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ABSTRACT

Spirometric measurements of lung func-
tion are vital signs that unfortunately are
not as widely used as blood pressure or
cholesterol testing. Spirometp  is an un-
compiicated procedure that can easily be
incorporated by prim- care physicians
into routine physical examinations. espe-
cially now that simple handheid spirome-
ters suitable for all offices are available.
Abnormal spiromerric patterns can alert
physicians to patients’ additional risk  of
developing chronic lung disease and to
the need for inrementions that prevent or
forestail morbidic  and monalit\.  Spirom-
etq also is an important tool for monitor-
ing patients’ response to therapy in a num-
ber of disorders (eg. asthma). Spirometric
testing in adults should begin at age JO
for smokers and patients with unexplained
dyspnea.  cough. wheezing. or excessive
mucus. Children with asthma and cystic

fibrosis should be identified and followed
with spiromev.  li’ef words: family prac-
tice, lung disease. predictive value of tests.
risk factors. smokingiadverse effects.
spirometry.

INTRODUCTION

“Test Your Lungs. Know Your Numbers”
is the battle cry of a new national health
care initiative. the National Lung Health
Education Program (NLHEP).’ The
NLHEP is directed toward primary care
physicians and aims to encourage identi-
fication of chronic obstmctive pulmonary
disease (COPD) in its early stages.
COPD. the fourth most common cause of
death and the most rapidly growing health
problem in the United States today,* is
closely related to smoking, but for rea-
sons that are not understood, only -20%
of smokers develop the disorder.’ Most
smokers probably are protected by genet-
ically determined tissue defense mecha-
nisms that may be directed against oxi-
dants and elastases. Smokers also are at
increased risk of developing smoking-
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7 variables. *If clinical correlationFigure  1. .A spirometer interpretation algorithm with -
is present. ‘Some chronic obstructive pulmonq disease (COPD)  may have a
reversible  component. FE\‘, = forced expiratoq  volume in 1 second; FVC =
forced vital capacity.
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by the author that permits quick classifi-
cation of obstructive and restrictive venti-
latory  disorders. Obstructive disorders,
which are much more common than re-
strictive abnormalities. include asthma and
COPD. Asthmatic bronchitis, chronic
bronchitis. and emphysema are included
in COPD. Bronchiectasis and cystic fibro-
sis and combinations of these conditions
are also obstructive lung diseases but are
normally separated from COPD. Less
common are sarcoidosis. healed tubercu-
losis. bronchiolitis obliterans. and histio-
cytosis. These diseases can be identified
by a low FEV,!FVC  ratio or an FEV, that
is lower than predicted. The specific diag-
nosis must be made in the context of the
patient’s history, physical examination.
and chest roentgeno_Prams. as well as spe-
cific serum levels (eg, cystic fibrosis) and
histologic studies. Responses to inhaled
bronchodilators help separate asthma from
COPD. but some degree of airflow im-
provement from inhaled bronchodilators
is common in COPD.

Restrictive disorders occur when the
lung’s elasticity is increased in fibrotic
states such as idiopathic pulmonary fibro-
sis. the pneumoconioses. collagen dis-
eases of the lungs. thoracic deformities.
and congestive heart failure. Pleural effu-
sions or pulmonary congestion are com-
monly associated with a reduced FVC. In
fact. one of the original applications of
spiromet?  was to monitor heart failure.‘O

PATTERN RECOGNITION

Historically, spirometric data have been
presented as exhaled volume over time.
These volume-time curves are easy to vi-
sualize and allow physicians to identify
FEV,, FVC, and expiratory time at a
glance. Since the development of the flow

transducer, another method. flow over
volume. has also become popular. The
so-called flow-volume convention actu-
ally measures the same thing as does vol-
ume over time. although the values are
expressed in a different. somewhat more
confusing manner. All primary care
physicians should be able to use either
method of analyzing airflow and volume.
The flow transducer permits physicians
to visualize peak flow and timed peak
flow. which is a check of patients’ efforts.
FEV,, FVC,  and FEV,FVC  ratio are ex-
pressed in terms of lower limit of normal
(LLN).

Figure 2 presents normal expiratory
flow-volume and time-volume curves.
Figure 3 shows these curves in a patient
with a mild degree of airflow obstruction.
Note that the FEV, as a percentage of
FVC is 59%. which is well below the LLN
of 71%. In this example, the absolute
FEV, (2.74 L) is 88% of predicted, which
is within the normal range. but the ratio
indicates an abnormality. Figure 4 shows
flow-volume and time-volume curves in a
patient with moderate airflow obstruction.
Here the FEVJFVC  ratio is about the
same as that in Figure 3 (ie, 57% vs 59%),
but the absolute FEV, is only 66% of
predicted and is thus well below LLN.
Figure 5 shows flow-volume and time-
volume curves in a patient with severe
aifflow obstruction. Figures 6 and 7 show
these curies in a patient with a moderate
and a severe restrictive ventilatory defect,
respectively. Note the high FEV,IFVC ra-
tios in Figures 6 and 7; the FVC of 3.20
in Figure 6 is 82% of predicted, which is
well within the normal range of +20%,
but the high ratio (89%) indicates that a
restrictive ventilatory defect is present. In
Figure 7 the FVC is only 48% of pre-
dicted and the ratio is 99%.

1911



CLINICAL THERAPELJJCS’

Fi

o 1 2 3 4 5 6 7 6
Exhaled Volume (L[BTPS])

7

1 I

6-
I

:j :/-

7

Result LLN
3 - l FVC 5.00 3.88

2- FEV, 3.79 3.12
FEV,I’FVC (“h) 76 71

1-i )

II I
O I I I I I
0;;;45678

I I
9 10

Time (s)

gure  2. Flow-volume (A) and volume-time (B) curves in a healthy individual. Note that
expiratop  time can be visualized from the volume-time curve and that peak
flow can be visualized from the flow-volume curve. Thus both curves are use-
ful. FE!‘,  = forced expirato?  volume in 1 second: BTPS = body temperature.
ambient pressure. snd saturated with water vapor; FVC = forced vital capacity;
LLN = lower limit of normal.
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Figure  3. Flow-volume (A) and volume-time (B) curves in a patient with mild airflow
obstruction. FEV, = forced expiratory  volume in 1 second; BTPS = body tem-
perature. ambient pressure. and saturated with water vapor; FVC = forced vi-
tal capacity: LLN = lower limit of normal.
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Figure 1. Flow-volume (A) and volume-time (B) cun’es in a patient with moderate air-
flow obstruction. FEV, = forced expiratory  volume in 1 second: BTPS = body
temperature. ambient pressure. and saturated with water vapor; FVC = forced
vital capacity;  LLS = lower limit of normal.
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Figure 6. Flow-volume (A) and volume-time (B) curves in a patient with a moderate re-
strictive ventilatory  disorder. The ratio of forced expiratory volume in 1 second
(FEV,)/forced vital capacity (FVC) is neariy  90%. A ratio this high may sug-
gest a restrictive disorder: however, healthy individuals can often empty most
of the lung in 1 second. BTPS = body temperature, ambient pressure. and sat-
urated with water vapor; LLN = lower limit of normal.
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Figure 7. Flow-volume (A‘,  and time-volume t B‘, cumes in a patient with a severe re-
strictive ventilatoq  disease due to idiopathic pulmonary fibrosis. The ratio of
forced expiratop  volume in 1 second (FEV,)/forced  vital capacity (WC) is
99%. BTpS = body temperature. ambient pressure. and saturated with water va-
por: l.JJ  = louver  limit of normal.
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Tables I and 11 list common obstructive
and restrictive ventilatory disorders.

Clinicians may find it as easy to recog-
nize the panems  of these normal and ab-
normal flow-volume and time-volume
curves and to display and record the 2 key
numbers of simple spirometry as it is to
record systolic and diastolic blood pressure
and easier to recognize than many electro-
cardiographic abnormalities. However, just
as blood pressure measurements are often
incorrectly obtained. physicians must be
taught to perform spirometric  tests correctly
and to interpret their results accurately.

Table I. Common obstructive ventilatoty
disorders.

Asthma
Asthmatic bronchitis
Chronic obstruct ive bronchi t is
Emphysema
Chronic obstruct ive pulmonary disease
(COPD’)

Asthmatic  bronchi t is
Chronic  bronchi t is
Bronchitis
Emphysema

Cystic fibrosis

WHO SHOULD UNDERGO
SPIROMETRIC TESTING?

Initial Testing

‘COPD is a genetic term. These conditions com-
manly  overiap.

Table II. Common restrictive ventilatory
disorders.

It could easily be argued that because
spirometry is an important part of a pa-
tient’s health database. all adults should
undergo spirometv  at least once as pan
of a complete physical examination. Nor-
mal spirometric findings predict good sur-
viva14.‘0; abnormal spirometric findings
indicate an adverse prognosis. in&ding
mortality from various diseases.

Simple spirometric measures are an im-
ponant database for primary care physi-
cians and are key to identibing  various dis-
eases and to objectively monitoring therapy
for these diseases. Certainly, all patients >5
years of age with cough. shortness of breath.
or wheeze should undergo spirometry and
can cooperate during testing.

Smokers
Spiromett-y is particularly useful in

teenagers who smoke. because they never
achieve full lung growth: this is a disad-
vantage if they develop chest infections in
adulthood or continue to smoke.” All

Idiopathic  f ibrosing alveolitis
Interstitial pneumonitis and fibrosis
associated with:

Drug reactions (eg. bleomycin)
Occupational exposures (eg,  asbestosis:

collagen disease. such as rheumatoid
anbritis)

Fibrot ic  residue of  disseminated granulomas
Tuberculosis
Histopiasmosis

Sarcoidosis
Thomcic  deformities
Congest ive hean  failure

smokers aged ~45 years shoutd  have spiro-
metric testing, according to a statement
from the NLHEP.12 This study indicated
that patients with spirometric abnormalities
had a poorer prognosis in terms of rate of
lung function loss if they continued to
smoke than if they stopped smoking.3  Pa-
tients had to have smoked 1 pack of ciga-
rettes a day for 10 years or more to be en-
rolled in the study. Although a 20-pack year
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has historically been considered a threshold
for the smoking risk =mup, no level of smok-
ing is safe. and all current and former smok-
ers should therefore undergo spirometric  test-
ing at least once. especiallv individuals who
have smoked for more than 5 years.

The concept of “hmg age” provides an-
other way of looking at how smoking af-
fects lung function.13  It is computed by
comparing an individual’s FEV, value
with the age for which that FEV, value is
considered normal based on predicted val-
ues. For example. if a 6-foot. -t7-year-old
man has an FEV, of 2.2. his lung age is
72. because 2.2 is the FEVi measurement
considered normal for a 6-foot man aged
72 vears. Calculating a patient’s lung age
and revealing it to him or her can be a po-
tent motivator in smoking cessation.13

Patiem  Edith  Lung Cancer
Death rates from lung cancer. the most

common fatal malignancy in both men and
women. remain high because the disease is
usually discovered late in its course. with
symptoms of cough. chest pain. or hemop-
t)sis driving the patient to the physician.
The frequent use of chest roentgeno,orams
and sputum cytologic findings in screening
large populations for lung cancer has been
studied in 3 major centers with disappoint-
ino results.lL” Although earlier diagnosis
through screening was found to be possible
in men vvho  smoked. it did not substantially
improve overall mortaiin:‘5  This has led to
the widespread belief that screening for
lung cancer is not worthnhile.”  However.
studies using spirometn.  noted below. sug-
gest that this advice be reconsidered.‘9.20

Sev,eral epidemiologic studies have in-
dicated a common denominator between
COPD and lung cancer.2’-14 In one study.
9 lung cancers were found in patients with
airflow obstruction compared with only 1

patients in whom airflow was normal over
a IO-year follow-up period.23  These 2
groups were matched for age. sex. smok-
ing history, and occupation. Thus the pres-
ence of airflow obstruction was a powerful
predictor of the subsequent development
of lung cancer. Furthermore, hypersecre-
tion of mucus appears to be an indepen-
dent indicator of lung cancer.‘5

Patients lrith  Myocardiai  Infarction
The often-quoted Framingham Heart

Study found a close correlation between
reduction in FVC and the risk of death
from heart disease.26 The reason for this
association is probably multifactorial. Pa-
tients at risk for myocardial infarction are
commonly obese and of poor physical fit-
ness. In addition. they may also have car-
diac hypertrophy or occult congestive
heart failure. Any or all of these abnor-
malities can lead to reduced FVC and an
increased risk of myocardial infarction.”

Patients \k,ith  Chronic Obstructive
Pulmonary Disease

Smoking is by far the _-test risk factor
in the development of emphysema and
chronic bronchitis (ie. the fuil spectrum of
COPDj.2S In early COPD. FEV, begins to
fall before FVC. This results in a reduced ra-
tio beoveen FEV, and FVC (<70%?. Pop-
lation studies have clearly shown that this
single value (FEVQFVCB)  can identify pa-
tients at risk for accelerated lung function
loss. Abnormalities in FEV, and FEV,I FVC%
herald the onset of clinically significant
COPD.’

Retesting

Once abnormal airflow is found, clini-
cians should be aware of how to monitor
the patient’s response to therapy. For ex-
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ample. measurements obtained from in-
halation of a bronchodilator will help sep-
arate asthma from COPD. although many
patients with mild COPD show improved
airflow, similar to patients with asthma.
In fact. when only partial improvement in
airflow follows inhalation of a broncho-
dilator. asthma cannot be distinguished
from COPD based on 1 or 2 simple spiro-
metric tests. When bronchodilators or
corticosteroids are used for asthma or
COPD. serial spirometry (spirometry re-
peated at each visit) will document re-
sponses to therapy. The interval of repeat
spirometric testing should be guided by
each medication and its expected phar-
macologic response (ie. days or weeks
with a bronchodilator or conicosteroids).
Longitudinal follow-up is required to
identify patients’ responses over time,
which can range from objective func-
tional improvement to no change. or even
to progressive deterioration.

The interval between spirometric retest-
ing also should be based on patients’
symptoms. Because symptoms do not cor-
relate well with spirometric measure-
ment,29 objective functional improvement
is needed to determine if a particular ther-
apy (eg, bronchodilator. inhaled cortico-
steroid. systemic steroid. or theophylline)
is working.

DISCUSSION AND CONCLUSIONS

Spirometric measurements can be as fun-
damental to medicine as are pulse, blood
pressure. temperature. height. and weight
measurements and therefore could be con-
sidered in the physical examination as im-
portant vital signs. This is important. since
potent bronchoactive and anti-inflamma-
tory drugs are routinely used without a
quantitative measurement of their effi-

cacy. Just as hypertension is not treated
without measurements of blood pressure
or diabetes without measurements of
blood glucose, drugs designed to improve
airflow, volume, or both should not be
used without ~-niromeuic monitoring.

Any deviations from “normal” mea-
surements can point primary care physi-
cians toward the use of behavioral mod-
ification aimed at smoking cessation and
effective pharmacologic agents to pre-
vent or forestall their patients’ premature
morbidity and mortality from many dis-
ease states, including premature deaths
from all causes. The 2 basic spirometric
measurements are not difficult to per-
form and, with proper instruction and
training, primary care physicians or their
assistants can perform spirometry and in-
terpret the results with confidence. With
so many potential benefits for patients,
many believe that it is time to make
spirometry a routine part of the physical
examination.
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