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Background: Data are scarce on respiratory infections during severe acute exacerbation of chronic obstructive pulmonary disease
(COPD). This study aimed to investigate respiratory infection patterns in the intensive care unit (ICU) and identify variables associated
with infection type and patient outcome.

Methods: A retrospective, single-centre cohort study. All patients admitted (2015-2021) to our ICU for severe acute exacerbation of
COPD were included. Logistic multivariable regression analysis was performed to predict factors associated with infection and assess
the association between infection and outcome.

Results: We included 473 patients: 288 (60.9%) had respiratory infection and 139 (29.4%) required invasive mechanical ventilation.
Eighty-nine (30.9%) had viral, 81 (28.1%) bacterial, 34 (11.8%) mixed, and 84 (29.2%) undocumented infections. Forty-seven (9.9%)
patients died in the ICU and 67 (14.2%) in hospital. Factors associated with respiratory infection were temperature (odds ratio [+1°C]
=1.43, P=0.008) and blood neutrophils (1.07, P=0.002). Male sex (2.21, P=0.02) and blood neutrophils were associated with bacterial
infection (1.06, P=0.04). In a multivariable analysis, pneumonia (cause-specific hazard=1.75, P=0.005), respiratory rate (1.17,
P=0.04), arterial partial pressure of carbon-dioxide (1.08, P=0.04), and lactate (1.14, P=0.02) were associated with the need for
invasive MV. Age (1.03, P=0.03), immunodeficiency (1.96, P=0.02), and altered performance status (1.78, P=0.002) were associated
with hospital mortality.

Conclusions: Respiratory infections, 39.9% of which were bacterial, were the main cause of severe acute exacerbation of COPD.
Body temperature and blood neutrophils were single markers of infection. Pneumonia was associated with the need for invasive
mechanical ventilation but not with hospital mortality, as opposed to age, immunodeficiency, and altered performance status.

Plain Language Summary:

- This study investigates the prevalence, characteristics, and impact on outcomes of different types of respiratory infections triggering
severe acute exacerbations of COPD.

- Our retrospective cohort study of 473 critically ill patients found that respiratory infections, of which 39.9% were bacterial, were the
main cause of severe exacerbation.

- The type of infection (viral, bacterial, or mixt) was not associated with the need for invasive mechanical ventilation or mortality.

- Early identification of the infectious agent is crucial for implementing effective therapy; however, the type of infection was not
associated with the main outcomes.
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Background

Exacerbation of chronic obstructive pulmonary disease (COPD) presents as a transient increase in respiratory symptoms,
with acute severe exacerbations requiring hospitalization. These events increase short- and mid-term morbidity and
mortality, especially in the most severe cases when ventilatory support is mandatory.” Despite improved management in
the intensive care unit (ICU), severe acute exacerbations are associated with a high mortality rate (20%) at hospital
discharge.® Identifying exacerbation triggers in individual patients is a major issue in the ICU.

Respiratory infections are the main cause of COPD exacerbation.* Recent literature from the ICU provides limited
information on the characteristics and impact of the viral or bacterial nature of the infection, even though the therapeutic
issue is of primary importance in this context.”® Moreover, assessing the association between respiratory infections and
the use of invasive mechanical ventilation (MV) and mortality seems relevant and could be an axis for improving
management in the acute phase.

The main objectives of this study were to describe, evaluate, and compare the characteristics of respiratory infections
and their effect on outcomes in patients admitted to the ICU for a severe acute exacerbation of COPD.

Study Design and Methods

This single-center, observational, retrospective study was granted ethical approval by our national ethical institution, the
Ethics Committee of the French Intensive Care Society, under the reference number 21-66 for the “BPCO Réa study” on
August 10, 2021. Furthermore, the study was registered with the French National Institute for Health Data under the
identifier MR2516271119. Procedures were followed in accordance with institutional ethical standards of the responsible
committee on human experimentation and with the Helsinki Declaration of 1975. Informed consent was sought from the
patients upon recovery, in compliance with French law. The 28-bed ICU is in a university-affiliated tertiary hospital in the
Paris area with 800 medical and surgical beds.

Patients

We screened all consecutive COPD patients admitted to our ICU between January 2015 and December 2021. Diagnosis
of COPD must be confirmed by spirometry in medical computed records. Only patients over 40 years of age admitted in
ICU for a severe acute exacerbation of COPD were included. Definitions for a severe acute exacerbation of COPD,
bronchitis, and pneumonia are described in the Data Supplement. Exclusion criteria were admission to the ICU for
reasons other than exacerbation of COPD, known asthma according to the Global Initiative for Asthma definition, and
patient refusal to participate.

Data Collection

All collected data were obtained retrospectively from medical records and stored in a secured and anonymized
standardized electronic file (Excel, Microsoft©, Redmond, WA). Patient data included demographics, comorbidities,
immunodeficiency (defined by the presence of a haemopathy, a solid cancer under treatment or in remission for less than
5 years, or in case of active immunosuppressive therapy), triggering factor for the exacerbation, performance status (PS),
Simplified Acute Physiology Score II (SAPS II), clinical parameters (including haemodynamic parameters, the Glasgow
Coma Scale, temperature and respiratory rate at admission), laboratory tests (such as blood gas analysis, complete blood
count, and inflammatory markers) and microbiological samples, type and duration of ventilatory support, length of stay in
the ICU and in-hospital, and mortality in the ICU, at day 30, and at day 90. Definitions and description of ICU
management, ventilatory support, and standardized microbiological samples are described in the Data Supplement.

Statistical Analysis
Descriptive data are presented as medians with interquartile ranges (IQR) for continuous variables and as absolute values
(%) for categorical data.

We first performed a comparison according to the presence of a respiratory infection. We used the y* test or Fisher’s
exact test for categorical variables and Student’s #-test or the Wilcoxon #-test for continuous variables according to their
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distribution. We performed a comparison between the identified pathogens; as there were 3 groups of infection, a y* test
was used for categorical variables, whereas continuous variables were compared via Kruskal-Wallis tests or analysis of
variance.

To identify the risk factors associated with the presence of a respiratory infection, a logistic regression model was
applied. A set of variables with a P-value <0.20 in the univariate analysis was then used to construct a multivariable
model. The first model was defined and then exposed to an automated process of variable selection known as stepwise.
Once the final model was obtained during the selection stage, the hypothesis of risk proportionality was evaluated
graphically, and the interactions were sought. We assessed the model goodness-of-fit using the Hosmer—Lemeshow test.
We used the same strategy to search for risk factors associated with the occurrence of a bacterial infection among patients
with a respiratory infection.

We subsequently looked for possible factors associated with the risk of resorting to MV and then with the occurrence
of hospital death. As invasive MV is a competing event with discharge from the ICU without intubation (live discharge,
death), because death is a competing event with live discharge from the ICU, we applied a Cox cause-specific model. For
factors associated with ICU death, the use of invasive MV was considered as a time-dependent explanatory variable. For
the construction of the multivariable model, all the covariates were first analyzed in a univariate manner and then
a multivariable model was constructed from the covariates presenting a P-value <0.20. The same covariate selection
method was used to obtain a final model. In addition to the assumption of proportionality of risk, the log linearity of the
continuous variables was assessed. If the linearity assumption of a continuous variable was not verified, it was
transformed using splines.

For variables with missing data, the management strategy is as follows: a complete case analysis for variables with
less than 5% of missing data or multiple imputation by chained equation for variables with between 5% and 30% missing
data. No variable with more than 30% missing data was imputed and was therefore excluded from the multivariable
analysis. In the case of multiple imputation, 50 imputed data sets were obtained from an imputation model repeated 10
times. An analysis model was then fitted to each of the 50 separately imputed datasets, and these 50 datasets were pooled
according to Rubin’s formulae.

All tests were conducted in a 2-tailed fashion with an alpha risk of 0.05. All analyses were performed with the
statistical software R4.2.10 using the packages rms, stepwise, mice, and survival (R foundation© for Statistical
Computing Vienna, Austria).

Results

Patient Characteristics

Figure 1 is the patient flowchart and Table S1 reports patient characteristics. A total of 473 patients were included, of
whom 304 (64.3%) were men, and the median age was 69 (IQR, 62-77) years. Four hundred and twenty-five (89.9%)
patients were hospitalized for acute respiratory distress, 36 (7.6%) for hypercapnic coma, and 12 (2.5%) for acute
respiratory distress associated with shock.

Regarding exacerbation triggers, 288 (60.9%) patients presented a respiratory infection, with 182 (63.2%) having
pneumonia and 106 (36.8%) acute bronchitis. The origin was viral in 89 (30.9%) patients, bacterial in 81 (28.1%), and
mixed (virus and bacteria) in 34 (11.8%). For 84 patients (29.2%), the respiratory infection was either not documented or
with oropharyngeal flora.

ICU Management and Outcomes

Table 1 reports ICU management and outcomes. Antibiotic therapies were prescribed for at least 48 hours in 71.5% of
patients. Table 2 highlights the distribution of the different types of microbial agents and microbiological diagnosis of
respiratory tract infection. Influenza virus was found in 16.0% of patients, followed by undistinguished rhinovirus/
enterovirus (12.2%) and respiratory syncytial virus (6.2%). The predominant bacteria were Haemophilus influenzae
(12.8%) and Streptococcus pneumoniae (10.8%). Supplementary Figure 1 details the microbiological samples performed

in the cohort (Data Supplement).
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Respiratory tract infection No respiratory tract infection
n = 288 (60.9%) n =185 (39.1%)
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n = 89 (30.9%) n =81 (28.1%) n = 34 (11.8%) pharyng

n = 84 (29.2%)

Figure | Patient flow chart.
Abbreviations: COPD, chronic obstructive pulmonary disease; ICU, intensive care unit.

NIV was initiated in 88.8% of patients, with 25.7% NIV failures (Table 1). A total of 139 (29.4%) patients were
intubated. Median duration of NIV was 2 days (IQR = 1-4), and invasive MV was 6 days (IQR = 3-13). Median length
of stay in the ICU was 5 days (IQR = 3-9). Forty-seven (9.9%) patients died in the ICU and 14.2% died in hospital.

Factors Associated with a Respiratory Infection

Factors independently associated with an infectious exacerbation were initial body temperature +1 °C (odds ratio [OR]=1.43,
95% CI=1.16-1.78, P=0.008) and blood neutrophils (OR=1.07, 95% CI=1.02-1.11, P=0.002) (Table S2). PS score
(OR=0.73, 95% CI=0.58-0.93, P=0.01), COPD stage 3 or 4 (OR=0.52, 95% CI=0.34-0.78, P=0.002) and blood eosinophils
(OR=0.87, 95% CI=0.79-0.94, P=0.002) were inversely associated with the infectious nature of the exacerbation.

Factors Associated with Bacterial Infection

In multivariable analysis, male sex (OR=2.21, 95% CI=1.14—4.41, P=0.02) and higher blood neutrophils (OR=1.06, 95%
CI=1.01-1.13, P=0.04) were independently associated with bacterial infection (Table S3). Higher albumin and lower
Glasgow Coma Scale (GCS) were inversely associated with the infectious nature of the exacerbation.

Factors Associated with the Need for Invasive Mechanical Ventilation

In multivariable analysis (Table 3), pneumonia (cause-specific hazard [CSH]=1.75, 95% CI=1.18-2.60, P=0.005), initial
respiratory rate (CSH=1.17, 95% CI=1.01-1.36, P=0.04), PaCO, at ICU admission (CSH=1.08, 95% CI=1.01-1.17,
P=0.04), and lactate at ICU admission (CSH=1.14, 95% CI=1.03-1.28, P=0.02) were significantly associated with
invasive MV.

Factors inversely associated with the use of invasive MV were chronic right heart failure (OR=0.39, 95% CI=0.24—
0.65, P<0.001), increasing PS score (CSH=0.63, 95% CI=0.52-0.77, P<0.001), decreasing GCS score (CSH=0.80, 95%
CI=0.76-0.84, P<0.001), and higher albumin levels at ICU admission (CSH=0.95, 95% CI=0.93-0.97, P<0.001).
Infection as the trigger of COPD exacerbation was not independently associated with invasive MV in this model.

Factors Associated with Hospital Mortality
Age (CSH=1.03, 95% CI=1.01-1.06, P=0.03), immunodeficiency (CSH=1.96, 95% CI=1.08-3.55, P=0.02), and
increasing PS score (CSH=1.78, 95% CI=1.23-2.57, P=0.002) were independently associated with hospital mortality

558 https: International Journal of Chronic Obstructive Pulmonary Disease 2024:19
Dove!


https://www.dovepress.com/get_supplementary_file.php?f=447162.docx
https://www.dovepress.com/get_supplementary_file.php?f=447162.docx
https://www.dovepress.com
https://www.dovepress.com

a0

61:470T @seasiq AJeuowng SAIIdNIISGQO IUOIYD) JO [eunof [BUORBUIIU|

:sdyy

6SS

Table | Intensive Care Unit (ICU) Management and Outcomes in Patients Admitted for Severe Acute Exacerbation of Chronic Obstructive Pulmonary Disease (COPD) According to

the Initial Diagnosis of Respiratory Tract Infection as the Triggering Factor

Variables All Cases n=473 Respiratory Tract Infection® n=288 (60.9) No Respiratory | N Missingf
K K . K R . R Tract Infection
Respiratory Tract Infection® Viral Infection Bacterial Viral + Bacterial n=185 (39.1)
All Cases n=288 (60.9) n=89 Infection Infection n=34
n=81
Ventilatory management during ICU stay
Exclusive spontaneous ventilation 36 (7.6) 22 (7.6) 7(7.9) 4 (4.9) 4 (11.8) 14 (7.6)
NIV 420 (88.8) 252 (87.5) 81 (91.0) 69 (85.2) 27 (79.4) 168 (90.8)
Duration of NIV, days 2 [14] 2 [1-5] 3 (2-5) 2 [1-5] 3[1-5] 2[14]
NIV failure 108 (25.7) 85 (33.7)* 19 (23.5)* 32 (46.4) 12 (44.4) 23 (13.7)
Invasive MV 139 (29.4) 109 (37.8)* 23 (25.8)** 43 (53.1) 18 (52.9) 30 (l6.2)
Duration of invasive MV, days 6 [3-13] 7 [3-13]* 9 [4-15] 5[3-11] 14 [6-18] 3[2-11]
Total duration of ventilatory assistance, 3 [2-7] 4 [2-9]* 4 [2-8]** 6 [2-10] 6 [5-16] 3 [2-5]
days
Ventilator-associated pneumonia (if 27 (194) 20 (6.9) 5(5.6) 6 (7.4) 5(14.7) 7(3.8)
intubated)
Tracheostomy® 71110 (6.4) 7187 (8.0) 2(22) 337 2 (5.9) 0 (0.0
NIV after ICU discharge® 116 (27.2) 58 (22.7)* 15 (18.3) 17 (25.8) 7 (22.6) 58 (34.1)
Adjunctive therapies during ICU stay
Corticosteroids 242 (51.4) 153 (53.3) 50 (56.2) 38 (46.9) 20 (60.6) 89 (48.4) 8
Antibiotics initiated at ICU admission 338 (71.5) 269 (93.4)* 73 (82.0)** 81 (100.0) 34 (100.0) 69 (37.3)
Antiviral therapy (Oseltamivir) 87 (18.4) 8l (28.1)* 47 (52.8)** 9 (IL.1) 13 (38.2) 6(3.2)
Need for vasoactive drugs in the ICU 107 (22.6) 82 (28.5)* 16 (18.0)** 35 (43.2) 14 (41.2) 25 (13.5)
Outcomes
ICU length of stay, days 5 [3-9] 7 [4-117* 6 [4-10]** 7 [4-13] 9 [5-17] 4 [3-7]
ICU mortality 47 (9.9) 32 (1L.1) 7 (7.9)% 17 (21.0) 2 (5.9) 15 (8.1)
Post-ICU hospital length of stay, days 10 [6-17] 10 [6-18] 9 [6-15] 9 [4-17] 12 [6-21] 10 [5-16] 2
Total hospital length of stay, days 17 [11-26] 18 [12-30]* 17 [11-26] 17 [12-28] 23 [15-39] 15 [10-23] 2
Hospital mortality 67 (14.2) 46 (16.0) I (12.4)% 22 (27.1) 3 (898 21 (11.4) |
Day-30 mortality 67 (14.2) 44 (15.5) I (12.4)%* 20 (24.7) 3 (88 23 (12.6) 7
Day-90 mortality 90 (19.4) 56 (19.9) 14 (15.7)** 24 (29.6) 5(14.7) 34 (18.7) 10

Notes: Data are presented as N (%) or Median [interquartile range]. TNumber of missing observations, unless @. *p<0.05 between respiratory tract infection and no respiratory tract infection. *¥p<0.05 between viral, bacterial and [viral

+ bacterial] respiratory tract infection. *24/288 patients had a suspected respiratory tract infection without microbial identification or oropharyngeal flora. ®For survivors intubated patients. *For ICU survivors.
Abbreviations: SAPS |I, Simplified Acute Physiology Score II; ICU, intensive care unit; COPD, chronic obstructive pulmonary disease; NIV, Non-invasive ventilation; MV, Mechanical ventilation.
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Table 2 Antibiotics Used and Microbiological Diagnosis for Patients with Respiratory Tract Infection

Variables All Respiratory Tract Infections Pneumonia n=182 Bronchitis n=106
n=288 (63.2) (36.8)
Viral diagnosis 89 (30.9) 54 (29.7) 35 (33.0)
Bacterial diagnosis 81 (28.1) 57 (31.3) 24 (22.7)
Viral and bacterial co-infection 34 (11.8) 26 (14.3) 8 (7.5)
Unidentified or oropharyngeal flora 84 (29.2) 45 (24.7) 39 (36.8)
Virus type
Influenzae (type A and B) 46 (16.0) 39 (21.4) 7 (6.6)
Respiratory syncytial virus 18 (6.2) 8 (4.4) 10 (9.4)
Rhinovirus/Enterovirus 35 (12.2) 20 (11.0) 15 (14.2)
Parainfluenzae virus 11 (3.8) 4 (2.2) 7 (6.6)
Metapneumovirus 5(1.7) 5(2.7) 0 (0.0)
Adenovirus 4 (1.4) 0 (0.0) 4 (3.8)
Multiples virus coinfection 4 (1.4) 2 (1.1) 2(1.9)

Bacterial type

Haemophilus influenzae 37 (12.8) 27 (14.8) 10 (9.4)
Streptococcus pneumoniae 31 (10.8) 24 (13.2) 7 (6.6)
Enterobacteriaceae 19 (6.6) 13 (7.1) 6 (5.7)
Others Streptococcus 12 (4.2) 9 (49 3(28)
Pseudomonas aeruginosa 8 (2.8) 5(2.7) 3(2.8)
Staphylococcus aureus oxacilline-sensitive 6 (2.1) 5(27) I (0.9)
Branhamella catarrhalis 5(1.7) 5((2.7) 0 (0.0)
Stenotrophomonas maltophilia 3 (1.0) 1 (0.5) 2(1.9)
Legionella pneumophila 1 (0.3) 1 (0.5) 0 (0.0)
Mycoplasma pneumoniae 1 (0.3) 1 (0.5) 0 (0.0)
Oro-pharyngeal flora 23 (8.0) 7 (3.8) 16 (15.1)
Others 8 (2.8) 6 (3.3) 2 (1.9
Multiples bacterial coinfection 14 (4.9) 12 (6.6) 2(1.9)
First line antibiotic therapy at ICU admission 269 (93.4) 178 (97.8) 91 (85.8)
One antibiotic 57 (21.2) 23 (12.9) 34 (37.4)
Combination therapy (2 antibiotics) 212 (78.8) 155 (87.1) 57 (62.6)

Antibiotic type initiated at ICU admission

Cefotaxime or Ceftriaxone 123 (45.7) 100 (56.2) 23 (25.3)
AAC or Amoxicillin 121 (45.0) 66 (37.1) 51 (56.0)
Cefepime 71 (26.4) 52 (29.2) 19 (20.9)
Piperacillin/tazobactam 32 (11.9) 27 (15.2) 5 (5.5
Imipenem or meropenem 12 (4.5) 8 (4.5) 4 (4.4)
Ceftazidime 5(1.9) 3(17) 2(22)
Levofloxacin 10 (3.7) 5(2.8) 5(5.5)
Spiramycine associated with B-lactamin 158 (58.7) 124 (69.7) 34 (374)
Antiviral therapy (oseltamivir) 81 (28.1) 61 (34.2) 20 (18.9)

Note: Data are presented as N (%).

(Table 3). Systemic corticosteroid therapy during the ICU stay was inversely associated with hospital mortality
(CSH=0.53, 95% CI=0.29-0.98, P=0.04). Bacterial infection was not independently associated with hospital mortality.
Supplementary Figure 2 shows Kaplan—Meier survival curves at day 90 according to the type of infection (Data

Supplement).
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Table 3 Multivariable Analysis of Risk Factors Associated with the Need for Invasive
Mechanical Ventilation and Risk Factors Associated with Hospital Mortality

Variables Multivariable CSH (95%Cl) P value

Risk factors associated with the need for invasive mechanical ventilation

Chronic right heart failure 0.39 (0.24-0.65) <0.001
Performance status (+ | point) 0.63 (0.52-0.77) <0.001
Pneumonia 1.75 (1.18-2.60) 0.005
Glasgow coma scale (-1 point) 0.80 (0.76-0.84) <0.001
Respiratory rate (+ 5 cycles/min) 1.17 (1.01-1.36) 0.04
PaCO, (+ 10 mmHg) 1.08 (1.01-1.17) 0.04
Lactate (+ | mmol/L) 1.14 (1.03-1.28) 0.02
Serum albumin (+ | g/L) 0.95 (0.93-0.97) <0.001

Risk factors associated with in-hospital mortality

Age, years (+1 year) 1.03 (1.01-1.06) 0.03
Immunodeficiency 1.96 (1.08-3.55) 0.02
Performance status (—1 point) 1.78 (1.23-2.57) 0.002
Bacterial infection 1.71 (0.92-3.18) 0.08
Corticosteroids use during ICU stay 0.53 (0.29-0.98) 0.04

Note: Bolded variables are significant in multivariable analysis.
Abbreviations: CSH, Cause-Specific Hazard; 95%Cl, 95% Confidence intervals.

Discussion
This is the first study to provide detailed information on respiratory infections in patients admitted to the ICU for severe
acute exacerbation of COPD and their impact on invasive MV and on hospital mortality.

Our results show that respiratory infections account for almost two-thirds of the causes of severe acute exacerbations
and are consistent with the literature.” "> In our cohort, 63.2% of infections were pneumonia and 36.8% were acute
bronchitis. A French study involving 111 patients with COPD admitted to the ICU described pneumonia in 59% and
bronchitis in 20% of cases.'® In our cohort, the origin of infection was viral in 30.9% of cases, bacterial in 28.1%, mixed
in 11.8%, and undocumented (or with oropharyngeal flora) in 29.2%. This distribution is consistent with the literature,”'
although the microbiological description of infectious exacerbations is more frequent in populations hospitalized in the
ward than in the ICU. Moreover, microbiological techniques and samples and the seasonality of the recruitment periods
could contribute to variations in the distribution of viruses and bacteria between studies. Furthermore, in intubated
patients, bronchial samples may also reflect colonization rather than acute infection. One-third of the respiratory
infections we describe in this work were not microbiologically documented, and may reflect the high frequency of
antibiotic use before admission to the ICU, around 60% in the study by Daubin et al."

The viruses and bacteria identified in our study appear similar to those described in the literature, with the exception
of a lower frequency of Enterobacteria (6.6%) and P. aeruginosa (2.8%)."°"'® In a previous study of infectious COPD
exacerbations in the ICU, P. aeruginosa was found in 7% of exacerbations.'* Geographic disparity and local ecology may
explain these variations. In our study, Haemophilus influenzae and Streptococcus pneumoniae were the most detected
bacteria, accounting for 12.8% and 10.8% of respiratory infections, respectively. Furthermore, it is noteworthy that
bacterial infections caused by Streptococcus pneumoniae and Haemophilus influenzae can persist in the lower airways
even in the absence of exacerbations. Studies have shown an ongoing presence of these pathogenic bacteria, and their
burden may escalate during exacerbations, a phenomenon linked to impaired immune cell activity.'*° This highlights
the complex interplay between chronic bacterial colonization and acute exacerbations in COPD patients. This informa-
tion underscores the need for a more comprehensive understanding of the dynamics of bacterial infections in COPD, as
they can have implications for exacerbation risk and severity. While our study primarily focused on acute exacerbations,
future research could delve deeper into the mechanisms behind the persistence and escalation of bacterial pathogens in
the lower airways, even during stable phases of the disease.
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NIV is one of the cornerstones of ICU management of severe COPD exacerbation. In our cohort, the NIV failure rate
was 25.7% as previously reported.’*'** The heterogeneity of NIV failure between the cohorts could be related to
patients demographics, which vary according to the ethical decisions surrounding admission to the ICU, or the definition
of NIV failure in case of the decision to withhold care. The use of invasive MV was necessary in 29.4% of patients in our
cohort. A recent study from New Zealand described a 34.5% rate of invasive MV.?* The median duration of invasive MV
in our study was 6 days, similar to that reported by Gadre et al (4 days) and Abroug et al (6 days).***

We observed an ICU mortality rate of 9.9% and a mortality rate of 14.2% at 30 days and 19.4% at 90 days. These
rates are consistent with literature.”® In most studies, ICU mortality is in the range of 10-15% and hospital mortality
varies between 15% and 30% with similar severity scores or demographic characteristics.***’~*

In our cohort, factors associated with infection were body temperature and blood neutrophils. Conversely, the increase
in performance status score and COPD stage, as well as blood eosinophils, was inversely associated with the infectious
origin of the exacerbation. A similar hypothesis can be put forward regarding eosinophils, which could be related to an
allergic or environmental trigger, or even to a specific phenotype of patients with COPD. This hypothesis is counter-
balanced by the data from Papi et al, who reported a higher eosinophil count in the case of viral infection.’

Anticipating the type of infection would allow for a more accurate antibiotic prescription. In our cohort, male sex and
blood neutrophils were associated with a bacterial infection, whereas lower GCS and albumin were inversely correlated
with the bacterial nature of the infection. Our results identified an association between male gender and bacterial type of
infection, but it could be subject to bias due to the over-representation of males in our population, whereas literature

2930 our results show no

highlights distinct differences between men and women in respiratory chronic diseases,
difference between gender in terms of type of respiratory infection or patients prognosis (data not shown). Other studies
show an increase in blood neutrophils in bacterial exacerbations,'” whereas the link for GCS score is unclear. We would
expect a lower score to be the consequence of infection in the context of septic encephalopathy added to hypercapnic
encephalopathy or as a severity marker of the infectious exacerbation.

In our study, crude procalcitonin and C-reactive protein values were non-discriminative of the type of infection.
A recent meta-analysis reported an area under the curve of 0.77 for procalcitonin to predict a bacterial exacerbation of
COPD. Subgroup analysis revealed that the combined sensitivity and specificity of procalcitonin for patients admitted
to the ICU was lower than for other patients.' In a large cohort of COPD patients in the ICU, procalcitonin had poor
ability to distinguish between patients with and those without bacterial infection.'® One hypothesis could be that the
most chronic severe patients with altered performance status have more exacerbations related to the terminal course of
the COPD or to the numerous comorbidities rather than to an infectious trigger. In COPD exacerbation, some markers
of exacerbation severity are associated with the need for intubation, such as polypnea or higher PaCO, and lactate
levels.>**> Pneumonia differs from bronchitis in the more frequent use of MV, which could be explained by more
marked pulmonary inflammation.*®*” Our results support these previous findings.

Several studies have shown an association between impairment in daily quality of life, assessed by performance
status, and the use of invasive MV.*® Our population included patients subject to withholding a decision on intubation,
which could explain why our results do not support this association. Indeed, patients with advanced disease, chronic right
heart failure, and higher performance status score could not have been intubated in connection with a “do not intubate”
decision. Conversely, patients with higher albumin levels, assumed to be in better nutritional and muscular condition,
may have had a lower proportion with intubation thanks to a better ability to support acute respiratory failure.

Invasive MV exposes the patient to an increased risk of complications and a longer length of hospital stay.*® It would
therefore seem legitimate to believe that progression to intubation is associated with excess mortality. In our study,
invasive MV was not an independent factor associated with hospital mortality. In a recent study, Cao et al described the
factors independently associated with hospital mortality, including lymphopenia, leukopenia, chronic heart failure, and
invasive MV.*® However, several other studies did not report a relationship between invasive MV and mortality.*”*!
Improved management of patients during invasive MV in recent decades has led to a reduction in the mortality rate in
COPD exacerbation.>*?

In our study, factors associated with mortality were age, immunodeficiency, and performance status. These findings
are in concert with numerous studies of ICU patients regardless of COPD status.?” In view of the numerous comorbidities
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presented by COPD patients and their frailty, ethical issues and withholding decisions regarding invasive care are
frequent during their hospital stay or even from the moment of ICU admission. These reflections and decisions vary
according to the ICU and across countries, and contribute to the heterogeneity of mortality risk described in the literature.

Our study has several limitations. First, as a single-center study, the interpretation and generalization of our results is
limited. Second, because of its retrospective nature we have missing data. Third, the etiological investigations of the
exacerbation were oriented by the clinical condition of the patient; therefore, not all patients had the same microbiolo-
gical work-up. However, 67.2% of the population had at least one respiratory microbiological sample and 78.2% of
patients were investigated for viruses. There is a possible disparity in prevalence between intubated and non-intubated
patients in whom distal respiratory sampling is not feasible, leading to an underestimated diagnosis of bacterial infection
in non-intubated patients or an overdiagnosis in intubated patients. It is unclear whether a positive result reflects
pulmonary infection or colonization. However, despite these limitations, our cohort reflects pragmatic management
and shows similar results to the literature. Fourth, we kept the undocumented cases of infection if the clinical picture
matched, because of the high frequency of antibiotic use before ICU admission reported in the literature and in real life.'
Fifth, we did not exclude patients who had a withholding decision for intubation, which may have biased our assessment
of factors associated with the use of invasive MV and/or mortality.

Conclusions

Respiratory infections seem to be the leading cause of acute severe exacerbation of COPD in critical patients, 39.9% of
which were bacterial in our study. Biological factors associated with bacterial infections were higher blood neutrophil
and lower albumin levels. Pneumonia was associated with invasive MV but not with hospital mortality as opposed to age,
immunodeficiency, and altered performance status. As severe acute exacerbation of COPD is a medical burden, assessing
its risk factors to improve treatment is a major challenge in the ICU. A larger prospective study may be necessary to
further explore these findings.

Data Sharing Statement

The investigators will make the documents and individual data strictly required for monitoring, quality control, and audit
of the study available to dedicated persons, in accordance with laws and regulations in force (Articles L.1121-3 and
R.5121-13 of the Code de Santé Publique — CSP, French Public Health Code).

The datasets used and/or analyzed during the study will be available from the coordinating investigator (Alexis Ferr¢)
on reasonable request. The procedures carried out under the French data privacy authority (Commission Nationale de
I’Informatique et des Libertés) do not permit the transmission of the database, nor do the informed consent documents
signed by the patients. Consultation by the editorial board or interested researchers of individual participant data that
underlie the results reported in the article after de-identification may nevertheless be considered, subject to prior
determination of the terms and conditions of such consultation and in respect of compliance with the applicable
regulations.
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