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Effect of pattern of preceding inspiration
on FEV1 in asthmatic children
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ABSTRACT: In adults, both peak expiratory flow (PEF) and forced expiratory vol-
ume in one second (FEV1) are significantly influenced by the time course of the
inspiration preceding the forced expiration. The aim of this study was to evaluate
the effects of three different inspiratory manoeuvres on PEF, FEV1, and forced vital
capacity (FVC) in asthmatic children.

Twenty five symptomless asthmatic children performed forced expiration pre-
ceded by three different inspiratory manoeuvres, which consisted of: a rapid inspi-
ration with a 2 s end-inspiratory breathhold (Manoeuvre No. 1); a rapid inspiration
without an end-inspiratory breathhold (Manoeuvre No. 2); and a slow inspiration
lasting about 5 s with an end-inspiratory breathhold of at least 4 s (Manoeuvre No.
3). All manoeuvres were performed in a randomly assigned sequence each morn-
ing for three consecutive days. In each session, the manoeuvres were repeated three
times and the highest value was chosen.

Both FVC and FEV1 obtained with Manoeuvre No. 3 were significantly lower
than the corresponding values obtained with Manoeuvre Nos. 1 and 2. The mean
(sp) FVC values were 2.76 (0.66) L. with Manoeuvre No. 1, 2.67 (0.58) L with
Manoeuvre No. 2 and 2.52 (0.52) L. with Manoeuvre No. 3. The corresponding val-
ues of FEV1 were 2.25 (0.53), 2.22 (0.53) and 2.07 (0.44) L, respectively. By con-
trast, the values of PEF, obtained with a portable peak flow meter, were similar
with the three different inspiratory manoeuvres.

The results of this study show that in symptomless asthmatic children the pre-
ceding inspiratory manoeuvre may influence forced vital capacity and forced ex-
piratory volume in one second. Hence, in order to reduce variability due to interfer-
ence by physiological factors and so improve reproducibility of pulmonary function
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tests, the inspiratory manoeuvres must be accurately standardized.

Eur Respir J., 1996, 9, 1902—1906.

Forced vital capacity (FVC), forced expiratory volume
in one second (FEV1) and peak expiratory flow (PEF)
are extensively used to monitor pulmonary function in
patients with asthma [1-3]. These measurements are
performed using detailed, internationally accepted, guide-
lines [4, 5]. Within these guidelines, however, the pat-
tern of the inspiratory manoeuvre preceding the forced
expiration has not been standardized. In practice, it involves
a maximal inspiration at a speed chosen by the patient,
followed by an end-inspiratory breathhold of variable
duration. However, it has recently been shown that, both
in normal subjects and patients with chronic obstruc-
tive pulmonary disease (COPD), FEV1 and PEF depend
markedly on the time course of the inspiration preced-
ing the forced expiration [6, 7].

In the present investigation, we studied the effect of
three different inspiratory manoeuvres on FVC, FEV1
and PEF in 25 symptomless asthmatic children. The
manoeuvres consisted of: 1) a rapid inspiration with a 2 s
end-inspiratory breathhold (Manoeuvre No. 1); 2) a rapid
inspiration without an end-inspiratory breathhold (Man-
oeuvre No. 2); and 3) a slow inspiration lasting about 5 s
with an end-inspiratory breathhold of at least 4 s (Man-
ocuvre No. 3).

Methods

Patients

Twenty five children (7 females and 18 males), aged
(meantsp) 1012 yrs were recruited for the study. All
children suffered from bronchial asthma diagnosed ac-
cording to American Thoracic Society (ATS) criteria [8],
and had a positive skin-prick test response to one or
more common allergens (Dermatophagoides farinae or
D. pteronyssinus, grass pollen and/or parietaria). All were
free of respiratory tract infections or symptoms of asth-
ma for at least 4 weeks preceding the study.

The children were resident for at least 3 months at the
Istituto Pio XII, Misurina, located in the Italian Alps
(1,756 m above sea level). Because of the regression of
symptoms in the pollution and allergen-free environment
[9], for at least 1 month preceding the study the children
were taking only short-acting beta,-adrenergic agonists
on an "as needed" basis. Use of short-acting beta,-adren-
ergic agonists was also allowed during the study period.
All children were well-trained in the use of the por-
table peak flow meter and in the performance of forced



PATTERN OF PREVIOUS INSPIRATION AND FEVi IN ASTHMA 1903

expiratory manoeuvres. Mean (+sp) of their lung func-
tion data, which correspond to Manoeuvre No. 1 (the
manoeuvre usually performed in our lung function lab-
oratory) are presented in table 1.

The study was approved by the Hospital Ethics Com-
mittee and informed consent was provided by the chil-
drens parents.

Measurements

Lung function (FVC and FEV1) was measured in stand-
ing position by means of a Vitalograph compact spiro-
meter (Vitalograph, Buckingham, UK) according to a
standardized procedure [4]. The predicted values for lung
volumes are from PoLcar and ProMHADAT [10]. PEF was
measured by means of a mini-Wright portable peak flow
meter (Airmed, UK). Three new peak flow meters checked
for accuracy were used [11]. Each child used the same
peak flow meter throughout the study period. In all in-
stances, at least three PEF measurements were obtained
in each child. When two values of PEF were within 5%,
the test was considered satisfactory and the highest value
was chosen.

Protocol

The study lasted 5 days. On the morning of the first
day, the children were instructed to perform the three
types of FVC manoeuvres (Nos. 1-3). On the morning
of the second day, bronchial hyperresponsiveness was
measured by methacholine challenge, according to the
procedure described by HARGREAVE et al. [12], to obtain
the provocative concentration causing a 20% fall in
FEV1 relative to baseline (PC20). In addition, instruction
of the three different FVC manoeuvres was repeated. The
following 3 days were used to obtain the experimental
values of FVC, FEV1 and PEF with Manoeuvres Nos.
1-3. On each of these days, the three FVC manoeuvres
were performed in a single morning session, starting at

Table 1. — Pulmonary function data of 25 asthmatic
children
Parameter Manoeuvre
No.1 No.2 No.3
FVC L 2.7620.66  2.67+0.58 2.52+0.52
% pred 121£36
FEV1 L 2.25+0.53  2.22+0.53 2.07+£0.44
% pred 108432
FEV1/FVC % 8419 8349 8319
% pred 8219
PEF 08:00 h L-min‘! 335477 342478 346x79
% pred 114430
PEF 20:00 h L-min‘! 349479 339475 338+79
Daily PEF variation %  6.3+7.3 4.6+3.9 4.543.7

Values are presented as meantsp. Manoeuvre No. 1: rapid
inspiration with 2 s end-inspiratory breathhold; Manoeuvre
No. 2: rapid inspiration without an end-inspiratory breathhold;
Manoeuvre No. 3: a slow inspiration lasting about 5 s with
an end-inspiratory breathhold of at least 4 s. FVC: forced vital
capacity; FEV1: forced expiratory volume in one second; PEF:
peak expiratory flow; % pred: percentage of predicted value.

08:00 h. PEF was measured twice daily, both in the morn-
ing and in an evening session at 20:00 h.

Manoeuvres Nos. 1 and 2 involved a maximal inspi-
ration performed as fast as possible either with a 2 s
breathhold or without it, respectively. Manoeuvre No. 3
consisted of a slow maximal inspiration, which lasted
about 5 s, followed by an end-inspiratory breathhold of
at least 4 s [6, 7]. All manoeuvres were initiated from
the resting end-expiratory volume and were performed
randomly at a comfortable frequency of one every 2
min. The measurements of FEV1 and PEF were sepa-
rated by an interval of about 20 min. In order to mini-
mize variations due to longitudinal tension on the trachea
[13], the children were requested to maintain the neck
at a fixed neutral position during each maximal expira-
tory manoeuvre. In each session, all manoeuvres were
repeated three times, and the highest value was chosen.
The values of FVC, FEV1 and PEF obtained in the morn-
ing sessions of the three experimental days (Days 3-5)
were averaged. The PEF values obtained in the evening
sessions of the three experimental days were also aver-
aged.

Children were asked to record the use of beta,-adren-
ergic agents in a diary card and those of them who need-
ed to use short-acting beta,-agonists <8 h before lung
function assessments were excluded from this study.

Data analysis

Values are presented as meantsp. Analysis of variance
(ANOVA) for repeated measures was used for comparison
between the three FVC manoeuvres. If ANOVA showed
a significant difference in the groups of data, the Sheffe
test was used to assess the difference between two groups
of data. Student's paired t-test was used to compare the
PEF values obtained by each child in the morning and
evening session. The daily PEF variation was computed
according to the amplitude-to-mean ratio (%): daily
PEF variation=100 (maximum - minimum)/mean(PEF)
[14]. The coefficient of variation (CoV) for FVC, FEV1
and PEF was computed according to the following for-
mula: CoV (%)=100 sb/mean. Linear regression analy-
sis was performed with the least squares method. A
p-value equal to or less than 0.05 was considered sig-
nificant.

Results

None of the children needed to use beta,-adrenergic
agonists throughout the study. All children exhibited a
significant degree of bronchial hyperresponsiveness ref-
lected by a PC20 methacholine <8 mg-mL.! in all instances.
One child had a severe bronchial hyperresponsiveness
(PC20 <0.25 mg-mL-!); 19 (76%) had moderate bron-
chial hyperresponsiveness (PC20 0.25-2 mg-mL-!); four
(16%) exhibited mild hyperresponsiveness (PC20 2—8
mg-mL-1); and one child exhibited a borderline respon-
siveness [12].

The mean values (xsp) of FVC, FEV1, FEV1/FVC and
PEF obtained with the three different manoeuvres in the
25 asthmatic children are presented in table 1, whereas
mean values (£sp) of FVC, FEV1 and FEV1/FVC, with
statistical significance, are plotted in figure 1. The val-
ues of FVC, FEV1 and PEF obtained with Manoeuvre
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Fig. 1. — a) Forced vital capacity (FVC); b) forced expiratory volume in one second (FEV1); and ¢) FEVI/FVC ratio, obtained in 25 asthmatic chil-
dren with the three different inspiratory manoeuvres. Manoeuvre No. 1: rapid inspiration with 2 s end-inspiratory breathhold; Manoeuvre No. 2:
rapid inspiration without an end-inspiratory breathhold; Manoeuvre No. 3: a slow inspiration lasting about 5 s with an end-inspiratory breathhold

of at least 4 s. Ns: nonsignificant.

No. 1 were within or above normal limits [10] in most
children (table 1), whilst the values of FEVI/FVC were
less than 80% in 11 of them. Both FVC and FEV1 ob-
tained with Manoeuvre No. 3 were significantly lower
(p<0.01) lower than the corresponding values with
Manoeuvre Nos. 1 and 2, whilst FEV1/FVC did not vary
significantly (table 1 and fig. 1). A slight, though signi-
ficant (p<0.05), difference in FVC was also found between
Manoeuvre No. 1 and No. 2 (table 1 and fig. 1).

With all manoeuvres, the values of PEF were not
significantly different between 08:00 h and 20:00 h
(table 1). Accordingly, the morning and evening values
were pooled, and no significant difference in PEF was
found between the three manoeuvres. There were no sig-
nificant differences in daily PEF variation between the
three manoeuvres. No significant differences were found
among the coefficients of variation of FVC, FEV1, and
morning and evening values of PEF obtained with the
three manoeuvres.

Discussion

The results of the present study indicate that in asymp-
tomatic asthmatic children the values of FVC and FEV1
are significantly lower with Manoeuvre No. 3 (slow in-
spiration with a 4 s end-inspiratory breathhold) compared
to Manoeuvre Nos. 1 and 2. By contrast, the values of PEF
obtained with a portable peak flow meter were similar
with the three manoeuvres.

The drop in FEV1 between Manoeuvre No. 2 and No.
3 is consistent with previous results in normal subjects
[6] and COPD patients [7], although the magnitude is
greater than in the former and smaller than in the latter.
In the present study, the difference in FEV1 between
Manoeuvre No. 2 and No. 3, expressed as percentage of
the FEV1 obtained with Manoeuvre No. 3, was higher
than that obtained in normal subjects (7.2 vs 5.7%), but
smaller than in COPD patients (23%). The higher val-
ues of FEV1 with Manoeuvre No. 2 than Manoeuvre
No. 3 in normal subjects and COPD patients have been
attributed mainly to: (1) higher elastic lung recoil due to

the viscoelastic behaviour of the pulmonary tissues; and
(2) changes in bronchomotor tone and balance between
airway and parenchymal histeresis [6, 7].

The same is probably true in children with asthma,
although the latter mechanism may not be entirely com-
parable. Indeed, whilst in normal subjects and COPD
patients maximal lung inflation tends to elicit bron-
chodilation, the opposite is probably true in asthma [15].
Surprisingly, however, there was no significant differ-
ence in FEV1 between Manoeuvre No. 1 and No. 2, though
FEV1 with Manoeuvre No. 1 would have been expect-
ed to be smaller, in view of the fact that this manoeu-
vre involved a 2 s end-inspiratory pause, whilst Manoeuvre
No. 2 did not involve any pause, at least normally.
However, Manoeuvre No. 2 must, in fact, have involved
a finite end-inspiratory pause, even though the asth-
matic children had been coached to breathe out imme-
diately after reaching total lung capacity (TLC). Indeed,
with the apparatus used in the present study to measure
FEV1, the mouthpiece is inserted into the mouth only
after inhalation to TLC. This necessarily involves an end-
inspiratory pause of several hundred milliseconds even
with Manoeuvre No. 2 (including reaction time, time to
insert the device into the mouth, efc.). Since the visco-
elastic time constant of pulmonary tissues amounts to
about 1 s [16, 17], as a result of this "spurious" obliga-
tory pause, the differences in FEV1 of Manoeuvre No.
2 compared with Manoeuvres Nos. 1 and 3 should be
reduced, as found in the present investigation. In this
connection, it should be noted that in the previous stud-
ies [6, 7] the subjects were connected to the mouthpiece
prior to the inhalation to TLC, and the variables char-
acterizing the different FVC manoeuvres were quanti-
fied (duration of inspiration to TLC, duration of inspiratory
pause, etc.). With the field equipment used in the pre-
sent study, such quantification was not possible.

In normal subjects and COPD patients, there was no
significant difference in FVC between Manoeuvres No.
2 and No. 3. By contrast, in the asthmatic children there
was a significant difference in FVC between Manoeuvre
No. 2 and No. 3, as well as between Manoeuvre No. 1
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and No. 3. This discrepancy could be due, in part, to the
fact that in the present study the measurements of FEV1
and PEF were made without control of lung volume,
whilst in the previous studies lung volumes were mea-
sured with a body plethysmograph [6, 7]. This implies
that in the present investigation the end-inspiratory lung
volume prior to the FVC manoeuvre could have varied
among the manoeuvres, whereas this was not the case
in the previous investigations. However, the present
finding of a significant difference in FVC between
Manoeuvre No. 2 and No. 3 may also reflect the high
inspiratory flow with Manoeuvre No. 2, compared to
Manoeuvre No. 3, promoting recruitment of lung units
previously sub-tended by closed small airways [18].
Differences in activation of expiratory muscles are unlike-
ly, since they should have influenced the PEF values
more than FVC values.

In normal young subjects [6], the residual volume (RV)
is determined by the balance between the expiratory
muscle strength and the compliance of the chest wall
[19], and should be relatively unaffected by any change
in elastic recoil pressure of the lung (PelL) that might
occur due to a specific inspiratory manoeuvre. In con-
trast, in asthmatic subjects, RV is determined by airway
closure and, hence, it may be affected by increased air-
way stability that should accompany the increase in Pel.L
during Manoeuvre No. 3 [20, 21]. It has been shown that
patients with emphysema have extensive collateral ventil-
ation, which helps to preserve gas exchange [22]. Such
collateral ventilation should also help to preserve the
FVC despite enhanced airway closure with Manoeuvre
No. 2. In the COPD patients [7], in whom volume dur-
ing the forced expiration was measured both as expired
volume and volume displacement in a plethysmograph,
differences in volume due to gas compression were appar-
ent during the FVC manoeuvre, but at the end both vol-
umes were the same. This is in keeping with gas slowly
leaving obstructed areas via collateral channels and then
leaving the lungs through adjacent unobstructed airways.

In previous studies [6, 7] there was a marked differ-
ence in PEF between Manoeuvre No. 2 and No. 3. By
contrast, no significant difference in PEF was observed
in the present study. Since PEF is generally considered
to be effort-dependent, this discrepancy may reflect dif-
ferences in expiratory effort between standing children
using the mini-Wright peak flow meter and adults breath-
ing through a pneumotachograph while sitting in a
body plethysmograph. In the latter condition, the rate of
rise in expiratory electromyographic (EMG) activity was
found to be faster in normal subjects during Manoeuvre
No. 2 than No. 3, contributing to higher PEF with
Manoeuvre No. 2 [6]. In COPD patients, however, no
difference in rate of rise of expiratory EMG activity was
found between Manoeuvre No. 2 and No. 3 [7]. No such
measurements are available for asthmatic children. How-
ever, a faster recruitment of the expiratory muscles dur-
ing Manoeuvre No. 2 should counteract the concomitant
increase in elastic recoil of the lung and chest wall, and
as a result PEF should remain the same with the two
manoeuvres. Part of this discrepancy, however, is prob-
ably due to the fact that with the field equipment used
to measure PEF there was a "spurious" obligatory pause
at TLC, which should have reduced the difference in PEF
of Manoeuvre No. 2 with Manoeuvres Nos. 1 and 3.

Clearly, further studies are required to clarify the nature
of the present results.

In conclusion, the pattern and time course of the deep
inspiratory effort preceding the forced expiration to ob-
tain forced vital capacity can significantly affect the sub-
sequent values of forced expiratory volume in one second
in children with asthma in remission. This is in keeping
with previous results in normal adults and chronic obstruc-
tive pulmonary disease patients. In the present study, at
variance with previous investigations, peak expiratory
flow was not influenced by the preceding inspiratory
effort. This was probably due to the characteristics of
the field equipment, which even with Manoeuvre No. 2
involved an obligatory pause of variable duration bet-
ween the deep inspiration and the forced expiration. These
results support the conclusion of previous authors that
accurate standardization of the pattern of the deep inspi-
ration preceding forced vital capacity manoeuvres as well
as of the end-inspiratory pause is needed to improve the
reproducibility of commonly used pulmonary function
tests.
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