
criteria for the NIOSH spirometry system are provided in Appendix A.

Calibration Syringe
A calibration syringe will be used to calibrate the spirometer prior to the start of every
session. The syringe consists of a 3-liter metal cylinder with a rubber seal piston. The

purpose of spirometer calibration with the syringe is to check the volume accuracy of
the spirometer (see chapter 4, Quality Control, for detailed procedures).
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2.2.2

Temperature/Barometric Monitor

Barometric pressure and room temperature will be obtained using the Perception II
Unit for Temperature/Barometric Pressure Measurement device along with the
WeatherLink Software for Perception. The spirometry software system is designed to
automatically capture the temperature and barometric pressure from the measurement
device for each exam. The temperature is set in Celsius (C°) and the barometric
pressure in millimeters of mercury (MM).

Spirometer Hoses

The spirometer hose is a plastic, accordion-style breathing tube that attaches to the
spirometer. Attached at the end of the hose is the plastic hose adapter. During
spirometric testing the participant will exhale forcefully through the tube into the
spirometer. Hoses will be changed on a daily basis and shipped to NIOSH for cleaning
at the end of the stand.

Wastebasket

A wastebasket will be kept in the exam room.

Container for PFT Kits

A plastic container will be available to hold unused PFT Kkits.

Container for clean hoses

Spirometer hoses and hose adapters will be stored in a container. The clean hoses will

be stored in the container labeled “clean hoses” and, once used, they will be stored in
a plastic bag and stored in the MEC belly compartment.

Supplies

PFT Kkits

The PFT kits consist of a filter, a cardboard mouthpiece, and a nose clip. Prior to
performing spirometric testing, the technologist will insert a new filter into the hose
adapter and ask the participant to insert the cardboard mouthpiece into the filter. The
participant will be asked to wear a disposable nose clip during spirometric testing.
After testing is completed, the technologist will remove and discard the used filter,
mouthpiece, and nose clip in preparation for the next participant.

Padded Nose Clips

Those who have difficulty with the nose clip from the PFT kits will be given the
padded nose clip to wear. The nose clip ensures maximal exhalation through the
spirotube and prevents the participant from inhaling additional air through the nose.
Participants unable to keep a nose clip on their nose will have to pinch their nose with
their fingers. Participants may discard the nose clip after the testing is completed.
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2.3

Cardboard Mouthpieces

Cardboard mouthpieces are provided in case a participant needs additional ones or for
the technologist to use when demonstrating the maneuvers.

Stopcock Grease
After cleaning and disinfecting the spirometer, the technologist will apply valve
lubricant or stopcock grease on the rubber O-ring that fits in the groove of the

spirometer snout plate. The technologist should lubricate the O-ring lightly with the
stopcock grease.

IMPORTANT: Do not allow any lubricant on the metal snout plate itself (see
Section 2.4).

Germicidal Wipes

Disposable, germicidal wipes are used to clean and disinfect the spirometer, especially
the inner cavity into which participants have exhaled. The technologist should wear
gloves during this process (see Section 2.4).

Nonlatex Gloves

A box of nonlatex gloves will be kept in the spirometry room for use by the
technologist when cleaning/disinfecting spirometry equipment.

9-Volt Battery

The battery will be used for the weather station.

Equipment Setup Procedures

The following procedures describe how to set up the spirometry equipment and supplies at

the Start of a Stand.

2.3.1

Equipment

Turn computer on;
Remove the spirometer from its storage case;

Connect the computer cable labeled “comp port #1” to the spirometer cable labeled
“comp port # 17’;

Connect the spirometer power cable to the UPS power supply receptacle;

24



10.

11.

12.

Ensure that the computer is turned on. When the computer is completely booted up,
connect the power to the spirometer. This sequence must always be followed in order
for the spirometry software systems to work correctly. Not following this procedure
may result in software malfunction.

NOTE: Allow 30 minutes for the spirometer and the calibration syringe to warm up
before performing calibration checks or spirometric testing.

Remove the plastic cap from the opening to the spirometer and place in the storage
case.

Remove a clean hose from the hose container and attach the hose to the spirometer.
The clean hose box should be left in the exam room,;

Remove the calibration syringe from its storage box and place the syringe near the
spirometer.

Unpack the temperature/barometer monitor and console. Connect the computer
cable labeled “comp port #3” to the monitor cable labeled “comp port #3.” Plug the
power cord into the power outlet.

- Install the battery by inserting the 9-volt battery into the monitor. Remove the
battery cover underneath the unit by pressing on the back of the raised tab until
the cover comes free. Snap the battery connector onto the battery. Lower the
battery into the compartment. Replace the battery cover by placing it over the
compartment and pressing down until the tab snaps into place. *Please Note*
When the unit is operating on battery power, the digits on the right side of
the display blink on and off. The unit operates normally in all other
respects. Set the device in its console.

- The temperature should be set in Celsius (C°) and the barometric pressure
in millimeters of mercury (MM). To set the temperature at C°: press TEMP;
then press UNITS until the C° unit appears on the right side of the display.
Please note that the temperature measure is at F° or C°. To set the barometric
pressure at MM: press BAR then press UNITS until the MM measure appears.
The barometric pressure units are in IN, MM or MB.

Place the syringe box and barometer/temperature packing box in the spirometer case
and store in the designated MEC belly compartment;

Ensure that the container for storing PFT Kits is available in the spirometry room;
and

Ensure that a wastebasket is available in the spirometry room.
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2.3.2 Supplies

1. Fill the designated containers with PFT Kkits and make them accessible in the
spirometry room;

2. Ensure that a box of tissues is available and accessible in the room; and

3. Check that the following spirometer cleaning and disinfectant supplies are available:
stopcock grease, germicidal wipes, and nonlatex gloves.

24 Equipment Care and Maintenance

Follow the procedures below for the care and maintenance of the spirometer and hoses.

24.1 Spirometer

For infection control purposes, the spirometer must be cleaned and disinfected internally at
the Start of Stand, Weekly, and End of Stand. On a daily basis, the technologist will also inspect the

external surfaces of the spirometer and wipe clean with disinfectant wipes as needed.

To clean and disinfect the spirometer internally:

1. Remove the cap or hose from the spirometer opening;
NOTE: NEVER unhook the negator from the spirometer. If you reattach incorrectly
or simply forget to reattach it, the next SP could pop the seal and it would require a
MAJOR fix by NIOSH.

2. Remove the snout plate by rotating the three thumbscrews counterclockwise until the
snout plate is free. Be sure to loosen the three screws evenly;

3. Carefully reach inside the cylinder and slowly push the piston back to expose the seal;
4. Using gloves, wipe the inside of the cylinder wall with germicidal disposable wipes;

NOTE: Do not use alcohol, acetone, other volatile agents or abrasive cleaners on the
rolling seal.

5. Do not touch the rolling seal while cleaning the cylinder, as the seal can be easily
damaged and might cause a leak;

6. Separate the rubber O-ring from the snout plate;
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7. Clean the O-ring with germicidal disposable wipes;

8. Lubricate the O-ring lightly with stopcock grease and reinsert it into the groove on the
back of the snout plate;

NOTE: Do not allow any lubricant on the metal snout plate.

9. Wipe the snout plate with a germicidal disposable wipe;

10.  Be sure the interior of the spirometer is thoroughly dry. Gently pull the shaft of the
piston from the rear of the spirometer several times to flush air through the
spirometer;

11.  When the inside of the spirometer is dry, replace the snout plate by positioning the
plate so that the three thumbscrews are aligned with the three holes on the spirometer
housing. Tighten the screws only “finger-tight,” alternating between screws to obtain
a uniform tightening of the screws;

NOTE: Do not overtighten the snout plate screws.

12.  Attach a clean hose to the spirometer opening; and

2.4.2 Hoses

For infection control purposes, hoses and hose adapters should be changed daily, at a

minimum, and if the technologist notices water dripping from the end of the hose.

1. Place the used hose with its hose adapter in the plastic bag;

2. Take a clean hose with its hose adapter from the container labeled “clean hoses” and
place it at the end of the spirometer.

2.5 Equipment Packup Procedures

At the End of the Stand, follow the procedures listed below to pack up the spirometry

equipment for travel to the next stand.
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2.5.1

2.5.2

Equipment

1. Retrieve the spirometry storage case from the MEC belly compartment;

2. Disconnect the spirometer power cable from the UPS power supply receptacle;

3. Disconnect the computer cable from the spirometer;

4, If not already done, detach the hose from the spirometer;

5. Replace the plastic cap on the opening to the spirometer;

6. Place the spirometer in the spirometer box;

7. Place all used and unused hoses with their hose adapters in the plastic container, seal

it tightly, and ship to NIOSH for cleaning;

8. Insert the plug in the opening of the calibration syringe and pack the calibration
syringe securely in its storage box;

9. Disconnect the temperature/barometer monitor cable from the computer and
disconnect the power cord from the device. Do not take out the 9-volt battery, it
should be in the monitor while it travels. Pack the device and console securely in its
storage box;

10.  Discard any trash into the wastebasket.

Supplies

1. Pack the following exam supplies in the storage container: PFT kits, padded nose
clips, cardboard mouthpieces, and tissues.

2. Pack the following cleaning and disinfectant supplies in the MEC belly compartment:
stopcock grease, germicidal wipes, and nonlatex gloves.
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3. EXAMINATION PROTOCOL

The accuracy of the spirometry examination largely depends on the effort exerted by the
examinee and the conscientiousness of the technologist. Consequently, it is crucial that the examination
protocol be observed consistently and that the examinee be carefully prepared and “coached” for this
examination. Insufficient effort on the part of the participants will produce test results that are inadequate

both clinically and for the purposes of analysis.

Please note that Spirometry is part of the Respiratory Health component that includes both
Spirometry and ENO. In this chapter, the spirometry examination protocol will be described. Please refer
to the ENO Procedures Manual for the ENO test.

3.1 Eligibility Criteria for Spirometry and Bronchodilator Components

Examinees aged 6-79 years are eligible for the spirometry component. Examinees will be
excluded from spirometric testing if they answer positively to any of the spirometry safety exclusion
questions described in Section 3.2 and component safety exclusion questions described in Section 3.3 of
the ENO Procedures Manual. Based on the initial spirometry results, a subgroup of participants will be
asked to take a bronchodilator medication and repeat the lung function test. These participants will each
be sent to the MEC physician, who will screen them for bronchodilator eligibility using a set of safety
exclusion criteria (see Bronchodilator Procedures Manual). The physician will administer the
bronchodilator medication to those found to be eligible. The participants will then return to the spirometry

exam room where the technologist will repeat the lung function test.

3.2 Spirometry Safety Exclusion Questions

The spirometry safety exclusion questions will be asked during the ENO examination.
Technicians will administer them while waiting for ENO trial #2 results. The questions will be
administered to all age-eligible SPs (aged 6-79 years), with the exception of select questions that will be
directed to participants aged 6-15 years or 16-79 years only. Parents of children 6-15 years will answer

most of these questions prior to the exam, in most cases, so that responses will be completed and grayed
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out during the ENO waiting period. Table 3-1 summarizes the question items and applicable age ranges

within each category.

Table 3-1.  Spirometry safety exclusion items by age

Age range eligibility
Screening item by category (years)
Current painful ear infection 6-15
Eye surgery in the last 3 months 6-79
Chest/abdominal surgery in last 3 months 6-79
SP or household member tuberculosis exposure 6-79
History of aneurysm or collapsed lung 6-79
History of detached retina 16-79
Stroke or heart attack in the last 3 months 16-79
History of coughing up blood in last month 6-79

The safety exclusion questions of the instrument are listed below. To view the individual
screenshots of each question, see Appendix B.
n SPQ.010  Does SP have a painful ear infection?

n SPQ.020  Have you ever had eye surgery? (Do not include cosmetic surgery on the
eyelid or skin around the eye.)

L] SPQ.030  Was the eye surgery in the last 3 months?

n SPQ.040  Have you ever had open chest or abdominal surgery?

n SPQ.050  Was the open chest or abdominal surgery in the last 3 months?

n SPQ.060  Did you or anyone in your household have tuberculosis in the past year?

n SPQ.070a Has a doctor or other health professional told you that you had an
aneurysm?

n SPQ.070b Has a doctor or other health professional told you that you had a
collapsed lung?

n SPQ.070c Has a doctor or other health professional told you that you had a
detached retina?

n SPQ.070d Has a doctor or other health professional told you that you had a stroke?

n SPQ.070e Has a doctor or other health professional told you that you had a heart
attack?
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n SPQ.080  Did this stroke happen in the last 3 months?
n SPQ.090  Was your heart attack in the last 3 months?

L] SPQ.100  In the past month, have you coughed up blood?

Response options for this questionnaire are in the form of radio buttons for “Yes” and “No.”
The toolbar menu at the top of the screen also contains response options for “Refused” and “Don’t
Know.” If the technologist records a “Yes,” “Refused,” or “Don’t Know” response to any of the safety
exclusion questions, the participant will be excluded from spirometry. However, if a “Yes” response is
recorded for the questions concerning eye surgery (SPQ.020), open chest or abdominal surgery
(SPQ.040), stroke (SPQ.070d), or heart attack (SPQ.070e¢), the technologist will ask whether the event
occurred in the previous 3 months. Participants will be excluded from spirometry if they had eye surgery,

open chest or abdominal surgery, stroke, or heart attack specifically in the past 3 months.

With regard to the aneurysm question (SPQ.070a), if the participant indicates that he or she
does not know what an aneurysm is, click on the Help icon in the toolbar menu to access the following

definition (Exhibit 3-1):

Exhibit 3-1. Aneurysm help screen
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Spirometry examinations must not be performed on any excluded participants. When a
participant becomes excluded, the application will prompt him or her to finish the ENO exam. It will then
take you to the screen where it indicates that the participant is excluded from spirometry. See Exhibit 3-2.
It will then automatically skip to the First Test: End of Subsection screen (Exhibit 3-3). For the
spirometry component, the ISIS application will automatically fill in the radio button for “Not done.” In

the Comment box, “Safety Exclusion” will appear highlighted as the reason the exam was not performed.

Exhibit 3-2. Spirometry exclusion
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Exhibit 3-3. End of subsection screen
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Alternatively, if the technologist records “No” to all of the safety exclusion questions, the
application will proceed through the examination until the End of Subsection screen is reached. When the
technologist clicks “Next” on the above screen, ISIS will advance to the final spirometry component
screen entitled, SP: End of Exam (Exhibit 3-4).

Exhibit 3-4. End of exam screen

For excluded participants, the application will automatically label the exam status as “Not
Done,” with a Comment of “Safety Exclusion” on both the End of Subsection and End of Exam screen.

The spirometry component will then be concluded.

If the participant is not excluded from spirometry, ISIS will allow the technologist to
proceed through the remaining safety exclusion questions and testing screens. At the end of the exam, the
application will automatically mark the component exam status as “Complete” on the End of Subsection
screen (pre-exam interview is completed) and, depending on the participant’s spirometry results, “Partial”
(repeat spirometric testing is pending) or “Complete” (no repeat spirometric testing is necessary) on the

End of Exam screen. Refer to Section 3.3.4 for more details.
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33 Spirometry Examination Procedures

After the safety exclusion questions are completed, ISIS will present the following screen,

Exhibit 3-5, prompting you to begin the spirometry test:

Exhibit 3-5. Begin spirometry test screen
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Please press next to continue.
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When this screen appears, click “Next.” ISIS will now transfer you to the OMI/NIOSH
custom spirometry software that controls the testing portion of the spirometry component. ISIS will also
automatically load the following demographic data into this software system in preparation for

spirometric testing: SP identification number, age, gender, race/ethnicity, height, and weight.

NOTE: The OMI/NIOSH (Occupational Marketing Inc./National Institute for Occupational
Safety and Health) software system was developed as a multipurpose software package adaptable for
many different kinds of research studies. The NHANES 2007 spirometry study will use only selected
features of this software system. Please follow the instructions carefully and do not click on or enter
sections of the software system that will not be used in the survey. This could lead to data capture

errors or corruption of the NHANES data files.



3.3.1 Spirometry Testing Procedures

On the OMI/NIOSH main screen (Exhibit 3-6), click on “Automated Test” to access the

testing screens. Do not click on any other buttons at this time.

Exhibit 3-6. OMI/NIOSH main program screen

Perform Cal/Leak Check

Room Temperature: 24 Limit: 3

No Syringe Check Today
No Leak Check Today

Status Unknown

Registration Number:NIOSH 2004
Reqgistered To:NIOSH
Address:
1095 Willowdale Road
Morgantown, WV 26505

BP: 62971 mmHg
OP:

System not determined

Exit OMI Program

.
Léist Cal Date 110342006
Last Linearity Check D1/0141939
Last Leak Test 110872006
Last Cliert Date 12/052008
Defaut Syringe Volume 3.000
Default Tempaerature 24
DefaLt Temperature Limit 3
Spirometer Zero 0
Factary Caliorations:
The main menu i3 loeaten ane wp unne wrn
A status bar, including a hints box is located atthe
bottom. Actions Gompleted (check) are shown in the
middle of the screen. Any unchecked item needs to
he done. Click Check Action Status to update the
list of Actions Completed.

Click on a main menu item to see submenus and
hints. Click the Help Button for help. Each screen
also has a help button which will provide help for

that particular screen

Location: Click the Automated Test button to proceed with

testing. A calibration will be started if one has not
been completed recently. Subjectinformation will
be provided and SP 1D should be verified.

Data Link File = OMISource.udl

Cilisis\SpirometryDatabase WHTables.mdb © Occupational Marketing, Inc. 2003

Verify the barometric pressure, type of test (pre-test, post-test and/or bronchodilator), your
examiner initials, the spirometer temperature, and room temperature. The OMI/NIOSH software will
compare the spirometer’s internal temperature to the room temperature and provide a warning message if
there is more than a 3 degree difference. The screen shown below (Exhibit 3-7) shows the warning
message and a spirometer temperature of 99° C, the value that indicates a malfunction of the spirometer

temperature sensor.

Exhibit 3-7. Temperature warning message

Warning, Spirometer temperature may be out of range
(Pre or Post Test—

ReadOnly Items

Client ID: 225148  Post-Test
Last Name: |m-m-r [~ Bronchodilator

Last Session Number: |
Session Number: |50

Spirometer Temperature: 99 C

* Pre-Test

Hose ID:I
Operator Initials: |1221

Barometric Pressure:|629? mmHg




When you are ready to perform the trial or forced vital capacity test maneuver, click

“Proceed with Testing” (Exhibit 3-8) to begin the spirometry test.

3.3.2

Instruction and Preparation

Follow the instructions below to prepare participants for spirometric testing.

1. Repeat the purpose of the examination and emphasize the need for extra effort from
the participant to get maximal results.

2. Ask the participant to loosen any tight clothing and to remove dentures if they are not
secure.

NOTE: Dentures will not need to be removed unless they interfere with spirometric testing.

Exhibit 3-8. Proceed with testing screen

OMI Spirometry Main Program - ¥ersion HF5 5.04 11/27 /2006 1[
Please verify and complete information below then click appropriate button below
Return to Main Screen | ‘ Proceed with Test_i_t_'_l_g____,l Help |
Pre or Post Tes
ReadOnly ltems
) Y @ Pre-Test
Client ID: [385148 ' Post-Test -
Last Name: |ﬂ***** ™ Bronchodilator T
Last Session Number:
Session Number: |5|J W
Spirometer Temperature: 24 C
PFTSum The information below is provided for review purposes and cannot be edited with this screen
|ID |Sessiun |Test Date |Hl |Wl |Mellic|ManuaI EntwlSmukell Company |
»|385148 501270872006 10:45:! 50 True |False Mot Listed
| i

3. Open the PFT kit and place the filter onto the hose and install the cardboard mouth
piece in the filter using the plastic wrap. Make certain that the cardboard mouthpiece
is inserted into the filter firmly, so as to avoid air leaks in the system.

4. All NHANES spirometric testing should be performed in the standing position, unless
the sample person is physically unable to do so. Therefore, ask the participant to stand
during the examination but ensure that the stool is positioned behind the participant. If
the SP cannot stand, seat him or her in a stool and proceed with testing. The software
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will ask you to record the participant’s testing position (standing/sitting) after the first
maneuver.

Have participant elevate the chin and extend the neck slightly. This is important
because if the chin is down, it creates a partial airway obstruction. In this case, the

spirogram for the participant may show a falsely positive obstructive pattern.

Have the participant hold the hose rather than the filter for testing. Holding onto the
filter might cause the filter to become loose and cause a leak.

Have the participant place a nose clip on his or her nose. The nose clip should be
removed between trials. If the participant cannot tolerate the nose clip, he or she

should hold their nose during trials.

Demonstrate a trial exhalation using your own mouthpiece. The following coaching
instructions may be helpful:

For Adults:
- “Take a big deep breath and fill your lungs with air.”

- “Put the mouthpiece into your mouth, between your teeth, and on top of your
tongue. Lightly bite on the mouthpiece. Tightly seal your lips around it.”

- “Blast the air out as hard and fast as you can.”
- “Keep on blowing out the same breath of air, until I tell you to stop.”

For Children:

- “We want to see how your lungs work. We will measure how much air you can
take in and how much you can blow out.”

- “Take in as much air as you possibly can.”
- “When you’re full, close your lips around the tube like this.”

- “Then blow out all of your air as fast and hard as you can. Keep blowing out
hard until I tell you to stop.”

Allow the child one or two more practice trials in a relaxed fashion. If you are still
unsure of the child’s understanding and ability to perform, demonstrate again (repeat
the above steps), stressing anything that was not done properly. Reemphasize by
exaggerated demonstration rather than words on how to do it correctly. Accent the
positive; don’t say, “You did it wrong.”

NOTE: For ages 6-10 a minimum of 3 seconds of exhalation is recommended,
whereas for ages 11-79 a minimum of 6 seconds of exhalation 