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Abstract: Background: Approximately every fourth patients with acute exacerbation of chronic obstructive pulmonary disease (AE
COPD) will require intensive care unit (ICV) admission with further mechanical ventilation (MV) and therefore with high risk of
development ventilator - associated pneumonia (VAP). VAP is the commonest ICU infection and results in increased morbidity/
mortality. The study was aimed to learn risk factors predicting in - hospital mortality among patients with AE COPD associated with
VAP and to evaluate the modifiable risk factors in term on reduction of mortality. Materials and Methods: This retrospective study
involved patients with AE of COPD who required MV and admitted in respiratory care unit at a University teaching Hospital from
January 2017 to December 2022 various baseline demographic and clinical features were compared between patients with VAP and
without VAP. Although various baseline demographic and clinical features were compared between survivors and non - survivors with
VAP. Results: The study included 164 intubated patients with AE of COPD with age of 60.42+ 8.44 years, 48 patients developed VAP.
Multivariable analysis showed that severe sepsis/septic shock, pulmonary complications such as bilateral and multi - lobar lung
infiltrates, malnutrition, concomitnant bronchiectasis and history of previous hospitalization were independent predictors in - hospital
mortality in intubated COPD patients associated with VAP with odds ratio (95%) confidence interval of 3.74 (1.04 - 7.69; p= 0.004),
4.26 (0.48 - 9.24: p= 0.002), 2.89 (1.01 - 5.96: p=0.012), 2.48 (1.14 - 5.41; p= 0.019), 3.26 (1.46 - 7.52; p= 0.01, respectively).
Acinotebacter baumannii was the most common causative organism (n= 21: 43.7%) and was frequent finding among non - survivors
with  VAP. (p=0.001). All infections related to Acinotebacter baumannii were multidrug resistant (MDR). Conclusions: Our
retrospective study provide to clinicans and especially to ICU department physicians a tool approach to identify the mortality rosk of
VAP complicated the intubated COPD patients. We found a high burden of concominant bronchiectasis related to in hospital mortality
and several other predictors associated with fatal outcomes, which could help identified found a high burden of concominant
bronchiectasis releated to in hospital mortality and several other predictors associated with fatal outcomes, which could help identify
patients who might benefit from adequate, early empirical antibiotic treatment, as well as, determine prognosis. Although prevention of
malnutrition and exacerbations leading to hospitalization of COPD patients may associated with decreased fatal outcomes. Our findings
should be validated by studies with larger samples of patients.
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suggests that VAP development results in higher mortality
and longer duration of mechanical ventilation and ICV stay.
Majority of patients with respiratory failure due to
exacerbation of CPD may be managed with application of
non - invasive ventilation (NIV). However, a significant

1. Introduction

Ventilator - associated pneumonia (VAP) is te second most
common infection after urinary tract, acquired during stay in
the intensive care unit (ICU). Risk factors which are

associated with VAP varies and some of them are patient -
spesific factors such as age and pre - existing lung disease
(chronic obstructive pulmonary disease, COPD). Other
factors are care - releated factors, such as head - of the —bed
angle, emergency intubation, aspiration, previous antibiotic
treatment and reintubation. During the course of COPD, it is
estimated that >25 % of the patients will require ICU
admission for acute exacerbations and 26 - 74% of these
patients will receive mechanical ventilator support, resulting
I increased risk of development VAP and average hospital
stays.

The early recognition of patients at a high risk of developing
VAP and subsequent prevention of its progression. Its
progression are highly valiable in critical care units. There is
no clearly evident regarding the impact of VAP o COPD
patients, however, the existing limited number of studies

proportion of such patients requires endotracheal intubation
and mechanical ventilation due to various causes. Data
suggest that in up to 6 - 12% of patients in ICU receiving
mechanical ventilation, the underlying reason for intubation
was an exacerbation of COPD.

Common pathogens causing VAP include Pseudomonas
aeruginosa, Acinotebacterbaumanii, Klebsiella pneumonia
and Staphulococcus aureus. However, these causative agents
of VAP may vary according to the study population and ICU
setting.

We planned this study with the purpose to describe the
predictors for poor patient outcomes in intubated COPD
patients whom developed VAP and modifiable risk factors
for prevention of VAP and reduction of mortality rate.
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2. Materials and Methods

Study design, patients, and setting

This retrospective study was conducted between January
2017 and December 2022 with a pulmonary and critical care
department of university hospital. All patients admitted with
exacerbation of COPD and requiring mechanical ventilation
for > 48 h were eligible for participation in the study.
Diagnosis, exacerbations, ICV admission and invasive
mechanical ventilation of COPD were based on the existing
GOLD guidelines. Clinical diagnosis of VAP was based on
criteria new or progressive infiltrate on chest radiograph
(with no other possible causes such as cardiogenic
pulmonary edema, atelectasis, and pulmonary embolism and
at least two of following variables - fever > 38 C,
leukocytosis > 12000/dl) or leukopenia (< 4000/ dlI).
Purulent secretions, isolation of causative pathogenic
organism, or increased oxygen requirement. The patients
with clinical diagnosis of VAP underwent flexible
bronchoscopy and bronco alveolar lavage in case
broncoscopy was contraindicated, a patient underwent
endotracheal aspirate (ETA). Microorganism stain and
culture on appropriate media with thresholds of > 10°
CFU/ml in sputum and ETA, and > 10* CFU/ml in BAL,
and >10%in bronchial brush, respectively.

Data Collection

All baseline demographic and clinical data were analyzed
and recorded. Furthermore, data recording use of
vasopressors at admission, use of systemic corticosteroids
prior to admission, number of exacerbation episodes in the
past year which a patient required hospitalization, the
albumin level of admission, use of antibiotics in the past 90
days and history of contaminant bronchiectasis were
recorded.

CDPDPa?ilfmttted
with an
exzcebation (368)

Statistical Analysis:

Data were managed on Excel spread - sheet and analyzed
using statistical sofwave stata version 14 (Stata Corp, Texas,
USA). Quantitative variables were expressed as mean +
standard devation and median for normal and skewed data,
respectively.  Univariable analysis was done for
identification of potential risk factors for the in hospital
mortality of patients with VAP. Independent t - test (for
normal data) and Mann - Whitney Utest for skewed data)
were used to compare mean median valves between the
groups. Change in mean was compares using paired t - test
(for normal data/and Wilcoxon signed - rank test for skewed
data). Fishers’s exact test and Chi - square test were used to
check that statistical significance for categorical variables.
Stepwise multivariate logistic regression analysis was
carried out taking prObability o removal as 0.1 and entry as
0.05 to find the independently associated factors responsible
for in - hospital mortality o VAP developed in intubated
patient with COPD and adjusted odds ratio was calculated.
All tests were two - tailed and p< 0.05 was considered
statistically significant.

3. Results

During the study period, 101 of 56 patients of COPD with
exacerbation admitted to ICV required up front intubation
and mechanical ventilation. NIV was initiate in 176 patients:
among these, 63 failed NIV and subsequently required
intubation. Oxygen therapy with requiring medications for
COPD exacerbations have received 291 patients and among
these, 8 failed with oxygen therapy and subsequently
required NIV. This, a total of 164 patients were available or
study. Patient recruitment has been shown in figure 1.
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Figure 1: Flow diagram showing the recruitment of the patients
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Median (IQR) duration of ICV stay was 10 (5., 4) days, and
was higher in VAP group compared to non - VAP group
(OR 2.14 [0.88 - 5.26]: p< 0/01). However, the median
{IQR} time between hospitalization and intubation was not
differ (p> 0.05). Among the study cohort, 48 patients
developed VAP, and median [IQR] duration of endotracheal
intubation before the development of VAP was 7 (4, 11)
days, however this time was longer among non - survivors

(OR 1.90 {0.7 - 4.12}: p< 0.05). The overall in hospital
mortality among intubated patients with acute exacerbation
of COPD was 14% (n= 16/116), among patients with VAP
who have died was 28 (58%) (Table 1)

Various clinical parameters were compared between patients
having VAP and without VAP (Table 1)

Table 1: Baseline clinical characteristics between ventilator - associated pneumonia and non ventilator - associated

pneumonia develo

ped in COPD patients

Variables COPD associated VAP |COPD intubated without VAP (P valve
(n=48) (n=116)
Age, mean +/ - SD years 61.12 +/-8.19 60.9 +/ - 8.46 0.270
Gender, n (%)
Male 39 (81.2) 92 (79.3) 0.421
Female 9 (19.8) 24 (21.7) 0.379
BMI, at admission 20+/ -4 234/ -4 0.01
Smoking index, median (range) 380 (240 - 1300) 220 (180 - 700) <0.001
Duration of COPD, median (range) 11 (5-17) 6(2-14) <0.001
Number of exacerbations in the past 1 year, median (range) 3(1-5) 1(0-3) <0.001
Previous hospitalization for COPD >2, n (%) 40 (83) 38 (33) <0.001
Indication of ET, n (%) NIV failure 29 (60.4) 34 (29.3) 0.01
Severe respiratory failure 19 (39.6) 82 (60.7) <0.05
Coexisting bronchiectasis, n (%) 28 (58) 19 (16.4) 0.02
SOFA score at admission, mean +/ - SD 8.16 +/-3.14 4.21+4/-156 <0.001
Vasopressor use at admission, n (%) 29 (60) 16 (14) 0.003
Antibiotics use in the past 90 days, n (%) 35 (73) 37 (32) 0.02
Bilateral and multi - lobar pneumonia, n (%) 41 (85) - - NA
In - hospital mortality, n (%) 28 (58) 16 (14) 0.002

VAP: Ventilator - associated pneumonia; SD: Standard deviation; COPD: Chronic obstructive pulmonary disease; NIV: Non
- invasive ventilation; ICU: Intensive care unit; SOFA: Sequental organ failure assessment; ET: Endotracheal.

Body mass index (BMI) was significantly lower in intubated
but VAP developed COPD patients (p=0/01). Duration of
COPD also significantly impact to the development of VAP
in COPD patients (10 [5 - 17]) vs 6{ 2 - 14}: p< 0.001) and
long history with COPD with previous hospitalization rate
>2 was predictable for development of VAP in case of
intubation (p< 0.001). Indication for intubation also was
differ between patients group and VAP group patients were
intubated commonly related to NIV failure (p=0.01),
However non —VVAP group patients were intubated mostly
related to severe respiratory failure with respiratory acidosis
(arterial blood pH was < 7.25). Coexisting bronchiectasis
(BE) was common presented finding among VAP patients -
and has to be considerable as patient - specific risk factor for

development of VAP in intubated COPD patients (p=
0.002}.

On univariate analysis, SOFA score at admission, use of
vasopressor, concominant bronchiectasis, previous COPD
exacerbations requiring hospitalization >2, antibiotis use in
the pat 90 days, use of systemic corticosteroids prior to
current admission, low albumin level, and MDR pathogens
associated with an increased risk or poor outcomes for
patients (Table 2). ON multivariable analysis, use of
vasopressors and septic shock at admission, coexisting BE,
history of previous hospitalization >2 in the past year and
low albumin level predicted the high risk of development
VAP in COPD patients (Table 2).

Table 2: Predictors associated with an increased risk of development VAP in intubated COPD patients

Factor

OR (95%Y. CI); P

Univariable analysis:
SOFA score at admission

2.81 (1.10 - 5.21); <0.001

Vasopressor use at admission

4.96 (1.65 - 10.88); 0.005

Coexisting bronchiectasis

4.52 (1.26 - 10.26); <0.001

History of previous hospitalization >2 in the past year

5.21 (1.44 - 11.12); <0.001

Systemic corticosteroid use prior for admission

4.98 (1.68 - 10.32); <0.001

Antibiotic use in the past 90 days

3.21 (1.16 - 7.46); <0.04

Low Albumin level (<3.5 g/l)

3.94 (1.84 - 8.16); <0.001

Multivariable analysis:
Septic shock and use of vasopressors

2.92 (1.19 - 6.24); 0.01

Coexisting bronchiectasis

3.98 (151 - 9.42); 0.02

History of previous hospitalization >2 in the past year

2.76 (112 - 6.41); <0.01

Malnutrition

2.16 (0.94 - 5.16); 0.01

Odds ratio, Cl: Confidence interval.
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Bronchoscopic  (n=21) and non - bronchoscopic
(endotracheal aspirate) (n=27) BAL were used for
microbiological diagnosis of VAP. Microbiological etiology
of VAP was established in 43/48 patients and all obtained
microorganism were gram - negative. MDR pathogens were
established in 38/43 (88.4%) cases. (Table 3)

A. baumanii was the most frequent organism (n=21: 43.7%)
followed by Pseudomonas aeruginosa (n=16: 33.3%), K.
pneumoniae (n=5: 10.4%) and Enterobacter spp. (n=2:
4.2%). The prvelance of P. Aeruginesacausative agents was
releated to high frequence of concurrent in bronchiectasis.
Acinetobacter baumanii infection all causes was MDR and
most frequent was among non - survival patients.

Table 3: Pathogens isolation and its impact to in hospital mortality rate

MDR pathogen, n (%) Survival VAP patients, n=20 | No - survival VAP patients, n=28 | P valve
Acinetobacterbaumannii | 3 (15%) 18 (64.3%) 0.001
Pseudomonas aeruginosa | 7 (35%) 9 (32.1%) 0.21
Klebsiella pneumonia 2 (10%) 3 (10.7%) 0.44
Enterobacter spp. 2 (10%) 0 NA
No obtained 3 2 NA
The Cox regression model showed that the septic shock and admission
use of vasoactive agents were associated with in hospital Coexisting bronchiectasis 2.48 |1.14-5.41 |0.019
mortality [Table 4]. Furthermore, the presence pulmonary Malnutrition 2.89 |1.01-5.96 |0.012
complications of VAP such as plevral effusions, bilateral Bilateral and multi - lobar | 4.26 | 0.98 - 9.24 | 0.002
and multilobar lung infiltrates, Pa02/Fi02< 200, age pneumonia
concomitant bronchiectasis and previous history of Pa02/FiO2 <200 3.74 ]1.15-8.16 1 0.001

hospitalization >2 also were associated with in - hospital
mortality.

Table 4: Multivariate regression analysis predicting of in
hospital mortality in VAP developed in COPD patients

Variables OR | 95%ClI P
SOFA score at admission 3.74 [1.04 - 7.69 |0.004
History of previous 3.26 |1.46-7.52 | 0.01
hospitalizations >2
Use of vasopressors at 3.12 11.11-6.94 |0.005

We explored the comparison between PaO2/FiO2 <200 and
bilateral and multi - lobar pneumonia pattern among patients
and have found significant impact of pneumonia extension
to the PaO2/FiO2 pattern in term on early recognition of
acute respiratory distress syndrome (ARDS) in such patients
(p=0.01). Combination these two factors in VAP developed
in COPD patients is strong predictor for in - hospital
mortality.

Figure 2 shows Kaplan - Meier curves for the variables associated with in - hospital mortality.
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Figure: Kaplan - Meier curves for variables associated with in - hospital mortality in patients with ventilator — associated
pneumonia developed in COPD patients.

Among patients who received vasoactive drugs, 22 (76%)
had a bilateral and multilobar pneumonia and only 7 (24%)
had a unilateral pneumonia (p<0.001). Among patients who
had bilateral and multilobar pneumonia 27 (66%) had
Pa02/Fi02<200 and only 14 (34 %) had PaO2/Fi02>200
(p<0.002).

4. Discussion

We performed a retrospective analysis of VAP developed in
intubated COPD patients. We found that, the SOFA score,
the history of previous hospitalization >2 in the past year,
use of wvasopressor agents, concomitant bronchiectasis,
malnutrition, bilateral and multi - lobar pneumonia and
PaO2/Fi02 <200 were associated with an increased in
hospital mortality. To our information, this is the study with
one of cohorts of VAP developed in COPD patients on
intubation, complicting of previously small studies and the
first one to address medicators of in hospital mortality. The
lack of information on this topic could be explain with lack
of knowledges predictable risk factors for development the
VAP in intubated COPD patients and misdiagnosis due to
high frequency of other lung complications during MV in
such patients. We decided to use mechanically ventilated
COPD patients with developed VAP, because in a
retrospective study it is easier to identify the predictors for
responsible development of VAP and although to identify
risk factors for in hospital mortality, in accordance with the
definition of the National Association for Medical Direction
of Respiratory Care?*

In our cohort, we found in intubated patients with COPD
whom developed VAP a significant burden of coexisting
BE. The high frequency of bronchiectasis probably explains
the high number of MDR pathogens as causative agents of
VAP in COPD patients and can be included as patient
specific risk factor for development of VAP in COPD
patients and as predictor for in - hospital mortality in such
patients.

Regarding microbiological isolates all of the episodes of
VAP in COPD patients in our study were caused by gram -
negative pathogens, almost half of them being
Acinotebacterbaumannii, second common causative agent
was P. Aeruginosa corroborating one study on VAP
intratracheostomized patients® In our study prior P.
aeruginesa colonization of the airway was related to
frequent coexisting BE, which was present in 28 (58%)
patients with VAP. The high frequency of A. baumannii
infection was related to colonization of this agent in ICU
setting of hospital and it was independent risk factor for in
hospital mortality in patients (p=0.001). The relationship
between COPD and VAP has been studied to some extent:
both conditions interact in number of levels: COPD patients
on MV increased of VAP?* COPD is an independent factor
associated with increased mortality, longer length of MV,
longer length of ICV stay, and higher rates of infection with
pseudomonas aeruginosa in patients with VAP # - 2"
However, we found association between coexisting
bronchiectasis in COPD patients and in - hospital mortality
(p=0.019). This is our new finding suggested the presence of
bronchiectasis in intubated COPD patients may predict the
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development of VAP in such patients and may associated
with in - hospital mortality.

The SOFA score is a useful tool for predicting mortality in
critically ill patients and the initial SOFA score has been
proven to have valve in predicting ICU mortality®® . In our
study SOFA score was associated with increased in -
hospital mortality (p=0.004). However SOFA score may be
more prognostic with complexity of use of vasopressor
agents ?° ~3% In our cohort the interaction between SOFA
score and use of vasopressor agents was higher in term on
predicting of in - hospital mortality (p=0.002).

Our study has been shown that bilateral and multi - lobar
extent of VAP in COPD patients was associated with
increased risk of in - hospital mortality (p= 0.002) and this
finding was first one to address predictors of in - hospital
mortality. As known such patients with VAP are at high risk
of development of ARDS ?* and assessment of another
predictable risk factor PaO2\FiO2 ratio together with
pneumonia extent significantly increased the predicting of in
hospital mortality ** In our study PaO2\FiO2 <200 was
associated with significantly higher predicting of in hospital
mortality and the correlation between bilateral multi - lobar
lung infiltrates and PaO2\FiO2 <200 in term on predicting
mortality risk was p< 0.002.

The present study has several limitations. First it is a study
carried out in a single center. The settings of cares fore
patients with intubated COPD may differ among other
centers and have heteregenous populations second, the
retrospective nature of the study may carry biases inherent to
this type of design. Some variables and cofounders may not
have been taken in to account given the difficulty of
including them in a retrospective study. We have used Cox
regression analysis, in which we cannot assess other
variables such as antibiotic use prior to intubation or the
presence of co infections, might have affected our results.
Third, the definition used for VAP might have led to the
inclussion of some patients with ventilator - associated
tracheobronchitis in concominant pulmonary complications
such as atelectasis and pulmonary oedema, which is a
limitation inherent to the definition. Fourth, our sample size
was somewhat small, and the results might not be fully
generalizable for some of the findings. This highlights the
need for multicenter studies that address the important
aspects of VAP in COPD patients.

In conclusion, we found a high burden of concominant
bronchiectasis in COPD patients, in our sample, in
development of VAP and in - hospital mortality rates. We
idenifired several factors associated with fatal outcomes,
which could help identify patients who might benefit from
nutritional support of appropriate, early empirical antibiotic
treatment, as well as predict prognoses. These findings
should be validated by studies with larger samples of
patients.
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