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Purpose: Lung hyperinflation is a feature of chronic obstructive pulmonary disease (COPD)
and can determine pivotal consequence on symptoms, exercise tolerance and quality of life.
Despite the relevance of assessing lung hyperinflation, there is still no single consensus as to
what volume should be taken into account. We investigate which spirometric measurement is
more reliable in assessing static lung hyperinflation and which is more related with impulse
oscillometry system (IOS) measurements in COPD.

Patients and Methods: Fifty-five COPD patients were enrolled. TLC, RV and RV:TLC
ratio were obtained both with helium and plethysmography techniques. IOS measurements
(X5, Fres and R5-R20) were performed. Pearson and Spearman correlation determined the
relationships between the functional parameters that evaluate static hyperinflation (RV: TLC,
TLC, RV) and I0S measurements.

Results: As expected, we reported a statistically significant difference between these two
techniques in terms of mean percentage values of TLC (7.57 £ 3.26 L; p= 0.02) and RV
(15.24 £7.51 L; p=0.04), while RV:TLC measured with the two methods was similar (5.21 +
4.69%; p=0.27). The correlation analysis showed that IOS parameters, such as difference in
resistance between 5 Hz and 20 Hz (R(5-20)) and resonant frequency (Fres), were positively
correlated with RV:TLC ratio, while reactance at 5 Hz (X(5)) was negatively correlated with
it. In particular, we pointed out a weak correlation between RV:TLC (%) (Pleth) and R(5-20)
(r=0.3, p=0.04), Fres (1=0.3; p=0.03), while X5 had a mild correlation with RV:TLC (%) (r=
—0.5;p<0.0001). Moreover, we noticed a strong relationship between RV:TLC (%)(He) and
X5 (r=—0.7; p=0.0001) and a mild correlation between RV:TLC (%) (He) and Fres (r=0.4;
p=0.003). Between R5-R20 and RV:TLC, there was a weak correlation (r=0.3; p=0.001). No
correlation between TLC, RV (L,%) (both helium and Pleth derived) and I0S parameters (R
(5-20), X5, Fres) was found.

Conclusion: RV:TLC can represent the most reliable parameter in the assessment of
hyperinflation, considering the absence of significant difference in its measurement between
the two techniques. IOS provides supplementary information in the assessment of static
hyperinflation.

Keywords: hyperinflation, COPD, 10S

Introduction

Chronic obstructive pulmonary disease (COPD) represents one of the leading
causes of morbidity and mortality in the industrialized and developing countries.
In 2014 and 2015, more than 6% of adults aged 40 years or older reported having
been diagnosed with COPD."
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It is a respiratory disease characterized by progressive
airflow obstruction, not fully reversible. In many cases, air-
flow obstruction is associated with hyperinflation, which leads
to a deterioration in the quality of life and exercise capacity.”

Hyperinflation could be determined by reduced lung
elastic recoil combined with expiratory flow limitation and
it can be distinguished in static and dynamic.>**

The mechanisms and pathophysiological consequences
of hyperinflation are complex and not fully elucidated. In
conditions of bronchoconstriction, the hyperinflation is
apparently determined mainly by dynamic factors. The
most important of these is the increased airway resistance
with prolonged mechanical expiratory time constants and,
thus, slow and incomplete lung emptying.’

Dynamic lung Hyperinflation is the main cause of poor
exercise tolerance in COPD patients.®

CPET and the evaluation of the inspiratory constraints
and ventilatory inefficiency have an important role in the
evaluation of the exertional dyspnea.’

There have been several reports demonstrating that,
besides COPD patients who dynamically hyperinflate during
exercise (hyperinflators), there are also patients who do not
hyperinflate during exercise (non-hyperinflators). In hyper-
inflators, during the exercise, important abnormalities
regarding respiratory mechanics and cardiac output occur.
For these reasons, some authors showed that breathe Heliox
(79% helium-21% oxygen) induce reduction of dynamic
lung hyperinflation and is associated with consistent
improvement in indices of cardio-circulatory function.*’

Established the implication of dynamic hyperinflation
in COPD physiopathology, through our study we want to
focus on static hyperinflation.

Static hyperinflation, defined as an increased volume of
air remaining in the lung at the end of spontaneous expira-
tions, is present when resting functional residual capacity
(FRC) or end expiratory lung volume (EELV) are
increased above normal. It is caused by entrapment of air
during expiration.'®

Measurement of expiratory flow is basically used for
the diagnosis and staging of COPD, while, to quantify
static hyperinflation, lung volumes parameters such as
Residual Volume (RV), Total Lung Capacity (TLC) and
RV:TLC ratio (RV:TLC)’ are needed.

Despite the clinical relevance of assessing static hyper-
inflation, at the moment, there is no consensus on the
parameters of severity to be considered, volume compart-
ment to refer on and the method of choice.'' Tt is known
that hyperinflation is determinate from airway obstruction

and reduced lung elastic recoil but it is not well explored
how to assess the contribution of them.

Impulse oscillometry system (IOS) is a variant of
forced oscillation technique, described by Dubois over 50
years ago, which permits passive measurement of lung
mechanics. It represents a useful tool for the study of
small airway obstruction and is more sensitive than spiro-
metry for peripheral airway disease.'?

Kolsum et al showed that IOS reactance measurement
well correlate with some measurement of hyperinflation
(like TLC, RV and IC)" but they did not explore the
relation with RV:TLC.

We investigate which spirometric measurement is more
reliable in assessing static lung hyperinflation and which is
more related with IOS measurements in COPD.

Patients and Methods

Subjects

Our study was conducted at the Sant’Andrea Hospital in
Rome, in a period of about one year from January 2019 to
January 2020. Patients’ characteristics are described in
Table 1.

A progressive enrollment of patients was conducted,
and all patients diagnosed with COPD (according to the
GOLD 2019 guidelines) who had access to outpatient
clinic in our Hospital during the period of the study were
considered. These included those who had the following
characteristics: (a) FEV1/FVC ratio <0.7 after bronchodi-
lation; (b) no acute exacerbation during previous 4 weeks;
(c) stop the medications, which may influence pulmonary
function testing for at least 24 hours; d) good ability to
perform spirometry.

Table | Subject Characteristics

Subjects (n.55) Mean = SD
Age (yrs) 69.5 + 89
Female/male 20/35

BMI (kg/m?) 26.99 £ 5.31
CAT 13.79 £ 5.46
mMRC 1.73 £ 0.99
FEVI (%, predicted) 61.96 + 20.47
R5 (cmH20O L s) 6.49 +2.84
R20 (cmH20 L s) 3.86 £ 1.24
X5 (cmH20 Ls) —2.36 £ 1.25
Fres (Hz) 18.67 + 9.08

Abbreviations: BMI|, body mass index; CAT, COPD assessment test;
mMRC, modified Medical Research Council; FEVI, forced expiratory volume.

submit your manuscript

2584

Dove

International Journal of Chronic Obstructive Pulmonary Disease 2020:15


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

Dove

D’Ascanio et al

The study protocol was approved by the Ethics
Committee for the Province of Rome, Italy (5078 2018)
and conducted in accordance with good clinical practices
and the Declaration of Helsinki. All enrolled patients gave
their informed consent.

Pulmonary Function Tests

In order to collect respiratory function parameters, both
gas helium dilution technique and whole-body plethysmo-
graphy were used. All tests were performed post
bronchodilatator.

For the quality of FVC and FEV, measurements, the
American Thoracic Society/European Respiratory Society
test criteria for acceptability and repeatability were
respected;'® from each spirometry and lung volume at
least 3 measurements were taken to assure reproducibility.

Pulmonary function tests (PFTs) were performed using
the Master Screen Body (Jaeger, Hoechberg, Germany)
equipped with the software Lab Manager V5.32.0
(CareFusion, Hoechberg, Germany).

Helium Dilution
The helium dilution method measures the FRC by a closed
circuit method (MS-PFT Jager).

After obtaining helium equilibrium, the patient was
asked to perform an expiratory reserve volume (ERV), an
inspiratory capacity (IC) and finally a vital capacity (VC)
maneuver. TLC was calculated by adding the mean value
of inspiratory capacity to FRC.

Body Plethysmography

The patient, placed in the box, started breathing through
a mouthpiece connected to the outside, allowing to record
the vital capacity (VC). After that, the shutter was closed
and the patient continued to breath against the closed
shutter (at a rate <l Hertz), obtaining functional residual
capacity (FRC), total lung capacity (TLC), residual
volume (RV).

Impulse Oscillometry System

The pulmonary resistance and reactance were measured
using IOS (MasterScreen 10S, Viasys GmbH, Hoechberg,
Germany). The device consists of a loudspeaker that gen-
erates pressure oscillations composed of multiple frequen-
cies, which are superimposed during 30 s of normal tidal
breathing. This allows the assessment of resistance and
reactance at several frequencies simultaneously, ranging
from 5 to 35 Hz. Subjects sat upright, had a nose clip

and firmly supported their cheeks with their hands.
A minimum of three trials were performed.

The difference in resistance between 5 Hz and 20 Hz
(R(5-20)), reactance at 5 Hz (X5) and resonant frequency
(Fres) were recorded.

R (5-20) was used as a surrogate for the frequency
dependence of respiratory resistance, which increases with
increasing inhomogeneity of peripheral airways.

Reactance (X5, Fres) can be considered as the out of
phase component of respiratory impedance (with flow, but
not volume), reflecting the balance between inertial and
elastic properties of distensible airways. Typically, this is
measured at 5SHz (X5) and by means of resonant fre-
quency (Fres), the latter representing the point at which
opposing inertial and capacitive components cancel each
other out.®

Statistical Analysis

Dichotomous variables were presented as proportions and
continuous variables as mean + SD. The normality of data
was checked. The comparison between volumes by the
two methods was done by paired t —student. Pearson
correlation or Spearman correlation was applied to deter-
mine the relationships between 10S measurements and
pulmonary function measurements.

A two-tailed P<0.05 was considered to indicate statis-
tical significance. Analysis was performed using GraphPad
Prism software (version 8.4.1) (GraphPad Software, San
Diego, CA).

Results

The anthropometric and functional characteristics of the
55 analyzed patients are described in Table 1. Among all
the patients, 22 patients (40%) had a FEV1 <50% and 33
patients (60%) had a FEV1 >50%.

Differences Between Measures Derived
from Helium Dilution Technique (He) and

Plethysmography (Pleth)

As expected, TLC and RV values were higher in plethys-
We
a statistically significant difference between these two

mographic technique measurements. reported
techniques in terms of mean predicted percentage values
of TLC (7.57 £ 3.26 L; p= 0.02) and RV (15.24 = 7.51 L;
p=0.04), this difference is greater the smaller is FEV1. No
differences were found between the two methods for RV:

TLC (5.21 £ 4.69%; p=0.26) (Table 2, Figure 1). RV:-TLC
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Table 2 Lung Volumes Measured Both with Pleth and He. Differences Between Each Measurement are Reported
Pleth He A, P value
TLC (L) 6.23 + 1.53 5.89 + 1.39 0.33 £ 0.28, p=0.24
TLC (%) 107.91 £ 17.99 100.3 + 15.49 7.57 % 3.26; p= 0.02*
RV (L) 342+ 1.12 3.0l £0.76 0.43 +0.18; p=0.02
RV (%) 143.02 + 44.82 128.0 + 31.53 15.24 + 7.51; p=0.04*
RV:TLC ratio 5341 £ 11.83 50.77 + 89.04 2.77 + 2.16; p=0.20
RV:TLC ratio (%) 126.1 + 22.62 121 £22.45 5.21 + 4.69; p=0.37

Note: *Statistically significant.

Abbreviations: He, helium dilution; Pleth, plethysmography; TLC, total lung capacity; RV, residual volume.

is inversely associated with airway obstruction measured
with FEV1% predicted (r= —0.77; p<0.0001).

|OS Measurements and Correlation with

Pleth and He Derived Parameters

The correlation analysis showed that IOS parameters, such
as difference in resistance between 5 Hz and 20 Hz (R
(5-20)) and resonant frequency (Fres), were positively
correlated with RV:TLC ratio, while reactance at 5 Hz
(X(5)) was negatively correlated with it (Figure 2).

In particular we pointed out a weak correlation
between RV:TLC (%) (Pleth) and R(5-20) (r=0.3,
p=0.04), Fres (r=0.3; p=0.03), while X5 had a mild corre-
lation with RV:TLC (%) (r=—0.5;p<0.0001). Moreover, we
noticed a strong relationship between RV:TLC (%)(He)
and X5 (r=—0.7; p=0.0001) and a mild correlation between
RV:TLC (%) (He) and Fres (r=0.4; p=0.003)

Between R(5-20) and RV:TLC (both helium and Pleth
derived) there was a weak correlation (r=0.3; p=0.001). No
correlation between TLC, RV (L,%) (both helium and

200 -
Y Pleth
= He
< 1504 .
8
o
g 100
o
X
50
o_

[TLC (%), RV (%) RV/TLC (%)

Figure | Differences among TLC, RV and RV/TLC ratio measured both with helium
dilution (He) and plethysmography (Pleth). *Statistically significant difference
between these two techniques in terms of mean predicted percentage values of
TLC and RV (p<0.05).

Pleth derived) and IOS parameters (R(5-20), X5, Fres)
was found.

Discussion

Our study showed how RV:TLC is the most reliable and
reproducible parameter to assess static hyperinflation, due
to the absence of significant difference in its measurement
between the two spirometric techniques. Moreover, RV:
TLC has a significant correlation with IOS measurements.

Lung hyperinflation (LH) usually occurs in the natural
history of COPD, due to the reduction of lung elastic
recoil and increased resistance, contributing to develop
exertional dyspnoea and exercise limitation.”

Conventionally LH is defined as TLC >120% of the
predicted value; even RV and RV:TLC above the upper
limits of natural variability are considered index of LH.?

Smith et al suggest that not all the functional para-
meters used to describe the hyperinflation have the same
meaning: they hypothesize that RV and RV:TLC would be
associated with small airways disease, while FRC, TLC
and IC/TLC would be associated with emphysema.'”

Some studies suggest that Pleth derived TLC could
overestimate the volume, especially in cases of severe
obstruction,'® while for others, Helium underestimates
TLC because, in case of air trapping, it is difficult for
the gas to reach all the lung areas.'®!”

The novelty of our study is to show the reliability of
RV:TLC due to its low variability in the measurements
conduct with the two different methods.

Few studies have pointed out the importance of taking
into account RV:TLC as a measurement representative of
lung hyperinflation even if it represents a good prognostic
factor of mortality and exacerbations in COPD patients.'®""

Zeng et al showed how, in smoker patient with a normal
spirometry, the alteration of RV:TLC ratio could be predictive
of a future COPD and could lead to an early diagnosis of the

. 2
disease.?°
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Figure 2 (A) Relationship between X5 (cmH20 L s) and RV/TLC ratio (%) (both He and Pleth derived). (B) Relationship between Fres (Hz) and RV:TLC ratio (%) (both He

and Pleth derived). (C) Relationship between R(5-20) and RV:TLC ratio (%) (both He and Pleth derived).

Our results evidenced the strict relationship between
RV:TLC and IOS measurements.

Kolsum et al had demonstrated that respiratory reac-
tance measurement (X5 and FRes) is closely associated
with more traditional measurement of pulmonary function
in COPD patients. They explored the correlation between
IOS reactance measurement and lung volume as TLC, RV
and IC."

Our results evidenced that X5 and Fres have no corre-
lation with RV or TLC measured with He or Pleth, but
correlate with RV:TLC showing a link between reactance
measurements and hyperinflation.

The importance of our study is also to highlight the
moderate correlation between RV:TLC as a measure of
hyperinflation and peripheral airway resistance, well repre-
sented by R(5-20) measured by 10S.?" According to Singh
et al, there is a vicious circle, between SAD (Small Airway
Disease) and emphysema causing hyperinflation.*?

For the important clinical implications of static hyper-
inflation and the weight that determines on COPD progres-
sion, there are many practical issues that need to be
considered when deciding which pulmonary function mea-
surement will provide the best method of assessing
hyperinflation.

Our results show the importance of RV:TLC in asses-
sing hyperinflation, regardless of the method used.

Due to the correlation with IOS measurements, we can
use them as integrative parameters in global evaluation of
COPD patient. This would allow 10S measurements to be
compared to changes in RV:TLC as well as other well
recognized pulmonary function parameters that assess
hyperinflation.

IOS does not require a difficult performance by
patients, but only tidal breathing, so it can be performed
patients who are not compliant in performing spirometry
correctly.

Based on our results, it would be useful for the future
not only to use FEV1 to evaluate COPD patient but also
RV:TLC. It will be able to provide information on the
evolution and therapeutic response of the disease.

The RV:TLC ratio could also be used in the evaluation
of patients with normal FEV1/FVC, but at risk of devel-
oping COPD, in order to perform early diagnosis and
closer monitoring. >

The link between RV:TLC and the IOS measurements
appear interesting, so that they can be used as
a supplementary system in the overall assessment of static
hyperinflation. In non-compliant patients, it can be used
individually to make an estimate of hyperinflation
although more studies are needed.

However, the ease of use of IOS and the sensitivity of
this technique to measure the effects of therapeutic
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interventions in COPD patients’ should provide a sound
basis for the increased use of this method in clinical
practice.

Our study presents some limitations: the low sample
although the study has good power and the absence of
a follow-up that would allow us to understand the useful-
ness of RV:TLC as a parameter of pathology progression.

Conclusion

RV:TLC can represent the most reliable parameter in the
assessment of hyperinflation, considering the absence of
significant difference in its measurement between the two
techniques. 10S provides supplementary information in
the assessment of static hyperinflation.

Abbreviations

COPD, Chronic obstructive pulmonary disease; Pleth,
Whole-body plethysmography; He, helium dilution; TLC,
total lung capacity; RV, residual volume; LH, lung hyper-
inflation; FRC, functional residual capacity; FEV1, Forced
Expiratory Volume; SAD, small airway disease.
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