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Background: Chronic Obstructive Pulmonary Disease (COPD) is a respiratory condition characterized by heterogeneous abnorm-
alities of the airways and lung parenchyma that cause different clinical presentations. The assessment of the prevailing pathogenetic
components underlying COPD is not usually pursued in daily practice, also due to technological limitations and cost.

Aim: To assess non-invasively the lung emphysema component of COPD by the simultaneous measurement of DLyo and DL via
a single-breath (sDLyo and sDLco).

Methods: COPD patients aged >40 years of both genders were recruited consecutively and labelled by computed tomography as
“with significant” emphysema (>10% of CT lung volume) or “with negligible” emphysema otherwise. Current lung function tests such
as sDLyo, sDLco and Vc (the lung capillary blood volume) were measured. All possible subsets of independent spirometric and
diffusive parameters were tested as predictors of emphysema, and their predicted power compared to each parameter alone by ROC
analysis and area under the curve (AUC).

Results: Thirty-one patients with “significant emphysema” were compared to thirty-one with “negligible emphysema”. FEV, and
FEV1/FVC seemed to be the best spirometric predictors (AUC 0.80 and 0.81, respectively), while sDLco and Ve had the highest
predicted power among diffusive parameters (AUC 0.92 and 0.94, respectively). sDLco and Vc values were the parameters most
correlated to the extent of CT emphysema. Six subsets of independent predictors were identified and included at least one spirometric
and one diffusive parameter. According to goodness-to-fit scores (AIC, BIC, log-likelihood and pseudo R?), RV coupled with sDLco
or Vc proved the best predictors of emphysema.

Conclusion: When investigating the parenchymal destructive component due to emphysema occurring in COPD, sDLyo, sDL¢o and
Ve do enhance the predictive power of current spirometric measures substantially. sSDLyo, SDLco and Ve contribute to phenotype of
the main pathogenetic components of COPD easily and with high sensitivity. Organizational problems, radiation exposure, time and
costs could be reduced, while personalized and precision medicine could be noticeably implemented.

Keywords: COPD, parenchymal destruction, emphysema, lung capillary blood volume, simultaneous single-breath NO and CO
diffusing capacity, precision medicine

Introduction
Chronic obstructive pulmonary disease (COPD) is a pathological condition of the lung that is characterized by persistent
respiratory symptoms (cough, expectoration, dyspnea) due to heterogeneous disorders affecting the airways and/or the
lung parenchyma to a variable extent.' Though characterized by significant progression and by huge epidemiological and
socio-economic impact worldwide,”* Nevertheless, COPD is described as a preventable and treatable condition.'

It is known since long ago that the pathogenetic components underlying COPD can variably involve all structures of
lung units, such as the conductive airways, the small airways and/or the alveoli, the capillary vasculature included.””’
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Such a pathogenetic heterogeneity entails different clinical presentations of COPD: the clinical phenotypes of
COPD.* ' Different COPD phenotypes can be obviously characterized by variable responses to therapeutic regimens
due to the variable extent of reversible and irreversible components of structural disorders occurring in the lung, and
consequently different short- and long-term outcomes can be expected. Unfortunately, respiratory conditions character-
ized by the predominant airway involvement and those where the parenchymal destruction is prevailing are currently
included in the same comprehensive term “COPD”, both in clinical practice and in the vast majority of RCTs.

In the aim of defining the right pattern of lung function occurring in COPD and the existence of some destructive
parenchymal components, measurements of diffusing capacity for carbon monoxide (DLp) are currently recommended
together to the assessment of static and dynamic volumes, forced flows, airway resistances, and residual volume.
However, due to the slow binding of CO with intracapillary hemoglobin (Hb), usual measurements of DLco are
considered to be insufficient for distinguishing the structural abnormalities affecting the diffusing conductance of alveolar
structure (DM) from those mainly affecting the vascular side of alveolar membrane.

Even if presently limited by the still poor awareness of physicians, the simultaneous single-breath assessment of nitric
oxide diffusing capacity (sDLyo) and of carbon dioxide (sDLco) has been specifically recommended together with the
measure of the lung capillary blood volume (Vc) in order to overcome these limits.?’

Aim of the present study was to investigate the contribution of the single-breath simultaneous measurements of sDLyo and
sDL o and related parameters (namely, the sDLyo/SDL o ratio and Vc) in phenotyping COPD non-invasively and at low-cost
in terms of the underlying parenchymal destructive components involving the vascular side of the alveolar membrane.

Methods

Study Design

COPD patients aged >40 years of both genders, in stable condition, non or former smoker, and without steroid use were
retrospectively enrolled. Exclusion criteria were as follows: (1) patients aged <40 years; (2) the presence of major
comorbidities affecting the diffusion measurements, such as: anemia (blood Hb <12g/L), heart failure, lung fibrosis,
vasculitis, liver and renal failure, diabetes; (3) bronchial asthma and other asthma components (ACO); (4) the presence of
COVID-related parenchymal abnormalities; (5) the presence of physical limitations and/or cognitive impairment
enabling procedures for lung function tests; (6) the refusal of the informed consent; (7) COPD in non-stable conditions
and without any steroid treatment over the last six weeks; (8) patients characterized by a forced expiratory volume in
1 sec. (FEV,) reversibility > greater or equal to 12% from baseline after salbutamol 400 mcg.

Computed tomography (CT; Siemens 64 slice) was performed in all patients and two radiologists quantified
independently the % extent of emphysema in the whole lungs. The extent of emphysema was reported as the mean %
of lung volume calculated by both the radiologists in each patient (% CT volume). Patients were labelled as COPD “with
significant emphysema” only when emphysema destruction was involving at least >10% of their whole lung volume,
otherwise patients were labelled as COPD “with negligible emphysema”. Usual spirometric parameters and current DL
measures also contributed to the patients’ characterizations in terms of lung function. The single-breath simultancous
sDLno and sDLco measures were assessed for the first time with the aim to investigate and quantify the structural
impairment of lung parenchyma due to the emphysema component in COPD.

Data Collected

Parameters collected were as follows: age (in years), gender, body mass index (BMI), Hb (in g/L), vital capacity (VC),
forced vital capacity (FVC), FEV,, FEV/FVC ratio, residual volume (RV), DLc(, sDLno, SDLco, sSDLno/sDL¢o ratio,
and Vc. All parameters were reported as % predicted and corresponding z-score values.

Spirometric volumes, flows, and RV were obtained by means of a Plethysmography Platinum DX Elite
(MedGraphics, Saint Paul, MN, USA). DLco measurements were carried out in agreement with the specific standards
for single-breath carbon monoxide uptake in the lung.** The simultaneous assessment of sDLyo, sSDLco and related
parameters was obtained by means of the “Stand-Alone” Hypair Compact System (MGC Diagnostics International,
Sorinnes, Belgium) that allows the simultaneous assessment of DM and Vc as a function of the standard single-breath
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method. This method is based on the principle by Roughton and Forster*> of two reactions for THETA fractions: one for
CO and the other one for NO, according to the values fixed in the ERS/ATS Task-Force 2017°* during the usual single
breath maneuvers. Due to the use of an electrochemical analyzer for NO, the usual DLo measure apnea time duration of
10 sec is reduced for DLy around 5 sec. Two gas mixtures are required for these measures: i) helium (He) 14%; CO
0.280%; oxygen (02) 18-21, and nitrogen (N2), and ii) nitric oxide in nitrogen (NO in N2) 400 ppm. According to

standard procedures, measure of DL-g and DLyo required breath-hold times of 10 and 5 sec, respectively.%f28

Statistical Analysis

A prespecified sample size calculation was performed based on the mean difference of spirometric and diffusive
parameters according to the formula for unmatched samples n=2(zl_a+zl_3)2/A2, where a=5% and B=20% are the type
I and II errors, respectively, and A is the standardized mean difference defined as the mean difference d of each parameter
between the two groups divided by its standard deviation. Conservatively, it was assumed that for each parameter the
mean value in the group “COPD with significant emphysema” was 10-20% lower than the mean value in the group
“COPD with negligible emphysema” (for RV and sDLyo/sDL¢o ratio, it was assumed an increase of 10-20%). The
standard deviation of the mean difference was calculated assuming (1) that the standard deviation of each parameter in
both groups was equal to 20-40% of the mean value and (2) a plausible linear correlation p=0.5 for each parameter
between the two groups. According to these assumptions, about 10-27 patients per group should be enrolled in the study.

Continuous data were presented as means and standard deviation (SD), while gender as absolute and relative frequencies.
Differences assessed in baseline between the two subsets of patients were tested by non-parametric Wilcoxon test (for
continuous variables) and Fisher's exact test (for gender). Differences in lung function parameters were estimated by
a generalized linear model (gamma family) adjusting for all the characteristics available at enrollment. Results were reported
as adjusted mean difference (AMD) and confidence intervals (CI). Moreover, the relationship between lung parameters and
the % CT volume was also investigated by using the same generalized linear model, including % CT volume as continuous
independent variable instead of the presence of significant emphysema. In this case, results were presented as adjusted mean
variation (in each parameter) for every 10% increment in the value of % CT volume (AMV ).

Receiver Operating Characteristic (ROC) curves and area under the curve (AUC) were used to identify the parameters
able to classify emphysema with the highest predicting power. Youden’s criterion was used to establish optimal cut-off
values with sensitivity, specificity, and diagnostic odds ratios (DOR) also reported.

Finally, regression analysis was performed to identify possible subsets of predictors that conjointly could be able to
classify emphysema better than each parameter alone. The following algorithm was applied:

1. Correlation matrix of all spirometric (ie, FEV,, VC, FEV/FVC, RV) and diffusive (ie, current DLco, sDLco,
sDLno, SDLco/sDLyo ratio, and Vc) parameters considered in the analysis was calculated using Bonferroni
correction for multiple comparisons;>’

2. Based on correlation matrix, all the possible subsets of independent (ie, uncorrelated) predictors were selected and
used as covariates in a series of logistic regression models; specifically, each subset was defined such that all
pairwise comparisons among variables in the same subset must be non-significant (p > 0.05);

3. Stepwise selection was used to extract, from each subset, the minimal set of predictors;

4. For each model, an overall score was created using the coefficient estimated from logistic regression (standardized
between 0 and 100) and its predicting power was tested via ROC analysis.

In the base case, parameters were included in each model as % predicted. A scenario analysis by using z-scores
instead of % predicted was also conducted.

All models were adjusted by age, sex, BMI and Hb levels at enrollment and their goodness to fit was evaluated using
Akaike’s information criterion (AIC), Bayesian information criterion (BIC), log-likelihood and pseudo R?. Lower values
of AIC and BIC and higher values of log-likelihood and pseudo R? indicate better fit models. A p value <0.05 was
considered statistically significant. All statistical calculations were carried out by means of STATA (StataCorp. 2017.
Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC).
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Ethics

The study was approved by the Ethical and Scientific Commission of the National Centre for Respiratory Pharmacoeconomics
and Pharmacoepidemiology during the session of May 2, 2021. This study was conducted in accordance with the principles of
the Declaration of Helsinki, and all patients provided written informed consent prior to enrollment.

Results

A total of 62 patients were included in the analysis: 31 patients with a CT documented parenchymal damage due to
emphysema involving >10% of their lung parenchyma (mean extension 31.3%, SD = 9.7), and 31 patients with
a negligible emphysema extension (3.7%, SD = 4.4) (Table 1).

The two groups were well matched by age (p = 0.9382) and Hb (p = 0.8376) distribution, while the BMI seemed to be
lower in patients with significant emphysema (mean BMI: 24.5 vs 27.5, p = 0.0019). Moreover, the proportion of male
was lower in patients with significant emphysema (48.4% vs 71.0%, p = 0.060) (Table 1). Mean FEV, reversibility was
1.8% (SD = 0.4), undistinguishable between the two groups (p = 0.96).

The comparisons of lung parameters among the two groups are reported in Table 2. When compared to values from
patients with negligible emphysema, mean values for FEV;, VC, FEV{/FVC, DL¢q, sDLco, sDLyo, and V¢ obtained in

Table | Baseline Characteristics of Patients

Parameters COPD with Negligible COPD with Significant p-value
Emphysema Emphysema

n 31 31

Mean age (SD) 73.8 (8.9) 74.6 (7.8) 0.9382
Male (%) 22 (71.0%) 15 (48.4%) 0.060

Mean BMI (SD) 27.5 (3.6) 24.5 (4.6) 0.0019
Mean Hb (SD) 13.9 (0.6) 13.9 (0.4) 0.8376
% CT emphysema volume (SD) 3.7 (44) 31.3 (9.7) <0.0001

Abbreviations: BMI, body mass index; Hb, hemoglobin; SD, standard deviation.

Table 2 Comparison of Diffusive and Spirometric Parameters Between COPD Patients
Without and with Emphysema

Parameters COPD COPD AMD (95% CI) p-value
with Negligible | with Significant
Emphysema Emphysema
FEV, 67.1 (7.5) 50.7 (15.5) —15.5 (-23.0 to —8.0) <0.001
vC 89.7 (16.9) 76.6 (8.9) =124 (-19.2 to =5.5) <0.001
FEV,/FVC 64.0 (10.3) 51.7 (9.2) =11.0 (=16.1 to —5.8) <0.001
RV 108.0 (38.4) 159.9 (57.9) 49.5 (23.4 to 75.7) <0.001
DLco 71.1 (16.9) 43.3 (14.3) —26.5 (—35.1 to —17.8) | <0.001
sDLco 70.6 (15.3) 39.0 (10.6) —30.8 (—37.9 to —23.7) | <0.001
sDLno 77.7 (18.9) 524 (17.3) —26.0 (—35.7 to —16.4) | <0.001
sDLno/sDLco ratio 112.7 (10.2) 130.8 (19.1) 15.8 (8.0 to 23.7) <0.001
Ve 56.8 (11.7) 27.6 (10.4) —27.1 (—34.0 to —20.2) | <0.001

Abbreviations: AMD, adjusted mean difference (adjustment for age, sex, BMI, and Hb).
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those with significant emphysema were significantly lower (p < 0.001) while corresponding values for RV and the sDLq
/sDLyo ratio were significantly higher (p < 0.001). Same results were obtained using parameters expressed in terms of
z-score (Table S1 in Supplementary material).

According to the results of generalized linear regression versus the % CT volume, every 10% increment in the % CT
volume seemed to be associated with a significant decrement in FEV,, VC, FEV/FVC, DL¢q, sDLco, sDLno, and Vc and
a significant increment in RV and the sDLco/sDLy ratio (Table S2 in Supplementary material). However, the magnitude of

the variation was generally more pronounced in the diffusive parameters with respect to spirometric parameters (with the
exception of RV). Moreover, the linear correlation with % CT volume is high (R*>0.7) for sDL¢o and VC, moderate (R*
0.4-0.6) for DLco, sSDLyo and sDLyo/sDLco ratio, and low (R?<0.3) for all the spirometric parameters (Figure 1).
According to the ROC analysis, almost all parameters were characterized by high AUC, sensitivity and specificity
(Figure 2). Among spirometric parameters, FEV; and FEV1/FVC seemed to be the best predictors (AUC 0.79 and 0.81,
respectively). However, the predicted power of diffusive parameters was generally superior, Specifically, sDLcg and Vc
had the highest predicted power (AUC 0.94 and 0.95, respectively), followed by DLco and sDLyo (AUC 0.79).
Diffusive and spirometric parameters were highly correlated (Table S3 in Supplementary material). However, 6

subsets of uncorrelated variables were identified. After variable selection by using a stepwise algorithm, the results of the
final 6 logistic regression models are reported in Table 3. All models include at least one spirometric parameter and one
diffusive parameter (reported as % predicted).

According to goodness-to-fit scores, models 5 and 6 had the lowest AIC and BIC (Table 3 and Figure 3) and the
highest log-likelihood and pseudo R?. Pseudo R* of models 2 and 3 were also high and comparable with the value of
model 5 and 6. However, both models 2 and 3 were penalized because they are not parsimonious models (the models
with the highest number of covariates needed such as, 4 parameters), while the other models, with the exception of

models 3 and 6, only require 2 covariates.
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Figure | Relationships between % CT volume of emphysema and all variables of lung function.
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Figure 2 ROC and AUC analysis.
Abbreviations: AUC, area under the curve; DOR, diagnostic odds ratio.

Finally, based on ROC analysis, all models (with the exception of model 1) had better predicted power (AUC > 0.90),
sensitivity (>0.87) and specificity (>0.90) than each lung parameter alone (Figure 4).
Additionally, the scenario analysis based on z-scores (instead of % predicted) confirmed the results of the base case (Table S4,

Figures S1 and S2).

Table 3 Reduced Logistic Models, Results Were Presented as Odds Ratio and 95% Confidence Intervals

Predictors Model | Model 2 Model 3 Model 4 Model 5 Model 6

FEV, 0.85 (0.78 to 0.94)

Ve 0.84 (0.72 to 0.99) 1,03 (1.00 to 1.06)

FEV,/FVC 0.82 (0.7 to 0.96)

RV 1.04 (1.02 to 1.06) 1.03 (I to 1.06) 1.03 (1.00 to 1.06)

DLco 0.84 (0.76 to 0.93)

sDLco 0.82 (0.74 to 0.91)

sDlLno 091 (0.84 to 0.97) 0.89 (0.84 to 0.95)

sDLno/sDLco ratio 114 (1.05 to 1.23) 113 (1.04 to 1.23) 113 (1.04 to 1.22)

Ve 0.81 (0.73 to 0.91)
(Continued)
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Table 3 (Continued).

Predictors Model | Model 2 Model 3 Model 4 Model 5 Model 6

Goodness to fit statistics

AIC 47.698 36.073 39.656 38.936 30.213 29.876

BIC 54.079 46.708 48.164 45317 36.594 36.258

Log-likelihood —20.849 —13.036 —15.828 —16.468 —12.106 —11.94

Pseudo R? 0.515 0.697 0.6317 0617 0718 0.722
Discussion

COPD is a chronic and progressive respiratory condition characterized by different clinical presentations that can
recognize heterogeneous pathogenetic determinants.'>” The identification of the prevailing structural damage (such as,
the prevailing obstruction rather than the prevailing parenchymal destruction — emphysema) would be of great clinical
value as the therapeutic options, the strategy of management, the short- and long-term therapeutic outcomes, and the
overall impact of COPD can result substantially different.'*'”-3

Though warmly recommended since long ago, the parametrical recognition of the prevailing structural disorders
underlying COPD (variably mixed in many cases) is not usually pursued in clinical practice and is not required in the
vast majority of RCTs, likely due to technological limitations of many centers and because time-consuming and
expensive. In general, a much more simplistic approach is currently privileged.*' In fact, only a few simple spirometric

parameters are currently used (namely, FEV, and FVC) even if biased by a too poor sensitivity and specificity in
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Model 1 0.89 (0.81 to 0.96) 46.4 (32.5 t0 60.30) 0.87(0.74t0 1) 0.90 (0.82 to 0.99) 1.07 (1.04 t0 1.10)
Model 2 0.95(0.90 to 1) 58.1 (46.0 to 70.2) 0.97 (0.90 to 1) 0.94 (0.85to 1) 1.08 (1.04t0 1.12)
Model 3 0.94 (0.88 to 0.99) 37.9 (14.9 to 61.0) 0.97 (0.89to 1) 0.90 (0.81to 1) 1.07 (1.04 to 1.10)
Model 4 0.90 (0.83 to 0.97) 37.3(13.0t0 61.5) 097 (0.87to 1) 0.84 (0.71 t0 0.97) 1.06 (1.03 to 1.10)
Model 5 0.94 (0.89 to 0.99) 45.1(15.8to 74.4) 0.94(0.85t0 1) 0.94 (0.86to 1) 1.07(1.04t0 1.11)
Model 6 0.97(0.93to 1) 38.2(15.2t061.2) 0.97 (0.90 to 1) 0.97(091to 1) 1.08 (1.04t0 1.12)

Figure 3 Comparison of the 6 logistic models (the size of each circle is proportional to the Log-likelihood ie, bigger circles represent higher goodness to fit).
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Figure 4 ROC and AUC analysis for the six models.
Abbreviations: AUC, area under the curve; DOR, diagnostic odds ratio.

describing the complexity and the heterogeneity of events characterizing COPD properly.''*>=¢ In particular, FEV,
alone is not specific enough for recognizing all the structural changes occurring within the airways and/or the lung
parenchyma and variably contributes to support COPD-related disorders and clinical signs.'* Moreover, the FEV,/FVC
ratio, though widely used as the main diagnostic criterion for defining a persistent airflow limitation, is known to
correlate with COPD patients” symptoms only partially.>” However, FEV,/FVC, further to minimize the extent of the
current flow limitation (it actually represents the ratio between two forced volumes, and not between a forced and a static
volume as the true Tiffeneau index would require) proved poorly related to changes in elastic recoil and parenchymal
changes occurring in COPD.*%%°

Parenchymal changes due to emphysema components can variably occur in COPD. Further to alterations and collapse
of peripheral airways, they basically consist of destruction of lung parenchyma septa, thus involving both the alveolar
and the vascular side of respiratory lung units at variable extent. In general, the presence of emphysema can be suggested
by the lung function profile, usually characterized by a greater increase of static lung volumes, a dramatic reduction of
forced flows and of DLq, and variable disorders in blood gas exchange, while dyspnea tends progressively to become
the prevailing clinical sign.>®-4%4!
As the lung function assessment of emphysema components in COPD is infrequent in daily practice and in RCTs

4244

mostly due to technological limitations, organizational aspects, and cost, the chest computed tomography (CT) is

presently regarded (even if of limited use in daily practice for this purpose) as the most suitable method for detecting and
assessing the extent of emphysema in COPD patients.* %2

However, the prevailing site of structural changes in the lung units (namely, occurring at the alveolar rather than at the
vascular side of diffusing membrane) is only episodically investigated in COPD patients, and clinical consequences are
unfrequently considered and discriminated. In other words, if the recognition of the different pathogenetic determinants
underlying COPD remains insufficient and generic, as much generic and unspecific still remains the comprehensive term
“COPD” for labeling the vast majority of cases.*’

Nevertheless, the assessment of structural changes occurred within the parenchymal septa would contribute substan-
tially to a proper comprehension of COPD and then to a more effective management of this complex respiratory
condition. In our opinion, the investigational opportunity recently provided by the single-breath simultaneous assessment
of the sDLyo/sDL¢o ratio, and Vc represents a significant step forward from this point of view, also when considering
that any back tension interference is avoided and that the presence of NO does not affect the measured DLy or DLcq.
When compared obtained with current DLo measures, this recent non-invasive lung function method seems actually to
provide superior and more specific information on the type, site and extent of structural changes caused by emphysema-
related parenchymal damage in COPD, thus contributing to its phenotyping.
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In other words, this diagnostic procedure seems to validate with high sensitivity and specificity the hypothesis that the
loss of microvascular structures involving the diffusion membrane would correspond to the emphysema phenotype of
COPD in these cases, though to a variable extent. It should be emphasized that the CT imaging was corresponding to the
values of these novel and specific diffusive parameters in all patients investigated.

When compared to cut-off values from normal individuals,*® the very low values of sSDLco, SDLyo/SDLco ratio and
Ve assessed in a not negligible proportion of those patients previously labelled as “emphysema patients” by their CT
imaging clearly show that the microvascular blood volume is substantially impaired and reduced within their lung
parenchyma. As their peculiar diffusive pattern is of variable extent, it would also contribute to easily rank the patients’
extension and severity of emphysema components in these cases and then to easily phenotype their COPD by its
prevailing pathogenetic component. However, in those patients where the involvement of the airways represents the
prevailing lung function pattern, either the sDLyo/sDL¢g ratio and Ve prove preserved. A lower destructive component
can then be presumed with a higher probability in these cases that would be more properly identified as “obstructive
chronic bronchitis” with a negligible or absent emphysema component.

In the present study, six different combinations of independent lung parameters were tested in order to detect the
presence of emphysema in COPD patients. RV and the sDLyo/sDL¢o ratio were the most frequent predictors (they
appeared in 3 and 4 models over 6, respectively). When compared to each spirometric or diffusive parameter alone, the
combination of at least one spirometric and one novel diffusive parameter proved much more effective and was
associated with a greater predictive power, sensitivity and specificity in all models. In particular, RV coupled with
sDLco or Vc was associated with a sensitivity >0.90 and a specificity of 0.97, respectively. Models based on
spirometric and diffusive parameters calculated as % predicted or those based on z-scores lead to superimposable
conclusion.

The present paper has some points of weakness: a) the study consists of a pivotal monocentric research project, and
the sample size was then limited; b) the threshold for “significant emphysema” was empirically stated by CT imaging.
Point of strength are: a) the study represents, to the best of our knowledge, the very first investigation designed for
assessing and comparing non-invasively the pattern of pulmonary microvascular loss in COPD with different extent of
parenchymal destruction due to emphysema; b) novel parameters that investigate simultaneously both the alveolar and
the vascular side of lung diffusion (namely, the sDLyo/sDLo ratio and Vc) were adopted for the first time in the clinical
setting with the aim to phenotype the main pathogenetic components of COPD; ¢) proper and strict statistical models
were adopted.

Conclusions

The single-breath simultaneous assessment of sDLyo, SDLco and related parameters (namely, the sDLyo/sDL¢o ratio
and Vc) may contribute significantly to the easy recognition and assessment of the emphysema component in COPD) that
are usually neglected in daily clinical practice. A rapid phenotyping of COPD can then be easily achieved only by adding
the, simultaneous assessment of sDLyo and sDL¢o to some basic spirometric indices (namely RV).

As this diagnostic procedure is simple to obtain, not time-consuming, and at low cost, it would be recommended for
investigating COPD more properly in clinical practice and also in RCTs, particularly when different therapeutic strategies
should be investigated in homogeneous clusters of patients.

The rapid discrimination of the prevailing structural damage (such as, obstructive and/or destructive) underlying
COPD would also be of critical value in terms of those personalized therapeutic actions to be taken in the perspective of
a more effective “precision medicine”.
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