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The use of office spirometry was recommended by the National Lung Health Education Program
(NLHEP) consensus conference in 1999 for detection and management of COPD. Since that time,
spirometry utilization has increased, but its role in the diagnosis of COPD is still evolving. This
update reviews the role of spirometry for screening and case finding in COPD as well as for asthma.
Spirometry has been used for disease management in patients with airway obstruction, with varying
results. The diagnostic criteria for COPD using spirometry have also evolved in the past 17 years,
with differences arising between the Global Initiative for Chronic Obstructive Lung Disease and
NLHEP recommendations. More sophisticated spirometers as well as new reference equations are
widely available. Standardization guidelines from the American Thoracic Society/European Respira-
tory Society published in 2005 provide a robust framework for performing and interpreting
spirometry, but clinicians still need hands-on training and meaningful feedback to perform
high-quality spirometry in the office setting. Key words: COPD; spirometry; primary care. [Respir

Care 2018;63(2):242-252. © 2018 Daedalus Enterprises]

Introduction

In 1999, a dedicated group of clinicians and researchers
met under the auspices of the National Lung Health Edu-
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cation Program (NLHEP), led by Thomas L Petty MD, to
formulate a consensus statement describing office spirom-
etry. This consensus statement was published a year later
as the basis for recommending spirometry to identify COPD
and to better manage patients who were diagnosed with
airway obstruction.! The consensus statement was directed
at primary care practitioners as the first line of detection in
the growing population of those suffering from COPD.
Since the consensus statement was published, COPD has
advanced to the third leading cause of death in the United
States, with >15 million adults reporting a diagnosis of
COPD.? Current estimates suggest that 70% of patients
diagnosed with COPD have not had diagnostic spirome-
try.3 Despite the recommendations put forth by NLHEP in
the consensus statement, the application of spirometry for
detecting and managing COPD in primary care has im-
proved but is still suboptimal. This update proposes to
review the use of spirometry in primary care in the context
of the original consensus document and to update the rec-
ommendations where appropriate.

A literature review was conducted using PubMed for
papers published in English between 2000 and 2015, using
the primary search term “spirometry,” AND each of the
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Initial search
results
2,294
_ Excluded
Additional papers 2,162
published after 2015
6

Papers directly addressing
NLHEP recommendations
138

Selection of papers where
more than one reference
addressed same topic
83

Fig. 1. Flow chart. NLHEP = National Lung Health Education Pro-
gram.

following: “primary care”; “COPD, case finding”; “COPD,
screening”’; “COPD, FEV,, FEV,”; “COPD management”;
“smoking cessation”; “asthma”; “asthma management”;
and “‘spirometers”.

This literature search yielded 2,294 citations (Fig. 1).
We (GLR and BWC) reviewed these for studies with di-
rect relevance to the recommendations of the original con-
sensus statement (Table 1). Most of the references from
the initial search dealt with spirometry and COPD or asthma
diagnosis but were not related to its use in primary care.
The primary question used to select references was: Are
the original recommendations still appropriate? A second-
ary criterion was: Have new applications for spirometry in
primary care been described? A list of 138 papers (includ-
ing 6 published following our original search) related to
these questions. When one or more papers addressed the
same topic and reached similar conclusions, we (GLR,
BWC, and DED) selected the most appropriate for the
references listed. The authors make up the NLHEP Board
of Directors, and this review and the recommendations
represent their consensus. This methodology was a simple
literature review and did not use any formalized protocol
(such as GRADE).

Case Finding and Screening for COPD

Spirometry screening for adults without persistent re-
spiratory symptoms has not been shown to be accurate or
cost-effective and is not recommended.* A recent review
by the United States Preventive Services Task Force re-
confirmed that screening asymptomatic persons for COPD
has little benefit for improving quality of life, morbidity,
or mortality.> The United States Preventive Services Task
Force statement does say “[this recommendation] ... does
not apply to at-risk persons who present to clinicians with
symptoms such as chronic cough, sputum production, dys-
pnea, or wheezing.” Spirometry has been repeatedly iden-
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tified as the standard for detecting air-flow obstruction as
the primary physiological feature of COPD. The National
Quality Forum Pulmonary Project (NQF #0577) endorses
the use of spirometry to confirm the diagnosis of COPD in
those =40 y of age.® The National Committee for Quality
Assurance has deemed the use of spirometry in COPD as
a Healthcare Effectiveness Data and Information Set mea-
sure for over a decade and a half “... to assess adults
40 years of age or older who have a new diagnosis of
COPD or newly active COPD and have received spirom-
etry testing to confirm the diagnosis.”” As such, spirom-
etry is one, but not the only, component of case finding for
COPD. Use of questionnaires, peak flow meters (peak
expiratory flow; PEF), and diagnostic spirometry have been
evaluated in the context of case finding, but it is unclear
which approach is optimal. Any effort that targets specific
groups (eg, smokers) tends to produce a higher yield of
positive findings, but most studies comparing case-finding
methods are hampered by different definitions of COPD,
lack of randomized trials, and limited evaluation of the
impact of case finding on patient care and outcomes.?
Multiple studies have attempted to quantify the preva-
lence of COPD by employing various case-finding strate-
gies. Although the methodologies are difficult to compare,
most studies suggest that COPD prevalence rates between
9 and 25% can be detected with spirometrically deter-
mined airway obstruction as the standard.®!® Most reports
have used the Global Initiative for Chronic Obstructive
Lung Disease (GOLD)'! criteria of an FEV ,/FVC < 0.70
(see “Diagnostic Criteria for Spirometry”). Some of the
reported case-finding protocols utilized pre- and post-
bronchodilator spirometry, whereas many used only pre-
bronchodilator testing. There does not appear to be con-
clusive evidence that post-bronchodilator measurements
are superior for detecting COPD,'? although they are re-
quired to discriminate between asthma and COPD. This is
probably the result of significant overlap between asthma
and COPD.!3 Targeting of current or former smokers is
almost universal in case-finding studies, with greater num-
bers of smokers being confirmed with COPD. Few studies
have included non-smokers, although a significant propor-
tion of COPD can be attributed to other causes. One small
study of non-smokers meeting post-bronchodilator criteria
for COPD found asthma to be almost universal.'* A com-
mon finding in all of the case-finding analyses is that
COPD is underdiagnosed,'> and in some cases patients
labeled with COPD do not meet the criteria for airway
obstruction when spirometry is performed.° Similarly, over-
diagnosis of COPD, frequently resulting in unnecessary
treatment, also results when spirometry is not performed.'®
Case finding in primary care is often limited to symp-
toms consistent with COPD (dyspnea, cough, wheezing).
Patients often do not self-report symptoms, such as dys-
pnea, until their COPD has advanced. They may modify
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Table 1. Recommendations of the Original National Lung Health Education Program Consensus Statement and Updated Recommendations, in

Boldface Type

1. Office spirometry is recommended for early detection and management of COPD.

Spirometry for screening and case finding should be available in primary care settings and be used for patients at risk for COPD or asthma.
Spirometry is recommended in patients =40y of age who are current or former smokers and have one or more of the following
signs/symptoms: chronic cough, excess sputum production, wheezing, or dyspnea out of proportion to age or activity performed. Use of
validated questionnaires alone or in conjunction with PEF can be used to decide which patients need diagnostic spirometry.

2. Spirometry enhances smoking cessation.

Spirometry (with or without lung age) as an adjunct to smoking cessation may be of limited value. All patients should be advised and assisted to

stop smoking.
3. Office spirometry is simple and affordable.

Spirometry in primary care used in conjunction with PEF is cost-effective.
4. Office spirometry is indicated for those with respiratory symptoms, for health assessments (better than peak flow), or for tracking

changes in lung function.

Pre- and post-bronchodilator spirometry should be used in primary care to identify patients with COPD and to guide therapy following published
guidelines. High-quality spirometry and accurate interpretation of results are necessary components for diagnosis and management of COPD.
Spirometry pre- and post-bronchodilator is essential for confirming a diagnosis of asthma and categorizing severity. Whether spirometry
results are useful for ongoing management of patients who have asthma is unclear, and further research is needed.

5. Office spirometers should report FEV,, FEV,, and FEV,/FEV, using NHANES III predicted values.

Either NHANES III or GLI-2012 reference equations may be used for spirometry.

6. Airway obstruction should be interpreted using lower limits of normal for FEV, and FEV,/FEV,.

Spirometry should be interpreted using the lower limit of normal (defined as the lowest fifth percentile of healthy non-smokers) for both the
FEV,/FVC and for the FEV, (as well as for the FEV,/FEV, and FEVy, if used). The use of the 0.70 fixed ratio is not recommended. Post-
bronchodilator spirometry should be performed if a patient meets the criteria for airway obstruction pre-bronchodilator OR if the patient
presents with signs/symptoms suggestive of asthma. The goal of pre- and post-bronchodilator testing is to identify asthma vs COPD or an
overlap between the two. A single negative response to bronchodilators (suggesting a COPD diagnosis) does not preclude a trial of

bronchodilators if clinically indicated.

7. Office spirometers should display quality of spirometric efforts, be sold with easy-to-understand instructions, and be easy to calibrate.
Personnel performing spirometry in the primary care setting should receive formal training (hands-on) that includes set-up and operation of the
spirometer, knowledge and application of standards for acceptable and repeatable maneuvers, and the ability to identify obstructive and
restrictive disease patterns. Ongoing feedback regarding the quality of spirometry is recommended. Physicians and others interpreting
spirometry results should be able to grade the quality of each test, ensure that appropriate reference values are selected, and identify
obstruction and restrictive ventilatory patterns. Interpreters should be able to identify bronchial responsiveness from post-bronchodilator

testing.

8. Recommended further research includes sensitivity and specificity of office spirometry as well as overall impact on patient care, quality

of life, and cost-benefit for pulmonary disease management.
(No additional recommendation).

Adapted from Reference 1.
PEF = peak expiratory flow

their lifestyle and avoid performing activities that cause
shortness of breath. They may not complain of dyspnea
because their activities of daily living are at a low level. A
detailed history is needed to be certain that they are truly
asymptomatic and are not avoiding activities they used to
perform because dyspnea causes them to be uncomfort-
able. Formal questionnaires designed to improve the effi-
ciency and accuracy of a COPD diagnosis have been shown
to perform well when used to select patients for diagnostic
spirometry.!” The COPD Diagnostic Questionnaire,'s the
Lung Function Questionnaire,'® and the COPD Assess-
ment Test?? are 3 examples in which specific cut points
(based on questionnaire score) identified patients whose
subsequent spirometry confirmed a diagnosis of COPD.
Some patients have symptoms that result in question-
naire scores consistent with COPD, although their spi-
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rometry values are above the usual thresholds for air-
way obstruction.?!

Combining questionnaires and PEF measurements to se-
lect patients for diagnostic spirometry has been demonstrated
to be an efficient and cost-effective approach for COPD case
finding.?? In the Burden of Obstructive Lung Disease (BOLD)
study, use of PEF reduced the number of subjects at risk as
determined by questionnaire alone, and PEF was highly sen-
sitive in detecting subjects with severe COPD.?? Both the
BOLD and TargetCOPD?* studies demonstrated that spirom-
etry in primary care is cost-effective. Other investigations
have found similar results using a combination of question-
naires and PEF measurements.>

Screening for COPD has taken on an additional role in
the last 5 y. Lung cancer screening with annual chest com-
puted tomography is recommended for current and former
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smokers with a =30-pack-year smoking history.?¢ Patients
with COPD are at increased risk of developing lung can-
cer, and identifying those patients with airway obstruction
has the potential to improve detection and reduce overdi-
agnosis in lung cancer screening.?’” Zurawska et al?® have
proposed using a low FEV, combined with computed to-
mography-determined emphysema as a reasonable filter
for targeting those individuals most likely to benefit from
annual screening.

Recommendations

Spirometry for screening and case finding should be
available in primary care settings and be used for patients
at risk for COPD or asthma. Spirometry is recommended
in patients =40 y of age who are current or former smok-
ers and have one or more of the following signs/symp-
toms: chronic cough, excess sputum production, wheez-
ing, and dyspnea out of proportion to age or activity
performed. Use of validated questionnaires alone or in
conjunction with PEF can be used to decide which patients
need diagnostic spirometry. Spirometry in primary care
used in conjunction with PEF is cost-effective.

Spirometry and Disease Management

There is a significant overlap between the use of spi-
rometry for detecting COPD and its utility in helping pri-
mary care practitioners make informed decisions regard-
ing patient management. Yawn et al?>® found that primary
care practitioners were able to perform spirometry that met
American Thoracic Society/European Respiratory Society
(ATS/ERS) acceptability and repeatability recommenda-
tions in 71% of subjects, with appropriate changes in treat-
ment in almost half of the cases. Mapel et al*® report that
disease severity was underestimated in about 40% of sub-
jects before spirometry and that treatment changes oc-
curred in 37% of cases when the primary care practitioner
had spirometry results. Walker et al®! reported that revers-
ibility testing in primary care subjects resulted in 19% no
longer obstructed after bronchodilator, and that those pa-
tients with post-bronchodilator obstruction had significant
and appropriate changes in therapy.

Despite published guidelines for management of COPD,°
significant inconsistencies persist when disease manage-
ment is associated with spirometry. Price et al3? evaluated
a large cohort of subjects with spirometry results support-
ing a diagnosis of COPD. They found overuse of inhaled
corticosteroids across all GOLD stages, as well as subjects
with symptoms receiving no treatment. The combined prob-
lems of not performing spirometry to confirm the diagno-
sis or of using inappropriate pharmacologic management
even with results from spirometry are not unusual in pri-
mary care.’® Lack of training in spirometry interpretation
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for primary care practitioners may be partially responsible
for this disconnect.?*

Spirometry is underutilized in both the diagnosis and
management of airway obstruction.?> Salinas et al3¢ found
that primary care practitioners familiar with spirometry
and pharmacologic guidelines were more likely to adhere
to recommended practices but also observed that poor fa-
miliarity with guidelines, low confidence in spirometry,
and low expectations for treatment limit patient outcomes.
Kaminsky et al3” reported that the most common reasons
that primary care practitioners do not perform spirometry
are uncertainty about the impact of the test, physician/staff
unfamiliarity, and lack of training. Primary care practitio-
ners may not consider spirometry necessary to diagnose
and treat COPD,?® or they may have negative attitudes
about the effectiveness of COPD management.3® There is
no evidence to support the use of periodic spirometry to
assess disease status or monitor therapy in symptomatic
COPD npatients after initiation of therapy.*® Improvement
in clinical symptoms does not necessarily correlate with
spirometric findings.

Recommendations

Pre- and post-bronchodilator spirometry should be used in
primary care to identify patients with COPD and to guide
therapy following published guidelines. Good quality spi-
rometry and accurate interpretation of results are necessary
components for diagnosis and management of COPD.

Spirometry has also become an important tool in the
management of asthma. Because patients’ perceptions of
air-flow obstruction are variable and medical history and
physical examination are not always reliable for excluding
other diagnoses, spirometry is required to establish the
diagnosis of asthma. Both the Global Initiative for Asthma#*!
and the National Asthma Education and Prevention Pro-
gram*? recommend spirometry for diagnosing and manag-
ing asthma in children and adults. The American Academy
of Allergy, Asthma, and Immunology, as part of the Choos-
ing Wisely initiative, recommends: “Don’t diagnose or
manage asthma without spirometry.”+3 However, Schneider
et al** found that whereas office spirometry performed
under optimum conditions had good sensitivity and spec-
ificity for detecting COPD, it had a low sensitivity (29%)
for detecting asthma.

Sokol et al*> reported that in a large cohort of subjects
with an asthma diagnosis, <50% had spirometry performed
within 1y. The same study noted that even without spi-
rometry, 78% of subjects were prescribed controller med-
ications. Schifano et al*® found poor concordance between
spirometry and asthma symptoms for determining severity
even when guideline-based clinical assessment tools were
used. Use of spirometry for asthma diagnosis in children is
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Table 2.

Comparison of Original National Lung Health Education Program and Global Initiative for Chronic Obstructive Lung Disease

Spirometric Criteria for Diagnosing and Categorizing Airway Obstruction

NLHEP GOLD
Classification Description Classification Description
Obstruction FEV,/FEV, < lower limit of normal (5th percentile) ~ Obstruction FEV /FVC < 0.70 post-bronchodilator

Stage 0* FEV,/FVC > 0.70, FEV, > 80%, symptoms only

Mild FEV, < lower limit of normal = 60% Stage I FEV, = 80%
Moderate FEV, =59%, =40% Stage 11 FEV, <80%, =50%
Severe FEV, < 40% Stage IIT FEV, <50%, =30%
Very Severe Stage IV FEV, < 30% or FEV, < 50% with chronic respiratory failure

* Stage 0 dropped in later update.
NLHEP = National Lung Health Education Program
GOLD = Global Initiative for Chronic Obstructive Lung Disease

variable in primary care,*’ with physicians unfamiliar with
spirometry interpretation.*®

The clinical utility of spirometry in the management of
asthma is unclear. Abramson et al*® found that quality of
life, everyday activities, and interventions for acute asthma
attacks were not different in subjects for whom spirometry
was used as opposed to usual care. Holton et al>° reported
that staff training and use of spirometry in a general prac-
tice setting did significantly improve asthma management
or patient outcomes. Other studies have found that without
spirometry, asthma control is underestimated and that reg-
ular spirometry resulted in improved control in general
practice patients.>!-52 Some of these discrepancies may be
related to how spirometry is interpreted or the differing
criteria used to define asthma control.>3

Recommendations

Spirometry pre- and post-bronchodilator is essential for
confirming a diagnosis of asthma and categorizing sever-
ity. Whether spirometry results are useful for ongoing man-
agement of patients who have asthma is unclear, and fur-
ther research is needed.

The original NLHEP Consensus Statement encouraged
the use of spirometry as an adjunct to smoking cessation as
the single most effective way to prevent or reduce pro-
gression in COPD. Some studies have shown marginal
improvements in quit rates when counseling is augmented
with spirometry results.>* However, two meta-analyses re-
viewing multiple studies found little evidence to support
using spirometry to predict or improve smoking cessa-
tion.>>-3¢ The concept of using lung age (age of a healthy
subject with similar FEV,) to motivate smoking cessation
has been largely ineffective.>” Parkes et al>® found a small
improvement in quit rates when lung age was included, but
subjects with worse lung function were no more likely to
quit than those with normal lung age. Spirometry does not
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appear to improve quit rates in smokers with normal lung
function at the time of testing.>®

Recommendations

Spirometry (with or without lung age) as an adjunct to
smoking cessation may be of limited value. All patients
should be advised and assisted to stop smoking.

Diagnostic Criteria for Spirometry

The NLHEP consensus statement recommended using
the lowest fifth percentile of healthy, never-smoking sub-
jects as the lower limit of normal for diagnostic spirometry
as well as using FEV, and FEV, together with their ratio,
FEV,/FEV, to diagnose and categorize airway obstruc-
tion.! FEV, was suggested as an alternative to the FVC
because it was easier to perform for both the patient and
technician and because it obviated some of the repeatabil-
ity problems with FVC (which can vary with expiratory
time). Since publication of the consensus statement, other
recommendations regarding spirometry for detecting
COPD have been promulgated. The GOLD guidelines (pub-
lished in 2002, with major updates in 2007, 2011, and
2016) recommend spirometry as a required component for
confirming a diagnosis of COPD. However, GOLD rec-
ommended a post-bronchodilator FEV ,/FVC < 0.70 as
diagnostic of airway obstruction, whereas the NLHEP
guidelines suggested an FEV,/FEV, less than the lower
limit of normal (as defined by the fifth percentile of a
healthy non-smoking reference population) as consistent
with obstruction. Table 2 compares criteria for spirometry
interpretations as originally proposed by NLHEP and
GOLD. In 2005, the ATS/ERS jointly published updated
guidelines for spirometry and its interpretation, reiterating
their previous recommendations to use the lowest fifth
percentile to define airway obstruction.®® There has been
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Fig. 2. Comparison of the lower limit of normal (based on the fifth

percentile for healthy non-smoking adult males) with a fixed ratio
of 70% for FEV,/FVC. LLN = lower limit of normal.

vigorous discussion and disagreement regarding the use of
fixed thresholds for the FEV,/FVC as well as for FEV,
percent of predicted.

FEV, and FVC (and FEV,) fall with advancing age in
adults, with FEV, declining at a faster rate. The FEV,/FVC,
which is the primary variable used to diagnose airway
obstruction, also decreases with age and differs between
men and women as well as in subjects of different eth-
nicities. The fifth percentile for the ratio falls below
0.70 at about age 45 in white males and slightly later
in white females.®' As a result, older patients may be
misdiagnosed as having airway obstruction if their
FEV,/FVC falls below 0.70 (Fig. 2). Numerous studies
have described this dilemma and its potential implica-
tions.2-¢4 Cerveri et al®> also found misclassification of
young adults whose fifth percentile falls above the fixed
threshold of 0.70, subjects who have asthma or early
COPD. Although it appears that the fixed ratio detects
patients at greater risk of death from COPD, these sub-
jects are typically older male smokers, and development
of symptoms is more closely associated with an FEV,/FVC
less than the lower limit of normal.®®-67 For patients whose
FEV,/FVC falls between 0.70 and the lower limit of nor-
mal, care is necessary when establishing a COPD diagno-
sis because of the common presence of comorbidities.®®
An additional issue related to confirming a diagnosis of
COPD is the use of FEV, percent of predicted to catego-
rize airway obstruction. GOLD guidelines define an FEV
< 80% of predicted to classify a patient with obstruction
as having “moderate” COPD (Table 2). Miller et al®®
reported that using 80% along with the fixed ratio for
FEV,/FVC can misclassify as many as 20% of patients.
van Dijk et al’® found that subjects with COPD diagnosed
by either the fixed ratio or lower limit of normal were
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more likely to have adverse outcomes (exacerbations, etc)
only when their FEV, values were <80%.

Recommendations

Spirometry should be interpreted using the lower limit
of normal (defined as the lowest fifth percentile of healthy
non-smokers) for both the FEV /FVC and for the FEV, (as
well as for the FEV,/FEV and FEV, if used). The use of
the 0.70 fixed ratio is NOT recommended.

The use of the fixed ratio may be associated with issues
of misclassification and underdiagnosis. The office spi-
rometry consensus statement from NLHEP recommended
spirometry for detecting COPD without utilizing a bron-
chodilator, unless the test was used to identify asthma.!
GOLD recommends post-bronchodilator spirometry to de-
fine air-flow obstruction that is not responsive to inhaled
B-agonists to separate asthma from COPD. Spirometry
data from the National Health and Nutrition Examination
Survey (NHANES) 2007-2010 showed significantly dif-
ferent prevalence rates for COPD, depending on whether
pre- or post-bronchodilator values were used. The overall
prevalence decreased by approximately 33% when air-
flow limitation was based on post-bronchodilator as com-
pared with pre-bronchodilator spirometry, regardless of
whether a fixed ratio (0.70) or lower limit of normal was
used.”! The PLATINO study found similar differences in
COPD prevalence (32-39%) when post-bronchodilator spi-
rometry was used.”> Recognition that many patients who
meet the spirometric criteria for COPD also meet criteria
for significant bronchodilator reversibility has resulted in a
new designation: asthma-COPD overlap syndrome.”> Al-
though the syndrome is not well defined, it may be present
in as many as 15-25% of obstructed patients.” The picture
of how asthma-COPD overlap syndrome compares with
COPD is still evolving, with some studies suggesting that
these patients are typically younger and have less smoking
history, poorer disease-related quality of life, and increased
health-care utilization, whereas others show no significant
difference.”>7¢

Recommendations

Post-bronchodilator spirometry should be performed if
a patient meets the criteria for airway obstruction pre-
bronchodilator or if the patient presents with signs/symp-
toms suggestive of asthma. The goal of pre- and post-
bronchodilator testing is to identify asthma versus COPD
or an overlap between the two (asthma-COPD overlap
syndrome). A single negative response to bronchodilators
(suggesting a COPD diagnosis) does not preclude a trial of
bronchodilators if clinically indicated.

The original NLHEP consensus statement encouraged
the use of reference equations, which included statistically
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Table 3.  Comparison of Spirometry Predicted and Lower Limit of
Normal Values for African-Americans Based on 2
Comparable Reference Sets

NHANES III GLI-2012
Characteristics Lower Lower
Predicted Limit of Predicted Limit of
Normal Normal
African-American male,
175 cm, 60y
FEV,, L 3.00 2.19 2.95 2.14
FVC, L/s 3.85 2.94 3.78 2.81
FEV,/FVC 0.78 0.68 0.78 0.67
African-American female,
165 cm, 60y
FEV,, L 2.18 1.55 2.22 1.62
FVC, L/s 2.77 2.04 2.80 2.07
FEV,/FVC 0.79 0.69 0.80 0.68

NHANES = National Health and Nutrition Examination Survey
GLI = Global Lung Function Initiative

Table 4.  Comparison of Spirometry Predicted and Lower Limit of
Normal Values for Caucasians Based on 2 Comparable
Reference Sets

NHANES III GLI-2012
Lower Lower
Predicted Limit of Predicted Limit of
Normal Normal
Caucasian male,
175 cm, 60y
FEV,, L 347 2.71 3.46 2.61
FVC, L/s 4.59 3.68 4.47 341
FEV,/FVC 0.76 0.66 0.78 0.66
Caucasian female,
165 cm, 60y
FEV,, L 2.65 2.05 2.58 1.95
FVC, L/s 342 2.71 3.28 2.48
FEV,/FVC 0.78 0.68 0.79 0.67

NHANES = National Health and Nutrition Examination Survey
GLI = Global Lung Function Initiative

valid lower limits of normal. The NHANES III predicted
set meets this requirement and provides race-specific pre-
dicted values for whites, African-Americans, and Mexican-
Americans, ages §—80 y.°> In 2012, the Global Lung Func-
tion Initiative (GLI) published spline tables allowing
predicted values to be calculated for whites, African-
Americans, and Northeast and Southeast Asians.”” Tables
3 and 4 compare predicted values for an average male and
female (African-American and white) using NHANES III
and GLI equations. NHANES III provides reference val-
ues for FEVy and FEV,/FEV,, whereas GLI does not.
However, GLI provides a wider age range (3-95 y) with a
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seamless transition between adolescence and adulthood.
Stanojevic et al,’® using the same methodology as GLI,
expanded the NHANES III reference equations to include
children as young as 4 y old. Although there are no race-
specific reference values for Asian-Americans, Hankinson
et al7® suggest that a correction factor of 0.88 applied to
white values (NHANES III) can be used for both predicted
and lower limit of normal.

Recommendations

Either NHANES III or GLI-2012 reference equations
may be used for spirometry.

Performance of Spirometry in Primary Care

Performance of spirometric maneuvers has changed since
the NLHEP consensus was published. The 2005 ATS/ERS
guidelines reduced the within-session repeatability criteria
for FVC and FEV, to 150 mL (from 200 mL). The 6-s
end-of-test criterion for adults remained the same but was
relaxed to 3 s for children <10 y old.> Several investiga-
tors have found that the most common problem affecting
office spirometry is failure to meet the 6-s threshold for a
plateau in forced exhalation. Hankinson et al®° found that
computerized spirometers reject FVC maneuvers in which
a plateau is reached before 6 s and recommended that
end-of-test criteria should be applied during testing to avoid
rejecting valid data. Personnel performing spirometry
should be able to distinguish between an acceptable blow
and one in which the patient stops prematurely.

Correct interpretation of spirometry depends on accept-
able and repeatable spirometry, performed according to
established guidelines.?! Despite user training and novel
approaches implementing spirometry, COPD is frequently
misdiagnosed and often confused with asthma. Walters
et al3? found, when using trained nurses to perform spi-
rometry versus usual care, that patients with an FEV ,/FVC
> 0.70 were misdiagnosed regardless of the model used.
Raghunath et al®3 compared the diagnostic accuracy of
primary care practitioners with that of pulmonary special-
ists in a cohort of subjects with COPD or asthma and
found only 20% agreement. These studies suggest that
spirometry interpretation skills are less than optimal for
managing patients who have COPD and/or asthma. Inter-
pretation of spirometry in pediatric patients with asthma is
similarly problematic. Dombrowski et al*’ surveyed a na-
tional sample of family practitioners and pediatricians treat-
ing children with asthma and found that only 50% of the
respondents correctly interpreted a standardized clinical
vignette and that asthma severity was frequently under-
rated.

Table 5 lists steps for interpretation of office spirometry
that update the previous NLHEP recommendations.! Ei-
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Table 5.  Interpretation of Office Spirometry Results

—_

Pay special attention to the EOT; was a plateau reached before 6 s?

N

substituted for FVC if NHANES III is used.

(95}

of the 0.70 fixed ratio is NOT recommended.

. Check the acceptability and repeatability to see if ATS/ERS criteria have been met.
Use NHANES III or GLI reference values to calculate predicted values and lower limits of normal for FEV,, FVC, and FEV,/FVC; FEV4 may be

. If the FEV,/FVC (FEV ,/FEV,) and FEV, are both below the lower limit of normal in a test with good quality, airway obstruction is present. Use

4. Grade the severity of obstruction using the FEV, lower limit of normal and percent predicted:

Lower limit of normal > FEV, = 60% = mild obstruction
60% > FEV, = 40% = moderate obstruction
FEV, < 40% = severe obstruction

(9

have a restrictive disease; consider lung volumes.

[=)}

. If the FEV |/FVC (FEV,/FEVy) is great than the lower limit of normal but the FVC (FEV) is less than the lower limit of normal, the patient may

. If the patient has airway obstruction, post-bronchodilator testing should be performed.

If the FEV /FVC (FEV /FEV,) and FEV, both improve above their respective lower limits of normal, a significant asthmatic component is

probably present.

If the FEV, increases by 12% or more, but the FEV,/FVC (FEV,/FEV,) remains below the lower limit of normal, the patient may have combined

COPD and asthma.

ATS/ERS = American Thoracic Society/European Respiratory Society
EOT = end of test

NHANES = National Health and Nutrition Examination Survey

GLI = Global Lung Function Initiative

ther FVC or FEV4 may be used for calculating the ratio
with FEV,. In addition, either the NHANES III or GLI
reference values and lower limits of normal may be used
for interpretive purposes. Adopting the GLI predicted val-
ues in place of older reference equations (not NHANES
IIT) may result in some patients being reclassified into
milder severity stages.®* Figure 3 shows a sample spirom-
etry report for pre- and post-bronchodilator studies, as
suggested by the Canadian Thoracic Society.8> Only the
FEV,, FVC, and FEV,/FVC are reported. Both the lower
limit of normal and percent of predicted are displayed for
pre-bronchodilator measurements. For post-bronchodila-
tor studies, the percent of predicted, absolute volume
change, and percentage change are reported. A bar graph
displays the patient’s best values in relation to the pre-
dicted value and lower limit of normal. The bar graph is
scaled in SD values so that the results can be interpreted
visually. Spirometry values that fall on or near the pa-
tient’s lower limit of normal should be interpreted cau-
tiously, taking into account the pre-test probability of dis-
ease.

As noted, the quality of spirometry is of key importance
in the use of this as both a diagnostic and management
tool. A recent study®® evaluated the accuracy and quality
of spirometry in primary care offices. In this study, 17
spirometers used in primary care offices with a waveform
generator were assessed for accuracy and precision using
ATS criteria. Only 1 of 17 spirometers met the accuracy
criteria with mean errors for FVC, FEV, and FEV /FVC
ranging from 1.7 to 3.1%. Thus, greater attention to qual-
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Pre-bronchodilator Post-bronchodilator

Spirometry Best LLN %Ref Best %Ref Change %Chg
FVC (L) 3.01 3.04 75% 3.42 86% 410mL 13%
FEV1 (L) 1.34 2.36 44% 1.77 57% 430mL  32%
FEV4/FVC 0.45 0.66 0.52

Reference values: Quanjer 2002 (Caucasian)

Pre-bronchodilator
FvC c

FEV4 o
FEV4/FVCO

LLN reference SD

Post-bronchodilator
FVC [o)

FEV4 (o)

FEV1/FVC o

<+ >

LLN reference SD

Fig. 3. Sample format for an office-based spirometry report as
recommended by the Canadian Thoracic Society. In addition to
the 3 primary spirometry values reported using the lower limit of
normal and percentage of the reference value, a pictographic rep-
resentation of the values is included. The patient’s spirometry val-
ues are graphed on a scale that displays the reference (predicted)
value, and the lower limit of normal is scaled using the SD (Z
scores). LLN = lower limit of normal. From Reference 85, with
permission.

ity assurance and training is necessary regarding the use of
spirometry in primary care offices.

Recommendations

Personnel performing spirometry in the primary care
setting should receive formal training (hands on) that in-
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cludes set-up and operation of the spirometer, knowledge
and application of standards for acceptable and repeatable
maneuvers, and ability to identify obstructive and restric-
tive disease patterns. Ongoing feedback regarding the qual-
ity of spirometry is recommended. Physicians and others
interpreting spirometry results should be able to grade the
quality of each test, ensure that appropriate reference val-
ues are selected, and identify obstruction and restrictive
ventilatory patterns. Interpreters should be able to identify
bronchial responsiveness from post-bronchodilator testing.

Summary

Spirometry is essential to establish the diagnosis of
COPD and asthma. When diagnostic spirometry is com-
bined with validated questionnaires and the use of peak
flow, screening for COPD is enhanced. Spirometry is rec-
ommended for the management of COPD and asthma, but
application of pharmacotherapy based on test results is
inconsistent. The barriers to wider use of spirometry ap-
pear to be lack of familiarity with guidelines, inadequate
training and feedback for practitioners, and incorrect in-
terpretation of test results, along with time and financial
constraints. Spirometry does not appear to be a useful
adjunct for smoking cessation.

Airway obstruction is commonly defined using a fixed
FEV,/FVC of 0.70, although NLHEP and ATS/ERS rec-
ommend using the lower limit of normal. This document
reiterates that the lower limit of normal should be used for
the FEV,/FVC or FEV ,/FEV, whichever is used, and that
the FEV, lower limit of normal should be used to catego-
rize mild obstruction rather than 80% of predicted. Both
the NHANES III and GLI predicted sets are appropriate
for interpretation of office spirometry.

Interpretation of spirometry results remains problematic
because it is closely related to the quality of the results.
Spirometry interpretation training for primary care practi-
tioners needs to be standardized and emphasized going
forward.
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