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Tests of Pulmonary Function-I
S. WALTER

INTRODUCTION
The most important function of the lung is gas exchange,
whereby the body receives oxygen and gives off excess
carbon dioxide, with the latter process helping to maintain the body pH. The functions of the lung depend on its
structure, the integrity of the chest wall and the
mechanisms which regulate its movement, the distribution of blood and gas at the alveolo-capillary interphase
and on gas transfer across this interphase. Lung function
may be broadly considered in two parts-ventilation and
the alveolo-capillary exchange of gases.
The effectiveness of ventilation is determined by
mechanical factors which at any given moment reflect the
dynamic equilibrium between the activity of the respiratory
muscles and the retractile force of the chest bellows.
Adequate and efficient ventilation results in a uniform
distribution of inspired air to the different regions of the
lungs and thus adequate renewal of alveolar air. Alveolocapillary exchange of gases is a dynamic process which
is determined on the one hand by alveolar ventilation
and on the other by the circulation of blood through the
alveolar capillaries. The diffusion of gases across the
alveolo-capillary interphase is a function of the partial
pressure gradient of these gases and varies throughout the
ventilatory cycle. These partial pressure gradients in turn
reflect the dynamic equilibrium between alveolar ventilation and pulmonary circulation.
An important practical application of respiratory
physiology is the testing of pulmonary function. Its
relevance in routine clinical practice is not generally
recognized or accepted. No physician will undertake the
management of hypertension or diabetes without taking
the patient's blood pressure or measuring his blood or
urine sugar. Yet patients with obstructive lung disease are
often treated without an assessment of their pulmonary
function. The importance of pulmonary function tests
cannot be overstressed particularly with rapid industrialization and the attendant increase in occupational and
allergic lung diseases.
These tests can be carried out in the hospital pulmonary
function laboratory or, on a smaller scale, in the physician's
clinic.
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I. Uses of pulmonary function tests

Follow up of disease course
Assess efficacy of therapy
Determine prognosis
Decide fitness for surgery
Evaluation of disability
Epidemiological surveys
-assess industrial hazards
-document the incidence of disease

CRITERIA FOR TESTS
We must remember that no single pulmonary function
test yields all the information desired and not all tests are
necessary for the management of a patient.
Selection
To perform a complete series of pulmonary function tests
on every patient is not cost-effective. Selection of the tests
must be made sequentially and according to need. The
simpler tests which offer some degree of specificity and
provide more selective information should be performed
first. If these tests fail to define the disorder, other tests
should be done, until the abnormality is identified.
Keep the following considerations in mind when choosing a test.
1. Consider the age of the patient and safety of the test.
A test which is safe for a young patient may not be safe
for one who is elderly.
2. It should be simple and not unpleasant for the subject.
3. It should give repeatable values with a coefficient of
variation of less than 8%.
4. The test should be discriminatory. The variability in
results should not be so great that it interferes with
their interpretation.
5. All equipment should be easy to calibrate, maintain
and transport.
Performance
Patient cooperation during tests is essential for obtaining
dependable results. The patient should understand
exactly what is required and the tester should continuously
monitor performance and repeat the examination until
consistent and reproducible results are obtained. If the
manoeuvre is hampered by breathlessness, cough or chest
pain, the tests should be repeated on another occasion.
Definition of abnormality
Pulmonary function tests attempt to quantify lung function. The results are usually compared with 'normal' or
'reference' values obtained from people free of disease.
These are dependent on several characteristics including
age, body size, sex and ethnic differences. A significant
departure from the predicted value denotes abnormality.
Using predicted values has inherent problems as they are
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mean values derived from a large group of healthy people
with substantial inter-subject variability. Therefore, it
is not always possible to set a uniform lower limit for a
normal result as a percentage of the predicted value.
Some lung function measurements are expressed
as ratios. When two of these depend on body size and
normally parallel each other, one may be expressed as a
ratio or a percentage of the other. This increases the
sensitivity of the test. For example, where two measurements fall at either end of their respective normal ranges
the ratio between them might indicate an abnormality.
These ratios, therefore, should not be assessed separately
from the absolute values from which they are derived.
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FIG.1. A forced expiratory spirogramand its analysis

Tests of ventilatory capacity
The forced expiratory spirogram is the simplest and
most informative test of lung function. It provides information about the patency of the airways and the amount
of air that can be moved into and out of the lungs in one
breath. The record is obtained as a volume-time tracing
on a fast moving, low resistance spirometer. The patient
breathes in maximally and then exhales as fast and as
much as he can. At least three satisfactory recordings
should be obtained. The forced expiratory spirogram
(FES) enables the following to be calculated:

-

-

forced vital capacity (FVC)
forced expiratory volume (FEV)
forced expiratory flow rates (FEF) at various percentages of the FVC such as the maximum mid-expiratory
flow rate (MMF or FEF25%_75o/J
forced expiratory time (FET)

Figure 1 shows a simple method for obtaining these
indices from the FES. The volume of air breathed out in
the first second is the FEVl (B) and the total volume
exhaled is the FVC (A). The MMF or the FEF25%-75%
is the flow rate over the middle half of the FVC (C).
This is often expressed as a ratio of the FYC, i.e. as size
compensated flow.
The choice of which tracing to select for analysis has
been a matter of controversy. The most sensitive test

TABLE

II. Classification

Tests of Ventilation
1. Ventilatory capacity, such as the forced expiratory spirogram with
indices derived from it, and the maximal expiratory flow volume
curve
2. Respiratory mechanics such as the measurement of compliance,
airways resistance and closing volume
3. Lung volume and capacity
Tests of Gas Exchange
1. Study of distribution of ventilation and of pulmonary blood flow
2. Assessment of inequality of ventilation-perfusion ratios and
measurement of physiological dead space and physical shunting
3. Diffusion tests
4. Blood gas studies
Tests of Ventilation Control
Tests of Response to Exercise

chooses the tracing with the largest sum of the FVC and
FEV!. The maximal test analyses the tracing with the
highest FVC and the mean test uses the mean of values
from the tracing with the highest FVC and two others with
the FVC within 5%. Automated computerised spirometers
eliminate the need for manual analysis and provide a print
out of the tracings and the results.
The expiratory flow rates at high lung volumes depend
on muscle power and reflect the resistance of the large
airways; the flow rates at lower lung volumes are determined by the elastic recoil of the lung and the resistance
of the smaller airways. The two types of ventilatory
abnormalities that can be identified from the FES are the
obstructive and restrictive syndromes.
An obstructive
abnormality
narrows the airways
reducing the ventilatory capacity. This may be caused by
-

increased bronchial smooth muscle contraction,
e.g. asthma
inflammation, swelling and increased secretion by
mucosal glands, e.g. chronic bronchitis
loss of lung elasticity and destruction of alveolar
walls leading to loss of external support of the airways,
e.g. emphysema

Airway obstruction is characterised by a decreased
forced expiratory flow-decrease in FEV! and FEF25%-75%
.
These decline in direct proportion to clinical worsening of
the obstruction and successful treatment results in an
improvement. The FEF25%-75%is believed to be a more
sensitive test than the FEVI of peripheral airways obstruction and may be reduced earlier. Similarly, FEY! expressed
as a percentage of the FVC (FEV 1%) has greater sensitivity
than FEV! alone in identifying early obstruction. However, it is less useful in detecting worsening of existing
obstruction because, as the obstruction worsens, the
FVC also diminishes due to premature airway closure, air
trapping and a simultaneous increase in residual volume
(RV). The FEV! is also not dependable for assessing
response to a bronchodilator, because after its use, both
expiratory flow rates and FVC increase. There may be no
change or there may be an actual decrease in FEV!%
despite the absolute values of FE VI and FVC demonstrating improved ventilatory function. Assessment should
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therefore
depend on an examination
of the absolute
values of both FEV1 and FVC.
The restrictive disorders to expansion of the lung, may
be due to changes in the lung parenchyma and diseases of
the pleura, chest wall or the neuromuscular
apparatus.
They are characterised by a reduction in the lung volumes.
The FEV] is also decreased, but only in proportion to the
FVC. Thus, the FEV1 % is not decreased and may even be
slightly increased due to the increased elastic recoil seen
in many of these conditions.
If spirometry reveals a
restrictive ventilatory disorder, additional tests such as
the total lung capacity (TLC) and diffusing capacity of the
lung will help further characterise the disorder.
Figure 2 shows the importance of a reduced FVC seen
in restrictive disorders and in the late stages of obstructive
disorders.
Vital capacity (VC) may be decreased
in
restrictive disorders by limited expansion of the lung
during inspiration,
and in obstructive
disorders
by
decreased emptying during expiration due to premature
airway closure. Such differences can be determined only
ifTLC or RV are measured.
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2. A schematic representation of the possible mechanisms
of a reduction in FVC

FIG.

Obstructive and restrictive disorders may coexist. An
inhaled bronchodilator
may bring the FVC back to within
the normal range if the lesion is solely obstructive. If a
slow VC is found to be within the normal range, then
there is probably no restrictive disorder.
Peak expiratory flow: The maximum flow that can be
sustained for a period of ten milliseconds during a forced
expiratory manoeuvre is called the peak expiratory flow
(PEF). It is easily measured using a Wright peak flow
meter, a small and sturdy piece of equipment often used
in epidemiological
studies. However, this instrument
needs frequent calibration. PEF is highly dependent on
effort and reflects the status of the large airways. A
decrease in PEF only occurs late in chronic obstructive
diseases.
Flow volume curves (Maximum expiratory flow volume
or MEFV curves): Flow rates during the various phases of a
forced expiratory manoeuvre may also be obtained from an
MEFV curve, which is made by plotting the instantaneous
flow rate against volume. The volume may be recorded
using a spirometer or a body plethysmograph
and flow
rates taken using a pneumotachograph.
A spirometer
enables the expired volume to be measured and a body

,0
"tl

C
0

8

U

<II

'"•..

6

<II

a.

-'"
•..<II

4

~
o

2

u,

,

2

Exhaled
FIG.

3

volume,

4

5

litres

3. A maximum expiratory flow volume curve

plethysmograph
measures the lung volume. The flow rate
plotted against expired volume provides the same information as an FES. However, the MEFV curve obtained
when flow rate is plotted against lung volume provides
additional
information
regarding
lung size and RV.
During a maximal expiration from TLC, flow increases
rapidly and reaches a maximum within the first few
milliseconds. It then decreases smoothly until it reaches
zero at RV. (Fig. 3).
The shape and size of the MEFV curve vary considerably in normal subjects and in patients with respiratory
disease. Four main patterns may be observed.
1. In young subjects, the descending portion of the curve
is approximately linear or concave to the volume axis
2. In older subjects, the tail end of the curve near the
RV is often convex to the volume axis.
3. In obstructive
disorders,
flow decreases gradually
towards the RV and so the curve is markedly convex to
the volume axis
4. In restrictive
disorders,
the curve tends to end
abruptly, with a concavity to the volume axis (Fig. 4).
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Isoflow volume curves: A comparison of the flow
volume curve obtained while breathing air with that
obtained while breathing a mixture of 80% helium and
20% oxygen is another technique used for assessing small
airway resistance. Flow in the large airways is turbulent
and therefore dependent on density whereas flow in the
small airways is laminar and therefore not dependent on
density. In normal subjects most of the resistance is in the
airways and density dependent, consequently flow rates
increase while breathing helium because it is less dense
than air. On the other hand, flow rates do not increase in
subjects with peripheral airway disease as most of the
resistance is in the small airways. When flow volume
curves for air breathing and for helium breathing are
superimposed the volume where the two flow rates are
identical is expressed as a percentage of FVC. This is
known as the isoflow volume (V iso v) and is believed to
be more sensitive than just the change in flow rates while
breathing helium (6 Vrnax) (Fig. 5). In peripheral airway
narrowing 6 Vmax decreases and V iso v increases.
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Partial flow volume curve (PEFV curve): This records
maximal expiratory flow rates at volumes less than about
50% of VC, during a forced expiration starting at 60% VC

Pleural Aspiration and Biopsy
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INTRODUCTION
. This procedure was first described by Bowditch in 1852, I
and has been commonly performed since. Emergency
aspiration allows the re-expansion of a lung compressed
by a large pleural effusion, but the procedure is more
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rather than at TLC (Fig. 6). It eliminates the slight
relaxant effect that a previous lung expansion would have
had on the airways. The small acute effects on airway
dynamics which may be missed in an MEFV curve, might
be identified in a PEFV curve. As a reference point for
volume, the TLC can be recorded soon after recording the
PEFV curve.
Post-bronchodilator testinf: A bronchodilator test
is indicated if a forced expiratory manoeuvre shows
evidence of airways obstruction. If the obstruction is
reversible and caused by muscle spasm, the flow rates
increase following the FES and in the MEFV curves. The
response may be more easily identified in a PEFV curve
as it is more sensitive to acute changes.
Maximum voluntary ventilation (MVV): This is the
maximum volume of air that can be breathed in and out in
one minute by voluntary effort and can be recorded on a
spirometer. The procedure is exhausting and is not suitable
as a routine test, especially in sick patients. The information is more easily obtained from the FEV! and so this test
is not commonly performed.
(The concluding

part of this article will appear in the next issue).

commonly done to obtain a specimen for diagnosis. The
introduction of needle biopsy in 19552 has enhanced
diagnostic evaluation and the two procedures are often
carried out together.
It is important to perform the procedures with the
utmost care and efficiency, so minimizing pain and distress.
This article highlights the common pitfalls encountered
and suggests methods of improving the standard
techniques .
APPROACH
The visceral and parietal pleura are normally separated
by a thin layer of fluid (approximately 50 to 100 ml). Any
disturbance in absorption or increase in production of
pleural fluid leads to a pathological accumulation-a

