MOUNT SINAI JOURNAL OF MEDICINE 75:109-114, 2008

109

Standardization of Spirometry in
Assessment of Responders Following
Man-made Disasters:

World Trade Center Worker and

Volunteer Medical Screening Program
Paul Enright, MD,! Gwen Skloot, MD,? and Robin Herbert, MD?

I'The University of Arizona, Tucson, AZ, USA
*The Division of Pulmonary and Critical Care Medicine and
3Department of Community and Preventive Medicine, Mount Sinai School of Medicine, New York, NY, USA

ABSTRACT

Background: Spirometry is the most commonly used
pulmonary function test to screen individuals for sus-
pected lung disease. It is also used for screening
workers with exposures to agents associated with
pulmonary diseases. Although the American Thoracic
Society (ATS) provides guidelines for spirometers and
spirometry techniques, many factors are not stan-
dardized, so that results from individual pulmonary
function laboratories vary substantially. These dif-
ferences can create substantial difficulties in using
data pooled from multiple sites to understand health
consequences of disasters that involve exposures to
pulmonary toxins. This article describes the approach
used to minimize these differences for a consortium
of institutions who are providing medical monitoring
examinations to World Trade Center (WTC) respon-
ders. The protocol improved upon the minimal ATS
guidelines.

Methods: Spirometric measurements were obtained
before and after use of a bronchodilator. A fourth-
generation spirometer was chosen that exceeded ATS
spirometer accuracy standards. The accuracy was
verified at the beginning of each day of testing.
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Technologists who performed the spirometry tests
were centrally trained and certified and received
regular reports on their performance. Reference
values and normal ranges were obtained from the
National Health and Nutrition Examination Survey
(NHANES 1D data set. A standardized interpretation
flowchart was followed to reduce misclassification
rates for airway obstruction and restriction. Patients
with spirometric abnormalities were referred for more
extensive diagnostic testing.

Results: More than 12,000 spirometry tests were
performed during the first examination. The 20
spirometers used at the 6 participating institutions
maintained accuracy within 3% for more than 4 years.
Overall, more than 80% of the test sessions met ATS
quality goals. Spirometry abnormality rates exceeded
those obtained for adults who participated in the
NHANES III survey.

Conclusions: The program allowed standardiza-
tion of the performance and interpretation of
spirometry results across multiple institutions. This
facilitated reliable and rapid diagnosis of lung
disease in the large number of WTC respon-
ders screened. We recommend this approach
for postdisaster pulmonary evaluations in other
settings. Mt Sinai J Med 75:109—114, 2008. © 2008
Mount Sinai School of Medicine
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BACKGROUND

Pulmonary specialists and respiratory therapists (RTs)
rushed to Ground Zero within weeks following
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September 11th, 2001, and realized that workers
who were inhaling smoke, fumes, and dust would
likely suffer symptoms and, potentially, loss of
lung function from resulting airway inflammation.
They brought portable spirometers to measure lung
function. During October 2001, these therapists
performed 5-minute spirometry tests for more than
1000 workers in a union hall and gave them the
reports with dozens of numbers and a computerized
interpretation.! About half of the reports indicated a
lung function abnormality, consistent with restriction
of lung volume or airway obstruction.

In November, copies of the 1000 spirometry
reports were scanned and sent for review to a
pulmonary function expert at 1 of the top 5 medical
institutions in the United States. He viewed all of
the flow-volume curves and computer interpretations
and was disturbed by the overall poor quality of
the tests and the very high misclassification rate. A
second opinion from Paul Enright agreed. About half
of those who were told that they had restriction
(a low vital capacity) actually did not (a false
positive). On the other hand, some workers with
a chronic cough were told that their spirometry
result, were normal (according to the computerized
interpretation) but that their flow-volume curves
showed airway obstruction (a false negative).

During 2002, the National Institute of Occupa-
tional Safety and Health (NIOSH) recommended a
spirometry Quality Assurance (QA) program for the
World Trade Center (WTC) Worker and Volunteer
Medical Screening Program. This program addressed
all factors that can cause errors in spirometry tested
results, such as instruments, technologists, reference
equations, interpretation scheme, and medical deci-
sions based on test results (referrals, diagnoses,
and treatment plans). This article describes these
factors and the standardization used to minimize mis-
classification rates. Spirometry results from the first
examination have been published.?

METHODS

Spirometry Maneuver

Spirometry has been used by doctors for more than
150 years.? The maneuver is fairly simple to describe
and involves 3 separate phases. The first phase is a
complete, deep inhalation, the second is a forceful
expiration, and the third is maintenance of exhalation
effort for at least 6 seconds. Multiple, precise numbers
describing instantaneous flows and relative volumes
are generated from this maneuver along with a
graphic display of all data from the 3 phases.
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Unfortunately, despite elaborate presentation, in
practice, spirometry is often fraught with error.*=¢

Instruments

Current models of spirometers measure airflow and
convert it to exhaled volume (in liters). This allows
them to be relatively portable when compared
with the older models of volume spirometers,
which had to contain up to 10 L of exhaled air
and, thus, were rather large.” Unfortunately, the
compact size of modern spirometers was often at
the expense of long-term accuracy. Condensation
of moisture from exhaled breath, as well as phlegm
coughed into the flow sensors, clogged many models,
and falsely increased the measured flows (forced
expiratory volume in 1 second or FEV;) and volumes
(forced vital capacity or FVC).® Falsely high FVCs
were reported by the automated spirometer used
in October 2001 for dozens of workers whose
fingers partially occluded the flow sensors during
the breathing maneuvers. This was not recognized
by those who tested Ground Zero workers at that
time.

We carefully chose a modern hand-held spirom-
eter with an ultrasonic flow sensor that does not
become inaccurate when moisture or phlegm is
exhaled into the mouthpiece (EasyOne Diagnostic
model, ndd, Switzerland). The mouthpiece is sim-
ply an open tube.” The American Thoracic Society
(ATS) has guidelines for spirometers and spirom-
etry methods,'” including daily calibration checks
to ensure accuracy within 3%. Therefore, the accu-
racy with which spirometers measured volumes was
checked every day by using a 3-L calibration syringe.
The 20 spirometers purchased for this project have
maintained better than 3% accuracy for the first 4
years, similar to findings of a large multicenter study
in Latin America that also used the same spirometer
model. !t

Technologists

The technologist who administers the spirometry test
is the most important determinant of test quality.!?
Patients remain passive during most medical tests, but
the 3 phases of the spirometry test require athletic-
type breathing maneuvers. The technologist must be
an enthusiastic “cheerleader” to coax the patient for
maximal effort during all 3 phases. Poor coaching
causes inaccurate results.

For spirometry performed in occupational clin-
ics, NIOSH certifies 16-hour spirometry courses
that train occupational nurses and spirometry
technologists.!> However, there is no review of the
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quality of spirometry tests performed by a technolo-
gist subsequent to the spirometry course. Technolo-
gists may choose to take an examination to become
a certified pulmonary function technologist (CPFT). !4
However, less than half of the technologists working
in hospital-based pulmonary function laboratories in
the United States have this credential, because it is not
required by most employers. The CPFT exam is not
based on actual performance but only on knowledge
of spirometry and arterial blood gas tests. Therefore,
in our experience, only a minority of respiratory tech-
nologists are able to perform good quality spirometry
tests. This requires both training and experience.

Technologists for the current program were
trained at Mount Sinai Hospital at the inception of
this project, and they followed a written manual of
procedures. In addition, the spirometer checked the
quality of each maneuver and graded the quality of
the spirometry test session in real time.'> However,
the technologist could ignore the messages displayed
on the spirometer. The quality grade (A-F) was
printed on every report for the physician to consider.
Each month, Gwen Skloot, the Director of the
WTC Pulmonary Function Quality Assurance Program
reviewed the quality of all spirometry tests performed
by each technologist and reported their success
rate in meeting ATS goals for test session quality
(equivalent to a quality grade of A or B), as in the
multicenter Lung Health Study.'® Such feedback has
been demonstrated to improve spirometry quality.!”
WTC spirometry technologists achieved high success
rates throughout this project.

Reference Equations

For 3 decades, a wide range of spirometry reference
equations has been available. Predicted values
for FEVy, FVC, and FEV,/FVC vary according to
the reference equation chosen by the spirometer
manufacturer as the default or changed by the
user according to preference. Choices include Crapo
from Salt Lake City, Knudson from Tucson, Morris
from Portland Oregon, Miller from Michigan, and
many others.'® None of these investigations included
African Americans, Hispanics, or Asian Americans, so
that appropriate reference values for these groups
were not available. The ATS did not recommend a
single source of reference equations for use in the
United States until late in 2005,'° and few pulmonary
function test (PFT) labs have adopted them. As a
result of variability in reference equations employed,
a patient with borderline abnormal lung function
could have an interpretation of normal lung function
in 1 laboratory, mild restriction in another, and mild
airway obstruction in a third laboratory.
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From the beginning of the WIC Worker and
Volunteer Screening Program, spirometry reference
equations from the third National Health and
Nutrition Examination Survey (NHANES IID have
been used for all sites, including the FDNY. Separate
equations for African Americans, Hispanics, and
Caucasians are provided, along with the lower limit
of the normal range (LLN) for each key spirometry
variable, on the basis of the fifth percentile of the
healthy subgroup from NHANES IIL.'Y Although the
NHANES 1II spirometry reference equations were
recommended by the ATS PFT standards committee
in 2005, this choice was based on opinions of experts
on the committee. No comparison was made of
differences in the prevalence rates of spirometry
abnormalities when using the popular reference
equations. These differences are small when testing
typical patients evaluated in a hospital-based PFT lab,
because most of these individuals have moderate
to severe lung disease and are far from the LLN.
However, abnormality rates for mild restriction and
mild airway obstruction can differ widely when
samples of the general population, or blue-collar
working groups such as the WTC responders, are
compared by using the major reference equations.?

RESULTS AND DISCUSSION

Interpretation Scheme

After comparison with a specific set of reference
equations, a list of results displayed as a percentage
of the predicted value is produced for key spirometry
variables FEV;, FVC, and FEV,/FVC. However,
reference studies do not suggest how various
patterns of percentage of predicted results should
be interpreted, and several schemes have been
published.?! The physician interpreting results is
free to choose any scheme. Therefore, the same
set of percentage of predicted results from the same
PFT laboratory could inadvertently be interpreted
differently depending on which pulmonary specialist
interpreted results on that day.??

Because inhaled medication for asthma and
chronic obstructive pulmonary disease (COPD) is a
highly profitable market, there has been financial
incentive during the past decade to push the
threshold of spirometry abnormality from normal to
abnormal and from a pattern of mild restriction (a
slightly reduced vital capacity, which is often due to
obesity) to a pattern of mild airway obstruction.??
The industry-sponsored 2001 GOLD guidelines for
COPD,** for example, consider an FEV|/FVC <0.70
to indicate airway obstruction, even if the FEV; is
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more than 100% predicted. If the pattern persists
after an inhaled bronchodilator, it is considered
due to COPD. However, this guideline ignores
studies that show that the FEV{/FVC declines with
normal aging;?®> thus, airway obstruction is being
underreported in young workers, while the false-
positive rate for “COPD” increases dramatically in
people older than age 55 years.?

The WTC Screening Program used a standard-
ized interpretation method used by CDC NIOSH,
which (considering the high rate of respiratory symp-
toms of WTC responders) assumes a modest increase
in pretest probability of airway obstruction. For mild
airway obstruction to be interpreted, the FEV;/FVC
must be below the age- and sex-corrected LLN (the
fifth percentile, which is about 90% of the predicted
value) and the FEV; must also be below its LLN
(about 80% of predicted). When the FEV;/FVC is
below the LLN but the FEV1 is not, then an interpre-
tation of borderline airway obstruction is given. The
FEF 25%—-75% is not used to interpret “small airway
disease” when the FEV{/FVC is normal, because this
concept has never been validated.'”

When a patient has airway obstruction, the
presence of a low FVC is often called a “mixed
pattern” suggesting a superimposed restriction of
lung volumes, but about 90% of the time, the
total lung capacity (TLC, as measured in a body
plethysmograph) is normal, ruling out a restrictive
abnormality.?” The low FVC in such cases is due to
early airway closure at the end of forced expiration
with resultant air trapping and hyperinflation. The
spirometry interpretation algorithm used by the WTC
Screening Program does not make the mistake of
interpreting this as a “mixed pattern,” but instead
designates it as a low FVC.

Medical Decisions

Results of medical tests, even when very accurate
and reproducible, do not, on their own, establish
a diagnosis. Physicians also consider the patient’s
symptoms, risk factors (such as smoking, family
history, and workplace exposures), medication
responses, and consequences of falsely positive
versus falsely negative diagnoses® (i.e., over-
diagnosis versus delayed diagnosis, respectively).

A common flaw in medical decisions when
evaluating a patient with a history of asthma-like
symptoms but with normal spirometry results (lack
of airway obstruction or lack of a bronchodilator
response) is to rule out asthma. Mild asthma, by
definition, is intermittent, and spirometry will usually
be normal between exacerbations.?’ If the diagnosis
is needed quickly in such patients, a methacholine
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challenge test’® or an exhaled nitric oxide test®! can
be performed.

On the other hand, another common mistake
when evaluating spirometry results in adult smokers
(with or without respiratory symptoms) is to attribute
mild airway obstruction to COPD. The patient should
be given an inhaled bronchodilator. Ten minutes later
(post-bronchodilator adminstration), if the airway
obstruction is no longer present, COPD is ruled out,
and asthma should be considered.?? If the patient still
has airway obstruction, a diffusing capacity (DLCO)
test should be ordered. A low DLCO (corrected for
anemia, if present) in an adult smoker with moderate
to severe airway obstruction post-bronchodilator
adminstration, is highly likely to be due to COPD.?!
However, other causes for fixed airway obstruction
are possible, such as cystic fibrosis in young adults
and bronchiolitis obliterans in workers exposed to
some types of fumes.?

In the absence of airway obstruction, a mildly
low FVC (below the LLN) is often called “a restrictive
impairment,” but the clinical correlates of this pattern
are not described in medical literature. About half
of patients referred to a PFT lab with this pattern
do not have restriction of lung volumes when
body plethysmography is performed;**% thus, this
pattern is better described as a “nonspecific pattern.”
If the FVC is normal after bronchodilator (or the
slow inspiratory vital capacity is normal), then a
restrictive impairment is quickly ruled out. If the FVC
is moderately to severely low (below 60% predicted)
or the patient has symptoms suggesting an interstitial
lung disease, such as dyspnea on exertion or a
chronic cough, then a DLCO test and chest x-ray
(or perhaps a high-resolution lung CT scan) should
be ordered.

Challenges

This program was established at a time when there
was concern about potential health consequences
due to inhalational exposures to a poorly character-
ized and unprecedented mix of aerosolized chemi-
cals, combustion products, and micronized building
materials. Challenges in assessment of the impact of
the disaster response effort on respiratory health at
the time of program inception included:

1. Limited information on the nature of exposures,

2. Inability to predict the most likely outcomes (given
the limited toxicological information),

3. Absence of baseline (pre-exposure) pulmonary
function testing and absence of a control pop-
ulation,

4. Provision to individual responders of meaningful
clinical evaluations while also obtaining data
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to permit population-based study of respiratory
outcomes following an unprecedented disaster,

5. Rapid establishment of a multicenter program,
staffed primarily by occupational and internal
medicine physicians,

6. Rapid creation of standardized protocols and pro-
cedures, with clear guidelines about PFT perfor-
mance and interpretation for health care providers
with variable knowledge about performance and
interpretation of PFTs,

7. Emphasis on the importance of using standardized
equipment and quality assurance (QA) approaches
with which no provider had prior familiarity,

8. Interpretation schema (LLN versus the tradi-
tional predicted percentage) that was just being
introduced in the pulmonary world and with
which most occupational medicine providers and
internists were unfamiliar,

9. Logistical, administrative, staffing and other oper-
ational challenges faced by each clinical center in
their efforts to rapidly expand clinical capacity to
accommodate a complex and multifaceted clinical
operation.

Thus, it was critical to include pulmonologists
who had expertise in standardization and QA
in PFT performance/interpretation, as well as a
dedication to regularly communicate the importance
of standardization and QA to healthcare professionals
who were striving to establish and provide programs
that were patient friendly, while simultaneously
addressing a broad spectrum of possible physical
health and mental health outcomes.

Despite many challenges, the WTC Screening
Program was successful in incorporating a rigorous
PFT QA program into a rapidly developed screening
program for disaster responders. To minimize the
risk of high misclassification rates and inconsistent
interpretations present in other settings, this program
standardized all steps in spirometry testing and
interpretation and maintained a proactive QA
program. This facilitated reliable and rapid diagnosis
of lung disease in the 12,000 WTC responders who
were screened.

SUMMARY

We have demonstrated the feasibility of incorporating
a rigorous program of standardized PFT performance,
interpretation, and QA into a setting of postdisaster
screening, where, by definition, extensive planning
is not possible. This model has two major strengths:
(D) it has proven to be logistically feasible for use in
the difficult period of postdisaster health response,
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and (2) it has yielded high-quality PFTs for use in
both individual clinical care and epidemiologic study
of disaster-related health effects.
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