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ABSTRACT: Spirometry and peak flow measurements traditionally depend on
different forced expiratory manoeuvres and have usually been performed on separate,
dedicated equipment. As spirometry becomes more widely used in primary care
settings, the authors wished to determine whether there was a systematic difference
between peak expiratory flow (PEF) derived from a short sharp exhalation (PEF
manoeuvre) and from a full forced vital capacity (FVC) manoeuvre, using the same
turbine spirometer (Microloop, Micro Medical, Kent, UK).

Eighty children (38 with current asthma) aged 7±16 yrs were asked to perform 2
blocks of PEF and FVC manoeuvres, the order being randomly assigned.

PEF obtained from a peak flow manoeuvre (PEFPF) was significantly greater than
that from a forced vital capacity manoeuvre (PEFVC) in both healthy (group mean
difference 20 L.min-1; p<0.001) and asthmatic children (group mean difference
9 L.min-1; p<0.004).

For clinical purposes, a mean difference of about 3% for children with asthma is of
no practical significance, and peak expiratory flow data can usefully be obtained
during spirometric recordings.
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Home monitoring of peak expiratory flow (PEF) is
advocated for asthma self-management. It allows fine
tuning of asthma control by patients and has been shown in
adults to improve well-being and reduce the need for
hospital admission [1]. However the validity of this
measurement has been questioned recently, particularly in
relation to the use of the mini-Wright peak flow meter [2]
and in comparison with other lung function tests [3]. A
poor clinical correlation between PEF measurements and
symptoms has been repeatedly shown in clinical trials and
borne out in clinical experience. The most common ob-
servation is that peak flow remains within acceptable
limits while patients exhibit a wide range of symptoms.
In place of PEF meters, spirometry has been advocated
for monitoring adults and children with asthma at home
[4, 5].

Electronic spirometry provides much more information
about airway function while still providing a value for PEF.
Discrepancies have been demonstrated between PEF
measured by portable PEF meters and during spirometry
[6] but little work has been done to determine whether the
difference is physical, related to recording equipment
itself, or biological, dependent on the type of forced
expiratory manoeuvre required. Nevertheless, electronic
recording spirometers are increasingly being used in
primary care and domiciliary settings to record PEF and
spirometric indices. The authors aimed to test the hypo-
thesis that in children, the value of PEF from a peak flow
manoeuvre is equal to that obtained during a forced vital
capacity manoeuvre.

Methods

Subjects

Children aged 7±16 yrs (median age 10.5 yrs) attend-
ing outpatient clinics in secondary or community settings
were invited to participate in the study. Nonasthmatic
subjects (n=42) were recruited if they had no current
respiratory illness and no upper respiratory symptoms
within the last two weeks. This group was comprised of
children with orthopaedic problems and healthy siblings of
asthma clinic attenders. Asthmatic subjects (n=38) had
physician-diagnosed asthma and were in receipt of regular
anti-inflammatory treatment, at least at Step 2 of the British
Thoracic Society Guidelines [7]. Any child currently
taking oral corticosteroid medication for any reason or
receiving nasal therapy, and any asthmatic child with
unstable or acute asthma or who had taken b2-agonists in
the last 4 h was excluded.

Verbal consent was obtained from parents and children
and the manoeuvres were carried out in the clinic area
while children were waiting for their appointment. Eligible
children were asked after instruction, to stand and give up
to five blows each of the FVC and PEF manoeuvres. Any
child who, after 5 attempts was unable to produce 2 blows
within 5% of maximum sum of FVC+FEV1 [8] and a total
of 3 peak flow manoeuvres was excluded. Nose clips
were not used. The children were all volunteers and the
study was approved by the Leicestershire Research Ethics
Committee.
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Procedure

Children carried out the series of PEF or FVC mano-
euvres, in random order to prevent bias. PEF was perfor-
med by 44 children first and FVC by 36 children. The
randomization was computer generated (SPSS 6.0. SPSS
Inc., Chicago, IL, USA). After instruction, each child was
asked to perform up to five blows using the first assigned
set of manoeuvres with a short break between each blow.
The procedure was then repeated for the second set of
manoeuvres. For the peak flow manoeuvre (PEFPF), chil-
dren performed at least three manoeuvres until the two best
were within 5%, or five blows had been recorded, which-
ever was sooner. For the vital capacity manoeuvre (PEFVC)
children performed at least three manoeuvres until the
FVC+FEV1 was within 5% for the two best blows, or five
blows had been recorded, whichever came first.

All measurements were carried out on a turbine mini-
spirometer (Microloop, Micro Medical, Kent, UK) which
met American Thoracic Society (ATS) 1994 criteria for
equipment [9]. Each recording can be viewed in order to
permit immediate technical assessment. The value of PEF
from each blow was recorded by hand. Each FVC mano-
euvre was saved electronically and printed out at the end
of the session. The manoeuvre with the greatest FVC+
FEV1 sum was selected and the PEF derived from that
manoeuvre was used for analysis. A maximum of 25 min
was needed to complete the whole process.

Analysis

The mean difference between the two PEF manoeuvres
and the limits of agreement were determined by an Altman
Bland analysis [10]. Although it is known that age, sex,
and height affect PEF the crossover study design ensured
that these factors were all controlled. Data from healthy
and asthmatic children were analysed separately. A
sample size of 40 in each group was calculated to have
90% power at the 0.01 level to detect a 10% difference in
PEF between the two manoeuvres.

Results

Eighty eligible children agreed to participate in the
study. Seven children (4 with asthma) refused to complete
all the manoeuvres following randomization and were
therefore, withdrawn from the study. Data are presented for
73 children. More male children than female children were
recruited into both groups and although the asthmatic
group were slightly older and taller this did not reach
statistical significance (table 1).

Sixty three children (86%) provided reproducible vital
capacity manoeuvres (2 blows within 5% of maximum
FVC+FEV1 sum) [8]. Fifty four children (74%) provided
reproducible FVC manoeuvres together with at least
2 peak flow blows with less than 5% variability. Data
for these children were analysed separately from those
children whose technique was non-reproducible. There
were no differences in age, height, sex or asthma status
between reproducible and non-reproducible groups of
children.

The differences in peak flow from different manoeuvres
were highly significant. The difference occurred in both
asthmatic and nonasthmatic children (table 2) and in both
the reproducible and non-reproducible groups. There was
no order effect (p<0.50) and no period effect (p=0.17).
The overall mean difference between PEFPF and PEFVC

was 9.7 L.min-1 (fig. 1), about 5%, and for the asthmatic
group slightly less (3%). However, the limits of agree-
ment were very wide, -57.7± +38. 3 L.min-1, a range of 96
L.min-1.

Discussion

The data demonstrate that by using an electronic, turbine
spirometer, the value of PEF obtained from a PEF
manoeuvre (a short sharp maximal blow from total lung
capacity) is significantly different from that obtained
during a full forced vital capacity manoeuvre, for both
asthmatic and healthy children. The overall mean diffe-
rence was about 5% and for the children with asthma, 3%.
Eighty seven percent of children could carry out a
reproducible full forced manoeuvre successfully, fulfilling
ATS criteria [8]. Seventy four percent fulfilled the criteria
set for both manoeuvres.

UWYEDD et al. [6] studied children with asthma to
assess the contribution of PEF monitoring at home to
asthma management. They found poor agreement be-
tween PEF from meter and PEF from spirometer and
concluded that "PEF recorded by a mini-Wright meter
does not necessarily reflect that recorded by spirometer".
Using mechanical methods, HANKINSON et al. [11] postu-
lated that PEF meters overestimate PEF at lower flow
rates and the variable error of measurements obtained
using mini-Wright meters is well recognized [12]. Accep-
ting that the nonlinearity of portable peak flow meters
increases error, if the expiratory manoeuvre is also im-
portant, the error may be exaggerated by the technique
employed.

Table 1. ± Anthropometric data

Asthma Healthy

Subjects n 34 39
Age yr* 11 (7±15) 10 (7±16)
Height cm** 150�14.8 142.2�14.7
Male children*** 25 (73.5) 25 (64.1)
PEFPF % pred+,** 103.1�18.5 108.9�18.2

*: Data presented as median (range); **: data presented as
mean�SD; ***: data in parentheses are presented as n (%); +:
reference values calculated from [21]. PEFPF: peak expiratory

flow manoeuvre; pred: predicted.

Table 2. ± Mean peak flow from the best peak flow
manoeuvre and the best vital capacity manoeuvre

Peak flow
manoeuvre

Vital capacity
manoeuvre Significance

All chidren
(combined)

306.9�87.2 292.0�89.0 p<0.001

Asthmatic children 326.1�100.1 317.4�103.7 p=0.004
Nonasthmatic
children

290.1�71.3 269.9�67.9 p<0.001

Data are presented as mean�SD.
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PEF measurement and spirometry are effort dependent
manoeuvres requiring training [13]. The training effect
may be quite prolonged, if increased respiratory muscle
strength contributes to this [14]. Even with prior expe-
rience, young children can achieve higher flows with
succeeding blows [15], so that up to 5 attempts may be
insufficient to achieve the maximum PEF. This study
recruited healthy children who were not used to perfor-
ming lung function tests along with children with asthma,
most of whom were. The children in this study were
randomized to complete either the PEF or the FVC
manoeuvre first so that learning did not explain the
difference.

Posture might have played a part. All subjects stood to
complete the manoeuvres because PEF was the result of
interest [9] with no attempt to fix the head and neck
posture. D'ANGELO et al. [16] suggested that changes in
neck posture can impact on the FVC manoeuvre, parti-
cularly affecting the FEV1 and PEF. KANO et al. [17] also
found significant changes in PEF with changing neck
posture.

Guidelines should be followed in the performance of
spirometry [9]. It has been suggested that there should
also be standardization of the inspiratory component of
the FVC manoeuvres. Inspiratory speed has been demon-
strated to have an effect on PEF. A number of studies
have demonstrated that with faster inspiration a larger
PEF is produced [18, 19], although this is not necessarily
true for all subjects [14]. Inspiratory speed has not been
differentiated from breath-hold at total lung capacity
(TLC) in most studies. A breath-hold, by reducing elastic
recoil and increasing airway wall compliance, impacts on
all spirometric indices, the greatest reduction being seen
in the initial portion of the curve and therefore, affecting
PEF and FEV1 [16, 19]. Data from WANGER et al. [18]
suggest that breath-hold of as little as 2 s significantly
reduces PEF, both in healthy and asthmatic adults [19].
In this study, breath-holding was not encouraged as part
of the manoeuvre. No obvious pause at TLC was seen,
but the length of any breath-hold was not measured.
Although there are no studies assessing incidental breath-
hold at TLC, the authors suspect that this phenomenon
is more common during a full forced manoeuvre than

during a short sharp (peak flow) manoeuvre, particularly
in children who may have some difficulty with instruc-
tions and coordination.

An alternative means of selection of PEF from spiro-
metry, is simply to record the highest value from a series of
blows. It was found that the mean maximum PEF selected
this way, was 8 L.min-1 (2.7%) higher than the value
obtained for the "best" FVC measurement, this was true for
both asthmatic and healthy volunteers.

Although these results reach statistical significance, they
are not clinically significant. The mean difference was
9.7 L.min-1. However, the limits of agreement (-57.7±
+38.3 L.min-1) had a wide range of 96 L.min-1 which
could be clinically important particularly in young child-
ren. The difference is greater than the estimated limits of
agreement of PEFPF for repeated observations on a single
occasion (-26± +26 L.min-1) [20]. It is not surprising that
this study demonstrated wider limits than this. However,
it would be important in the future to show that individual
differences between the two techniques were consistent.

In summary, peak expiratory flow derived from a peak
expiratory flow manoeuvre was significantly greater than
that derived for a forced vital capacity manoeuvre using a
turbine spirometer, for both healthy and stable asthmatic
children. However, the difference was very small and of no
clinical significance. Although these conclusions may not
apply during acute severe episodes of airway obstruction,
peak expiratory flow derived for spirometric measurements
appears to be adequate for clinical monitoring.
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