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ABSTRACT

Background: High mortality rates among patients with chronic obstructive pulmonary disease (COPD)
admitted to intensive care units (ICUs) during the COVID-19 pandemic highlight the need for tailored
clinical management strategies.
Study Design and Methods: Epidemiological, clinical, and laboratory data were collected in REDCap for
6512 patients hospitalized with COVID-19 across 55 Spanish ICUs. Patients were stratified into three
groups: those with COPD, those with other chronic respiratory diseases (CRD), and those without
respiratory comorbidities (No CRD). The primary outcome was to determine clinical predictors for 90-
day mortality, focusing on the COPD group. A propensity score matching (PSM) method was applied to
analyze the effects of respiratory support, biomarkers, and immunomarkers.
Results: Patients with COPD (n = 328) exhibited a 50% mortality rate compared to 33% of those with other
chronic respiratory diseases (CRD, n = 547), and those without respiratory comorbidities (No CRD,
n = 5124). Among COPD patients, 95% of whom had Acute Respiratory Distress Syndrome (ARDS) due to
COVID-19, the use of a high-flow nasal cannula (HFNC) was associated with reduced 90-day mortality
(hazard ratio: 0.54 (95% Confidence Interval [0.31-0.95]). At a molecular scale, lower IgG levels but
higher viral load and TNF-alpha, Vascular Cell Adhesion Molecule-1 (VCAM-1), and Fas Cell Surface
Death Receptor (Fas) were associated with mortality in the COPD group.
Conclusions: In COPD patients with ARDS due to COVID-19, the use of HFNC was associated with a better
prognosis. The dysregulation in biomarkers and immunomarkers in COPD patients and its association
with mortality highlight the need for further targeted therapeutic strategies.
© 2025 The Authors. Published by Elsevier Masson SAS on behalf of Société Francaise d’Anesthésie et de
Réanimation (SFAR). This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

List of abbreviations: COPD, Chronic Obstructive Pulmonary Disease; CRD, Chronic Respiratory Disease; ARDS, Acute Respiratory Distress Syndrome; ICUs, Intensive care
units; IMV, Invasive Mechanical Ventilation; NIMV, Non-Invasive Mechanical Ventilation; HFNC, High-flow nasal cannulas; CPAP, Primarily continuous positive airway
pressure; BiPAP, Bilevel positive airway pressure; SOFA, Sequential Organ Assessment Failure Score; APACHE, Acute Physiology and Chronic Health disease Classification
System; Ig, Immunoglobulin; ICAM-1, Intercellular Adhesion Molecule-1; Lipocalin-2, Neutrophil Gelatinase-Associated Lipocalin; MPO, Myeloperoxidase; VCAM-1,
Vascular Cell Adhesion Molecule-1; D-dimer, Fibrin Degradation Product; RANTES, Regulated on Activation, Normal T Cell Expressed and Secreted; CD27, Cluster of
Differentiation 27; Fas, Fas Cell Surface Death Receptor; SPD, Surfactant Protein D; TSG-14, Tumor Necrosis Factor-Stimulated Gene-14; IL-10, Interleukin-10; GM-CSF,
Granulocyte-Macrophage Colony-Stimulating Factor; IL-7, Interleukin-7; CXCL-10, C-X-C Motif Chemokine Ligand 10; Angiopoietin-2, Angiopoietin-2; IL-1RA, Interleukin-1
Receptor Antagonist; IL-6, Interleukin-6; CCL2, C-C Motif Chemokine Ligand 2; IL-12p70, Interleukin-12p70; IL-2, Interleukin-2; IL-4, Interleukin-4; IL-15, Interleukin-15;
Granzyme B, Granzyme B; IFN-gamma, Interferon-Gamma; TNF-alpha, Tumor Necrosis Factor-Alpha; Endothelin-1, Endothelin-1; Granzyme A, Granzyme A; IL-8,
Interleukin-8; CTLA-4, Cytotoxic T-Lymphocyte Antigen-4; EGF, Epidermal Growth Factor; TREM-1, Triggering Receptor Expressed on Myeloid Cells-1; UPA-1, Urokinase-
Type Plasminogen Activator 1; B7-H1, Programmed Death-Ligand 1; G-CSF, Granulocyte Colony-Stimulating Factor; IFN-beta, Interferon-Beta; IL-1b, Interleukin-1 Beta; HR,
Hazard Ratio; CI, Confidence Interval; PSM, Propensity Score Matching.
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1. Introduction

The mortality rate among patients admitted to intensive care
units (ICUs) and those requiring mechanical ventilation during the
coronavirus disease 2019 (COVID-19) pandemic has been particu-
larly high, especially in those with several comorbidities or
immunocompromised status [1-3].

In some series, the incidence of chronic obstructive pulmonary
disease (COPD) among hospitalized COVID-19 cases was lower
than expected [3,4]. Several factors could potentially account for
the lower prevalence of severe COVID-19 cases in individuals with
advanced COPD. These factors include their relative isolation from
the general population, potential immunity acquired from previ-
ous viral infections [5], or the role of inhaled corticosteroids [6-
9]. Nevertheless, extensive datasets have consistently identified
chronic respiratory diseases, particularly COPD, as an independent
predictor for adverse outcomes, such as hospitalization, ICU
admission, and increased mortality [8,10,11].

Thus, to guide more personalized clinical management and
improve prognosis, it is highly relevant to gain a comprehensive
understanding of the clinical and biological factors contributing to
the increased vulnerability and poorer outcomes of patients with
COPD.

In patients with COPD and severe COVID-19, the primary
objective of this study was to identify clinical predictors of 90-day
mortality. The secondary objectives included the identification of
predictors of 28-day mortality and the assessment of immune
markers and biomarkers associated with 28-day and 90-day
mortality. The investigation, conducted prospectively and in a
multicentre manner, generated one of the largest observational
cohorts of patients with confirmed SARS-COV-2 infection admitted
to Spanish ICUs under the CIBERESUCICOVID project. The research
provides a comprehensive analysis of COPD, encompassing both a
non-COPD respiratory group and a non-respiratory group, empha-
sizing the heightened vulnerability of the COPD group. Considering
that a high proportion of COPD patients presented with Acute
Respiratory Distress Syndrome (ARDS) during COVID-19, our
findings may be useful beyond the pandemic to inform tailored
management of COPD with ARDS caused by severe viral infections.

2. Methods
2.1. Study design

This observational, multicentre study finds its roots in research
undertaken with the CIBERESUCICOVID cohort. The CIBERESUCI-
COVID is a prospectively collected and retrospectively analyzed
cohort study of patients with SARS-CoV-2 infection from across
55 Spanish ICUs [12].

The study received approval from the Institutional Internal
Review Board (IIRB) and followed the Strengthening the Reporting
of Observational Study in Epidemiology (STROBE) guidelines for
observational studies [13].

Data from the CIBERESUCICOVID study were collected from
February 6th, 2020, to July 6th, 2022, which included the
enrolment of consecutive, ICU-admitted patients. We anonymized
data and stored it via the REDCap electronic database.

2.2. Study population and data collection

Inclusion criteria were 18 years old, admission to ICU, and
laboratory-confirmed SARS-CoV-2 infection (confirmed by a
polymerase chain reaction (PCR) test). Exclusion criteria were
non-confirmation of SARS-CoV-2 infection by PCR and no data
either at baseline or hospital discharge.
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We collected epidemiological data, including demographics,
comorbidities, clinical symptoms, disease chronology, and
treatment administered at hospital and ICU admission, at the
start of invasive mechanical ventilation (IMV), 72-96 h after ICU
admission, and at ICU and/or hospital discharge. Finally, mean
forced expiratory volume in one second (FEV;) was reported in
122 out of 328 (37%) patients with COPD before COVID-19
admission.

2.3. Definitions

We focused on three ICU groups: 1) COPD: patients who met
diagnostic criteria for COPD (i.e., persistent respiratory symptoms
and limitations in airflow with a history of smoking, in accordance
with the gold standard [2,6,14] CRD: patients with any other
chronic respiratory disease (CRD) except for COPD (i.e., asthma,
non-cystic fibrosis bronchiectasis, cystic fibrosis, interstitial
pulmonary disease, and other conditions); 3) No CRD: patients
without any of the aforementioned respiratory comorbidities.

In addition, for the COPD population, patients were divided into
two groups: 1) those who received IMV during their ICU stay and 2)
those who never underwent IMV but did receive non-invasive
respiratory support (NIRS). The group with NIRS included patients
with conventional oxygen therapy (COT), high-flow oxygen
cannulas (HFNC) and non-invasive mechanical ventilation (NIMV),
primarily continuous positive airway pressure (CPAP) and bilevel
positive airway pressure (BiPAP).

We considered dysregulated host response and uncontrolled
viral infection in those critically ill patients who presented at
24-48 h of ICU admission with comparatively higher levels of
SARS-CoV-2 nucleocapsid 1 and 2 (N1, N2) RNA in plasma, a poor
antibody response and tissue and endothelial damage as previ-
ously described [15].

Acute Respiratory Distress Syndrome (ARDS) was defined
according to the Berlin definition, categorized as severe (PaO,/
FiO, < 100), moderate (PaO,/FiO, 100-200), Mild (PaO,/FiO, 200-
300) or No ARDS (Pa0,/FiO, > = 300) [16]. Hypercapnia, normo-
capnia, and hypocapnia were defined as PaCO, > 45 mmHg, PaCO,
35-45 mmHg, and PaCO, < 35 mmHg, respectively. Severe, and
moderate hypoxemia were defined as PaO, < 60, PaO, = 6080,
respectively.

2.4. Primary and secondary outcomes

The primary outcome was all-cause, 90-day mortality in the
COPD population. Secondary outcomes included 28-day as well as
biomarkers and immune markers associated with 28-day and 90-
day mortality.

2.5. Biomarker profiling

For those patients with plasma samples collected during the
first 24—48 h of ICU admission (n = 921, of which 45, 87, and
789 belonged to the COPD, CRD, and No CRD, respectively) we
determined the levels of 36 immune and inflammatory biomarkers
following methods previously described [17]. These 36 biomarkers
are reported in the supplementary data. Additionally, we quanti-
fied SARS-CoV-2 N1, N2, and human ribonuclease P (RNAse P)
RNAs in plasma (Bio-Rad SARS-CoV2 ddPCR Kit), as well as
antibody concentration [15].

2.6. Statistical analyses
Descriptive statistics were used for basic features of study data,

whilst appropriate statistical tests were performed to compare
groups: COPD, CRD, and No CRD.
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We assessed differences in 28-day and 90-day mortality among
groups using the Kaplan-Meier method (Gehan-Breslow-Wilcoxon
test). Moreover, associations with 28-day and 90-day mortality
were also tested by multivariable analyses, using a Cox regression
model stratified on the center variable. Then, to identify factors
independently associated with 28-day and 90-day mortality in
patients with COPD, we used a Cox regression multivariable model
stratified on the center variable. In addition, effect modification by
factors potentially associated with patient outcomes (i.e., 28-day
and 90-day mortality) and hypercapnia at ICU admission
(PaCO, > 45 mmHg) was assessed by an interaction term. We
additionally analyzed differences between HFNC, NIMV, and IMV
for the mortality outcomes in patients with COPD using the
propensity score matching (PSM) method [18], and obtained the
balance among baseline variables between patients with HFNC and
NIMV, between HFNC and IMV, and between NIMV and IMV (Table
S10A, S11A, and S12A, respectively).

Moreover, we used a mixed-effects multivariable model [19]
with centers as a random effect to identify factors independently
associated with IMV in patients with COPD.

We used the multiple imputation method for missing data in
the covariates of the multivariable analyses [20].

For the immune biomarkers differences between COPD, CRD,
and No CRD, we used the PSM method [18] and obtained the
balance among baseline variables between patients with COPD and
those with CRD, and between COPD and No CRD (Fig. S1).

We conducted Spearman’s rank correlation tests to evaluate the
strength and direction of the association between biomarkers and
mortality.

The level of significance was set at 0.05 (two-tailed) and was not
adjusted for multiple comparisons. All statistical analyses were
performed using IBM SPSS version 26.0 (IBM Corp., Armonk, NY,
USA) and R version 4.1.1 (R Foundation for Statistical Computing,
Vienna, Austria).
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We provided supplementary material containing detailed
information about the conducted analyses.

3. Results
3.1. Demographics and clinical characteristics at ICU admission

Of 5999 patients included in the analysis, 875 (15%) had a
history of respiratory comorbidities, with 328 (5%) having a
history of COPD and 547 (9%) having other CRD without COPD.
The remaining population (5124 patients, 85%) had no respira-
tory comorbidities, namely No CRD (Fig. 1). Table 1 presents the
demographic and baseline characteristics at ICU admission of
COPD, CRD, and No CRD groups. Compared to the CRD and No
CRD cohorts, those with COPD were older; had a higher incidence
of comorbidities, and presented more frequently hypercapnia.
When solely compared to the No CRD cohort, those with COPD
had higher APACHE and SOFA scores; required earlier ICU
admission since symptom onset, received NIRS more often, and
had higher coinfection rates at admission. Most of the patients
regardless of the study group had ARDS (COPD-95%, CRD-98%,
and No CRD-95%). However, the incidence of patients with severe
ARDS was higher in COPD (45%) and CRD (47%) groups compared
to No CRD (41%) (Table 1). A higher proportion of hypercapnic
COPD received IMV (57%) compared to CRD (39%) and No CRD
(44%). Compared to No CRD, COPD, in particular those with
hypercapnia, received more frequently NIMV at admission (Table
1, Fig. 1).

In terms of laboratory findings, COPD presented higher
creatinine levels, lower platelets count, and, compared to CRD,
higher PCT (Table S1A). Laboratory findings and the FEV; values
prior to ICU admission of the COPD-IMV compared to COPD-NIRS
are shown in (Table S1B).

Overall patients

Excluded (n=513)
+ Missing data in confirmed SARS-CoV-2 infection (n=4)

N=6,512 *  Unconfirmed SARS-Cov-2 infection (n=82)
* Missing data in SARS-CoV-2 test results (n=75)
* No conduction of SARS-CoV-2 test or negative result (n=340)
+  Missing data in age (n=2)

+  Under 18 years of age (n=1)
* Missing data in sex assigned at birth (n=3)

5,999 patients analyzed

90-day mortality: 1,837/5,450 (33.7%)

* Missing data in outcomes (n=13)

* Missing data in invasive mechanical ventilation (n=6)

«+  Confirmed chronic pulmonary disease but missing data in which
type of chronic pulmonary disease (n=60)

!

Respiratory comorbidity
N= 875 (14.6%)

90-day mortality: 314/802 (39.2%)

| )

|

No CRD
N= 5,124 (85.4%)

90-day mortality: 1,523/4,648 (32.8%)

! }

coPD CRD
N= 328 (37.5%)

90-day mortality: 152/305 (49.8%)

N= 547 (62.5%)

90-day mortality: 162/497 (32.6%)

No CRD IMV

No CRD NIRS
N= 3,907 (76.2%)

N=1,217 (23.8%)

90-day mortality: 1,419/3,604

(39.4%) 90-day mortality: 104/1,044 (10%)

|

| l |

}

COPD IMV COPD NIRS CRD IMV
N= 244 (74.4%) N= 84 (25.6%) N=422 (77.1%)
90-day mortality: 22/75 (29.3%)

90-day mortality: 130/230 (56.5%) 90-day mortality: 154/394 (39.1%)

CRD NIRS
N= 125 (22.9%)

90-day mortality: 8/103 (7.8%)

Fig. 1. Flow chart of patient screening and enrolment. The squares highlighted in bold represent the study population cohorts: COPD (n = 328), CRD (n = 547), and No CRD
(n = 5124). Of the 5999 patients analyzed, 549 were lost to follow-up at 90 days. Abbreviations: CRD indicates chronic respiratory disease; COPD, chronic obstructive
pulmonary disease; NIRS, non-invasive respiratory support. COPD IMV are patients with COPD who received invasive mechanical ventilation during hospitalization; COPD
NIRS are patients with COPD who did not receive invasive respiratory support; however, they did receive high-flow oxygen cannulas, non-invasive ventilation, or continuous

positive airway pressure (CPAP).
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Table 1

Characteristics of the study population at ICU admission.
Variables COPD (N = 328) CRD (N = 547) No CRD (N = 5124) p-value
Age, median [Q1-Q3], years 69 [64—74] 62 [52-70] 63 [54—71] <0.001*"

>60 years, n (%) 277 (84.5) 312 (57) 3120 (60.9) <0.001*"

Male sex, n (%) 283 (86.3) 324 (59.2) 3616 (70.6) <0.001"
BMI, median [Q1-Q3], kg/m? 29 [26.1-32.8] 30.4 [27-34.5] 28.7 [26-32] <0.001*"
Comorbidities, n (%)*

Diabetes mellitus 125 (38.1) 138 (25.2) 1219 (23.8) <0.001"

Hypertension 223 (68) 279 (51) 2508 (48.9) <0.001*"

Metabolic disease 104 (31.7) 155 (28.3) 1209 (23.6) <0.001"
Metabolic syndrome (diabetes mellitus, hypertension and obesity) 44 (14.9) 57 (11.4) 383 (8.5) <0.001'

Chronic liver disease 17 (5.2) 21 (3.8) 174 (3.4) 0.218

Chronic heart disease 90 (27.4) 85 (15.5) 588 (11.5) <0.001*™

Chronic renal failure 47 (14.3) 54 (9.9) 328 (6.4) <0.001"

Immunosuppression 19 (5.8) 37 (6.8) 200 (3.9) 0.003!

Chronic respiratory disease
COPD 328 (100) 0(0) 0(0) <0.001*
Asthma 22 (6.7) 337 (61.6) 0(0) <0.001""
Bronchiectasis 6 (1.8) 19 (3.5) 0(0) <0.001"
Interstitial lung disease 5(1.5) 23 (4.2) 0(0) <0.001*™
Sleep apnoea 14 (4.3) 40 (7.3) 0(0) <0.001"
Others 1(0.3) 19 (3.5) 0(0) <0.001"

Toxic habits, n (%) <0.001

No smoke 60 (18.9) 313 (62.9) 3136 (66.4) <0.001*"

Current smoking 40 (12.6) 22 (44) 270 (5.7) <0.001"

Former smoking 218 (68.6) 163 (32.7) 1315 (27.9) <0.001*"

Alcohol abuse (current or former) 36 (11.8) 21 (4.3) 233 (5) <0.001*"

Days since initial symptoms, median [Q1-Q3] 8[6-11] 9[6-12] 9[7-12] 0.004
Confirmed bacterial coinfection, n (%) 15 (5.5) 14 (3.2) 95 (2.2) 0.002'
Treatment before admission, n (%)

Angiotensin-converting enzyme inhibitor 87 (39.4) 97 (35.3) 962 (39) 0.479

Antibiotic therapy 40 (12.4) 104 (19.1) 643 (12.6) <0.001"

Steroids (inhaled) 34 (10.6) 94 (17.2) 344 (6.8) <0.001*™

Statin 171 (52.6) 186 (34.1) 1501 (29.5) <0.001*"

Non-steroidal anti-inflammatory drug 70 (21.7) 84 (15.6) 566 (11.2) <0.001"

Characteristics, median [Q1-Q3]

Glasgow Coma Scale, 15 [15-15] 15 [15-15] 15 [15-15] 0.180

APACHE-II score 13 [10-17] 12 [9-16] 11 [9-15] 0.001'

SOFA score 5[4-8] 5 [4-8] 5[3-7] 0.003'

Temperature, 0C 36.7 [36-37.4] 36.8 [36-37.5] 36.8 [36-37.5] 0.580

Respiratory rate, bpm 25 [21-30] 25 [22-32] 25 [21-30] 0.188

Arterial blood gases, median [Q1-Q3]

Pa0,/FiO, 107.1 [80—-155.6] 104.8 [75-156] 113.3 [80.6—-165] 0.010°
Pa0,/FiO, < 100 (severe ARDS) 131 (45.2) 224 (46.8) 1768 (40.9) 0.022°
Pa0,/FiO, 100-200 (moderate ARDS) 117 (40.3) 199 (41.5) 1834 (42.6) 0.708
Pa0,/FiO, 200-300 (mild ARDS) 28 (9.7) 43 (9.0) 508 (11.8) 0.116
Pa0,/FiO, > 300 (No ARDS) 14 (4.8) 13 (2.7) 204 (4.7) 0.128

Pa0,/Fi0, ratio in ventilated patients 105.3 [79.6—153.3] 102 [74.5-149.1] 112.2 [80-162.5] 0.005'

PaCO,, mmHg 41 [34.5-49.2] 39 [34.1-45.9] 39 [33.8-46.8] 0.014

Hypercapnia (PaCO; > 45 mmHg), n (%) 129 (39.3) 171 (31.3) 1633 (31.9) 0.001"
Hypercapnia (PaCO, > 45 mmHg) in ventilated patients, n (%) 127 (40.4) 160 (31.1) 1555 (32.8) 0.013"

HENCP 20 (21.5) 25(18.4) 224 (15.5) 0.227

NIMV® 12 (22.6) 10 (16.9) 107 (20.3) 0.745

IMVP 95 (56.5) 125 (39.2) 1224 (44.3) 0.001"

Respiratory support, n (%)" 0.002

COT 13 (4) 31 (5.7) 376 (7.4) 0.030

HFNC 93 (28.4) 136 (25) 1448 (28.3) 0.248

NIMV 53 (16.2) 59 (10.8) 526 (10.3) 0.003'

MV 168 (51.4) 319 (58.5) 2764 (54) 0.075

Abbreviations: COPD indicates chronic obstructive pulmonary disease; CRD, chronic respiratory disease; ICU, intensive care unit; Q1, first quartile; Q3, third quartile; BMI,
body mass index; APACHE, acute physiology and chronic health evaluation; SOFA, sequential organ failure assessment; PaO,, partial pressure of arterial oxygen; FiO,, fraction
of inspired oxygen; PaCO,, partial pressure of arterial carbon dioxide; COT, conventional oxygen therapy; HFNC, high-flow nasal cannula; NIMV, non-invasive mechanical
ventilation; IMV, invasive mechanical ventilation. Percentages calculated on non-missing data. P-values marked in bold indicate numbers that are statistically significant on

the 95% confidence limit.
" P < 0.05 for comparison between the COPD and CRD cohorts.
T P < 0.05 for comparison between the COPD and No CRD cohorts.
# P < 0.05 for comparison between the CRD and No CRD cohorts.
2 Possibly >1 comorbidity.
b Possibly >1 respiratory support.
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3.2. Complications, treatments, and outcomes

Of note, COPD patients exhibited a higher incidence of
bacterial pneumonia compared to CRD and No CRD. Particularly,
among those COPD with a history of prior corticosteroid use or
previous coinfections (Table 2), even though the CRD group had a
higher previous intake of corticosteroids and antimicrobials
(Table 1).

In-hospital, 28-day and 90-day mortality was higher in patients
with COPD (47%-50%) than in CRD (30%-33%) and No CRD (30%-
33%) patients, respectively (Table 2). The Kaplan-Meier curves
show that patients with COPD (compared to the CRD and No CRD
cohorts [Fig. 2A]) and patients with COPD-IMV (compared to those
with COPD-NIRS [Fig. 2B]) had a higher likelihood of 90-day
mortality (p < 0.001) and worse outcomes (Table S2A). The
mortality of the COPD cohort clustered by the severity of ARDS,
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hypercapnia, or hypoxemia, and the respiratory support is
reported in Table S2B. Overall, the main causes of death were
respiratory failure (45%), multiorgan failure (38%), and septic shock
(7%) (data not shown).

In the multivariable analyses (Table S3), several variables were
independently associated with 28-day and 90-day mortality,
showing that COPD is associated with increased mortality.

3.3. Biomarkers among groups

After we matched the populations (n = 225 of which, 45, 45 and
135 belonged to COPD, CRD, and No CRD, respectively), the COPD
group presented significantly lower IgM and IgG compared to the
No CRD group. Furthermore, COPD compared to CRD had
significantly higher levels of TNF-alpha, VCAM-1, and Fas at ICU
admission (Fig. S2, Table S4A). COPD-IMV compared to COPD-NIRS

Table 2

Complications and treatments during hospitalization and outcome variables.
Variables COPD (N = 328) CRD (N = 547) No CRD (N = 5124) p-value
Complications, n (%)

Nosocomial pneumonia® 95 (30.6) 112 (21.9) 1093 (22.9) 0.006""
Hospital-acquired pneumonia (HAP) 20 (6.5) 20(3.9) 170 (3.6) 0.034"7
Ventilator-associated pneumonia (VAP) 75 (24.2) 92 (18) 923 (19.4) 0.078
Microbiologically confirmed HAP/VAP? 85 (26.2) 116 (21.3) 1132 (22.2) 0.211
Previous inhaled steroids 12 (37.5) 17 (19.5) 63 (19.2) 0.050
Previous antibiotic therapy 13 (21.3) 14 (18.2) 103 (19.6) 0.900
Steroids during hospital stay 91 (34.1) 107 (23.9) 993 (24.7) 0.002*"
Tocilizumab during hospital stay 37 (33.3) 36 (18.8) 377 (19.5) 0.002""
With previous bacterial coinfection 2(22.2) 1(11.1) 1(2.5) 0.093

Previous inhaled steroids 4 (40) 2 (22.2) 4(5.1) 0.001'
Previous antibiotic therapy 12 (37.5) 17 (19.5) 63 (19.2) 0.050

Heart failure 14 (4.3) 3(0.5) 54 (1.1) <0.001*"

Cardiac ischemia 15 (4.6) 7(1.3) 93 (1.8) 0.001"'

Anaemia® 228 (69.5) 357 (65.3) 3192 (62.4) 0.018'

Acute renal failure! 155 (47.3) 173 (31.6) 1665 (32.5) <0.001*"

Hyperglycaemia 269 (82.3) 433 (79.2) 3774 (73.8) <0.001"

Haemorrhage 41 (12.5) 45 (8.2) 374 (7.3) 0.003'

Treatment during hospitalization, n (%)

Remdesivir 41 (12.5) 83 (15.2) 733 (14.4) 0.541

Corticoids 281 (86.5) 479 (87.9) 4317 (85.5) 0.302

Tocilizumab 117 (35.8) 205 (37.6) 2079 (40.9) 0.073

Outcomes, n (%)

28-day mortality 117 (36.8) 120 (23.3) 1073 (22.3) <0.001*

In-hospital mortality 154 (47) 165 (30.2) 1518 (29.6) <0.001*"

90-day mortality© 152 (49.8) 162 (32.6) 1523 (32.8) <0.001*"

LOS in ICU, median [Q1-Q3], days 14 [7-29] 13 [7-26] 14 [7-28] 0.796
Surviving patients 18 [7-37] 12.5 [7-26] 13 [7-28] 0.029*'

LOS, median [Q1-Q3], days 24 [13-43] 24 [14-38] 24 [15-40] 0.891
Surviving patients 34.5 [20-56] 27 [16-41] 25 [16—44.5] <0.001*

Ventilator-free days, median [Q1-Q3] 0[0-1] 0 [0-16] 0 [0-16] <0.001*

MV 244 (74.4) 422 (77.1) 3907 (76.2) 0.648
IMV length, median [Q1-Q3]" 17 [8-30] 14 [8-25] 15 [8-27] 0.353

Surviving patients 23.5[11-38] 13 [8-25] 14 [8-27] <0.001"

ICU-free days, median [Q1-Q3] 0 [0-11.5] 4[0-19] 3[0-19] <0.001*

Tracheostomy 104 (31.7) 151 (27.7) 1540 (30.1) 0.384

Reintubation® 8 (5.4) 21 (8.4) 238 (10) 0.141

ECMO support 4(1.2) 16 (2.9) 140 (2.7) 0.238

Abbreviations: COPD indicates chronic obstructive pulmonary disease; CRD, chronic respiratory disease; ICU, intensive care unit; Q1, first quartile; Q3, third quartile; ECMO,
extracorporeal membrane oxygenation; LOS, length of stay; IMV, invasive mechanical ventilation. Percentages calculated on non-missing data. Other non-significant
complications were (average, %): Pneumothorax (8%), pleural effusion (11%), Organizing pneumonia (5%), Tracheobronchitis (1%), Pulmonary embolism (8%), Septic shock®
(7%), Bacteraemia (25%), Delirium (20%), Coagulation disorder?, (31%, Disseminated intravascular coagulation 40%), Liver dysfunction (32%). P-values marked in bold indicate
numbers that are statistically significant on the 95% confidence limit.

" P < 0.05 for comparison between the COPD and CRD cohorts.

T P < 0.05 for comparison between the COPD and No CRD cohorts.

+ P < 0.05 for comparison between the groups CRD and No CRD cohorts.

2 Clinically or radiologically diagnosed bacterial pneumonia managed with antimicrobials. Bacteriological confirmation was not required.

b Microbiologically confirmed pneumonia was defined as clinically or radiologically diagnosed bacterial pneumonia managed with antimicrobials with a positive culture of
pathogenic germs in respiratory secretion samples.

¢ Haemoglobin consistently below 120 g/L for non-pregnant women and 130 g/L for men.

4 Acute renal injury was defined as either an increase in serum creatinine by >0.3 mg/dL within 48 h or an increase in serum creatinine to >1.5 times that at baseline.

€ Calculated only for patients with 90-day follow-up (305 in the COPD cohort, 497 in the CRD cohort, and 4648 in the NO CRD cohort).

' Duration of invasive mechanical ventilation was measured from initiation of ventilation until either successful extubation, successful permanent disconnection, or death.

& Reintubation due to extubation failure.
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Fig. 2. Kaplan-Meier analysis of 90-day mortality among the different population
cohorts. A) In the total population, separated by COPD (n = 328), CRD (n = 547),and
No CRD (n = 5124) cohorts. Gehan-Breslow-Wilcoxon test indicated a significant
difference among the three cohorts (P < 0.001). P < 0.05 for comparison between
the COPD and CRD cohorts; P < 0.05 for comparison between the COPD and No CRD
cohorts; P = 0.706 for comparison between the CRD and No CRD cohorts. B) In the
COPD population, separated by the IMV and NIRS groups. Gehan-Breslow-Wilcoxon
test indicated a significant difference between the two cohorts (P = 0.001).
Abbreviations: COPD indicates chronic obstructive pulmonary disease; CRD,
chronic respiratory disease; IMV, invasive mechanical ventilation; NIRS, non-
invasive respiratory support.

presented higher levels of CXCL10, Angiopoietin-2, and IL-12p70
(Table S4B).

3.4. Biomarkers associated with mortality

Significant positive correlation with 28-days mortality in the
COPD group was found for the following immunomarkers and
biomarkers: SARS-CoV-2 plasma viral load, VCAM, endothelin-1,
IL-8, Fas and TNF-alpha, being these last two also associated with
90-days mortality (Figure S3, Table S5). In contrast, IgG levels were
negatively correlated with 28-days mortality in the COPD
population (r = —0.303, p = 0.043) without statistical significance
with 90-days mortality (r = —0.243, p = 0.107).

For the CRD population, IL-8 and CTLA-4 were associated with
28-day mortality and only CTLA-4 with 90-day mortality. For the
No CRD group, SARS-CoV-2 plasma load, and endothelin-1 were
associated with 28-day mortality, and SARS-CoV-2 plasma load,
endothelin-1, and IL-8 with 90-day mortality (Figs. S4 and S5,
Tables S6 and S7).
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3.5. Clinical predictors for mortality

The 90-day mortality multivariable analysis of patients with
COPD showed that creatinine levels, SOFA score, and the need for
IMV were associated with an increased risk of death (37%, 7%, and
196%, respectively). In contrast, HFNC use was associated with a
reduced risk of death (46%), an association not found for NIMV
(Table 3). The same clinical predictors were associated with 28-day
mortality (Table 3). To examine risks for particular types of
patients, we explored effect modification by HFNC, NIVM, or IMV
and hypercapnia at ICU admission, and no significant effects were
found for the interaction terms (Tables S8A, S8B, S8C, S8D, S8E, and
S8F).

3.6. Clinical predictors for IMV

A 4%rise in the odds of IMV need in the multivariable analysis of
patients with COPD was found for a ten-unit increase in C-reactive
protein at ICU admission (Table S9).

Propensity score matching analyses for the outcomes in COPD
patients receiving HFNC vs. NIMV, HFNC vs. IMV, or NIMV vs. IMV
are included in the Supplementary material (before matching:
Table S10B, S11B, and S12B, respectively). After matching,
statistically significant differences indicated increased mortality
for IMV compared to HFNC (Table S11C) and compared to NIMV
(Table S12C), but not comparing HFNC vs. NIMV (Table S10C).

4. Discussion

Our study is based on one of the largest datasets of critically ill
COVID-19 patients in Spain - the CIBERESUCICOVID [12]. Among
our patient population, we observed a low prevalence of COPD in
the ICU (5%), yet an alarmingly high mortality rate (50%),
particularly among patients with COPD requiring IMV (57%). The
mortality rate was lower (33%) in patients with other non-COPD
respiratory diseases or without respiratory comorbidities.

We found that HFNC use was associated with decreased odds
for mortality in the COPD group, regardless of hypercapnia,
whereas NIMV showed no significant association. Furthermore,
prior inhaled steroid use was associated with an increased risk of
bacterial pneumonia in COPD patients, highlighting the potentially
harmful impact of this medication. Finally, our data on biomarkers
suggest the high mortality observed in the COPD cohort was
associated with a profound dysregulated immune response,
indicating COPD might be a target for immunomodulatory
therapies.

Patients with COPD and severe viral infection (SARS-CoV-2) are
at higher risk of experiencing poor outcomes including higher odds
of hospitalization, ICU admission, and mortality compared to those
without COPD [1,8]. Studies conducted in South Korea and the
SEMI-COVID register found a similar prevalence of ICU admission
among patients with COPD (6%-7% vs. 5%) but a lower mortality
rate compared to ours (38% vs. 50%) [4]. We observed similar IMV
rates across groups (76%-78%). Only a higher proportion of COPD
hypercapnic patients required IMV (57%) compared to the
hypercapnic ones in the other study groups CRD (39%) and No
CRD (44%) [4,21].

Despite the well-established benefits of non-invasive mechani-
cal ventilation (NIVM) in acute exacerbations of COPD, there is
limited literature addressing the specific beneficial effects of HFNC
in COPD patients with ARDS [22-26]. The 2022 ERS task force for
the non-invasive respiratory support during acute respiratory
failure (ARF) suggests the use of HFNC over NIMV in ARF
hypoxaemic but emphasizes the need for further trials in COPD
with hypercapnic ARF [27]. In our study, HFNC was associated with
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Table 3
Multivariable models assessing predictors of 28-day and 90-day mortality of the COPD population (N = 328).

28-day mortality 90-day mortality

Variables HR (95% CI) p-value HR (95% CI) p-value
Age (+1 year)® 1.13 (0.60-2.12) 0.697 1.43 (0.80-2.55) 0.227
Female sex 1.03 (0.52-2.03) 0.926 0.99 (0.53-1.82) 0.965
Serum creatinine at ICU admission (+1 mg/dL) 1.47 (1.17-1.83) 0.001 1.37 (1.15-1.64) <0.001
Metabolic syndrome (diabetes mellitus, hypertension and obesity) 0.91 (0.47-1.75) 0.775 0.80 (0.44-1.46) 0.460
SOFA score at ICU admission (+1)* 1.07 (1.00-1.15) 0.042 1.07 (1.01-1.14) 0.027
Oral steroids before admission 0.99 (0.47-2.09) 0.989 1.36 (0.74-2.49) 0.322
Hypercapnia at ICU admission (PaCO, > 45 mmHg) 1.22 (0.74-1.99) 0.436 1.26 (0.82-1.93) 0.290
High-flow nasal cannula 0.55 (0.32 to 0.96) 0.035 0.54 (0.31 to 0.95) 0.034
Non-invasive mechanical ventilation 1.05 (0.57-1.92) 0.875 1.12 (0.66-1.92) 0.678
Invasive mechanical ventilation 2.87 (1.29-6.42) 0.010 2.96 (1.44-6.06) 0.003
Bacterial coinfection 1.68 (0.75-3.74) 0.204 1.67 (0.82-3.41) 0.156
Nosocomial pneumonia 0.153 0.352

No 1.00 - 1.00 -

HAP no-VAP 0.74 (0.28-1.94) 0.537 0.87 (0.38-2.02) 0.751

VAP 0.47 (0.22-1.01) 0.053 0.64 (0.35-1.17) 0.150
Nosocomial pneumonia due to Pseudomonas aeruginosa 0.46 (0.15-1.46) 0.190 0.60 (0.26-1.34) 0.208
Nosocomial pneumonia due to Staphylococcus aureus 0.85 (0.29-2.52) 0.768 0.72 (0.30-1.72) 0.464
Prone position 0.68 (0.38-1.21) 0.187 0.79 (0.47-1.31) 0.350

Abbreviations: COPD indicates chronic obstructive pulmonary disease; HR, hazard ratio; CI, confidence interval; ICU, intensive care unit; SOFA, sequential organ failure
assessment; PaCO,, partial pressure of arterial carbon dioxide. Data are shown as estimated HRs (95% Cls) of the explanatory variables in the 28-day mortality group. Cox
regression model stratified on the center variable and adjusted by COVID-19 wave. The variables included in the multivariate model were age, sex, serum creatinine at ICU
admission, metabolic syndrome (diabetes mellitus, hypertension, and obesity), SOFA score at ICU admission, oral steroids before admission, hypercapnia at ICU admission
(>45 mmHg), high-flow nasal cannula, non-invasive mechanical ventilation, invasive mechanical ventilation, bacterial coinfection, nosocomial pneumonia (No, HAP no-VAP,
VAP), nosocomial pneumonia due to Pseudomonas aeruginosa, nosocomial pneumonia due to Staphylococcus aureus, and prone position. The P-value is based on the null
hypothesis that all HRs relating to an explanatory variable equal unity (no effect).

a

decreased odds for mortality in the COPD group regardless of
hypercapnia, as opposed to NIMV (CPAP and BiPAP). Further PSM
analyses confirmed the lower mortality in COPD receiving HFNC
compared to IMV but not compared to NIMV.

Our findings align with those from a cross-sectional small study
(n = 21) in which authors found that COPD patients treated with
NIMV compared to those with HFNC had longer ICU stay, higher
risk of intubation, and mortality, although significance was limited
by small sample size [28]. In another study, HFNC has also been
identified as protective for mortality among unselected critically ill
patients with COVID-19 who did not receive IMV within 6 h of
admission [29]. Notably, in our study, 28-day mortality was lower
in COPD patients who received HFNC first and transitioned to IMV
but not in those receiving NIVM first and then intubated (Table
S2B). This could be attributed to a reduction in patient self-induced
lung injury (P-SILI) associated with the use of HFNC when
compared to NIMV. This reduction in P-SILI gains significance in
the clinical context of severely damaged lungs often seen in cases
of severe ARDS during severe COVID-19.

In contrast to the findings of Marc Garnier et al., our study did
not identify VAP as an independent risk factor for mortality in the
COPD group. Regarding the impact of the causative pathogen on
mortality, we found no association between COPD-related
mortality and nosocomial pneumonia caused by P. aeruginosa or
S. aureus. These findings are consistent with those of Marc Garnier
et al., who reported no increased risk of death when comparing P.
aeruginosa-associated VAP to non-P. aeruginosa VAP [30].

Interestingly, we compared COPD patients to another group of
patients with non-COPD chronic respiratory diseases (Figs. 2 and
S6). The mortality rate in the non-COPD group was similar to the
control group and half that of the COPD population. This result is
significant, as non-pulmonology specialists often tend to group
COPD and non-COPD patients together.

The heatmaps (Fig. S3, Table S5) highlight the critical
association of immune and inflammatory markers with 28-day
mortality among the COPD population. In our previous studies, we
found that a higher viral load and lower levels of IgG and IgM at
admission to the ICU were associated with an increased risk of

“+1” means a one-unit increase on the scale in the predictor variable (i.e., going from 1 to 2, 2 to 3, etc.).

mortality [15,17]. Notably, we found that despite both populations,
COPD and CRD, had decreased levels of IgM and IgG compared to
No CRD, only in COPD low IgG levels correlated significantly with
28-day mortality. Additionally, COPD patients presented a proin-
flammatory profile (TNF-alpha) with endothelial damage (higher
VCAM-1) and cell apoptosis (higher Fas) compared to individuals
of the CRD group.

The detrimental impact of prolonged immunosuppressive
therapies, such as prior use of inhaled corticosteroids, is
underscored within the COPD cohort. Our findings are in
accordance with previous RCTs reporting a higher probability of
having pneumonia among patients receiving inhaled corticoste-
roids compared to placebo or salmeterol alone [31]. These results
collectively emphasize the vulnerability of COPD patients to
infections and the profound influence of their immune dysregula-
tion on their survival prospects in the context of severe SARS-CoV-
2 infection [5-9].

Major strengths of this study include its multicentre nature, the
consecutive inclusion of all patients from each ICU, thorough data
quality check, and the high number of patients in each
subpopulation: COPD, CRD, and No CRD.

Limitations of our study include the availability of plasma
samples (n = 921, 225 after matching). However, the biomarkers
and immune status analyses described important features not
previously detailed in COPD series with severe SARS-CoV-2
infection. Another limitation is the partial availability (37%) of
FEV; values before ICU admission, even though most studies in
COVID-19 literature do not provide this information. We
acknowledge the description of immunosuppression associated
with inhaled corticosteroids (ICS) remains at a descriptive level.
Finally, no adjustments were made for multiple comparisons.
Despite the high patient influx during the pandemic, which led to
expert ICU and new ICU setups potentially biasing COVID-19
mortality studies, previous research found no difference in
mortality between them [32].

In conclusion, our study highlights the impact of severe COVID-
19 on COPD patients, demonstrating significantly higher mortality
rates compared to other groups. COPD patients showed increased
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susceptibility to bacterial pneumonia, altered immune responses,
and elevated biomarkers, complicating their clinical course.
Importantly, the use of HFNC but not NIVM was associated with
improved outcomes in this specific COPD group with ARDS due to
severe COVID-19. These findings underscore the need for tailored
management strategies in critically ill COPD patients with ARDS
due to severe viral infection.

CRediT authorship contribution statement

Conception and design of the study: LFB, AT, AM, B, FB. Data
acquisition: all authors. Statistical analysis: AG. Data analysis and
interpretation: LFB, AT, AM. Manuscript drafting: LFB with the
participation of AT, AM, JC, AG, RLA. Critical revision for important
intellectual content: all authors. Final approval of the submitted
version: all authors. The CiberesUCICOVID consortium participat-
ed in data collection.

Informed consent and patient details

The authors declare that this report does not contain any personal
information that could lead to the identification of the patient(s).

Funding information

The Instituto de Salud Carlos Il de Madrid (COV20/00110,
ISCIII); Fondo Europeo de Desarrollo Regional (FEDER); “Una
manera de hacer Europa”; and Centro de Investigacion Biomédica
En Red—Enfermedades Respiratorias (CIBERES) provided finan-
cial support. Donation Program “estar preparados”, UNESPA,
Madrid, Spain. DAGC has received financial support from the
Instituto de Salud Carlos Il (Miguel Servet 2020: CP20/00041),
co-funded by the European Social Fund (ESF)/“Investing in your
future”. CC received a grant from the Fondo de Investigacion
Sanitaria (P119/00207), Instituto de Salud Carlos III, co-funded by
the European Union, ICREA Academy award to AT, SGR 01148
(2021) from Generalitat de Catalunya to LFB. Role of the Funder/
Sponsor: The funding sources had no role in the design or
conduct of the study; collection, management, analysis, or
interpretation of the data; preparation, review, or approval of
the manuscript; and the decision to submit the manuscript for
publication.

Declaration of competing interest

Fernando Suarez Sipmann received a Research Grant from
Air Liquide and received Consultant fees and services Speaker
honoraria from Air Liquide and Maquet Critical Care; JesUs
Bermejo received consultant fees from Glaxo Smith Klein (GSK)
and has a patent planned GSKEP2038314, he also served as
advisory board member in the program PROGRAMA PRO-
FARMA, MINISTERIO INDUSTRIA; Jordi Riera served as ECMO
consultant for Medtronic and Medical Simulator, received
honoraria lecture fees from Gilead (Antifungals) and Werfen
(Anticoagulation); José Manuel Gomez received honoraria
lecture fees from SEDANA MEDICAL; Nieves Carbonell received
honoraria lecture fees from Pfizer; Pablo Vidal received
honoraria lecture fees from Pfizer, MSD, AOP Health, Shionogi,
Menarini, Gilead and also support for attending meeting from
Pfizer, MSD, AOP Health; Ricard Ferrer received consulting fees
from Inotrem, Pfizer, Cytosorbent and he received honoraria
lecture fees from Shionogi, MSD, Gilead, Menarini and
Thermofisher; Antoni Torres received honoraria lecture fees
from Pfizer, MSD, BYOVERSIS and PARATEK.

Anaesth Crit Care Pain Med 44 (2025) 101558

Acknowledgements

We are indebted to all our medical and nursing colleagues for
their assistance and cooperation in this study and all the
CIBERESUCICOVID COLLABORATORS:

Berta Adell-Serrano, Maria Aguilar Cabello, Luciano Aguilera,
Victoria Alcaraz-Serrano, Cesar Aldecoa, Cynthia Alegre, Raquel
Almansa, Sergio Alvarez, Antonio Alvarez Ruiz, Rosario Amaya
Villar, Ruth Andrea, Mariana Andrea Novo, José Angel, Jose Manuel
Afion, Marta Arrieta, ] Ignacio Ayestaran, Joan Ramon Badia,
Mariona Badia, Orville Baez Pravia, Ana Balan Marifio, Begoiia
Balsera, Carme Barbera, José Barberan, Laura Barbena, Enric
Barbeta, Tommaso Bardi, Patricia Barral Segade, Marta Barroso,
José Angel Berezo Garcia, Jests F Bermejo-Martin, Belén Beteré,
Judit Bigas, Aaron Blandino Ortiz, Rafael Blancas, Maria Luisa
Blasco Cortés, Maria Boado, Maria Bodi Saera, Neus Bofill, Maria
Teresa Bouza Vieiro, Leticia Bueno, Elena Bustamante-Munguira,
Juan Bustamante-Munguira, Cecilia del Busto Martinez, Jesis
Caballero, David Campi Hermoso, Sandra Campos Fernandez,
Cristina Carbajales, Iosune Cano, Maria Luisa Canton-Bulnes,
Nieves Carbonell, Pablo Cardina Fernandez, Laura Carrién Garcia,
Sulamita Carvalho, Ntria Casacuberta-Barbera, Manuel Castella,
Andrea Castellvi, Pedro Castro, Mercedes Catalan-Gonzalez, Ramon
Cicuendez Avila, Catia Cilléniz, Luisa Clar, Cristina Climent, Jordi
Codina, Pamela Conde, Sofia Contreras, Maria Cruz Martin, Raul de
Pablo Sanchez, Diego De Mendoza, Emili Diaz, Yolanda Diaz, Maria
Digna Rivas Vilas, Cristina Ddlera Moreno, Irene Dot, Pedro
Enriquez Giraudo, Inés Esmoris Arijon, Angel Estella, Teresa Farre
Monjo, Javier Fernandez, Carlos Ferrando, Albert Figueras, Eva
Forcadell-Ferreres, Lorena Forcelledo Espina, Nieves Franco, Enric
Franquesa, Angels Furro, Albert Gabarrus, Cristobal Galban, Elena
Gallego, Felipe Garcia, Beatriz Garcia, José Luis Garcia Garmendia,
Dario Garcia-Gasulla, Emilio Garcia Prieto, Carlos Garcia Redruello,
Amaia Garcia Sagastume, José Garnacho-Montero, Maria Luisa
Gascon Castillo, Gemma Goma, José M. Gomez, Vanesa Gomez
Casal, Silvia Gomez, Carmen Gomez Gonzalez, David de Gonzalo-
Calvo, Jessica Gonzalez, Federico Gordo, Maria Pilar Gracia, Victor
D. Gumucio- Sanguino, Alba Herraiz, Rubén Herran-Monge, Arturo
Huerta, Mercedes Ibarz, Silvia Iglesias, Maria Teresa Janer, Gabriel
Jiménez, Ruth Noemi Jorge Garcia, Mar Juan Diaz, Karsa Kiarostami,
Juan I Lazo Alvarez, Miguel Ledn, Alexandre Lopez- Gavin, Ana
Lopez Lago, Juan Lopez Messa, Esther Lopez-Ramos, Ana Loza-
Vazquez, Desire Macias Guerrero, Nuria Mamolar Herrera, Rafael
Mafiez Mendiluce, Cecilia L Mantellini, Gregorio Marco Naya, Pilar
Marcos, Judith Marin-Corral, Enrique Marmol Peis, Paula Martin
Vicente, Maria Martinez, Carmen Eulalia Martinez Fernandez,
Amalia Martinez de la Gandara, Maria Dolores Martinez Juan,
Basilisa Martinez Palacios, Ignacio Martinez Varela, Juan Fernando
Masa Jimenez, Joan Ramon Masclans, Emilio Maseda, Eva Maria
Menor Fernandez, Mar Miralbés, Josman Monclou, Juan Carlos
Montejo-Gonzalez, Neus Montserrat, Maria Mora Aznar, Dulce
Morales, Sara Guadalupe Moreno Cano, David Mosquera Rodri-
guez, Rosana Mufioz-Bermuadez, Guillermo Muiiiz Albaiceta, José
Maria Nicolas, Maria Teresa Nleto, Ramon Nogue Bou, Rafaela
Nogueras Salinas, Marta Ocon, Ana Ortega, Sergio Ossa, Pablo
Pagliarani, Francisco Parrilla, Josep-Pedregosa-Diaz, Yhivian
Pefiasco, Oscar Pefiuelas, Leire Pérez Bastida, Purificacion Pérez,
Felipe Pérez-Garcia, Gloria Pérez Planelles, Eva Pérez Rubio, David
Pestaiia Laguna, Angels Pifiol-Tena, Javier Prados, Andrés Pujol,
Juan Carlos Pozo, Niria Ramon Coll, Gloria Renedo Sanchez-Giron,
Jordi Riera, Pilar Ricart, Ferran Roche-Campo, Alejandro Rodriguez,
Laura Rodriguez, Felipe Rodriguez de Castro, Silvia Rodriguez,
Covadonga Rodriguez Ruiz, Jorge Rubio, Alberto Rubio Lopez,
Angela Leonor Ruiz-Garcia, Miriam Ruiz Miralles, Pablo Ryan
Muraa, Eva Saborido Paz, Victor Sagredo, Ana Salazar Degracia,
Inmaculada Salvador-Adell, Miguel Sanchez, Ana Sanchez, Angel



L. Ferndndez-Barat, A. Motos, J. Canseco-Ribas et al.

Sanchez-Miralles, Susana Sancho Chinesta, Bitor Santacoloma,
Miguel Sanchez, Maria Teresa Sarifiena, Marta Segura Pensado,
Lidia Serra, Mireia Serra-Fortuny, Ainhoa Serrano Lazaro, Lluis
Servia, Lorenzo Socias, Laura Soliva, Jordi Solé-Violan, Fernando
Suarez Sipmann, Carla Speziale, Luis Tamayo Lomas, Adrian
Tormos, Maria del Carmen de la Torre, Gerard Torres, Mateu
Torres, Sandra Trefler, Josep Trenado, Javier Trujillano, Alejandro
Ubeda, Luis Urrelo-Cerrén, Estela Val, Manuel Valledor, Luis
Valdivia Ruiz, Montserrat Vallverd(, Maria Van der Hofstadt
Martin-Montalvo, Sabela Vara Adrio, Nil Vazquez, Javier Vengoe-
chea, Pablo Vidal, Clara Vila-Vilardel, Judit Vilanova, Tatiana
Villada Warrington, Hua Yang, Minlan Yang, Ana Zapatero.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in
the online version, at doi:https://doi.org/10.1016/j.accpm.2025.
101558.

References

[1] Motos A, Lopez-Gavin A, Riera ], Ceccato A, Fernandez-Barat L, Bermejo-Martin
JF, et al. Higher frequency of comorbidities in fully vaccinated patients
admitted to the ICU due to severe COVID-19: a prospective, multicentre,
observational study. Eur Respir ] 2022;59.

Patone M, Thomas K, Hatch R, Tan PS, Coupland C, Liao W, et al. Mortality and
critical care unit admission associated with the SARS-CoV-2 lineage B.1.1.7 in
England: an observational cohort study. Lancet Infect Dis 2021;21:1518-28.
Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli A, et al.
Baseline characteristics and outcomes of 1591 patients infected with SARS-
CoV-2 admitted to ICUs of the Lombardy Region, Italy. Jama 2020;323:1574-
81.

Gomez Anttinez M, Muifio Miguez A, Bendala Estrada AD, Maestro de la Calle G,
Monge Monge D, et al. Clinical characteristics and prognosis of COPD patients
hospitalized with SARS-CoV-2. Int ] Chron Obstruct Pulmon Dis
2020;15:3433-45.

Singanayagam A, Glanville N, Girkin JL, Ching YM, Marcellini A, Porter JD, et al.
Corticosteroid suppression of antiviral immunity increases bacterial loads and
mucus production in COPD exacerbations. Nat Commun 2018;9:2229.
Halpin DMG, Criner GJ, Papi A, Singh D, Anzueto A, Martinez FJ, et al. Global
initiative for the diagnosis, management, and prevention of chronic obstruc-
tive lung disease. The 2020 GOLD Science Committee Report on COVID-19 and
chronic obstructive pulmonary disease. Am ] Respir Crit Care Med
2021;203:24-36.

Schultze A, Walker AJ, MacKenna B, Morton CE, Bhaskaran K, Brown JP, et al.
Risk of COVID-19-related death among patients with chronic obstructive
pulmonary disease or asthma prescribed inhaled corticosteroids: an observa-
tional cohort study using the OpenSAFELY platform. Lancet Respir Med
2020;8:1106-20.

Aveyard P, Gao M, Lindson N, Hartmann-Boyce ], Watkinson P, Young D, et al.
Association between pre-existing respiratory disease and its treatment, and
severe COVID-19: a population cohort study. Lancet Respir Med 2021;9:909-
23.

Bloom CI, Drake TM, Docherty AB, Lipworth BJ, Johnston SL, Nguyen-Van-Tam
JS, et al. Risk of adverse outcomes in patients with underlying respiratory
conditions admitted to hospital with COVID-19: a national, multicentre pro-
spective cohort study using the ISARIC WHO Clinical Characterisation Protocol
UK. Lancet Respir Med 2021;9:699-711.

Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al.
Factors associated with COVID-19-related death using OpenSAFELY. Nature
2020;584:430-6.

Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R, Norman L, et al.
Features of 20 133 UK patients in hospital with covid-19 using the ISARIC
WHO Clinical Characterisation Protocol: prospective observational cohort
study. BM] (Clin Res Ed) 2020;369:m1985.

[2

3

[4

(5

[6

[7

[8

[9

[10]

[11]

10

Anaesth Crit Care Pain Med 44 (2025) 101558

[12] Torres A, Arguimbau M, Bermejo-Martin |, Campo R, Ceccato A, Fernandez-
Barat L, et al. CIBERESUCICOVID: a strategic project for a better understanding
and clinical management of COVID-19 in critical patients. Arch Bronconeumol
2021;57(Suppl 2):1-2.

von EIm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke JP. The
strengthening the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational studies. Lancet
2007;370:1453-7.

Vogelmeier CF, Criner GJ, Martinez FJ, Anzueto A, Barnes PJ, Bourbeau J, et al.
Global strategy for the diagnosis, management, and prevention of chronic
obstructive lung disease 2017 report. GOLD executive summary. Am | Respir
Crit Care Med 2017;195:557-82.

Bermejo-Martin JF, Gonzilez-Rivera M, Almansa R, Micheloud D, Tedim AP,
Dominguez-Gil M, et al. Viral RNA load in plasma is associated with critical
illness and a dysregulated host response in COVID-19. Crit Care (London
England) 2020;24:691.

Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell E, Fan E, et al.
Acute respiratory distress syndrome: the Berlin definition. Jama
2012;307:2526-33.

Bermejo-Martin JF, Garcia-Mateo N, Motos A, Resino S, Tamayo L, Ryan Murua
P, et al. Effect of viral storm in patients admitted to intensive care units with
severe COVID-19 in Spain: a multicentre, prospective, cohort study. Lancet

[13]

[14]

[15]

[16]

[17]

Microbe 2023;4(6):e431-41. http://dx.doi.org/10.1016/S2666-
5247(23)00041-1. Epub 2023 Apr 25. PMID: 37116517; PMCID:
PMC10129133.

[18] Austin PC. An introduction to propensity score methods for reducing the

effects of confounding in observational studies. Multivar Behav Res
2011;46:399-424.

[19] Hardin JW, Hilbe JM. Generalized linear models and extensions, 2nd ed., Stata
press; 2007.

[20] Omar R. Clinical prediction models: a practical approach to development,
validation and updating. STEYERBERG, E W Biometrics; 2010.

[21] Lee SC, Son K], Han CH, Park SC, Jung JY. Impact of COPD on COVID-19
prognosis: a nationwide population-based study in South Korea. Sci Rep
2021;11:3735.

[22] Groenewegen KH, Schols AM, Wouters EF. Mortality and mortality-related
factors after hospitalization for acute exacerbation of COPD. Chest
2003;124:459-67.

[23] Flattet Y, Garin N, Serratrice ], Perrier A, Stirnemann ], Carballo S. Determining
prognosis in acute exacerbation of COPD. Int J Chron Obstruct Pulmon Dis
2017;12:467-75.

[24] Piquet ], Chavaillon JM, David P, Martin F, Blanchon F, Roche N. High-risk
patients following hospitalisation for an acute exacerbation of COPD. Eur
Respir ] 2013;42:946-55.

[25] Ferrer M, Torres A. Noninvasive ventilation and high-flow nasal therapy
administration in chronic obstructive pulmonary disease exacerbations.
Semin Respir Crit Care Med 2020;41:786-97.

[26] Rochwerg B, Brochard L, Elliott MW, Hess D, Hill NS, Nava S, et al. Official ERS/
ATS clinical practice guidelines: noninvasive ventilation for acute respiratory
failure. Eur Respir ] 2017;50.

[27] Oczkowski S, Ergan B, Bos L, Chatwin M, Ferrer M, Gregoretti C, et al. ERS

clinical practice guidelines: high-flow nasal cannula in acute respiratory

failure. Eur Respir ] 2022;59.

Mujakovi¢ A, Kovacevic T, Begic E, Fajkic A, Bari¢ G, Jamakosmanovic A, et al.

High flow nasal cannula versus noninvasive positive pressure ventilation as

initial respiratory support in patients with chronic obstructive pulmonary

disease and Covid-19: exploratory analysis in two intensive care units. Acta

Med Acad 2022;51:199-208.

Burnim MS, Wang K, Checkley W, Nolley EP, Xu Y, Garibaldi BT. The effective-

ness of high-flow nasal cannula in coronavirus disease 2019 pneumonia: a

retrospective cohort study. Crit Care Med 2022;50:e253-62.

Garnier M, Constantin JM, Heming N, Camous L, Ferré A, Razazi K, et al.

Epidemiology, risk factors and prognosis of ventilator-associated pneumonia

during severe COVID-19: multicenter observational study across 149 European

Intensive Care Units. Anaesth Crit Care Pain Med 2023;42101184.

Calverley PM, Anderson JA, Celli B, Ferguson GT, Jenkins C, Jones PW, et al.

Salmeterol and fluticasone propionate and survival in chronic obstructive

pulmonary disease. N Engl ] Med 2007;356:775-89.

[32] Aarab Y, Debourdeau T, Garnier F, Capdevila M, Monet C, De Jong A, et al.
Management and outcomes of COVID-19 patients admitted in a newly created
ICU and an expert ICU, a retrospective observational study. Anaesth Crit Care
Pain Med 2024;43101321.

(28]

[29]

[30]

[31]


https://doi.org/10.1016/j.accpm.2025.101558
https://doi.org/10.1016/j.accpm.2025.101558
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0005
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0005
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0005
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0005
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0010
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0010
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0010
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0015
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0015
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0015
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0015
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0020
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0020
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0020
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0020
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0025
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0025
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0025
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0030
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0030
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0030
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0030
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0030
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0035
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0035
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0035
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0035
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0035
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0040
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0040
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0040
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0040
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0045
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0045
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0045
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0045
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0045
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0050
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0050
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0050
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0055
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0055
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0055
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0055
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0060
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0060
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0060
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0060
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0065
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0065
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0065
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0065
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0070
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0070
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0070
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0070
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0075
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0075
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0075
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0075
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0080
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0080
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0080
http://dx.doi.org/10.1016/S2666-5247(23)00041-1
http://dx.doi.org/10.1016/S2666-5247(23)00041-1
http://dx.doi.org/10.1016/S2666-5247(23)00041-1
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0090
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0090
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0090
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0095
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0095
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0100
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0100
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0105
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0105
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0105
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0110
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0110
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0110
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0115
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0115
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0115
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0120
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0120
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0120
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0125
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0125
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0125
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0130
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0130
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0130
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0135
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0135
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0135
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0140
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0140
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0140
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0140
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0140
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0145
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0145
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0145
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0150
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0150
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0150
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0150
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0155
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0155
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0155
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0160
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0160
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0160
http://refhub.elsevier.com/S2352-5568(25)00090-6/sbref0160

	Outcomes and predictors of mortality in patients with severe COVID-19 and COPD admitted to ICU: A multicenter study
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Study population and data collection
	2.3 Definitions
	2.4 Primary and secondary outcomes
	2.5 Biomarker profiling
	2.6 Statistical analyses

	3 Results
	3.1 Demographics and clinical characteristics at ICU admission
	3.2 Complications, treatments, and outcomes
	3.3 Biomarkers among groups
	3.4 Biomarkers associated with mortality
	3.5 Clinical predictors for mortality
	3.6 Clinical predictors for IMV

	4 Discussion
	CRediT authorship contribution statement

	Informed consent and patient details
	Funding information
	Declaration of competing interest
	Acknowledgements

	Appendix A Supplementary data
	References

