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classically these farmers react on exposure to the antigen by an
acute reaction, including fever, muscle pains, and breathless-
ness some four hours after exposure, occasional patients also
develop wheeze with objective evidence of airways obstruction
at the same time, suggesting the possibility of a precipitin-
mediated asthmatic reaction. Further evidence has been ob-
tained from inhalation challenge tests with extracts of Asper-
gillus fumigatus in asthmatics with transient radiographic
shadows in the chest x-ray and blood eosinophilia. Some
patients develop immediate airways obstruction, which resolves
rapidly, only to recur after four to five hours, when it is more
severe and longer lasting. This dual asthmatic response
closely parallels the dual skin reaction to Aspergillus fumigatus
typically seen in these patients-namely, an immediate Type I
reaction, with flare and weal, followed after four to five hours
by an oedematous response with features suggesting a Type III
(Arthus) reaction.'2 Late asthma of this type has also been
shown in bird fanciers using avian protein extracts and in
workers exposed to enzymes extracted from Bacillus subtilis in
the course of management of non-soap washing powders.'3
Though the Type I response (either on skin testing or after

inhalation challenge) may not always be clinically detectable, it
is possible that this immediate component is an essential pre-
conditioner in this type of late asthma. It may alter the local
conditions of the tissues in some way by enhancing either
permeability or the cellular uptake of precipitating antibody
complexed with specific antigen. Experimental evidence also
suggests that the role of the Type I response is more than
simply that of increasing capillary 'permeability.'4 If an imme-
diate Type I response is essential for the development of pre-
cipitin-mediated asthma, it is implicit that the latter should
occur particularly in subjects who give positive reactions
to skin tests. Hence in the classification suggested by Pepys"
extrinsic asthma is subdivided into reaginic and non-reaginic
types.
The introduction of disodium cromoglycate has not only

proved successful in controlling many asthmatics'5 with severe
symptoms but may also help to solve some of the problems
concerning the underlying hypersensitivity mechanisms. For
example, it has been shown that both the immediate and late
asthmatic responses after challenge with an inhalation of the
allergen can be prevented by a previous inhalation of disodium
cromoglycate.16 Cox"7 has suggested that this drug selectively

suppresses those immunological pathways which lead to the
release of the chemical mediators of hypersensitivity. Presum-
ably this action is somewhere between antigen/antibody union
and the release of chemical mediators. It is not yet clear
whether it is primarily implicated in the immunological or
(perhaps more probably) in the pharmacological steps of the
asthmatic reaction.

" Intrinsic " Asthma

One of the most baffling remaining problems is that of the
pathogenesis of non-allergic, " intrinsic" asthma. While the
absence of Type. I skin reactions and the normal or low IgE
levels already mentioned suggest that reaginic antibody is not
involved, there is no positive evidence to indicate an alternative
type of immunological mechanism. Several recent studies have
shown that levels of IgA, IgM, IgG and IgD are within normal
limits,'0 and a controlled trial over six weeks using the immuno-
suppressant agent chlorambucil did not benefit the patients.'8
Though various autoantibodies have been found more fre-
quently in women with intrinsic asthma than in those with
extrinsic asthma or bronchitis,'9 the role of these in pathogenesis
remains quite obscure.

Another fascinating but unexplained feature of the asthmatic
response is the tissue and blood eosinophilia found in both
extrinsic and intrinsic types. Recent experimental work sug-
gests that the marrow stimulus for increased eosinophil, pro-
duction is mediated by lymphocytes,20 but the role of the latter
in relation to the development of the asthmatic reaction re-
mains unknown.
Any discussion of hypersensitivity mechanisms cannot en-

tirely neglect the pharmacological consequences of the antigen/
antibody reaction, because usually the symptomatology of
asthma depends upon pharmacological mediators. Recent
studies have been particularly concerned at cellular and
molecular levels with the exact mode of histamine release from
mast cell granules,2' the mechanism of action of other vaso-
active substances, and the search for new ones. The prosta-
glandins have been studies in this connexion, but it seems
unlikely that they are important in producing contraction of
bronchial smooth muscle.

Pulmonary Function Tests in Diagnosis and Management

D. T. D. HUGHES,* B.M., M.R.C.P.

British MedicalJournal, 1969, 4, 356-359

Tests of pulmonary function have been increasingly used in
clinical practice since the second world war, particularly in the
past ten years. Nobody would doubt the value of objective
measurement in the diagnosis of chest disease, especially in
attempts to define the causes of the subjective " breathlessness "
of which so many patients complain. Nevertheless, though
pulmonary function tests have been valuable for clinical diag-
nosis and management, their application in the individual case
is not always straightforward.
Asthma shows itself clinically by episodes of breathlessness

and wheezing. Physiologically this means that there is obstruc-
tion to airflow, which varies considerably in degree from time
to time. In between attacks patients may have few clinical or

physiological signs of airways obstruction. The degree of this
obstruction can usually be reduced by treatment and the result-
ing improvement measured and taken as an index of the
" reversibility" of the obstruction. Several factors contribute
to producing airways obstruction-including plugging of the
lumen of the bronchial tree with sticky mucus; mucosal and
submucosal oedema; and contraction of the smooth muscle in
the walls of the bronchi and bronchioles. Many compounds,
particularly the sympatheticomimetic amines, which diminish
the obstruction are regarded as " bronchodilators," though
bronchodilation as such is not necessarily their only action.
Hence, within limits, it is obvious that the more often airways
obstruction is measured the truer the picture of the patient's
progress. Moreover, additional information may sometimes
be obtained by repeating the tests after " provocation " or
administration of a bronchodilator agent.

cThe London Hospital, London E.I.
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Tests of Airway Obstruction

The presence of airways obstruction can most simply be
demonstrated from the expiratory spirogram. This is the record
obtained when the subject inhales maximally and then breathes
out as rapidly and forcibly as possible into a spirometer. The
spirometer and the recording system should have certain
characteristics, including low resistance and inertia and reliable
calibration. Several spirometers with suitable characteristics
have been described in recent years,22 but for routine clinical
use the robust, lightweight, and portable Vitalograph23 is quite
adequate and has the advantage of giving a permanent record
if required.
A normal expiratory spirogram is shown in Fig. 1. The

total air expired is the forced vital capacity (F.V.C.), while the
amount expired in one second is termed the forced expiratory
volume in one second, or F.E.V.1. Normally the expiratory
curve is a steep one with three-quarters of the vital capacity
being expelled in the first second, so that the ratio of F.E.V./
F.V.C. would be 75%. This ratio is sometimes called the
F.E.V.%. In fit young normal subjects the F.E.V.% may be
90% or more, but sometimes this tends to decrease with age.
It is usual to regard an F.E.V.% of less than 70% as indicating
airways obstruction, though some authors would prefer to lower
this ratio to 65% or even 60% before diagnosing airways
obstruction with confidence, as the range in normal man may
be as wide as from 51% to 99%.24 In many cases the F.E.V.%
is much less than this, sometimes being as little as 20%.
An alternative, simple measure of airways obstruction may

be obtained with the Wright's peak flow meter.25 This is a

purely mechanical instrument and consists of a pivoted vane

whose movement is opposed by a coiled spring; on the same

axis a pointer is mounted which registers the movement of the
vane on a calibrated dial. The mnovement of the vane and
hence the dial reading is proportional to the flow rate. This
gives a direct measurement of peak flow rate (P.F.R.) which
is more satisfactory than flow rates (such as the maximal expira-
tory flow rate, or M.E.F.R.2 ) derived from the spirogram.
This is because the latter are measured from chords or tangents
drawn to the steep part of the expiratory spirogram, and a small
error in drawing the tangent may produce a large difference
in the flow rate (Fig. 1).
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ments in airways obstruction has recently been emphasized.27
The body plethysmograph is an even more sensitive apparatus
for measuring airway obstruction.28 This is a complicated
and expensive piece of equipment and is not widely available.
In principle it consists of an airtight chamber in which the
subject sits. Simultaneous measurements of instantaneous air
flow (by means of a pneumotachograph) and changes in the
pressure of the air surrounding the patient in the box are made
during respiration and from these airway resistance can be
calculated. This is partly dependent on lung volume.
Even with maximal effort all the gas contained in the lungs

cannot be expelled. The gas remaining after the vital capacity
manceuvre is termed the residual volume (R.V.) and the two
together make up the total lung capacity (T.L.C.). In fact
during quiet respiration the lungs tend to return to a position
of equilibrium in which the tendency of the thoracic cage to
expand is balanced by the tendency of the lungs to deflate.
The volume of gas remaining in the lungs in this position is
the functional residual capacity or F.R.C. These relationships
are shown in Fig. 2. Normally the R.V./T.L.C. ratio should
not exceed 40%. Since the R.V. cannot be expelled as such it
cannot be measured directly. By measuring the degree of
dilution of an inert gas such as helium, however, it is possible
to calculate it.
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FIG. 1.-F.E.V., in a normal person and a

patient with obstructive airways disease.

In the laboratory flow rates can be measured more accurately
by means of a pneumotachograph. This instrument consists
of a heated mesh like a sieve through which the subject breathes.
This offers a slight but definite resistance to air flow so that
there is a pressure drop across this resistance. This pressure

change is measured by a differential strain gauge and is pro-
portional to the rate of air flow. The value of such measure-

Body Plethysmograph

The body plethysmograph can also be used to estimate lung
gas volumes. The thoracic gas volume or Vtg (which in normal
subjects-corresponds to the F.R.C.) can be measured by altering
the breathing manceuvres performed by the subject inside the-
plethysmograph. As already mentioned, the airway resistance
(Raw) is dependent on the Vtg. The plethysmograph can be-
used to make both measurements and from this may be derived:

(1) Specific airway resistance= Raw/Vtg.
(2) Airway conductance (Gaw)= 1/Raw.

or (3) Specific conductance=Gaw/Vtg.

Gas Transfer

Gas transfer into the pulmonary capillary blood can be-
measured using carbon dioxide as a marker gas and measuring.
its uptake over a ten-second breath-holding period.2' This.
test was originally called the diffusing capacity, but it has been
realized that many other processes besides diffusion are involved,
as illustrated by the following analogy. It is therefore best
called the transfer factor. " The transfer of oxygen from the-
air to the arterial blood may be compared to a man in London
using the underground railway. Firstly, he has to descend on

the escalator to the platform; in the same way oxygen molecules,
have to pass down the trachea, bronchi, and tubular passages;

8 November 1969
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of the lungs to the alveoli. Secondly, he must stand on the
platform, which must allow the crowd to mingle freely and
must face the railway line; the alveoli must expand and fill
normally and must be supplied with blood. Now the train
comes in-there must be a blood supply to the pulmonary
alveoli. Next the doors open ; this is comparable to gas passing
across the alveolar capillary membrane into the blood. The
next condition is that there must be some seats; the oxygen
must combine with haemoglobin. Finally, the train must move
on efficiently; the venous side of the pulmonary circulation
and the systemic circulation must be normal to carry away the
oxygenated blood.
"At every stage of this process there may be interference.

The escalator may be obstructed by somebody or their suitcases
partly blocking it, which would be comparable with obstruction
of the airways by tenacious sputum or bronchoconstriction.
The platform may be damaged or set wrong; some alveoli may
be collapsed or fibrosed while others may not be supplied with
blood-that is to say, areas of lung may be ventilated but not
perfused, and vice versa. Much of the abnormality of blood
gases in chronic obstructive lung disease is in fact due to this
mnechanism. Next the train may fail to arrive-failure of blood

supply altogether occurs following pulmonary embolus or in

cough syncope. The doors may be prevented from opening,
corresponding to fibrosis of the alveolar capillary membrane.
In fact, this is never complete, so it is better compared with
an incomplete opening, the effects being more pronounced on

exercise with increased ventilation which would be comparable
to a partly blocked opening tube door during the rush hour.

Subsequently the seats inside the train may be partly or wholly
occupied-here the haemoglobin carrying mechanism is upset,
the best example of this is in carbon monoxide poisoning.
Finally the train may not move away well and this would be

associated with sluggish blood flow as in heart failure."

In recent years the mismatching of blood and air flow men-

tioned in the preceding paragraph has been studied extensively.30
As a result its importance in causing abnormalities in gas
rxchange and hence blood gases has been realized.

Exercise Tests

As already stated, simple pulmonary function tests may not

plways give abnormal results in patients with asthma, and an

gbnormality may have to be provoked. New techniques for doing
this are being increasingly used. The first of these is exercise.

some adult patients may show a considerable fall in F.E.V.1
gfter exercise,31 while in asthmatic children such a fall is

virtually always found and may even be used for assessing the

severity of the asthma.32 The second type of provocative test-
bronchial inhalation tests-involves inhaling an aerosol of a

known or suspected allergen prepared in a nebulizer.33 Changes
in pulmonary function are then followed over a period. An

immediate (Type I) reaction may occur, with a fall in F.E.V.,

occurring within minutes. Alternately, a Type III (Arthus)
reaction may occur with a fall in transfer factor (and often

F.E.V.1) occurring several hours later associated with systemic
features such as fever and tachycardia. In some cases this test

may provoke a Type I and Type III reaction.33
Many laboratories routinely measure the F.E.V., before and

after a bronchodilator to determine the degree of reversibility
of the airways obstruction. The definition of reversibility may
be difficult, particularly as the response to a bronchodilator

may depend on the initial value of the F.E.V.135-but it is

generally agreed that a rise in F.E.V.1 of more than 15% after

a bronchodilator aerosol indicates that the obstruction can be

appreciably improved. Some patients may show much larger

phanges, and recently it has been claimed that the inhalation of

200 jig. of salbutamol may produce increases of over 60% in

Xhe forced expiratory volume in 0 75 of a second (F.E.V.0.73).3'

MEDICAL JOUftNAL

Another approach has been to test the response to inhalations
of atropine methylnitrate and isoprenaline of patients with
different kinds of asthma.37 Patients with non-allergic asthma

were found to have a good response to atropine and those with
allergic a poor one, and vice versa with isoprenaline. Cortico-
steroids improved the atropine response in the allergic group.
Hence the relative response to these two drugs may be of use
in determining the aetiology of an individual case of asthma.

Blood Gas Changes

Blood gas studies have shown that the degree of inequality
between ventilation and perfusion in the lungs may be much
greater than was previously suspected.38 Though facilities for
full blood-gas analysis are by no means widely available, the
rebreathing technique is easy to carry out and uses inexpensive
apparatus (costing about £30), so that Pco2 measurements may
easilv be made in asthmatics.39 These measurements may be
valuable because the Pco, (normal range being 35 to 45 mm Hg)
does not rise until the patient is severely ill. Thus it is usual
to find low or normal values in asthmatics in remission and
raised values only during a quite severe relapse. Even a small
rise in the Pco, (say, to 50-55 mm. Hg) should always be
regarded as a danger signal in an asthmatic, though many
bronchitic patients may be relatively well with such values.
The relation between airways obstruction and carbon dioxide
tension is obviously different in the two conditions.40 41
One aspect that has therapeutic implications is the effect of

bronchodilators on blood-gas tensions. It has been shown that
such substances, though increasing the F.E.V.1, may lower the
oxygen tension (Po,) in the arterial blood, presumably by pro-
ducing a further imbalance between ventilation and perfu-
sion.42 This reduction may not matter if the falls are small

or if they occur in patients with only minor hypoxia, but they
could be dangerous in those who are already severely hypoxic.
It may be possible to abolish this fall in Po, without diminish-

ing the increase of the F.E.V.1 by adding papaverine to the

isoprenaline aerosol."

The lung volumes may be altered in asthma, and, in par-
ticular, the residual volume (R.V.) and its proportion to total

lung capacity (T.L.C.) may be increased. The transfer factor

(single breath carbon monoxide diffusing capacity) is not

lowered in asthma." 4

Some Difficulties

\WJith these well-established simple objective tests it would
therefore have seemed easy to evaluate the effect of a new drug
in asthma. Hence the results of a clinical trial of disodium
cromoglycate in asthma'5 were at first surprising-namely, that.
while excellent subjective improvement was reported by the

patients, the effects on F.E.V.1 were trivial. This finding was

confirmed by other investigators though the compound was

obviously producing improvement. Why was this not reflectec

in the objective tests ? There were two main possibilities whicl

illustrate some of the difficulties in work of this kind: firstly
that F.E.V.1 was the wrong measurement to make and thai

alternative or additional indices, such as M.E.F.R. or Raw

should have been monitored ; and, secondly, that a real improve-
ment of F.E.V.1 or peak flow was occurring but that measure-

ments were not being made and recorded at the times of da)

or week when this happened. In fact even before cromoglycat
was introduced it had already been shown that F.E.V.1 mighi
not alter appreciably during a period when asthmatic patient4
were improving.4" Serial measurements of the F.E.V.1 anc

lung volumes in 30 patients recovering from severe asthmi

attacks showed that in some subjects the F.E.V.1 could remair

unaltered while the patient improved dramatically clinicalli
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and the functional residual volume (F.R.C.) and residual
volume (R.V.) of the lung steadily decreased. Thus measuring
changes in lung volume in addition to those in F.E.V.1 may
increase the value of the tests.
A more sensitive measure of airways obstruction may be

obtained using a body plethysmograph, which also has the
advantage that the thoracic gas volume may be measured
simultaneously, so that values comparable to a combined
F:'.E.V.1 and F.R.C. measurement may be made. For example,
such measurements using a body plethysmograph, together with
measurements of lung volumes, Pco,, and other indices were
made in another trial of disodium cromoglycate.49 In addition
the patients measured their own peak expiratory flow with a
Wright's meter twice daily and recorded their own subjective
assessment of themselves each day. Though there were changes
in the expected direction in the specific conductance, lung
volumes, and some other tests, these were not always great
and were proportionally less than those the patients recorded
themselves on their peak flow meters. Thus the more com-
plicated tests had failed to add much to the study, and these
findings emphasize the value of frequent measurements of air-
ways obstruction, however simple the methods used.50 This
was confirmed in another study5' in which daily peak flow

readings done by outpatients on themselves were used to show
the beneficial effect of steroid therapy on their asthma. Thus
to assess the severity of a patient's asthma and the effect of
therapy we should not be content to rely on " spot " measure-
ments made in a clinic or a surgery once a month, or even
once a week, but should make more frequent observations our-
selves if the patient is in hospital or encourage him to make
his own at home.

Finally, the part played by psychological factors should not
be forgotten.52 Patients may complain of breathlessness dis-
proportionate to any abnormality that can be shown by any
objective pulmonary function tests. In at least some of these
patients the dyspnoea is of psychogenic origin.

Despite these difficulties, however, pulmonary function tests
are valuable in both the diagnosis and management of asthma
today. By using them we may be able to establish the diag--
nosis and even detect the aetiology. Repeated measurements
add greatly to the assessment, especially when trying to deter-
mine the effects of treatment. The F.E.V.1 and peak flow rate
are the most useful tests, and the latter can be carried out by
patients themselves. It is important that the objective evidence
these tests give should always be considered together with the
symptoms and signs of the patients and not in isolation.

Treatment

N. B. PRIDE,* M.D., M.R.C.P.

British MedicalJournal, 1969, 4, 359-361

There have been two important advances in the drug therapy
of asthma in the last few years-firstly, the introduction of a
completely new prophylactic agent, disodium cromoglycate,
and, secondly, the development of sympathomimetic broncho-
dilators with a relatively selective action oni bronchial receptors. -
Some developments in the management of long-term cortico-
steroid therapy and in the treatment of respiratory failure in
severe asthma will also be discussed briefly.

Disodium Cromoglycate
Disodium cromoglycate has no immediate bronchodilator

action but is remarkably effective in inhibiting the experi-
mentally induced bronchial reaction to specific inhaled allergens.
Protection from allergen challenge can be shown within 10
minutes of a single dose of cromoglycate, and it begins to decline
after four hours. In clinical use, however, it has been suggested
that benefit may not be seen for some days after initiating treat-
ment and may persist for some days after withdrawal.
The experimental findings suggest that cromoglycate should

be most effective in the prophylaxis of " extrinsic " asthma with
identified allergens. Most trials confirm that this is usually the
case, and, in particular, children appear to respond best. Never-
theless, some patients with late onset asthma of the " intrinsic"
(i.e., no identified allergen) type have been improved.
Cromoglycate is poorly absorbed from the gastrointestinal

tract and has to be administered as a dry powder, which is
inhaled into the lungs from a special capsule and inhaler. As
the inhalation of a dry dust can cause transient bronchoconstric-
tion, the manufacturers have combined 01 mg. isoprenaline
with 20 mg. cromoglycate in the one capsule (Intal Co.). The
standard dose is four capsules a day, but in acute episodes this

has been increased to one capsule every three hours. Apart
from local throat and tracheal irritation, cromoglycate has soa
far proved to be remarkably free of side-effects.
The full place of cromoglycate in the management of asthma.

is not yet clear. Particular points that need to be establishede
are the proportion of adult patients with asthma that are
likely to be helped and the extent of the improvement to be.
expected. As the drug is expensive and relatively cumbersome
to administer, trials of cromoglycate in an individual patient
should be carefully assessed. In most adults who have been
helped by cromoglycate the changes may be termed " useful "
rather than " dramatic," and such changes are notoriously
difficult to assess in a condition as variable as asthma. Early
studies suggested that subjective improvement did not correlate
well with simple spirometric tests of airways obstruction, but
this discrepancy has not been so pronounced in recent studies,
Ideally the patient should keep a diary card of symptoms ancd
treatment taken and supplement this with frequent measure.
ments of a simple test of airways obstruction, such as peak
expiratory flow. A fuller review of this drug was published
in this journal last year.5

Sympathomimetic Bronchodilators
These drugs produce bronchodilatation by stimulating p,-

adrenergic receptors in bronchial smooth muscle. The most
used of these drugs in recent years has been isoprenaline, which
is a very effective bronchodilator but has a relatively short
duration of action. In the doses used for bronchodilatatiork
isoprenaline also stimulates /3-adrenergic receptors in the hearth
and blood vessels and may cause a rise in pulse rate, systoliQ
blood pressure, and cardiac output.

Orciprenaline and salbutamol are more recently developed
drugs, which have structures very similar to that of isoprenalinQ
and are also effective bronchodilators. They differ from iso.

* Department of Medicine, Royal Postgraduate Medical School, London
W.12.
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