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Abstract

Background and objective: Hypoxemia and respiratory failure (RF) in chronic obstructive
pulmonary disease (COPD) are associated with exacerbations, comorbidities and increased
mortality. However, the prevalence of hypoxemia and RF in stable COPD is unknown.
We aimed at investigating the prevalence and determining predictive factors for chronic
gas exchange abnormalities in COPD patients. Methods: A retrospective cohort study
that enrolled clinically stable COPD patients referring to a pulmonary outpatient clinic.
Anthropometrics, clinical characteristics, blood gas analysis and lung function were ana-
lyzed. Patients were grouped according to hypoxemia (PaO, <80 and >60 mmHg), type 1
(PaO, < 60 mmHg) or type II (PaO; < 60 and PaCO, > 45 mmHg) RFE. A sensitivity analy-
sis adopting an age-adjusted definition of hypoxemia was performed. Predictive factors
for hypoxemia or RF were assessed with multifactorial analysis. Results: We analyzed
data from 515 patients. Fixed-ratio hypoxemia, RF type 1 and type 2 were observed in
352 (68.3%), 27 (5.2%) and 43 (8.3%) patients, respectively. Risk of hypoxemia was asso-
ciated with preserved alveolar volume, residual volume/total lung capacity, and lung
diffusion capacity. Heart failure, ischemic heart disease, atrial fibrillation, and metabolic

W) Check for updates syndrome were predictive factors for RF. Patients with age-adjusted hypoxemia (n = 321
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cal characteristics as compared with fixed-threshold hypoxemia. Conclusions: Hypoxemia
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is frequent in stable COPD. Lung function parameters and comorbidities can support the
identification of patients at risk of RF. Blood gas analysis should be always performed in

Published: 13 June 2026 patients with COPD to allow for personalized therapy and management.

Copyright: © 2026 by the authors.

Licensee MDPI Basel, Switzerland. Keywords: hypoxemia; respiratory failure; cardiovascular comorbidities; COPD; lung
This article is an open access article function; air trapping

distributed under the terms and

conditions of the Creative Commons
Attribution (CC BY) license.

J. Clin. Med. 2026, 15, 4605 https://doi.org/10.3390/jcm15124605


https://crossmark.crossref.org/dialog?doi=10.3390/jcm15124605&domain=pdf&date_stamp=2026-06-13
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0009-0004-1916-8548
https://orcid.org/0000-0002-9013-3418
https://orcid.org/0000-0003-0513-9311
https://orcid.org/0000-0001-9672-3534
https://orcid.org/0000-0003-3462-8253
https://doi.org/10.3390/jcm15124605

J. Clin. Med. 2026, 15, 4605

2 of 14

1. Introduction

Oxygen delivery and carbon dioxide removal are ensured by the functional coupling of
the respiratory and cardiovascular systems [1]. Different pathophysiological alterations can
decrease the oxygen tension in the arterial blood, thus causing hypoxemia, clinically defined
as a partial pressure of oxygen in the arterial blood (PaO,) less than 80 mmHg [2]. As PaO,
is affected by age and altitude, hypoxemia can be more accurately defined by predictive
equations, such as the one proposed by Sorbini and coworkers (i.e., PaO, (mmHg) = 109 —
0.43 x (age in years), in the supine position, at sea level) [3].

When hypoxemia worsens and PaO; drops below 60 mmHg in ambient air, respiratory
failure (RF) occurs, defined as type I RF when carbon dioxide partial pressure (PaCO5) is
within the physiological range, and type II RF when PaCO; increases above 45 mmHg [4].

Hypoxemia and progressive RF represent a major complication in patients with chronic
obstructive pulmonary disease (COPD), frequently associated with exacerbations leading
to hospitalization [5-7], with a consequent high risk of mortality, ranging from 23% [8]
to 80% [5,6,9,10]. A number of comorbidities are associated with hypoxemia in patients
with COPD, including pulmonary vascular disease [11], skeletal muscle dysfunction [12],
polycythemia [13] and heart failure [14]. Hypoxemia in COPD patients is caused mainly by
ventilation/perfusion (V/Q) mismatch, reflecting inhomogeneity of regional ventilation
secondary to alterations of the airways, or inhomogeneity of regional perfusion secondary
to emphysema and damage of the lung capillary bed [5]. The V/Q mismatch associated
with pulmonary emphysema or small airways disease is observable even in patients with
mild COPD and worsens as the disease progresses [14].

The COPDGene study identified comorbid heart failure, pulmonary artery enlarge-
ment and severe COPD exacerbations as risk factors associated with the development of
hypoxemia after a 5-year follow-up in patients with COPD [14]. However, oxygen satura-
tion was measured by pulse oximetry, which may be inaccurate due to confounding factors
and intrinsic limitations [15-17]. In fact, pulse oximetry consistently overestimates oxygen
saturation in subjects with COPD [18], affecting treatment decisions, with low sensitivity
and specificity observed especially in patients with a chronic bronchitis phenotype [18]. The
gold standard for the assessment of gas exchange is arterial blood gas analysis (ABG) [19],
which is invariably performed in acute conditions, but is still rarely available during stable
disease [20-22]. Moreover, the clinical meaning of chronic hypoxemia in patients with
COPD is still largely unknown.

The primary aim of this study was to investigate the prevalence of hypoxemia and RF,
assessed with ABG, in clinically stable COPD patients. The secondary aim was to identify
the predictive factors associated with hypoxemia or RF.

2. Materials and Methods
2.1. Study Design

A retrospective study was performed in a cohort of COPD patients attending the
outpatient clinic of the Pulmonary Rehabilitation Unit of Fondazione Salvatore Maugeri
Hospital, Milan (Italy), from December 2012 to January 2016.

2.2. Patients

Patients were consecutively enrolled according to the following inclusion criteria:
(i) a confirmed diagnosis of COPD according to the lower limit of normal criteria [23];
(ii) stable clinical conditions—i.e., no exacerbations in the 8 weeks preceding enrolment;
(iii) the ability to perform repeatable pulmonary function tests. Exclusion criteria included:
impaired cognitive function estimated by a Mini-Mental State Examination score < 26,
previous lobectomy, a restrictive and mixed obstructive-restrictive ventilatory pattern, and
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a previous history of asthma or other clinically significant respiratory diseases other than
COPD. Patients who had recently undergone cardiothoracic surgery, with a New York
Heart Association (NYHA) III or IV functional class, primitive pulmonary hypertension,
diagnosis of vasculitis or other rheumatic diseases, and severe valvulopathies were also
excluded. Patients were enrolled independently of the degree of airflow limitation or the
presence of long-term oxygen therapy.

2.3. Functional Assessment

Arterial blood gas analysis (ABG) was performed at rest, by sampling the radial artery
in room air conditions and analyzing the blood sample in the subsequent 30 s (GEM Premier
3000; Instrumentation Laboratory, Lexington, MA, USA). Patients on long-term oxygen
therapy were put on ambient air conditions for 20 min before the ABG was performed.
Static and dynamic lung volumes and total specific airway resistances (sRawtot) were
assessed by means of a constant-volume body plethysmograph (MasterScreen Body; Erich
Jaeger GmbH, Wurzburg, Germany). Intra-thoracic gas volume (ITGV) was measured at
functional residual capacity, and sRawtot values were calculated during tidal breathing.
The residual volume (RV) was obtained by subtracting the expiratory reserve volume from
ITGV. The lung diffusion capacity for carbon dioxide (DLCO) was measured using the
single breath technique (Master Screen PFT System; Jaeger, VIASYS Healthcare, Hochberg,
Germany), in accordance with the European Respiratory Society (ERS)/American Thoracic
Society (ATS) standards [24,25]. The CO transfer factor coefficient (KCO) was derived
from the following equation: KCO = DLCO/VA, where VA is alveolar volume, assessed
by using the inert gas dilution technique. Lung function testing was performed according
to ATS/ERS recommendations [24]. For every patient, VA measurements were normal-
ized to plethysmographic total lung capacity (TLC) [26-28]. The presence of ventilation
inhomogeneity was considered as a VA/TLC < 0.8, as previously suggested [26,27]. Lung
function and ABG were performed while patients were under the effect of chronic inhaled
therapy, according to their specific long-term therapeutic regimen. Disease severity was
graded according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) [6].
Comorbidities were retrieved from patients’ electronic forms. All measurements listed
above, including height, weight, and body mass index, were assessed at the beginning of
the study. The study was approved by the Central Ethics Committee (Fondazione Salvatore
Maugeri-901 CEC) and conducted in accordance with the amended Declaration of Helsinki
(2013), and each patient provided written, informed consent.

2.4. Study Groups

Patients were divided according to the presence of hypoxemia, defined as a
PaO; < 80 mmHg (fixed cutoff definition) [2,26]. Patients with normal PaO, values
(PaO, > 80 mmHg) belonged to group N (normal), while patients with hypoxemia formed
group R (reduced). Group R was further stratified into patients with isolated hy-
poxemia (PaO, > and PaO, < 80 mmHg, group H), with type I RF (PaO, < 60 and
PaCO, < 45 mmHg, group RF1), and type II RF (PaO, < 60 and PaCO, > 45 mmHg,
group RF2). Group Hs included hypoxemic patients according to the definition of Sorbini
and coworkers [2].

2.5. Study Outcomes

The primary outcome of the study was to investigate the prevalence of hypoxemia
and RF assessed with ABG, in clinically stable COPD patients.

The secondary outcome was to identify predictive factors associated with hypoxemia
or RF (Type I or Type II) in patients with COPD.
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A sensitivity analysis was carried out to compare the effects of defining hypoxemia
using a fixed threshold (<80 mmHg) with the age-adjusted formula proposed by Sorbini
and coworkers [2].

2.6. Statistics

Considering the paucity of data in the literature on the topic, the sample size could
not be quantified. Quantitative data were expressed as mean and standard deviation
(SD) or median and inter-quartile range (IQR), depending on their parametric distribution.
Frequency and prevalence (percentage) were used to describe categorical variables.

The Shapiro-Wilk test was employed to test normality for continuous variables. The
two-sample t-test or the Wilcoxon rank-sum test was used to compare the means of contin-
uous variables for two independent groups. Chi-square test and the Exact Fisher test were
used for analysis of the association between categorical variables. Multivariate logistic
regression was used to study the predictive factors for the development of hypoxemia com-
pared with type 1 and type 2 RF. The following independent variables were age, smoking
habit, TLC, KCO, VA, VA/TLC, RV/TLC, number of comorbidities, heart failure, ischemic
heart disease, liver disorder, atrial fibrillation and metabolic syndrome. Missing data for
key variables (gas exchange, comorbidities, lung function) accounted for <3%; they were
missing completely at random and therefore were not imputed. A p-value < 0.05 was
considered statistically significant. Analyses were performed using STATA version 15
(StataCorp, College Station, TX, USA).

3. Results
3.1. Cohort Characteristics

A total of 515 patients with stable COPD were enrolled, with a mean (SD) age of
73 (8.3) years, 30% females, with a predicted FEV; of 51.5 (19.1%) (Figure 1, Table 1). On
average, patients had an increased residual volume (RV) (163.6% predicted) and increased
RV/TLC (141.8 (25.5%) predicted). DLCO was moderately reduced (47.1 (22.5%) predicted),
with a more consistent reduction in KCO compared with VA (60% predicted vs. 79.7% pre-
dicted, respectively). Patients” distribution according to GOLD category I, II, Il and IV were
8.3%, 36.5%, 43.3%, and 11.8%, respectively. Fifty-one percent of patients had more than
1 moderate or severe exacerbations in the year before enrollment (Table 1). The most frequent
comorbidities were hypertension (53.8%), metabolic syndrome (36.7%) and ischemic heart
disease (28.2%). Data from ABG showed mean (SD) values of PaO, and PaCO, of 70.6 (10.2)
mmHg and 44 (8.6) mmHg, respectively, and a pH of 7.43 (0.03) (Table 1). A complete list of
patient functional and clinical characteristics is reported in Table 1.

3.2. Prevalence of Gas Exchange Abnormalities

Within the study cohort, 93 (18.1%) patients had a PaO, > 80 mmHg (group N), and
422 (81.9%) patients had a PaO, < 80 mmHg (Group R) (Figure 2A, Table 1). Of these,
isolated hypoxemia according to the fixed threshold (PaO, between 60 and 80 mmHg—
Group H) was observed in 352 patients (68.3% of the study cohort), while when adopting
Sorbini’s formula (age-adjusted hypoxemia—Group Hs), hypoxemia was observed in
321 patients (62.3% of the study cohort) (Figure 2A,B). Following the application of Sorbini’s
formula, patients with a PaO, > 80 mmHg increased to 127 (24.1% of the study cohort).
Twenty-seven patients (6.4% of the study cohort) had chronic type 1 respiratory failure
(group RF1), and 43 patients (10.2% of the study cohort) had chronic type 2 respiratory
failure (group RF2).
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Table 1. Demographic, clinical and functional parameters of the study population were divided by

patients with (R) and without (N) hypoxemia. The definition of hypoxemia was PaO, < 80 mmHg.
B.E: base excess; BMI: body mass index; DLCO: lung diffusion capacity for carbon dioxide; FEV;:
forced expiratory volume in first second; HCO3: plasma bicarbonate; Kco: transfer factor coefficient

for carbon monoxide; PaO;: arterial partial pressure of oxygen; PaCO;: arterial partial pressure
for carbon dioxide; RV: residual volume; TLC: total lung capacity; VA: alveolar volume; VCMAX:
slow vital capacity. Data are expressed as mean and standard deviation (SD) unless otherwise noted.
Statistically significant differences (p < 0.05) are highlighted in bold. * Metabolic syndrome was
defined as the presence of obesity (BMI > 30 Kg/ m?) variably associated with any of the following:

arterial hypertension, dyslipidemia, hypercholesterolemia, diabetes or impaired glucose tolerance.

N

R

Variable AILI;a?leSn ts PaO, > 80 PaO, < 80 (Np;\‘/,asltﬁ{)
n =93 n =422 ’

Demographics
Males, n (%) 345 (70) 61 (65.6) 284 (67.3) 0.751
Age, years 73 (8.3) 71.7 (9.6) 73.3(7.9) 0.469
BMI, Kg/m? 26.6 (5.9) 259 (4.9) 26.8 (6.1) 0.473
Smokers, n (%) 114 (22.1) 18 (19.3) 96 (22.7) 0.475
Smoke exposure, pack-years 58.8 (31.9) 52.5(18.2) 59.8 (33.6) 0.471
Disease status
Patients with > 1 exacerbation, n (%) 263 (51.1) 44 (47.3) 219 (51.9) 0.436
Long-term oxygen therapy, n (%) 156 (30.3) 0(0) 156 (36.9)
GOLD I, n (%) 43 (8.3) 13 (14) 30(7.1)
GOLDII, n (%) 188 (36.5) 44 (47.3) 144 (34.1) 0.003
GOLD 111, n (%) 223 (43.3) 30 (32.3) 193 (45.7) )
GOLD 1V, n (%) 61 (11.8) 6 (6.4) 55 (13.0)
Comorbidities
Comorbidities per patient 2(1.3) 1.9 (1.4) 2(1.3) 0.473
Hypertension, n (%) 277 (53.8) 51 (54.8) 226 (53.5) 0.822
Metabolic syndrome *, n (%) 189 (36.7) 33 (35.5) 156 (36.9) 0.788
Ischemic heart disease, n (%) 145 (28.2) 23 (24.7) 122 (28.9) 0.417
Atrial fibrillation, n (%) 74 (14.4) 14 (15) 60 (14.2) 0.835
NYHA I-II heart failure, n (%) 69 (13.4) 8 (8.6) 61 (14.4) 0.134
Chronic liver disorder, n (%) 51 (9.9) 6 (6.4) 45 (10.7) 0.218
Gas exchange parameters
pH 7.43 (0.03) 7.42 (0.04) 7.43 (0.03) 0.099
PaO,, mmHg 70.6 (10.2) 85.9 (6.9) 67.2 (7.3) <0.001
PaCO,, mmHg 444 (8.6) 42 (6.3) 45.0 (8.9) <0.001
HCO3~, mmol/L 29.6 (4.7) 28.3 (4.8) 30 (4.7) 0.006
B.E., mmol/L 49 (4.42) 3.4(3.9) 5.3 (4.5) 0.005
Lung function
DLCO, % predicted 47.1 (22.5) 53.4 (21.8) 45.6 (22.5) 0.006
Kco, % predicted 60 (27.0) 64.9 (23.2) 58.8 (27.8) 0.037
VA, % predicted 79.7 (14.8) 81.9 (16.0) 79.2 (14.5) 0.114
FEVy, liters 1.2 (0.5) 1.4 (0.6) 1.13 (0.5) <0.001
FEV1, % predicted 51.5(19.1) 58.6 (20.7) 50 (18.4) <0.001
FEV; < 50% predicted, n (%) 284 (55.7) 36 (39.8) 248 (58.2) 0.001
VCpmax, % predicted 80.3 (22.8) 84.3 (24.6) 79.4 (22.3) 0.073
FEV/VCpmax 49.5 (17.3) 55.9 (20.3) 48 (16.1) 0.002
FEV1/VCpmax, % predicted 66.3 (23) 74.5 (27.0) 64.3 (21.5) 0.003
RV, % predicted 163.6 (56.7) 153 (53.2) 166.2 (57.3) 0.041
TLC, % predicted 111.0 (22.5) 108.7 (23.1) 111.6 (22.4) 0.187
Va/TLC 0.7 (0.1) 0.7 (0.1) 0.7 (0.1) 0.064
RV/TLC 60 (11.7) 57 (12.2) 60.7 (11.4) 0.014
RV/TLC, % predicted 141.8 (25.5) 136 (29.7) 143.2 (28.1) 0.040
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625 patients screened

A 4

A 4

523 patients enrolled

v

-DLCO

Functional evaluation:
- Body plethysmography

- Blood gas analysis

102 patients excluded because
did not meet inclusion criteria:

- 20 solid cancer & lung surgery
- 22 NYHAllI-IV

- 8 rheumatic diseases

- 12 mixed ventilatory pattern

- 40 previous hystory of asthma

\ 4

8 patients excluded.
(Lung function parameters
not reproducible)

515 patients included in the analysis

PaO, atrest in
ambient air

Hypoxemia assessed
with fixed threshold
(<80 mmHg)

Hypoxemia assessed
with Sorbini’s age
adjusted formula

Figure 1. Study flowchart. DLCO: diffusion capacity of the lung for carbon dioxide; NYHA: New
York Heart Association; PaO,: oxygen arterial pressure; PaCO,: carbon dioxide arterial pressure; RF:

respiratory failure.

OPa02 280 OPa02 <80 and 260 mmHg ®Type 1 RF ®Type 2 RF

OPa02 2 80 @Hypoxemia Sorbini's formula MType 1 RF BType 2 RF

Figure 2. Patients’ distribution according to the severity of gas exchange abnormality. Panel (A) shows
patients’ grouping according to the fixed PaO, cutoff of 80 mmHg, while Panel (B) shows patients
grouped when Sorbini’s age-adjusted formula was adopted to define hypoxemia. Note that the
prevalence of patients with respiratory failure did not change from Panel (A) to Panel (B). RF = respi-

ratory failure.
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3.3. Normoxemic vs. Hypoxemic Patients

Anthropometrical characteristics, smoking history and comorbidities were comparable
between groups (Table 1). As expected, gas exchange parameters were generally worse in
hypoxemic compared with normoxemic patients. GOLD III and IV patients tended to be
more prevalent in patients with hypoxia (45.7% vs. 32.3% and 13.0% vs. 6.4% in normoxemic
and hypoxemic patients, respectively). Hypoxemic patients had generally worse airflow
obstruction (FEV; % predicted 58.6 vs. 50% predicted; p < 0.001 and FEV;/VC 74.5 vs.
64.3% predicted; p = 0.003), worse air trapping (RV 153 vs. 166.2% predicted; p = 0.041 and
RV/TLC 136 vs. 143.2% predicted; p = 0.040) and worse diffusion capacity (DLCO 53.4 vs.
45.6% predicted, p = 0.006 and KCO 64.9 vs. 58.8% predicted, p = 0.037) as compared with
normoxemic patients (Table 1).

3.4. Fixed Threshold vs. Sorbini’s Formula to Define Hypoxemia

Group H and Hs largely overlapped, with 314 patients meeting both hypoxemia
thresholds, while only 38 patients were included in group H without being present in
group Hs. Anthropometrical, clinical and lung function data were numerically very similar
in all instances (Tables 2 and 3). Considering the magnitude of the overlap between groups
H and Hs, to avoid redundancy, a direct comparison between the two was not performed.

Table 2. Anthropometric, clinical and gas exchange characteristics in patients with hypoxemia
(fixed threshold—Group H), age-adjusted hypoxemia (Sorbini’s formula—Group Hs), type 1 chronic
respiratory failure (group RF1), type 2 chronic respiratory failure (group RF2). B.E.: base excess; BMI:
body mass index; HCO®~: plasma bicarbonate; PaO,: arterial partial pressure of oxygen; PaCO5:
arterial partial pressure of carbon dioxide. Data are expressed as mean and standard deviation
(SD) unless otherwise noted. Statistically significant differences (p < 0.05) are highlighted in bold.
* Long-term oxygen therapy also includes patients with nocturnal hypoxemia on long-term nocturnal
oxygen. ** Metabolic syndrome was defined as the presence of obesity (BMI > 30 Kg/m?) variably
associated with any of the following: arterial hypertension, dyslipidemia, hypercholesterolemia,
diabetes or impaired glucose tolerance.

H Hs RF1 RF2
60 < PaO, Sorbini’s PaO, < 60 PaO, < 60 Val
<80 Formula PaCO, < 45 PaCO, > 45 (le 1 Vz ul:F 2)
n =352 n =321 n =27 n =43 :
Clinical variables
Males, n (%) 237 (67.3) 214 (66.7) 19 (70.4) 28 (65.1) 0.716
Age, years 73.7 (7.6) 72.8 (7.9) 71.2 (8.5) 71.2 (9.3) 0.991
BMI, Kg/m? 26.9 (6.2) 27 (6.3) 25.9 (3.9) 25.8 (6.5) 0.858
Smokers, n (%) 85 (24.1) 75 (23.4) 1(3.7) 10 (23.3) 0.014
Smoke exposure, pack-years 60.5 (33.9) 62.8 (35.5) 17 (0.0) 58.1 (31.5) 0.203
Disease status
>1 exacerbation, n (%) 181 (51.4) 165 (51.4) 12 (44.4) 26 (60.5) 0.172
Long-term oxygen therapy, n (%) 86 (24.4) * 85 (26.5) * 27 (100) 43 (100) <0.001
GOLD, n (%) 24 (6.8) 21 (6.5) 4(14.8) 2 (4.6)
GOLDII, n (%) 128 (36.4) 118 (36.8) 11 (40.7) 5 (11.6)
GOLD 111, n (%) 163 (46.3) 144 (44.9) 12 (44.4) 18 (41.9) <0.001
GOLD IV, n (%) 37 (10.5) 38 (11.8) 0 (0) 18 (41.9)
Gas analysis
pH 743(0.03)  7.43(0.03) 7.45 (0.03) 7.42 (0.05) 0.001
PaO,, mmHg 69.6 (5.3) 68.9 (5.2) 56.2 (3.3) 55 (3.9) 0.086
PaCO,, mmHg 44.1 (8.2) 44.3 (8.3) 38.8 (6) 55.6 (8.3) <0.0001
HCO3;~, mmol/L 29.5 (4.3) 29.6 (4.2) 27 (3.2) 35.9 (4.7) <0.0001
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Table 2. Cont.
H Hs RF1 RF2
60 < PaO, Sorbini’s Pa0O, < 60 PaO, < 60 Val
<80 Formula PaCO, < 45 PaCO, > 45 (Rl’;l- a uI:FZ)
n =352 n =321 n=27 n =43 vs.

B.E., mmol/L 5(4.1) 5(4) 2.5(3.2) 10.5 (5) <0.0001
Comorbidity
Comorbidities per patient 2(1.3) 1.9 (1.3) 2.2(1.3) 2.2(1.2) 0.450
Hypertension, n (%) 185 (52.6) 165 (51.4) 14 (51.8) 27 (62.8) 0.421
Metabolic syndrome, n (%) ** 127 (36.1) 116 (36.1) 10 (37) 19 (44.2) 0.633
Ischemic heart disease, n (%) 104 (29.5) 90 (28) 8 (29.6) 10 (23.3) 0.656
Atrial fibrillation, n (%) 49 (13.9) 41 (12.8) 5 (18.5) 6 (13.9) 0.572
NYHA I-II heart failure, n (%) 45 (12.8) 40 (12.5) 2(7.4) 14 (32.6) 0.018
Chronic liver disorder, n (%) 32(9.1) 28 (8.7) 4(14.8) 9 (20.9) 0.427

Table 3. Lung function parameters in patients with hypoxemia (fixed threshold—Group H), age-
adjusted hypoxemia (Sorbini’s formula—Group Hs), type 1 chronic respiratory failure (group RF1),
type 2 chronic respiratory failure (group RF2). DLCO: lung diffusion capacity for carbon dioxide;
FEV;: forced expiratory volume in the first second; KCO: transfer factor coefficient for carbon
monoxide; RV: residual volume; TLC: total lung capacity; VA: alveolar volume; VCMAX: slow vital
capacity. Data are expressed as mean and standard deviation (SD) unless otherwise noted. Statistically
significant differences (p < 0.05) are highlighted in bold.

H Hs RF1 RF2
60 < PaO, < Sorbini’s PaO, < 60 PaO, < 60 Value
80 Formula PaCO, < 45 PaCO, > 45 (Rl’: 1vs. RF2)
n =352 n =321 n =27 n=43 :

Lung function
KCO, % predicted 61.4 (28) 60.9 (28) 43.7 (18.5) 44.9 (23.3) 0.479
Va, % predicted 79.7 (13.8) 80.2 (13.9) 76.6 (15.3) 76.3 (19.6) 0.433
DLCO, % predicted 479 (22.5) 47.8 (22.5) 33 (15.7) 33.1 (20.0) 0.421
FEV;, liters 1.1 (0.5) 1.2 (0.5) 1.4 (0.5) 0.9 (0.3) <0.001
FEV1, % predicted 50.5 (17.9) 50.5 (18.4) 58.8 (16.7) 39.8 (19.3) <0.001
FEV; <50% predicted, n (%) 203 (57.7) 185 (57.6) 11 (40.7) 36 (83.7)) <0.001
VCmax, % predicted 80 (21.8) 80 (22.4) 90.5 (27.8) 68.6 (21.2) 0.047
FEV1/VCpax 48.2 (15.7) 48.7 (16.4) 53.9 (13.0) 43.2 (20.2) 0.033
FEV1/VCmax, % predicted 64.6 (21) 65.2 (21.7) 71.7 (17.3) 57.5 (26.9) 0.036
RV, % predicted 164.8 (56.2)  167.3 (58.5) 138.4 (36.1) 191.8 (67.9) 0.009
TLC, % predicted 111.3(21.9)  112.1 (22.3) 106.4 (21.4) 117.3 (26.4) 0.132
VA/TLC 0.7 (0.1) 0.7 (0.1) 0.7 (0.1) 0.6 (0.2) 0.213
RV/TLC 60.4 (11.3) 60.4 (11.8) 52.7 (10.5) 67 (10.5) <0.001
RV/TLC, % predicted 142 (27 .4) 143 (28.7) 126 (21.9) 162.6 (28.6) 0.001

3.5. Type 1 vs. Type 2 Respiratory Failure

Active smoking and heart failure were statistically more prevalent in RF2 compared
to RF1 patients (23.3 vs. 3.7%, p = 0.014 and 32.6 vs. 7.4%, p = 0.018, respectively). A
significant association (p = 0.001) was found between the severity of airflow obstruction
assessed with GOLD criteria and RF2 (Table 2). Patients in group RF2 had also significantly
worse air trapping indexes (RV 138.4 vs. 191.8% predicted, p = 0.009; RV/TLC 126 vs.
162.6% predicted, p = 0.001), while DLCO and VA /TLC were comparable between groups
(Table 3).
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3.6. Predictive Factors for Hypoxemia and Respiratory Failure

A statistically significant association was observed in the likelihood to have hypoxemia
rather than respiratory failure for the following lung function parameters: RV/TLC (OR
1.067, 95%ClI: 1.017-1.118; p = 0.007), DLCO (OR 1.090, 95%ClI: 1.015-1.170; p = 0.017) and VA
(OR 1.266, 95%Cl: 1.041-1.540; p = 0.018) (Table 4). For every increase in a % predicted unit
of these parameters, there was a higher probability of having hypoxemia rather than RF.

Table 4. Multivariate logistic analysis for predictive factors for hypoxemia vs. type 1/type 2
respiratory failure. An odds ratio of > 1 is protective for RF, while an OR of < 1 is predictive of RF.
Note that the 95% CI could appear skewed with respect to the OR due to the (In)OR transformation.
x2 = 0.0006, R2 0.4178; significance threshold p < 0.05 in bold. For abbreviations, see Tables 1 and 2.

Independent Variables OR (CI, 95%) p-Value
TLC 0.897 (0.808-0.993) 0.038
Age 1.106 (0.971-1.259) 0.127
Va 1.266 (1.041-1.540) 0.018
Smoking habit 0.252 (0.088-0.808) 0.020
Comorbidities (number) 2.560 (0.627-10.456) 0.190
NYHA I-II heart failure 0.019 (0.001-0.596) 0.024
Ischemic heart disease 0.077 (0.006-0.915) 0.042
RV/TLC 1.067 (1.017-1.118) 0.007
DLCO 1.090 (1.015-1.170) 0.017
Liver disorder 0.066 (0.004-1.085) 0.057
Atrial fibrillation 0.090 (0.008-0.985) 0.049
Metabolic syndrome 0.042 (0.003-0.513) 0.013
Va/TLC 5.09 x 107? (7.31 x 10~18 — 3.538) 0.066

Respiratory failure was independently predicted by active smoking (OR 0.252, 95%ClI:
0.088-0.808; p = 0.020), heart failure (OR 0.019, 95%CI: 0.001-0.596; p = 0.024), ischemic
heart disease (OR 0.077, 95%CI: 0.006-0.915; p = 0.042), atrial fibrillation (OR 0.090, 95%CI:
0.008-0.985; p = 0.049), metabolic syndrome (OR 0.042, 95%CI: 0.003-0.513; p = 0.013) and
TLC (OR 0.897, 95%CI: 0.808-0.993; p = 0.038). The presence of cardiovascular comorbidities
such as heart failure, ischemic heart disease, atrial fibrillation, and metabolic syndrome
favored the presence of RF compared to the risk of hypoxemia (Table 4).

4. Discussion

Our study evaluated for the first time the prevalence of respiratory exchange alter-
ations measured by ABG in a large population of clinically stable patients with COPD.
Unlike other studies [14], which assessed the abnormality of gas exchange by means of
pulse oximetry [18], the use of ABG also allowed for the unique differentiation of the patient
subpopulation with PaO, values < 80 mmHg in patients with chronic type 1 and type 2
respiratory failure, according to the levels of PaCO;. In a cohort of Norwegian COPD
patients in stable clinical conditions, ABG was used to assess relationships between PaO,
and PaCO; with clinical and functional variables [29], but the prevalence of gas exchange
abnormalities was not investigated. According to the method of Sorbini and coworkers [3],
we selected a group of patients (group Hs) that were almost indistinguishable from those
of the hypoxemia group (H) evaluated by means of the fixed PaO, threshold, confirming
the possibility of using the fixed cutoff of 80 mmHg of PaO, to define hypoxemia in clinical
practice. In fact, a fixed cutoff could favor a rapid identification of patients with COPD
with gas exchange abnormalities and an increased risk of adverse clinical outcomes, such
as nocturnal hypoxemia, skeletal muscle dysfunction, cognitive impairment and vascular

https://doi.org/10.3390 /jcm15124605


https://doi.org/10.3390/jcm15124605

J. Clin. Med. 2026, 15, 4605

10 of 14

damage [5]. The fixed cutoff was also more sensitive than Sorbini’s formula for detecting
hypoxemia, with a negligible increase in the risk of false positives.

The results of our study showed that an alteration of blood gases is a very frequent
finding in patients with COPD in stable clinical conditions. Surprisingly, gas exchange
abnormalities were present in 81.9% of patients, while chronic RF was present in 13.6%,
in agreement with previous results [30], indicating that a significant reduction in PaO,
(on average patients had 69.6 + 5.3 mmHg of PaO,) is not limited to acute exacerbations,
but represents a common pathophysiological characteristic of COPD, even during clinical
stability, suggesting the need of routine ABG monitoring, especially in patients with
peculiar characteristics, such as more severe airflow obstruction and air trapping.

One unexpected result of the present study is the absence of patients with RF1 among
patients with very severe airflow obstruction. Besides a sampling bias, this may be ex-
plained by the fact that GOLD IV patients usually have more pronounced hyperinflation
and air trapping, and more significant regional ventilation heterogeneity [31]. As a con-
sequence, they incur unfavorable mechanical coupling of the respiratory pump, leading
to worse ventilation, with a predisposition to develop hypercapnia and therefore chronic
type Il respiratory failure. This is in line with a previous report showing that hypercapnia
was associated with hypoxemia in patients with impaired ventilatory function, as in those
assigned to GOLD IV [32], although this association was observed in COPD patients during
an acute exacerbation and not in stable clinical conditions [32]. Indeed, a greater severity
of the disease is neither necessary nor sufficient to detect serious alterations in ABG. In-
deed, alterations in the V/Q ratio could already be observed in COPD patients with mild
airflow obstruction [30,33]. However, these observations highlight the pathophysiological
progression of respiratory failure, from milder disease characterized by V/Q mismatch and
hypoxemia (type I RF) to advanced disease in which static and dynamic hyperinflation,
increased dead space, and respiratory muscle dysfunction lead to increased blood PaCO,
and a higher risk of chronic type II RF.

A post-bronchodilator FEV cutoff of 36% predicted value was previously identified
by other authors as the best threshold to identify RF1 and RF2 [34]. These findings are
supported by a previous study, in which the level of PaO, was correlated with the progres-
sion of COPD [35]. Accordingly, we found an average (SD) FEV; of 39.8 (19.2%) predicted.
We reason that, although spirometry alone cannot fully characterize gas exchange defects,
FEV; can be a practical indicator for the suspicion of gas exchange impairment and should
consequently prompt further diagnostic assessments.

In our cohort, patients had, on average, two comorbidities, mostly cardiovascular, that
allowed for a robust analysis of the potential association between comorbidities and gas
exchange abnormalities. Nevertheless, cardio-metabolic comorbidities were generally not
associated with hypoxia and/or respiratory failure, suggesting that clinical history alone is
of limited informativeness in terms of blood gas alterations.

In contrast to other comorbidities, heart failure was significantly associated with RF2.
This finding may be related to the greater degree of hyperinflation in subjects with RF2,
which, according to previous studies, may negatively affect cardiac structure together with
diastolic and systolic function [36-38]. In this context, a pharmacological reduction in
hyperinflation may be able to partially reverse the constrictive cardiac pattern, improving
cardiac mechanics [39-41].

Unique to our study was the assessment of predictive factors associated with respira-
tory failure. We showed that a higher TLC and a lower DLCO could be associated with
a higher risk of respiratory failure, underlying the role of the alveolar-capillary barrier
dysfunction and hyperinflation in the progression of gas exchange abnormalities in COPD.
Moreover, we demonstrated that a positive history of heart failure, ischemic heart disease,
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atrial fibrillation, metabolic syndrome and active smoking were independently associated
with a higher risk of respiratory failure than isolated hypoxemia. Indeed, heart failure
and active smoking were shown to be associated with increased PaCO; in a previous
observational study [30]. We speculate that the presence of a high degree of hypoxemia and
hypercapnia might be associated with autonomic disorders that may lead to a higher risk
of atrial fibrillation. Moreover, atrial fibrillation, heart failure and ischemic heart disease
might be responsible for an increase in V/Q mismatch due to interstitial edema, with
reduced lung diffusion capacity. Indeed, the present study was not designed to investigate
the pathophysiology of the underlying mechanisms of hypoxemia and RF, and a direct
causal relationship between gas exchange abnormalities and lung function or comorbidities
could not be inferred.

The present study suffers from several limitations. First, the study sample reflects
the population accessing the outpatient clinic of a tertiary care academic rehabilitation
center. Consequently, our cohort exhibits a higher disease severity and a greater burden
of comorbidities compared to the general population of stable COPD patients managed
in primary care, thereby limiting the generalizability of our observations, This specific
clinical setting introduces a selection bias that may have led to an overestimation of chronic
hypoxemia and gas exchange abnormalities, secondary to the high prevalence of patients
with severe or very severe airflow obstruction. Second, we excluded patients with severe
heart disease, which could have resulted in an underestimation of the true proportion of
patients within the type 1 and type 2 respiratory failure groups. Finally, since the current
study focused strictly on the point prevalence of gas exchange alterations, we did not
evaluate longitudinal data to test the stability of arterial blood gas parameters over time.

In conclusion, our study showed that in patients with stable COPD, hypoxemia,
irrespective of the definition applied, is a very frequent condition. Our data suggest that
increased airway obstruction and air trapping, together with cardiovascular comorbidities,
might represent predictive factors for chronic respiratory failure. Considering the clinical
importance of chronic hypoxemia and respiratory failure in the context of COPD, ABG
should be routinely performed not only in COPD patients during acute exacerbations, but
also during clinical stability. Due to the retrospective nature of the study, causality between
clinical, functional COPD characteristics and gas exchange abnormalities could only be
hypothesized and stability of such findings over time could not be assessed. Prospective
studies should further explore the role of timely identification and therapeutic optimization
of gas exchange abnormalities, and their long-term association with important patient-
related outcomes, such as symptoms, quality of life, exacerbations and mortality.
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Abbreviations

The following abbreviations are used in this manuscript:

BMI Body mass index

COrD Chronic obstructive pulmonary disease

DLCO Lung diffusion capacity for carbon monoxide
FEV, Forced expiratory volumein1s

KCO Transfer factor coefficient for carbon monoxide
PaO, Partial pressure of oxygen in the arterial blood
PaCO;, Partial pressure of carbon dioxide in the arterial blood
RF Respiratory failure

RV Residual volume

TLC Total lung capacity

VA Alveolar volume

VCMAX  Slow vital capacity

References

1. Kasper, D.; Fauci, A.; Hauser, S.; Longo, D.; Jameson, J. Harrison’s Principles of Internal Medicine, 18th ed.; McGraw-Hill Education:
New York, NY, USA, 2015.

2. Bhutta, B.S.; Alghoula, E; Berim, I. Hypoxia and Hypoxemia. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL,
USA, 2026. [PubMed]

3. Sorbini, C.A.; Grassi, V,; Solinas, E.; Muiesan, G. Arterial oxygen tension in relation to age in healthy subjects. Respiration 1968, 25,
3-13. [CrossRef]

4. Broaddus, V.C,; Mason, R.]J.; Ernst, ].D.; King, T.E.; Lazarus, S.C.; Murray, ].F.; Nadel, ].A.; Slutsky, A.; Gotway, M. Murray &
Nadel’s Textbook of Respiratory Medicine; Elsevier Saunders: Philadelphia, PA, USA, 2016.

5. Kent, B.D.; Mitchell, P.D.; McNicholas, W.T. Hypoxemia in patients with COPD: Cause, effects, and disease progression. Int. |.
Chronic Obstr. Pulm. Dis. 2011, 6, 199-208. [CrossRef]

6.  GOLD Global Initiative for Chronic Obstructive Lung Disease. Update 2018. Global Strategy for the Diagnosis, Management,
and Prevention of Chronic Obstructive Pulmonary Disease. 2018. Available online: http://www.goldcopd.org (accessed on 15
April 2018).

7. Celli, B.R.; Fabbri, LM.; Aaron, S.D.; Agusti, A.; Brook, R.; Criner, G.J.; Franssen, EM.E.; Humbert, M.; Hurst, ].R.; O’'Donnell, D.;
et al. An Updated Definition and Severity Classification of Chronic Obstructive Pulmonary Disease Exacerbations: The Rome
Proposal. Am. . Respir. Crit. Care Med. 2021, 204, 1251-1258. [CrossRef] [PubMed]

8.  Groenewegen, K.H.; Schols, A.M.; Wouters, E.F. Mortality and mortality-related factors after hospitalization for acute exacerbation
of COPD. Chest 2003, 124, 459-467. [CrossRef] [PubMed]

9.  Gudmundsson, G.; Ulrik, C.S,; Gislason, T.; Lindberg, E.; Brendum, E.; Bakke, P; Janson, C. Long-term survival in patients
hospitalized for chronic obstructive pulmonary disease: A prospective observational study in the Nordic countries. Int. J. Chronic
Obstr. Pulm. Dis. 2012, 7, 571-576. [CrossRef]

10. Zielinski, J.; MacNee, W.; Wedzicha, J.; Ambrosino, N.; Braghiroli, A.; Dolensky, J.; Howard, P.; Gorzelak, K.; Lahdensuo, A.;
Strom, K; et al. Causes of death in patients with COPD and chronic respiratory failure. Monaldi Arch. Chest Dis. 1997, 52, 43-47.
[PubMed]

11. Chaouat, A.; Naeije, R.; Weitzenblum, E. Pulmonary hypertension in COPD. Eur. Respir. ]. 2008, 32, 1371-1385. [CrossRef]
[PubMed]

12.  Kim, H.C; Mofarrahi, M.; Hussain, S.N. Skeletal muscle dysfunction in patients with chronic obstructive pulmonary disease. Int.

J. Chronic Obstr. Pulm. Dis. 2008, 3, 637-658. [CrossRef] [PubMed] [PubMed Central]

https://doi.org/10.3390 /jcm15124605


https://www.ncbi.nlm.nih.gov/pubmed/29493941
https://doi.org/10.1159/000192549
https://doi.org/10.2147/copd.s10611
http://www.goldcopd.org
https://doi.org/10.1164/rccm.202108-1819PP
https://www.ncbi.nlm.nih.gov/pubmed/34570991
https://doi.org/10.1378/chest.124.2.459
https://www.ncbi.nlm.nih.gov/pubmed/12907529
https://doi.org/10.2147/copd.s34466
https://www.ncbi.nlm.nih.gov/pubmed/9151520
https://doi.org/10.1183/09031936.00015608
https://www.ncbi.nlm.nih.gov/pubmed/18978137
https://doi.org/10.4046/trd.2010.68.3.125
https://www.ncbi.nlm.nih.gov/pubmed/19281080
https://pmc.ncbi.nlm.nih.gov/articles/PMC2650609
https://doi.org/10.3390/jcm15124605

J. Clin. Med. 2026, 15, 4605 13 of 14

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Vanier, T.; Dulfano, J.; Wu, C.; Desforges, ].F. Emphysema, hypoxia and the polycythemic response. N. Engl. ]. Med. 1963, 269,
169-178. [CrossRef] [PubMed]

Wells, ] M.; Estepar, R.S.; McDonald, M.N.; Bhatt, S.P,; Diaz, A.A.; Bailey, W.C.; Jacobson, F.L.; Dransfield, M.T.; Washko, G.R,;
Make, B.J.; et al. COPDGene Investigators. Clinical, physiologic, and radiographic factors contributing to development of
hypoxemia in moderate to severe COPD: A cohort study. BMC Pulm. Med. 2016, 16, 169. [CrossRef] [PubMed] [PubMed Central]
Jubran, A. Pulse oximetry. Crit. Care 2015, 19, 272. [CrossRef] [PubMed] [PubMed Central]

Soubani, A.O. Noninvasive monitoring of oxygen and carbon dioxide. Am. J. Emerg. Med. 2001, 19, 141-146. [CrossRef] [PubMed]
Tobin, M.].; Jubran, A. Pulse oximetry, racial bias and statistical bias. Ann. Intensiv. Care 2022, 12, 2. [CrossRef] [PubMed]
[PubMed Central]

Amalakanti, S.; Pentakota, M.R. Pulse Oximetry Overestimates Oxygen Saturation in COPD. Respir. Care 2016, 61, 423-427.
[CrossRef] [PubMed]

Oliver, P; Buno, A.; Alvarez-Sala, R.; Fernandez-Calle, P.; Alcaide, M.].; Casitas, R.; Garcia-Quero, C.; Madero, R.; Gomez-Rioja, R.;
Iturzaeta, .M. Clinical, operational and economic outcomes of point-of-care blood gas analysis in COPD patients. Clin. Biochem.
2015, 48, 412-418. [CrossRef] [PubMed]

Dall’Ava-Santucci, J.; Dessanges, J.E; Dinh Xuan, A.T.; Lockhart, A. Is arterialized earlobe blood PO2 an acceptable substitute for
arterial blood PO2? Eur. Respir. ]. 1996, 9, 1329-1330. [CrossRef] [PubMed]

Pitkin, A.D.; Roberts, C.M.; Wedzicha, ].A. Arterialised earlobe blood gas analysis: An underused technique. Thorax 1994, 49,
364-366. [CrossRef] [PubMed] [PubMed Central]

Santus, P.; Picciolo, S.; Proietto, A.; Falcone, F.; Mangiacavallo, A.; Marrocco, W.; Sereno, F; Radovanovic, D.; Bassi, L.; Girbino, G.;
et al. General practitioners and management of patients with respiratory diseases in a real life survey. Panminerva Med. 2012, 54,
293-298. [PubMed]

Pellegrino, R.; Viegi, G.; Brusasco, V.; Crapo, R.O.; Burgos, F,; Casaburi, R.; Coates, A.; van der Grinten, C.P,; Gustafsson, P;
Hankinson, J.; et al. Interpretative strategies for lung function tests. Eur. Respir. ]. 2005, 26, 948-968. [CrossRef] [PubMed]
Graham, B.L.; Brusasco, V.; Burgos, F.; Cooper, B.G.; Jensen, R.; Kendrick, A.; MacIntyre, N.R.; Thompson, B.R.; Wanger, J. 2017
ERS/ ATS standards for single-breath carbon monoxide uptake in the lung. Eur. Respir. J. 2017, 49, 1600016, Erratum in Eur. Respir.
J. 2018, 52, 1650016. https:/ /doi.org/10.1183/13993003.50016-2016. [CrossRef] [PubMed]

Quanjer, PH.; Tammeling, G.J.; Cotes, ].E.; Pedersen, O.F,; Peslin, R.; Yernault, ].C. Lung volumes and forced ventilatory flows.
Report Working Party Standardization of Lung Function Tests, European Community for Steel and Coal. Official Statement of the
European Respiratory Society. Eur. Respir. |. Suppl. 1993, 16, 5-40. [CrossRef] [PubMed]

Hughes, ].M.; Pride, N.B. Examination of the carbon monoxide diffusing capacity (DL(CO)) in relation to its KCO and VA
components. Am. J. Respir. Crit. Care Med. 2012, 186, 132-139. [CrossRef] [PubMed]

Neder, J.A.; O’'Donnell, C.D.; Cory, J.; Langer, D.; Ciavaglia, C.E.; Ling, Y.; Webb, K.A.; O’Donnell, D.E. Ventilation Distribution
Heterogeneity at Rest as a Marker of Exercise Impairment in Mild-to-Advanced COPD. COPD ]. Chronic Obstr. Pulm. Dis. 2015,
12, 252-259. [CrossRef] [PubMed]

Santus, P.; Radovanovic, D.; Balzano, G.; Pecchiari, M.; Raccanelli, R.; Sarno, N.; Di Marco, E; Jones, PW.; Carone, M. Improve-
ments in Lung Diffusion Capacity following Pulmonary Rehabilitation in COPD with and without Ventilation Inhomogeneity.
Respiration 2016, 92, 295-307. [CrossRef] [PubMed]

Mellemgaard, K. The alveolar-arterial oxygen difference: Its size and components in normal man. Acta Physiol. Scand. 1966, 67,
10-20. [CrossRef] [PubMed]

Saure, E.W.; Eagan, T.M.; Jensen, R.L.; Voll-Aanerud, M.; Aukrust, P; Bakke, P.S.; Hardie, J.A. Explained variance for blood gases
in a population with COPD. Clin. Respir. J. 2012, 6, 72-80. [CrossRef] [PubMed]

Pecchiari, M.; Radovanovic, D.; Santus, P.; D’Angelo, E. Airway occlusion assessed by single breath N2 test and lung P-V curve in
healthy subjects and COPD patients. Respir. Physiol. Neurobiol. 2016, 234, 60-68. [CrossRef] [PubMed]

Giryay, M.S,; Ceylan, E.; Giinay, T.; Karaduman, S.; Bengi, F.; Parlak, I.; Cigek, M.; Cimrin, A.H. Can spirometry, pulse oximetry
and dyspnea scoring reflect respiratory failure in patients with chronic obstructive pulmonary disease exacerbation? Med. Princ.
Pract. 2007, 16, 378-383. [CrossRef] [PubMed]

Rodriguez-Roisin, R.; Drakulovic, M.; Rodriguez, D.A.; Roca, |.; Barbera, J.A.; Wagner, P.D. Ventilation-perfusion imbalance and
chronic obstructive pulmonary disease staging severity. J. Appl. Physiol. 2009, 106, 1902-1908. [CrossRef] [PubMed]

Rodriguez, D.A ; Jover, L.; Drakulovic, M.B.; Gémez, EP.; Roca, J.; Albert Barbera, J.; Wagner, P.D.; Rodriguez-Roisin, R. Below
what FEV1 should arterial blood be routinely taken to detect chronic respiratory failure in COPD? Arch. Bronconeumol. 2011, 47,
325-329, (In English and Spanish). [CrossRef] [PubMed]

Wang, Y.; Zhang, ].; Feng, J.; Cao, J.; Chen, B.Y. A Study of Patients with “Interface Respiratory Failure” Due to Chronic Obstructive
Pulmonary Diseases. West Indian Med. ]. 2015, 64, 81-86. [CrossRef] [PubMed] [PubMed Central]

https://doi.org/10.3390 /jcm15124605


https://doi.org/10.1056/NEJM196307252690401
https://www.ncbi.nlm.nih.gov/pubmed/13996231
https://doi.org/10.1186/s12890-016-0331-0
https://www.ncbi.nlm.nih.gov/pubmed/27903260
https://pmc.ncbi.nlm.nih.gov/articles/PMC5131397
https://doi.org/10.1186/s13054-015-0984-8
https://www.ncbi.nlm.nih.gov/pubmed/26179876
https://pmc.ncbi.nlm.nih.gov/articles/PMC4504215
https://doi.org/10.1053/ajem.2001.21353
https://www.ncbi.nlm.nih.gov/pubmed/11239260
https://doi.org/10.1186/s13613-021-00974-7
https://www.ncbi.nlm.nih.gov/pubmed/34981267
https://pmc.ncbi.nlm.nih.gov/articles/PMC8723900
https://doi.org/10.4187/respcare.04435
https://www.ncbi.nlm.nih.gov/pubmed/26715772
https://doi.org/10.1016/j.clinbiochem.2014.12.020
https://www.ncbi.nlm.nih.gov/pubmed/25562184
https://doi.org/10.1183/09031936.96.09061329
https://www.ncbi.nlm.nih.gov/pubmed/8804958
https://doi.org/10.1136/thx.49.4.364
https://www.ncbi.nlm.nih.gov/pubmed/8202909
https://pmc.ncbi.nlm.nih.gov/articles/PMC475372
https://www.ncbi.nlm.nih.gov/pubmed/23123581
https://doi.org/10.1183/09031936.05.00035205
https://www.ncbi.nlm.nih.gov/pubmed/16264058
https://doi.org/10.1183/13993003.50016-2016
https://doi.org/10.1183/13993003.00016-2016
https://www.ncbi.nlm.nih.gov/pubmed/28049168
https://doi.org/10.1183/09041950.005s1693
https://www.ncbi.nlm.nih.gov/pubmed/8499054
https://doi.org/10.1164/rccm.201112-2160CI
https://www.ncbi.nlm.nih.gov/pubmed/22538804
https://doi.org/10.3109/15412555.2014.948997
https://www.ncbi.nlm.nih.gov/pubmed/25230258
https://doi.org/10.1159/000448847
https://www.ncbi.nlm.nih.gov/pubmed/27598467
https://doi.org/10.1111/j.1748-1716.1966.tb03281.x
https://www.ncbi.nlm.nih.gov/pubmed/5963295
https://doi.org/10.1111/j.1752-699X.2011.00248.x
https://www.ncbi.nlm.nih.gov/pubmed/21812941
https://doi.org/10.1016/j.resp.2016.09.006
https://www.ncbi.nlm.nih.gov/pubmed/27612586
https://doi.org/10.1159/000104812
https://www.ncbi.nlm.nih.gov/pubmed/17709927
https://doi.org/10.1152/japplphysiol.00085.2009
https://www.ncbi.nlm.nih.gov/pubmed/19372303
https://doi.org/10.1016/j.arbres.2011.02.009
https://www.ncbi.nlm.nih.gov/pubmed/21497004
https://doi.org/10.7727/wimj.2014.028
https://www.ncbi.nlm.nih.gov/pubmed/26360678
https://pmc.ncbi.nlm.nih.gov/articles/PMC4696623
https://doi.org/10.3390/jcm15124605

J. Clin. Med. 2026, 15, 4605 14 of 14

36.

37.

38.

39.

40.

41.

Baum, C.; Ojeda, EM.; Wild, PS.; Rzayeva, N.; Zeller, T.; Sinning, C.R.; Pfeiffer, N.; Beutel, M.; Blettner, M.; Lackner, K. ; et al.
Subclinical impairment of lung function is related to mild cardiac dysfunction and manifest heart failure in the general population.
Int. ]. Cardiol. 2016, 218, 298-304. [CrossRef] [PubMed]

Smith, B.M.; Kawut, S.M.; Bluemke, D.A.; Basner, R.C.; Gomes, A.S.; Hoffman, E.; Kalhan, R.; Lima, J.A.; Liu, C.Y.; Michos, E.D.;
et al. Pulmonary hyperinflation and left ventricular mass: The Multi-Ethnic Study of Atherosclerosis COPD Study. Circulation
2013, 127, 1503-1511. [CrossRef] [PubMed] [PubMed Central]

Barr, R.G.; Bluemke, D.A.; Ahmed, ES.; Carr, J.J.; Enright, PL.; Hoffman, E.A ; Jiang, R.; Kawut, S.M.; Kronmal, R.A.; Lima, ].A;
et al. Percent emphysema, airflow obstruction, and impaired left ventricular filling. N. Engl. . Med. 2010, 362, 217-227. [CrossRef]
[PubMed] [PubMed Central]

Santus, P.; Radovanovic, D.; Di Marco, S.; Valenti, V.; Raccanelli, R.; Blasi, F.; Centanni, S.; Bussotti, M. Effect of indacaterol on
lung deflation improves cardiac performance in hyperinflated COPD patients: An interventional, randomized, double-blind
clinical trial. Int. J. Chronic Obstr. Pulm. Dis. 2015, 10, 1917-1923. [CrossRef] [PubMed] [PubMed Central]

Stone, L.S.; Barnes, N.C.; James, W.Y.; Midwinter, D.; Boubertakh, R.; Follows, R.; John, L.; Petersen, S.E. Lung Deflation and
Cardiovascular Structure and Function in Chronic Obstructive Pulmonary Disease. A Randomized Controlled Trial. Am. ]. Respir.
Crit. Care Med. 2016, 193, 717-726. [CrossRef] [PubMed] [PubMed Central]

Hohlfeld, ].M.; Vogel-Claussen, J.; Biller, H.; Berliner, D.; Berschneider, K.; Tillmann, H.C.; Hiltl, S.; Bauersachs, J.; Welte, T. Effect
of lung deflation with indacaterol plus glycopyrronium on ventricular filling in patients with hyperinflation and COPD (CLAIM):
A double-blind, randomised, crossover, placebo-controlled, single-centre trial. Lancet Respir. Med. 2018, 6, 368-378. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390 /jcm15124605


https://doi.org/10.1016/j.ijcard.2016.05.034
https://www.ncbi.nlm.nih.gov/pubmed/27240155
https://doi.org/10.1161/CIRCULATIONAHA.113.001653
https://www.ncbi.nlm.nih.gov/pubmed/23493320
https://pmc.ncbi.nlm.nih.gov/articles/PMC4018203
https://doi.org/10.1056/NEJMoa0808836
https://www.ncbi.nlm.nih.gov/pubmed/20089972
https://pmc.ncbi.nlm.nih.gov/articles/PMC2887729
https://doi.org/10.2147/COPD.S91684
https://www.ncbi.nlm.nih.gov/pubmed/26392766
https://pmc.ncbi.nlm.nih.gov/articles/PMC4574799
https://doi.org/10.1164/rccm.201508-1647OC
https://www.ncbi.nlm.nih.gov/pubmed/26550687
https://pmc.ncbi.nlm.nih.gov/articles/PMC5440091
https://doi.org/10.1016/S2213-2600(18)30054-7
https://www.ncbi.nlm.nih.gov/pubmed/29477448
https://doi.org/10.3390/jcm15124605

	Introduction 
	Materials and Methods 
	Study Design 
	Patients 
	Functional Assessment 
	Study Groups 
	Study Outcomes 
	Statistics 

	Results 
	Cohort Characteristics 
	Prevalence of Gas Exchange Abnormalities 
	Normoxemic vs. Hypoxemic Patients 
	Fixed Threshold vs. Sorbini’s Formula to Define Hypoxemia 
	Type 1 vs. Type 2 Respiratory Failure 
	Predictive Factors for Hypoxemia and Respiratory Failure 

	Discussion 
	References

