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Abstract. The purpose of the present systematic review and
meta-analysis was to uncover whether chronic obstructive
pulmonary disease (COPD) as a co-morbidity influences
outcomes of patients with ventilator-associated pneumonia
(VAP) compared to VAP alone and whether the development
of VAP in patients with COPD is associated with poor outcome
in comparison to COPD alone. An electronic search of the
PubMed, Embase, Scopus, BioMed Central, CENTRAL and
Google scholar databases for all types of studies assessing the
influence of COPD on outcomes of patients with VAP and
vice versa was performed. A total of 7 studies were included.
Of these, 3 studies assessed the impact of COPD on outcomes
of patients with VAP. Meta-analysis indicated that the pres-
ence of COPD significantly increased the mortality of patients
with VAP [risk ratio (RR): 1.37, 95% CI: 1.14-1.65, 1’=3%,
P=0.007]. The analysis failed to demonstrate any significant
effect of COPD on the duration of mechanical ventilation in
patients with VAP [mean difference (MD): 2.37,95% CI: -5.77
to 10.50, I’=38%, P=0.57]. However, the duration of the inten-
sive care unit (ICU) stay was significantly longer in patients
with COPD and VAP as compared with that of patients with
VAP without COPD (MD: 5.53, 95% CI: 0.73-10.33, I*=0%,
P=0.02). A total of 4 studies assessed the impact of VAP on
outcomes of patients with COPD. Meta-analysis indicated
that the presence of VAP significantly increased mortality of
patients with COPD (RR: 1.52, 95% CI: 1.08-2.12, I’=71%,
P=0.02). Pooled analysis indicated that the presence of VAP
in patients with COPD significantly increased the duration
of mechanical ventilation (MD: 13.73, 95% CI: 7.86-19.61,
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1’=92%, P<0.00001) and the duration of the ICU stay as
compared to patients with COPD but without VAP (MD:
17.36, 95% CI: 9.55-25.17, 1>=90%, P<0.0001). To conclude,
within the limitations of the study, the present results indi-
cated that the combination of COPD and VAP significantly
increased patient mortality and the duration of ICU stay. The
development of VAP in patients with COPD also significantly
increased the duration of mechanical ventilation. Further
case-matched studies are required to assess the influence of
the severity of COPD in combination with VAP on patient
outcomes.

Introduction

Chronic obstructive pulmonary disease (COPD) affects
>65 million individuals worldwide and is to become the third
most common cause of death worldwide by the year 2030 (1).
The disease is characterized by limitation of airflow and
arises from an abnormal inflammatory response of the lungs
to noxious gas particles (2). COPD is also a major risk factor
for the development of nosocomial lower respiratory tract
infections, as the patient's immune system may be weakened
by prolonged corticosteroid use and reduced microbial
clearance (3). During the natural course of the disease,
exacerbations and infections are common in patients with
COPD, the management of which requires assisted ventilation
and hospitalization (4).

Patients requiring prolonged duration of mechanical
ventilation in the intensive care unit (ICU) have a particular
risk of developing ventilator-associated pneumonia (VAP) (5).
An estimated 10-20% of patients receiving mechanical
ventilation for >24 h are diagnosed with VAP (6). VAP is
not only associated with increased healthcare costs but also
significantly contributes to increased in-ICU morbidity and
mortality (6).

Since both COPD and VAP adversely affect lung function,
a combination of both disorders may have serious effects on
patient outcomes. The inter-relation between COPD and VAP,
however, has not been thoroughly analyzed in the literature. In
a narrative review, Koulenti et al (7) assessed the current liter-
ature on the effects of VAP on patients with COPD and vice
versa. To the best of our knowledge, to date, no meta-analysis
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has analyzed outcomes of patients with COPD and VAP.
Therefore, the purpose of the present review was to answer
the following questions by pooling data from the literature:
i) whether COPD as a co-morbidity influences outcomes of
patients with VAP as compared to VAP alone; and ii) whether
the development of VAP in patients with COPD is associated
with unfavorable outcomes as compared with that in patients
not developing VAP.

Materials and methods

Search strategy. This review was conducted following the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-analyses statement (8). A total of two
reviewers (MY and ML) independently performed an
electronic search of the PubMed, Embase, Scopus, BioMed
Central, CENTRAL and Google scholar databases. The last
search was carried out on 15th April 2020. Both MeSH terms
and free-text key words were used for searching relevant
articles. The following key words were used: ‘Chronic obstruc-
tive pulmonary disease’, ‘chronic obstructive lung disease’,
‘chronic obstructive airway disease’, ‘pneumonia’, ‘ventilator
associated pneumonia’, ‘ventilator-associated pneumonia’,
‘mortality’, ‘death’, ‘intensive care’ and ‘hospital stay’. The
reviewers screened the search results initially by their titles
and abstracts for each database. After identifying potentially
pertinent articles, full texts of the articles were extracted.
Both the reviewers assessed individual articles based on the
inclusion and exclusion criteria. Any disagreements were
resolved by discussion. After screening, the bibliography
of included studies and review articles on the subject were
hand-searched for any missed references.

Inclusion criteria. Both prospective and retrospective obser-
vational studies were considered for this review. For the first
part, i.e. to assess the impact of COPD on outcomes of VAP,
the following inclusion criteria were used: i) studies conducted
on patients with VAP admitted to an ICU; ii) study participants
received mechanical ventilation for >48 h for any medical or
post-surgical care; iii) patients receiving only non-invasive
ventilation were excluded; iv) the cohort was divided into
patients with COPD and those without COPD and assess at least
one of the three outcomes: Mortality, duration of mechanical
ventilation and length of ICU stay. For the second part, i.e. to
assess the impact of VAP on outcomes of patients with COPD,
the following inclusion criteria were used: i) studies on patients
with COPD admitted to an ICU and requiring mechanical
ventilation for >48 h; ii) the cohort was divided into patients
with VAP and without VAP and assess at least one of the three
outcomes: Mortality, duration of mechanical ventilation and
length of ICU stay. For both groups, single-arm studies and
studies not reporting relevant data were excluded.

Data extraction and risk of bias analysis. After mutual
agreement regarding the inclusion of studies, the two reviewers
extracted data from the included studies independently. For the
first part,data including the first author’s name, publication year,
study type, sample size, demographic details, reason for ICU
admission, presence of co-morbidities and shock, previous use
of steroids and antibiotics, disease severity scores, number of

patients with VAP due to multi-drug resistant bacteria, partial
pressure of oxygen/fraction of inspired oxygen (PO,/FiO,),
clinical pulmonary infection score (CPIS) and study outcomes
were extracted. For the second part, data including the name
of the first author, publication year, study type, sample size,
demographic details, presence of co-morbidities, simplified
acute physiology score II (SAPS II), previous use of steroids
and antibiotics, number of patients with VAP due to multi-drug
resistant bacteria and study outcomes were extracted.

Outcomes of the analysis were the same for both parts of
the review. The primary outcome of interest was mortality.
Secondary outcomes of interest were duration of mechanical
ventilation and length of ICU stay. Data were fed into
meta-analysis software and cross-checked for correctness. In
the case of missing outcome data, the corresponding author
was contacted via email.

The risk of a bias assessment tool for non-randomized
studies was used to analyze the quality of included studies (9).
Two reviewers (MY and ML) independently assessed the
quality of studies and any disagreements were resolved after
discussion. Studies were assessed for the following items:
Selection of participants, confounding variables, measurement
of intervention, blinding of outcome assessment, incomplete
outcome data and selective outcome reporting.

Statistical analysis. Review Manager (version 5.3; Cochrane
Collaboration) was used for the meta-analysis. Categorical
data of mortality were pooled to obtain the risk ratio (RR)
with 95% CI. Since the duration of mechanical ventilation
and length of ICU stay were continuous outcomes, they were
summarized using the mean difference (MD) with 95% CI. If
data were presented as the median and interquartile range, the
mean and standard deviation scores were calculated using the
method developed by Wan et al (10). A random-effects model
was used to calculate the pooled effect size for all analyses.
Heterogeneity was assessed using the I? statistic. I? values of
25-50% represented low, values of 50-75% medium and >75%
represented substantial heterogeneity. Due to the inclusion of
<10 studies in the review, funnel plots were not used to assess
publication bias.

Results

Study search and selection. A study flow chart is presented
in Fig. 1. A total of 13 articles were extracted for full-text
analysis. A total of six studies were excluded, as they did not
fulfill the inclusion criteria. Finally, 7 studies were included in
this systematic review and meta-analysis (1,11-16).

Influence of COPD on outcomes of VAP. A total of
3 studies (1,15,16) assessed the impact of COPD on outcomes
of VAP patients. Details of these studies are presented
in Table I. All of them were prospective observational
studies. The sample size varied from 30 to 65 patients in
the COPD arm and 126 to 308 patients in the non-COPD
arm. Patients were admitted to the ICUs for both medical
and surgical reasons. The included studies did not report any
statistically significant differences in patient co-morbidities
between COPD and non-COPD patients, except for that by
Rouze et al (1), which reported a significant difference in
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Figure 1. Study flow chart.

VAP with COPD VAP without COPD Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% Cl| Years M-H, Random, 95% CI
Makris 2011 39 65 65 150  44.0% 1.38 [1.06, 1.81] 2011 —.—
Rinaudo 2015 18 30 45 126 23.4% 1.68 [1.16, 2.44] 2015 —_—
Rouze 2020 27 61 116 308  32.5% 1.18 [0.86, 1.61] 2020 T
Total (95% Cl) 156 584 100.0% 1.37 [1.14, 1.65] L
Total events 84 226
Heterogeneity: Tau® = 0.00; Chi® = 2.07, df = 2 (P = 0.35); I = 3% 051 t + + + 1}0

Test for overall effect: Z = 3.39 (P = 0.0007)

0.2 0.5 2 5
Favours [VAP with COPD] Favours [VAP withoutCOPD]

Figure 2. Forest plot for VAP with COPD vs. VAP without COPD for the outcome ‘mortality’. COPD, chronic obstructive pulmonary disease; VAP, venti-

lator-associated pneumonia; M-H, Mantel-Haentzel; df, degrees of freedom.

the number of diabetics. Furthermore, disease severity was
significantly higher in the COPD group in the study of
Makris et al (16). The studies did not report any statisti-
cally significant difference in previous use of steroids and
antibiotics, presence of shock and PO,/FiO, between the two
groups, except for the study of Makris et al (16), wherein there
was a higher incidence of steroid use in patients with COPD.
The CPIS was not significantly different between COPD and
non-COPD patients in all three studies. Definitions of COPD
and VAP in the included studies are presented in Table II.

The definitions of COPD were based on standard American
Thoracic Society/European Respiratory Society criteria (17)
and Global Initiative for Chronic Obstructive Lung Disease
(GOLD) criteria (4) in the included studies. Furthermore,
two studies (1,16) also used microbiological cultures for
confirmation of VAP.

Mortality data were reported by all three studies.
Meta-analysis of data from 156 COPD patients and 584
non-COPD patients indicated that the presence of COPD
significantly increased the risk of mortality of patients with
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Table I. Characteristics of studies assessing the impact of COPD on outcomes of VAP.

Author, year (reference)

Makris, 2011 (16)

Rinaudo, 2015 (15) Rouzé, 2020 (1)

Parameter COPD Non-COPD COPD Non-COPD COPD Non-COPD
Sample size 65 150 30 126 61 308
Mean age, years 68+11 58+17 719 6317 NR NR
Reason for ICU admission
Medical 54 103 26 95 NR NR
Surgical 11 47 4 31 NR NR
Co-morbidities
Liver cirrhosis 3 3 2 8 5 18
Cardiac disease 21 21 16 37 - -
Renal failure 4 4 4 8 - -
Diabetes 7 7 8 30 182 512
Alcoholism - - - - 11 38
Respiratory failure - - - - 9 25
Heart failure - - - - 4 15
Severity scores SAPS II SAPS I SOFA SOFA SOFA SOFA
47+16 53+18* 75433 75432 84433 7.9+3.6
Presence of shock 19 39 13 62 5 17
Previous use of steroids 17 6° 16 51 NR NR
Prior use of antibiotics 37 61 26 100 NR NR
VAP due to MDR bacteria 39 86 NR NR NR NR
PO,/FiO, 207+109 227+105 199+ 64 211+78 NR NR
CPIS 5.8+1.6 52+1.7 6.6+1.3 6.7x1.5 6 (5-8) 7 (5-8)

All listed studies are prospective studies. Data are presented as the count (n), or the mean + SD. “P<0.05 vs. COPD as shown in the respective
studies. Surgical reasons refers to patients admitted to ICU after surgery for monitoring. ICU, intensive care unit; CPIS, clinical pulmonary
infection score; COPD, chronic obstructive pulmonary disease; FiO,, fraction of inspired oxygen; VAP, ventilator-associated pneumonia; NR,
not reported; PO,, partial pressure of oxygen; SOFA, sequential organ failure assessment; MDR, multidrug resistance; SAPS II, simplified

acute physiology score II.

VAP with COPD VAP without COPD Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Years IV, Random, 95% CI
Makris 2011 38 40 26 273 196 85  19.9% 10.70[-5.23, 26.63] 2011
Rouze 2020 16.6 4.4 61 163 13.4 308 80.1%  0.30[-1.56, 2.16] 2020
Total (95% CI) 87 393 100.0% 2.37 [-5.77, 10.50]

Heterogeneity: Tau® = 20.60; Chi® = 1.62, df = 1 (P = 0.20); I* = 38%
Test for overall effect: Z = 0.57 (P = 0.57)

-50 -25 0 25 50
Favours [VAP with COPD] Favours [VAP withoutCOPD)

Figure 3. Forest plot for VAP with COPD vs. VAP without COPD for the outcome ‘duration of mechanical ventilation’. COPD, chronic obstructive pulmonary
disease; VAP, ventilator-associated pneumonia; SD, standard deviation; I'V, inverse variance; df, degrees of freedom.

VAP (RR: 1.37,95% CI: 1.14-1.65, 1’=3%, P=0.007; Fig. 2).
Data on the duration of mechanical ventilation and length of
ICU stay were reported by two studies. The present analysis
failed to demonstrate any significant effect of COPD on the
duration of mechanical ventilation in patients with VAP (MD:
2.37,95% CI. -5.77 to 10.50, I>=38%, P=0.57, Fig. 3). However,
the duration of ICU stay was significantly longer in patients
with COPD and VAP as compared to that in patients with
VAP without COPD (MD: 5.53, 95% CI: 0.73-10.33, I*=0%,
P=0.02; Fig. 4).

Influence of VAP on outcomes of COPD. A total of 4
studies (11-14) assessed the impact of VAP on outcomes of
patients with COPD. Details of these studies are presented
in Table III. Of these, 3 were prospective studies (11-13),
while one was a retrospective study (14). The sample size of
the VAP arm varied from 35 to 92 patients and the sample
size of the non-VAP arm varied from 60 to 318. There was
no significant difference in the mean age between the study
groups. None of the studies reported any difference in patient
co-morbidities and SAPS II scores. Definitions of COPD and
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Table II. Definitions used by studies assessing the impact of COPD on outcomes of VAP.
Study Definition of COPD Definition of VAP (Refs.)
Makris et al According to American Presence of new or progressive radiographic infiltrate associated (16)
Thoracic Society/European with two of the three of the following criteria: i) temperature
Respiratory Society criteria >38.5 or <36.5°C; ii) leukocyte count >10,000 or <1,500/ml;
iii) purulent tracheal aspirate. In addition, a positive tracheal
aspirate culture (=10° CFU/ml) or bronchoalveolar lavage culture
(=10* CFU/ml) was required to confirm the diagnosis of VAP.
Rinaudo eral ~ According to American Presence of new or progressive radiographic infiltrate associated (15)

Rouzé et al

Thoracic Society/European
Respiratory Society criteria

According to Global Initiative
for Chronic Obstructive Lung
Disease criteria

with two of the three of the following criteria: i) temperature of
>38.5 or <36.5°C; ii) leucocyte count >12,000 or <4,000 cells/ul;
iii) purulent secretions.

Presence of new or progressive radiographic infiltrate associated
with two of the following three criteria: i) temperature of >38.5
or <36.5°C; ii) leucocyte count >12,000 or <4,000 cells/ul;

iii) purulent secretions. In addition, all episodes of infection
required microbiological confirmation, with the isolation in the
endotracheal aspirate of at least 105 CFU/ml or in
bronchoalveolar lavage of at least 10* CFU/ml.

)]

CFU, colony-forming units; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; VAP, ventilator-associated pneumonia.

VAP with COPD VAP without COPD

Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Years IV, Random, 95% CI
Makris 2011 43.6 39.2 26 333 7 85 10.0% 10.30 [-4.84, 25.44] 2011 ]

Rouze 2020 25 19.7 6l 20 96 308 90.0% 5.00[-0.06, 10.06] 2020 5 =
Total (95% CI) 87 393 100.0%  5.53 [0.73, 10.33] -

Heterogeneity: Tau® = 0.00; Chi* = 0.42, df = 1 (P = 0.52); I* = 0%

Test for overall effect: Z = 2.26 (P = 0.02)

-50 50

-25 0 25
Favours [VAP with COPD] Favours [VAP withoutCOPD]

Figure 4. Forest plot for VAP with COPD vs. VAP without COPD for the outcome ‘duration of ICU stay’. COPD, chronic obstructive pulmonary disease; VAP,
ventilator-associated pneumonia; SD, standard deviation; IV, inverse variance; df, degrees of freedom.

COPD with VAP COPD without VAP Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, Random, 95% Cl Years M-H, Random, 95% CI
Nseir 2005 50 77 22 77 24.1% 2.27 [1.54, 3.35] 2005 —
Hadda 2014 18 35 63 118 25.2% 0.96 [0.67, 1.39] 2014 —
Koulenti 2015 38 79 99 318 28.6% 1.55[1.17, 2.05] 2015 —
Badawy 2015 44 92 18 60 22.1% 1.59 [1.03, 2.48] 2015 ——
Total (95% CI) 283 573 100.0% 1.52 [1.08, 2.12] B
Total events 150 202

ity 2 . [t - - = t 4 + +
Heterogeneity: Tau® = 0.08; Chi = 10.30, df = 3 (P = 0.02); I = 71% o'0s 0 4 20

Test for overall effect: Z = 2.42 (P = 0.02)

2
Favours [COPD with VAP] Favours [COPD withoutVAP)

Figure 5. Forest plot for COPD with VAP vs. COPD without VAP for the outcome ‘mortality’. COPD, chronic obstructive pulmonary disease; VAP, venti-

lator-associated pneumonia; M-H, Mantel-Haentzel; df, degrees of freedom.

VAP used by the included studies are presented in Table IV. A
total of 2 studies (13,14) did not define the diagnostic criteria
for COPD and 2 studies (11,14) used microbiological culture
for diagnosing VAP.

Data on mortality were reported by all four studies. The
present meta-analysis with data of 283 patients with VAP
and 573 patients without VAP indicated that the presence of
VAP significantly increased the mortality of patients with
COPD (RR: 1.52,95% CI: 1.08-2.12, I*=71%, P=0.02; Fig. 5).
Data on secondary outcomes were also reported by all four

studies. Pooled analysis indicated that the presence of VAP
in patients with COPD significantly increased the duration
of mechanical ventilation (MD: 13.73, 95% CI: 7.86-19.61,
1°=92%, P<0.00001; Fig. 6). In addition, patients with VAP
and COPD had a significantly longer ICU stay as compared
to patients with COPD without VAP (MD: 17.36, 95% CI:
9.55-25.17,1*=90%, P<0.0001; Fig. 7).

Risk of bias analysis. The results of the authors' judgement
of the risk of bias in individual studies are presented in
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Table I'V. Definitions used by studies assessing impact of VAP on outcomes of COPD.

Study Definition of COPD Definition of VAP (Refs.)

Nseir et al According to American Thoracic

Society criteria

Presence of new or progressive radiographic
infiltrate associated with two of the following three
criteria: i) temperature >38.5 or <36.5°C; ii)
leukocyte count >10,000 or <1,500/ml; iii) purulent
tracheal aspirate. In addition, a positive tracheal
aspirate culture (=10° CFU/ml).

an

Hadda et al NS Radiographic features suggestive of pneumonia plus
presence of any two of the following: fever,
leukocytosis, purulent or change in the character of
endotracheal aspirate, isolation of the pathogen
from of endotracheal aspirate or other respiratory

specimen and hypoxemia.

(14)

Badawy et al NS Based on the American College of Chest Physicians
criteria as an association of a new or progressive
consolidation on chest radiology plus at least two of
the following variables: fever with temperature

>38°C, leukocytosis or leukopenia and purulent

13)

secretions.

Presence of COPD was recorded based
on pulmonary function tests prior to ICU
admission where available, or on clinical
criteria, medical history (including
significant smoke exposure, previous use
of respiratory medications) and evidence
of hyper-inflation on chest radiograph.

Koulenti et al 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 the ICU was for pneumonia.

12)

CFU, colony-forming units; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; VAP, ventilator-associated pneumonia;
NS, not specified.

Table V. Risk of bias in included studies.

Blinding Selective

Selection of ~ Confounding Measurement of outcome Incomplete outcome
Study participants variables of intervention ~ assessment outcome data reporting (Refs.)
Makris et al Low risk High risk Low risk High risk Low risk Unclear risk (16)
Rinaudo et al Low risk High risk Low risk High risk Low risk Unclear risk (15)
Rouzé et al Low risk High risk Low risk High risk Low risk Unclear risk (1)
Nseir et al Low risk High risk Low risk High risk Low risk Unclear risk (11)
Hadda et al Low risk High risk Low risk High risk Low risk Unclear risk (14)
Badawy et al Low risk High risk Low risk High risk Low risk Unclear risk (13)
Koulenti et al Low risk High risk Low risk High risk Low risk Unclear risk (12)
Table V. All studies included both study and control cases  Discussion

from the same hospital setups and therefore had low risk of

bias for ‘selection of patients’. None of the studies took into
account all possible confounding factors. Selection bias
could not be assessed as no prior protocols were available
for comparison. The overall quality of the studies was
moderate.

The results of the present systematic review and meta-analysis
suggested a significant inter-relation of COPD and VAP
regarding patient outcomes. The presence of COPD as a
co-morbidity in patients with VAP was significantly associated
with a higher odds of mortality and increased duration of ICU
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COPD with VAP COPD without VAP Mean difference Mean difference
Study or subgroup  Mean SD Total Mean SD  Total Weight IV, Random, 95% CI Years IV, Random, 95% CI
Nseir 2005 25 15 77 13 11 77 24.2% 12.00[7.85, 16.15] 2005 —
Hadda 2014 32 10 35 10 2 118 25.3% 22.00([18.67,25.33] 2014 -
Koulenti 2015 19 14.5 41 8.1 7.8 219 23.6% 10.90[6.34, 15.46] 2015 —_—
Badawy 2015 15 8.07 92 5 3.05 60 26.8% 10.00[8.18, 11.82] 2015 -
Total (95% CI) 245 474 100.0% 13.73 [7.86, 19.61) B

Heterogeneity: Tau® = 32.61; Chi® = 38,99, df = 3 (P < 0.00001); I = 92%
Test for overall effect: Z = 4.58 (P < 0.00001)

-50 50

-25 0 25
Favours [COPD with VAP] Favours [COPD withoutVAP]

Figure 6. Forest plot for COPD with VAP vs. COPD without VAP for the outcome ‘duration of mechanical ventilation’. COPD, chronic obstructive pulmonary
disease; VAP, ventilator-associated pneumonia; SD, standard deviation; I'V, inverse variance; df, degrees of freedom.

COPD with VAP COPD without VAP Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD  Total Weight IV, Random, 95% Cl Years IV, Random, 95% CI
Nseir 2005 26 17 77 15 13 77 26.3% 11.00[6.22, 15.78] 2005 —
Hadda 2014 53 26 35 18 7 118 21.4% 35.00 [26.29, 43.71] 2014 —
Badawy 2015 18.2 8.8 92 7.4 2.9 60 28.7% 10.80[8.86, 12.74] 2015 -
Koulenti 2015 27 23 41 10.6 8.2 219 23.5% 16.40[9.28, 23.52] 2015 —_—
Total (95% CI) 245 474 100.0% 17.36 [9.55, 25.17] i
Heterogeneity: Tau® = 54.34; Chi = 29.90, df = 3 (P < 0.00001); I = 90% =+ } +

Test for overall effect: Z = 4.36 (P < 0.0001)

-25 0 25 50
Favours [COPD with VAP] Favours [COPD withoutVAP]

Figure 7. Forest plot for COPD with VAP vs. COPD without VAP for the outcome ‘duration of ICU stay’. COPD, chronic obstructive pulmonary disease;
VAP, ventilator-associated pneumonia; SD, standard deviation; IV, inverse variance; df, degrees of freedom.

stay as compared with those of patients without COPD. On the
other hand, the analysis also indicated that the development of
VAP in a cohort of patients with COPD admitted to the ICU
significantly increased mortality, the duration of mechanical
ventilation and length of ICU stay as compared with those of
patients with COPD but without VAP.

According to previous studies, COPD is a common-
co-morbidity in patients with VAP (18,19). However, it was
demonstrated that the presence of COPD is not associated with
a higher incidence of VAP as compared with that of patients
without COPD (1,12). Over the last decades, several studies
have attempted to assess the impact of COPD on the outcomes
of patients with VAP. However, many of these studies did not
take baseline differences and disease severity in COPD and
non-COPD patients into account while comparing mortality.
A study by Rello ef al (20) on 129 patients with VAP, including
24 patients with COPD, reported significantly higher mortality
of 33% in patients with COPD as compared to 9% in patients
without COPD. However, after taking into account other
confounding factors such as age >45 years, corticosteroid
use, presence of shock, hospital stay >9 days and prior use of
antibiotics, the authors did not identify any significant impact
of COPD on mortality of patients with VAP. By contrast,
in another study of 78 patients with VAP, Torres et al (21)
reported that COPD was a significant risk factor for mortality
on multivariate analysis. In view of this ambiguity in the liter-
ature, in the present meta-analysis, only those studies which
divided their cohort into two groups based on the presence of
COPD and reported disease severity were pooled. The analysis
indicated that the presence of COPD as a co-morbidity leads
to a 1.37-fold increased risk of mortality in patients with VAP.
The reason for this increased risk of death may be attributed
to several factors including the adverse influence of COPD on
baseline respiratory function, nutritional status of patients with
COPD or previous long-term use of corticosteroids (17,22). An
autopsy study by Scott ef al (23) indicated increased injury and
collagen deposition in diaphragms of patients with COPD. This

is thought to reduce respiratory muscle function in patients
with COPD, which may contribute to higher mortality (16,23).
The reduced respiratory function of patients with COPD has
also been reported to impact outcomes of patients undergoing
mechanical ventilation without the development of VAP.
A study by Rodriguez er al (24) on 235 patients reported
that the presence of non-exacerbated COPD significantly
increased mortality of patients undergoing mechanical venti-
lation. Studies have also indicated that patients with COPD
developing VAP have a high presence of multi-drug resistant
(MDR) bacteria (12,16,25). Koulenti et al (12) reported a
significantly higher number of Pseudomonas aeruginosa
isolates in patients with COPD developing VAP as compared
to non-COPD patients. Patients with VAP due to MDR bacteria
are at a higher risk of receiving incorrect antibiotic treatment,
which may increase the mortality of such individuals (16).
The present analysis on the influence of COPD as a
comorbidity on the duration of mechanical ventilation and
length of ICU stay only pooled two studies. While no differ-
ence in the duration of mechanical ventilation was identified
between VAP patients with and without COPD, the presence
of COPD was indicated to significantly increase the duration
of ICU stay. The association of disease severity with these
secondary outcomes was assessed by Makris et al (16), who
indicated that the duration of mechanical ventilation and
length of ICU stay were significantly longer for GOLD stage
IV COPD vs. non-COPD VAP patients, but not for GOLD
stage I-I11 COPD patients. However, the authors did not assess
the same relationship for VAP-associated mortality. An impor-
tant factor that may also influence the incidence and outcomes
of VAP patients is the primary cause of ICU admission. Specific
groups of patients such as those with neurological disorders or
neurosurgical patients may be at a higher risk of developing
VAP and subsequent adverse outcomes. This may be due to
several reasons such as increased risk of aspiration, use of
intravenous anesthetics and sedatives or prolonged duration of
ventilation (26). A meta-analysis by Melsen ef al (27) indicated
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that the attributable mortality of VAP differs with different
sub-groups of patients with higher rates for surgical patients
as compared to medical or trauma patients. Exact details of
the primary cause of ICU admission were not available in the
studies included in the review. Lack of sufficient data preclude
us from drawing strong conclusions on the influence of COPD
on secondary outcomes.

Patients with COPD frequently encounter exacerbations
during the course of the disease, which require respiratory
support and hospitalization (28). Non-invasive ventilation is
usually the standard of care during such periods, but in certain
cases, endotracheal intubation may be required to reduce
mortality (4). Invasive mechanical ventilation may, however,
be complicated by VAP. The incidence of VAP in intubated
patients with COPD may vary from 18.6% to as high as 60%
and may affect patient outcomes (12,13). The association
between the development of VAP and increased morbidity and
mortality for ICU patients has been assessed by several studies,
but with heterogenous patient populations and inconsistent
results (29-31). In the second part of the present analysis, it
was indicated that patients with COPD developing VAP during
the course of their management had a 1.52-fold increased risk
of mortality as compared with that of patients not developing
VAP. On analysis of the forest plots in the present study, it
was indicated that with the exception of one study (14), all
other studies reported a higher risk of mortality with VAP
in patients with COPD. In the study of Hadda et al (14), the
overall mortality rate in the cohort was high (51%), which was
attributed to high disease severity of the sample, presence of
type 2 respiratory failure and hypoxemia. It should be noted
that the study by Hadda er al (14) was the only retrospec-
tive study in the present meta-analysis, while the remaining
studies were prospective studies. The present results also
indicated that the development of VAP in patients with COPD
significantly increased the duration of mechanical ventilation
by a mean of 13 days and prolonged the ICU stay by 17 days.
Statistically significant results for these secondary outcomes
were reported by all four studies included in the present
systematic review.

It is important to note that several other confounding
factors may influence the outcomes of patients with COPD
developing VAP. First, numerous co-morbidities may co-exist
in patients with COPD, which can affect mortality, duration
of mechanical ventilation and length of ICU stay (32). A
meta-analysis of 37 studies by Singanayagam et al (33)
reported that low body mass index, cardiac failure, diabetes
mellitus, ischemic heart disease and malignancy are signifi-
cantly associated with increased mortality in patients with
acute exacerbations of COPD. It is also reported that the
presence of more than one co-morbidity may double the risk
of COPD-associated mortality (34). Furthermore, similar
co-morbidities are known to also influence outcomes of
VAP (18). Thus, the results of the present analysis may have
been confounded by these variables. Among the four studies
included in the present review, data on co-morbidities were
reported by all except that by Badawy et al (13). However,
none of them reported any statistically significant differences
between their study cohorts. In addition, the management of
COPD may vary depending on the severity of the disease.
The management protocol may include short- or long-acting

muscarinic antagonists, f-agonists, inhaled corticosteroids
(ICS), supplemental oxygen therapy or combinations of
these drugs (35). It was postulated that chronic ICS use in
COPD may diminish the patient's defenses, leading to a
rise in opportunistic infections such as VAP (12). Of the
included studies, no study assessing the influence of VAP
on COPD outcomes analyzed the influence of ICS on patient
mortality. The study by Koulenti et al (12) included data on
chronic steroid use in the definition of immunosuppression.
However, in their analysis, immunosuppression was not
indicated to be a significant factor increasing the prevalence
of VAP in patients with COPD. The literature on the role
of ICS on outcomes of community-acquired pneumonia is
conflicting. Studies have reported that patients with COPD
receiving long-term ICS may have a higher prevalence of
community-acquired pneumonia but its effects on patient
mortality remain unclear (36,37).

The results of the present study should be interpreted
with the following limitations. First, only a limited number
of studies were available for meta-analysis. In the pooled
analysis of two outcome measures, data from only two
studies were analyzed. The lack of adequate data may have
introduced bias in the overall results. The overall quality of
studies was also not high. Furthermore, the inherent bias of the
observational studies may have skewed the outcomes. There
were differences in the included studies with respect to the
exact diagnostic criteria of VAP with few studies utilizing
microbiological cultures. In addition, not all studies reported
complete data on baseline characteristics of the study cohorts.
Furthermore, data on the severity of COPD were not avail-
able for any study and therefore, the influence of the severity
of COPD on the outcomes could not be assessed. As another
limitation, the heterogeneity in the present meta-analysis
for assessing the influence of VAP on outcomes of COPD
was high. This may be attributed to differences in the study
settings and study populations among the included studies.
However, due to the limited number of studies, it was not
possible to explore the source of heterogeneity by a sub-group
or meta-regression analysis. Finally, treatment protocols vary
with patients as well as hospital setups. Therefore, with these
limited data, it may not be possible to generalize the results of
the present review.

In spite of these limitations, the present study was the
first meta-analysis to assess the inter-relationship of the
effects of VAP and COPD on patient outcomes and the
results may have implications for clinical practice. Based
on the present results, it may be suggested that prompt and
thorough management is recommended for patients with
COPD developing VAP. Such patients should be considered
as having a high risk of mortality. There is also a require-
ment for rigorous measures to prevent the development of
VAP in patients with COPD.

To conclude, within the limitations of the present study,
the results indicated that the combination of COPD and VAP
significantly increases patient mortality and the duration of
ICU stay. The development of VAP in patients with COPD
also significantly increased the duration of mechanical venti-
lation. Further case-matched studies are required to assess the
relationship of the severity of COPD combined with VAP on
patient outcomes.
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