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Usefulness of impulse oscillometry for the assessment of airway
hyperresponsiveness in mild-to-moderate adult asthma

Philip M. Short, MD; William J. Anderson, MBChB; Arvind Manoharan, MBChB; and
Brian J. Lipworth, MD
Scottish Centre for Respiratory Research, Medical Research Institute, Ninewells Hospital, University of Dundee, Dundee, Scotland
A R T I C L E I N F O

Article history:
Received for publication February 4, 2015.
Received in revised form April 2, 2015.
Accepted for publication April 17, 2015.

A

B
in
O
b

Reprints: Brian J. Lipworth, MD, Scottish Centre f
Research Institute, Ninewells Hospital, University o
9SY; E-mail: b.j.lipworth@dundee.ac.uk.
Disclosures: Authors have nothing to disclose.
Funding: This study was funded by the C
CZB/4/716þ.

http://dx.doi.org/10.1016/j.anai.2015.04.022
1081-1206/� 2015 American College of Allergy, A
B S T R A C T

ackground: Impulse oscillometry (IOS) is a novel method of assessing airway resistance. IOS is rarely used
assessing airway resistance after bronchoprovocation in adult asthma.

bjective: To ascertain the degree of change in IOS measurements seen in patients with asthma undergoing
ronchial challenge testing.

Methods: Patients 18 to 65 years old with mild to moderate asthma, forced expiratory volume in 1 second
(FEV1) greater than 80% predicted, and diurnal FEV1 variation less than 30% and taking inhaled corticosteroid
(�1,000 mg/day of beclomethasone dipropionate equivalent dose) were recruited. Sequential spirometry and
IOS results were measured during bronchial challenge testing to inhaled methacholine and histamine.
Results: The magnitude of percentage of change demonstrated in total airway resistance at 5 Hz was greater
than that observed for FEV1 in the 2 bronchial challenge tests. For example, at a methacholine provocation
concentration that caused a decrease in FEV1 of 20%, a 43.5% change (95% confidence interval 29.4e57.5) was
seen in total airway resistance at 5 Hz as measured by IOS compared with a 23.3% change (95% confidence
interval 18.7e27.9) in FEV1. The magnitude of change seen with other IOS outcomes, including peripheral
airway resistance, area under the curve, and resonant frequency, also was greater compared with
spirometry.
Conclusion: The potential application of IOS in the assessment of airway hyperresponsiveness in adult
asthma has been demonstrated. Further population studies are required.
Trial Registration: www.clinicaltrials.gov (NCT01074853).
� 2015 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction

The measurement of airway hyperresponsiveness (AHR) is
integral within the assessment of asthma. Historically, conventional
spirometry has been used to quantify the degree of airway
obstruction seen after the inhalation of bronchoprovocation agents
such as methacholine or histamine.1 Impulse oscillometry (IOS) is a
novel effort-independent method of assessing airway resistance by
the use of small-amplitude sound waves being superimposed on
normal breathing cycles.2 IOS provides an alternative technique to
assess changes in airway tone and has been shown to be sensitive to
measuring bronchodilatation to salbutamol and ipratropium
within asthma and chronic obstructive pulmonary disease pop-
ulations.3e5 Within their unit, the authors have found IOS to be a
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more sensitive marker than spirometry for bronchodilation to
salbutamol and bronchoconstriction to propranolol.5,6 Further-
more, owing to the relative simplicity of the technique, within
pediatric populations, IOS has been shown to be a useful alternative
to spirometry.7 The usefulness of IOS in children has been well
demonstrated and has even shown evidence of AHR in the absence
of significant changes in spirometry.8 This has allowed IOS pa-
rameters to be investigated as potential surrogate markers of AHR
instead of spirometry in children.9

Guidelines incorporate a standardized decrease in forced expi-
ratory volume in 1 second (FEV1) of 20% after bronchial provocation
(PC20) as evidence of AHR.1 Although IOS provides an alternative
means of assessing airway tone after bronchial challenge testing,
currently there are no defined criteria as to what a positive bron-
chial challenge test result would be when using IOS instead of
spirometry in adult populations. The purpose of this study was to
ascertain the degree of change in IOS measurements seen in pa-
tients with asthma undergoing bronchial challenge testing. This
would aid in the development of a standardized IOS reference value
for potential use in clinical trials.
lsevier Inc. All rights reserved.
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Table 1
Participant demographics

Subject/Sex Age (y) FEV1% FEV1/FVC ratio Methacholine
PC20 (mg/mL)

BDP equivalent
daily dose (mg)

Concurrent
Medications

1/F 21 92 0.78 0.92 400 L, A, NS
2/F 64 99 0.71 2.48 400 L, LT, NS
3/F 31 85 0.75 0.99 500 A, LT
4/M 48 85 0.68 2.0 500 L, LT
5/F 65 103 0.69 0.71 200 d

6/M 29 98 0.71 1.36 100 d

7/M 57 106 0.81 3.45 1,000 NS
8/M 20 91 0.76 3.71 400 d

9/F 19 91 0.83 0.67 400 A
10/M 19 90 0.85 1.73 200 A
11/F 25 91 0.85 2.4 200 A
12/F 50 88 0.67 1.13 400 A, NS
13/M 57 88 0.76 2.19 200 A, NS
14/F 22 102 0.82 0.67 800 d

15/M 35 95 0.83 5.42 800 L, NS
16/F 46 91 0.72 0.31 1,000 L
17/F 21 85 0.75 3.31 200 d

18/M 25 86 0.76 0.1 200 L, A
Mean (SEM) 36 (4) 93 (2) 0.76 (0.01) 1.32 (0.81e2.15)a 440 (66)

Abbreviations: A, antihistamine; BDP, budesonide; F, female; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; L, long-acting b-agonist; LT, leukotriene
receptor antagonist; M, male; NS, nasal spray; PC20, provocation concentration that causes a decrease in forced expiratory volume in 1 second of 20%.
aData displayed as geometric mean (95% confidence interval). Data are presented as percentage predicted for age, gender, and race.
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Methods

A post hoc analysis of a double-blinded, randomized, placebo-
controlled trial of propranolol in patients with mild to moderate
asthma was performed.10 The Tayside medical research ethics
committee (Dundee, Scotland) gave approval before commence-
ment of the trial (10/S0501/22). The study was registered with
http://www. clinicaltrials.gov (NCT01074853) and all participants
gave written informed consent.

Patients 18 to 65 years old with mild to moderate asthma, FEV1
greater than 80% predicted, and diurnal FEV1 variation less than
30% and taking inhaled corticosteroid (�1,000 mg/day of beclome-
thasone dipropionate equivalent dose) were recruited. Participants
were required to demonstrate AHR to a methacholine bronchial
challenge at a PC20 lower than 8 mg/mL. All participants were
nonsmokers and free of an asthma exacerbation within the past 6
months. The Asthma Control Questionnaire (ACQ) was performed
at baseline.

At the end of each study period (including the placebo limb)
before crossover, each participant underwent a methacholine and a
histamine bronchial challenge test. Bronchial challenge testing
from the placebo limb was used in this analysis. Sequential IOS and
Figure 1. Percentage of predicted values before and after the methacholine bronchial cha
at 5 Hz (R5%).
spirometry results were measured during bronchial challenge
testing, with IOS being performed first.

Spirometry and IOS were performed in accordance with pub-
lished guidelines.2,11 Participants supported their cheeks while
impulses were applied during 30 seconds of tidal breathing. This
maneuver allows airway resistance and reactance to be deter-
mined in large and small airways depending on the frequency. All
measurements were performed in triplicate and means were
taken. IOS measurements determine the degree of total airway
resistance at 5 Hz (R5), peripheral airway resistance (R5 minus
airway resistance at 20 Hz [R20]), and reactance (ie, lung
compliance) as area under the curve and resonant frequency. For
bronchial challenge testing, methacholine was made up into
doubling dilutions with concentrations ranging from 0.03 to 32
mg/mL. Histamine was made up into doubling dilutions with
concentrations ranging from 0.3125 to 40 mg/mL. A SuperSpiro
spirometer (Micro Medical, Basingstoke, United Kingdom) and an
IOS Jaeger Masterscreen (Wurzburg, Germany) were used.

Data were analyzed for normality using Shapiro-Wilk tests
and boxplots. Values before and after the bronchial challenge
were calculated and compared using paired Student t tests for
llenge for forced expiratory volume in 1 second (FEV1%) and total airway resistance
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Table 2
Spirometry and impulse oscillometry

Outcome Methacholine challenge Mean percentage
of change (95% CI)

Histamine challenge Mean percentage
of change (95% CI)

Mean difference (95% CI) P value Mean difference (95% CI) P value

Spirometry
FEV1 (L) 0.72 (0.54e0.9) <.001 23.3 (18.7e27.9) 0.75 (0.6e0.91) <.001 25.9 (21.0e30.8)
FEF25%e75% (L/s) 0.84 (0.63e1.05) <.001 32.8 (28.5e37.2) 0.91 (0.7e1.13) <.001 37.8 (30.7e45.0)
FVC (L) 0.55 (0.39e0.71) <.001 14.4 (10.6e18.1) 0.65 (0.54e0.76) <.001 17.7 (13.9e20.4)

Impulse oscillometry
Airway resistance
R5 (kPa � L/s) 0.16 (0.12e0.21) <.001 43.5 (29.4e57.5) 0.17 (0.08e0.25) <.001 44.9 (24e65.8)
R5eR20 0.13 (0.1e0.166) <.001 272.2 (8.1e531.8) 0.12 (0.06e0.19) <.001 248.2 (11.5e484.8)

Respiratory reactance
Area under the curve 1.80 (1.12e2.48) <.001 436.4 (246e625) 1.97 (0.97e2.97) <.001 484.8 (182.2e 787.5)
Resonant frequency (Hz) 8.41 (5.92e10.9) <.001 67.8 (40.9e94.7) 8.57 (5.04e12.1) <.001 56.3 (21.3e91.3)

Abbreviations: CI, confidence interval; FEF25%e75%, forced expiratory flow from 25% to 75%; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; R5, total
airway resistance at 5 Hz; R5eR20, peripheral airway resistance at 5 minus 20 Hz.
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spirometry and IOS indices. Subgroup analysis by categoriza-
tion by the ACQ score also was performed. Linear regression
analysis of the percentage of change of FEV1 and R5 also was
performed.
Results

Within the original study,10 21 participants were randomized,18
of whom (10 women and 8 men) completed the protocol. All 18
patients were used in this analysis. Mean age was 36 years (SEM 4
years). Baseline characteristics are listed in Table 1.

For methacholine and histamine challenges, at the PC20
threshold, the mean percentages of change in R5 were similar (as
a measurement of total airway resistance) at 43.5% (95% confi-
dence interval [CI] 29.4e57.5, P < .001) and 44.9% (95% CI
24.0e65.8, P < .001), respectively. The magnitude of percentage of
change demonstrated in R5 was greater than observed for FEV1 in
the 2 bronchial challenge tests, which were recorded as 23.3%
(95% CI 18.7e27.9, P < .001) after the methacholine challenge and
25.9% (95% CI 21.0e30.8, P < .001) after the histamine challenge.
Figure 1 shows values for FEV1 and R5 before and after the
methacholine challenge when displayed as percentages of pre-
dicted values.

Furthermore, the magnitude of change seen was greater for all
IOS indices (R5, R5e20, area under curve, and resonant frequency)
compared with spirometry (FEV1, forced expiratory flow from 25%
to 75%, and forced vital capacity; Table 2). Linear regression of
percentage of change of FEV1 vs R5 for histamine challenge testing
showed a degree of correlation (r ¼ 0.262, P ¼ .03; Fig 2).
Figure 2. Linear regression of percentage of change of forced expiratory volume in 1
second (FEV1) vs total airway resistance at 5 Hz (R5).
Stratification by ACQ score into those who had well-controlled
(ACQ score <0.75) vs poorly controlled (ACQ score >0.75) asthma
showed no difference in the magnitude of bronchoconstrictor
response. Themean percentages of change for FEV1 before and after
methacholine testing were recorded as 22.9% (95% CI 19e26.9) for
an ACQ score lower than 0.75 and 23.6% (95% CI 15.1e32.2) for a
score higher than 0.75. Furthermore, the mean percentages of
change for R5 before and after methacholine testing were recorded
as 47.4% (95% 26.1e68.8) for an ACQ score lower than 0.75 and
40.3% (95% 17.9e62.7) for a score higher than 0.75. Figure 3 shows
the values for FEV1 and R5 before and after the methacholine
challenge when displayed as percentages of predicted values as
stratified by the ACQ score.

Discussion

To the authors’ knowledge, this is the first study in adult
patients with asthma to directly compare the effects on IOS
measurements recorded concurrently with spirometry during
methacholine and histamine bronchial challenge testing. Signif-
icant effects were observed for all IOS measurements during
bronchial challenge testing, with no significant differences
observed through the use of methacholine or histamine. The
assessment of AHR by PC20 through the FEV1 measurement is a
well-established marker of disease severity that is used exten-
sively in clinical practice and trials. Within the present study, the
lower CI for the increase in total airway resistance measured by
R5 (after the methacholine bronchial challenge) was approxi-
mately 29%, corresponding to a lower CI for FEV1 of approxi-
mately 19%. Therefore, the authors postulate whether the
development of a “PC30” threshold for R5 could be developed and
used in patients who cannot perform the effort-dependent
maneuvers.

Previous studies have shown a relation between spirometry
and IOS in mild to moderate asthma.12,13 In line with previous
studies,12 the authors found significant effects on small airway
measurements (R5eR20) during standardized bronchial chal-
lenge testing. Small airway dysfunction within asthma is
becoming recognized as a distinct clinical phenotype associated
with poor asthma control.14 In the present study, no significant
difference was observed in spirometry or IOS indices after
bronchial challenge testing when stratified by asthma control,
presumably reflecting the relatively narrow range of ACQ values
overall as evidenced by a mean ACQ score of 0.8 (95% CI
0.6e1.1).

In conclusion, the authors have demonstrated the potential role
of IOS measurements during bronchial challenge testing to meth-
acholine and histamine in adult patients with asthma. Further



Figure 3. Bronchoconstrictor response stratified by an Asthma Control Questionnaire (ACQ) score lower vs higher than 0.75. FEV1, forced expiratory volume in 1 second; PC20,
provocation concentration that causes a decrease in forced expiratory volume in 1 second of 20%; R5, total airway resistance at 5 Hz.
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population-based challenge studies are required to more precisely
define appropriate thresholds for IOS measurements.
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