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Comparison of airway reactivity induced by
histamine, methacholine, and isocapnic
hyperventilation in normal and asthmatic subjects
ALAN T AQUILINA

From the Pulmonary Division, Department ofMedicine, State University ofNew York at Buffalo,
New York, USA

ABSTRACT In an investigation of a rapid screening test for airway reactivity using isocapnic
hyperventilation with room air and cold air the results of this test were compared with the airway
response to histamine and methacholine challenge. Twelve non-atopic, non-smoking normal
subjects and 11 subjects with stable asthma who had an FEV, above 74% of the predicted value
were studied. In the normal subjects isocapnic hyperventilation with room air (75 I/min; 22°C
(SEM 0.20); 10 mg H,O/l air) and isocapnic hyperventilation with cold air (77 1/min; - 10°C (0.90);
2*4 mg H O/1 air) produced no significant change in FEV. In the asthmatic subjects,
hyperventilation with room air (71 1/min; 220C (0.80); 10 mgH O/l alr) caused a mean fall in FEV of
11 7%; cold air hyperventilation (70 1/min; - 10°C (0.90); 2.4 mg H,O/l air) caused a mean fali in
FEVy of 20 4%. Cold air hyperventilation produced greater sep-aration between normal and
asthmatic subjects than room air. The provocative concentration of histamine required to reduce
the FEVy by 20% (PC20) correlated closely with the PC for methacholine (r = 0-95; p < 0.001).
Both tests separated normal from asthmatic subjects. PC,0 for both histamine and methacholine
correlated with the fall in FEV after cold air hyperventilation (r = 0.93, p < 0-001; r = 0-87, p <
0-001 respectively). We conclude that the results of a rapid screening test based on hyperventilation
with cold air correlate well with a standard pharmacological challenge.

Bronchial airway hyperreactivity to a variety of
stimuli is a characteristic feature of asthma.' Bron-
chial inhalation challenges are therefore used as
laboratory tests for the diagnosis and assessment of
patients with asthma, for the study of risk factors in
lung disease, and for the study of occupational airway
disease.25 The most widely used methods of provo-
cation have been exercise and inhalation of
pharmacological agents such as histamine and
methacholine, though exercise challenge may be a
less sensitive test of airway reactivity.6 Pharmaco-
logical challenge tests have been widely studied.2'
The results are influenced by a variety of technical
factors that require standardisation.7 In addition, the
tests are time consuming, often requiring an hour or
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more. Recently isocapnic hyperventilation has been
used and advocated as a simple test for non-specific
airway hyperreactivity.8 A simple, rapid screening
test would be advantageous for diagnostic and
epidemiological studies.9 '°

In this study we developed a rapid screening test
for non-specific airway reactivity using isocapnic
hyperventilation with room air and cold air. The
results were then compared with the airway re-
sponses to inhaled histamine and methacholine.

Methods

SUBJECTS
Twelve untrained, non-smoking, non-atopic normal
adults (seven men and five women, mean age 29
(SEM 4) years) and 11 untrained, non-smoking
stable asthmatic adults (three men and eight women,
mean age 25 (6) years) participated in this study. The
asthmatic subjects were chosen on the basis of clinical
stability and mild symptoms. They all had a history of
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episodic dyspnoea and wheezing consistent with
asthma as defined by the American Thoracic Soci-
ety.I

Five of the asthmatic subjects had been free of
symptoms for more than six months and required no
medications. Six asthmatic subjects used oral
theophylline or inhaled bronchodilators. No one
required inhaled or oral steroid treatment.
At the time of the study all subjects had been free

of symptoms of any respiratory illness for eight
weeks. Symptoms of asthma were all well controlled,
with no exacerbations during the previous eight
weeks. All medication was withheld for 24 hours
before testing. Informed written consent was ob-
tained from each subject.

LUNG FUNCTION MEASUREMENT
Airway resistance and lung volumes were measured
in a variable pressure constant volume plethysmo-
graph (Warren Collins Inc) and displayed on a
Tektronix storage oscilloscope. Airway resistance
was measured, corrected for lung volume, and
expressed as its reciprocal specific airway conduc-
tance (sGaw)." 12 Measurements were made in
triplicate and the mean values determined. The
subject then performed maximum forced vital capa-
cities in triplicate. A Fleisch #7322 pneumo-
tachograph measured flow at the mouth; this was
integrated to produce a volume signal, which was
displayed on a Hewlett-Packard X-Y recorder. FEVI
was determined by spirometry.'3

HYPERVENTILATION TEST
Cold air was generated by a heat exchanger. The
subject inspired room air through copper tubing, 120
cm long and 6 cm wide, which was cooled externally
by circulating ethylene glycol maintained at -30°C.
A one way Hans Rudolph valve was placed on the
inspiratory port. The inspired air temperature (Ti)
was measured by a thermometer 4 cm upstream from
the mouth. The water content of room and inspired
air was calculated from the temperature and relative
humidity of room air, measured by a standard
mercury thermometer and hydroscopic membrane
hygrometer and from measurements of inspired air
temperature. Relative humidity was expressed as mg
H20 per litre of air. 14 Expired air was directed into a
7 litre reservoir bag that was constantly evacuated
through a calibrated rotameter by a vacuum pump.
End tidal carbon dioxide (PETCo,) was measured at
the mouth by a Beckman LB-2 analyser; carbon
dioxide (50%) was added to the inspired air to
maintain a constant PETCO, during hyperventilation.

Subjects were seated and inspired room air or cold
air through the heat exchanger. The target minute
ventilation (VE) chosen for each subject was 70% of

the calculated indirect maximum breathing capa-
city.'5 Target VE was maintained by instructing the
subject to breath enough to keep the reservoir bag
filled. Each period of hyperventilation lasted three
minutes. sGaw, lung volumes, and spirometric values
were determined before and five minutes after
cessation of hyperventilation.

INHALATION TESTS
Test aerosols of histamine or methacholine were
generated from a DeVilbiss #45 nebuliser operated
by compressed air at 50 lb/in2 (0.345 kPa) and a flow
rate of 5 1/min to give an output of 0-156 ml/min. A
nose clip was worn and the aerosol inhaled through
the mouth by five slow vital capacity manoeuvres,
each separated by a five second breath hold. A
buffered saline diluent was nebulised first, followed
at five minute intervals by twofold increasing concen-
tration of either histamine or methacholine (0.03 - 25
mg/ml). sGaw, lung volumes, and spirometric values
were determined before and five minutes after each
dose. Inhalations were discontinued when the FEV,
had fallen by 20% or more. The provocative
concentrations of histamine and of methacholine
producing a 20% fall in FEV, (PC,OH and PC,M)
were obtained from log dose response curves by
linear interpolation.

PROTOCOL
Each subject presented to the laboratory at the same
time of day for four days over a two week period. The
subjects rested for 30 minutes before testing. The
four tests-one inhalation test with histamine and
one with methacholine, isocapnic hyperventilation
with room air, and hyperventilation with cold air
were performed in a random order on the four days.

All asthmatic subjects received the inhaled ,1
agonist metaproterenol at the completion of each
protocol. After completion of the study each subject
was asked about any side effect.

ANALYSIS OF RESULTS
Linear regression analysis was used to determine the
relation between PC2M, PC,OH, and the fall in FEV
after isocapnic hyperventilation inhaling room air
and cold air. Student's t tests for paired and unpaired
observations were used to evaluate significance. 16

Results

The results of the challenge tests for the asthmatic
subjects are summarised in table 1. The asthmatic
subjects had a mean baseline FEV, above 74% of the
predicted mean value (mean 91% (SD 16%)).
Normal subjects had a mean FEV, of 3 40 1 (93%
(11%) predicted). In the normal subjects the mean
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Table 1 Results ofinhalation challenge in asthmatic
subjects
Subject Baseline PC,,H PC M Fall in FEV, after
No FEV, (m&ml) (mg9ml)

(I (%o pred)) IHRA IHCA
(%o) (%o)

1 257(77) 0-13 0-14 22 37
2 3-18 (83) 045 0-40 22 38
3 3 86 (120) 0-50 0-49 20 30
4 3-58 84) 0 21 0-21 12 28
5 226 77) 0-84 0-36 15 23
6 265 (76) 0-65 0-70 14 19
7 2 100) 2-3 187 7-6 12-1
7 275 741) 2.7 178 4-6 121
9 2-85 90) 5-1 3-2 3-6 9-1

10( 3-35 113) 4 0 3-5 5-5 8-6
1 1 3-25 110 7-9 19 3-1 8-0

Mean 3-02 (91) 2-16 2-86 11-7 20-4

% pred-percentage of mean predicted FEV,; PC,OH, PC,M-
concentrations of histamine and methacholine requIred to redUce
the FEV by 20%; IHRA-isocapnic hyperventilation with room
air; IHCA-isocapnic hyperventilation with cold air.

fall in sGaw after isocapnic hyperventilation of room
air and cold air was -2*5% (range +10% to -11%)
and -4*2% (range +10% to -13%) respectively (p
> 0.01). There was no significant change in FEV,
after either stimulus (table 2 and fig 3). All asthmatic
subjects responded to each of the provocative
challenges with a fall in FEV, (table 1). After
hyperventilation of room air there was a mean fall in
sGaw of 40% (range 14% to 74%) and a mean fall in
FEV, of 11-7% (tables 1 and 2 and fig 1). After
hyperventilation of cold air asthmatic subjects had a
mean fall in sGaw of 52% (range 26% to 86%) and a
mean fall in FEV, of 20*4% (tables 1 and 2). Thus
isocapnic hyperventilation separated normal from
asthmatic subjects with room air (p < 0.001), but less
so than with cold air (p < 0*001; fig 1).
Both methacholine and histamine inhalation tests

separated normal from asthmatic subjects (p < 0-01;
fig 2). The PC0,,M correlated closely with the PC.,H (r
= 0-95, p < 0-001; fig 3).
Bronchial responsiveness to cold air correlated

with responsiveness to both methacholine and hista-

Table 2 Results of isocapnic hyperventilation
Mean (SEM)

VE Ti H,O content % fall
(llmin) (°C) mgll air FEV,

Room air
Normal 75 22 (0-2) 10 0
Asthmatic 71 22 (0-8) 10 11-7

Cold air
Normal 77 - 10 (0-9) 2-4 0
Asthmatic 70 - 10(09) 2-4 20-4

VE-mean minute ventilation; Ti-mean temperature of inspired
air; % fall FEV -mean percentage fall in FEV after isc.Sic)
hyperventilation.'
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Fig 1 Individual values of thefall in FEV, as percentages
ofbaseline FEV, in normal and asthmatic subjects in
response to isocapnic hyperventilation ofroom air (@) and
cold air (0). Horizontal bars indicate arithmetic mean.

mine (table 1 and figs 4 and 5). There was a close
linear relation between the fall in FEV, after
isocapnic hyperventilation of cold air and both PC H
(r = 0-93, p < 0-001) and PCO,M (r = 0-87, p < 0-o.od).
Both PC20H and PCoM correlated with the fall in
FEV, after hyperventilation of room air (r = 0.90 and
0.84).

Discussion

This study shows that the airway response to a rapid
10 minute challenge with isocapnic hyperventilation
of cold air correlates well with the results of standard
methacholine and histamine challenge tests. Our
results confirm the findings of Deal and coworkers,8
who observed a response to cold air in patients with
current asthma compared with normal subjects.
O'Byrne and associates'7 also found a linear relation-
ship between the PC,OM and PD,ORHE (respiratory
heat exchange required to reduce the FEV 10%).
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Furthermore, they observed that the cold air respon-
siveness was highly reproducible.

Isocapnic hyperventilation of cold air has been
advocated as a simple test of non-specific airway
reactivity.8 '0 The protocol is simple to perform and
rapid (10 minutes) and the training period for the
subjects is negligible. The equipment is available in
most hospitals and pulmonary function laboratories
and can be compact and mobile.9 All the variables
(VE, PETco,, inspired air temperature, and humid-
ity) can be satisfactorily controlled. The procedure
was well tolerated by all subjects, whereas four
normal and three asthmatic subjects had side effects
from histamine (flushing, headache, hoarseness,
laryngospasm) and methacholine (increased watery
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Fig 4 Comparison of PC20for histamine andfall in FEV,
with isocapnic hyperventilation with cold air (IHCA)
(expressed as percentage ofbaseline). Closed circles indicate
asthmatic and open circles normal subjects.
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Fig 5 Comparison ofPC20for methacholine andfall in
FEV, with isocapnic hyperventilation with cold air (IHCA)
(expressed as percentage ofbaseline value). Closed circles
indicate asthmatic subjects and the open circle a normal
subject.

secretion). Dryness of the mouth was the major
subjective symptom after isocapnic hyperventilation
of cold air. Bronchoconstriction was readily reversed
by inhaled metaproterenol.
The sensitivity of the isocapnic hyperventilation of

cold air test is good. Our data and those of Deal et aP8
and O'Byrne et all' have showed that the test will
induce a significant response in patients with mild
asthma. Deal and his coworkers8 demonstrated a
response in all their asthmatic subjects, though in six
patients the decrease in FEV, was only 5-10%.
O'Byrne and others'7 reported a response to
isocapnic hyperventilation of cold air in 23 of 26
asthmatic subjects. The three non-responders had
been symptom free for more than one year, and they
had a normal PC20M, above 25 mg/ml. Two normal
subjects responded to both isocapnic hyperventi-
lation of cold air and methacholine. Most normal
non-atopic, non-smoking subjects, however, have a
minimal response to isocapnic hyperventilation of
cold air.

Recently Chatham and coworkers'9 described a
rapid methacholine inhalation challenge which gives
responses that correlate well with those of the
standard methacholine protocol. Normal people,
however, show a wide range of sensitivity to his-
tamine and methacholine, their responses often
overlapping those of patients with asthma.6 19 0 The
airway response in normal subjects challenged with
isocapnic hyperventilation of cold air is usually
minimal unless conditions are extreme.2' Thus care is
needed in interpretating the results of the various
bronchial challenge tests.3 22 There is often difficulty
in defining the cut-off level between normal and
asthmatic subjects and those with an atopic history.
Previous studies suggest that there is a continuous
distribution of response of non-specific airway reac-
tivity in the population.8 17 20
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There are now two rapid screening tests for non-
specific airway reactivity. Isocapnic hyperventilation
of cold air has recently been used in an occupational
study.23 Further study is necessary to define the sensi-
tivity and specificity of these tests as well as their ac-
ceptability in occupational and population studies.23
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