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Abstract

Spirometry is the simplest test with which to evaluate respiratory function. Factors limiting the clinical usefulness of office
spirometry relate mainly to the quality of the test. Accurate and reliable results depend on accurate equipment, a competent
operator, a cooperative patient, a good quality control programme and appropriately selected reference values. Poorly performed
spirometry increases the risk of misinterpreting the results.

(SA Fam Pract 2006;48(�2): 48-51)

Introduction
Spirometry is a simple, non-invasive,
inexpensive tool for assessing and
managing common respiratory
diseases that provides an objective,
quanti f iable measure of lung
function.1 Spirometry measures air
flow and volume as a function of time.
The values obtained can be
graphically expressed as volume
against time or more usefully as flow
against volume. When expressed as
flow against volume it produces the
flow-volume loop, which is invaluable
in interpreting results and providing
clues to a specific diagnosis. The
main values obtained are the forced
vital capacity (FVC), forced expiratory
volume in one second (FEV1) and
FEV1/FVC ratio. These are vital for
the diagnosis of obstructive lung
diseases, such as asthma and
chronic obstructive pulmonary
disease (COPD). Spirometry is also
used to assess the severity of
obstruction, based on the percentage
of predicted FEV1, and to determine
whether  there is  s ign i f icant
reversibil i ty in response to a
bronchodilator (helps differentiate
asthma from COPD). Spirometry is
also useful in monitoring disease
progression and response to therapy.

Indications
The main use of spirometry in the
primary care setting is in the
evaluation of patients presenting with

respiratory symptoms and screening
for COPD.

Indicat ions for  spirometry
include:
• Eva lua t ion  o f  i nd iv idua ls

presenting with respiratory
symptoms or abnormal findings
on physical examination and/or
laboratory investigations, e.g.
abnormal chest radiograph

• Screening individuals at risk for
having pulmonary disease
- Current (or former) cigarette

smokers over 45 years of age
- Occupational exposure to

substances known to cause
pulmonary disease

• Monitoring changes in lung
function due to
- Disease progression, e.g.

COPD
- Response to therapeutic

interventions, e.g. steroid
therapy in asthma

- Adverse reactions to drugs or
occupational agents known to
cause pulmonary disease

• Pre-operative risk assessment
• Assessment of impairment and

disability

An important indication is the
screening (case finding) of all adults
over the age of 45 years who are
current or former cigarette smokers
to identify those at risk for undergoing
accelerated decline in lung function
and those who already have airflow
obstruction.2 This recommendation is
supported by evidence that early
identif ication and intervention
(smoking cessation) can alter the
natural history of COPD.3 There is also
evidence that abnormal spirometry
results can add to the efficacy of
smoking cessation programmes.4

There are well-established
guidelines for the classification of
respiratory impairment based on
spirometry for general respiratory
disorders, and specifically for
asthma.5,6

Limitations in clinical practice
Spirometry helps to classify functional
abnormalities due to various diseases
into restrictive and obstructive defects
(see Table I). It does not provide a
specific aetiological diagnosis.

A reduced FVC and FEV1 with a
normal FEV1/FVC ratio suggest the

Table I: Interpretation of spirometry

Restrictive pattern
Obstructive pattern

FVC
% predicted*

< 80
< 80

FEV1/FVC
ratio
> 70
< 70

FEV1

% predicted*
< 80
< 80

* Normal range 80-120%
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presence of a restrictive lung disease.
The diagnosis is confirmed by
measuring the total lung capacity
(TLC) on advanced lung function
testing. The severity is then graded
on the percentage predicted TLC. A
reduced FEV1/FVC ratio and FEV1 are
diagnostic of obstructive lung disease.
The FVC is initially normal, but
declines as the disease progresses.
A mixed obstructive-restrictive defect
cannot be diagnosed on spirometry.
Further advanced lung function
testing is required for this.

Various other variables can be

derived from the FVC manoeuvre, e.g.
forced expiratory flow between 25%
and 75% of the FVC (FEF25 – 75%). Many
of these additional variables have
been suggested as being more
sensitive tests for the detection of
airflow limitation. However, they add
little to the FVC and FEV1 in the
interpretation of results and should
not be included in office spirometry
reports.7

The subject’s results are evaluated
for abnormalities against predicted
values for age, height and gender.
The predicted values are calculated

from reference equations derived from
population studies. Normal predicted
values will vary for a specific individual
depending on which study the
reference equation is derived from
and therefore will influence the
interpretation of the results as normal
or abnormal. Office spirometers are
typically programmed with prediction
equations derived from Caucasians
such as the European Community for
steel and coal (ECSC). Non-
Caucasians have slightly lower FVC
and FEV1 values. A correction factor
therefore needs to be applied to give
approximated predicted values for
non-Caucasians. Which reference
values and if any correction factors
are used must be stated in the results.
 The cl inical usefulness of
spirometry is dependent on the quality
of the results. The first step in
interpreting the results is ensuring
that the test is performed correctly
and meets the currently recom-
m e n d e d  a c c e p t a b i l i t y  a n d
reproducibility criteria (see Table II
and table III). If these are not met, the
results need to be interpreted with
caution.

The FVC manoeuvre is an effort-
dependent process that involves three
phases: 1) rapid maximal inspiration,
2) forceful rapid exhalation and 3)
continued maximal exhalation.
Suboptimal performance in any or all
of these phases will result in erroneous
results. The operator plays an
important role in coaching the subject
to perform the manoeuvre as best as
possible, and needs to place equal
emphasis on all three phases,
particularly the initial maximal
inspiration. Failure to take a rapid full
inspiration and/or hesitation before
starting exhalation will result in lower
peak expiratory flow (PEF) and FEV1

values. A variable inspiratory effort
between repeated manoeuvres is a
common cause of poor reproducibility.

The contour of the flow-volume
curve is invaluable in the interpretation
of results. It allows the clinician to
assess the quality of the test and
provides clues to large airway
obstruction (see Figures 1 and 2).

Table 3: Prerequisites for optimal spirometry results

Adequately trained technician
Accurate equipment (must comply with current ATS recommendations)
Daily volume calibration (using a 3L syringe)
Appropriate infection control

Hand washing
Disposable or sterilised reusable mouthpieces
In line filters (if manoeuvre involves inhalation)
Regular cleaning / decontamination (as per manufacturer)
Avoid performing spirometry in patients with inter-current respiratory infections,
in cases of suspected tuberculosis or with oral sores/infection

Cooperative patient
Explain and demonstrate procedure to patient
Measure and document weight and height (do not use stated values)
Patient should be seated with the chin lifted and neck slightly extended
Printed results must include the flow-volume traces

Table 2: Acceptability and reproducibility criteria

At least 3 acceptable tests
• Full inhalation before start of test
• Satisfactory start of exhalation

- Evidence of maximal effort
- No hesitation

• No cough or glottal closure during the first second
• Satisfactory duration of test

- At least 6 seconds
- Up to 15 seconds in patients with airflow obstruction

• No evidence of leak
• No evidence of obstruction of the mouthpiece

Reproducible results
• For FVC and FEV1, the two largest values should be within five percent (5%)

or 0.1 liter (whichever is larger) of each other
- If these criteria are not met, continue testing
- If these criteria are not met after 8 trials, stop testing and proceed with the

interpretation, using the three best acceptable tests.

Selection of test values for interpretation
• Select from tests of acceptable quality
• Select the largest values for FVC and FEV1, regardless of the test used
• For indexes of average or instantaneous flow, use values from the test with 

the largest value for FVC and FEV1 combined

Reprinted with permission from the publisher1
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The FEV1/FVC ratio is the most
sensitive and specific measure of
airflow limitation and a ratio of 70% is
the currently accepted lower limit of
normal (LLN).8 A FEV1/FVC ratio below
70% confirms the presence of airflow
obstruction. The FEV1/FVC ratio
decreases with age as a result of the
normal age-related decline in lung
function. This can be seen as a slight
concave contour towards the latter
part of the expiratory limb on the flow-
volume loop. Using a fixed 70%
threshold for the diagnosis of airflow
obstruction may result in the over
diagnosis of obstructive lung disease
in the elderly.9

Another problem with interpreting
lung function in the elderly is that the
predicted normal values are less
reliable, especially if the subject’s age
is greater than that of the study
population from which the reference
equations have been derived. For
these reasons, results in the elderly
need to be interpreted with caution.

The diagnosis of asthma is
conf i rmed by demonstrat ing
reversibility in the FEV1 and/or FVC
defined as a 12% and at least 200ml
increase in the FEV1 and/or FVC in
response to a bronchodilator. Patients
with COPD may have an element of
reversibility, but the FVC and FEV1 do
not normalise as in asthma. In
untreated or poorly controlled
asthmatics one may not be able to
demonstrate reversibility in response

to a bronchodilator due to uncontrolled
airway inflammation with oedema. If
one strongly suspects asthma on
clinical features reversibility should
be reassessed following a short
course of oral corticosteroids. In
addition normal spirometry in subjects
with a history suggestive of asthma
does not exclude the diagnosis.
Bronchoprovocation testing is then
indicated. This can be done in the
office by simple exercise testing
demonstrating a drop in the FEV1 of
15% or more.

Conclusion
The majority of patients afflicted by
asthma and COPD are cared for by
primary care physicians and
spirometry plays an essential role in
diagnosing, assessing the severity
and the management of these two
conditions.10,11 It is therefore essential
that all primary care physicians have
access to spirometry. The biggest
limitation to office spirometry is the
interpretation of results from poorly
performed tests. Detailed guidelines
are available on the standardisation
of office spirometry 8,12,13 and every
doctor offering spirometry should
familiarise themselves with the South
African Thoracic Society’s Guidelines
on office spirometry. 8 

See CPD Questionnaire, page 52

References
1. Crapo RO. Pulmonary function testing. NEJM

1994;331:25-30.
2. Ferguson GT, Enright PL, Buist AS, Higgins

MW. Office spirometry for lung health
assessment in adults: a consensus statement
from the National Health Education Program.
Chest 2000;117:1146-61.

3. Anthonisen NR, Connett JE, Kiley JP, et al.
Effects of smoking intervention and the use of
an inhaled anticholinergic bronchodilator on
the rate of decline of FEV1 .The Lung Health
Study.  JAMA 1994;272:1497-1505.

4. Humerfelt S, Eide GE, Kvale G, et al.
Effectiveness of postal smoking cessation
advice: a randomised controlled trial in young
men with reduced FEV1 and asbestos
exposure. Eur Respir J 1998;11:284-90.

5. American Thoracic Society. Evaluation of
impairment/disability secondary to respiratory
disorders. Am Rev Respir Dis 1986;133:1205-
9.

6. American Thoracic Society. Guidelines for the
evaluation of impairment/disability in patients
wi th  as thma.  Am Rev Respi r  D is
1993;147:1056-61.

7. Petty TL. Benefits of and barriers to the
widespread use of spirometry. Curr Opin Pulm
Med 2005;11:115-20.

8. Van Schalkwyk EM, Schultz C, Joubert JR,
White NW. Guidelines for office spirometry in
adults. S Afr Med J 2004;94:576-87.

9. Enright PL, Studnicka M, Zielinski J. Spirometry
to detect and manage chronic obstructive
pulmonary disease and asthma in the primary
care setting. Chapter 1. Eur Respir Mon
2005;31:1-14.

10. Pauwels RA, Buist S, Calverley PMA, Jenkins
CR, Hurd SS. NHLBI/WHO Global Initiative for
Chronic Obstructive Lung Disease (GOLD)
workshop summary: Global strategy for the
diagnosis, management and prevention of
chronic obstructive pulmonary disease. Am
Respir Crit Care Med 2001;163:1256-76.

11. National Asthma Education and Prevention
Program. Expert panel report 2: Guidelines
for the diagnosis and management of asthma.
Bethesda, MD: National Institutes of Health,
Apri l  1997; Publication 97-4051:1-4.

12. Miller MR, Crapo R, Hankinson J, et al. General
considerations for lung function testing. Eur
Respir J 2005;26:153-61.

13. Brusasco V, Crapo R, Viegi G, et al.
Standardisation of spirometry. Eur Respir J
2005;26:319-38.

Figure 1: Examples of flow-volume loops Figure 2: Examples of unacceptable flow-volume loops
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