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KEYWORDS Abstract

Hyperinflation; Introduction: The diagnosis and severity assessment of COPD relies on spirometry, and in partic-
6MWT; ular the FEV1. However, it has been proposed that hyperinflation and air-trapping are better pre-
CPET; dictors of exercise capacity and mortality than the FEV1.

PRO; Research:

QoL question: Does static hyperinflation predict exercise capacity?

Methods: We conducted an observational prospective study. Patients with COPD referred to the
lung function laboratory were consecutively recruited. Patients with hyperinflation (the experi-
mental group) were compared to patients without hyperinflation (the control group). The sample
sizes were determined assuming an effect size of 0.5 and a power of 0.80.

Results: We recruited 124 participants, of whom 87% were male, the mean age was 66.1 +
8.8 years. 67% were symptomatic (GOLD B or D). Airflow limitation was moderate to severe in
the majority of patients (median FEV1 47%, IQR 38-65%) and 43% of patients had static hyperin-
flation. The median 6MWD was 479 meters (404-510) and peak workload in CPET was 64 watts
(46-88) with peak VO2 1.12 L/min, 0.89-1.31 L/min. Patients with lower FEV1, DLCO and IC/TLC
and higher RV/TLC had reduced exercise capacity in both 6MWT and CPET, measured as lower dis-
tance, greater desaturation and ABorg dyspnoea, and reduced workload, peak VO2 and peak VE
and higher desaturation and ventilatory limitation (VE/MVV). An IC/TLC < 0.33 predicted
reduced exercise performance (peak 02 <60%). Dyspnoea assessed by mMRC and QoL measured
by CAT and CCQ were also worse in the hyperinflation in COPD patients.

Conclusion: In COPD patients, IC/TLC and RV/TLC are valuable predictors of exercise perfor-
mance in both 6MWT and CPET and PRO.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a common,
progressive and debilitating disease characterized by symp-
toms of breathlessness and reduced exercise capacity.
Spirometry demonstrating post-bronchodilator airflow
obstruction is mandatory to establish the diagnosis.” How-
ever, symptoms, especially dyspnoea and exercise intoler-
ance, cannot be accurately predicted from the resting lung
function parameters, including the severity of the airflow
obstruction (FEV1), diffusion capacity for carbon monoxide
(DLCO), or arterial blood gases.>* In fact, the parameters
usually used to define COPD and its severity predict symp-
toms and mortality poorly.* Thus, exercise capacity has
emerged as an important prognostic indicator in COPD,>®
and exercise testing is increasingly used to evaluate patients
with COPD. The six-minute walk test (6MWT) is the most
commonly used exercise test, but cardiopulmonary exercise
test (CPET) is considered the gold standard to study a
patient’s level of exercise limitation and assess its cause.””®
CPET indices, including peak oxygen uptake (VO2 peak),
ventilatory equivalents for carbon dioxide production (VE/
VCO02) and arterial oxygen saturation (Sp0O2), provide impor-
tant functional and prognostic information, and have proved
to be better predictors of prognosis than lung function meas-
urements obtained at rest.’'> Dyspnoea is the most common
exercise-limiting symptom in advanced COPD, but leg dis-
comfort is also frequently reported.’'* In COPD, the loss of
lung elastic recoil and progressive expiratory airflow limita-
tion promote air trapping, with increased functional residual
capacity (FRC) and decreased inspiratory capacity (IC)."”
The inability to increase expiratory flow at the resting end-
expiratory lung volume in the face of expiratory-flow limita-
tion means that end-expiratory lung volume must increase if
gas exchange is to be maintained near normal values -
dynamic hyperinflation. Dynamic hyperinflation can be reli-
ably measured from the inspiratory capacity manoeuvre.®
The limitation of expiratory flow may also be influenced by
inspiratory muscle strength'® and the extent of the mechani-
cal load imposed upon the muscles. A lower IC is observed
when ventilation is taking place close to the total lung
capacity, as is tends to occur with dynamic hyperinflation.®
Recent studies have demonstrated that although static IC
may be within the normal range in patients with mild airway
obstruction (GOLD stage 1), residual volume (RV) and func-
tional residual capacity (FRC) may be elevated indicating
early hyperinflation.'” Hyperinflation can be assessed from
the total lung capacity (TLC) and inspiratory capacity to
total lung capacity ratio (IC/TLC), and air trapping measured
by residual volume (RV) and residual volume to total lung
capacity ratio (RV/TLC). These measurements are invaluable
when classifying COPD and should be part of routine charac-
terisation of these patients. Static hyperinflation and
dynamic hyperinflation have been associated with the inten-
sity of breathlessness and exercise intolerance in COPD
patients.'”'®2° There is also a correlation between
decreased exercise capacity (defined by maximum load
achieved on a cycle ergometer), a lower IC/TLC ratio and
higher mortality, regardless of FEV1.%'"2

Although peak VO2 obtained from cardiopulmonary exer-
cise testing (CPET) has been shown to be a predictor of mor-
tality in COPD, CPET is not always readily available or cost
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effective.? Thus, the 6MWT, a quick, reproducible, robust
and cheaper exercise test, has been increasingly used to
complement the functional evaluation of patients with
COPD.?’ The variation in the distance covered on the 6MWT
correlates with changes in spirometry®®*” and predicts mor-
tality in patients with COPD'"?42° petter than FEV1 and
regardless of accompanying comorbidities. '*%°

The primary objective of this study was to investigate
whether total lung capacity (TLC), inspiratory fraction (IC/
TLC) and air-trapping (RV/TLC) might be useful in predicting
maximal exercise capacity as measured with 6MWT and
CPET in COPD patients, across all GOLD severity stages.
Thus, the hypothesis under consideration is that the exercise
capacity, measured by the mean values of 6MWT and CPET,
are significantly different across the two groups (hyperin-
flated COPD patients and non-hyperinflated COPD patients).

Material and methods
Type of study and patient’s selection

Single-centre, prospective study to evaluate the relationship
between lung function, specifically hyperinflation and air-
trapping, on exercise capacity in COPD patients.

The study protocol and all amendments were reviewed by
the Ethics Committee (CHVNG — 199/2018). The study was
conducted according to the ethical principles of the Declara-
tion of Helsinki. Written informed consent was obtained
from all patients before any assessment was performed.

Patients with stable chronic obstructive pulmonary dis-
ease (COPD) according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) 2017 strategy*° with hyper-
inflation (defined as TLC>120%) and air-trapping (defined as
RV>120% and RV/TLC>120%)’" and COPD patients without
hyperinflation or air-trapping identified in the lung function
laboratory of Centro Hospitalar Vila Nova de Gaia/Espinho
(CHVNG/E) between October 2018 and March 2019 capable
of completing exercise tests (cyclergometry — incremental
protocol and 6MWT) and QOL questionnaires were included,
irrespective of their age, smoking history and GOLD stage.
All bronchodilators and corticosteroid medication were
allowed in the study.

Exclusion criteria were a current documented diagnosis
of asthma; a diagnosis of thyrotoxicosis; a history of myocar-
dial infarction within 6 months; life-threatening cardiac
arrhythmia; known active tuberculosis; patients with severe
emphysema requiring endobronchial interventions within 6
months prior to screening; pregnancy.

Data collection methods

With the patients’ consent, data were collected by the
authors (pulmonology physicians and cardiopulmonary tech-
nicians). Spirometry, lung volume assessment with plethys-
mography and 6MWT were performed by the pulmonary
function testing laboratory cardiopulmonary technicians.
Patients performed pulmonary function testing according
to ATS/ERS guidelines,*” including routine post-bronchodila-
tor spirometry®>> and lung volumes measurement with
plethysmography.>* Resting arterial oxygen pressure (p02)
and resting arterial carbon dioxide (pCO2) pressure were
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measured in 2 mL blood drawn from the radial artery with a
pre-heparinized syringe and immediately analysed using an
ABL 90 flex plus blood gas analyser (Radiometer, Copenha-
gen, Denmark).

Modified Medical Research Council (MRC) dyspnoea scale,
COPD Assessment Test (CAT), COPD Clinical Questionnaire
(CCQ) were collected before respiratory testing.

The symptom-limited CPET followed ATS/ACCP
standards. >3 Patients were subjected to symptom-limited
incremental exercise with progressively increasing work
rate (increment selected to maintain exercise for 8—10 min)
until fatigue was reached. Patients were evaluated with
breath-by-breath monitoring of cardiopulmonary variables
[O2 uptake (VO2), CO2 output (VCO2), minute ventilation
(VE), heart rate (HR)], assessment of perceptual responses
(dyspnoea and leg discomfort measured by BORG scale®’)
and measurements such as exercise-related arterial oxygen
desaturation and dynamic hyperinflation. Although there
has been increasing interest in lung hyperinflation in COPD
patients, no single standardized marker or criterion for
hyperinflation has been established to date. In this study,
dynamic hyperinflation was assessed by measuring IC repeat-
edly during CPET. Patients were required to take a deep
inspiration, after normal expiration, at predetermined
intervals of 2 min.'? Ventilatory limitation at peak exercise
was defined by a VE/maximum voluntary ventilation (MVV)
above 85%.%%3°

Exercise tolerance measured using the 6MWT followed
the recommendations of the ATS.“°** We collected the max-
imum distance in meters and percentage of predicted
value,* BORG scale®” and oxygen desaturation. Oxygen
desaturation was defined according to the Royal College of
Physicians' guidelines as a >4% reduction between arterial
oxygen saturation measured by pulse oximetry pre- and
post-test (A SpO2 >4%) and post-test Sp02 <90%."""** Each
patient did only one 6MWT mainly due to staff and time con-
straints. Furthermore, according to ERS/ATS guidelines, the
learning effect of a second test is especially important when
the 6MWT is used to evaluate response to treatment or
change over time, which were not aims of this study, and the
importance of the learning effect of a second 6MWT for indi-
viduals who have previously performed multiple 6MWTs is
difficult to establish, as few data are available. Use of oxy-
gen during the test was standardised, if required. Partici-
pants were permitted to stop during the test if their
symptoms became intolerable but were encouraged to
resume the walking as soon as possible. The 6MWTs were
monitored by a single operator who recorded the 6MWD (6-
minute walk distance) at the same time. The distance
walked in the test was reported in meters and as a percent-
age of predicted value using reference equations previously
developed for healthy population.*?

Statistical analysis

A difference of 50m in the 6MWT between the control and
the experimental group was considered clinically relevant®
with a standard deviation of 95 meters, based on literature
and experience of the hospital.”> Thus, an approximate
effect of 0.5 was expected. The sample sizes for the experi-
mental group and the control group, according to hyperinfla-
tion and air-trapping, were determined assuming a
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significance level of 0.05 and a power of 0.80, which implied
64 subjects in each group. The calculations were performed
using G*Power (t-tests: difference between two indepen-
dent means).

Groups were compared using t-test, for quantitative vari-
ables, chi-square tests for categorical variables and ANOVA
for several groups. The association between the outcomes
and independent variables was studied through regression.
In the event that the assumptions of the parametric tests
were not observed, in particular normality and homogeneity
of variances, non-parametric tests were used such as Mann-
Whitney-Wilcoxon tests and Kruskal-Wallis. Correlation was
evaluated by Pearson coefficient or the non-parametric
Spearman rank. A significant level of p = 0.05. A cut-off
value for IC/TLC was investigated through Receiver Operat-
ing Characteristic (ROC) curve. All analyses were carried out
using SPSS 26.

Results

132 patients were screened. 6 patients were excluded
due to inability to perform exercise tests (5 patients had
physical limitations and 1 patient had morbid obesity)
and 2 patients did not show up on the day the exam was
scheduled.

Table 1 shows the main clinical and functional character-
istics of the 124 study participants at baseline. The patients
were mostly male (87%) with a mean =+ standard deviation
(SD) age of 66.1+8.8 years. The majority of patients were
very symptomatic (67% GOLD B or D). Airflow limitation was
moderate to severe in the majority of patients (median
FEV1 was 47% of predicted, interquartile range (IQR) 38-
65%). Static hyperinflation and air-trapping was present in
53 patients (43%). A total of 8 patients (7%) were on continu-
ous long-term oxygen therapy and 49 patients (40%) were
enrolled in pulmonary rehabilitation programs.

The median 6MWD was 479 meters (IQR 404-510 m), with
median ASpO2 -5% (-9—3%) and minimum spO2 89+3%. The
median workload in CPET was 64 watts (IQR 46-88) with
median peak VO2 1.12 L/min (IQR 0.89-1.31 L/min (15.5
mL/min/kg, IQR13.6-17.8 mL/min/kg). Median 02 pulse was
9.2 (IQR 7.7-10.7). Median peak VE was 40 L/min (IQR 31-49)
and 89% of maximum voluntary ventilation (MVV) with 71%
of patients presenting ventilatory limitation in CPET and 76%
showing dynamic hyperinflation during CPET.

Lower FEV1, DLCO and KCO (%predicted) were associated
with reduced exercise capacity in the 6MWT - lower dis-
tance, higher desaturation and ABorg dyspnoea and in CPET
— reduced workload, reduced peak VO2, higher desaturation
during test and reduced peak VE as well as higher ventilatory
limitation (VE/MVV %predicted) (Table 2).

Similarly, static hyperinflation (i.e., low IC/TLC) and air-
trapping (i.e., high RV/TLC) were associated with reduced
exercise capacity in the 6MWT - lower distance, higher desa-
turation and ABorg dyspnoea and in CPET — reduced work-
load, reduced peak VO2 and reduced peak VE with higher
ventilatory limitation (Table 2). Hyperinflation was also
associated with higher desaturation during CPET.

TLC (%predicted) was not correlated with any variable of
6MWT. Higher RV (%predicted) was associated with dyspnoea
augmentation during 6MWT. In CPET, TLC correlated weakly
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Table 1  Characteristics of study participants. Table 1  (Continued)
n
Sex - male, % 108 87.1 CPET
Age (years-old) 66.1+8.8 Peak Workload, W 64 (46-88)
Smoking history Peak VO2 L/min, mL/ 1.10 (0.89-1.31), 15.5
Current smokers, % 37 30 min/kg, % (13.6-17.8), 65 (56-
Former smokers, % 79 64 74)
Pack-year 46 (30-63) ASpO2 -2 (-6- -1)
BMI (Kg/m?) 26.5+4.3 AT, %peakVO2 47 (42-54)
Exacerbator, % 54 44 VE/VCO2@AT 37 (34-42)
GOLD Peak 02/HR 9.2 (7.7-10.7)
A, % 26 21 Peak HR, %pred 79 (71-86)
B, % 44 35 Peak VE, L/min, %MVV 40 (31-49), 89 (71-
C, % 13 11 102)
D, % 41 33 Ventilatory limitation, % 88 71
QoL parameters Dynamic hyperinflation, % 94 76
Tt o L (2 Data expressed as mean =+ SD or median (IQR) and n/% for quali-
MMRC >2, % 40 32 tative variables.
CAT) 81(5-12) BMI: body mass index; GOLD: Global Initiative for Chronic
CAT =10, % 43 35 Obstructive Lung Disease; QoL: quality of life; mMRC: modified
ccQ 1.2 (0.6-2.0) medical respiratory council dyspnoea scale; CAT: COPD assess-
CCQ>1,% 75 60 ment test; CCQ: Clinical COPD Questionnaire, LABA: long acting
cCQ>1.5,% 52 42 beta agonist; LAMA: long acting muscarinic antagonist; ICS:
Inhaled medication inhaled corticosteroid; LTOT: long term oxygen therapy; OSA:
LAMA, % 112 90 Obstructive sleep apnoea; PaO2: arterial pressure of oxygen;
LABA. % 116 94 PaC02: arterial pressure of carbon dioxide; FEV1: Forced Expira-
Ics %: 70 578 tory Flow in 1sec; FVC: Forced_ Vital capa_city; IC: inspiratory
’ — capacity; TLC: total lung capacity; RV: residual volume; DLCO:
Puln:!onary Rehabilita 49 4940 lung diffusion capacity for carbon monoxide; KCO: carbon mon-
tion, % oxide transfer coefficient; 6MWT: 6-minute walk test; 6MWD: 6-
LTOT, % 8 7 minute walk distance; m: metre; %:percentage; SpO2: pulse oxy-
OSA, % 13 11 gen saturation; CPET: Cardiopulmonary exercise test; peak W:
Heart disease, % 21 17 peak incremental cycle work rate; peak VO2: peak oxygen
Arterial blood gas uptake; AT: Anaerobic threshold; VE/VCO2: minute ventilation/
p02, mmHg 7149 carbon dioxide production; peak 02/HR: peak oxygen pulse; VE:
pC0O2, mmHg 4245 minute ventilation; MVV: maximal voluntary ventilation; HR:
Lung function heart rtate; bprr:j:. tzegts pler njlilr?lg:e; W:.watt.; L:t liters, %p[)ed:
o ercentage predicted, ml: millilitre; min: minute; n: number;
PRV Lniplee 23;;66(50)'6'2'7) fa Ewin: minigmuzw; mmHg: millimetre of mercury.
FVC L/%pred 2.9 (1.2-5.2)/ 79 (68-
92)
IC L/%pred 2.24 (1.8-2.6)/ 88 (73-
TLC L/%pred ;?3)(6.4-7.7)/ 116 with ventilatory limitation as well as RV, but higher RV was
(106-130) also associated with lower workload and reduced peak VO2.
IC/TLC 0.32 (0.26-0.39) A reduced peak 02 (<60% predicted in CPET) and thus a
IC/TLC < 0.25, % 27 2 greater disability in these COPD patients was associated
0.25 < IE/TLC < 54 83 with IC/TLC < 0.33 (Fig. 1).
0.35, % - 83 35 When comparing the group of COPD patients with hyper-
IC/TLC >0.35, % inflation and air-trapping with the non-hyperinflated group,
RV L/%pred 3.81 (3.0-4.2)/ 161 we found lower FEV 1 (43% (31-54) versus 50% (39-69), lower
(137-194) mean arterial oxygen (pO2 68+9 mmHg versus 72+9 mmHg)
RV/TLC 0.56 (0.48-0.63) and more severe static hyperinﬂatiqn (IC/TLC < 0.25in 32%
DLCO %pred 57 (46-73) of patients vetjsus 14%) - Table 3. Eat1ents v.vit‘h hyperi'nﬂation
KCO %pred 70 (56-89) and air-trapping had more ventilatory limitation in CPET
MWT (87% versus 59%), although no difference was found in exer-
6MWD, m 479 (404-510) cise performance eithe_r in CPET or 6MWT between groups.
ASpO2 5 (-9-3) With regards to patient-reported outcomes (PRO), mMRC
Sp02 min 8943 and CCQ were significantly higher in patients with hyperin-
ABorg dyspnoea 2 (0-3) flation (p < 0.01 and p = 0.03) and no difference in (;ATwas
ABorg fatigue 1(0-3) found between groups (Table 3), although a correlation was
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found between CAT and air-trapping measured by RV% and
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VE/MVV
-.533"
-.201*
-.179*
.288"
.383"
431"
-.441"

.669"

.356"
0,104
-0,073
-.319™
-.630"

626"

Peak
VE

HR (%)
.256"
.270™
.217*
-.193*
-.275"
-.313"
266

Peak
VO2/HR
297"
.448™
359"
-0,144
-0,164
-.246"
3177

AspO2
(%)
-.272"
-.372"
-.316"
-0,020
0,096
-.261"

0,087

Peak VO2/kg
(ml/min/kg)

.205*
.314"
.217*

-0,081

-0,116

-.223*
.196*

VO2 (%)
517"
551"
.379"
-0,053
-.244"
-.306™
.381"

Peak

*x

.373"
441
-0,167
-.214*
-.406"
447"

Peak VO2
.578

(mL/min)

(watts)
.430"
313"

-0,145

-.234"

-.475"
501"

CPET W max
.481™

ABorg
fatigue
-0,106
-0,094
-0,055
-0,059
0,012
0,136
-0,103

ABorg
dyspnoea
-.339™
-.428™
-.330"
0,151
.287"
.309"
-.357"

AspO2 (%)
-.300"
-.447"
-.332"
0,027
0,159
0,160
-.300"

MWT
dist. (m)
.239"
.360™
.288"
-0,114
-0,116
-.199*
.207*

6
KCO: CO transfer coefficient; 6MWT: 6-min walk test; m: metre; %:percentage; SpO2: pulse oxygen saturation; CPET: Cardiopulmonary exercise test; peak W: peak incremental cycle work

rate; peak VO2: peak oxygen uptake; AT: Anaerobic threshold; VE/VCO2: minute ventilation/carbon dioxide production; peak O2/HR: peak 02 pulse; VE: minute ventilation; MVV: maximal
voluntary ventilation; HR: heart rate; bpm: beats per minute; W: watt; L: litres; %pred: percentage predicted, ml: millilitre; min: minute; n: number; min: minimum; mmHg: millimetre of

mercury.

FEV1: Forced Expiratory Flow in 1sec; FVC: Forced Vital capacity; IC: inspiratory capacity; TLC: total lung capacity; RV: residual volume; DLCO: lung diffusion capacity for carbon monoxide;

Table 2 Correlation of functional variables with exercise capacity (significant correlations on bold, * p < 0.05, ** p < 0.01).

DLCO %
KCO %
TLC %
RV/TLC
IC/TLC

FEV 1%
RV %

ROC Curve
1.0
I
N I
0.8 [
Sens=0.775 '
Youden=0.37
JF
3. 0.6 ‘
2 1
a
c
U
o4
Specif=0.595
" AUC=0.720
SE=0.047
C1[0.628;0.813]
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Figure 1  Receiver operating characteristic curve (ROC) analy-
sis of IC/TLC for prediction of impaired exercise capacity mea-
sured in CPET (peak VO2<60%). With the cut off value of 0.33
for the IC/TLC, the area under the curve was 0.720 (95% confi-
dence interval, 0.628 to 0.813; p < 0.005) with the sensitivity
of 78% and specificity of 60%.

RV/TLC (0.232 and 0.248, p < 0.01) (Table 4); 43% of the
hyperinflated patients had mMRC>2 versus 24% in non-
hyperinflated patients (p = 0.02). Regarding CCQ, 53% of
hyperinflated patents had CCQ >1.5 and only 34% of non-
hyperinflated COPD achieved that cut-off (p = 0.03).

Discussion

Our study found a significant relation between hyperinfla-
tion, measured by IC/TLC, and exercise capacity in COPD
patients GOLD A-D using 6MWT and CPET.

Increased lung hyperinflation predicted a lower distance
walked in the 6MWT as previously suggested,“® but also a
higher AspO2 and worse dyspnoea, measured by the Borg
scale, during the test. Ramon et al*® in 2016, also found that
IC/TLC predicted 6MWD decline in moderate-to-severe clini-
cally stable patients with COPD. In our study, IC/TLC ratio
had a better capacity to predict exercise capacity than TLC
alone or TLC and RV combined. Contrary to our results, Perez
et al*’ did not show an association between RV and RV/TLC
and 6MWD, which the authors attributed to a confounding
effect of FEV1 and age. Freitas et al'® published data sup-
porting IC as the greatest determinant of the distance cov-
ered on the 6MWT but this is not seen in our study.

Considering CPET, lower IC/TLC was also related to
reduced workload, reduced VO2 peak, higher desaturation
during test, reduced peak VE and ventilatory limitation as
previously suggested by Albuquerque et al'® in COPD
patients GOLD stages II-1ll (reduced VO2 peak in CPET). We
were able to identify an IC/TLC cut-off associated with
more severe exercise capacity impairment, which has not
been previously reported as far as we know. This has the
potential to be a useful tool in clinical practice whereby
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Table 3  Characteristics of COPD patients according to the presence of hyperinflation and air-trapping.

Non-hyperinflators (n=71) Hyperinflators (n=53) p-value
Sex - male, n/% 65/92 43/81 0.108
Age (years-old) 66.9+8.7 65.2+8.9 0.281
Smoking history 0.692
Current smokers, n/% 19/27 18/34
Former smokers, n/% 47/66 32/60
UMA 44 (25-59) 45 (30-62) 0.680
BMI, Kg/m? 26+4 26+4 0.971
Exacerbator, n/% 31/44 23/43 0.976
GOLD
A, n/% 17/24 9 /17 0.544
B, n/% 24/34 20/38
C,n/% 9/13 4/8
D, n/% 21/30 20/38
QoL parameters
mMRC 1(0-1) 1(1-2) 0.005
mMRC >2, n/% 17/24 23/43 0.022
CAT 7 (5-11) 8 (6-13) 0.148
CAT >10, % 23/32 20/38 0.536
ccQ 1.1 (0-6-1.7) 1.6 (0.9-2.2) 0.026
ccQ=>1,% 38/54 37/70 0.066
CCQ>1.5,% 24/34 28/53 0.034
Inhaled medication
LAMA, n/% 61/86 51/96 0.069
LABA, n/% 65/92 51/96 0.465
ICS, n/% 40/56 30/57 1.000
Pulmonary Rehabilitation, n (%) 25/35 24/45 0.271
LTOT, n (%) 2/3 6/11 0.072
OSA, n (%) 6/9 7/13 0.555
Heart disease, n (%) 14/20 7/13 0.469
Arterial blood gas
p0O2, mmHg 72+9 68+9 0.016
pCO2, mmHg 41+4 42+6 0.355
Lung function
FEV1, L 1.37 (1.13-1.81) 1.10 (0.85-1.62) 0.002
FVC, L 2.92 (02.43-3.38) 2.742.34-3.39) 0.633
IC, L 2.25 (1.87-2.55) 2.24 (1.70-2.72) 0.768
TLC, L 6.71 (6.21-7.05) 7.81(7.11-8.46)
IC/TLC 0.34 (0.28-0.40) 0.29 (0.24-0.37) 0.009
IC/TLC < 0.25, n (%) 10 (14) 17 (32) 0.052
0.25 < IC/TLC < 0.35, n (%) 33 (46) 21 (40)
IC/TLC >0.35, n (%) 28 (39) 15(28)
RV, L 3.47 (2.93-3.93) 4.65 (3.84-5.27)
RV/TLC 0.52 (0.47-0.58) 0.61 (0.52-0.66)
DLco, %pred 58 (47-74) 57 (46-73) 0.996
Kco, %pred 73 (60-92) 68 (54-83) 0.065
6MWT
6MWD, m 480 (409-518) 470 (386-509) 0.406
ASpO2 -5(-9--2) -5(-9--3) 0.945
ABorg dyspnoea 1(0-3) 2 (0-3) 0.172
ABorg fatigue 1(0-3) 1(0-3) 0.875
CPET
Peak Workload 64 (47-92) 60 (43-82) 0.531
Peak VO2 (L/min) 1.11 (0.92-1.33) 1.10 (0.97-1.30) 0.403
Peak VO2 (mL/min/kg) 15.6 (13.2-18.3) 15.2 (13.7-17.4) 0.745
ASpO2 -2 (-6- -1) -2 (-6-0) 0.930
AT measured, n/% 52/73 41/77 0.387
AT, %V02 47 (43-53) 47 (41-57) 0.696
VE/VCO2@AT 37 (33-41) 38 (34-43) 0.239
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Table 3  (Continued)
Non-hyperinflators (n=71) Hyperinflators (n=53) p-value

Peak 02/HR 9.3(7.8-11.0) 9.0(7.7-10.5) 0.539
Peak HR, %pred 80 (72-88) 76 (69-84) 0.067
Peak VE, L/min 40 (32-48) 38 (31-51) 0.534
Peak VE, %MVV) 83 (68-96) 95 (85-104) 0.001
Ventilatory limitation, n/% 42/59 46/87 0.001
Dynamic hyperinflation, n/% 52/73 42/79 0.527

Data expressed as mean =+ SD or median (IQR) and n/% for qualitative variables.

BMI: body mass index; GOLD: Global Initiative for Chronic Obstructive Lung Disease; QoL: quality of life; mMRC: modified medical respira-
tory council dyspnoea scale; CAT: COPD assessment test; CCQ: Clinical COPD Questionnaire, LABA: long acting beta agonist; LAMA: long
acting muscarinic antagonist; ICS: inhaled corticosteroid; LTOT: long term oxygen therapy; OSA: Obstructive sleep apnoea; Pa0O2: arterial
pressure of oxygen; PaCO2: arterial pressure of carbon dioxide; FEV1: Forced Expiratory Flow in 1sec; FVC: Forced Vital capacity; IC: inspi-
ratory capacity; TLC: total lung capacity; RV: residual volume; DLCO: lung diffusion capacity for carbon monoxide; KCO: carbon monoxide
transfer coefficient; 6MWT: 6-min walk test; 6MWD: 6-minute walk distance; m: metre; %:percentage; SpO2: pulse oxygen saturation;
CPET: Cardiopulmonary exercise test; peak W: peak incremental cycle work rate; peak VO2: peak oxygen uptake; AT: Anaerobic threshold;
VE/VCO2: minute ventilation/carbon dioxide production; peak 02/HR: peak oxygen pulse; VE: minute ventilation; MVV: maximal volun-
tary ventilation; HR: heart rate; bpm: beats per minute; W: watt; L: liters, %pred: percentage predicted, ml: millilitre; min: minute; n:

number; min: minimum; mmHg: millimetre of mercury.

static lung function measurements can be used to predict
higher disability in COPD patients. Increased hyperinflation
and air-trapping, measured by lower IC/TLC and higher RV/
TLC, was also associated with worse 02 pulse (VO2/HR) sug-
gesting that cardiac function and associated exercise toler-
ance can be influenced by hyperinflation. This was
previously suggested in the NETT study, when a decrease in
hyperinflation as measured by the RV/TLC after Lung Volume
Reduction Surgery (LVRS) and in some patients after medical
therapy, was associated with improved 02 pulse (VO2/HR) 6
months following randomization.“® When comparing hyper-
inflators and non-hyperinflators, the main limitation to the
exercise capacity found in CPET was ventilatory, with a sig-
nificantly more patients in the hyperinflator group who
exhausted the ventilatory reserve. Hyperinflation was also
associated with more symptoms and a worse Qol, using
mMRC and CCQ, and air-trapping predicted worse CAT
scores. Symptoms and reduced QoL were previously associ-
ated with FEV1 and exercise capacity measure with
6MWD**%° but our study also demonstrates the impact of
hyperinflation and air-trapping on symptoms and worse QoL.

To the best of our knowledge, this is the first prospective
study to evaluate the impact of hyperinflation on exercise
capacity using CPET and 6MWT simultaneously across all
severity stages of COPD. There is no consensus on the ideal
method to define and measure static hyperinflation. Both
TLC and IC/TLC are considered in several papers, but
according to our study, IC/TLC ratio is a better predictor of
exercise capacity than TLC alone, or TLC and RV combined.
This new data can motivate clinicians to look at lung vol-
umes, especially the IC/TLC ratio, when characterizing and
assessing severity in COPD patients. Given our results,
reduction in hyperinflation could be considered as a treat-
ment goal in order to improve a COPD patients exercise
capacity and ability to perform daily activities. LABAs and
LAMAs have been shown to impact on static IC rather than a
modification of dynamic hyperinflation during exercise,”"
and this may correlate better with their beneficial effect on
exercise tolerance than their impact on FEV1. Our study did
not aim to compare the effect of FEV1 versus hyperinflation
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on exercise capacity but future research, with sample
enlargement, might enrich our knowledge on the utility of
lung volumes assessment. IC/TLC may be a better index of
impact of COPD on exercise than either FEV1 or other meas-
ures of hyperinflation. Also, we did not find major differen-
ces between hyperinflators and non-hyperinflators with
regards to peak workload and peak VO2 in CPET, and this
may be explained by the sensitive definition of hyperinfla-
tion adopted (TLC>120%, RV>120%"). We would probably
find a greater effect with a higher cut off (e.g., 140%) which
might be more clinically relevant. The continuation of our
study, with sample increase and subgroup analysis may con-
solidate our findings.

This prospective study was based on a large set of
patients with clinically stable COPD in GOLD stages A-D. The
broad inclusion criteria, the sample size and wide spectrum
of disease severity are clear strengths of our study, and the
presented data can be considered as representative of a
‘real world’ setting of patients referred for lung function
assessment. We included non-smokers (6%) as well as smok-
ers or former smoker patients, 40% of patients were enrolled
in pulmonary rehabilitation (PR) and 17% patients had coex-
istent cardiac disease (6 patients had cardiac arrythmias, 2
had valvular disease, 3 had ischemic heart disease and 10
had heart failure). PR may have contributed to the mean dis-
tance walked in the 6MWT and VO2 and peak workload in
CPET of our study, despite the severity of our patients, as it
is known to improve exercise performance with CPET and
6MWT (mean improvements of 11% peak in VO2 and 6.8 w in
peak workload and 44 m, respectively'?). However, both
groups included patients on pulmonary rehabilitation pro-
grams and no significative difference was found between
them. Clearly heart disease can have an impact on exercise
performance,® but the proportion of patients with heart dis-
ease was similar in the two groups (19,7% in the non-hyperin-
flators group and 13,2% in the hyperinflators group,
p =0,079).

One limitation of the present study is the lack of dupli-
cate 6MWT, though the majority of the included patients
had previously performed the test (89%), minimizing the
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Table 4 Correlation between symptoms and QoL scales and respiratory function parameters (significant correlations on bold, * p < 0.05, ** p < 0.01).

KCO %
-0.138

DLCO %

IC/TLC
-0.137

RV/TLC

.199*
0,173

RV (%)
.211*

IC (%) TLC(L) TLC(%) RV(L)
-0.058 0.092

-0.070
-0.109

IC (L)

FVC (%)
-0.166

FEVI (%)  FVC (L)
-0.127
-0.071

-0.143
-0.161

FEV1 (L)

-.208*
-.330"
-.289™

0.059

-0,108
0,064

-.179*
-0.153

-.212*

-0.126

-0.175

CAT

-.289™
-.213*

-.184*
-.224*

.223*

0.168
0.146

.196*
0.153

-.180*
-.235"

mMRC
ccQ

279"

276"

-0,056

-.207* -.239™

=277

mMRC: modified medical respiratory council dyspnoea scale; CAT: COPD assessment test; CCQ: Clinical COPD Questionnaire; FEV1: Forced Expiratory Flow in 1sec; FVC: Forced Vital capacity;

IC: inspiratory capacity; TLC: total lung capacity; RV: residual volume; DLCO: lung diffusion capacity for carbon monoxide; KCO: CO transfer coefficient; L: liters, %pred: percentage

predicted.
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impact of a potential lack of the learning effect. Also,
according to the latest ATS/ERS technical standards, a sec-
ond test is currently mainly recommended for intervention
efficacy assessment and comparison over time.*?

Conclusion

We found a significant relationship between hyperinflation in
COPD patients GOLD A-D and exercise capacity using both
6MWT (distance walked and Asp02) and CPET (workload,
VO2 peak, desaturation, peak VE, ventilatory limitation and
02 pulse). The IC/TLC ratio was better at predicting exer-
cise capacity measured by both tests than TLC and RV.
Hyperinflation and air-trapping were also associated with
more symptoms (mMMRC) and worse QoL (CCQ and CAT).

Further research can better examine the impact of
hyperinflation and air-trapping reduction (through PR, phar-
macological interventions or surgery) in QoL and the associa-
tions between these PRO and exercise test outcomes.
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