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Laryngeal resistance immediately after panting in

asthmatic subjects
M YANAI, T OHRUI, K SEKIZAWA, H SASAKI, T TAKISHIMA
From the First Department ofInternal Medicine, Tohoku University School ofMedicine, Sendai, Japan

ABSTRACT The panting manoeuvre may be used during the assessment of airway resistance and in
asthmatic patients during bronchial provocation testing or spontaneous asthma. To study whether
panting opens the larynx in patients with asthma, laryngeal resistance was examined in six patients
with stable asthma before and after methacholine induced bronchoconstriction and in another six
patients with spontaneous asthma. Subjects were asked to pant and then to hold their breath
immediately afterwards. Laryngeal resistance after panting was compared to that during quiet tidal
breathing. Change in laryngeal resistance was estimated by a method using low frequency sound and
respiratory resistance by forced oscillation at 10 Hz. Mean baseline respiratory resistance during
inspiration was 0 245 and 0 470 kPa/l.s before and after methacholine in the patients with stable
asthma and 0-480 kPa/l.s in the patients with spontaneous asthma. In the patients with stable asthma
mean laryngeal resistance was lower after panting than during the preceding quiet tidal breathing,
both before and after methacholine induced bronchoconstriction (by 0O08 before and by 0 065 kPa/l.s
after). In contrast, the patients with spontaneous asthma showed an increase in laryngeal resistance
after panting of 0-089 kPa/l.s. The magnitude of change in laryngeal resistance after panting was

similar to the change in respiratory resistance in the patients with spontaneous asthma and in the
patients with stable asthma after methacholine, but was greater than the change in respiratory
resistance in the patients with stable asthma before methacholine. These results suggest that panting
may cause different effects on the laryngeal aperture in patients with stable and spontaneous asthma.

Introduction

Airway resistance is often measured during panting
because this is thought to minimise the effect of
breathing on the glottal aperture.' Higenbottam and
Payne,2 however, showed that glottal width was
reduced in patients with chronic obstructive pulmon-
ary disease and that it was not always greater during
panting than during quiet breathing. We have also
shown in normal subjects that the panting manoeuvre
fails to open the larynx during histamine or metha-
choline induced bronchoconstriction.3 We have
therefore investigated whether the panting manoeuvre
opens the larynx in asthmatic subjects.
We have recently developed a technique for measur-

ing change in laryngeal resistance with low frequency
sound of 800 Hz.4 Voluntary closure of the larynx
increases the sound pressure amplitude above the
vocal cords and decreases that below the vocal cords.
Changes in laryngeal resistance during voluntary
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larynx narrowing correlate with changes in the dif-
ference between the sound pressure amplitude above
and below the vocal cords. Thus if two microphones
are attached to the anterior neck above and below the
vocal cords laryngeal narrowing or widening may be
estimated by forcing 800 Hz sound into the mouth of
the subject.4

Goldstein and Mead5 examined respiratory
impedance during breath holding immediately after
panting. They suggested that the upper airways during
breath holding immediately after panting were more
fixed and open than during quiet tidal breathing and
appeared to yield reproducible results with totally
inexperienced subjects. To determine the effect of
panting on laryngeal resistance in patients with
asthma, we have examined laryngeal resistance during
quiet breathing and during breath holding
immediately after panting in asthmatic subjects in the
control state, with methacholine induced broncho-
constriction, and during spontaneous asthma.

Methods

SUBJECTS
We studied 12 asthmatic subjects. The subjects were
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Table 1 Anthropometric data, baseline respiratory resistance andFEV, and bronchial responsiveness (mean (SEM) values)

Baseline respiratory Threshold conc
Type ofasthma Height Weight resistance FEV, methacholinef
(No ofpatients) Age (y) Sex (cm) (kg) (kPa/l.s) (%pred 14) (mg/mi)

Stable (6) 22(3) 3M, 3F 166 (3) 62(5) 0-284 (0-029) 85(11) 0-640 (0-187)
Spontaneous (6) 28 (3) 6M 169 (4) 67 (2) 0-500 (0-059) 68 (5)

[90 (4)J* [0-586 (0-195)]*

*Numbers in square brackets indicate patients with spontaneous asthma whose measurements were taken during the clinically stable period.
tThreshold concentration of methacholine is defined as the concentration at which respiratory resistance began to increase from the control
value.

characterised by episodic breathlessness and wheeze
with atopy, defined as skin sensitivity to two or more
common allergens. All subjects showed bronchial
hyperresponsiveness to inhaled methacholine. Their
regular medication comprised inhaled beta adreno-
receptor agonists only. None of the subjects had
received sodium cromoglycate, antihistamines, or cor-
ticosteroid agents before the study. Six subjects were
clinically stable at the time ofthe study and during the
preceding month and refrained from taking any
medication for 12 hours before the studies. Another
six subjects had been stable over several months
without any medication, but had felt more breathless
recently and had therefore visited our clinic. They had
experienced episodic breathlessness in the past. After
the completion ofinvestigations they were treated with
aminophylline and inhaled beta adrenoreceptor agon-
ists. Methacholine challenge tests were performed
after they had become clinically stable. Ethical
approval was granted by the Tohoku University ethics
committee and informed consent was obtained from
patients participating in the study. Their anth-
ropometric data, results of pulmonary function tests,
and bronchial responsiveness to inhaled methacholine
are shown in table 1.

MEASUREMENT OF BRONCHIAL RESPONSIVENESS
Bronchial responsiveness was assessed by measuring
change in respiratory resistance during quiet tidal
breathing in response to inhaled methacholine.6 Alter-
nating aerosols of saline and methacholine in twofold
increasing concentrations (from 0-049 to 25 mg/ml)
were inhaled continuously through the mouth by tidal
breathing for one minute each.

MEASUREMENT OF RESPIRATORY AND
LARYNGEAL RESISTANCE
Respiratory resistance was measured continuously by
the forced oscillation technique during aerosol inhala-
tion. A 3 Hz sine wave oscillation from a loudspeaker
was directed to the subject's airway by a mouthpiece
during quiet tidal breathing. Respiratory resistance
was calculated by an analogue calculator from the
flow and pressure signals and displayed against time
on an X-Y recorder (Watanabe WX-441). When

respiratory resistance reached twice the initial value,
0 5% salbutamol was inhaled for two minutes. The
threshold concentration of methacholine at which
respiratory resistance began to increase from the
control value was determined from the dose-response
curve. The normal range for the threshold concentra-
tion of methacholine is over 25 mg/ml.6
We measured respiratory resistance and change in

laryngeal resistance as described previously4 (fig l)
(the low frequency sound method enabled us to
measure only changes and not absolute values of

Fig 1 Block diagram ofthe apparatus. Soundpressure
amplitudes were detected by two microphones attached with
double sided tape to the anterior neck, I cm above and 1 cm
lateralfrom the laryngealprominence and I cm below the
cricoid cartilage. There were variations in soundpressure
amplitude between inspiration and expiration, and the
average value ofsoundpressure amplitudes above and below
the vocal cords during quiet tidal breathing (control state)
was taken as 100%. Electrical subtraction ofsoundpressure
amplitude below the vocal cordsfrom that above the vocal
cords provides an estimate oflaryngeal narrowing. The
percentage increase in soundpressure amplitude above the
vocal cordsfrom average control values minus percentage
decrease in soundpressure amplitude below the vocal cords
from average control values (zsound) increased with
laryngeal narrowing. The relation between Asound (y) and
the absolute increase in upper airway resistance measured
directly on the basis oftracheal lateralpressure (x, cm
H20/l.s) was expressed as a powerfunction: y = 215x"l
(r = 0 98, p < 0 01).' Thus changes in larygeal resistance
could be estimatedfrom measurements ofAsound.
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Laryngeal resistance immediately after panting in asthmatic subjects
laryngeal resistance). The estimates of change in
laryngeal resistance are expressed as Asound (see
legend to fig 1). The method differed from the original
technique in that respiratory resistance was measured
by forced oscillation at 10 Hz instead of 3 Hz. A
frequency of 10 Hz enabled us to measure more rapid
changes in respiratory resistance during breath hold-
ing immediately after panting than was possible with a
frequency of 3 Hz. Change in laryngeal resistance
calculated from change in respiratory resistance dur-
ing voluntary closure of the larynx did not differ
significantly between measurements with the forced
oscillation technique made at 3 Hz and at 10 Hz.3

Laryngeal resistance decreased during inspiration
and increased during expiration, change in laryngeal
resistance being tightly coupled to ventilation. We
took the midpoint ofpeak to peak values of laryngeal
resistance during quiet tidal breathing as zero, and
laryngeal resistances during inspiration and expiration
were obtained at the mid tidal volume as the deviation
from zero.3 Tidal volume and change in functional
residual capacity were measured with a Krogh wedge
spirometer (Chest Corporation, Tokyo). Mouth flow;
respiratory resistance; and change in laryngeal resist-
ance, tidal volume, and functional residual capacity
were recorded with a pen recorder (Sanei, 8S, Tokyo).

PROTOCOL
Subjects sat in a pressure compensated volume dis-
placement body plethysmograph, which was without
amplitude or phase distortion up to 8 Hz. The subject,
with noseclip in place, was instructed to breathe
normally through a piece of flexible tubing held firmly
in the mouth. Both buccal areas were compressed by
the subject's hands. To avoid changes in skin tension
and neck tissues, the head was kept vertical by
adjusting the height of the chair from the mouthpiece.
A constant bias flow of 0-4 1/s was applied by suction
to minimise instrumental deadspace.

Six patients with stable asthma inhaled saline
aerosols from a Vaponefrin nebuliser driven by a
compressor (Nissho, Japan) for two minutes during
quiet tidal breathing. The mean diameter of the
particles produced by the nebuliser was 2-5 pm
(manufacturer's specification). There was no consis-
tent difference in respiratory resistance or laryngeal
resistance before and after inhalation of saline. After
inhalation of saline subjects breathed quietly for two
minutes while a forced oscillatory pressure of 10 Hz
was applied in the mouth, and measurements of
respiratory and laryngeal resistances were made. The
applied forced oscillatory pressure was then stopped,
and the panting manoeuvre at about 3 Hz was perfor-
med at functional residual capacity.5 The subject was
asked to pant approximately in the resting tidal
volume range. When functional residual capacity

changed over the tidal volume range the manoeuvre
was repeated. After about three seconds the subject
stopped panting and held his breath while a forced
oscillatory pressure was applied to the mouth.5 As
noise in the airway caused by the panting would
interfere with the 800 Hz sound we analysed laryngeal
resistance only in the interval after panting. After a
five minute interval the same protocol was repeated.
Five such manoeuvres were recorded.
Within a week of the first test the same six subjects

were challenged with methacholine aerosols. The
mean (SEM) inhalation time required to achieve a
twofold increase in respiratory resistance was 4-5 (0.3)
minutes. In preliminary experiments we found that the
increase in respiratory resistance after methacholine
inhalation with this method persisted with relatively
little change for about 30 minutes. The subjects then
performed the same procedure as on the first test day.

Six patients with spontaneous asthma were studied
in the same way as the patients with stable asthma on
the first test day. There was no consistent difference in
respiratory resistance or laryngeal resistance between
measurements before and after saline inhalation in any
of the subjects.

ANALYSIS
The results are expressed as means with standard
errors in parentheses. Statistical analysis was perfor-
med by means of a one way analysis of variance and
Duncan's multiple range test. Significance was taken
as p < 0-05.

Results

All subjects showed bronchial hyperresponsiveness to
inhaled methacholine. There was no significant dif-
ference in the threshold concentrations of metha-
choline for the patients with stable asthma and the
patients with spontaneous asthma (p > 0-20, table 1).

In the patients with stable asthma respiratory
resistance during breath holding was lower after
panting than during either the inspiratory or the
expiratory phase of tidal breathing, both before and
after methacholine. In the patients with spontaneous
asthma, however, respiratory resistance was higher
after panting than during quiet tidal breathing (fig 2).
Although the patients with spontaneous asthma felt
slight breathlessness and were inexperienced in the
panting manoeuvre, the results obtained from each
subject were consistent and reproducible.

METHACHOLINE CHALLENGE IN PATIENTS WITH
STABLE ASTHMA
In the patients with stable asthma the mean (SEM)
values for respiratory resistance during inspiration
and expiration after saline inhalation before metha-
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postpanting respiratory resistance and respiratory resistance
during expiration in the six patients with stable asthma before
(A) and after methacholine challenge (B) and in the six
patients with spontaneous asthma (C) (mean(SEM)
values). Significant differences between postpanting
respiratory resistance and respiratory resistance during
inspiration or expiration are indicated by * (p < 0-02) and
*P< 0-01).

choline challenge were 0-245 (0-029) and 0-294 (0-029)
kPa/l.s. These did not differ significantly from the
inspiratory or expiratory resistance (0-255 (0-029) and
0-304 (0.029) kPa/l.s) on the control day in the same
patients. After methacholine there was an increase in
respiratory resistance, from 0-245 (0-029) to 0-470
(0-029) kPa/l.s during inspiration and from 0-294
(0-029) to 0-519 (0-029) kPa/l.s during expiration.
Percentage changes in inspiratory and expiratory
Asound (see legend to fig 1) from the control values,
however, (- 3-6 (2-4) and - 2-9 (2-3)) are not sig-
nificant (p > 0-20).
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Fig 3 Differences between postpanting and inspiratory A
sound and between postpanting and expiratory Asound in the
six patients with stable asthma before (A) and after
methacholine challenge (B) and in the six patients with
spontaneous asthma (C). Results are reported as mean
(SEM) values. Significant differences between postpanting
Asound and inspiratory or expiratory dsound are indicated by
**(p < 001).

CHANGES IN LARYNGEAL AND RESPIRATORY
RESISTANCE WITH PANTING
In the patients with stable asthma respiratory resis-
tance and Asound during breath holding after panting
were significantly lower than inspiratory or expiratory
respiratory resistance and Asound during tidal breath-
ing, both before and after methacholine. In the
patients with spontaneous asthma, however, res-
piratory resistance and Asound during breath holding
after panting was higher than inspiratory or
expiratory resistance and Asound during tidal breath-
ing (fig 3).
The changes in respiratory resistance and estimated

changes in laryngeal resistance after panting are
shown for all experiments in table 2. The changes in
respiratory and laryngeal resistances were similar in
the patients with stable asthma after methacholine and
in those with spontaneous asthma (p > 0-20). In the
patients with stable asthma before methacholine,
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Laryngeal resistance immediately after panting in asthmatic subjects
Table 2 Baseline respiratory resistance during inspiration,
changes in respiratory resistance, and estimated changes in
laryngeal resistance during breath holding immediately after
pantingfrom corresponding respiratory resistance and
laryngeal resistance during inspiration (mean (SEM) values)

Stable asthma

Methacholine
Spontaneous

Before After asthma

Baseline respiratory
resistance during
inspiration
(kPa/l.s) 0-245 (0 029) 0 470 (0-029) 0 480 (0 049)

Changes in
respiratory
resistance
(kPa/l.s) - 0-029 (0 008) - 0 077 (0-014) 0-084 (0-01 1)

Estimated changes
in laryngeal
resistance
(kPa/l.s) -0-080 (0-012)** -0-065 (0-010) 0.089 (0-006)

**p < 0-01 for difference between respiratory and laryngeal
resistance.

however, the decrease in laryngeal resistance was
larger than that in respiratory resistance.

Discussion

Stanescu et al7 photographed the glottis and simulta-
neously measured airway resistance during both pant-
ing and continuous expiration. They found the glottal
aperture to be larger and airway resistance to be
smaller at any lung volume during panting than during
continuous expiration. Several other studies in normal
subjects in the control state have also suggested that
the laryngeal aperture is wider during panting than
during quiet tidal breathing.'39 In our previous study
panting constricted the larynx in normal subjects after
methacholine and histamine induced broncho-
constriction.3 In the present study laryngeal resistance
after panting in the patients with stable asthma was
lower before and after methacholine induced
bronchoconstriction than during the inspiratory phase
of tidal breathing, suggesting that panting opened the
larynx in these subjects irrespective of induced
bronchoconstriction. Although methacholine and his-
tamine cause laryngeal constriction in association with
bronchoconstriction in normal subjects,38101 metha-
choline inhalation increased respiratory resistance
without changing laryngeal resistance in the present
patients with stable asthma. Whether methacholine
inhalation gives rise to upper airway narrowing by
stimulation of upper airway receptors or by eliciting
reflexes secondary to bronchoconstriction is not clear.
We previously reported an increase in laryngeal
resistance after methacholine challenge in normal but
not in asthmatic subjects, despite the greater mag-

nitude of bronchoconstriction in the asthmatic sub-
jects.' These observations suggest that methacholine
induces changes in laryngeal resistance in normal
subjects by some action on the upper airways. The
absence of an increase in laryngeal resistance in
asthmatic subjects could be due to failure of the lower
concentrations of methacholine inhaled by these
subjects to activate the relatively less sensitive upper
airway receptors. The lack of laryngeal constriction
during quiet tidal breathing in patients with stable
asthma suggests that the larynx behaves much the
same as in normal subjects.

Laryngeal resistance increased after panting in the
patients with spontaneous asthma. Previous reports
have suggested that the laryngeal aperture area
decreases during spontaneous attack of asthma.7123
Thus, in contrast with the patients with stable asthma,
the larynx might be narrowed before the panting
manoeuvre and the panting manoeuvre might further
constrict the larynx in these patients.

Because estimated changes in laryngeal resistance in
the interval after panting were roughly similar to
changes in respiratory resistance in the patients with
stable asthma after methacholine and in the patients
with spontaneous asthma, an increase or decrease in
laryngeal aperture area would explain the changes in
respiratory resistance. In the patients with stable
asthma before methacholine, however, the estimated
decrease in laryngeal resistance was larger than the
decrease in respiratory resistance in the interval after
panting. Respiratory resistance measured by the
forced oscillation technique includes not only the
resistance ofthe airway but also the tissue resistance of
the lung and chest wall. Respiratory muscle contrac-
tion might therefore occur during breath holding after
panting, resulting in an underestimation of the
decrease in respiratory resistance in the patients with
stable asthma. This explanation of our findings is
unlikely because we observed no discrepancy in the
changes in laryngeal and respiratory resistance during
breath holding immediately after panting in the
patients with spontaneous asthma and in those with
stable asthma who had methacholine, who should
have required a greater respiratory effort than patients
with stable asthma without methacholine. Alter-
natively, panting might have increased airway resist-
ance below the larynx.

In a previous study7 we measured upper airway
resistance directly by intratracheal lateral pressure and
mouth flow, and examined the relation between the
increase in Asound and the increase in upper airway
resistance during methacholine and histamine inhala-
tion in 10 normal subjects. When respiratory resist-
ance increased approximately twofold upper airway
resistance increased in a way that nearly followed the
relation observed during voluntary glottal closure.4
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Furthermore, changes in Asound fairly well reflected
changes in upper airway resistance during the slow
vital capacity manoeuvre in normal and asthmatic
subjects.' Changes in functional residual capacity after
methacholine provocation and during an attack of
asthma probably do not influence the relation between
Asound and change in upper airway resistance.
The present observations suggest that subglottal

intrapulmonary airway obstruction may be over-
estimated with the panting manoeuvre in patients with
spontaneous asthma. It is important to consider the
contribution of the larynx in bronchoconstriction
when subglottal intrapulmonary airway obstruction is
being assessed from measurements of airway resis-
tance in a body plethysmograph.
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