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Abstract Data on the occurrence and outcome of patients
with chronic obstructive pulmonary disease (COPD) and
ventilator-associated pneumonia (VAP) are quite limited.
The aim of this study was to determine if COPD intensive
care unit (ICU) patients have a higher rate of VAP develop-
ment, different microbiological aetiology or have worse out-
comes than other patients without VAP. A secondary analysis
of a large prospective, observational study conducted in 27
European ICUs was carried out. Trauma patients were exclud-
ed. Of 2082 intubated patients included in the study, 397
(19.1 %) had COPD; 79 (19.9 %) patients with COPD and
332 (19.7 %) patients without COPD developed VAP. ICU

mortality increased by 17 % (p<0.05) when COPD patients
developed VAP, remaining an independent predictor of mor-
tality [odds ratio (OR) 2.28; 95 % confidence interval (CI)
1.35–3.87]. The development of VAP in COPD patients was
associated with a median increase of 12 days in the duration of
mechanical ventilation and >13 days in ICU stay (p<0.05).
Pseudomonas aeruginosa was more common in VAP when
COPD was present (29.1 % vs. 18.7 %, p=0.04) and was the
most frequent isolate in COPD patients with early-onset VAP,
with a frequency 2.5 times higher than in patients without
early-onset VAP (33.3 % vs. 13.3 %, p=0.03). COPD patients
are not more predisposed to VAP than other ICU patients, but
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if COPD patients develop VAP, they have a worse outcome.
Antibiotic coverage for non-fermenters needs to be included
in the empiric therapy of all COPD patients, even in early-
onset VAP.

Introduction

Despite the availability of evidence-based guidelines and con-
tinuing innovations in prevention, ventilator-associated pneu-
monia (VAP) remains a significant threat for patients receiving
prolonged mechanical ventilation in the intensive care unit
(ICU) [1–3]. On average, 10–20 % of patients mechanically
ventilated for more than 24 h develop VAP [4]. However,
depending on the availability of resources and the specific risk
profile of the index population, the overall prevalence may be
substantially higher, reaching up to 40 % in particular patient
subgroups [5, 6]. This high incidence is particularly signifi-
cant given the important impact of VAP in terms of morbidity,
mortality and healthcare costs [3, 7, 8]. The added morbidity
of VAP contributes to an estimated excess length of
hospitalisation of 4–6 days [4, 9]. Furthermore, patients with
VAP may face a mortality risk twice that of similar ICU pa-
tients without VAP [4]. As with the risk of VAP onset, out-
comes associated with VAP might vary according to the se-
verity of acute illness and presence of underlying conditions
[10, 11]. The clinical relevance of chronic respiratory disease
to the occurrence and outcome of VAP warrants particular
consideration.

Chronic obstructive pulmonary disease (COPD) is
characterised by airflow limitation associated with an abnor-
mal inflammatory response of the lungs to noxious gas parti-
cles [12–14]. In patients with advanced disease, emphysema
may lead to further airflow limitation [12–14]. COPD is a
major risk factor for community-acquired pneumonia (CAP),
as the patient’s defences might be impaired due to long-term
corticosteroid treatment and reduced microbial clearance
[13–18]. Whether COPD increases mortality in CAP remains,
however, controversial [19–24].

The relationship between COPD, VAP and mortality has
not been thoroughly investigated. A previous single-centre
study has reported increased ICU mortality associated with
VAP in patients with COPD [25]. Using data from a large
multicentre observational cohort, our objectives were to deter-
mine whether patients with COPD have a higher rate of de-
velopment of VAP than those without COPD and whether
patients with COPD who develop VAP have different micro-
biological aetiology and outcomes than patients without un-
derlying COPD or COPD without VAP. Our hypothesis was
that COPD patients who develop VAP might represent a
unique patient group in terms of incidence, prognosis,
aetiology and management.

Materials and methods

This study is a secondary analysis of the European (EU)-VAP/
CAP database [26]. The EU-VAP/CAP project was a prospec-
tive, observational survey conducted in 27 ICUs from nine
European countries: Belgium, France, Germany, Greece,
Italy, Ireland, Portugal, Spain and Turkey. All patients requir-
ing admission for a diagnosis of pneumonia or invasive me-
chanical ventilation for ≥48 h, irrespective of the admission
diagnosis, were included. Patients that received only non-
invasive mechanical ventilation were excluded. The target
was the inclusion of 100 consecutive admissions in each
ICU. This study was conducted in accordance with the 1964
declaration of Helsinki and its later amendments. The partic-
ipating centres either received institutional ethical approval or
had the requirement for ethical approval waived. Informed
consent was waived due to the observational nature of the
study and the collection of anonymised data.

Patient demographics, primary diagnosis, comorbidities,
McCabe classification of comorbidities, Simplified Acute
Physiology Score (SAPS) II on admission, ICU and hospital
length of stay (LOS), duration of mechanical ventilation and
ICU mortality were recorded for all patients. For patients with
a clinical diagnosis of pneumonia as judged by the attending
physicians, data collection included pneumonia type, clinical
signs, sepsis severity (sepsis/severe sepsis/septic shock),
SAPS II on the previous day and the day of clinical suspicion
for VAP, Sequential Organ Failure Assessment (SOFA) score
on the day of clinical suspicion of pneumonia, diagnostic pro-
cedures performed, microbiologic data, treatment data and
outcome data [27–30]. The definition of septic shock followed
published definitions from the 1992 American College of
Chest Physicians/Society of Critical Care Medicine
Consensus Conference on sepsis and organ failure [27].
Organ dysfunction was defined according to SOFA score def-
initions [30].

Chronic disease status was categorised according to
McCabe’s classification: non-fatal underlying disease or no
underlying disease, ultimately fatal underlying disease
(<5 years expected survival) and rapidly fatal underlying dis-
ease (<1 year expected survival) [27]. Each clinical episode of
pneumonia was described separately. However, for patients
who developed more than one episode of VAP, only variables
related to the first episode of VAP were analysed.

VAP was defined as a pulmonary infection arising ≥48 h
after endotracheal intubation with no evidence of pneumonia
at the time of intubation or the diagnosis of a new pulmonary
infection if the initial admission to ICU was for pneumonia
[8]. Early-onset VAPwas defined asVAPdeveloping 2–4 days
after intubation, while late-onset was defined as VAP devel-
oping ≥5 days after intubation. Microbiologically confirmed
VAP (VAPwith definite aetiology) was defined as VAPwith a
microorganism isolated from respiratory samples or blood in a

2404 Eur J Clin Microbiol Infect Dis (2015) 34:2403–2411



patient with suspicion of pneumonia and characterised as def-
inite aetiology of VAP according to clinical judgment and
interpretation of specimen culture results [26]. COPD was
defined as a pre-existing disease state characterised by the
presence of airflow limitation due to chronic bronchitis or
emphysema [19, 20]. The presence of COPD was recorded
by the attending physician based on pulmonary function tests
before ICU admission where available, or on clinical criteria,
medical history (including significant smoking exposure, pre-
vious use of respiratory medications) and evidence of hyper-
inflation on chest radiograph [19, 20].

The study is reported in accordance with observational
study guidelines [31]. Further information on the methods,
variables and definitions of the study has been reported previ-
ously [26].

Trauma patients were excluded from the current analysis as
they represent a group with distinct characteristics, including a
significantly lower prevalence of COPD [32, 33]. Patients
with and without COPD were compared. Also, patients with
COPD that developed VAP were compared to those that did
not develop VAP. Outcome variables in this analysis were
length of ICU stay and duration of mechanical ventilation,
mortality and time to event (ICU death) calculated from the
date of VAP diagnosis.

Statistical analysis

VAP prevalence was compared between patients with and
without COPD using Pearson’s Chi-squared test. VAP inci-
dence was expressed as first episodes of VAP per 1000 venti-
lator days at risk across 26 out of 27 sites, given non-
consecutive enrolment at one site. Incidence calculations were
performed for mechanical ventilation days to VAP onset, with
censoring at the cessation of mechanical ventilation in patients

who did not develop VAP (mechanical ventilation days at
risk). Categorical variables are expressed as frequency and
percentage. Continuous variables are expressed as mean and
standard deviation (SD) or median and inter-quartile range
(IQR), depending on whether the data followed a normal or
non-normal distribution, respectively. A Student’s t-test for
normal data and a Mann–Whitney U-test or Kruskal–Wallis
H-test for non-normal data were used to compare continuous
variables between groups. A Pearson Chi-squared test or
Fisher’s exact test was used to compare differences in categor-
ical variables between groups. Logistic regression was used to
identify independent predictors of ICU death in patients with
COPD; variables identified in the bivariate analysis (p<0.20;
event rate >5 %) were included in the model; site was entered
as an independent factor into the model to control for site
differences in mortality. Odds ratios (ORs) and 95 % confi-
dence intervals (CIs) are reported. Manual and backward step-
wise techniques were used to identify the model with best fit.
A two-sided p-value <0.05 was considered statistically signif-
icant. Statistical analysis was conducted using IBM SPSS 21
(IBM Corporation, Armonk, New York).

Results

A total of 2082 patients were included in this analysis, of
which 397 (19.1 %) had COPD; 79 COPD patients developed
VAP (Fig. 1). Demographic and outcome characteristics of
COPD patients compared to non-COPD patients are shown
in Table 1. ICU mortality rates in COPD and non-COPD pa-
tients in our cohort were equivalent to predicted mortality
based on SAPS II at ICU admission (the observed and pre-
dicted mortalities were 35 and 37 %, respectively).

Eligible patients
n=2436 

Data analyzed 
n=2082 

Trauma patients excluded 
n=354 

COPD
n=397 

No COPD
n=1685 

COPD & no VAP
n=318 

COPD & VAP
n=79 

No COPD & VAP
n=332 

No COPD & no VAP
n=1353 

Early-onset
n=24 (30.4%) 

Late-onset
n=55 (69.6%) 

Early-onset
n=120 (36.1%) 

Late-onset
n=212 (63.9%) 

Fig. 1 Study profile
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The prevalence of VAP in 26 study centres with consecu-
tive enrolment was 18.3%; there was no significant difference
between patients with or without COPD (18.6 % vs. 18.2 %,
p=0.89). The incidence of VAPwas 18.2/1000 ventilator days
at risk, with no significant difference between patients with or
without COPD (16.7 vs. 18.6 per 1000 ventilator days at risk,

p=0.41). There was no statistically significant difference be-
tween the incidence of VAP in COPD and non-COPD patients
when those with neurological major organ failure at ICU ad-
mission were excluded (15.5 vs. 17.5 per 1000 ventilation
days at risk, p=0.40) and when patients with CAP on admis-
sion were excluded (17.9 vs. 19.6 per 1000 ventilation days at

Table 1 Demographic, clinical and outcome characteristics of mechanically ventilated patients with and without COPD

Characteristic COPD (n=397) Without COPD (n=1685) Significance (p-value)

Age (years), mean (SD) 69.3 (11.0) 60.5 (17.0) <0.001

Gender (male), n (%) 276 (69.5) 1031 (61.3) 0.02

SAPS II on admission, median (IQR) 45 (34–57) 46 (35–59) 0.298

Hospital type (university or university affiliated)a, n (%) 298 (75.1) 1311 (77.8) 0.258

Admissions for CAP 74 (18.6) 183 (10.9) <0.001

Diagnostic category (medical)b, n (%) 326 (83.0) 1310 (79.1) 0.093

Comorbidities, n (%)

Chronic cardiac insufficiency 158 (39.8) 349 (20.7) <0.001

Diabetes mellitus 78 (19.6) 296 (17.6) 0.345

Chronic respiratory insufficiency 162 (40.8) 114 (6.8) <0.001

Chronic renal insufficiency (CKD) 73 (18.4) 169 (10.0) <0.001

Non-metastatic cancer 40 (10.1) 152 (9.0) 0.513

Alcohol abuse 52 (13.1) 150 (8.9) 0.011

Immunosuppression* 13 (3.3) 136 (8.1) <0.001

Cirrhosis 19 (4.8) 79 (4.7) 0.896

Metastatic cancer 14 (3.5) 49 (2.9) 0.519

Major organ failure at ICU admissionc, n (%)

Respiratory 360 (90.7) 1110 (65.9) <0.001

Cardiovascular 211 (53.1) 805 (47.8) 0.057

Neurological 40 (10.1) 478 (28.4) <0.001

Renal 31 (7.8) 159 (9.4) 0.334

Gastrointestinal 28 (7.1) 167 (9.9) 0.084

Haematological 4 (1.0) 59 (3.5) 0.008

VAP development, n (%) 79 (19.9) 332 (19.7) 0.944

Multiple episodes of pneumoniad, n (%) 29 (7.3) 88 (5.2) 0.115

Duration of MV (days), median (IQR) 8 (4–17) 8 (4–16) 0.178

Duration of MV (days): survivors, median (IQR) 7 (4–15) 7 (4–15) 0.581

ICU length of stay (days), median (IQR) 12 (7–21) 12 (6–21) 0.846

ICU length of stay (days): survivors, median (IQR) 10 (7–20) 12 (7–22) 0.266

ICU mortality, n (%) 137 (34.5) 631 (37.4) 0.298

CAP community-acquired pneumonia, COPD chronic obstructive pulmonary disease, CKD chronic kidney disease, HAP hospital-acquired pneumonia
(that developed in non-intubated patients), ICU intensive care unit, MV mechanical ventilation, VAP ventilator-associated pneumonia
a Comparator: public hospitals
b Comparator: surgical (planned or emergency)
cMajor organ failure in up to two organs were recorded; therefore, the sum of the percentages is more than 100
d Two or more episodes of VAP or CAP/HAP on admission with one or more episodes of VAP

*Immunosuppression: presence of one or more of the following: (a) known daily corticosteroid therapy with greater than or equal to a total daily dose
equivalent to 1 mg/kg or greater than 40 mg/day of oral prednisolone for at least seven consecutive days within one month prior to study entry, (b)
clinically suspected or known to have acquired immunodeficiency syndrome (AIDS), (c) granulocyte count less than 1×109 /L due to a cause other than
severe sepsis (e.g. metastatic or haematological malignancies or chemotherapy), (d) immunosuppressant therapy (e.g. due to an organ or bone marrow
transplant), (e) congenital immunodeficiency
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risk, p=0.53). The median onset of VAP was not significantly
different between patients with and without COPD (6 [4–15]
vs. 6 [4–10.8] days; p=0.48).

There were no significant differences in the demographics,
clinical characteristics, comorbidities and severity of illness at
ICU admission (as assessed by SAPS II) between ICU pa-
tients with COPD who developed VAP and those who did
not develop VAP (Table 2). VAP development was associated
with a longer total duration of mechanical ventilation com-
pared to those that did not develop VAP, including in the
subgroup of survivors. Also, VAP development was associat-
ed with a longer ICU stay (13.5 days) compared to those
without VAP, including among survivors (13 days). Patients
with COPD and VAP had higher mortality than COPD

patients without VAP (48.1 % vs. 31.1 %, p=0.005). In pa-
tients with COPD, VAP (OR 2.28; 95 % CI 1.35–3.87) and
SAPS II (OR 1.03; 95 % CI 1.02–1.05) were independent
predictors of ICU mortality (Table 3). When patients with
CAP on admission were excluded, VAP (OR 3.19; 95 % CI
1.56–6.51) and SAPS II (OR 1.06; 95 % CI 1.04–1.08)
remained independent predictors of ICU mortality.

Physical and laboratory characteristics on VAP onset by
COPD status in patients with VAP were similar, but with a
higher prevalence of hypothermia and pleural effusion when
COPD was present (data not shown). There were no signifi-
cant differences in the frequency of septic shock at VAP onset
between patients with and without COPD (38.4 % vs. 33.9 %,
p=0.47).

Table 2 Characteristics of COPD patients who developed VAP versus those who did not develop VAP

Characteristic COPD with VAP (n=79) COPD without VAP (n=318) Significance (p-value)

Age (years), mean (SD) 68.6 (11.0) 69.4 (11.1) 0.934

Male sex, n (%) 58 (73.4) 218 (68.6) 0.401

SAPS II on admission, median (IQR) 42 (31.5–54) 46 (34–57.5) 0.353

SAPS II without age component (admission), median (IQR) 31 (19–45) 32 (22–44) 0.479

Type of hospital (university or university affiliated)a, n (%) 65 (82.3) 233 (73.3) 0.098

Diagnostic category (medical)b, n (%) 63 (80.8) 263 (83.5) 0.567

Admission for CAP, n (%) 11 (13.9) 63 (19.8) 0.261

Admission for HAP, n (%) 6 (7.6) 36 (11.3) 0.416

Comorbiditiesc, n (%)

Chronic cardiac insufficiency 33 (41.8) 125 (39.3) 0.702

Chronic respiratory insufficiency 31 (39.2) 131 (41.2) 0.799

Chronic renal insufficiency 20 (25.3) 53 (16.7) 0.432

Diabetes mellitus 18 (22.8) 60 (18.9) 0.432

Immunosuppression 13 (18.8) 56 (17.6) 0.870

Non-metastatic cancer 6 (7.6) 34 (10.7) 0.413

Metastatic cancer 4 (5.1) 10 (3.1) 0.492

Haematologic cancer 0 (0.0) 3 (0.9) 1.000

Bone marrow transplantation 0 (0.0) 1 (0.3) 1.000

Solid organ transplantation 0 (0.0) 2 (0.6) 1.000

AIDS 1 (1.3) 1 (0.3) 0.359

Cirrhosis 4 (5.1) 15 (4.7) 1.000

Alcohol abuse 11 (13.9) 41 (12.9) 0.852

IVDU 0 (0.0) 3 (0.9) 1.000

Duration of MV (days), median (IQR) 19 (11–39.5) 7 (4–14) <0.001

ICU LOS (days), median (IQR) 23 (14–44) 9.5 (6–17) <0.001

Duration of MV (days): survivors, median (IQR) 18 (10–29) 6 (4–14.5) <0.001

ICU LOS (days): survivors, median (IQR) 23 (14.5–41) 9 (6–17) <0.001

ICU mortality, n (%) 38 (48.1) 99 (31.1) 0.005

AIDS acquired immunodeficiency syndrome, CAP community-acquired pneumonia, COPD chronic obstructive pulmonary disease, HAP hospital-
acquired pneumonia (that developed in non-intubated patients), ICU intensive care unit, IQR inter-quartile range, IVDU intravenous drug use, LOS
length of stay, MV mechanical ventilation, SD standard deviation, VAP ventilator-associated pneumonia
a Comparator: public hospitals
b Comparator: surgical (planned or unplanned)
cMultiple comorbidities may be present (column percentages do not sum to 100 %)
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There was no difference in the prevalence of microbiolog-
ically confirmed VAP between patients with and without
COPD (Table 4). The type of diagnostic technique used (bron-
choscopic vs. non-bronchoscopic) did not affect the rate of
microbiologic confirmation (74.7 %% vs. 76.5 %, p=0.41).

In COPD patients, there was a higher prevalence of
Pseudomonas aeruginosa VAP (overall and with early-
onset) compared to those without COPD (Table 4). When
patients admitted with CAP were excluded, the prevalence
of P. aeruginosa VAP remained higher in patients with
COPD than those without (26.4 % vs. 15.8 %, respectively;
p=0.037). Overall, the prevalence of non-fermenting Gram-
negative bacilli was higher in COPD patients (p=0.056), es-
pecially in those with early-onset VAP (54.1 % vs. 20.0 % in
patients with and without COPD, respectively; p<0.001).

This difference between COPD and non-COPD patients
remained significant when patients with CAP were excluded
(49.9 % vs. 18.5 %, respectively; p=0.020). There was no
difference in the mean onset of P. aeruginosa VAP in patients
with and without COPD (6 [3–16] vs. 8.5 [4.0–16.0] days, p=
0.38).

Discussion

This is the largest study examining the relationships between
COPD and VAP from many different European centres.
Although COPD was not associated with a higher incidence
of VAP than in non-COPD patients, we found that VAP de-
velopment in COPD patients was associated with a 17 %

Table 3 Logistic regression
model indicating independent
predictors of ICU mortality in
patients with COPD

Factor Patients with COPD (n=393)a

OR (95 % CI) Significance (p)

Ventilator-associated pneumonia 2.98 (1.35–3.87) 0.001

SAPS II at ICU admission (per point increase)b 1.04 (1.03–1.06) <0.001

Factors considered on the basis of univariate analysis (p<0.20) but stepwise removed from the model because of
lack of relationships were: age, diabetes mellitus, major organ dysfunction ‘cardiovascular’ at ICU admission and
major organ dysfunction ‘renal’ at ICU admission
a Hosmer and Lemeshow test: χ2 =13.3, df=8, p=0.10; Nagelkerke R2 =0.26. Cases excluded due to missing
values=4. Study site included in the model as an independent variable
b SAPS II as a categorical variable for COPD patients vs. low-range severity (<35): OR 2.55, 95% CI 1.35–4.82,
p=0.004, for mid-range severity (35–58); OR 7.02, 95 % CI 3.34–14.8, p<0.001, for high-range severity (>58),
with adjustment for study site

Table 4 Aetiology of VAP in patients with and without COPD

Aetiologya VAP total (n=411) Early-onset VAP (n=144) Late-onset VAP (n=267)

COPD
(n=79)

Without COPD
(n=332)

p-Value COPD
(n=24)

Without COPD
(n=120)

p-Value COPD
(n=55)

Without COPD
(n=212)

p-Value

Definite aetiology (microbiologically
confirmed VAP), n (%)

63 (79.7) 250 (75.3) 0.464 19 (79.2) 83 (69.2) 0.461 44 (80.0) 167 (78.8) 1.000

Enterobacteriaceae, n (%) 28 (35.4) 86 (25.9) 0.094 6 (25.0) 24 (20.0) 0.587 22 (40.0) 62 (29.2) 0.143

P. aeruginosa, n (%) 23 (29.1) 62 (18.7) 0.045 8 (33.3) 16 (13.3) 0.031 15 (27.3) 46 (21.7) 0.373

A. baumannii, n (%) 12 (15.2) 45 (13.6) 0.718 3 (12.5) 8 (6.7) 0.393 9 (16.4) 37 (17.5) 1.000

MSSA, n (%) 10 (12.7) 45 (13.6) 1.000 3 (12.5) 23 (19.2) 0.568 7 (12.7) 22 (10.4) 0.628

MRSA, n (%) 7 (7.2) 41 (12.3) 0.688 0 (0.0) 13 (6.7) 0.126 7 (12.7) 28 (13.2) 1.000

H. influenzae/M. catarrhalis, n (%) 4 (5.1) 16 (4.8) 0.320 2 (8.3) 11 (9.2) 1.000 2 (3.6) 5 (2.4) 0.635

S. maltophilia, n (%) 2 (2.5) 10 (3.0) 1.000 2 (8.3) 0 (0.0) 0.026 0 (0.0) 10 (4.7) 0.222

S. pneumoniae, n (%) 2 (2.5) 10 (3.0) 0.527 0 (0.0) 8 (6.7) 0.352 2 (3.6) 2 (0.9) 0.188

Other Gram-negative, n (%) 2 (2.5) 11 (3.3) 0.527 0 (0.0) 6 (5.0) 0.589 2 (3.6) 5 (2.4) 0.635

Polymicrobial, n (%) 22 (27.8) 75 (22.6) 0.376 5 (20.8) 27 (22.5) 1.000 17 (30.9) 48 (22.6) 0.219

Non-fermenting GNBb, n (%) 37 (46.8) 117 (35.2) 0.057 13 (54.1) 24 (20.0) <0.001 24 (43.6) 93 (43.9) 0.975

COPD chronic obstructive pulmonary disease, GNB Gram-negative bacilli, MRSA methicillin-resistant Staphylococcus aureus, MSSA methicillin-
sensitive Staphylococcus aureus
a The denominator in the table is the number of patients. The total of the percentages may be more than 100 because of polymicrobial cases
b Non-fermenting Gram-negative bacilli include: P. aeruginosa, A. baumannii and S. maltophilia
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higher mortality than in those not developing VAP, as well as
with increased duration of mechanical ventilation and length
of ICU stay. In addition, COPD was associated with a higher
prevalence of VAP due to non-fermenting Gram-negative ba-
cilli, notably in early-onset episodes. This association has im-
portant potential implications for the selection of empirical
antibiotic therapy.

The prevalence of VAP in our cohort falls within the wide
range of 6–27 % previously reported [8]. This high variability
appears attributable to differences in case-mix and definitions
for VAP. For example, the reported VAP prevalence of 6 %
was limited to microbiologically confirmed VAP with quanti-
tative tracheal aspirates cultures ≥106 cfu/mL and high rates of
prior antibiotic use [25]. Regarding COPD status, we found
that VAP prevalence and incidence were not different in pa-
tients with and without COPD. This contradicts a number of
earlier studies that identified COPD as an independent risk
factor for VAP development with a reported OR or relative
risk varying from 1.4 to 3.9 [34–36]. Similar to our findings, a
large prospective observational study found no significant dif-
ference in the incidence of VAP between patients with non-
exacerbated COPD and those without COPD (11.9 vs. 16.0
per 1000 mechanically ventilated days, p=0.40) [37].

A single-centre case–control study that examined the im-
pact of VAP on patients with COPD found that VAP was
independently associated with ICU mortality (OR 7.7; 95 %
CI 3.2–18.6) [25]. We also found that VAP development in-
dependently increased the risk of death of COPD patients (OR
2.21), confirming the results of the above study in a
multicentre, multinational cohort. Our findings that VAP de-
velopment in COPD patients increased the median duration of
mechanical ventilation by 12 days and the median ICU stay by
13.5 days are also in line with the results of the above study
that found a mean increase of 11 days in both the duration of
mechanical ventilation and the length of ICU stay [25].

In relation to the microbiological flora causing VAP in
COPD patients, we found that P. aeruginosa was more fre-
quently isolated in VAP patients when COPD was present. It
has been previously reported that P. aeruginosa (31 %) was
the most frequently isolated pathogen in COPD patients with
microbiologically confirmed VAP, and that the risk of VAP
due to P. aeruginosa was increased in patients with COPD
[25, 38, 39].We found thatP. aeruginosawas the secondmost
common pathogen in COPD patients (29 %), behind
Enterobacteriaceae. Of note, non-fermenting Gram-negative
bacilli were isolated 2.5 times more often in COPD patients
with early-onset VAP, with P. aeruginosa being the most fre-
quent isolate (33.3 %). This observation has obvious implica-
tions in the selection of the appropriate empirical antibiotic
regimen when VAP is suspected in COPD patients [8].
Chronic use of corticosteroids in COPD patients might be
the reason for this opportunistic pathogen being more fre-
quently observed as a cause of VAP. Unfortunately, our

database did not allow checking for the relationship between
corticosteroid exposure and P. aeruginosa. However, chronic
steroid use was included in the definition of immunosuppres-
sion, and the prevalence of immunosuppression did not differ
significantly between VAP patients with and without COPD.

The current study, to the best of our knowledge, is the first
to explore in detail the relationship between COPD and VAP
in a multicentre cohort and the first that describes differences
in the aetiology of VAP by COPD status, separately in early-
and late-onset VAP.

Whilst this is a ‘real-world clinical study, it does have sev-
eral limitations. First, it was an observational study with cen-
tres predominantly in central and southern Europe. The non-
random selection of sites may mean that the results, including
the incidence and microbiology of pneumonia, may not be
widely generalisable. Similarly, the prevalence and incidence
of VAP cannot be extrapolated to all ICU patients because we
focused on non-trauma patients requiring invasive mechanical
ventilation. Second, this was a secondary analysis of a study
not specifically designed to look at the association of COPD
and VAP. Therefore, there may be unmeasured factors that
modulate the risk and outcomes of VAP in patients with
COPD. Finally, data on the severity of COPD as defined by
the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) were not recorded and, therefore, we could not ex-
plore the potential relationship between the severity of COPD
and the occurrence of VAP or mortality [12, 14]. However,
including only COPD patients with pulmonary function tests
before ICU admission would lead to a selection bias and an
underestimation of COPD incidence [40]. Not all patients with
COPD are diagnosed before critical illness; on the contrary, it
is not uncommon for COPD to be diagnosed for the first time
during ICU admission [40]. The probability of COPD is very
high in patients with smoking history, signs of hyperinflation
and/or emphysema in chest X-ray and/or expiratory flow lim-
itation during control mechanical ventilation [40]. In everyday
clinical practice, it is common that ICU physicians need to
make decisions regarding empirical antibiotic treatment for
COPD patients with a suspicion of VAP without having avail-
able information on pulmonary function tests and GOLD
classification.

Conclusions

Our findings have several important implications for clinical
practice. First, they highlight the significant impact of
ventilator-associated pneumonia (VAP) development on the
morbidity and mortality of patients with chronic obstructive
pulmonary disease (COPD) and the need for rigorous VAP
prevention measures and prompt initiation of appropriate em-
pirical treatment when VAP is suspected. Second, our findings
are consistent with prior studies on colonisation or risk factors
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for Pseudomonas aeruginosa in mechanically ventilated pa-
tients. They suggest the inclusion of an anti-pseudomonal an-
tibiotic in the initial empirical antibiotic treatment of VAP
when COPD is present, regardless of the time of onset. Due
to the risk of delaying inappropriate therapy, these findings
should be considered in future guidelines. Very limited out-
come data are available and the current study may act as a
platform for a randomised clinical trial specifically designed
to improve outcomes. This study reinforces the diversity of
VAP, in contrast with community-acquired pneumonia (CAP),
and the need to consider VAP as a heterogeneous entity influ-
enced by patient case-mix.
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