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" Office Spirometry for Lung Health
Assessment in Adults*

A Consensus Statement From the National Lung
Health Education Program

Gary T. Ferguson, MD, FCCP: Paul L. Enrvight. MD: A. Souia Buist, MD: ancl
Millicent W. Higgins, MD, Honorary FCCPY

COPD is casily detected in its preclinical phase using spirometry, and successful smoking
cessation (a cost-effective intervention) prevents further disease progression. This consensus
statement recommends the widespread use of office spiromelry by primary-care providers [or
palients = 45 years old who smoke cigaretles. Discussion of the spiromelry results with current
smokers should be accompanied by strong advice to quit smoking and reflerral to local smoking
cessation resources. Spiromelry also is recommended for patients with respiratory symptoms
such as chronic cough, episodic wheezing, and exertional dyspnea in order to detect airways
obstruction due to asthma or COPD.

Although diagnostic-quality spirometry may be used to detect COPD, we recommend the
development, validation, and implementation of a new type of spirometry—ollice spirometry—
for this purpose in the primary-care setting. In order lo encourage the widespread use of office
spirometers, their specifications differ somewhat from those for diagnostic spirometers, allowing
lower instrument cost, smaller size, less effort to perform the test, improved ease ol calibration
checks, and an improved quality-assurance program. (CHEST 2000; 117:1146-1161)

KE}' words: COPDY: pisk assessinent: :'iIIHJIx]IIEZ ﬁIm':JHtt'-['}"l.'

Abbreviations: ACCP = American College of Chest Physicians: ATS = American Thoracie Seciety; BTPS = budy
temperature, ambient temperature, and saturation with water vapor; FET = forced expiratony time: FEVg = foreed
expiratory volunie in 6, HROT = high-resolution CT; LIS = Lung Health Study; LLN = lower limit ot normal;
NTTANES = National Health and Nutrition Examination Survey; NHLBI = National [Teart Lung and Blood Institute:
NLIEP = Nutional Lung Tealth Education Program: PCT = primary-care: provider; PEF = peak expiratory flow;

PEFT = peak expiratory flow time: PF = pulmonary function: QO = quality control

D uring the last 40 vears, the desire to reduce the
morbidity, mortality. and expense of common
chronie discases in the United States has led to
suceesstul programs designed to identily and modity
risk [actors such as hvpertension and hvpercholester-
olemia. 2 The privary and secondary prevention of
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disease through early recognition and intervention
has become a key strategy, leading to the preparation
ol euidelines by various expert pa-mPl:'-: that recom-
mend f:.puviﬁt- sereening and monitoring  pro-
arams. > Despite evidence documenting the ver
high burden ol suffering and the economic cost of
chronic rt-.*ﬁl’;'tt‘&l{;l"_u' diseases.t and titf:ii“ailﬂ calls for
methods to reduce the impact of COPD."* recent

Although representatives from NIOSI participated in the NL-
HEP conlerences and reviewed dralls ol this illi‘.li_'lllln.'llt. official
Lti}]‘u'mrﬂ [rom NIOSH was not obtained,
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consensus statements on the management ot COPD
have not addressed the early assessment of respira-
tory fanetion in people at visk [or chronic respiratory
discases.? 12 Although standards for the pertor-
mance ol spirometry are well established,™ and
althongh diagnostie quality spirometers are widely
available, primarv-care physicians rarely use spirom-
ctry to detect COPD in smokers or to detect asthma
or COPD in patients with respiratory symptoms, 417

The failure ol spiromietry to meet the require-
ments for effective sereening in general unselected
populations (regardless of smoking status or symp-
toms) provided the basis for the unwillingness to
support cttorts to detect COPD E‘-‘.'Ll'l"l.’ in ils course,
although the use of spirometry lor “case finding” in
patients who seck medical care for “mnrelated”
syimptoms (during a elinical encounter), and who are
at high risk lor COPD due to a history ol heavy
cizarette smoking. was supported by a 1983 ollicial
statement of the American Thoracie Society (ATS .8
Several lung function tests that initially were thought

be sensitive to early disease ol small airwavs
(closing volumes and nitrogen washont curves, lor
example) were too complex and were found not to
predict the subsequent development of COPD. 1922
When the use of spirometry was initially suggested
for ulmlh tving smokers with asvmptomatic JI_ITU“ clis-
case 232 Jittle evidence conld be found to sugeest
that t-cLI]_'"- identification of COPD would have any
impact on its course. Although there was mounting
evidenee that spontaneons HI‘llq'Jkiug cessation im-
proved the rates of decline in lung function toward
normal 2220 selection bias and other factors may have
accounted for these changes. Furthermore, oul-
comes in most smoking cessation programs were
disappointing,

Since then, results from the National Health and
Nutrition Examination Survey (NITANES) I1I and
the multicenter Lung Health Studv (LHS) have
provided a new basis for carly identification and
intervention in COPD 2728 The LIS was the first
studdy to demonstrate prospectively that early inter-
vention in smokers identified to be at risk for COPD
could modify the natural history of the disease. Both
the NHANES III and the LIIS also documented the
ability of spirometry to detect mild airllow abnormal-

itics in thousands of cigarette smokers, many of

whom did not have symptoms that would have
]ﬂ‘mnptwl them to seek medical attention.
Inereased awareness of these issnes has led to the
formation of the National Lung Health Education
Program (NLHEP). a project IUIﬂll"v sponsored by
several professional societies erossing various medi-
cal disciplines and  specialties, 29 The program  is
desioned 1o inercase the awareness of e health in
patients, health-care practitioners. and health-care

organizations. As a part of the NLHEP. a subcom-
mittee was organized to reevaluate the role of simple
lung-function testing as a tool lor assessing lung and
overall health. Followme an extensive literature re-
view, Gary Ferguson developed the first draft of this
report in carly 1998, which then was reviewed by the
NLHEP spirometry subcommittee. The American
College of Chest Physicians (ACCP) and the Na-
hmltﬂ Heart. Lung, and Blood Institute (NHLBI)
then held a conference on August 15, 1995, to review
the report lurther. Paul Enright then revised the
document based on diseussions and comments from
the conference attendees. The revised report was
again reviewed during a second conference spon-
amml by the NHLBI in Bethesda. MD, on March
206, 1999, Both conlerences included experts in
spirometry and evidence-based medicine, including
representatives from several professional  associa-
tions and governmental agencies. This document
represents the l;;'{}]’lf.l'ihlltl.f}ﬂh of thr:. participants of
these conferences.

INDICATIONS FOR OFFICE SPIROMETRY

Recommenelalion

Primary-care providers (PCPs) should pertorm an
olfice spirometry test [or patients = 45 vears old who
report smoking  cigarettes  (current  smokers  and
those who quit :]nrmu’ the previous vear) in order to

detect COPD.

Rationale: Several well-recoenized criteria have
been established for the use ol medical tests that
have been proposed for the early detection of dis-
ease, = and spirometry for the detection of COPD
in adult cigarette smokers fulfills all of these criteria;

1. The disease. it not detected hu] v, wonld zo
on to cause substantial morbidity or martality:
. Treatment is available that is more elfective
when used at the early stage betore the
development ol symptoms than when nsed
after the svmptoms develop; and
3. A feasible testing and follow-up strategy is
available that
a. minimizes the false-positive and false-neg-
alive rales,
I3, is !'E'—'lilﬂ\'b‘l\ '-?;il'l“i]‘lh-' and allordable,
e, uses a safe test, and
d. includes an action plan that minimizes
potential adverse effects.

)

The above eriteria are usnally applied to sereening
tests, defined as medical tests done lor individuals
who have no symptoms or signs that sugeest the
possibility of disease. Office spirometry is considered
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to be a part of a elinical evaluation and does not fall
under the delinition of a screening test when per-
formed for patients with respiratory symptoms who
are seen during a clinical encounter (whether or not
they have a history of cigarette smoking). Also, if the
patient has been diagnosed as having tobacco addic-
tHon (a disease with a code in the International
Classilication of Diseases, ninth revision). office

spirorietry may be indicated to assess the severity of

that disease and is not then considered to be a
sereening test. Al Ithough the NLHEP does not rec-
ommend olfice spirometry [or screening unselected
populations or lor testing patients who have no
.mlmrm]mnn iry risk lactors. the next section of this
docnment l"HH"'.a‘T{l{-‘H evidence that oflice spirometry

(lfills all of the eriteria listed above when it is nsed
lo deteet COPD in adult smokers.

The Discase, 1If Not Detected Early, Would Go On
o Cause Substantial Morbidity or Mortality

COPD is the most important lung disease encoun-
tered and the lourth leading cause of death in the
United States, and it affects at least 16 million
people.”# Of the top causes of mortality in the
United States, only the death rate for C OPD contin-
nes to rise, increasing by 22% in the past decade,
The 10-vear mortality rate for COPD after diagnosis
is = 50% 6 In addition, the number of patients with
COPD has doubled in the last 25 years, with the
prevalence nl COPD now rising faster in women
than in men.®7 Although the frequency of hospital-
ization for manv illnesses is decreasing, the mnmber
ol hospital clisc harges for COPD rose in the last

decade. COPD causes 50 million days per vear of

bed disability and 14 million days per year ol re-
stricted activity 3339 COPD causes about 100,000
deaths PET Ve, 550,000 lmspimlimti:'ms per year, 16
million office visits per vear. and $13 billion per year
in medical costs, including home care.®

Treatment Is Available That Is More Effective
When Used at the Early Stage of COPD, Before
the Development of Symptoms, Than When Used
."‘gﬂt'r .‘ifgtre;affxarf.a' Dr’r:-m"k'};*}

COPD is a slowly progressive, chronic disease
characterized by cough, sputum production, dys-
pnea, airflow limitation, and impaired gas ex-

change " The early and common symptoms ol

chronic cough and sputum production usnally are
ienored by the patient (and otten their physicians) as
normal or expected for a smoker, and no interven-
tion is deemed necessary, The disease usually is not
diagnosed nntil the patient experiences dyspnea with
unl' mild exertion, which interferes with the pa-
tient’s quality of life, The diagnosis of COPD is made
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by clinicians ( } by noting the presence of at least
one risk ﬁu_-.tm in the patient’s medical history (usu-
ally > 20 pack-years ol ecigarette smoking), (2) by
docimmenting moderate-to-severe airllow | limitation
nsing a L!hurnmtu_ spirometry test, and (3) by exclud-
ing heart failure and asthma as the causes ol airfllow
hlmmtmn.L
The LHS was a randomized clinical trial that
demonstrated that COPD could be detected in its
early stages in smokers with few symptoms.#® Spi-
rometry tests were performed for > 70,000 women
and men who were eurrent smokers (without regard
to symptoms), 35 to 5Y vears old. trom nine United
Ht ites communities and Winnipeg, Canada.*! About
95% of those tested were tound to have borderline to
moderate airllow obstrucetion. An additional 5% had
severe airflow obstruction (<< 50% of predicted), and
they were excluded from the study and reterred for
treatment. Those taking medications for asthmi also
were excluded. About 6,000 smokers with borderline
to moderate airflow obstruction were recruited and
were [ollowed up for 5 years. About halt of the
participants reported chronic cough (with a wide
range of 26 to §1%, depending on gender, age group,
and clinie site). Wheezing on most days and nights
was reported by about one third ol participants; only
2.8 mpnﬁﬂl a current diagnosis ol asthma It
were nol taking anv preseription medications for
asthima.*2 Flmsu who continued to smoke were doc-
nmented to have laster rates ol decline in hmg
function, Importantly, participation in a smoking
cessation program significantly decreased the rate of
decline in 1111'}1{5 function in these individuals relative
to those who continued to smoke. Those participants
who continued not to smoke (sustained quitters)
showed a small improvement in lung function over
the first year compared to continuing smokers (mean
rise in FEV,, 57 mL vs mean fall in FEV,, 38 mL,
respectivelv) and had reduced rates of decline over
the remaining 4 years of study (mean rate ot decline
in FEV,, 34 vs 63 mlL/yr, '{tq[wc-tiwl v).28 Thus, the
rate ot tit cline ol FEV i::l.hmmg successhul smoking
cossation was very Hmnl ir to that seen in hE‘d!l!w
nonsmoking adults (28 to 35 inL/yr) 434
In addition to documenting the benefits of smok-
ing cessation in modifying the mnatural history of
COPD, the LIS documented the ability to success-
fully intervene with an intense amulﬂng cessation
Progranm in T-ELtl'l"ﬁ-'l"J .-,m:nptnnmm smokers.®® Al
least 35% ol the bllh]{‘l ts studied were able to quit
smoking for extended periods of time. and 22% ol
the subjects were able to quit and sustain smoking
cessation [or 5 vears (as compared to 6% in the usual
Care group). The smoking recidivism rates during the
5 years equaled the repeat quitter rates. such that
35% ol the subjects were nonsmokers at any eross-
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sectional period of time. Of course, smoking cessa-
tion rates are likelv to be lower in primaryv-care
settings when compar ed to a clinical trial 2331
Ettective smoking cessation methods available to
primary-care. practitioners have drmlmtit'uih' e
proved in the last several vears. Detailed recommen-
dations are now availuble that synthesize the expand-
ing  smoking base. 4544

cessation ]mmﬂud;{u

Awareness ol different stages in the PrOCess of

beludoral chanege have allowed for more toensed
clforts on subjects likelv to quit smoking. 174 In
addition. increasing suceess with repeated attempts

at soking cessation now is recoenized. Significant

aclvances in the untlfrr:-';ta-uu]jﬂ;{ and treatment ol

nicotine addiction also have oconrred. ™ Nicotine
gum and patches™ wre now available over the
counter in the United States. Bupropion hvdrochlo-
ride (Zyvban: Glaxo Welleome: Research Triangle
Park, NC), an oral medication H'l'lt IS even more
elfective than nicotine patches. ™52 now is available
by preseription in the United States. (J(n‘nprﬁl'wmn'{-f
and elfective L*t.}ﬂ‘lIT‘il_n‘sit_'«.'u}.:-'cl.ﬁt?{l smnlﬂ'n_{g cessation
programs also are available in most communities in
the United States.™

Recognizing that individual rates of decline in lung

fimetion VATV, the 1LHS clearlyv documents that S]i-
rometry can iiIL‘I'liH:\' ]urgt numbers of adult smokers
at risk lor COPD. and that ﬂmr.'r]‘:inL cessation pro-

grams can impact positively on the progression of

COPD in those smokers who successtully quit. The
regular use ol B-agonists or ipratropium i eurrent or
tormer smokers with airwayvs obstruetion. but with-
has no ellfect on COPD
25455 TTowever, there is some recent
evidence that |'Iig]1~:_lt}5t' inhaled corticosteraids givern
to smokers with spirometric evidence of mild-to-

out asthma. :l]‘.l[_}:-lt'{-‘llfh'
]n'ugrf‘ﬁr-:it 11.-

moderate airtlow hmitation reduces nmrlﬁtlit}'. i1m-

woves quality ol life 3695
I Jlethila

Sph'rnmff'r{; Testing Pf“.:;rf:vnf}f{; Enhances S'H'mf-:iug
Cessation Reates

Previons stidies ol lung function testing in the
general population have had mixed results. with
some showing no effect™ and others suggesting that
knowledge of i abnormal Tung function test dou-
bled the likelihood ol {11|il[ing smoking, even when
no other interventions were A[}]:iwﬂ -6 A recent
@ coneluded  that spirometry meets all the
criteria for a test lor the early detection of COPD,
exeept that there is no conchisive evidence that
spirometry adds to the efficacy of standard smoking

IEVIEW

cessation advice. which 1s based on current clinical
practice guidelines.* Two randomized clinical trials

that address this issue have been performed. The
Hrst :'-:hlﬂj.-’ ol 923 Italian smokers found a L-year
{illﬂ'ting rale U{ﬁjﬁf’{r’ 111 tiJUHE‘ \1’.}.10 .I'i.-’_![_‘ﬁ;ai\r{—'_‘:_’l {f{]]]]]m--]-
ing with spirometrv, 5.5% in those with counseling
alone. and 4.3% in those who received only briefl
phvsician advice ™ These rates did not differ signil-
icantly, but only hall of the study participants who
were dasked to visit a ]all'mnl’rn'nj,' for spirometry testing
ever did so, and there was no evidence that the
spirometry results even were discussed with those
who pe rformed the test: therefore, the study proba-
blv had inadequate power to show a difference (a
tvpe 11 errorl. The second study was population
based and identitied 2.610 voung men who were
current smokers, were aged 30 to 45 vears, had low
FEV, values, and were from 34 cities in Norwa.® A
random hall of the men were mailed a ]]EI’H(]]I:'-B_H}‘:E?E]
letter from a phvsician stating that thev should qquit
smoking because they were at mumwﬂ risk lor
Hnml{mg related ]lmg disease because of their low
lung function. A [5-page smoking cessation pam-
1|i|rt that tll]l?lldhlff’(i behavioral modification was
mt_]mle*d in the letter. The sell-reported 12-month
sustained *;mnldﬂtf cessation rates were 5.6% in the
minimalist intervention group vs 3.5% in the control
group (who were not informed of their spirometr
results). Alter adjusting tor age of smoking onset,
cigarettes smoked per day, and history ol ashestos
exposure, the letter tl{-‘*ﬂrrihil'ig the abnormal spirom-
etry resilts was H_‘Hl}{_}ﬂbil]h‘ or a o0% i mmprovement
in the Hrmﬂqnu cessation rates {};1 < Q1) Evena l to
2% improvement in smoking cessation rates would
result in a very large :I.l}"-.{il]llt!_‘ number of lives saved
each vear i ﬂa{ Umit':d Stales.m

The Relationship Between Spirometry and COPD

Varions studies have determined COPD risk fac-
tors. COPD oceurs ]_‘}I'L-.‘d{_‘rl]'li]'lélﬂtl}.“ in current and
tormer cigarette smokers, and there is a dose-re-
sponse IL‘[deIL}HEIIIl} The risk of COPD is strongly
associated with the intensity and duration of smok-
ing, 26755 Other factors that also increase COPD
risk, but less commionly or to a lesser degree. include
occupational dust exposure.® environmental tobacco
smoke % exposure to environmental air pollution,™ a
rare genetic deficiency of a-antitrypsin,™ a history
of childhood respiratory infections,™ and the pres-
ence ol airway hyperresponsiveness, as measured by
spirometry. B Tyen moderate COPD cannot be
detected rdmhh by a medical history or physical
cxamination. ™77
Abnor lﬂdl spirometry (ie, limitation ol expiratory
'Luliuu, airwayvs obstruction, or a low FEV /FVC
ratio) is a strong predictor for rapid progression of
COPD.2 The degree ol airways obstruction corre-
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lates closely with pathologie changes in the lungs of
a . Ls P

smokers and patients with COPD.™ Spiromelry re-

sults are also a strong independent predictor ol

morhidity and mortalitv due to COPD. ™50 mor tlhh
due to cardiovasenlar disease s’ lung cancer, % a8
well as all-cause mortality, %45

A Feasible Testing Strategy Is Available That
Minimizes the Rates of False-Posttive aned False-
Negative Results

The accuracy ol a test for the early
disease is measured in terms of two indexes: sensi-
livity and specilicity.” A test with poor sensitivity will
miiss cases (true-positive results), producing false-
necative results. while a test with poor specitficity will
result in healthy persons being told that they have
the disease. ["mn:lm ing lalse-positive results,

An accepted relerence standard (o “gold stan-
dard”) must be available to provide the means for
distinouishing between true-positive and false-posi-
tive resnlts from the new test. The traditional “gold
standard” for the diagnosis of COPD is the patho-
logic examination of lung tissue.™ but this confirma-
Hon of the discase is inappropriate in routine prac-
tice due to the invasive nature of a lung biopsy. The
[inding of abnormally low lung deunsities on a high-
resolution CT (HRCT) lung scan in adult smokers is

verv highly correlated with the pathologic grading of

r;mlﬂn sema®® and, therefore, My $oon be consid-
ered a secondary reference for € OPD. but HRCT
limg seans are nlh{%qt.wllﬂ}r performed clinically due
to their high cost. COPD, as determined by HRCT
lung scans, is moderately correlated with lung fune-
Hon testing (FEV /I'VC ratio and diffusing capacity
of the Ilmg [or carbon monoxide) in adult smokers, 57
but emphysema (lung tissue destruetion accompa-
nied by hing hvps:rmﬂatlun is only one component

of COPD and mav not be an important prec dictor ot

morbidity and trmrhihlj., lluleptﬂldc‘m of airflow ob-
stroction. The widely accepted definition of COPD
progression is an abnormal rate of decline in lung

detection ol

[unction. ™5 The normal annual decline in FEV, in
healthy, never-smoking adults who are 35 to 65 vears
old has been determined by several hmmlmlnm]
studies to be 1 mean of 30 mLAr with an upper limit
of the normal range of 50 mIL/vr, which may be used
to define “rapid fallers,”™®

[t is important that w high proportion of those who
test positive actually have disease (positive predictive
power). This proportion is higher when the preva-
lence of disease is high, The best estimates ol the
prevalence of airflow obstruction and COPD in the
USs I_}f:qmlzll'.im] are now available trom NHANES 111
(eomducted from 1988 to 1994), In NHANES II1,
spirometry was measured i a sample of > 16,000
adults whao represented the noninstitutionalized pop-
ulation ol the United States, About 29% of all the
adnlt participants reported current smoking, and
24% were lormer smmokers. Normal reference values
ol several spirometry variables were developed from
the “healthy” subset ol the nonsmoking men and
wornen who were free ol respiratory symptoms and
discases. Lower limit of normal (LLN) values. which
were specitic tor age, sex, and height, were set at the
fifth percentile of the reference pnl:luhlt'i{;n'l vilies. 27
For this report, prevalence rates of low lung funetion
m the US population were estimated by delining low

lung function as a FEV/FEV ratio Tess than the
LLN and an FEV, value less than the LLN. See

Table | for the resnlts.

Prevalence rates of Tow lnng [unction increase with
age and are highest in current smokers, intermediate
in former smokers, and lowest in never smokers.
Rates are similar in men and women. Compared
with rates in never smokers, rates are more than five
times as high in current smokers at = 45 vears old
and are more than three times as high in former
simokers = 55 vears old. Prevalence rates also were
compared in men and women who reported any
rprjmtnn condition or symptom with those who id
not. A report of any of the following placed the
individual in the syinptomatic  group: o doctor’s

Table 1—The Prevalence of Low Lung Function in the NHANES III Sample of the Adult US Population

Current Siokier, %

Fortmer Smolkor, % Novier Smokor, %

A — == o
Corontp, vr I;"»[r*u "lr"'_r'nu'u'ul Men Wirinen Men ".r"-.'[':mr_*.nl
| 724 7.4 2.8 by (1.0 2.4 5.0
g | 5.3 3.3 (1.3 3.0 2.6 2.0
3544 5.2 6.7 2.6 2.9 23 2.3
4Dl 133 JHE 4.1 4.0 25 | .5
5504 2.3 254 o s 10.5 303 3.0
574 314 204 135,03 14.5 20 3.0

T o—hk s 154 138 125 4. | 27
Tulal® 4.6 9.6 (3.5 BT 2.4 2.5

PNalnes given s abmarnmality vate lor all age groups.
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diagnosis ol asthma. chronie bronchitis, or emphy-
sema; cough or phlegm on most davs for = 3 con-
secutive months during the vear; shortness of breath
on mild exertion; or chest wheezing or whistling
aparl from colds, Rates of low limg tunction were
consistently three or more times higher in symptom-
atic men and wornen than in those who were asymp-
tomatbic,

We recommend that all patients = 45 vears old
who are current smokers. as well as those with
respiratory symptoms, perform oflice spirometry or
diagnostic spirometry. Based on the NHANES 111
stucly. the mmnbers of patients eligible for spirometry
mnder these recommendations. and. the mthHl
vield of abnormal spirometry tests are given in Table
2. About one quarter of current cigarette smokers
with a respiratory symptom. a total of 9 million
persons in the United States, can be expected to have
low lmg fimetion (airway obstruetion). Smokers
= 45 vears old without respiratory symptoms also

have a relatively high abnormality rate: about 9% ol

men and 14% of women. On the other hand, current
and Tormer smokers < 45 vears old have spirometry
abnormality rates that are similar to those of healthy
never smokers (about 5% ),
"1;1i|‘n|||£-‘Tn' testing of Yomg aclalt smokers, A*‘.Tmp—
tomatic fonner RIIIHL[ TS APRS = S VEITS s also have a
sprivometry abnormality rate ol 5%.

Office Spirometry Is Relatively Simple and
Affordable

Spirometry is a relatively simple, noninvasive test.
Office spirometry takes only a few minutes of the
patient’s and technician’s time and includes a few
athletic-tipe breathing maneuvers ol 6 s duration.
The economic costs ol a spirometry test include the
cost ol the instrument and the cost of I}{-I'I'S{'Jlllli-‘.i tine
(hoth t'raliniﬂg anl tf-“-.ﬂﬁng}. [)ii-lng{_}Hﬁ{' .*«:pl'T-::nmh;tr‘:;
currently cost about $2,000. and about $10 of time
per test s spent m testing Iim']mﬁng trammg time)
atic disposuble supplies. Office spirometers will cost
< $800 and require even less testing time than diag-

reducing the value ol

nostic spirometers. Adding a [i[‘ﬁ[-h[U]".lLl]UL‘hL‘ltur spi-
rometry test for asthim ddd% about 15 min to the test
time (but is not needed for COPD ev: Unations ).

Spirometry Seafetyy

Any medical test has both tangible and intangible
costs. Adverse effects may oceur (1) due to the
[]l'[')t‘t—‘t_hﬂ"{" itsell, (2] due to the mvestigation ol
abnormal results. or (3) due to the treatment of
detected abnormalities or diseases. ¥ There are no
adverse side effects from spirometry testing. other
than oceasional minor discomfort. However, investi-
gation and confirmation of abnormal spirometry
results in sone patients will cost both time and
money and may resolt in psychological and social
harm in some patients. The cost of diagnostic spi-
rometry to confirm airflow obstruction when per-
formed in a hospital-based pulmonary funetion (PF)
Mht}mlnﬂ ranges from $20 to $60. The estimated
fravel tme, waiting tme, and imLmL time spent by
the patient ranges [rom 1 to 3 L. The possible
psvehological impact of being labeled as “ill” by self
and others related to false-positive or even true-
positive test results could lead to alterations in
litestvle and work and to secking medical attention.
Another potential adverse effect is thig unmensured
risk ol reinforeing the smoking habit in some ol the
[our of Hve adalt stmokers who are told that they have
normal results for spirometrv testing. However, the
clinician should counteraet this pnmlnhh& v taking
the opportunity to tell the patient that normal results
for sprrometry testing do not mean that the Imtli*m
high risk of dving [rom a heart attack, lung cancer, or
other smoking-related diseases is substantially re-
duced: theretore. smoking cessation remains vers
nnportant. -

Finally, the risk of an adverse effect cansed hy the
intervention for COPD (smoking cessation) is very
sriall, The side effects ol over-the-counter nicotine
replacement are minimal. Successtul smoking cessa-
tion leads to a smull average merease in body
weight ™ but the slight inerease in medical risk from

Table 2—The Number of Men and Women Eligible for Spirometry Testing in the United States and the Prevalence
of Low Lung Function. as Estimated From the NHANES [ Study

Noo ol Persans Eligible in US

Provalence of Low Lame Funelion, %

1'-.r'|i11||5:1lin]r I Jata Men

T HEI0000
770000
2 RE0 O

Stnokors, e A5+ v
,':ﬂ'rn['.nrrmu;mq-
-'H\'Hlplmn.slic-

19,000,400
T3 AN AH)
GON0.000

Symiptomatic, wges 23 vroand older
Noever and former stnokiers
Courrent smokers, age 2544 vr

WWoostnon AR W
G.GTO.000 149.0 2494
A TOEL 251 2.0
2 SH0000) 5.9 H.-—I
25200000 1.1 7.2
RERER SRR 12,3 Tt
G 2000 000 4.6 30
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minor weight gain is far exceeded by the benetits due
to reduced morbidity and mortality and the eco-
nomic savings in cigarette and cleaning costs.

The Action Plan

Even when test quality seems good, diagnostic
spirometry is highly re mmrmndm[h: conlirm abnor-
il HH]Lt—’ npunrm_.tt} hmlm;zs pm_n fo !llll’l.:ltlll:}__) Al
EXPCNSIVE u-'m'!mp or an intervention with negative
economic conseguences (such as a recommendation
to change jobs or to preseribe a medication).

The kev foens ol the NLLHEP program is preven-
tion and carly intervention. Validated abnormal test
restlts in u smoker shonld lead to a more detailed
|litit'm'} aned examination lor i}lllmnmuy diseuse and
cardiovascular risk factors (including hypertension,
t[i:l]mtr mellitus, obesitv.  hvpercholesterolemia,
ete). Consideration should be g given to the presence
ol lm]mmmn diseases other than COPD, including
asthma. restrictive Jong and chest wall nhsmsvm
nenromuscular diseases. and cardiae disease.

When airway obstruction is identitied i a smoker,
the primary intervention is smoking cessation, In the
event that a patient with airway obstruction contin-
wes o smoke ugaum 5. 8l |t+1mwc*.c| or increased
effort to assist with smoking cessation is essential,
Futire research m 1y determine that other interven-
tions. such as anti- ||||i'|dnnnhltr.uj.f therapy, are eflec-
tive in selected patients with airway obstruction.
Referral to a subspecialist for further diagnostic
testing should be considered in some patients, such
as those in whom bronchicetasis or other lung dis-
cuses are suspected. Pre- and l}mr!mnmhnd ator
L]hl}htl[}htlt spirometry is imdicated il asthma is sus-
1]{_"::[{_‘[].

Recommendation

Primary-care physicians should perform an olfice
spiromelry test in patients with respiratory svinp-
tons such as chironie L*mlg_{h, sputin pr{'u:lm*ti{m,
whﬁf'.f.ing. (1 (]}-‘5{111{*:-1 on exertion in order to detect
asthima or COPD.

Rationale: Analvses of data from a population
sample of 25- to To-vear-old white men in Tueson.
AZ, found that spirometry abnormality rates in-
creased in those who reported respiratory symptonis,
alter excluding those who reported a physician diag-
nosis o asthmea. chronic bronchitis, or asthma®™
Abnormal spirometry was defined as an FEV, below
the LLN, using the reference equations from the
f-.[nl;ij.' h}' Crapo el al " whieh I‘E"l'}ll'_}l'tt’._’f{l spirometry
reference valnes very similar to the NITANES 111
values. The comparison subjects, never smokers
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uﬂ]mnt respiratory symptoms, had a 3.8% spirome-

abnormality rate, while asymptomatic tormer
‘-.ll‘l{ﬂ{[-‘l’-? and current smokers had abnormality rates
ol 9.2% and 11%. respectively. Former smokers and
current smokers with any ol three respiratory svimp-
toms (chronic cough and sputum, dyspnea walking
on level ground, or attacks of dyspnea with wheez-
ing) had abnormality rates of 25.6% and 14.1%,
respectivelv. These .:Lhnmnmlin rates. and those
from NIIANES 111 (Tables 1, 2), demonstrate that
the presence ol respiratory symptoms in a [ormer or
current cigarette smoker substantially increases their
pretest p:{}lmlnhh (risk) ol having airflow obstrie-
tion (low lung [unthnn or COPD.

The National Health Interview Survey (conduncted
from 1993 to 1995) estimated that 4 million adults
(4.5% of those aged 35 to 65 vears) have asthma (by
sell-report) and that 630,000 emergency department
visits for asthma ocenr each vear in this age group.”?
A survev ol 39 primary-care practices with 14,000
patients in Wisconsin reported an asthma prevalence
of 6.2% in adults (= 20 years old). hall of whom
H‘]}{Jl‘h"‘ d adult onset of the disease.®® An additional

3.3% of the patients withont a diagnosis of asthma
tLpHTft‘*{l attacks ol wheezing with dyvspnea during
the previous vear, suggesting, along with other
investigations.  that asthma s underdiagnosed
in adults.’™ Spirometry is recommended by current
clinical gnidelines for patients with mnptmm tliat
suggest d,.stlmm in order to help confirm the diagnosis.™

Becommenelation

Primary-care physicians may perform an office
spirometry test for patients who desire a global
health assessment (risk assessment).

Rationale: IJHHT funetion luatm}_j IS NIOW recog-
nized as a measure of global health, predicting
all-canse mortality and mmhuhh in adults 559597 [y
addition. lung Fanetion test results and changes in
lung function over time have been shown to identity
[mha:nta at high risk for lung cancer®=H an
increased visk for coronary artery disease ®® conges-
tive heart [ailore ™ stroke and other heart and blood
vessel disaeses ' and altered mental tunetion in
later vears of lile 1" Farly identitication and recog-
nition of increased glabal Tealth risks also may allow
for evaluation and 1{)1 prev ention and early interven-
tion in other risk areas appropriate to each of these
nonpulmonary disease categories. Office spirometry
also may identify patients with subclinical asthma or
restrictive lung processes in both adults and chil-
dren, leading to the institution of appropriate eyl -
ations and treatments. Although prophvlactic inter-
ventions such as vaceination are recommended for
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patients with respiratory illnesses. only a small per-
centage of them receive influenza and pneumocoecal
vaccines.'"?  In adults. early intervention following
early identification of th function abnormalities
can lead to im proved mmlﬂng cessation, lo occupa-
tional, avocational, or environmental changes, and to
increased awarencss and attention to cancer. cardiae,
and other nonpulmonary health issues associated

with abnormal lung function. Early identification of

1111'1_;{ function abnormalities in ]'{-?Tilﬁ“‘-.-'{;‘.l}-' asvmploim-
atic patients mav pr{_nﬁd{' “teachable moments™ or
specified times lor a given patient when there is an
increased awareness and response to medieal educa-
tion and mtervention. Such moments iy lead to an
increased responsiveness to *m'u:ﬂdm_] cessation and to
enhanced opportunities tor other preventive thera-
pies or moditication of identifiable risk factors,

Why Not Use Peak Flow?

Assuming that haing function testing ol selected
individnals is a uwiul part of llFillH. care, it is
essential that the test chosen is the best available.
First. it must be able to detect mild disease, Al-
though many lnng funetion tests are available, pre-
vions studies examining the value ol these tests have
shown that most of them are unacceptable or inef-
[eetive as tools [or the early detection of COPD. 1920
The exceptions are peak expiratory flow (PEF) and
spirometry. PEF measurements are recommended
for asthma management by current clinical practice
guidelines, but spirometry is recommended to help
make the diagnosis of asthma 9 Likewise, we do not
recommencd the use of PEF to evaluate patients for
COPD. The advantages of PEF tests are the [ollow-
ing: measurements within a minute (three short
blows) using simple, sale, hand-held devices that,
typically, cost < $20. On the other hand, the disad-
vantages of using PEF when conipared to spirometry
are as follows: PEF is relatively insensitive to ob-
struction of the small airways (mild or early obstrue-
tion!; PEF is verv (lt*penclent on patient etfort: PEF
lias about twice the inter- and intrasubject varia-
bility 1% and mechanical PEF meters are much less
accurate than sprrometers. 153

Tracking Changes in Lung Function

Tracking of limg function over time has potential
advantages over a single test.’™ However. there are
no published data demonstrating that when the
results of the first spirometry test are normal in a
high-risk patient the measnrement of annual changes
in lung (metion (tracking) in the primary-care set-
ting is better than simply repeating office spirometry
al 3- to S-vear intervals, which we recommend,

In oceupational medicine. diagnostic-quality spi-

rometry tests olten are performed regularly for the
surveillance of emplovees at high risk. 104105 A nnual
lests increase the likelihood of df:tuumg changes in
liung function earlier when compared to less frequent
testing intervals. Inlrequent testing (eg, every D
vears) may delay identification of lung function
;ﬂnunmallh reducing the benefits of identilication.
prevention, and earlv intervention in lung disease.
However. when TE-‘HhTIU is performed more !!l—f{lu—‘llﬂ‘i
and when a less- Hhm optimal spirometry quality-
assurance program is usec. the [alse-positive rate in-
creases, Office spirometry may be indicated for
patients who report workplace exposures to chemicals.
clusts. or fumes that are known to cause lung disease:;
however, a discussion ol testing for oceupational ling
disease is bevond the scope of this document.

TECHNICAL REQUIREMENTS FOR OFFICE
SPIROMETERS

Recommenclation

A new category of 5p1mmuiun ottice almr.muitmx
should be available for use in the primary-care
setting. Each new model must successtully pass a
validation study (see Appendix 1),

Rationale: Traditionally, spirometry has been used
as o diagnostic test, with the usefulness and acenracy
of spirometry measurements depending on both the
equipment and proper test performance. Although
simple to leam. spivometry is an ellort-dependent
test that requires a4 cooperative patient and i traned
person capable of administering the test. Specific
recomimendations have been developed by the ATS
and other professional organizations to ensure aceu-
rate and reproducible measurements when using
diagnostic *:Firnnn;*tm*% 0G00Iy many cases, a
diagnostic apnmm*tr:i that meets ATS standards will
be the prelerred choice for a hospital. outpatient
clinic. or doctor’s office since it permits diagnostic
and follow-up testing (tracking) of lung function.
Currently available Llhl“]"lﬂbil[? spirometers also may
be used in the primary-care setting to evaluate
smokers [or COPD. However. some characteristics
of diagnostic spirometers create a barrier to their
widespread use for this purpose. Advantages of the
newly proposed category of office spirometers for
this purpose include lower instrument cost, smaller

size. less elfort to pe riform the test. hnprmr'ml ease ol

calibration checks. and an improved quality-assur-
ance program. Office spirometers should not be
ntilized for diagnostic testing, surveillance for occn-
pational lung discase, {lhdﬂl]h evaluations. or re-
search purposes.

Current ATS recommendations tor diagnostic spi-
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rometry! st he tollowed lor ollice spirometry,
except for the lollowing seven factors.

1. Office Spirometers Must Only Report Values for
FEV,. FEV,, and the FEV /FEV, Ratio

The reported FEV, and FEV, values should be
rounded to the nearest 0.1 L and the percent
predicted as an integer (for mstance, 72%); and the
FEV /FEV, ratio should be calenlated as a fraction
with onlv two decimal places (for instance, 0.63). An
indication should be made next to the reported value
{an asterisk for instance) when the patient’s values
fall below the LIN range for the variable. The
false-positive rate inereases when additional vari-
ables (for instance, the midespiratory phase ol Toreed
expiratory flow! are nsed to define abnormality, 10

Rationale: Hpmmwm is a simple test that mea-
sires the volume of air expelled from fully inflated
lungs as « funetion tnm&-”' Following inspiration to
a maximal mg volume, the patient is instructed to
exhale as fast and hard as possible. Many lung
funetion indexes mav be derived from spirometry;
however, the most valiable indexes are the total
volume of exhaled air and the FEV,

2, The ATS End-of-Test Criteria Should Be
Muodified for Office Spirometiy

Rationale: The measurement of FVC should be
replaced by that ol FEV. so that each manenver
need last for onlv 6 s. The advantages ol using FEV,

for ollice spirometry are the following: (1}it is easier

for the patient and the technician when maneuvers
last only 6 s: (2} technical problems with flow sensors
related to acenrately measuring very low [lows over
several seconds of time (resolution and zero drilt) are
minimized: (3} the FEV, is more reproducible than
the FVC in patients with AWV obstruction: (4)
using the FEV, reduces the overall time to perform

a test: and (3) shorter maneuvers rednce the risk of

SYIICODE, th- IV, has long been proposed as a
surrovate measurement for FVC2: however, refer-

ence values for FEV. and the FEV /FEV, ratio have

onlv JLLUHH\. become available.2™ The mlidii‘}- ol

using FEV. as a sirrogate for FVC is now being
nllh]ﬁlml J*m example, umpubl ﬁhc*{l data from the
LIS suggest that the FEV /FEV, ratio is as u:md as
the FEV/FVC ratio in |1J{'[l]{_|.1IIL the decline |

FIEV, over the subsequent 5 vears in adult \nmL{ TS,
Some healthy children and some VOTIY racults cmpty
their lungs before 6 s has L.Ll,p:n{:fl: in those cases.
their FVC and FEV, values should be considered
cquivalent i their end-of-test volume is not too high
(sugeesting that their FEV, has been underestimated).
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3. Airway Obstruction Will Be Interpreted When
the FEV /FEV,. Ratio and the FEV | Percent
Predicted Are Both Below Their 1INy

The FEN ]}E*]H"]"JJL plL‘d]Lt{‘*d RRFEAY nphmhﬂ]ﬁ. he nsed
to Ldf{"f{mﬁ* the severitv of the :l!JTHH"]'IhlIIh (Table 3).
Ri‘["ﬂlll 'V, as a percent of predicted to PcltlL‘llt‘-. This
is “the number” the patient should remember.

Rationale; The ATS recommends that the FEV,/
FVC ratio be nsed to diagnose airways obstruc-
tion. 3106 The FEV /FILV,, ratio is a good surrogate
lor the FEV/FVC ratio (see *Lhtﬂ{-'n. The LLN is
now well defined for all ages of Alvican Americans,
Hispanic Americans, and whites, with 4 mean of
about 73%. ranging from 70 to 76% depending on
age, gender. and race.?7

This recommendation for using the FEV /FEV,
ratio with office spirometers should not discourage
clinicians [rom continuing to use an older diagnostic-
quality spirometer that reports the FEV,/FVC ratio
and its LLN, but not the FEV/FEV, ratio. TTow-
ever. the FVC is defined as the maximum amount ol
air that the patient can exhale, and most adult
patients can exhale more air after 6 s. Therefore,
when nsing . aditional reference equations and an
interpretation of airvays obstruction hased on the
FEV/FVC ratio, airway obstruction may be missed
(1 false-negative result) if the patient is not coached
to exhale completelv (usually = 10 s).

In patients with COPD. the FEV, percent pre-
dicted is directly proportional their quality of lite and
ability to perform exercise. ' Clinicians and patients
understand the semiquantitative terms mild, moder-
ate, and severe better than percent predicted when
disenssing the relative severity ol diseases. A stronger
admonition and the patient’s adherence to the rec-
ommended intervention mav be more likely when
the abnormality is reported as moderate or severe.

Table 3—Interpretation of Office Spirometry Results

_ First ensure that test guality is good (see Table 41

Use the NHANES I reference values to caleolate predicted
vilies and LENS Tor the FEV,, FEV,, and FEV /FEV, ratio
(this should be done autonatically by the spirometer].

31 the FEVFEY, ratio and the FEV, are both below the LN
i test with mood quality, aimvios olstriction is present.

9 = |

Report the FEV, percent pradicted to the patient, Optionally.
the sevierity of the obstruction mway he graded using the FEV, %
predicted as tollows:

FEV, LLN to 60% predieted FEV, = mild obstroction

J6) ey 3B lﬁrr':iir_'tml Y = mmoderate olstretion

< )% ]:uri-tli:-tn{’[ FEV; =severe obstruction

4 I FEV/FEY, mtio is above the LLN buat the FEV; is helow

the LTN. the patient has a low vital capacity, perhiaps due to
restriction ol lung vohones.
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Also, when the abnormality is moderate or severe,
the likelihood that the test result is falsely positive is
mich lower than when the abnormalitv is mild. Tlu
severity categorv cut-points qmmua{vd in Table
(40% and 60%) correspond mmj Iv to z scores -:*:I 2
and 3 in the distribution of the percent predicted for
FEV, in patients with COPD and are in widespread
clinieal nse. 06

L. Automated Maneuver Acoeptability and
Reproducibility Messages Must Be Displayed and
Reported

Rationale: Many performance standards essential
to reliable spirometry measurements! already have
been antomated and included within spirometry de-
vices to teduce the likelihood ol poor-gquality  test
results, I Additional built-in performance checks
are necessary for oflice spirometers that do not clisplay
or print Hl.}llﬁll”l‘a'_lﬂl% or How-volume curves. which the
teehmician or physician can review tor acceptability and
reproducibility of the maneuvers, Table 4 lists quality
control (QC) eriteria that must be monitored EJI{-‘Lt]UI‘.I.—
ically along with recommended messages to be dis-
plin wed when these manenver quality errors are de-
tected. These thresholds were desiened so that = 90%
of adult patients (even the elderhy) can pass all the QC
checks within five manenvers if coached by a technician
who has good training, motivation, and experience.
Devices should present the numerie spirometry resnlts
and fnterpretations only it all manenver QO eriteria are
met. While we believe that these electronie quality
checks will reasonably ensure good-guality tests. stud-
ies are necessary to validate their performance in
privary-care settings. |

5. Displays and Printowts of Spirograms and Flow-
Volume Curves Will Be Optional for Office
Spirometers

Rationale: Standards for diagnostic spirometry re-
(uire that graphs of the manenvers be produced so
that technicians who perform the tests, physicians
who interprot the results, and those whao later review
the test reports may recognize problems with ma-
neuver quality. The graphs also assist physicians in

the recosnition ol tl]i* characteristic patterns of

different types of abnormalities, such as generalized
ATTWRYS obstruction, restriction of hmtrw.rinmm and
the rare upper airways obstruction, ' 115 However, a
graphic display or a printer usually inereases the size,
cost, and H}lltlﬂr{-“ﬂf‘v of Hl)l]ﬂlllf'l'{ rs, reducing their
widespread acceptability in the primary-care selling.
It is also likely that many technicians and physicians
will not learn to recognize the patterns of unaccept-
able spirometry maneuvers and that many physicians
will ot recognize the patterns of .:Lhn{:-lnmhh* We

Table 4 —Recommended Automaied Maneurver QC
Checks, Messages. and Grades*®

Messazes
I the BEV is = 150 mL. display “don’t hesitate”
I the PEFT is = 120 ms, display “Dlast out Taster”
I the FET is << 6.0 s and EOTV was = 100 ml., display “hlow
ot longer”
LI the PEF values do not matels within 1.0 Lis, display “blast ot
harder”
L the FEV,; valwes do not mateh within 150 mL, display “deepor
Direath”
Only ane crror message is {]IEH;'IILI.}I'll (o the order of prority
listedl above!
After 2 acceptable manewvers that matels, the message i good
Lest sesston
CHC wricdes)
A = at least 2 acceptable maneuvers
with the Taraest bao '|‘1I"‘-r"] values mateline within 100 il
aniel the Turgest bvo FEV, values mateling better tan 100 il
B = at least 2 aeceptable maneuvers
with FEV, vahues wtehing betsvoen 1001 and 150 L
€ = at least 2 aceeptable maneuvers
with FEY | vabies watehing bhetween 1531 and 200 mlL
D= r:ullx-' o acceptable mancwver, or morve than one, bul the
FEV, values watclh = 200 ml (with no interpretation )
F' = ng aceeptable mancivers dwith no interpretation)

*HBEN = back r.‘-:lnq_ml:m'd volinme: EOTV = end-ol-lest  volume
Lealenlatod as the change in exhaled volwne during the last 0.3 s of
Lhes tnanenvir),

tA laree EOTY mdicates that o volume-time platean was not
abtained. so that the FEV, was 1‘|Tr:|h.'LhE_\' imderestimated. The
appropriate PEFT and EOTV thresholds depend on several el
acteristics of the spirometer. such as Frequencey respouse. sanpling
tatees, et Bltering of the Oow signal, Forinstance, for o given model
ol olfice spivoweter; the PEFT threshold of 1200 ms may be chianged
il based on the 95th pereentite of PEFT lrom studies in which
expericnecd technicians test = 200 adults, The 95th perveentile of
PEFT for school-age childven and adolescents is abont 160 ms.

1A QU arude. which indicates the degree of conlidence in the results.
should be ealendated. displaved, and reported along witl the
neric results and the imterpretation., |

believe that antomated-manenver QC checks and
messages are generally more reliable now lor quality-
assurance purposes than are programs to teach Jret-
tern recognition of spirometry gm_phm :thlmugh 1o
published studies demonstrate this.

6. Office Spirometers Must Be Sold With Easiy-to-
Unielerstaned Ecducational Materials

These educational materials should include proce-
dure mannals. andiovisual instructional aids (such as
a videotape or multimedia CD ROM). and patient
handouts that deseribe the potential risks and bene-
fits of NLHEP spirometry, interpretation of the
results. and lHmitations of the test.

Rationale: 1t is unlikely that many primary-care
physicians will spend the time and money necessary
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to send their teclmician or nurse to a 2-day spirom-
etrv training course, 16 Fmphasis in training materi-
als must be pl wed on ellective interactions h[—‘twvmﬂ
the technician and the patient when performing
spirometry tests (Table 5). In order to minimize the
number of breathing maneuvers needed to obtain a
tfm}t|—:|1mllh test session. lechnicians alwavs must
demonstrate the correct maneuver thifnmfhu he-
fore instructing patients to perform them. The tech-
nician must then enthusiastically coach and watch
the patient throughout the three phases of each
(1) maximal inhalation. (2) blast out
quicklv, and (3} eontinue exhalation tor 6 s. Most
manenver errors are easily recognized by watching
the patient. When the technician or the anton: lf{-‘{l
spitometer maneuver QC checks detect poor-guality
manenvers, the technician must tell the patient what
went wrong and again demonstrate how to perform
the mancuver comectly. Aller eight manenvers are
performed and the test session is ol poor guality, the
Ltest should be rescheduled for a later date.

Imaenver:

7. Simple Inexpensive Solutions Should Be
Developed to Replace the Daily Use of 3-L
Calibration Syringes to Check the Aceuracy of
ﬂﬁ!rt Spirometers

Rationale: One-liter calibration SYTinges may STET
effective as 3-1. syringes, and they wre smaller and
It is ulso prmﬂmlv that precisely
mannbactured lﬂLlhtIL (Mylar; 3M Corp: St Paul,
MN} bags could be used to check volume aceuracy
on a daily basis, TTowever, nntil alternative cahibra-
tion methods are proven to check spirometer cali-
bration ellectively, the use of calibrated 3-L syringes
on a regular basis is necessary. 1l a calibration syringe
is not available in a primary-care setting. calibration
checks nsing a standard 3.00-1. ¢ ﬂlhmtmn syTinge
may be performed at regular intervals by a lnm]
[Ehlﬁ_ﬁllihllt' PF laboratory at minimal cost. A proper
nterval canmot be arbitr arily set for all spirometers,
Manulactirers should validate the aeceptable cali-
bration interval specified for their office spirometers
that ensures that thev remain accurate when used as
directed in the primary-care setting. Third-party
lesting of the hetween-sensor (within-bateh) accu-
racy ol single-nse flow sensors should be established.

Perindic testing ol a biological control also shonld

]L‘.‘*’.."-; E'Z??L]][?]lhl"u. G

Table 5—Spirometry Steps

I, Measnre standing height in stocking leel

2. Record age, monder. height, and ethoiein

3 l.uxplmn and demenstrate the correel maneaver

4. Clomeh and wateh the patient ]’]l."l'ﬁ'n‘lll eae ] e TIveT

5. Repeat until 2 aceeptuble and matehing manewvers are phtained
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be used to check the long-term perlormance of
office spirometers. The individuals chosen as biolog-
ical control subjects must be = 25 vears old and
must not have an obstructive lung disease. Their
FEV, and FEV,, lirst must be measured on 10 days.
and the average values and ranges must be calen-
lated. The range of measurements for FEV, and
FEV,; (largest mins smallest) should not exceed
10% ol the average value. otherwise a dilferent
hiological control subject should be chosen. Tt dis-
posable flow sensors are used. the biological control
subject may reuse a single-flow sensor, and it should
he stored with the subjecet’s name on it. The biolog-
ical control Hllijljﬁf;.'t then should be tested on each
day that patients are tested. Il the control subject’s
measured FEV, or FEV, is = 10% [rom the average
value, the test should be repeated. II' the FEV,
remains “out of hounds,” even after replacing or
cleaning the sensor. the device should not be used on
patients umtil repaired,

The FEV, and FEN, Must Be Corrected to BTPS
Conditions

The device should sense the temperature anto-
matically il necessary for acenrate body temperature.
ambient temperature, and  saturation with water
vapor (BTPS) corrections. The technician should not
be asked to enter the temperature.

Rationale: The measurement ol ambient or spi-
rometer temperature and barometric pressure may
not be needed for some spirometers i which the
desien allows the use of a fixed BTPS correction
factor 117 Errors in measuring FEV, and FEV,, must
remain < 3% (according to BTPS testing methods
recommended by the ATS). Manufacturers must
specify the range of ambient temperatures and alti-
tudes in which Hw results remain accurate.

The Current ATS Beconmmendations Hagmrhnff
Meastires to Avold Cross-Contemination Should Be
Followed by Those Using Office Spirometers

Staff performing spirometry tests must be in-
structed to wash their hands belore and atter assist-
mg each patient with the test, 1 patients are :_m]}-
exhaling through the devices. proper use ol dispos-
able mouthpieces is all that is needed to minimize
the risk of the transmission of infections. In partic-
nlar, disposable in-line filters are not mandated. 15116
All devices should be inspected and kept clean to
meet ffnﬂd ||'~.«':=flf:*mi standards., Devices with com-
pletely {{l'ipﬂ‘ulbh_‘ low sensors or with mouthpieces
that have one-way valves should be used if testing is
to be I][‘l]{}II[‘.lFLl in [mlu:nt% TILL‘I to inhale hlfmgh
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the mouthpiece. Manufacturers should give explicit
instruetions  about lemming ltﬁthl'liqlms and  fre-
(queney &1 t:]t"cuting.

A New Billing Code Should Be Created for Office
Spirometry Tests

Rationale: Charges should be kept as low as possible
but should at ll'.'!'r,l'::t cover the real costs of the test. It
SCETT1S in'tpr‘miﬂlt ke {:h.';u‘;a_;tl Imtit*n’rs Or fllil‘t_l—pau'l.}-'
imsurers for {_IiaLpJH_}.*_-st'itanmﬂit}? spirometry tests when
office spirometry tests are performed, since office
spirometry tests will require less expensive instruments,
less techmician time, and less training to interpret,

Further Reserreh

There is insullicient published evidence related to
many of the technical and procedural issues associ-
ated with the above recommendations for office
spirometry. More detailed information is needed
about the following issues: levels of training required
to obtain tesules of acceptable quality: levels of
inaceuracy and imprecision: reliability: durability;
and the necessary [requency and type of calibration
checks (see Appendix 1). Outcomes to be uassessed
include sensitivity of detection, frequency of false-
positive test results. and the overall nﬂpdu on patient
care, guality of life, and cost-benelit analyses. These
issues should be examined hoth for pu]mun:m clis-
cases and as a part ol total health care. Additional
ATCRS 1£¢'|1IillTl=T rescarch include the role of office
spirometry in lower risk individuals (ie, nonsmokers,
tormer smokers, and those without respivatory symp-
toms) and the prospective utility ol olfice spirometry
in the intervention and management ol global dis-
cuse processes. Research in ﬂlt“\f‘ areas is strongly
enconraged in order to validate and tmprove the
above recommendations.

APPENDIN 1¢ OFFICE SPIROMETER VALIDATION
STUDIES

Baekoround

The NEHEP recommends the widespread use ol spivometry
by PCPs for detecting COPD in adult sinokers and deseribes a
new tvpe ol spirometer for this purpose: the office spirometer.
The value of spirometry tor aiding the diagnosis of COPD and
asthing, when performed by trained technicians nsing dinpnostic
spivomneters that meet curvent ATS recommendations, is widely
accepted. The aconracy and precision of diagnostic-queality spi-
roametry l'JL"'I']_E".II'lIH"{l in Lhe hnﬂ;pil;;ﬂ ' I}l]'.ti}!'i-'lll'ill"'-. I'IIIITI'H'HI LTy
research elinie. and oce upational clinic settings l'r"-.' teclinicians
W h‘i‘ are braime [] l]]‘.E ]J e {W'.'ﬁ‘lldlﬂ-’l] ﬂ!"‘ i":]’“ e I IH 1f{!r‘r|m1:;_.
spirormetry lave been stacied by many investigators and found to
be aceeptable [or the purpeses ol detecting airwavs obstruetion in
individuals o Tor detecting abnormal declines in FEV, in
aroups ol adults. However, the lirst prospective study of = 1000

spirometry tests perlormed by nurses in the outpatient elivies of
S 1:1]1r||:uml~. selected primarv-care plivsicians in New Zealand
fonmid that less than one third of the test sessions ineluded at least
twor aceeptable maneuvers, '™ About one third ol the maneuvers
had a “slow start”™ (peak expiratory low time [PEFT], > 85 s [a
substantially stricter eriterion than those in the NLITEP docn-
ment ) About two thivds ol the maneovers lasted for < 6 s
Horewd e spiratory time [FET], < 6 s, and visial inspection of the
volume-tine curves suggreste il that mast ol these shori-duration
mnenvers unde wstm]dtr ol the FVC (did not achieve an end-of-
Lesd [ﬂ;-lt'f:".-tm. On the 11{}.'4!'[1'-.;1- side, alter -Lt{[r*llr:]mg a 2L H[‘nrrnn—
elry traiming workshop, mses were much more likelv to obtain
acceptable test sessions. These results confirm the necessity for
cuch new office bzpirrnm*trj.' .‘-i:-;’!‘«:lt’-‘]'ll. to luave a “real-world ™ valida-
Hon study before it is marketed.

Several lactors, other than instriment accuracy, are known to
inflience the real-world HOCTITREY arnd '] lL*ut;:hHit_'-_.' {_'pil‘jl'ﬁt'nilu-‘l' IV
tests. These lactors include the lollowing: the technician’s tram
g, experience, number of tests [}!‘J'{'"{':Ii'T.Ilt't] per month, motiva
tion, motivational skills, and patience: the paticnt’s coordination,
coopeTation, strength, endurance, and motivation: mancover and
test session quality {eedback (to the technician and patient): the
traiming materials that accompany the spirometer; the tvpe and
frequency of calibration checks and actions taken to remedy
efiipimen and sensor E':lr'uf'ﬂmn.'-:; tHie testing casaronment (space,
lighting. noise, time constraints, and other stressors): and changes
in these [uctors over the time period of measurement (eg,
differing technicians. apdated softwire, new How sensors, el ),

(ronls

The goal of an ofhice spirometer validation !-:lLlL]}' is Lo compare
H e spirameter’s sereening anel traclking performance in adult
palients i the PCP setting with that of diagnostic spirometers
used by trained techmicians, The following studv protoenl s
disione d to apply to unv model of r:ﬂJ{i.J spirometer. It s
designed to be 1]("1'1“11“]1‘[1 in o reasonthle amonnt of Hime (6
months) and with reasonable resonrces (< $50.000 if 4 price of
<520 per test is negotiated with the PF lal aritory), I arder to
minimize poststudy eriticism, the linits ol ace pmhh piteones
have bheen [".Il'i”tl[!“"I‘iHiﬂ{'tl- The manutacturer or distributor of all
ollice Spiroreters that elaim to mest NLLHEP s citications must
conduet this study for that model and include the published
results ol the Hlmlj. with each office ~ﬁ]'.llelt:.tL‘l soldd,

Methods

A study eoordinator with experience in elinieal trials, without a
contlict of interest (such as one that an emplovee of the office
spiroaneter nrmafacturer or distributor wounld have), shall e
selected. Exactly the same instrament, sensors, manuals, calibira-
tion tools, accessories. and training materials that wre sold (or
provided | commereially as the spirometry system shall e used i
the validation study, The same amount of in-service training with
the same tvpe ol !']l'."'lhﬂEl]lHl shall be used during the study that
will be used [or wetoal commercial training (for fustance, 43 i
with a local distributor]. The setting, st AfT and paticnts will he
selecied Lo optimize the 'T{'Tli‘l.lllr”dlilllh of the results to the real
world, A single, representative s .1|||p|[ of the office spirometer
shiall first undergo (and pass) independent testing for FEV,| and
FEV, necuracy und reproducibility, which will be performed by a
third party using current ATS recommendations' and a spivon-
ety wavetonn generator, including lour wavelorms penerated
nsing. BTPS conditions (bady temperature humidified air). All
disposable How sensors used [or testing shall be saved ina plastic
bag, lubeled with the date and patient identification numhe o, and
sent to the stndv coordinator at the end of the study,
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Recruitment of POPs

Thirty PCPs shall be recruited from advertisements offering “u
[ree spirometer dned 6 months of spiroinetry H]li'}]'lli[*."-l_" Al Tesist
bwo vegions of the Unitedd States shall be represented. AL least
five I'CPs ceither medical doctors or doctors of esteopathy) shall
he selected [rom each of the I'nlhm-'lug r-'.[i{-'ciithil;-'t-:: lh:r]i]} practice,
senerul mtermal medicine, and general snrgery, Allérgists and
|_m]||:m|'r1r_'~ ﬁ[]:'i.‘izlii.‘ith shiall b l.'“':t‘lltl'.l{"l.’l Stall whi re Tt Flyat
thev have personally performed 100 spirometry tests during
the provious 5 vears shall be r".{hulﬂl PCPs whe have nsed
spivoeter i their olfice during the previons vear shall be
exclided. Fach PCP wnst agree to perform spirometry lesting
[or al least 20 adult patients per month tan average of one patient
per weekda) for 6 months, The altitude of cach office {within
00 {eet) shall be recorded,

Recrudtiment of Patients

Inclusion eriteria are conseeative outpatients. aged 45 to 55
VAL, who are correnl cicarette siokors or w]m r;llil Hlllr!kilig
diing the previous vear, Patients with asthma faccording to
sel e [mﬂ gr the me I.!II.  record | | and those I:nub.:trlhlt noted to
have a signilicant response to inhaled bronchodilators {FEV in-

r

eresses, = 129 ] = 0.2 1) shadl be exeluded fron the stucdy, sinee
their FEV, vilines hve inhierently hile short-term varability.

J'i'uf.!'ma'-ul,u Twstitne

At least one patient per week shall be asked by pach PCP o
returm fo their elinie within | menth lor repeat sparotnetny
testing, A contract shall be made with o loead hospital-based PF
laboratory to perlorm follow-up diagnostic spirometry lineluding
printed volmiestime and low-volume curves, but without a
phvsician interprotation! on g subset ol shudy patients, All
patients with ubmormal H]‘.I!HJ]HE‘H"-. test results shall be schednled
to perform diagnostic spirometry testing wt o local hospital-hased
PR Taboratory within 2 woeks of the sereening hlJi!'tJHlLff'F}' [isl.
The cost ol the diagnostie testing, and a $20 reimbursenient [or
cach paticnt. shall he paid for by the stidy, The PF lab shull send
a copy of the results to tie Hrml\, courdinator, The results ol the
follow-np spirometry tests shall not be sent to the PCP until the
Cned ol e *-.tlul_u.

Mewsrenients

The [owe-tern acenricy ol a random .*~417|1111v ol five ol the st lv
spivoreters shall be measared by thivd party nsing a wavelorm
cenerator al the beginning and at the end of the G=maonth study.
A random sample of five used Tow sensors shall be obtained for
the long-tern acenracy testing at the end of the stucly.

Thi tll;‘]!li]'.-_-','l":t‘l':l['tif.;.'-i af all pratients lested shall be deteriined
anel stored Tor analvsis, The demographics must include @ unigue
paticnt identification number, age. gender, height, weight, race.
stnoking status. asthina status, date, and technician identification
punbier, The following parameters shall be stored digitally Tor all
lor the best threel spirometry maneuvers: FEV,, FEV, Frack
extrapolation volue, PEFT, PEF, FET, sequence number, andd
the 50-point low-volnme curve (the average How during each 2%
seament of the FEV L This may require modifications to the
affice spirometers usetl in the stndy (wlien i*tﬂn[.mr:"t] o thiose
Hiat will be sald L!nn||m_-a'[_'1'.'1|]}'.'. These modifications should be
desivned (o minimize technician interaction with the Tt"i"i]l'l'.lll]'!:r'__{
device, A written log shall be kept by the office stall ol any
]:urt}|':ltrm_‘~; with the H]Z}irml et any calibration chiccks T‘u.-*rfrn‘nu*tl-
Ay preventalive ainteninee, el any repairs,

1158

Statistical Analysis

The atud‘..' coordimator shall determine the long-tenn ace DLy
of the thu '\ITITHTIH Ao mstrnments ‘w tnmp:mn-i_, tHie lhmhnr
and G-month FEV, and FEV, measurements from the “gold
standard™ wavelorm generator snd the records of repairs, up-
dlales, or |‘¢-=1'|h1n-~|m--m.\'. The tllll-lli[_“’v ol all spirometry fest sessions
(sereening, [ollow-up, and diagnostic) shall be graded by the
sty eoordhnator using the stored data wd the eriteria listed in
Table 4 ol this document. The vales, trends, and correlates of
umaceeptable-guality test sessions (QC grades, D or F) shall be
determined nsing logstic regression.

The Lalse- -ositive el False- -negative rates [ th-lw_tllw AWLYS
obstruction (alter allowing for 3% crror in the me: asured FEV i
FEN,, ratio) shall be determined by comparing the ollice spirgm-
ctry results with the valid [ollow-np diggnostic tests perlormed in
the PE laboratory. Results [rom the: dingnostic —ellm]itw spirormnetny
tosts that are determined hy the stady coordinator (using e
printed reports from the T lab) to be valid {QC grades: A or B)
are assumed Tor the purposes of this study 1o be the “gold
stundard.” Both the [alse-negative vate and the false-positive rate
shall be < 5% for the oflice spivomnetry system to be considered
aceeptable.

The value of ollice spirometry for “tracking” purposes shall
be determined by calenluting the short-term coeflicient o
repeatability of FEV, Tor the subset of patients who performed
repeat bests. .r"n:_'e_*t.'[*.ni:L]':]t? J'{.'[]P&tuhil]'t}' is for = 93% ol the
patients to have repeat FEV, values that wateh within 0.50 L.
Tl ]'JI't’"ihi.‘l't'I'Tﬁ o] poar 1‘(*}}14;1L;IE'JI].]L}? shall be determined 1:'_'@
lowristic regression,

APPENDIX 2

Participants in the NHLBIACCP Consensns Conference
CAuust 18, 1988 Chieqen, 1L

Williwn 15;1”-‘:}', M1, FOCCP; Gary Ferguson, MDD, FOC:
Michiae! Alberts, M) A Sonia Buist, MDY Paol 1o Foriglit MD-

John Haukinson, PLID; Millicent Higgins, MDD, honarary FCCP:

Deboral Share, MDD, FCCP: James Stoller. M1, FCCP; Brian

Catlin, MDD, FCCP; Ruy Masterver, RRT: Gregory Wagner, M1D:
David Mannino, MD; Cail "-"I.:']nuhum_ MD: Robert O, Cr apo,
MD, FCCP: Betting Hilman, MD. FCCP: John W. Georgitis.,
MD, FCCP: James Fink, M5, BRT: and Edward A. Oppen-
hehmer, MD, FCOP, ACCPE stall: Sydnev Parker, PhD; David
Eubanks. EdD. RRT: Marv Katherine Krause; and Barbi
Mathesius,

Participanls in i NHLBI-sponsored NLITEP Conference
Muareh 26, 1899: Bethesduw, MD)

Thomas Pethy, MD. Master FCCY tehatr): William Buihfj.'.
MDY, FCCP: Frank Bright. M1 Bartolome Celli, MD, FCCP,
Cathering Gordon, BN, MBA; A, Sonin Buist, MD: James
Cooper (HCFA)L Demnis Doherty, MD, FCCP; Panl Enriclit,
MDD Gary Ferguson, MD, FCCP; Millicent Higgins, MD,
honorry FCOP: Ray Masferrer, BT, Srechar Nair, MD: Louise
Nott: I-_',uriw.n‘c Hmz*mm MDD, FCCPE: Deborali Shure. MD, FCCT;
and Cregory Wagner, MDD NHLBI staff: Frederick Rolide:
Stzanne Hurd, Ph; Gregory Morosco. PhD:and [ Sri Bam, PhiD,

Members of the Spirometey Subeomnittee of NLHEP

Carv T. Fergnson (chair), MD, FCCP: William C. Bailey, MID.
FCOP; A Sonia Buist, SMD: Robert Crapo, M1, Tf“,{’.J‘: ]jt“lllli!-t
Daolierty, MD, FCCP; Paul Enright. MD; Millicent Higgins, MD.
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lonorary FCCE: Rayv Masterrer; Lonise Nett: "attphul Renmared,
MDD, FCCP: Thomas Petty, MD, Master FCOP; James Stoller,
MDD FCOP: and Gatl Weinnamm, MD,

Members of the Exeentive Conunittee of NLILEP

Thonrus Petly, MD, Master FCCP (el
MDD, FCCP: Joln B, Bass, Jr. (representing the American
tlt1][cjiiu-* Gf i}h}'HiL'idnH_": Crary: Ferguson, MDD, FCCP: Millieent
Higeins, MDD, honorary FCCP: Leonard D Hudson, MDY, FCCP
irepresenting the ATS ' Suzanne S, Hurd, P (representing the
NHLBI): Ray Maslerrer, RT (representing the American Asso-
ciation: ol Respiratory Carel: Sreedhar Nair, MDD Louise M.
Nett, RN, BIVT; Stephen Bennard, MDD, FCCP; Deborah Shure,
MDD, FCOP: ] Gail Weinrmanm, M1,

Willisn Bailew,

ACKNOWLEDRCGMENT: The authors thank Millicent Higgins
o thee University of
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Clonder for Thsease Control, 1:1[1 f.]t gory Witrnieer andd Kathleen
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collaboraled to provide new anadvses for this document from the
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