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TABLE 8
Changes Over Time and Bronchodilator Response

Changes over time

In secondary prevention of respiratory disease, medical surveillance programs look for excessive loss of lung function over time as
an early sign of lung function impairment.

Small changes over time will not be detectable if the spirometer and testing technique are not as accurate, precise, rigorous, and
standardized as possible.

The highest degree of spirometer accuracy and precision is needed for serial spirometry measurements.

Estimated rates of change over time for individuals are highly variable and should be calculated using at teast 4-6 years of test re-
sults to increase the precision of the estimate.

ACOEM recommends conducting spirometry every 1-2 years when indicated because of workplace exposures, unless otherwise
specified by applicable regulations or recommendations. Test frequency may vary with age as in the National Fire Protection Associ-
ation examination protocol, which recommends spirometry testing every 3 years for those under age 29, every 2 years for ages 30-
39, and annually for ages 40 and above.

Interpretation of change over time is complex:

- In the clinical setting, the ATS states that “the clinician seeing the patient can often interpret resuits of serial tests in a useful man-

ner, not reproducible by any simple algorithm.” Depending on the clinical situation, seemingly stable tests may indicate treatment

success or failure.

- When screening subjects with “normal” lung function, ACOEM recommends that: (1) an FEV, or FVC decrease of 90-100 mlL/year,
calculated over at least 4-6 years, should trigger further scrutiny of puimonary function over time; or (2) loss of 15% or more of
the baseline observed FEV, or FVC, adjusted for the expected interval decline due to aging, shouid be regarded as “significant.” If
the low results are confirmed on a re-test, a medical review is warranted, even if the worker’s values still remain above the cross-

sectional LLN.

Pre- to post-bronchodilator changes in puimonary function
e ATS and the National Heart, Lung, and Blood Institute’s National Asthma Education and Prevention Program consider a pre- to post-
bronchodilator increase of =12% of initial FEV, and =0.2 L to be significant.

e Attention should focus on FEV, because varying lengths of expiration may complicate changes in FVC or FEF,5_,5.,. If examined,
initial FVC should change by =15% to be considered significant. Pre- to post-bronchodilator changes in the FEF,5_;5., should not

be interpreted.

® Failure to achieve such responses to bronchodilators in the laboratory does not completely exclude the possibility of reversible air-

ways disease.

® The best values for FVC and FEV, should be used in impairment determinations, whether recorded before or after bronchodilator ad-

ministration.

evaluation once the low value was
confirmed by a re-test.>%5’

In summary, as shown in Table 8§,
ACOEM recommends that spirome-
try be conducted every 1 to 2 years
when indicated because of work-
place exposures, unless otherwise
specified by applicable regulations
or recommendations. The frequency
of testing may vary with age and
length of exposure, as in the National
Fire Protection Association examina-
tion protocol, which recommends
spirometry testing every 3 years for
firefighters under age 29, every 2
years for ages 30 to 39, and annually
for ages 40 and above.”® Change in
FEV,; and FVC over time should be
evaluated as part of a screening pro-
gram once measurements have been
made over at least 4 to 6 years. A
decrease in FEV, or FVC of 90 to
100 mL/year, calculated over at least
4 to 6 years, should trigger further
scrutiny of a worker’s pulmonary

function measurements over time.
Loss of 15% or more of the baseline
observed FEV; or FVC, after allow-
ing for the expected decrease due to
aging, should be regarded as a sig-
nificant decline over time. If the low
results are confirmed on a re-test, a
medical review is warranted, even if
the worker’s values still remain
above the cross-sectional LLN.

Pre- to Post-Bronchodilator
Changes in Pulmonary Function

The ATS?>’' and the National
Heart, Lung, and Blood Institute’s
National Asthma Education and Pre-
vention Program’? recommend that a
pre- to post-bronchodilator increase
in FEV, should be at least 12% of
initial FEV, and at least 0.2 L to be
called significant, ie, a bronchodila-
tor response that is suggestive of
airways hyperreactivity (Table 8).
The Global Initiative on Asthma’>

and the National Heart, Lung, and
Blood Institute Lung Health Study’*
regarded a 15% increase in FEV, as
significant.

Attention should be limited to
changes in the FEV, because interpret-
ing changes in the FVC or FEF,5 ;54
is likely to be complicated by varying
lengths of expiration recorded before
or after the bronchodilator.?® If
changes in the FVC are examined, the
ATS recommends that a change of at
least 15% of initial FVC be considered
significant, ie, suggestive of airway
reactivity. The ATS does not endorse
interpretation of pre- to post-bronchod-
ilator changes in the FEF,s_;s,,. 2

On the basis of these sources,
ACOEM recommends that a pre- to
post-bronchodilator increase in
FEV, should be at least 12% of
initial FEV, and at least 0.2 L to be
considered significant, ie, suggestive
of reversible obstructive airways dis-
ease. However, it should be noted
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TABLE 9

Acute Work-Related Changes in FEV, and PEF
e Work-related bronchoconstriction can decrease FEV, across a work shift or increase variability in PEF rates across a longer period at

work, particularly in occupational asthma.

e When evaluating FEV, decrease across a work shift, spirometer temperature should be =23°C (73°F) for pre- and post-shift tests to
avoid an artificial FEV, decline due to faulty BTPS correction of the pre-shift FEV,.
® ACOEM recommends that: (1) a single pre- to post-shift FEV, decline of =10% is worthy of follow-up; and (2) an across-shift FEV, de-
cline of =5% or 0.2 L, whichever is greater, seen on at least two occasions, should be followed up but interpreted cautiously, inas-
much as comparable within-day variability can be seen in normal subjects.
e Serial PEF monitoring can be used to confirm suspected associations between a worker’s respiratory symptoms and exposures on the
job, and to identify potential triggering exposures.
® A protocol like the following should be used for serial PEF monitoring:
- at least 4 times/day, three PEF measurements should be made and the highest of the three analyzed, with one measurement made
on first awaking, and others made at noon, after work, and before bedtime for a day shift worker; and
— if possible, workers should be monitored for =2 weeks at work and for 2 weekends to 10 days away from work, as needed, to iden-
tify or exclude work-related changes in PEF.

® Evaluate serial PEF measurements:

— by calculating daily variability, with a mean diurnal variation =20% probably indicating asthma; and
— expert visual inspection of graphs of maximum, mean, and minimum daily PEFs is a more sensitive and specific evaluation tech-
nique; work is ongoing to quantify these qualitative expert judgments.
® Factors that can interfere with interpretation include reliance on self-reporting by the monitored worker, intermittent exposure to sus-
pect agents in the workplace, delayed measurement of PEF when waking on days off, and use of multiple PEF meters.
e ATS recommends levels of accuracy and precision for peak flow meters, and peak flow meters have been evaluated; portable spirom-
eters are also emerging for serial spirometry tests.

that failure to achieve such a re-
sponse to bronchodilators in the lab-
oratory does not completely exclude
the possibility of reversible airways
disease. ACOEM also concurs with
the ATS'® and the American Medical
Association® that impairment deter-
minations should use a worker’s best
values for FVC and FEV,, whether
recorded before or after bronchodila-
tor administration.

Acute Work-Related Changes in
Pulmonary Function

Work-related bronchoconstriction,
causing decreased pulmonary func-
tion across a work shift or increased
variability in pulmonary function
across a longer period at work, can
be elicited by bronchial irritants and
sensitizers and is often reversible.
Patterns of work-related change are
an important element in the diagno-
sis of a number of occupationally
related respiratory disorders, particu-
larly occupational asthma (Table 9).
Spirometry measurements should be
made as close to the work environ-
ment as possible to avoid a long time
lapse between the worker’s occupa-
tional exposure and the measurement
of pulmonary function. As discussed

below, when occupational asthma is
suspected, additional measurements
should also be made at home at the
conclusion of the workday to capture
any delayed work-related declines in
function. The spirometry measure-
ments most commonly examined are
the FEV, and the peak expiratory
flow (PEF) rate, although interpreta-
tion of FEV, decline is better stan-
dardized than interpretation of PEF
variability. Newly marketed portable
spirometers are becoming available
for serial spirometry measurements
in the workplace in addition to the
traditionally used peak flow meters.

In 1978, the OSHA Cotton Dust
Standard defined an across-shift de-
crease in FEV, of 5% or 0.2 L,
whichever is greater, as a significant
drop if confirmed within 1 month.?®
In 1986, a drop in FEV, of 5% or
0.15 L, whichever is greater, was
labeled as significant, if confirmed
on a second occasion.® An FEV,
decrease of 10% would be consid-
ered significant if only one pre- to
post-shift study was performed.®*’>

When considering such small de-
clines in FEV, as significant, it is
critical to maintain the testing envi-
ronment and the spirometer at 23°C

(73°F) or above.*>** FEV, declines
of several percent can be produced as
an artifact if the testing environment
and the spirometer warm up by sev-
eral degrees between the pre- and
post-shift tests. Usually the BTPS
correction factor is selected on the
basis of the spirometer temperature,
and not the temperature of the accu-
mulated exhaled gas 1 second after
the expiration commences. With a
cold pre-shift spirometer, a large
BTPS correction factor may be ap-
plied to exhaled air that is still closer
to body than to spirometer tempera-
ture, resulting in an inflated “ob-
served” FEV,. With a warmer post-
shift spirometer, the temperature of
the accumulated exhaled air is closer
to the spirometer temperature so that
the selected BTPS factor is appropri-
ate. Subsequently, calculation of a
pre- to post-shift change in FEV,
finds an FEV, decline that depends
on the warming of the spirometer
across the work shift rather than
employee exposures in the work en-
vironment.

On the basis of the sources de-
scribed above, ACOEM recom-
mends that a single pre- to post-shift
study finding a decline in FEV, of at
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Throughout this position state-
ment, ACOEM makes detailed rec-
ommendations to ensure that each of
these areas of test performance and
interpretation follow current recom-
mendations/standards in the pulmo-
nary and regulatory fields.
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Appendix: Glossary of Terms
and Abbreviations

ATPS: Ambient temperature and
pressure saturated with water vapor.
Volumes read directly off the volu-
me-time spirogram are at ATPS.

Back extrapolation: In the calcu-
lation of FEV,, a method for deter-
mining the time zero. A straight line

is drawn through the steepest portion
of the volume-time curve back to the
baseline. Where this straight line in-
tersects the baseline is the zero point
for timing the FEV,.

Best curve: The curve that gives
the largest sum of FEV, and FVC.
The best curve is used in the calcu-
lation of the FEF,s ;s4 and the in-
stantaneous flow rates. In contrast,
the largest FVC and the largest FEV,
are reported for the test session, even
if they are not from the same curve.

BTPS: Body temperature and
pressure saturated with water vapor.
All spirometric volumes and flows
must be corrected to BTPS.

Calibration check: Periodic de-
termination of a spirometer’s ability
to accurately measure volume. Cali-
bration checks should be performed
at least daily using a 3-L syringe.
The instrument should maintain an
accuracy of *3% of the reading.
Additional checks include checking
for leaks (daily for volume spirom-
eters) and, every 3 months, verifying
the accuracy of a timed chart and
checking the linearity of volume re-
cording.

End of test: That point during the
forced expiratory maneuver when a
plateau at least 1 second long is
noted on the volume-time tracing.

Extrapolated volume: The vol-
ume determined by a line drawn
through the zero time point perpen-
dicular to the baseline on a volume—
time curve. The extrapolated volume
is read where this perpendicular line
intersects the volume curve; it should
be less than 5% of the FVC or 150
mL, whichever is greater.

FEV.,/FVC%: Forced expiratory
volume in one second expressed as a
percentage of the forced vital capacity.

Flow-measuring spirometer: In-
directly measures volume of exhaled
air by measuring the rate at which air
is exhaled and deriving the volume.
Examples include pneumotachom-
eter, mass flow, and turbine instru-
ments.

Forced expiratory volume in one
second (FEV,): Volume of air ex-

haled during the first second of the
FVC.

Forced expiratory volume in six
seconds (FEV): Volume of air ex-
haled during the first six seconds of
the FVC. Because it is easier for
obstructed subjects to reach the
FEV, than the FVC, there is growing
interest in measuring the FEV and
the FEV,/FEV in screening spirom-
etry.

Forced expiratory maneuver:
Technique during spirometry in
which the subject takes the deepest
possible inspiration from a normal
breathing pattern and blows into the
mouthpiece as hard, fast, and com-
pletely as possible. Also known as
the forced vital capacity maneuver.

Forced vital capacity (FVC):
The maximal volume of air exhaled
from the point of maximal inspira-
tion using a maximally forced expi-
ratory effort.

Mean forced expiratory flow
during the middle half of the FVC
(FEF,5_554,): Average flow rate
over the middle half of the expira-
tion. Formerly called the maximal
mid-expiratory flow rate (MMEEF),

Predicted normal values: Ex-
pected values for various lung vol-
umes and flow rates derived from
healthy populations.

Reproducibility: In the absence
of disease-related changes, the abil-
ity of a test to obtain the same result
from an individual repeatedly tested
over a period of time. Reproducibil-
ity of the FEV, and FVC within a
test session should be 0.20 L or less.

Residual volume: Volume re-
maining in the lungs following a
maximal expiration.

Spirogram: A graphic recording
of a forced expiratory maneuver, as
either a volume-time or flow-
volume tracing.

Spirometer: An instrument for
measuring lung volumes and flow
rates.

Total lung capacity: Total lung
volume following a maximal inspira-
tion.

Valid test: A spirometry test con-
sisting of at least three acceptable
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forced expiratory tracings for which
the best FVC and the best FEV, are
reproduced within 0.2 L.

Volume-measuring spirometer:
Spirometers that directly accumulate
and measure the volume of exhaled
air as a function of time. Examples
include water-seal, dry rolling seal,
and bellows instruments.

Zero time point: In the measure-
ment of FEV,, the point selected as
the start of the test.
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