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P
eak expiratory flow (PEF) measurement is

beneficial in identifying and evaluating the

airflow-limitation degree in epidemiological

studies. In clinical practice, it can be useful

in monitoring the progress of disease and the effects

of treatment.1-2

Spirometry is a basic test useful both for mea-

suring and for monitoring lung function, includ-

ing PEF.3 The electronic spirometer has been ex-

tensively used in specialists’ practices. On the

other hand, a simpler device, Mini-Wright peak

flow meter (MWPFM), has been the most widely

used device both in general practices and at

home.4-6  Although it is portable, relatively easy

to use, and affordable, MWPFM has limitations

and disadvantages.5,7-8 Many studies found that

MWPFM produced higher PEF values than the

electronic spirometer did.9,10 Many other studies
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ABSTRACT

Objective This study aims to compare peak expiratory flow mea-
surement by peak flow meter and electronic spirometer in healthy
elementary school children.
Methods This was a cross-sectional study performed in an el-
ementary school near Cipto Mangunkusumo hospital (SDN
Pegangsaan 01). The study group consisted of healthy children
aged 6-12 year old. Data regarding identity and history of illness
was taken in each subject. Routine physical examination was per-
formed and recorded. Each subject performed lung function tests
by means of electronic spirometer AS-7 as well as by Mini-Wright
peak flow meter. The subject should perform a minimum of three
maneuvers for each method where only the best result was re-
corded.  Method comparison test to assess agreement between
two methods was employed in this study.
Results There were 10 males and 15 females enrolled in this study.
None of the subjects currently have any respiratory symptoms and
signs. This study found that the mean peak expiratory flow (PEF) by
spirometer was 226.8±73.13 L/min while by peak flow meter was
223.0±45.05. Mean difference between spirometer and peak flow
meter measurements is 6.2 with standard deviation of 60.82. These
values resulted in limits of agreement of -115.44 to +127.84 L/min.
Conclusions This study finds disagreement between electronic
spirometer and Mini-Wright peak flow meter in measuring peak
expiratory flow, therefore these two devices cannot be used
interchangeably. Mini-Wright peak flow meter still has a role in
home monitoring, but the physician should interpret the results
carefully. [Paediatr Indones 2004;44:248-252].
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also found that MWPFM was inaccurate and pro-

duced inconsistent results.11-15

This study aimed to compare peak expiratory

flow measurement by peak flow meter and electronic

spirometer on healthy elementary school children

by performing these two measurement separately,

as usually performed in practice.

Methods

This was a cross- sectional study on healthy

children attending SDN Pegangsaan 01. For

enrollment of the study, patients were required

to be at least 6 years of age. Parental consent was

obtained. The sample was drawn by random

methods.16

The sample size was determined using the

formula for paired groups.16 We used significance

degree (α) of 0.05, power (1−β) of 0.80, and mini-

mal clinically important difference (δ) of 20%.

Standard deviation of mean difference (sdiff) was

obtained by firstly doing a pilot study on 10 chil-

dren. The calculation yielded 25 subjects for each

group.

Data regarding identity and history of ill-

ness was taken and each subject underwent rou-

tine physical examination and lung function tests

by means of electronic spirometer AS-7. It was

done in standing posture with the head in a neu-

tral erect position; nose clips were not used. Each

subject was told to take a deep breath to full

inflation, place the lips tightly around the mouth-

piece, and blow out into the device as hard and

as fast as possible until no further gas could be

exhaled. The subjects should place his/her teeth

around the outside of the mouthpiece and pre-

vent his/her tongue from occluding the mouth-

piece. These maneuvers should be observed by

the operator to assure that the subjects adhered

to the instructions. After each measurement, the

equipment was prepared for the next measure-

ment. The subjects performed a minimum of three

maneuvers, of which only the best result was re-

corded.17

Each subject also underwent lung function

test by means of Mini-Wright peak flow meter. Ev-

ery subject used a different device made by same

manufacturer. This portable handheld peak flow

meter was used with the following guidelines.17

First, the  recording needle was returned to zero.

A nose clip was not required. The subject was

instructed to breathe as deeply as possible and

place his/her lips and teeth around the mouth-

piece to make a tight seal. The subject then made

a short, sharp, hard blow with an open glottis for

1 second. The subject was told not to occlude

the exhaust holes on the device or to block the

scale pointer by his/her hands. Each subject per-

formed three blows with the pointer being re-

turned to 0 between blows. The highest reading

of these was recorded. If the subject coughed

during the procedure, or a leak at the mouth was

detected during a blow, that attempt was not in-

cluded.17

We employed two statistical approaches on

this study. Firstly, we performed paired t-test to

detect any difference between the two measure-

ments. A p level of <0.05 was considered signifi-

cant. Since this test may not be able to evaluate

variability in values, we also employed a second

analysis proposed by Bland and Altman18 to assess

agreement between two methods. We calculated

the mean difference and the standard deviation

of the differences (sdiff). Then, we determined the

95% limits of agreement, obtained from a range

of mean±2sdiff. The interpretation and determi-

nation of acceptable agreement depended upon

the clinical circumstances since it cannot be de-

fined statistically.18

The study was approved by the Committee

of the Medical Research Ethics of Medical School,

University of Indonesia. Data collected were pro-

cessed using SPSS 11.0 computer program.

Results

There were 127 healthy children who met the

inclusion criteria. Of these, twenty-five children

were randomly selected consisting of 10 males and

15 females. The characteristics of subjects are

shown in Table 1. None of the subjects had any

respiratory symptoms and signs.

 The peak expiratory flow results of both meth-

ods are presented in Table 2. Mean difference be-
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tween spirometer and peak flow meter measurement

was 6.2 with standard deviation of 60.82. These val-

ues resulted in 95% limits of agreement of -115.4 to

+127.84 L/min.

Discussion

Peak expiratory flow (PEF) is the maximum flow

achieved during a forced expiration starting from

the level of maximal lung inflation.2 In monitoring

the progress of a disease and the effects of treatment

it is important to measure PEF as it can identify and

evaluate the degree of airflow-limitation.2

In this study, we find that Mini-Wright peak flow

meter overestimated  PEF at lower rates and underesti-

mated PEF at higher rates (>300 L/min). This supported

findings by Hankinson et al10 and Wirjodiardjo et al.15

However, both studies found that underestimation of

measurement occurs in rates higher than 600 L/min.10,15

Our study only measured PEF on elementary school

children with the highest flow of 390 L/min.

Although on average the MWPFM was not

found to have any significant difference with the

spirometer (p=0.615), on individual basis this

study discovered unacceptably wide limits of

agreement (-115.4 to +127.8 L/min) between

Mini-Wright peak flow meter and spirometer mea-

surements. This means that the MWPFM does

not agree with the spirometer and therefore can-

not replace the spirometer for measuring PEF. This

is in accordance with recommendations made by

Sly et al,11 Miller et al,12 and McKenzie et al,6 who

all found that peak flow meter produced diverse,

even inconsistent values. This discrepancy was

suggested to originate from nonlinear character-

istics of the critical orifice within the device.14

Sly et al11 in their study found that peak flow

meters do not only give inaccurate absolute val-

ues, but may also not be as effective as spirom-

eters in tracking changes in lung function in chil-

dren with asthma. The measurements are likely

to differ depending on the brand of peak flow

meter used. Another study also concluded that

interchanging devices may result in variability of

results, because of the lack of comparability be-

tween different devices.6 In this study, we only

used one type of peak flow meter made by same

manufacturer. Nevertheless, we used different

peak flow meter devices for different individuals,

which might contribute to a slight difference as

each measurement device, just like other scales,

TABLE 2. PEAK EXPIRATORY FLOW RESULTS (L/MIN):
SPIROMETER VS MINI-WRIGHT PEAK FLOW METER

No Spirometer Peak flow meter Difference

1 110 200 90

2 120 200 80

3 140 150 10

4 150 225 75

5 160 225 65

6 180 150 -30

7 180 200 20

8 180 225 45

9 180 225 45

10 190 225 35

11 190 275 85

12 210 225 15

13 220 300 80

14 230 180 -50

15 230 270 40

16 240 250 10

17 250 225 -25

18 270 175 -95

19 270 325 55

20 280 225 -55

21 300 250 -50

22 320 275 -45

23 340 250 -90

24 340 275 -65

25 390 300 -90

Mean 226.80 233.00 6.20

SD 73.13 45.05 60.82

                             p = 0.615*

* = paired t test

TABLE 1. SUBJECTS’ CHARACTERISTICS

Mean(SD) Range

Age (year) 9.3(1.96) 6.00 – 12.00
Weight (kg) 129.5(11.71) 108.6 – 153.7
Height (cm) 27.9(9.46) 18.0 – 53.5
PEF, spirometer (L/min) 226.8(73.13) 110.0 – 390.0
PEF, peak flow meter (L/min) 223.0(45.05) 150.0 – 325.0
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also needs calibration. On the other hand, we only

used one spirometer for all subjects, which elimi-

nated the need for calibration. In clinical settings,

patients therefore are recommended to have and

to use their own device every time they measure

their PEF, and even bring it to the clinic on regu-

lar visits.6,11 Thus, if a change is found in patients

who use their personal device, the change is real

and is more valuable than when they use a differ-

ent device.

Although this study found disagreement be-

tween spirometer and Mini-Wright peak flow

meter, we did not imply that MWPFM should not

be used  in home practice. We suggested that the

values obtained in clinical practice should be in-

terpreted carefully, particularly in adjusting medi-

cation doses for asthma, and as a guide for ad-

mission or discharge of asthmatic patients from

the emergency room.11,13

Furthermore, a physician has to determine

the child’s “personal best” PEF by observing it for

1 to 2 weeks at a time when the child is well.

This value can then be utilized as a basis for com-

parison during asthma attacks.14 Patients should

also be encouraged to take their peak flow meter

to the asthma clinic to check their test technique,

the measurements, and any obvious damage. The

device should be calibrated regularly and be re-

placed every three years.6

In conclusion, this study found disagree-

ment between electronic spirometer and Mini-

Wright peak flow meter in measuring peak expi-

ratory flow, therefore these two devices can not

be used interchangeably. Mini-Wright peak flow

meter still has a role in home monitoring, but

the physician should interpret the results care-

fully. Patients should have their own personal

device which they should bring to the clinic on

regular PEF assessments. Physicians should also

perform regular technique checking, calibration

and replacement whenever necessary.
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