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ABSTRACT: This study describes the feasibility, repeatability, and interrater rel-
iability of the measurement of airway resistance by the interrupter technique (Rint) in
children 2±5 yrs of age, and examines whether reversibility to bronchodilator can be
demonstrated in wheezy children.

The mean of six Rint values was taken as a measurement. If subjects could complete
one measurement and then a second 15 min after bronchodilator, baseline testing and
reversibility testing were considered feasible. To measure repeatability, two measure-
ments 30 s apart and measurements before and 15 min after placebo bronchodilator
were compared. Measurements by two testers were compared for interrater rel-
iability. Change in Rint in wheezy children was measured after bronchodilator.

Fifty-six per cent of 2±3-yr-olds (n=79), 81% of 3±4-yr-olds (n=104) and 95% of 4±
5-yr-olds (n=88) completed baseline testing, and 53%, 71% and 91% completed rev-
ersibility testing. Baseline measurements were 0.47±2.56 kPa.L-1.s. Repeatabilities (2
SD of the mean differences between measurements) at 30 s in the three age bands were
0.21, 0.17 and 0.15 kPa.L-1.s and 0.19 kPa.L-1.s after placebo. Using 0.21 kPa.L-1.s as
the threshold for reversibility, reversibility was demonstrated in most wheezy chil-
dren. Interrater reliability was 0.15 kPa.L-1.s.

Preschool children can undertake measurements of airway resistance by the inter-
rupter technique in ambulatory settings and reversibility to bronchodilator in wheezy
children can be demonstrated. This technique promises to be a useful clinical and
research tool.
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Asthma is considered to reflect reversible airways dis-
ease. A precise definition his yet to be agreed. It is one of
the few organic diseases where diagnosis and treatment are
often made only on the parental reporting of symptoms [1],
one of which is wheeze. Although there is an assumption
that parents know what wheeze is, the history is sometimes
vague and often there are no physical signs. In school-
children, reversibility of forced expiratory volume in one
second (FEV1) and forced vital capacity (FVC) to bron-
chodilator treatment can be measured [2] so that, in cases
where the history is not clear, objective measurements can
be made. Changes in expiratory flow in infants in response
to bronchodilator can be measured [3]. There are no readily
available lung function tests suitable for children aged
between 18 months and 5 yrs.

The measurement of respiratory resistance in young and
uncooperative subjects using the forced oscillation tech-
nique (FOT) and the interrupter technique (Rint) has been
evaluated by several laboratories since the 1980s [4±7].
The simplicity of use for the patient and smaller size of the
Rint device make it attractive for use in children aged 2±5
yrs in the ambulatory setting. Respiratory resistance is
measured during quiet tidal breathing and requires minimal
cooperation on the part of the subject.

The theoretical background has been well described [5,
6] along with the technical aspects in older children [7].
Although the technique has been tried in a small group of
selected preschool children [6], very little has been pub-
lished on the practicalities of using Rint in an ambulatory
setting. In contrast to spirometry, only minimal compre-
hension and co-ordination are needed for Rint. This means
that even acutely ill or tired children, of all ages, should be
able to undertake the test successfully. There is no evidence
that either bronchoconstriction or bronchodilation result
where extra attempts are required to obtain valid Rint data.
The main possible disadvantage of Rint in an ambulatory
setting, which is where it could be of most clinical value, is
that quiet tidal breathing could be difficult for very young
children. Neck position, upper airway compliance, varia-
tions in flow and volume during tidal breathing and the
contribution of the glottis are impossible to standardize or
correct for, and so the coefficient of variation of a set of
values is high [6]. However, the technique essentially pro-
vides a valid estimate of airway resistance provided upper
airway compliance is minimized by supporting the cheeks
and pharynx [8, 9].

Bronchodilator reversibility using the Rint technique
has been compared with FOT and spirometry in selected
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asthmatic schoolchildren and has been shown to be as sen-
sitive as spirometry [10]. The mean of six values of Rint

was taken as a measurement, and increasing the number of
values recorded made no difference to this mean measure-
ment.

The purposes of this study were the following. 1) To
investigate the feasibility of the Rint technique in the
ambulatory setting: can preschool children undertake the
test within a reasonable period of time for it to be a useful
clinical tool? 2) To measure the repeatability of low and
high baseline measurements at 30 s in different age groups,
similar pairs of measurements made 15 min later and pairs
before and 15 min after placebo bronchodilator. If Rint is to
be used to measure the effect of interventions on baseline
measurements and reversibility to bronchodilator in chil-
dren of this age, it is important to know how repeatable the
measurement is before any change can be ascribed to an
intervention. 3) To establish whether a change in Rint fol-
lowing bronchodilator can be demonstrated in previously
wheezy and wheezy subjects. Further, more rigorous study
of the value of reversibility testing in these groups would
be justified if reversibility could be confidently demon-
strated. 4) To measure the interrater reliability of mea-
surements in this age group of an experienced and an
inexperienced tester. This would give guidance for the
training of new testers.

The practicalities of testing this group in an ambulatory
setting will be discussed.

Methods

Interrupter resistance measurements

Interrupter resistance was measured using a single com-
mercial device (Microlab 4000; Micromedical Ltd, Gill-
ingham, UK) throughout the study. Subjects were seated in
an identical comfortable position. They breathed quietly
through a cardboard mouthpiece (2.7 mm diameter or, for
some of the younger children, 2.0 mm diameter) with the
nose clipped, the cheeks and pharynx supported and the
neck slightly extended (fig. 1). After a period of quiet
breathing, in response to a trigger during expiration at the
peak of a tidal flow, a single shutter closed automatically
within 10 ms and stayed closed for 100 ms. One or two

practice attempts were made before starting to record
data. Subjects were unable to anticipate the trigger but
were able to hear the valve closing. Attempts were not
accepted if the subject breathed irregularly or if the mouth
pressure±time curve (Pmo(t)) was not of consistent shape,
as previously described [5, 6] (fig. 2). The mean of six
acceptable readings was taken to be a measurement. The
subject came off the mouthpiece for 3±5 breaths between
readings.

Subjects

Consecutive children 2±5-yrs-old with and without a
history of respiratory symptoms were recruited from hos-
pital outpatients. This study received approval from the
local ethics committee.

Feasibility

For the test to be considered feasible, six acceptable Rint

values with reference to the Pmo(t) curve had to be rec-
orded, and then another six values 15 min later following
400 mg salbutamol delivered via a spacer. The time for the
whole test and reasons for failure were recorded.

Repeatability

This was defined as the variance (�2SD) of the mean
difference between pairs of measurements 30 s apart. In
children able to undertake the test, two measurements, 1
and 2, 30 s apart (six values each) were made. To examine
whether repeatability was stable after 15 min (the time of a

Fig. 1. ± Interrupter resistance testing: nose clipped, cheeks and
pharynx supported and neck slightly extended.
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Fig. 2. ± Mouth pressure (Pmo)±time curves. a) Acceptable: a sharp rise
in pressure at the time of shutter closure is followed by oscillations
before a smooth rise in pressure; and b) unacceptable: a fall in pressure
following the first two phases.
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reversibility test), two further measurements, 3 and 4, 30 s
apart were made 15 min later if time allowed. The var-
iances of the mean differences between pairs 1 and 2, and 3
and 4, were calculated. The differences between measure-
ments 1 and 2 were plotted against the mean of these two
measurements [11], and the variances of the mean dif-
ferences between measurements 1 and 2 at low and high
baseline measurements were calculated after splitting the
group in half. To measure repeatability over 15 min, sub-
jects with a variety of respiratory complaints were given by
metered-dose aerosol, via a spacer, 400 mg salbutamol or
placebo in random order. Neither subject nor tester knew
the sequence. Rint was measured 15 min after each in-
halation. For those who received the placebo first, the
variances of the mean change after placebo for all subjects,
and for subgroups with high and low baseline measure-
ments, were calculated as described previously.

Reversibility

A small group of children with a history of wheezing but
not wheezy at the time of the test (group 1), and children
actively wheezing (group 2), undertook reversibility test-
ing to establish whether change greater than repeatability
could be demonstrated. Bronchodilator treatment had not
been given for at least 4 h before testing. Differences be-
tween measurements >2SD of the mean difference between
two readings before and after placebo (previously calcu-
lated as described above) were considered to reflect re-
versibility.

Interrater reliability

Measurements were undertaken by two persons blind to
each others' results in random order in subjects selected
according to availability. Each tester collected six values
which they considered acceptable and calculated the mea-
surement (the mean of the six values). The testers' mea-
surements were compared by the BLAND and ALTMAN [11]
technique. Tester 1 was an experienced lung function
technician who had made several hundred measurements.
Tester 2 was a junior doctor new to the technique.

Results

Feasibility

Successful tests of baseline recordings and reversibility
testing are recorded in table 1 according to age. None of
the children's respiratory symptoms prevented them from
completing the test. Those who failed were either un-
willing (i.e. shy, tired or frightened) or unable, either
because they blew into or sucked on the mouthpiece.

Repeatability

Measurements 1 and 2 in 120 subjects and the mean
differences �2SD between measurements 1 and 2 (DRint)
are shown in figure 3 for different age bands. The larger
differences between those measurements with highest
baseline values are demonstrated in figure 4. For the 60
measurements ranging 0.47±1.08, the variance of the dif-
ferences between measurements 1 and 2 was 0.13 kPa.

L-1.s, and for the 60 measurements between 1.11±2.65 it
was 0.20 kPa.L-1.s. When the same calculations were
applied to groups split at the mid-point of the range of

baseline measurements (0.47±1.56 and 1.57±2.65 kPa.

L-1.s) the variances were 0.16 (n=106) and 0.24 kPa.L-1.s
(n=14) respectively. Repeatabilities of measurements 3
and 4, in 72 subjects, for the same age bands were 0.19,
0.19 and 0.11 kPa.L-1.s. In all cases, the mean difference
between two measurements was 0 kPa.L-1.s.

Of 98 children tested with placebo, 55 (mean age 3.8
yrs) received placebo first. For these 55, the mean dif-
ference between baseline and post-placebo measurements
was 0.001 kPa.L-1.s and the variance 0.19 kPa.L-1.s for the
group. For measurements at low and high baseline Rint

(0.39±1.00 and 1.01±2.36 kPa.L-1.s), the variances of the
mean differences were 0.16 and 0.21 kPa.L-1.s respectively
(fig. 5).

Table 1. ± Success of completion of baseline interupter
resistance (Rint) measurement, Rint measurement after
bronchodilator and time to complete reversibility testing

Completed Rint

measurements

Age
yrs

Subjects
n

Baseline After
bronchodilator

Time to
complete min

2±3 79 44 (56%) 42 (53%) 27
3±4 104 84 (81%) 74 (71%) 26
4±5 88 84 (95%) 80 (91%) 25
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Fig. 3. ± a) Individual interrupter resistance (Rint) measurements 1 and 2
for different age bands; and b) individual differences between mea-
surements 1 and 2 (DRint) for different age bands (repeatability). Mean
(2 SD) DRint values were: 2±3 yrs 0 (0.21), n=22; 3±4 yrs 0 (0.17), n=40;
and 4±5 yrs 0 (0.15), n=58.
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Reversibility

The mean ages of groups 1 (n=32) and 2 (n=16) were
both 3.8 yrs. Results are shown in figure 6. Mean baseline
Rint measurements were 1.19 and 1.60, respectively. A
change >0.21 kPa.L-1.s (derived earlier from the variance
of the mean difference between measurements before and
after placebo for subjects with high baseline measure-
ments) following bronchodilator was considered to reflect
reversibility. In group 1, 82% (95% confidence interval
(CI) 68±96%) demonstrated reversibility and, in group 2,
88% (95% (CI) 72±100%).

Interrater reliability

Forty-eight pairs of measurements were made. Mea-
surement bias (measurement by tester 1 - measurement by
tester 2) was -0.007�0.15 (2SD). The mean age of the group
tested was 3.9 yrs and the mean Rint for the group was 1.0
kPa.L-1.s.

Discussion

Rint is an old technique recently considered for mea-
suring airway resistance and bronchodilator responsive-
ness in children. There are currently no readily available
techniques which provide objective measurements of lung

function in preschool children and Rint has shown promise.
A reference range of normal values related to height has
recently been published [12]. The range is wide and so
single measurements in any individual are of limited value.
The theory of the technique, i.e. what the measurements
reflect and standardization [13], need more consideration.
Before further work is carried out on standardization, the
authors thought it would be useful to know whether
consecutive children within the 2±5-yr-old age group, and
who were attending a chest clinic, would and could co-
operate with the Rint technique. The commercially av-
ailable device used can be operated without a mains supply
and the more recent model is similar in size to a hand held
spirometer. These factors may be of particular benefit in
ambulatory settings within and outside a hospital envir-
onment.

Feasibility

The setting of the study was similar to that in other
ambulatory children's departments and family doctors' of-
fices. Although a small number of children attempted the
test soon after arriving in the clinic, when the department
was relatively quiet, the majority were tested 1±2 h later
when some had already undertaken other investigations.
Clinic areas including lung function laboratories can be
noisy and distracting. The results were obtained in a
realistic setting and the effect of distraction were reflected
in the repeatability values. Not surprisingly older children
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Fig. 4. ± Bland±Altman plot of the individual differences between in-
terrupter resistance (Rint) measurements 1 and 2 (DRint) and mean base-
line Rint.
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surements for low and high baseline interrupter resistance (Rint) values.
Mean (2 SD) DRint values were: all subjects 0 (0.19), n=55; low baseline
0 (0.16), n=27; high baseline 0 (0.21), n=28.
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Fig. 6. ± a) Baseline and post-bronchodilator interrupter resistance
(Rint) measurements for group 1 (mean age 3.8 yrs) and group 2 (mean
age 3.8 yrs); and b) individual differences between baseline and post-
bronchodilator measurement in group 1 (26/32 (82%) above threshold)
and group 2 (14/16 (88%) above threshold). Dashed line shows thres-
hold (0.21 kPa.L-1.s).
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were better able to complete the test than younger children.
It was very encouraging that >50% of 2-yr-olds could per-
form the test. The reasons children were unable to com-
plete the test, blowing into or sucking on the device,
probably reflected previous attempts at peak flow or using
a spacer. It is recommended that the test should be
attempted soon after arrival and before other invasive tests.
Parents should be advised not to encourage their child to
blow or suck. There should be a quiet "play" area. For
many children, siblings can be a distraction, although it
may be helpful for shy or frightened children to see an
older sibling undertake the test.

For children 18-months to 2.5-yrs-old, development of
the method using a face mask may be possible, but this
introduces the potential problems of leakage, dead space
and the introduction of nasal resistance because noseclips
cannot be worn. Since this technique is feasible in young
children, it would be interesting to evaluate its use in older
children able to manage quiet breathing but unable, for
whatever reason, to undertake spirometry.

Most children who could complete the baseline mea-
surement could also complete the reversibility testing.
After the 15 min interval, many children took a minute or
two to settle down. The repeatability was expected to be
poorer but in fact repeatability was slightly better, probably
reflecting lower measurements after bronchodilator.

In summary, this technique satisfies two basic require-
ments for a clinical tool. It can be successfully undertaken
in the majority of subjects within a satisfactory period of
time. Even if children were unable to complete the test the
first time, they could often manage on a second occasion.
Tests can be completed within 30 min, a reasonable time
for a clinic attendee.

Repeatability and reversibility

Not unexpectedly, repeatability was slightly poorer in
the younger age group and/or when the baseline mea-
surements were high. It would be expected that children
with high baseline measurements would be younger and
more likely to be wheezy. Although these differences are
small, reversibility should be considered in relation to age
and baseline Rint measurement.

When taken in the context of the response to bron-
chodilator in previously wheezy children and in children
wheezy at the time of the test, mean change in Rint was
well outside the variance (2SD) of 30-s repeatability and,
more importantly, the repeatability 15 min after placebo.
Those with the highest baseline measurements responded
best, suggesting that the test was robust enough to detect
changes in Rint in circumstances in which lung volume was
likely to fall. The response to bronchodilator in this small
group is encouraging for the measurement of reversibility
in a much larger group.

Interrater reliability

This was remarkably encouraging and indicates that
training of technicians to undertake Rint testing should not
be difficult. The variance (2SD) of the difference between
the two testers was less than the variance between mea-
surements made by the most experienced tester. This
probably reflects the older age of the group tested and their
lower measurements.

Conclusion

Airway resistance measurement by the interrupter tech-
nique is feasible in an ambulatory setting in preschool
children. In a small group of wheezy children, the mean
decrease in interrupter resistance following bronchodilator
was very different to the repeatability after placebo. Sim-
ilarly, reversibility could be demonstrated in most subjects
who had been previously wheezy but who were not whe-
ezy at the time of the test. Reversibility to bronchodilator
should now be studied in control subjects. The interrupter
resistance technique seems promising for both clinical and
research purposes. Reversibility testing, undertaken routi-
nely in older subjects, may help clarify the clinical history
in young children. Now that repeatability of the test is
known, change in interrupter resistance in the individual in
response to an intervention can be evaluated.
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