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IN THE three chest diseases which are of most concern to thle
general practitioner-asthma, chronic bronchitis, and emphysema

-the principal disorder of function is that due to obstruction of the
smaller bronchial airways. There are several causes of bronchial
obstruction some of which are reversible while others are irreversi-
ble. Among the former are constriction of bronchial smooth muscle
(bronchospasm), oedema of the bronchial mucosa and secretions
within the lumen of the bronchial tree. The most important cause
of irreversible obstruction is loss of elasticity in the walls of the
smaller bronchi and in the surrounding lung tissue: in this type of
obstruction, which is a feature of advanced stages of chronic
bronchitis and emphysema, smaller bronchi tend to collapse during
expiration and air is trapped in the distal parts of the bronchial tree.
The characteristic physical sign of bronchial obstruction is the

rhonchus. Neither its loudness nor its pitch is a reliable index of the
degree of obstruction which is present. Loud or sonorous rhonchi
do not necessarily indicate severe obstruction, while on the other
hand rhonchi may not be heard at all in some patients with severe
emphysema.

Because the stethoscope is an unreliable and sometimes misleading
instrument for assessing bronchial obstruction, increasing use has
been made in hospitals and chest clinics of a number of tests which
give much more accurate, objective evidence of bronchial obstruc-

*This article is a shortened version of an essay with the same title which was
awarded the Charles Oliver Hawthorne Prize of the British Medical Association
for 1962.
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tion. Until recently none of these tests has been suitable for use
in general practice and so general practitioners have had to rely
upon subjective evidence, principallythatobtained from auscultation,
as a guide to their management of asthma and chronic bronchitis.
The value to the practitioner ofhaving a simple, rapidly performed

but accurate test of bronchial obstruction should be self-evident.
Now that there is such a test it is surprising that little use has yet
been made of it by general practitioners. Peak expiratory flow rate
(P.E.F.) is measured directly by simple instruments which are port-
able, need no source of electricity and require the minimum of
maintenance. For these and other reasons the peak flow meter
is ideally suited for use in general practice (Gregg, 1963). Originally
designed for use in surveys, such as that carried out by the College
of General Practitioners (1961) on chronic bronchitis, its value for
routine clinical purposes was quickly realized and it now enjoys wide
use in hospitals and chest clinics. Flint and Khan (1962) considered
that the measurement of P.E.F. deserved to rank in importance and
value with the taking of blood pressure.

Theoretical considerations
Peak expiratory flow rate is the maximal rate of air flow which

a subject can achieve by a forced expiration. The peak flow, which
is sustained for only a fraction of a second, occurs in the earliest
part of expiration.
The principal factor which determines P.E.F. is the degree to which

the bronchial airways are patent or obstructed. It is a common
clinical observation that if a patient with emphysema is asked to
blow out a match with his mouth open, he is unable to do so unless
it is held very close to him. This inability to expire forcibly is what
is measured by the peak flow meter. However, P.E.F. depends on
other factors as well-notably the sex, age, body-size, and muscular
forces of the individual subject.
Thus P.E.F. is not an 'absolute' index of bronchial obstruction.

In this respect it differs from such tests as blood urea for which there
is an accepted normal range, regardless of the age, size or sex of the
subject concerned. P.E.F. on the other hand, must be evaluated in
the light of all these factors. In practice this means that it must be
compared with a predicted normal value for an individual of the
given age and height. This is discussed more fully in a later section.
In general, the taller or younger the subject, the higher is his P.E.F.

Normal males have a higher P.E.F. than normal females of the same
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age and height. In normal males the range of P.E.F. lies between 450
and 700 litres per minute (L/min.). Normal females have a lower
range between 300 and 500 L/min. Patients with chronic bronchitis
are unlikely to achieve a P.E.F. higher than 400 L/min: if their condi-
tion is complicated by emphysema, values of less than 200 L/min.
are usually found. In severe emphysema or in status asthmaticus
P.E.F. may be unrecordable on the standard Wright peak flow meter
which cannot measure P.E.F. if it is less than 60 L/min. Recently a
low-range, peak flow meter has been introduced which will measure
much lower values of P.E.F. This would be suitable for use in
children.

Types of peak flow meter
Two different types of peak flow meter are now available. The

first to be used in this country was designed by Wright and was
fully described by Wright and McKerrow (1959). Recently another
type of peak flow meter was introduced into this country. This
instrument, named the Hildebrandt pneumometer, operates on an
entirely different principle from the Wright meter. A report on the
Hildebrandt pneumometer and its use in generalpracticeispublished
elsewhere (Gregg, 1964).

In the present study all P.E.F. measurements were made with a
Wright meter (figure 1). This operates on mechanical principles.
The subject expires forcibly into the meter which causes a vane
inside it to move against a spring resistance. The vane comes to
rest at a position which depends upon the P.E.F. attained. A pointer
attached to the vane indicates P.E.F. on a dial which is calibrated in
litres per minute. No calculations have to be made.

Method of takdng PE.F. measurements

It is highly important that the subject not only understands what
he is required to do but makes a maximal effort. If a subject has
not previously performed the test careful explanation and instruction
must be given followed by a demonstration blow by the doctor.
Once the subject has gained confidence after one or two trial blows,
he should be told to inspire maximally and urged to give as fast a
blow as possible into the meter. Care must be taken that his lips
are closely applied to the mouthpiece and it is also important that
he holds the meter correctly: the dial must be in a vertical plane and
the mouthpiece must be horizontal. Failure to observe that all these
conditions are satisfied will result in serious errors.

When it is certain that the subject is using the meter properly, the
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highest of three successive readings is recorded as the subject's P.E.F.
Some authors recommend that the mean of the three readings be
recorded but I have found that, provided the test is performed
properly and an adequate time for rest is allowed between each
attempt, the values of P.E.F. are so close that the mean is only
fractionally less than the highest of the three.

Figure 1
THE WRIGHT PEAK FLOw METER

The importance of the observer's technique in obtaining maximal
co-operation from the subject being tested was revealed in the
College's survey on chronic bronchitis (1961). It was found that
general practitioners who had been given no training in the use of
the Wright meter obtained consistently lower readings of P.E.F. than
those who had received prior instruction. Similarly, Fairbairn et al.
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(1962) found that health visitors obtained lower values than doctors
when the same patients were tested by each in turn.

Little difficulty should be found in teaching patients to use the
meter correctly, though some need much more explanation and
encouragement than others. In general, women require more
persuasion than men to blow really hard, an observation made also
by Flint and Khan (1962) and Fairbairn et al. (1962).
With experience it is possible to tell whether or not a subject is

making a maximal effort by closely watching him perform the test.
A normally cheerful and active woman, aged 80, was tested after the usual

explanation and instruction. Despite much encouragement, it was obvious that
she was not making a maximal effort, and a note was made " 220 L/min. but
not trying ". Some weeks later she was her old self and admitted that on the
previous occasion she had been depressed. She then gaily blew 370 L/min.
When measuring P.E.F. in patients with asthma or bronchitis, it is

important to instruct them first to clear their bronchial airways by
coughing. The effect of so doing may be considerable, as the follow-
ing example shows:
Female bronchitic aged 52. Initial P.E.F. 170 L/min.; after coughing 240 L/min.
As has been mentioned already it is important to allow an adequate

period of rest between each successive attempt. This is especially
necessary when asthmatic or bronchitic patients are being tested,
since the effort of performing the test itself leads to air-trapping.
If an adequate rest is not allowed, the second and third values of
P.E.F. will be much lower than the first.

Normal values of P.E.F.

It has already been emphasized that a P.E.F. measurement is not
an ' absolute' value but must be compared with a predicted normal
value. Until recently a table of normal values was supplied with
each instrument. This table, which was based on age, height and
sex was intended to be no more than a provisional guide, pending
the results of larger surveys of P.E.F. in normal subjects. The
distributors of the Wright meter no longer issue this table, as they
hope to provide a new table in the near future.

Various authors have published their findings of P.E.F. in normal
individuals (Lockhart et al., 1960; Tinker, 1961; Shephard, 1962),
but all these studies included symptomless smokers. Selby and
Read (1961) confined their survey to those who had never smoked.
Since there is evidence that smoking, even when it causes no symp-
toms, may lead to a reduction of ventilatory capacity (Reid and
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Selby, 1961), it is clearly essential that normal values of P.E.F. should
be obtained from subjects who have never smoked. This is all the
more necessary if P.E.F. measurements are to be used for the purpose
of detecting early chronic bronchitis, since in order to identify only
slight impairment of ventilatory capacity there should be as little
overlap as possible with the normal range.

Figure 2 shows P.E.F. plotted against age in two series of symptom-
less males. It will be seen that at all ages there is a wide scatter of
values. There is also a tendency for P.E.F. to fall with increasing age.
Clearly if these were to be regarded as normal values it would be
impossible to obtain a normal range of P.E.F. which would be
sufficiently critical that one could identify anything but the grossest
degrees of bronchial airway obstruction.
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Figure 2

P.E.F. plotted against age in two series of symptom-free males.
A. Tinker (1961). B. Gregg (1963).

I therefore attempted to find my own range of normal values,
using rigid criteria of normality. No subject was included if he had
smoked more than an occasional cigarette or had ever suffered from
asthma, tuberculosis, pneumonia or any other chest disease. The
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normal values found in patients of my practice are to be published
elsewhere.

Figure 3 shows the P.E.F.S of the same 149 patients from my
practice as in figure 2, but here normal subjects are differentiated
from symptomless smokers. It will be seen that in the normal
subjects there is much less fall of P.E.F. Thus it is clear that in some
symptomless smokers P.E.F. may not be normal, a conclusion reached
by Selby and Read (1961). Recently this has received further
confirmation from the work of Zamel et al. (1963).
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P.E.F. plotted against age in the same series of males as Fig. 2b, symptom-free
smokers being differentiated from strictlynorml subjects who had never smoked.
Only one nornal male had a P.E.F. of less than 500 L/in.: he was of unusually

slender physique.
* Normal (never smoked) x symptomless smoker.

Figure 4 shows the improvement of P.E.F. which occurred when a
symptomless smoker abstained from smoking for a period of about
three weeks.

The detection of early bronchitis
The importance of identifying chronic bronchitis at a stage before

serious, irreversible changes have occurred should need no stressing.
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Unfortunately, the early symptoms of chronic bronchitis are so
unobtrusive that patients seldom attach any importance to them:
therefore early chronic bronchitis is likely to be recognized only if
it is specially looked for. Nobody is better placed to do this than
the general practitioner now that his task has been made less
formidable by the provision of objective means of assessment.
Though the limitations of P.E.F. as an index of early chronic bron-
chitis have yet to be fully measured, there is no doubt that a peak
flow meter will enable general practitioners to identify many early
bronchitics with much greater confidence than is possible on clinical
findings alone.
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Figure 4
Improvement of P.E.F. during a period of abstention from smoking.

I compared the P.E.F.S which I found in normal subjects with those
found in smokers of corresponding age and height. Smokers were

arbitrarily divided into those who denied any symptoms and those
who admitted a " smoker's cough ", though none of the latter
regarded themselves as being bronchitic. There was a marked
difference between the P.E.F.S of the normal group and the P.E.F.S of
the smokers who admitted a cough (figure 5). Several of the latter
group were referred for detailed pulmonary function tests which
confirmed the existence of ventilatory impairment in all of them.
This suggests that a " smoker's cough" may be the earliest evidence
of progressive chronic bronchitis. However, a smoker's cough may
in reality be nothing more than upper respiratory catarrh: P.E.F.
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measurements will serve to differentiate this from the true smoker's
cough which is accompanied by impairment of ventilatory capacity.

It is of interest to note that a large number of symptomless smokers
and a few of those with " smoker's cough " have P.E.F.S just as high
as normal subjects of the same age and height. These individuals,
many of whom smoked (and inhaled) very heavily, appear to have a
natural resistance to the irritant effects of smoking and-at least in
so far as the risk of bronchitis is concerned-they seem able to
smoke with impunity. On the other hand, low P.E.F.S were found
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Figure 5
P.E.F. plotted against height in three age-groups of normal males and smokers

with cough (see text). The height scales are in inches.
* Normal subjects x ' non bronchitic ' smokers with cough

in a number of smokers with a cough who had never smoked more
than ten cigarettes a day. This suggests that there may be a constitu-
tional (hereditary) predisposition to chronic bronchitis. The follow-
ing case history illustrates this:
A youth aged 21 had smoked 10-15 cigarettes a day for six years. For about

a year he had been aware of a "smoker's cough". In October 1962 he noticed
he was short-winded when playing football. No abnormal signs were found on
physical examination. The highest P.E.F. which he was able to achieve on three
occasions, between October 1962 and March 1963 was 320. This patient's
father has severe chronic bronchitis.

Serial measurements of P.E.F.

The makers of the Wright meter suggest that the accuracy of an
individual meter can be checked against the doctor's own P.E.F.
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It is remarkable how consistent are serial measurements of P.E.F. in
normal subjects who have been trained in performing the test
properly.

In some patients considerable variation of P.E.F. may be found.
As might be expected, the variation is greatest in patients with
asthma or chronic bronchitis, in whom the degree of bronchial
obstruction is itself always subject to change. However, before one
can attribute a change in P.E.F. to an actual change in the patient's
ventilatory capacity, it is important to exclude two factors, either
ofwhich can cause misleadingly false readings of P.E.F.
The most likely source oferror is a failure on the part ofthe patient

to perform the test properly. The importance of securing maximal
co-operation and of ensuring that the test is performed properly
has already been emphasized. Secondly, false readings may be
given by the meter itself. After prolonged use condensation inside
an instrument can alter its calibration. Hence it is advisable to
return a meter for re-calibration every six months.

Provided that the above factors can be excluded, a change in a
patient's P.E.F. is due to a change in his ventilatory capacity-in
other words, the degree of bronchial obstruction has improved or
become worse. Serial P.E.F. measurements thus provide a valuable,
objective means of assessing progress and evaluating the response
to therapy.
In figures 2, 3, and 5 all the values of P.E.F. which are shown are

the highest which was found when each patient was tested on at
least two occasions. In the normal group (never smoked) and in
many of the symptomless smokers, there was very little variation in
serial P.E.F. measurements. However, in those with a smoker's
cough considerable variation was found, and there was a striking
tendency for higher values to be found when these patients were
tested in the summer months. The most likely causes for the lower
winter values are atmospheric pollution and cold. This suggests
that those with a smoker's cough (many of whom are in reality early
chronic bronchitics) are much more susceptible to these influences.

In figure 6 serial P.E.F. measurements are shown for five patients,
all of whom had a smoker's cough. The striking improvement
which occurred when three gave up smoking is contrasted to the
course of events in the other two. It is ofinterest that those who gave
up smoking improved during the winter months. Both the other
patients had an acute episode of bronchitis in January-February
1963. One patient then gave up smoking but neither has achieved
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such a high P.E.F. as he had before his infection. This suggests that
permanent bronchial damage was sustained at the time of infection.

Soc

O|M d6;#X

O962 1963
Figure 6

Serial P.E.F. measurements in five patients with a smoker's coug. W.B. and A.S.
both had acute respiratory infections in January/February, 1963.
*- * Smoking x--- -x Not smokinlg.

Serial P.E.F. studies, as well as being invaluable for following up
asthmatics and bronchitics, are a useful guide to the effects of
bronchodilator and corticosteroid therapy.

Assessment of bronchodilator thierapy
In acute asthmatic attacks bronchodilator drugs may effect such

a rapid and marked improvement that their benefit is only too
evident to both patient and doctor. In other circumstances, sub-
jective evidence of the value of bronchodilator drugs is less con-
vincing and much harder to evaluate: it is in such cases that objective
assessment is indispensable. The use of P.E.F. measurements for
this purpose is conveniently considered under (a) immediate and
(b) long-term assessment.

(a) Immediate assessment. Bronchodilators are widely prescribed
for chronic bronchitis often with a vague hope, rather than with any
real confidence, that they may do something to relieve the patient's
chief complaint of breathlessness. If the latter is due to reversible
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bronchoconstriction (bronchospasm), bronchodilators may be of
great value. On the other hand, if dyspnoea is due mainly to
emphysema or bronchial damage, the obstruction is irreversible
and bronchodilators have no more than a 'placebo' action. It is
a simple task to differentiate between reversible and irreversible
causes of dyspnoea by means of P.E.F. measurements before and
after an inhalation of isoprenaline.

Figure 7(a) shows improvement of P.E.F. in a patient with a
moderately advanced degree of chronic bronchitis, following an
inhalation of isoprenaline. Figure 7(b) shows no significant
improvement in P.E.F. when another patient, with advanced chronic
bronchitis and emphysema, was similarly tested. Figure 7(c) shows
the improvement of P.E.F. which occurred when an asthmatic was
tested.

MINUTES
Figure 7

The effect of inhalation of isoprenaline (tf) on P.E.F. in (A) a male with moderately
advanced chronic bronchitis, (B) a male with severe chronic bronchitis and

emphysema and (C) a female asthmatic.

(b) Long-term assessment. Objective methods have been used very
little in the long-term assessment of bronchodilator therapy. The
reason for this lies mainly in the practical difficulties, for up to now
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the only method has required the use of a spirometer. Yet it is for
the long-term treatment of chronic bronchitis and chronic asthma
that objective assessment is most necessary. Indeed, it is remarkable,
considering how large is the number of bronchodilator substances
which are prescribed for maintenance treatment, how few have
undergone any form of long-term objective trial.
An especially important aspect of this problem is the need for

objective follow-up of patients who are taking corticosteroids.
Emerson (1962) has pointed out that, while corticosteroids may be
the only effective treatment for certain cases of asthma, it is essential
that the benefit which they confer should be demonstrated objectively
in order that patients who merely derive a feeling of well-being from
them should not be needlessly exposed to the dangers of their long-
term use. Figure 8 shows serial P.E.F. readings which were taken in a
patient with intrinsic asthma who was treated with betamethasone.
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Figure 8
The effect of cortico-steroid therapy in a woman with intrinsic asthma (see text).

This patient, a woman of 49, had always regarded herself as a bronchitic and
when first seen she gave a history of cough and wheeze which had become much
worse during the last few days following a cold. There were several features in
her history (especially the fact that she had only been a very moderate smoker
many years previously) which suggested that she was not a chronic bronchitic.
She was initially treated with tetracycline and it will be seen that, so far from

A
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improving, she continued to deteriorate. A marked and progressive improvement
occurred 48 hours after starting betamethasone. Steroid therapy was withdrawn
gradually and without any relapse occurring. Thereafter the patient was followed
up at weekly or twice-weekly intervals. Her P.E.F. was maintained without any
treatment for four months but then showed a fall. This was noticed several days
before she herself was aware of any worsening of her condition. She relapsed
and had to be given a second course of betamethasone. The records of dosage
and response on the previous occasion were a valuable guide when she needed
steroids for the second time.

The use of the peak flow meter for general practitioner research
Many qualities make the peak flow meter a most promising

instrument for research in general practice. As a test of ventilatory
function the peak flow meter is unique in its simplicity and its
portability. No other instrument is suitable for giving to patients
so that they can take their own recordings at home.
There are many unanswered problems concerning asthma and

chronic bronchitis. Some of these can only be studied in the
context of the patient's environment and there is no one better
placed than the general practitioner to obtain intimate knowledge
of this. With the means of objective measurement, such as the peak
flow meter provides, the general practitioner could study many
problems.
Many authors have stressed the need for a prospective study of

chronic bronchitis. P.E.F. measurements made by general practi-
tioners could make a useful contribution to this, particularly if some
patients were referred for more detailed pulmonary function tests
at times suggested by trends in their P.E.F. Much remains to be
learned about the seasonal and climatic effects upon asthma and
chronic bronchitis.
Another obvious use of the peak flow meter is for assessing the

many bronchodilator drugs which are prescribed so freely. This,
however, is a subject full of difficulties, principally those of evaluating
and excluding the large number of variable factors. Among the
latter are season, change of smoking habits and the as yet unex-
plained factors which determine relapse or remission in asthma.
In chronic bronchitis and asthma there is a striking tendency for
patients to be worse on awakening and to improve spontaneously
during the day. This has been noted by many doctors and has been
confirmed by objective measurements (Wyss and Hadorn, 1952;
Lewinsohn et al., 1960; Zidek, 1961). Figure 9 shows the diurnal
variation in a young chronic bronchitic. The two curves show the
means of a large number of recordings of P.E.F. made on several
successive days both in summer and winter. These spontaneous
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changes show the importance of taking into account the natural
diurnal variation of ventilatory capacity whenever the effect of a
bronchodilator drug is being assessed.

c.c.~39
350 ---

x

250--
x~~~~~~~~~~~~~~~~~

WINTER200- -j- feb.1963

150 z--I
7 09 0 11 12 1 2 3 4 5 6 71 91 11 12 7 1

Am PM AS
Time Scale

Figure 9
Diurnal variation of P.E.F. in a young chronic bronchitic. The values of P.E.F.
plotted are the means of a number of measurements made at the same time on
successive days. This patient was not taking any bronchodilator drugs.

Summary and concluions
1. The Wright peak flow meter is admirably suited to the require-

ments of the general practitioner.
2. The doctor's technique, when taking P.E.F. measurements, is

of the greatest importance: it is essential that the subject co-operates
and makes a maximal effort.

3. Provided that errors of technique can be excluded, variation
in a patient's P.E.F. reflects an actual change which has occurred
in his ventilatory capacity.

4. It is important that strict criteria of normality be applied to
any study of normal values of P.E.F. Since smoking may impair
ventilatory capacity in subjects who are entirely free of symptoms,
normal values must be obtained from subjects who have never
smoked.

5. P.E.F. measurements will enable general practitioners to
identify early stages of chronic bronchitis with much greater
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confidence than is possible on clinical grounds.
6. P.E.F. measurements are invaluable for the objective control

of corticosteroid therapy in chronic asthma. They also permit the
differentiation of reversible from irreversible bronchial airway
obstruction.

7. The peak flow meter has promising applications for research
into chronic bronchitis and asthma which is eminently suitable for
general practitioners to carry out.
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