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Peak expiratory flow: 
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The use of peak flow meters has been widely adopt-
ed for monitoring patients with asthma. The Working
Party of the European Respiratory Society (ERS) has
solely addressed technical and physiological issues rel-
ating to peak expiratory flow (PEF) (flow describes the
rate of change of volume (volume rate), so that flow
rate is equivalent to volume acceleration. Hence, PEF
should be used in preference to peak expiratory flow
rate (PEFR)). Monitoring schemes, or comparison of
PEF with other indices, such as the forced expiratory
volume in one second (FEV1), do not form part of these
recommendations.

Measurements of PEF are of value in identifying air-
flow limitation. The correlation between airflow and
symptoms is variable, some patients being poor per-
ceivers of changes in airway patency, whereas others
quickly perceive small changes [1–6]. Recording the
PEF is, therefore, of value in clinical practice where it
can be helpful in monitoring the progress of airflow
limitation and the effects of treatment, and in epidemi-
ological and occupational studies for identifying the
presence of airflow limitation, assessing its severity and
variation. 

Various types of instrument can be used to measure
PEF, including pneumotachometers, spirometers, tur-
bines and anemometers. By far the most suitable and
commonly used instruments in clinical practice are flow
meters which measure PEF only and, hence, may be
referred to as peak flow meters. Since they are mass-
produced, they are relatively inexpensive; furthermore,
they are portable and do not require electrical power
for their operation.

Most handheld peak flow meters employ the princi-
ple of a variable orifice to measure airflow indirectly.
The pressure exerted by a forced expiration causes a
diaphragm or vane to move and, in so doing, to open
a progressively larger area of the orifice. The point at
which no further movement of the diaphragm occurs
depends on the maximal pressure and, hence, on the
peak expiratory flow that has been generated.

Definition

PEF is the maximum flow achieved during an expi-
ration delivered with maximal force starting from the
level of maximal lung inflation. The value obtained
may differ depending upon the physical properties of
the instrument used to measure it.

Factors affecting PEF

Physiological factors

In a subject whose lungs have not been affected by
any pathological condition (see below), the factors which
determine PEF are as follows:
1. The dimensions of the large intra- and extrathoracic
airways. The length and calibre of intrathoracic airways
increases with lung volume during growth; within an
individual, the calibre is a function of transbronchial
pressure and, hence, of the volume and the elastic prop-
erties of the lung, and of the compliance of the air-
ways. Both thoracic airway diameter and compliance
are influenced by flexion and extension of the neck [7].
2. The force generated by the expiratory muscles, pri-
marily abdominal. This is dependent on the force-length
relationship and, hence, varies with the level of lung
inflation.
3. The speed with which maximal alveolar pressure is
reached, which depends on the force-velocity proper-
ties of the expiratory muscles [8].
4. The "volume history" of the lung, i.e. how the lung
was stretched prior to the PEF manoeuvre; stress relax-
ation of viscoelastic lung elements is time-dependent,
so that peak expiratory flow immediately after stretch-
ing the lungs is higher than after a pause at total lung
capacity [9, 10]. It is generally assumed that PEF in
healthy subjects is not determined by a flow-limiting
mechanism in intrathoracic airways. If this is the case,
PEF is dependent on: the alveolar pressure generated
by the subject; the flow resistance of intra- and extratho-
racic airways; and by the added resistance due to the
instrument. In some subjects, the determinants of PEF
may be the same as those which determine effort-inde-
pendent flow [11], when expiratory flow is limited by
the speed with which a pressure wave propagates in a
dynamically compressed airway segment [12]. The deter-
minants are then: the elastic properties of the large
intrathoracic airways; lung elastic recoil; and the resis-
tance of the smaller intrathoracic airways. In that case,
the PEF is still effort-dependent because greater effort
during early expiration causes flow limitation at a higher
lung volume, where elastic lung recoil is greater and
airways resistance lower, permitting a higher PEF. MEAD

et al. [13] showed that with increasing resistance at the
mouth there was a decline in PEF. Thus, within an indi-
vidual subject, PEF may be influenced by the instru-
ment used for measuring it; however, such an interaction
between subject and instrument may not be the same
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for all subjects. Another study [14] showed that PEF
assessed with a low resistance pneumotachometer gave
a lower reading when a mini-Wright peak flow meter
was added as a resistance in series with the pneumo-
tachometer, than it did without. However, the differ-
ence between the two largest peak flow readings in a
series of measurements was significantly smaller with
the resistance added.

It follows, from the above, that in healthy subjects
PEF is determined by: the volume of the lungs (which
is a function of the thoracic dimensions and, hence, of
stature); by the elastic properties of the lung; and by the
power and co-ordination of expiratory muscles, these
last being able to be enhanced by training. In general,
males generate higher alveolar pressures than females
[15–20]. Hence, males can achieve higher values of PEF
than females, but up to about 13–15 yrs of age boys
produce the same PEF as girls of corresponding stature
and age, since the greater muscular power is probably
off set by narrower airways [15, 21]. Expiratory muscle
strength [22] and PEF [23] decline slightly with ageing.

Pathophysiological factors

Of the pathological situations which impair PEF, by
far the most common is that of a disorder of the struc-
ture or function of the intrathoracic airways, which in-
creases resistance to airflow within them. PEF may also
be impaired by: obstruction in extrathoracic airways;
conditions which limit chest expansion or which affect
respiratory muscle function; and by the integrity of the
neural system. In restrictive processes due to intersti-
tial lung disease, the effect of a loss in lung volume on
PEF may be offset by increased lung elastic recoil. In
subjects with severe airflow obstruction, PEF may in-
clude air coming from the collapsing airway in addi-
tion to flow coming from the lungs. In that case, PEF
may underestimate the degree of airway obstruction
[24, 25].

Calibration

All instruments used to measure PEF should provide
similar readings. A device (e.g. [26]) which is capable
of generating known accurate flows between 0–900
L·min-1 (0–15 L·s-1) (corrected for gas compression
between the calibrator and PEF meter) should be used;
and correction factors needed to take account of alti-
tude [27–31] should be applied. Such devices generate
known flows by explosive decompression of known vol-
umes of gas, or are motor-driven pistons under comp-
uter control, giving specific flows. The device should be
capable of generating flows with a short rise time (30
ms) and short dwell time (10 ms), with an abrupt fall
of flow after reaching PEF (fig. 1). The meter should,
thus, be tested between 0 and at least 800 L·min-1,
both under conditions of constant flow and with the
flow patterns generated by the calibrating device. The
rise time is the time required to go from 10 to 90% of
PEF. In healthy male subjects and patients, the lower 5th
percentile was 45 ms [32], which is in agreement with

the lower 5th percentiles of time to PEF from back-
extrapolated zero volume in males measured in a pop-
ulation study [33]. In females, the value is slightly
higher, but there is evidence that in patients with chron-
ic obstructive pulmonary disease (COPD) it may be as
low as 30 ms [34]. We have defined the dwell time as
the duration of flow in excess of 95% of PEF (fig. 1);
a dwell time of 10 ms was exceeded by 99% of healthy
subjects and patients with obstructive lung disease [32].
The same calibrating equipment should be used for
assessing: accuracy between different makes of peak
flow meter; the variability of readings within the same
make of peak flow meter; and the repeatability within
a given peak flow meter. Users of PEF meters (i.e. in
patients, hospitals, some research studies) may have to
rely on less expensive methods (secondary standards or
biological controls) to provide a rough check of the
function and accuracy of commercial PEF meters.

Specifications for pneumotachometers have been pub-
lished previously [35]. The accuracy (closeness of agree-
ment between measured and calibration value) of the
PEF meter should come to 5% or 5 L·min-1, whichever
is the greater [30, 36].

Portable, mechanical handheld PEF meters should be
robust. They are best used, cleaned and stored at room
temperatures ranging between 15–30°C, because tem-
perature changes influence gas density and according-
ly peak flow meter reading [30]. During the normal
lifetime of the meter, its performance should conform
with the specifications. The reading from the meter
should be linearly related to the flow delivered by the
calibration device. Flow meters should be capable of
giving values in the range 60–800 L·min-1. Some cur-
rent commercial devices perform poorly at and below
100 L·min-1 [36]. The scale should be graduated to 10
L·min-1, and allow estimates of 5 L·min-1. 

Manufacturers should provide clear instructions about
the care, cleaning and disinfection of the instrument
and mouthpieces.
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Fig. 1.  –  Rise time (the time required to go from 10 to 90% of peak
expiratory flow (PEF)) and dwell time (the duration of time that flow
is in excess of 95% of PEF), derived from an expiratory flow-time
curve.



Measurement procedure

It is essential to pay close attention to the correct
performance of the test. If a subject is tested for the
first time, an explanation should be given of the pur-
pose of the test followed by a demonstration of the
manoeuvre, and the subject should make two practice
attempts. Adequate rest must be allowed before the test,
especially if the subject has been hurrying. The test
may be performed in a standing or sitting position, but
the neck must not be flexed. Having taken a maximal
inspiration, and after a maximum pause of 2 s at total
lung capacity (TLC) [35], the subject blows as hard as
possible, maintaining an airtight seal between the lips
and the mouthpiece. Unlike the forced vital capacity
(FVC) manoeuvre, the PEF manoeuvre need last for
only about 1 s. Dentures need not be removed, unless
they fit very badly. Spuriously high readings can be cau-
sed by explosive decompression occurring during forced
expiration, due either to sudden opening of a previously
closed glottis, or to the release of the tongue which was
previously obstructing the mouthpiece, or by "spitting"
into the PEF meter. It is most important that close atten-
tion is paid to the directions, supplied by the manufac-
turers concerning the correct handling of the instrument;
details differ, according to differences in design between
types of meter. If the test provokes coughing, readings
need be rejected only if this occurred at the start of the
manoeuvre or if it interfered with a full inspiration. Fur-
ther testing may be needed in patients in whom the
manoeuvre itself induces or enhances airflow limita-
tion [37–45]. The latter may be suspected if there is a
fall in successive readings; this phenomenon should be
recorded. A fall in PEF of ≥10 L·min-1 during each of
three successive PEF manoeuvres occurred in 4.4% of
children and adults with asthma, and in 3.3% of those
without asthma [45].

The highest value of PEF from three correctly per-
formed blows is recorded. For practical purposes, in
patient-administered PEF measurements, if the largest
two out of three acceptable blows are not reproducible
within 40 L·min-1, it is recommended that up to two
additional blows are performed to try and obtain bet-
ter agreement. Ninety five percent of healthy subjects
and patients with lung disease can reproduce the high-
est PEF, assessed with a handheld PEF meter, within
40 L·min-1, and 90% can reproduce it within 30 L·min-1

in three technically acceptable blows [14]. A similar
study of trained subjects [45] showed that after the first
2 days, 95% of within-session PEF readings matched
within 30 L·min-1, and that within-session reproduci-
bility was slightly less during the first 2 days of testing.
Successive blows give somewhat less reproducible res-
ults with low resistance pneumotachometers than with
PEF meters [14]. If five manoeuvres have not led to a
set of satisfactory blows, further tests are unlikely to
be helpful [46]. Inability to reach good agreement
between blows may, for instance be due to bron-
choconstriction induced by the respiratory manoeuvres
and, should not therefore, be used to reject the data [35,
47]. If successive blows do not reproduce within 40
L·min-1, a note to that effect should be recorded beside
the highest reading. Electronic PEF meters can use the
rise time or the time to peak flow as good indices of

the quality or acceptability of the effort exerted by a
subject to generate PEF [48].

Interpretation of observed values

There are different strategies for interpreting observed
values of PEF.

Reference values

Since PEF is influenced by a subject's sex, ethnic ori-
gin, age and stature, interpretation of observed values
of PEF requires that they be compared with the values
which "normal" subjects with the same anthropometric
characteristics would be expected to attain [23, 49]. In
clinical practice, reference values (often called "predic-
ted" or "normal" values) can be obtained from tables,
nomograms and regression equations. In addition to
mean values, authors of PEF reference studies should
provide the standard deviations or the 5th percentiles
in order to allow lower limits of the normal PEF range
to be established.

Examination of the reference values for adults which
have been reported by various authors reveals substan-
tial differences between them, both in mean values and
standard deviations [21, 23, 35]. In part, these differ-
ences are attributable to the employment of different
criteria in the selection of supposedly "normal" subjects
and to different methods of analysing the data to derive
regression equations [21, 23, 35]. Reference values might
also differ based upon the performance of the meter.

The essential criterion which constitutes "normality"
in the context of reference values is the absence of any
past or present factor that is recognized to have an ad-
verse effect either upon the structure or function of the
airways. Such factors include a previous or present his-
tory suggestive of asthma, COPD, emphysema, bronchi-
ectasis, bronchiolitis and other lower respiratory tract
infections. Since it has been shown that PEF is impaired
by previous or current smoking, even when unaccom-
panied by hypersecretion of mucus or any other symp-
toms [50], any smoker or ex-smoker must be excluded
from a reference group.

Even if every subject in a reference group fulfils the
above criteria, and allowance has been made for dif-
ferences in age, ethnic group and stature, there will still
be a wide scatter of values around the mean, due to
other variables that are not ascertainable; this must be
taken into account in assessing an individual's peak
flow. By subtracting 1.64·SD from the predicted mean,
a figure is obtained for the lower 95% confidence limit,
below which the values of only 5% of the "normal"
subjects will fall.

Very few of the published reference equations have
been based on a sufficiently large series of healthy sub-
jects to warrant recommending a single set of equations
for adult males and females or for children [51]; the
most widely-used seem to meet the above criteria for
adults [21]. PEF reference values derived from spiro-
metric readings should not be applied to readings from
PEF meters; this is because spirometers are usually
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unsuited for measuring PEF, and standard flow-time
waveforms commonly used to assess spirometers and
PEF meters do not adequately evaluate the frequency
characteristics of the instruments. In addition, PEF deri-
ved from volume-time recordings is sensitive to the filt-
ering and smoothing algorithms applied [52–54]. Because
of the considerable scatter around mean predicted val-
ues of PEF [23, 49], these should be regarded as pro-
viding no more than an approximate guide to the value
which should be attainable by a subject who has no air-
flow limitation. A value in the "lower range of normal"
does not exclude airflow limitation.

There is no statistical or physiological justification
for regarding a reading of 20% less than mean predi-
cted in adults as a lower limit of "normal". It has been
recommended that the percentage predicted, or the best
value of PEF attained by a subject, be used to classi-
fy asthma into mild, moderate and severe categories
[55]. In adults, the scatter around the predicted mean
value is independent of the mean; this lack of propor-
tionality precludes the expression of results as a per-
centage of predicted [23, 35, 51, 56–59]. In children
and adolescents, however, there is evidence that the
scatter is proportional to the mean, so that in this age
range it is justifiable to express observed values as a
percentage of predicted mean [60].

Maximal attained value

A single value of PEF is of very limited use, though
it may sometimes suffice to exclude the presence of air-
flow limitation at the time of the measurement. Clearly,
sequential measurements of PEF are essential for moni-
toring the progress of disease and the effects of treat-
ment upon it. The most valuable index for this purpose
is the maximal attained value (MAV) that a subject has
previously achieved. In the case of patients with asthma,
MAV must have been recorded either during a remis-
sion or while they were taking optimal treatment. Since
the decline in PEF with age is very small in normal
adults, a patient's MAV remains valid for at least 5 yrs
after it is recorded. In normal adolescents and young
adults, however, PEF rises steeply due to growth, and
allowance must be made for this if MAV was record-
ed more than 6 months previously.

Variability

Exaggeration of the endogenous circadian variation of
airways patency is a particular feature of asthma [61].
Serial measurements of PEF may be helpful in confi-
rming the diagnosis of asthma, assessment of risk fac-
tors, such as in occupational medicine [62], and in
assessing the effectiveness of asthma therapy in poorly-
controlled asthma, especially the "morning dip". In gen-
eral, values of PEF tend to be lowest during the night
and on waking, and to reach maximal values between
about noon and early evening. In addition to measure-
ments made on rising and at night, it is important that
at least one other measurement is made in the early
afternoon [61]. In patients using a bronchodilator, mea-
surements should be made prior to taking the drug.

Multiple days of PEF are useful for assessing both
diurnal variability and day-to-day variability. As there

is a learning effect during the first 2–3 days [45, 63],
these days should be ignored in evaluation of the varia-
bility. For diagnostic and monitoring purposes, variab-
ility can be expressed as an index, in which amplitude
(i.e. the difference between the highest and lowest val-
ues of PEF) is divided by the mean of all measurements
of PEF recorded during a day [1, 63, 64]. An initially
low mean PEF, excessive variability, or both, may change
to a higher mean without excessive variability as asth-
ma improves; the reverse may occur if the asthma det-
eriorates [1]. In population samples in nonasthmatics,
the 95th percentile of this index has been found to be
<20% in adults [63, 65], and <31% in children [63]. Of
adults and children with mild asthma, 51 and 60% resp-
ectively, were correctly identified by this index. There
should, therefore, be no over-reliance on the diagnostic
value of this index, as the false-negative ratio was 40
and 24%, respectively [63, 64]. If variability of PEF is
used in the clinical context for diagnosis, the discrimi-
natory power of the test is likely to improve if testing
is restricted to patients in whom asthma is suspected.

Occupational medicine

In occupational medicine, serial measurements are
invaluable for identifying subjects who react to envi-
ronmental factors [66]; they are also helpful in study-
ing the magnitude and the timing of the response, and
its relationship to the level of exposure. It is recom-
mended that assessment of serial measurements is based
on at least four equally spaced daily measurements. At
the present time, no quantitative guidelines can be given
for distinguishing between responders and nonrespon-
ders, and this must, therefore, be based on inspection
of the data. More detailed descriptions have been pub-
lished previously [66]. In the case of patients suspect-
ed of having occupational asthma, a minimum positive
record should include 2 weeks at work and 2 weekends
away from work; and a minimum negative record should
include at least 2 work periods separated by at least 10
days away from work, to provide an adequate represen-
tation of days at work and days away from work [62].

Diagnostic and therapeutic interventions

Measurements of FEV1 are the established index of
changes in airway calibre and obstruction. In patients,
such as those with emphysema, PEF underestimates the
degree of airway obstruction. If one cannot measure
FEV1, measurements of PEF can be used in exercise cha-
llenge tests, where a fall of 15% or more from the rest-
ing value is indicative of increased bronchial liability.
In adults, an increase in PEF of 60 L·min-1 after admin-
istration of a bronchodilator drug has been suggested
to indicate a clinically significant improvement [67].

Areas in which future research is required

Ideally different meters should give the same reading
for PEF, whether from the same or a different manufac-
turer. This is not only a matter of linearity and accuracy,
it also relates to the resistance to flow of the instrument
and the dynamic performance. At the present time, there
is insufficient knowledge of an acceptable upper limit
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for flow resistance. This should be clarified in future
research, in which the influence of instrument resistance
on PEF is assessed. Based on one study of five brands of
PEF meter [30], it is provisionally recommended that the
back pressure should not exceed 5 kPa at 800 L·min-1,
and 2 kPa at 400 L·min-1, or a maximum resistance of
0.4 kPa·L-1·s. How the rise time to PEF and the dwell
time at PEF may affect PEF meter readings needs to be
established.

Flows are currently being measured with instruments
based on different measuring principles: the tempera-
ture, the composition of the gas, including its viscosi-
ty, and the gas pressure do not affect the reading of
different instruments in the same way [27–31]. Some
of the complexities of relating calibrations made at room
temperature to measurements of exhaled gas obtained
with pneumotachometers have been reviewed previ-
ously [23, 30, 68–70]; similar considerations apply to
other instruments employing other principles. In view
of these problems, manufacturers should give guidance
to the user concerning the effects of differences in gas
temperature and gas composition on the readings obtai-
ned with their meter. Clarification of this and the above
issue is indispensable in arriving at equipment specifi-
cations, which will make readings from peak flow meters
of different makes comparable.

Present prediction equations are based on measure-
ments obtained with nonlinearized meters, and, there-
fore, need updating with meters that comply with the
specification presented in these recommendations. More
information is needed about: the relationship between
PEF, anthropometric variables and age in young chil-
dren and adolescents; and also in males and females of
different ethnic groups; and in every case about the
confidence limits for the regression equations.

More information is required about the use of PEF
measurements in clinical practice: how often are they
needed in management, and how should they best be
applied for their various functions? In addition, when
PEF measurements are used as a diagnostic test, other
indices than those reviewed here are useful [71, 72]. In
view of patient recording compliance, recording instru-
ments might improve the clinical utility of PEF mea-
surements [73].

Clinical experience and current recommendations on
asthma management have been derived using meters
with a scale that does not linearly relate to flow. Chang-
ing the scales on meters to a linear relationship would re-
move any possible bias in the management of individual
patients resulting from the present "nonlinear" scales,
and would improve on the current expertise rather than
negate it. Whilst mathematical corrections can be applied
to data from the current meters, these are too cumber-
some for individual patients monitoring their asthma.
The issue needs to be resolved by an internationally
agreed single standard for PEF meter scales [74].

This statement was prepared by a Working Party of the European
Respiratory Society. Members of the Working Party are: Brand P.L.P,
Dekker F., Postma D.S., Quanjer Ph.H. (co-chair) (The Netherlands);
Britton J., Burge P.S., Gregg I. (co-chair), Higgins B.G., McNaughton
J., Miller M.R., Tattersfield A., Venables K., Wright B.M. (UK);
Charlton I., Le Souëf P., Sly P. (Australia); Crapo R.O., Hankinson
J., Lebowitz M.D. (co-chair) (USA); Hargreave F.E., Sears M.
(Canada); Paoletti P., Paggiaro P.L. (Italy); Pedersen O.F. (Denmark);
Roca J. (Spain).
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