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Airway resistance measured by the interrupter technique:
normative data for 2–10 year olds of three ethnicities
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Background and Aims: The measurement of airway resistance using the interrupter technique (Rint) is
feasible in preschool children and other subjects unable to undertake spirometry. This makes it poten-
tially useful for the measurement of lung function in these groups. Commercial devices use different
algorithms to measure pressure and flow from which Rint is derived. This study provides normative values
for British children using devices from a single manufacturer.
Methods: Rint was measured in 236 healthy children of three ethnic groups (Afro-Caribbean and black
African, Bangladeshi, and white British) aged 2–10 years using Micro Medical devices. Software in
the devices calculated Rint from pressure measured by the two point, back extrapolation method from
the pressure transient during valve closure, with flow measured just before valve closure.
Results: Rint is related to both age and height, but when age is allowed for there is not a significant
relation with height. Neither gender nor any of the ethnicities studied was significantly related to Rint.
Discussion: These measurements in healthy children using this technique may be used as reference
data for similar populations.

The measurement of airway resistance by the interrupter
method (Rint) has been developed by a number of groups
for clinical use and as a research tool. The method is par-

ticularly suitable for subjects who cannot undertake standard
lung function tests, such as preschool children and schoolchil-
dren who are unable to undertake spirometry.1–7 The ability to
monitor the progress of lung disease and to measure the effect
of therapeutic interventions in these groups is quite limited.
Much is already known about the technical aspects of the
measurement of Rint, and its repeatability in young children.8

Commercial equipment for measuring Rint is now available.
Undertaking the test is not complicated, even in a busy
environment,6 and so it is possible to measure Rint outside spe-
cialist centres. It is therefore important to provide reference
values for normal children using these devices. In Europe,
manufacturers of interrupter equipment include Micro Medi-
cal (Micro Medical Ltd, Gillingham, UK) and Jaeger (E Jaeger,
Wurzburg, Germany). Reference data for healthy children
aged 6–11 years, used in the Micro Medical equipment, have
been obtained from a group of Korean children.9 There are also
data for Dutch children which include only a small number
under 4 years,10 and for Italian preschool children.11 Reference
data using the Jaeger equipment have been published from
Danish children aged 2–7 years,12 and a Dutch population with
the youngest subjects age 9 years.13 The two devices use quite
different algorithms for the calculation of pressure and flow

from which, in turn, Rint is calculated and so reference data for

each are needed. Data from a small group of French children

made with a non-commercial device have also been

published.5

The purpose of this paper is to report measurements of Rint,

using Micro Medical interrupter devices, in healthy east Lon-

don children aged 2–10 years. This population is of particular

interest as within it there are three large indigenous ethnic

groups whose measurements can be compared. Our data will

be compared to other published data.

SUBJECTS AND METHODS
Subjects
Subjects were children living in the east London districts of

Tower Hamlets and City and Hackney. They were considered to

have no respiratory problems if they met acceptable stand-

ards14: absence of acute disease or reported respiratory symp-

toms (such as cough or difficulty in breathing); chronic respi-

ratory disease or symptoms; disorders, such as neurological

disease, likely to affect the respiratory system; and no history

of upper respiratory tract infection in the three weeks before

the test. Ethnicity was classified as Afro-Caribbean (this group

included black Africans), Bangladeshi, and white British. In

the 1999 local census, these groups were represented in the

study population as follows: Afro-Caribbean 10%, Bangladeshi

45%, white British 37%. Children of mixed ethnic parentage or

from other ethnicities were excluded. Measurements of Rint

were undertaken either on hospital premises or in schools.

Those studied in hospital were patients who were attending

for the ambulatory treatment of unrelated conditions such as

fractures, or patients’ healthy siblings.

Methods
Rint was measured using two commercial devices (Microlab

4000 and MicroRint, Micro Medical Ltd, Gillingham, UK). In

both devices flow is measured immediately before valve

closure. Pressure is measured in both using a two point linear

back extrapolation method. The time at valve closure (T0) is

arbitrarily defined as the time at which 25% of the difference

between the baseline pressure and the first clearly defined

pressure peak preceding oscillation is reached.15 In both

devices change in pressure is measured at the mouth

following valve closure (Pmo(t)) by back extrapolating

through 10 ms portions centred on T0+30 ms and T0+70 ms.

The MicroRint extrapolates pressure to T0 and the Microlab

4000 to T0 +15 ms. Although the extrapolation to T0 + 15 ms

would be expected to result in a higher pressure measurement

and thus higher Rint measurements, it has been shown that

measurements in children using the two devices show no sys-

tematic bias.16 This probably reflects a coefficient of variation

of each measurement of about 15%,17 which is likely to obscure

small differences in Rint. As part of our own laboratory’s qual-

ity control procedures, measurements have been made with

both devices in 60 children aged 2–10 years with a wide range

of Rint. The mean ratio of measurements made with the two

devices, Microlab 4000/MicroRint, is 0.99 (95% confidence
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interval 0.95 to 1.03), suggesting there is no important

systematic bias. Measurements were made in expiration. We

have shown that these are similar to those in inspiration.17

Measurements were made as described previously.6 Sub-

jects were seated in a similar, comfortable position. They

breathed quietly through a cardboard mouthpiece (2.7 cm

diameter or, for some of the younger children, 2.0 cm

diameter) with the nose clipped, the cheeks and pharynx sup-

ported by the technician, and the neck slightly extended. After

a period of quiet breathing, in response to a trigger during

expiration at peak tidal flow, a single shutter closed automati-

cally within 10 ms for 100 ms duration (manufacturer’s speci-

fication). Values were considered acceptable when the Pmo(t)

was of consistent shape.3 At least six acceptable values of Rint

were obtained and the mean of these values was considered

the measurement. Subjects were unable to anticipate the trig-

ger but could hear the shutter closing. Attempts were not

accepted if breathing was irregular or the child was restless.

All new operators were trained in the method so that

interrater reliability was acceptable before measurements

were made in subjects.6

Height was measured in stockinged feet using calibrated

wall fixed stadiometers (Castlemead, Welwyn Garden City,

Hertfordshire, UK) and portable, temporarily fixed stadiom-

eters (Raven Equipment Ltd, Dunmow, Essex, UK).

Consent was obtained with an interpreter when necessary.

The study was approved by the local ethics committee.

Data analysis
Using the UK cross sectional reference data,18 heights of sub-

jects were expressed as z scores for age and compared by one

way analysis of variance.

Measurements of Rint were transformed (log10) to produce a

constant variance.19 The relations of log10Rint and height, age,

gender, and the three ethnicities were described by simple and

multiple linear regression. The widths of the confidence inter-

vals describe the adequacy of the numbers of subjects studied

to identify differences between genders and ethnicities.

RESULTS
There were 130 boys (median age 6.0 years, range 2.7–10

years) and 106 girls (median age 5.7 years, range 2.7–9.9

years). There were 39 Afro-Caribbean children (median age

5.4 years), 118 Bangladeshis (median age 6.1 years), and 79

white British (median age 5.0 years). Figure 1 shows the age

distributions for subjects of each ethnicity. Seventy seven chil-

dren had measurements made in schools, the remainder on

hospital premises. Forty five measurements were made using

the Microlab 4000 and 191 using the MicroRint.

Relation of height and ethnicity
Table 1 shows the mean z scores for height in the three ethnic

groups. The differences are statistically significant (F2

232 =

5.03, p = 0.007).

Relation of Rint with age, height, gender, and ethnicity
Table 2 shows the results of multiple regression of log10Rint on

height, age, gender, and ethnicity. It will be seen that the

effects of gender and ethnicity were small and non-significant

when age and height have been allowed for. Table 3 shows the

results of regression on height and age. It appears that once

age has been allowed for there is not a significant relation with

height, but the reverse is not the case.

Table 4 gives the simple regression equations relating

log10Rint to age and height. Measurements are plotted against

age and height in figs 2 and 3. Graphical examination of the

residuals showed that those for age were close to normality

and had a constant variability across the range. There was no

evidence of curvature. The regression on height showed

significant curvature.

The mean ratio of Rint measurements girls to boys corrected

for age, height, and ethnicity is 0.99 (95% CI 0.93 to 1.05). The

mean ratio of Rint measurements in Bangladeshis, corrected for

age, height, and gender, to those in white British is 1.00 (95%

CI 0.93 to 1.07) and those in Afro-Caribbeans compared to

white British is 1.02 (95% CI 0.93 to 1.12).

Comparison with published data
Published normative data measured with commercial devices

are plotted in figs 4 and 5.9–13 The data from the Korean

children were from measurements made using the Microlab

4000 using the same algorithm for calculating Rint as in this

Figure 1 Ethnicity and age.

Table 1 Heights as z scores for age

Afro-Caribbeans Bangladeshis White British

(n=39) (n=118) (n=79)

Mean z score +0.42 −0.27 −0.06
SD 1.03 1.19 1.07

Table 2 Multiple regression of log10Rint on age,
height, gender, and ethnicity

Coefficients Standard error p value

Age (y) −0.0310 0.00819 0.0002
Height (cm) −0.00141 0.00124 0.254
Gender (girls v boys) −0.00429 0.00133 0.747
Afro-Caribbean v white British 0.0100 0.0201 0.618
Bangladeshi v white British −0.00187 0.0149 0.900

Table 3 Multiple regression of log10Rint on age and
height

Coefficients Standard error p value

Age (y) −0.0320 0.00790 <0.0001
Height (cm) −0.00127 0.00120 0.291
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study. These provide the “predicted normal values” supplied

with the Micro Medical interrupter equipment. Data for

airway resistance measured by plethysmography are included

for comparison.20

DISCUSSION
This is the first study which measures Rint in healthy children

over the age range 2 to 10 years and examines the effect of

ethnicity in addition to age, height and gender. We chose a

population of predominantly prepubertal children as puberty

may have an independent effect on Rint and would be too diffi-

cult to assess in children in a study such as this.

Our controls met standard criteria for children who are

controls for respiratory disease.14 We did not ask about tobacco

smoke exposure or smoking during pregnancy as it would

have been impractical to validate this. Nor did we ask about

family history of atopy or respiratory disease.

Height, age, gender, and ethnicity
We have presented simple regression equations, using both

height and age, for comparison with other studies. We chose

an exponential model because the scatter was homoscedastic

after logarithmic transformation. Conventional lung function

measurements such as FEV1 and FVC are usually standardised

against height. In our data, height and age predicted Rint to the

same extent. However, there was a small effect of age after

height had been allowed for but the reverse was not the case.

In addition, the age relation was linear whereas the height

regression showed significant curvature even after the log

transformation of Rint. Of the two, age will usually be the easier

to ascertain, especially in field studies where accurate height

measurement may be difficult. This is also true for measure-

ments in physically disabled children. For practical purposes,

we therefore recommend standardising Rint measurements

against age, at least in prepubertal children.

No significant difference in Rint between boys and girls has

been identified in other studies.9 12 13 In our study the 95% CI

for the ratio of girls’ to boys’ measurements was 0.93 to 1.05,

suggesting any difference is, at the very most, 6%. In infants

born at term, respiratory resistance tended to be lower in girls

than boys,21 but there is no information about measurements

in the second year of life.

The effect of ethnicity was evaluated for the three main

ethnic groups in east London. The Bangladeshi children stud-

ied here are all of Bangladeshi parents and are perceived to be

a discrete ethnic group. The ethnicities of the black and white

groups are likely to be less homogeneous. Nevertheless, using

this classification the groups could be distinguished by height.

Table 4 Simple regressions of log10Rint on age and height

Intercept Coefficients Standard error p value Residual standard deviation

Age (y) 0.116 −0.0396 0.00329 <0.001 0.101
Height (cm) 0.528 −0.00569 0.000516 <0.001 0.104

Figure 2 Measurements of Rint related to age.

Figure 3 Measurements of Rint related to height.

Figure 4 Published regression lines for age.

Figure 5 Published regression lines for height.
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We did not exclude children if their mothers smoked during

pregnancy. European guidelines do not consider maternal

smoking when reference values for lung function tests in chil-

dren are compiled.22 About 40% of white British mothers in the

area studied are believed to smoke during pregnancy23; fewer

African and Afro-Caribbean mothers smoke, and the Bangla-

deshis rarely smoke. Smoking in pregnancy is well known to

adversely affect lung function in infancy, probably reflecting

smaller airways.23 Rint, however, was not significantly affected

by these ethnicities.

Other studies
Reference values from different workers can reflect different

techniques and different populations.22 The reference data

used by Micro Medical in their equipment are from a large

group of Korean children.9 Measurements were technically

similar to ours, although only three values rather than six

were used to calculate the measurement. Rint appears to be sig-

nificantly lower in the Korean children. This could be the

result of a genetic influence or simply reflect a healthier popu-

lation.

The Danish equations12 have been derived using the “open-

ing” interrupter algorithm.24 Using the Jaeger equipment,

valve closure was at 50 ml of inspired volume,2 and pressure

was measured over the last 5 ms of an 80 ms occlusion. Flow

was measured over 5 ms, 70 ms after the valve opened. Exam-

ination of the Pmo(t) transient suggests that the pressure

immediately before the valve opens will be higher than that

calculated by two point back extrapolation.3 If flow is similar

before and after occlusion, this would explain the higher

measurements in the Danish study. In addition the Danish

measurements were made with subjects breathing through a

mask with an integral mouthpiece. Recent work has suggested

that measurements made in this way are higher than those

made with only the mouthpiece.25 Van Altena and Gimeno,13

using the Jaeger device in older children and adults, measured

the pressure at the end of a 100 ms occlusion with valve

closure at a flow of 0.6 l/s. Although their data for children

suggest higher values than the other data sets, only 16 values

for children under 11 years were included. The French

measurements5 were made using a laboratory device. The

valve closed at mid-tidal volume and pressure was measured

by a two point, back extrapolation method at different points

in the Pmo(t) transient from those used here. Flow was

measured before occlusion. In this study, we have used

commercially available devices. Most clinicians are likely to do

the same.

Summary
We have measured Rint in a group of healthy British children

aged 2–10 years and shown that measurements were not

affected by gender or by the ethnicities within the group. As

has been previously recommended,22 26 reference values from a

particular population can be used for other populations if a

representative sample from that population compares well.

The absence of important ethnic differences in this study

suggests that these data could be used for similar populations,

using the same technique. Standardisation of the technique

will further refine it so that interlaboratory comparisons of

measurements can be made.27 The value of these data for

clinical use will depend on how well Rint distinguishes healthy

from sick children and the repeatability of the method. Meas-

urements of bronchial hyperresponsiveness and broncho-

dilator responsiveness using the technique in preschool

children have suggested that it may have a place.28 29 The

repeatability of the measurement over time has been

described in only a few subjects.10 11 Until more is known about

this, no claims can be made of the value of Rint for following

patients with chronic illness.
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