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Background: Dynamic lung hyperinflation (DLH) has been evaluated based on decreased
inspiratory capacity (IC) during exercise load. However, this is not routinely done in clinical
practice. We have developed a convenient method of metronome-paced incremental hyperventila-
tion (MPIH) and reported its usefulness. In the present study, we compared these two methods for
evaluating DLH and examined whether our MPIH method can be used to predict DLH during
exercise.

Methods: DLH was measured by MPIH and constant load exercise (CLE) in 35 patients
with stable COPD. DLH was defined as the most decreased IC (IC)oyes;) and the most
decreases in IC from IC at rest (—ICjowest), and we compared between these two methods.
Results: The ICyyes in CLE and the —ICyyyes in MPIH were significantly lower in emphysema-
dominant COPD than in emphysema-nondominant COPD. Both IC)yyes and —ICoyes Showed
significant correlations between the two methods (r = 0.67, p < 0.01 and r = 0.44, p < 0.01,
respectively). The endurance time of CLE was significantly correlated with ICqyes following
MPIH (r=0.62, p <0.01) but not with that obtained by the CLE method. Furthermore, the ICjyyes Of
MPIH was more significantly correlated with endurance time in emphysema-dominant COPD.
Weak but significant correlations between the —IC),ye Obtained by each method and maximum
modified Borg scale were observed (MPIH: r = 0.38, p = 0.02; CLE: r = 0.37, p = 0.03).
Conclusion: The MPIH method may be a convenient method to predict exercise tolerance
and dyspnea as a clinically useful synergic screening surrogate for DLH during exercise.
Keywords: dynamic lung hyperinflation, constant load exercise, hyperventilation, endurance
time, inspiratory capacity

Introduction
Dynamic lung hyperinflation (DLH) is an important factor involved in dyspnea on
exertion and exercise intolerance in chronic obstructive pulmonary disease (COPD),
and should be assessed in patients.'* In COPD, both the decrease in lung elastic recoil
pressure and narrowing of the peripheral bronchial lumen induce irreversible airflow
obstruction, which results in lung hyperinflation.” On exertion, the hyperinflation pro-
gresses due to air trapping dependent on the increase in respiratory rate, which is called
DLH.’

DLH is generally evaluated as the decreased inspiratory capacity (IC) during
exercise load test.*> The IC is measured at regular intervals during constant load
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exercise (CLE), and the decreased IC during exercise is
used as an index of DLH.! However, the measurement of
IC during exercise load test is complicated, requires spe-
cial instruments, and is difficult to perform routinely at
clinical sites. Therefore, we developed a convenient
method of metronome-paced incremental hyperventilation
(MPIH) for assessment of DLH without exercise load, and
have reported its usefulness for evaluating the efficacy of
bronchodilators.®” Furthermore, we developed a dedicated
spirometer for the measurement of DLH by MPIH and
reported its usefulness.”® The spirometer was released
1 year ago in Japan and has been used for DLH measure-
ment at clinical sites. However, the correspondence
between the conventional method of CLE and our devel-
oped MPIH method has not been elucidated. In the present
study, we examined whether the decreases in IC following
MPIH correspond to the DLH assessed by the CLE
method and can be used to predict exercise tolerance and
dyspnea as a surrogate for DLH during exercise in COPD.

Materials and Methods
Subjects

The study population consisted of patients with stable
COPD who visited Shinshu
(Matsumoto, Nagano, Japan) between June 8, 2017, and

University Hospital

September 30, 2019. COPD was diagnosed according to
the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) criteria.’

Patients with exacerbation and/or respiratory infection
within 3 months, prior history of lung surgery, severe heart
disease, or impairment or difficulty in exercise due to motor
or cognitive dysfunction were excluded. A history of exacer-
bation with COPD was defined as acute worsening of respira-
tory symptoms that resulted in additional therapy.’

Study Design

This study had a prospective cross-sectional design. All
subjects were recruited from the outpatient clinic of
Shinshu University Hospital and provided informed con-
sent to participate in the present study. First, DLH was
measured by the MPIH method following a lung function
test and examination of high-resolution computed tomogra-
phy (HRCT) of the lungs. After the measurements, subjects
performed symptom-limited incremental load exercise test-
ing using an ergometer or treadmill. Finally, the subjects
underwent DLH measurement during symptom-limited
CLE at a load of 60-70% of the maximum load in the

incremental load exercise test. All subjects performed
these examinations under their current therapies. All tests
were conducted between June 8, 2017, and September 30,
2019. The subjects performed both tests within one day.
The primary outcome was the correlation of the maxi-
mum decreased IC (ICyes) Or maximum decreases in IC
from IC at rest (—IC)owes) as an index of DLH obtained by the
MPIH and CLE methods. The secondary outcomes were the
correlation between 1C s OF —IC owes: Obtained by the two
methods and exercise endurance time or dyspnea on CLE.

Measurement Outcomes

Lung Function

Spirometry was performed using a spirometer (Fukuda
Denshi Co., Ltd., Tokyo, Japan). Lung volume of func-
tional residual capacity (FRC) and lung diffusion capacity
for carbon monoxide (DLCO) were measured using
a Chestac-8900 device (Chest Co. Ltd, Tokyo, Japan).
FRC was tested using a Body Box, after which the subject
immediately inspired to total lung capacity (TLC) and
expired maximally to residual volume (RV), allowing the
calculation of lung volume and RV/TLC. All measure-
ments were performed according to the Japanese
Respiratory Society guidelines for lung function measure-
ments. For predicted values of FEV; and VC, Japanese
local reference data developed by the Japanese Respiratory
Society were adopted.'® Predicted values for DLCO and
lung volumes (RV and TLC) measured by body plethys-
mography were determined using the respective formulae
of Nishida et al and Boren et al.'""'?

Classification of Phenotypes as Emphysema-Dominant
and Emphysema-Nondominant

The presence of emphysema was evaluated using a helical
computed tomography (CT) scanner (LightSpeed, General
Electric, Milwaukee, WI) at full inspiration with 1-3 mm
collimation (120 kVp, 200 mA, 1.0 pitch). The analysis
method for the evaluation of emphysema on HRCT images
was the same as in our previous study.'> Emphysema was
scored visually according to the method by Goddard et al.'*
The score in each field was calculated for the dimensions
according to the ratio of low attenuation area, as follows:
score 0, low attenuation area < 5%; score 1, 5% < low
attenuation area < 25%; score 2, 25% < low attenuation
area < 50%; score 3, 50% < low attenuation area < 75%;
and score 4, 75% < low attenuation area. The severity of
emphysema was graded in accordance with the sum of the
scores of the six dimensions, as follows: grade 0, total

submit your manuscript

1062

Dove

International Journal of Chronic Obstructive Pulmonary Disease 2020:15


http://www.dovepress.com
http://www.dovepress.com

Dove

Kawachi and Fujimoto

score = 0; grade 1, total score = 1-6; grade 2, total score =
7—-12; grade 3, total score = 13—18; and grade 4, total score
= 19-24. We defined emphysema-dominant COPD as
emphysema > grade 2 and emphysema-nondominant
COPD as emphysema grade 0-1. CT images were ana-
lyzed independently by an experienced pulmonolo-

gist (KF).

Measurement of Dynamic Lung Hyperinflation by the
Metronome-Paced Incremental Hyperventilation
(MPIH) Method

The measurement of DLH by the method of MPIH using
a dedicated spirometer for MPIH (Fukuda Denshi Co., Ltd.,
Tokyo, Japan) and was performed according to the same
method as described in our previous studies.”® Figure 1
shows the measurement of DLH based on MPIH using
a spirometer. First, the resting IC and vital capacity (VC)
were measured in usual spirometry mode. Next, the subjects
breathed in synchronization with a pulsing sound and light
of the spirometer for 30 s at a respiratory rate of 20 breaths/
min (bpm) followed by maximum inspiratory maneuver, and
IC was measured. After a pause of 1-2 minutes, the respira-
tory rates were increased in steps to 30 bpm for 30 s and then
to 40 bpm for 30 s. At the end of each period of hyperventi-
lation, the subjects performed maximum inspiratory maneu-
ver, and the IC was measured. The measurements of IC
following each hyperventilation were repeated three times,
and the designated spirometer automatically calculated the
average. The IC at rest and the measurements of IC after
each hyperventilation at respiratory rates of 20, 30, and 40
bpm were expressed as the IC., 1C,o, IC3g, and ICyo,
respectively. The lowest value among 1C,, 1Cs, and ICyg
was adopted as ICjgwest- The decreases in IC from IC . to

ICjowest Were also evaluated and expressed as —ICowest
(IClowest - ICrest)'

TLC

W=

rest 20 bpm

30 bpm

Hyperventilation

Incremental Load Exercise Test

Symptom-limited incremental and constant (work) load
exercise testing used an ergometer (Corival cpet; Lode B.
V. Co., Ltd., Groningen, The Netherlands) or a treadmill
(Auto Runner AT-200; Minato Medical Science Co., Ltd.,
Osaka, Japan), and methods were performed with refer-
ence to previous studies."'> Oxygen uptake (VO,, mL/
min), carbon dioxide production (VCO,, mL/kg/min), ven-
tilation (VE, L/min), tidal volume (VT, L), and respiratory
rate (RR, times/min) were recorded using the breath-by-
breath measurements obtained with a breath analyzer sys-
tem (AE-310S AEROMONITOR; Minato Medical
Science Co., Ltd.). These breath-by-breath exercise meta-
bolic indexes were assessed by mean value at peak, which
was the average value for 10 s before the end of exercise.
SpO,, pulse rate (PR, beats/min), and electrocardiogram
(ECG) were measured continuously with a fingertip moni-
tor (AnypalWalk ATP-WO03; Fukuda Denshi Co., Ltd.,
Tokyo, Japan) and ECG monitor (DS-8007 system;
Fukuda Denshi Co., Ltd.) during exercise, and the mini-
mum SpO, and the maximum PR were recorded.

A treadmill was the first choice for exercise load tests.
However, an ergometer was used instead for subjects who
had difficulty walking on the treadmill. The incremental load
protocol of the treadmill was used “TR-3” which is designed
to increase VO, linearly. This ramp load protocol was
amethod in which the speed and slope changed continuously,
as reported previously.'® The incremental load of the erg-
ometer used a ramp load with stepwise increments of 10 W
per minute.'” Subjects continued to exercise until limited by
symptoms and maximum exercise load, defined as the great-
est work rate that the subject was able to maintain exercise
for >30 s, was evaluated. Exercise loads during warm-up and
cool-down phases consisted of a speed of 1 km/h and a slope
of 0% on a treadmill or 10 W on an ergometer for 3 minutes.

Decreased IC
Il

Dynamic lung hyperinflation

40 bpm

Figure | Metronome-paced incremental hyperventilation (MPIH) method in dynamic lung hyperinflation measurement.
Abbreviations: TLC, total lung capacity; IC, inspiratory capacity; EELV, end-expiratory lung volume; bpm, breaths/min.
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Evaluation of Dynamic Lung Hyperinflation by
Constant Load Exercise Test

After sufficient rest, symptom-limited CLE test was per-
formed at a load of 60-70% of the maximum load in the
incremental load exercise test. First, IC was measured in the
subject at rest in the starting position of the exercise, and
then the subject exercised for 3 minutes at a warm-up speed
of 1 km/h and a slope of 0% on the treadmill or 10 W on the
ergometer. Following the warm-up phase, the exercise load
was increased up to 60—70% of the maximum load in the
incremental load exercise test and maintained. IC was mea-
sured every 2 minutes by maximum inspiratory maneuver
during CLE. Modified Borg Scale (BS) regarding dyspnea
and leg discomfort was also evaluated at the same time. The
CLE test was performed to the point when the subject could
no longer maintain exercise or 20 minutes had been reached
followed by a 3-minute cool-down period with the same
load as warm-up."” IC was also measured during warm-up
and cool-down phases. The IC at rest was expressed as
ICes- The most decreased IC (IC,owes) Was adopted
among the measurements of IC during CLE, and the
—ICiowest UC owest — ICest) Was also evaluated. The exercise
endurance time was adopted as exercise tolerance.

Statistical Analysis

The sample size was calculated as 35 to examine the
correlation of DLH between exercise load and MPIH
based on a previous study examining the accuracy of
load and MPIH."®
According to this previous study, we calculated the sample

DLH measurement of exercise

size with power of 80%, significance level of 5%, and
expected correlation coefficient of r = 0.46. Wilcoxon’s
signed-rank test was used to compare CLE and MPIH.
Furthermore, DLH was compared between the phenotypes
of emphysema-dominant and emphysema-nondominant.
Correlation analysis was performed using Spearman’s
rank correlation for single regression analysis. In all ana-
lyses, p < 0.05 was taken to indicate statistical signifi-
cance. SPSS ver. 25 was used for statistical analyses
(SPSS Inc., Chicago, IL).

Ethical Considerations

All subjects were given an adequate explanation of the
study and provided written informed consent to participa-
tion. This study was conducted in accordance with the
ethical principles for medical research involving human
subjects of the Declaration of Helsinki after obtaining

approval from the Shinshu University of Medical Ethics
Committee (approval number: 3705).

Results
Physical Findings, Smoking History, Lung
Function, and Medication History of

Subjects

Table 1 shows the basic physical findings, smoking his-
tory, spirometry, lung volume, and medication history of
the subjects. A total of 35 subjects with mild-to-severe
airflow limitation were enrolled in this study. Seventeen of
35 patients were classified as having emphysema-
dominant COPD, with the remaining 18 patients judged
as having emphysema-nondominant COPD. Most of the
subjects (n = 33) were on treatment with bronchodilators.
No patient was receiving long-term oxygen therapy.

Characteristics of Subjects in Incremental

and Constant Load Exercise Tests

Table 2 shows the results of incremental and constant load
exercise tests. Eleven of the 35 subjects performed the
CLE test with a treadmill and the remaining subjects
performed the test using an ergometer. The peak VO,,
maximum Vg, and maximum RR at CLE were about
87%, 84.5%, and 95.6% of the incremental exercise load
test, and most reached the same levels to the incremental
exercise load test. The mean maximum RR at CLE was
30.1 + 0.8 bpm. All subjects showed mild desaturation >
88% of SpO, both at pre-exercise and during the incre-
mental exercise test and CLE.

Comeparison of DLH Evaluated by MPIH

and CLE
Table 3 shows the results of DLH measured by the MPIH
and CLE methods. The IC. measured by the MPIH
method was significantly higher than that measured by the
CLE method. However, the IC,yesr Was not significantly
different between the two methods, and the —IC;yycst Was
significantly lower in the MPIH method than the CLE
method. The IC gyest for CLE and the —IC;qyes¢ for MPTH
were significantly lower in emphysema-dominant COPD
patients than in emphysema-nondominant COPD patients
(ICiowest: 1.70 £ 0.11 L vs 2.00 = 0.10 L, p = 0.02; and
—ICowest: —0.54 £ 0.08 L vs —0.28 £ 0.08 L, p = 0.045).
As shown in Figure 2, a significant positive correlation
was observed between ICgye; determined in the MPIH and
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Table | Subject Characteristics of Basic Physical Findings,
Smoking History, Medication History, and Lung Function

Table 2 Subject Characteristics of Incremental- and Constant-
Load Exercise Test

n 35
Age, years 759 14
Sex (male/female) 34/1
Smoking history, packs X year 532 %52
Past or current smoker, n 31

Current smoker, n 4
BMI, kg/m? 23005
%VC, % 101.0 + 3.3
IC, L 2.32 £ 0.08
FEV,, L 1.79 + 0.09
FEV,, % 684 £ 3.1
FEV|/FVC, % 573 % 1.6
%FRC, % 96.9 + 3.0
%RV, % 1395 £ 6.1
%TLC, % 119.7 £ 2.6
RVITLC, % 41712
%DLCO, % 69.9 £ 3.0
GOLD stage (1, 2, 3, 4) 7121/6/1
Phenotype of emphysema

Emphysema-dominant 17

Emphysema-nondominant 18
Treatment with inhaled agents

No drug, n 2

LAMA, n 4

LABA, n 0

LAMA+LABA, n 2

LABA+ICS, n 23

LAMAZLABAZICS, n 4

Note: Values represent the mean * standard error of the mean.
Abbreviations: BMI, body mass index; VC, vital capacity; IC, inspiratory capacity;
FEV,, forced expiratory volume in | second; FVC, forced vital capacity; FRC,
functional residual capacity; RV, residual volume; TLC, total lung capacity; DLCO,
lung-diffusion capacity for carbon monoxide; LAMA, long-acting muscarinic antago-
nist; LABA, long-acting beta 2 agonist; ICS, inhaled corticosteroid.

CLE methods (r = 0.67, p < 0.01). A significant positive
correlation of —IC;,west Was also observed between the two
methods (r=0.44, p <0.01).

Correlation Between Dynamic Lung
Hyperinflation and Exercise Endurance
Time and Dyspnea BS Scale

There was a significant positive correlation between the
ICowest Observed in MPIH and endurance time (r = 0.62,
p < 0.001), although no such significant correlation was
observed between the IC,yes¢ during CLE and endurance
time (Figure 3A and B). Furthermore, the 1C;qyess of MPIH
was more significantly correlated with endurance time for
emphysema-dominant COPD (r = 0.63, p = 0.003) than for

Incremental-Load Constant-load
Test test
n 35
Treadmill/ergometer 11724
VO, peake ML/kg/min 158+ 1.0 13.8+0.8
vCo, peaks ML/kg/min | 169 £ 1.2 13.6 + 0.8
VE peake L/min 453 +24 383 +20
RR peals breaths/min 31.5+08 30.1 £ 0.9
PR pres beats/min 839 +24 874 %20
PR ax beats/min 139.0 £ 5.7 1214 + 73
SPO2 pres % 939+ 12 949 £ 04
SPO2 lowest % 92.1 £ 0.6 912 +07
Exercise endurance 362.9 = 49.5
time, s
Dyspnea BS ,ax 53104
Leg discomfort BS ... | 6.0 £ 0.5

Notes: Values represent the mean * standard error of the mean. The “Peak” value
was the average value for 10 seconds before the end of exercise.

Abbreviations: VO, pealo OXygen uptake at peak exercise; VCO, pealo Carbon dioxide
output at peak exercise; VE pey), Minute ventilation at peak exercise; RR peq, respiratory
rate at peak exercise; PR ., minimum pulse rate at rest; PR .., maximum pulse rate
during exercise; SpO, ,re, Percutaneous oxygen saturation at rest; SpO; jowese lOWest
percutaneous oxygen saturation during exercise; BS ..., maximum modified Borg scale.

emphysema-nondominant COPD (r = 0.42, p = 0.08). Weak
but significant correlations between —ICyesc and maximum
modified Borg scale were observed for each method (MPIH:
r=0.38, p = 0.02; and CLE: r = 0.37, p = 0.03), with no
significant differences between the phenotypes.

Discussion

In the present study, IC ywest and —IC;ywese Showed signifi-
cant correlations between the two methods. The endurance
time was significantly correlated with the I1C,yyes: follow-
ing MPIH, but not with that observed in the CLE test.
However, the maximum dyspnea Borg scale was signifi-
cantly correlated with —ICjqyes in both methods. When the
subjects were divided by phenotype according to the dom-
inancy of emphysema, ICjyyest in CLE and —IC)yyest i
MPIH were significantly lower for emphysema-dominant
COPD, and the IC,yesc of MPIH was more significantly
correlated with endurance time for emphysema-dominant
COPD. These findings suggested that the DLH measured
by our convenient MPIH method is closely correlated with
that measured by the conventional exercise load test, and
was a more useful predictor of exercise tolerance, espe-
cially in emphysema-dominant COPD. Our convenient
MPIH method may provide a clinically useful screening
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Table 3 Comparison of Dynamic Lung Hyperinflation Measured
by Exercise Load and Hyperventilation

Total Emphysema | Nonemphysema
n 35 17 18
IC measured by
CLE
ICrese L 2,07 = 2.02 £ 0.09 2.12 £ 0.11
0.07
ICwarm-up» L 2,07 = 1.97 £ 0.11 2.17 £0.13
0.09
ICcool-down L | 191 1.81 £0.13 201 £0.11
0.09
ICiowesw L 1.86 + 1.70 £ 0.117 2.00 £ 0.10
0.08
—ICiowesw L —0.21 £ —0.32£0.10 | —0.11 £0.05
0.06
IC measured by
MPIH
ICrese L 231 225 £0.11 236 £0.10
0.08**
1Cy, L 222 2.06 £0.13 236 £0.12
0.09
IC30, L 205 + 1.85 +0.12 223 £0.12
0.09
ICs0, L 1.92 + 1.73 £ 0.12 2.10 £ 0.12
0.09
ICiowesw L 1.90 + 1.72 £ 0.11 2.08 £0.12
0.09
—ICiowesw L —042 + —0.54 + 0.08" | —0.28 + 0.08
0.06**

Notes: Values represent the mean # standard error of the mean; **p < 0.0l
vs same IC index measured by constant load exercise (CLE) among total
subjects. Tp < 0.05 vs nonemphysema (emphysema-nondominant phenotype
COPD).

Abbreviations: CLE, constant load exercise; IC, inspiratory capacity; MPIH,
metronome-paced incremental hyperventilation; RR, respiratory rate; bpm,
breaths/min; IC ., IC at rest; ICarm-up Mean IC at warm-up; ICqqo1.down, Mean
IC at cool-dawn; ICoyest, lowest IC; —IC, o est, decrease in IC from IC . to I1C ouest
1Cy0, IC at RR of 20 bpm; IC3q, IC at RR of 30 bpm; IC4, IC at RR of 40 bpm.

surrogate to predict not only the degree of DLH during
exercise but also exercise tolerance and dyspnea.

Comparison of DLH Measured by the
MPIH and CLE Methods

Gelb et al compared IC reduction during both metronome-
paced hyperventilation at twice the resting respiratory rate
for 20 s and symptom-limited incremental cycle ergometry
when the final respiratory rate was also twice the resting
rate before and after ipratropium bromide treatment in
patients with moderate-to-severe COPD."? They reported
a significant correlation of the decreases in IC between

metronome-paced hyperventilation and incremental cycle
ergometry in IC after ipratropium treatment. However,
there was no correlation before treatment and the sample
size was small. In the present study with an optimized
sample size, both 1C)yyest and —ICjqwest Showed significant
correlations between the two methods.

The decreases in IC during exercise have been reported to
be dependent on increased respiratory rate in COPD.? The
maximum respiratory rate of MPIH was 40 bpm, whereas the
mean respiratory rate at the peak during exercise was 30.1 £
0.9 bpm in CLE. Therefore, the IC,yst Was expected to be
lower in MPIH than in CLE. However, the IC,yy,c: Was similar
in the two methods although the —IC,,.; Was greater in MPIH
than in CLE, possibly due to the larger IC values at rest in
MPIH than in CLE. It might be considered that the ICs were
affected by the position and fixation of the arm in CLE. It has
been reported that elevation of the upper limbs and forward
flexing posture reduce VC and IC.*° The arms were positioned
in a forward flexing posture in the ergometer and treadmill.
Therefore, the ICs in CLE may have been affected, resulting in
lower values compared with those in MPIH. Another reason is
that the subjects did not perform enough inspiratory maneuvers
in CLE. The mean age of the subjects in the present study was
75.9 years old. Most subjects who enroll in clinical COPD
research in Japan are over 70 years old and are more elderly
compared with subjects in clinical research performed outside
Japan.?' It was doubtful whether the elderly subjects could
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Figure 2 Correlation of dynamic lung hyperinflation measured by exercise load and
metronome-paced incremental hyperventilation (MPIH).

Note: Lowest IC as the deceased IC was significantly correlated between the two
methods (r = 0.67, p < 0.01).

Abbreviations: IC, inspiratory capacity; MPIH, metronome-paced incremental
hyperventilation; ICjoyest, lowest IC among the ICs measured by each method.
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Figure 3 Correlation between dynamic lung hyperinflation and exercise tolerance or dyspnea on exertion.

Notes: Closed circles are emphysema-dominant COPD and open circles are emphysema-nondominant COPD. Lowest IC as the decreased IC with exercise was not
significantly correlated with exercise endurance time. (A). Lowest IC with MPIH was significantly correlated with exercise endurance time (B). The decreases in IC with
exercise and MPIH were significantly correlated with modified Borg Scale of dyspnea (C and D).

Abbreviations: IC, inspiratory capacity; MPIH, metronome-paced incremental hyperventilation; IC ,yes, lowest IC among the ICs measured by each method; —ICoyeses

decreases in IC from at rest to IC oyest-

perform maximum inspiratory maneuver not only during exer-
cise but also at rest while wearing a facemask or not. As
a result, the decreased IC in CLE may have been lower than
in MPIH in the present study. Therefore, we believe that MPIH
can more accurately evaluate DLH depending on respiratory
rate versus the CLE method and the MPIH method is easy to
perform for both elderly subjects and severely ill patients.

Correlation of Exercise Tolerance and
Dynamic Lung Hyperinflation

The exercise endurance time was significantly correlated with
the IC owest following MPIH. We previously demonstrated that
the decreased IC and the decreases in IC following MPIH were
significantly correlated with exercise tolerance evaluated by
6-minute walking distance in COPD as same as in this study.®
However, a significant correlation between endurance time and
the ICgwest OF —ICiowest I CLE could not be obtained in the
present study. This may have been due to exercise limiting

factors other than DLH on exercise endurance time. Exercise
tolerance is determined by various factors including DLH,'
especially in COPD patients with hyperinflation and the emphy-
sema-dominant phenotype.>** The present study showed
greater DLH in both methods and a more significant correlation
between the DLH of MPIH and endurance time in emphysema-
dominant COPD. However, the MPIH method can only evaluate
DLH depending on an increase in respiratory rate. The limiting
factor of exercise tolerance is not only DLH but also other
factors such as airflow limitation, hypoxemia, and leg discom-
fort, all of which are evaluated by CLE. Leg discomfort has been
reported to be a major factor in exercise limitation (54.1%) on
cardiopulmonary exercise test, and these subjects had signifi-
cantly higher predicted FEV,.>* In the present study, the mean
BS of leg discomfort was higher than dyspnea BS, which may
have been due to more advanced age and mild severity. For these
reasons, a significant correlation between DLH and exercise
tolerance was not consistently obtained in CLE. Even in this
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population, a significant correlation was observed between
ICjowest following MPIH and exercise tolerance.

There were significant correlations between the decreases
in IC and dyspnea for both methods, although the correlation
coefficients were weak. Various factors may contribute to
dyspnea during exercise as well as exercise tolerance. The
patients with emphysema-nondominant COPD showed
severe dyspnea despite their DLH being mild. In these sub-
jects, airflow limitation, but not DLH, may have contributed
to the dyspnea.”” As the emphysema-nondominant COPD
patients with exercise intolerance associated with airflow
limitation rather than DLH were mixed in the present
study, the correlation between dyspnea and DLH may have
been weaker in each method. In emphysema-dominant
COPD, dyspnea is more associated with DLH, and a large
DLH is shown in MPIH; thus,'*? it is more clinically
important to be evaluated for DLH by the MPIH method,
particularly for emphysema-dominant COPD patients.

Limitations

The present study had several limitations. First, the sub-
jects were elderly. Most subjects who enroll in COPD
research in Japan are over 70 years old.?' Moreover, the
majority of subjects could not maintain exercise for more
than 10 minutes at 80% exercise load of CLE. Therefore,
the constant exercise load was set lower (from 60% to
70%) than in previous studies.'>'” Second, the incremen-
tal load exercise test and CLE test were not performed in
a uniform way, and peak VO, was significantly higher in
subjects using the treadmill than in those who used the
ergometer. However, the IC)qyest and —I1C owest Were com-
parable between the two tests. These limitations may have
influenced the exercise limitation factors.

Conclusion

The DLH assessed by our developed MPIH method and
the conventional method of exercise load was closely
correlated, and exercise tolerance evaluated by endur-
ance time during CLE was significantly correlated with
the DLH following MPIH, but not with that during
CLE. Therefore, MPIH may be a convenient method to
predict exercise tolerance and dyspnea as a clinically
useful synergic screening surrogate for DLH during
exercise.
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