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Background: Chronic obstructive pulmonary disease (COPD) is a generic term identifying a condition characterized
by variable changes in peripheral airways and lung parenchyma. Standard spirometry cannot discriminate the relative
role of conductive airways inflammatory changes from destructive parenchymal emphysema changes. The aim of this
study was to quantify the emphysema component in COPD by a simple parameter (the Emphysema Severity Index -
ESI), previously proved to reflect CT-assessed emphysema. 
Methods: ESI was obtained by fitting the descending limb of MEFV curves by a fully automated procedure providing
a 0 to 10 score of emphysema severity. ESI was computed in COPD patients enrolled in the CLIMA Study.
Results: The vast majority of ESI values ranged from 0 to 4, compatible with no-to-mild/moderate emphysema com-
ponent. A limited proportion of patients showed ESI values >4, compatible with severe-to-very severe emphysema.
ESI values were greatly dispersed within each GOLD class indicating that GOLD classification cannot discriminate
emphysema and conductive airways changes in patients with similar airflow limitation. ESI and diffusing capacity
(DLCO) were significantly correlated (p<0.001). However, the great dispersion in their correlation suggests that ESI
and DLCO reflect partially different anatomo-functional determinants in COPD. 
Conclusions:Airflow limitation has heterogenous determinants in COPD. Inflammatory and destructive changes may
combine in CT densitometric alterations that cannot be detected by standard spirometry. ESI computation from spiro-
metric data helps to define the prevailing pathogenetic mechanism underlying the measured airflow limitation. ESI
could be a reliable advancement to select large samples of patients in clinical or epidemiological trials, and to compare
different pharmacological treatments. 
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Introduction
Emphysema is anatomically characterized by variable changes

in peripheral airways and destruction of lung parenchyma. Beside
the airflow limitation shared with other clinical conditions globally
unified under the term of chronic obstructive pulmonary disease
(COPD), emphysema is functionally characterized by greater
increase of static lung volumes and reduction of CO diffusing
capacity. When compared to patients with predominant involvement
of conductive airways (such as, chronic bronchitis, small airway
disease), patients with COPD and predominant emphysema
component are usually characterized by a different clinical profile
(i.e., lower BMI, more pronounced dyspnea, lower prevalence of
cough and sputum, and lower tendency to develop right heart
decompensation) [1-5]. In particular, patients claiming dyspnea as
their prevailing symptom showed a 3.4 times higher probability to
belong to the emphysema phenotype rather than to the simple
obstructive phenotype where lung function is more preserved in the
great majority of cases [5]. Moreover, the annual drop of lung
function is much greater in emphysema [6,7] that was also described
as a powerful independent predictor of respiratory and non-
respiratory mortality [8,9]. At present, standard spirometry is the
most used method for diagnosing COPD and for checking patients
to recruit in clinical, epidemiological and pharmacologic studies.
However, spirometry can only measure the overall degree of airway
obstruction and cannot discriminate the relative role of disorders in
conductive airways from those typical of parenchymal destruction
due to emphysema [10-12]. Consequently, as these two pathogenetic
determinants are frequently coexisting in COPD patients, their
relative role remains undefined by spirometry in the great majority
of cases. 

Chest computed tomography (CT) has been recently suggested
as a reliable and suitable alternative methodology for detecting and
quantifying in vivo the extent of parenchymal emphysematous
destruction in COPD, as well as the bronchial wall thickening [13-
15]. Dedicated software analysis by the co-registration of inspiratory
and expiratory CT, and the recent introduction of artificial neural
networks allowed to define whether the emphysematous destruction
rather than the conductive airways disease is the predominant
pathogenetic mechanism in COPD [16-20]. At present, CT scan is
also regarded as an excellent imaging biomarker for implementing
personalized medicine in COPD [21]. However, the complexity and
the reduced availability of these methods for wide clinical use,
together to their high cost and their induced-radiation load, limited
the extensive feasibility of CT scan for investigating COPD, that is
one of the most prevalent chronic disorders in the general
population.

A recent study showed that mathematical modeling of the
descending limb of the maximal expiratory flow volume (MEFV)
curve provides the Emphysema Severity Index (ESI). It
approximated very well the scores obtained by means of CT in
COPD and proved suitable enough for both clinical and research
application [22]. The ability of ESI to identify the emphysema
component and to assess its severity has been further validated by
comparison with the CT-quantified emphysema in a very large
multiethnic population of smokers of the COPDgene study [23]. 

The aim of the present study was to assess the extent of
emphysema by ESI computation in COPD patients recruited for the
CLIMA (CLInical MAnifestation of COPD) study, that is a large,
national, multicenter trial that was specifically designed for the first
time in Italy with the aim of assessing the prevalence of the most
frequent COPD phenotypes and defining their clinical and lung
function profiles [5].  

Patients and Methods
The patients’ sample consisted of the 1,012 COPD patients

recruited in the CLIMA study [males 77.0%; mean age = 71.5 year
±8.8 SD (min-max: 41-92 years); mean BMI = 27.42±5.63 (min-
max: 23.6-31.0; never smokers were 9.1%, while active smokers
21.2%] [5]. The multicenter study involved twenty-four pneumo-
logical sites evenly distributed throughout Italy, and the sample
had been previously calculated in order to be representative of the
whole Italian COPD population. COPD severity by GOLD class in
the sample was: class 1 = 13.4%; class 2= 41.2%; class 3 = 32.9%,
and class 4 = 12.5% [5]. 

Further to anagraphics, patients’ history, clinical signs, and
some critical biological data (blood eosinophil count; total blood
IgE, and alpha1 anti-trypsin levels), several lung function variables
(static and forced volumes and flows; % short-term FEV1
reversibility from baseline 30’ after salbutamol 400 mcg; DLco %
predicted; SpO2, and BODE Index) were collected. Moreover, four
specific questionnaires (the Modified Questionnaire of British
Medical Research Council – mMRC; the COPD Assessment Test
– CAT; the Borg Category Scale – BCS, and the Quality-of-Life
Questionnaire - EQ5D-5L) were also administered in order to
check the patients’ physical performance, quality of life, and
impact. Finally, the description of the chest X-ray was also record-
ed, paying particular attention to the clear mention of “emphyse-
ma” in the radiological report [5].

ESI methodology
The ESI computation is based on a biomechanical model

approximating the shape of the descending limb of the maximum
expiratory flow/volume (MEFV) curve. The computation assumes
that at a given time the pressure drop of a fluid flowing in a
cylindrical duct resembling the airways is directly related to the
specific friction factor, to the density and the velocity of the fluid,
and inversely related to the diameter of the duct. Details of the
theoretical and biomechanical background are reported in previous
publications [22,23]. 

The mathematical computation of ESI is obtained by a specific
software which was designed to fit the descending limb of the
MEFV curve by a fully automated procedure, thus providing real-
time results suitable for clinical practice and for large data-sets in
clinical and pharmacologic trials. Being directly related to the shape
of the curve of each patient, ESI does not require standardization
for the input variables, i.e., % predicted calculations. The on-line
computation of ESI is available from the URL
https://www.emphysema.app/. The app using discrete input
variables as absolute values (PEF, FEF25, FEF50, FEF75, FVC)
obtained by standard spirometry provides a numerical output
ranging from 0 to 10 that classifies each patient according to the
presence and severity of emphysema, as validated by the
comparison with CT scan quantitative data. Descriptive statistics
are presented as means and standard deviation. The relationship
between ESI and lung function parameters was assessed by
Pearson’s r correlation. A p<0.05 was assumed as significant.

Results
The ESI methodology was applied in 903/1,012 patients of the

CLIMA study in whom all the five numeric spirometric parameters
needed to calculate the ESI score were available. Patients’ age, sex,
anthropometric data, and lung function data are reported in Table 1.
The distribution of the ESI values within the 903 patients
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investigated is reported in Figure 1. ESI values are distributed in
the whole range of variation, thus indicating that emphysema may
be identified at variable extent in this COPD population. The vast
majority of ESI values ranged from 0 to 4, compatible with no-to-
mild/moderate emphysema component. A limited proportion of
patients had ESI values higher than 4, compatible with severe-to-
very severe emphysema component of their flow limitation. 

Figure 2 reports the GOLD classification [24] of the 809
patients in whom both FEV1% and FEV1/FVC were available. As
occurring in the majority of COPD patients included in large clinical
and pharmacologic trials, GOLD 2 and 3 were the most prevalent
classes of severity also in the present study, approximatively
entailing two third of the whole patients’ sample. These data confirm
those of the CLIMA study obtained by a multiparametric lung
function approach. In the CLIMA study, the prevalence of the
emphysema COPD phenotype was 38.8%, and a wide distribution
among different phenotypes was anyway observed [5]. 

The great dispersion of ESI within each of the four GOLD
classes is clearly shown in Figure 3, in which means and percentiles
of ESI are considered, and in Figure 4, in which the individual ESI
values are reported for each patient. The distribution of ESI values
in these two figures demonstrates that GOLD classification does not
allow to discriminate among patients characterized by similar levels
of expiratory airflow limitation, and to discriminate those without
significant emphysema from those in whom emphysema of various
severity degrees is concomitant. Moreover, it also appears that
GOLD 2 patients may have ESI values up to 4-5, thus reflecting the
occurrence of moderate emphysema at CT scan. The whole range
of emphysema severity (from absent to very severe) as assessed by
CT is mirrored by the ESI values measured in GOLD stage 3 and 4
patients.

Figure 5 clearly further confirms that the GOLD classification
does only reflect the global level of expiratory airflow limitation

that may be due either to changes in conductive airways or
emphysema parenchymal destruction. It is also evident that patients’
classification according to the GOLD classes shows a lower
dispersion of data when compared with the level of obstruction as
reflected by FEV1/FVC. 

It clearly appears that the easy implementation of ESI
computation to the standard spirometry allows a much better
approximation of the relative contribution of the involvement of
conductive airways and/or the emphysema component to the overall
airflow limitation, as merely assessed by routine spirometry.

The correlation between ESI values and values of CO diffusing
capacity (% predicted) was calculated in 542/1,012 patients in
whom both measurements were available, and corresponding results
have been reported in Figure 6. Although the correlation proved
significant (r=0.29, p<0.001), individual data were widely scattered,

Table 1. Age, sex, BMI, lung function data and ESI values in the
whole sample.

Variable                              n                    Mean                   SD

Age (males/females)                 903                           69.4                             9.2
                                                    614/289                           
BMI                                                                                  26.9                             5.1
FEV1 %                                                                             56                               23
FEV1/FVC                                                                        0.53                            0.14
DLCO%                                                                             65.3                            27.3
ESI                                                                                    3.2                              2.5

BMI, body mass index; FEV1%, % predicted forced expiratory volume in the first second; FVC,
forced vital capacity; DLCO%, % predicted diffusing capacity for carbon monoxide; ESI, emphyse-
ma severity index.

Figure 1. Percent distribution of patients according to ESI values. Figure 2. Percent distribution of patients according to the GOLD
classification. 
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thus suggesting that ESI and diffusing capacity partially rely to
different anatomical and functional alterations in COPD. This
scattering rate is significantly (r=0.36) reduced only when patients
with a FEV1 value <1 liter (n=190) are excluded from calculations.
In general. the dispersion of ESI values increases progressively in
proportion to the reduction of diffusing capacity. 

Discussion
There is a consolidate evidence that what is currently defined

“COPD” corresponds to various respiratory conditions that can be
variably characterized in clinical, biological, and lung function
terms, the so-called COPD phenotypes. Despite the well-known
heterogeneity in clinical presentations of COPD, the exact identi-

Figure 3. Distribution of means and percentiles of ESI values
according to GOLD classification. 

Figure 4. Relationship between individual values of FEV1% and
ESI. 

Figure 5. Distribution of FEV1/FVC means and percentiles
according to GOLD classes (out-liners are reported).

Figure 6. Relationship between ESI and DLco (% pred.) values.
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fication of the pathogenetic mechanisms underlying the current
airflow limitation, in many cases variably mixed, is not usually
pursued in real world clinical practice [25]. Moreover, a further
crucial issue is the identification of the peculiar lung function pro-
files corresponding to these manifestations. 

Although the existing consensus on the great impact of the
phenotypical approach to COPD, the message currently emerging
from the literature is that the spirometric staging alone (the most
widely used tool) is not sensitive enough to describe the complex-
ity of COPD and to characterize the lung function pattern of the
corresponding phenotypes [5,10-12]. Unfortunately, measure-
ments of static lung volumes and of CO diffusing capacity (that
would permit a much more objective and appropriate evaluation of
emphysema contribution to airflow obstruction) are largely under-
used both in clinical practice and in clinical trials due to their com-
plexity, higher cost, and unavailability. Actually, when the relative
contribution of inflammatory changes in conductive airways and
of the parenchimal destructive component is known for each
COPD patient, the interpretation whether the pathologic mecha-
nism underlying the expiratory obstruction is due to increased air-
flow resistance or to reduced elastic recoil is possible and much
easier. Without CT scan use, this information can be achieved, as
it has been shown in the CLIMA study by means of a multipara-
metrical lung function approach [5].

Stemming from this evidence, the opportunity of assessing and
discriminating  the different pathogenetic components in  COPD
patients (such as the contribution of airway obstruction rather than
of parenchymal destruction) by means of a simple, low cost, and
widely available lung function test (i.e., the standard spirometry)
would represent a paramount opportunity in both clinical practice
and for large clinical, epidemiological and pharmacological studies
(when CT is usually not available), with the final aim to personal-
ize the most appropriate pharmacologic respiratory treatment. The
chance to apply the ESI computation to the large sample of patients
of the CLIMA Study represented a good opportunity for better
investigating and understanding the pathophysiologic mechanisms
underlying the airflow limitation in COPD, and also represented a
pivotal investigational model for prospective and/or retrospective
large scale studies where COPD patients are merely recruited by
standard spirometry. 

The present study clearly shows that the GOLD classification,
according to its definition, is only related to the level of obstruc-
tion, but does not give information as to whether emphysema is
present or not, and, if present, at what extent. ESI measurements
prove that the extent of parenchymal destructive changes, that are
typical of emphysema, are greater in GOLD 3 and 4 patients. In
these cases, their multiparametrical lung function profile, physical
performance, and quality of life are much poorer when compared
to those of patients belonging to the simple COPD phenotype [5].
However, the scattering of the ESI correlation data tends to empha-
size that significant levels of emphysema may even occur in
GOLD 1 and 2 COPD patients, but also that a quite limited
parenchymal destruction may also occur in a very small proportion
of GOLD 3 and 4 COPD patients. The disperse correlation
between ESI and DLco is confirmed by a previous observation
showing that diffusing capacity could be excessively low in
patients with FEV1 values <1 liter with no or minimal emphysema
on CT [26]. 

Just in order to proceed beyond FEV1, even if the measure of
DLco confirms probative indeed in favor of the presence of the
emphysema component in COPD phenotype, the reduction in
DLco is related to the dysfunction of the lung alveolar-capillary
surface that could be not only a consequence of its destruction (as
in the case emphysema and reflected by ESI), but also of the occur-

rence of the uneven distribution of ventilation within normal func-
tioning alveoli, as caused by significant inflammatory and obstruc-
tive changes in the extreme peripheral airways [5,27,28].

Data of the present study are a further confirmation that airway
flow limitation has a multifactorial etiology in COPD.  This evi-
dence can explain why heterogeneous clinical, functional and ther-
apeutic response are frequently obtained in patients with the same
or very similar levels of airway obstruction, as assessed by spirom-
etry. In a paper aimed to investigate the relationship existing
between CT and lung function parameters it was indeed shown that
densitometric data and lung function variables are not linearly
related over the whole range of COPD severity [29]. In this study,
CT densitometric changes were related to the reduction in diffus-
ing capacity and to the increase in hyperinflation measurements
only in more severe COPD patients, and by airflow obstruction
measurements only in the less severely affected patients [29]. 

In our opinion, the opportunity to provide such kind of infor-
mation on the COPD endotype by means of the simple ESI com-
putation that is quickly obtained from standard spirometry should
be regarded as an important step forward to improve the under-
standing of the structural changes underlying COPD. It should also
be emphasized that ESI is only based on the MEFV curve mor-
phology and, consequently, it is independent from % predicted val-
ues of lung function parameters measured in the MEFV curves.
The knowledge that the severity of emphysema as assessed by CT
may vary widely within the same GOLD stage is a notion widely
held [30]. This information may be of great relevance in clinical
practice when needing to personalize the therapeutic strategy of
COPD, and standard spirometry is the only operational tool avail-
able. 

From this point of view, it was shown that, in general, COPD
patients are the most pharmacologically treated and that a great
proportion of them do not receive the appropriate, personalized
respiratory treatment also in Italy [31]. This evidence tends to fur-
ther emphasize the still too poor assessment of the lung function
profile of different COPD phenotypes, particularly that one char-
acterized by the emphysema component. Unfortunately, the cur-
rent treatment of COPD [24] still is not based on the assessment of
the pathophysiologic changes underlying expiratory airflow limi-
tation, nor on their site of lesions, but rather just on the severity of
symptoms claimed and the frequency of exacerbations. These vari-
ables are difficult to assess objectively and they are not related to
the underlying mechanism of flow limitation [6].

The still great debate as to whether COPD patients do benefit
or not from the addition of inhaled steroids to bronchodilators may
possibly be minimized by assessing the role of the parenchymal
destructive component. ESI computation might play a crucial role
from this point of view as it permits to define whether, and at what
extent, the parenchymal destruction due to emphysema contributes
to the expiratory airflow limitation, spirometrically measured. In
fact, patients with high values of ESI probably cannot obtain max-
imal benefits from steroid treatment since mainly affected from
emphysema, while steroids should be likely more effectively pre-
scribed in patients with increased resistance of the conductive air-
ways due to inflammatory changes. 

The evidence that the destruction of lung parenchyma is not
homogeneously distributed in COPD patients characterized by
equal or similar severity of their original airway flow limitation
might contribute to explain why some big pharmacological trials
proved somewhat limited and provided conflicting results in terms
of outcomes. Actually, the different prevalence of emphysema in
these COPD populations can make the difference. Inclusion or
exclusion of COPD patients with a significant emphysema compo-
nent could have a great influence on the final trials’ results
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designed and calibrated for specific outcomes. For instance, the
lack of a significant increase in survival observed in the TORCH
study [32] after treatment with inhaled salmeterol and fluticason
might be due to excess mortality secondary to the unrequired
steroid effect causing pneumonia in patients with significant
emphysema, not investigated at all in that study [33,34]. 

For these reasons, the retrospective post hoc ESI computation
in COPD patients of previous big trials might consent to revisit and
critically redefine the outcomes. In other words, at what degree of
emphysema severity the therapeutic strategy based on the double
bronchodilation would have been more appropriate than that one
based on adding inhaled steroids? 

The present study has some limitations. First, ESI computation
was calculated retrospectively in a large study sample in which ESI
had not been originally included in the variables to collect. Second,
as in all large trials, CT densitometry was not available in the
CLIMA study, and we assumed that ESI represents parenchymal
destruction without reference standard measurements. However,
the accuracy of ESI in mirroring accurately the occurrence of
emphysema damage by comparison with CT densitometry had
already been previously validated in a very large population of
smokers and COPD patients [23].

The present study also has some points of strength. First, ESI
computations were carried out on a large sample of COPD patients
accurately investigated with the aim to define the prevalence of
different COPD phenotypes (the CLIMA Study). Second, the
patients’ sample was representative of the whole Italian COPD
population. Third, ESI values were in substantial concordance with
data from the CLIMA Study that was carried out by assessing a
complete lung function, and not merely by standard spirometry.
Fourth, ESI measurements are particularly suitable and convenient
for large trials in which accuracy is required, but times and costs
represent substantial limiting factors of the investigational meth-
ods. 

Conclusions
Data of the present study further support the evidence that

COPD is a very heterogeneous disorder in which inflammatory and
destructive changes may variably combine [28]. These phenomena
can lead to densitometric alterations measurable by CT [35] that
standard spirometric assessment of airway limitation is not able to
clarify in terms of underlying causes. 

The ESI computation, such as the availability of a quick
parameter easily obtained by an algorithm developed to fit the
descending limb of the flow/volume curve by PEF, FEF25, FEF50,
FEF75, and FVC expressed in absolute value, can be implemented
in clinical, pharmacologic and epidemiologic trials to assess the
contribution of the emphysema component in each COPD patient
to recruit.

The implementation of ESI measurements may reveal whether
and at what extent inflammatory changes of the conductive airways
rather than the parenchymal destruction are the prevailing
pathogenetic mechanism, even if the two mechanisms may variably
coexist in a significant proportion of COPD patients. However, the
knowledge of their relative contribution easily achievable by
standard spirometry usually employed to detect the level of
obstruction is of paramount importance, both for therapeutic
decisions and for the prognostic assessment of COPD. 

The availability of ESI, that is an objective quantitative index
independent of the % predicted MEFVs values, easily derived from
standard spirometry, and significantly correlated with the CT
quantitative assessment of emphysema, should be regarded as a

reliable advancement either in clinical terms for quick definition of
the emphysema component in COPD patients, or for selecting large
samples of patients (i.e., clinical or epidemiological trials) in short
time and at low cost in order to check or compare their
pharmacological treatments when standard spirometry is the only
possible lung function test to perform.  
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