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Postoperative pneumonia following cardiac
surgery in non-ventilated patients versus
mechanically ventilated patients: is there any
difference?
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Abstract

Introduction: No studies have compared ventilator-associated pneumonia (VAP) and non-VAP following cardiac surgery
(CS). The aim of this study was to assess the incidence, clinical and microbiologic features, treatment characteristics and
prognosis of postoperative pneumonia following CS with a special focus on non-VAP.

Methods: This was a retrospective cohort study based on a prospectively collected database. We compared cases of
non-VAP and VAP following CS observed between January 2005 and December 2012. Statistical analysis consisted of
bivariate and multivariate analysis.

Results: A total of 257 (3.5%) of 7,439 consecutive CS patients developed postoperative pneumonia, including 120
(47%) cases of non-VAP. Patients with VAP had more frequent history of congestive heart failure (31% vs. 17%,
P = 0.006) and longer duration of cardiopulmonary bypass (105 vs 76 min, P < 0.0001), than patients with non-VAP. No
significant differences were observed between the 2 groups in terms of the types of microorganisms isolated with high
proportions of Enterobacteriaceae (35%), Pseudomonas aeruginosa (20.2%) and Haemophilus spp (20.2%), except for a
lower proportion of Methicillin-susceptible S. aureus in the non-VAP group (3.2% vs 7.9%, P = 0.03). In the intensive care
unit, patients with non-VAP had lower sequential organ failure assessment scores than patients with VAP (8 ± 3 versus
9 ± 3, P = 0.004). On multivariate analysis, in-hospital mortality was similar in both groups (32% in the non-VAP group
and 42% in the VAP group, adjusted Odds Ratio (aOR): 1.4; 95% confidence intervals (CI): 0.7-2.5; P = 0.34) and
appropriate empiric antibiotic therapy was associated with a reduction of in-hospital mortality (aOR: 0.4; 95% CI:
0.2-1; P = 0.05). Piperacillin/tazobactam or imipenem monotherapy constituted appropriate empiric therapy in the
two groups, with values reaching 93% and 95% with no differences between VAP and non-VAP cases.

Conclusions: Intensive care patients with VAP are more severely ill than non-VAP patients following CS. Nevertheless,
patients with non-VAP and VAP following CS have similar outcomes. This study suggests that the empiric antibiotic
regimen in patients with pneumonia following CS should include at least a broad-spectrum antibiotic targeting
non-fermenting Gram-negative bacilli, regardless of the type of pneumonia, and targeting S. aureus in VAP patients.
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Introduction
Postoperative pneumonia (POP), is the most common
infection following cardiac surgery (CS) [1,2] and con-
stitutes a major source of morbidity and mortality [1,2].
Previous studies confined their analysis to patients with
ventilator-associated pneumonia (VAP) [1-4]. However,
VAP is not the only presentation of postoperative pneu-
monia (POP) following surgery in general (36%) [5] and
CS in particular (57%) [6]. Extrapolation of data on
VAP following CS to non-VAP may, therefore, lead to
significant errors in the management of patients with
non-VAP. The aim of this study was to compare the
characteristics of VAP and non-VAP following CS. In
order to define precisely the clinical characteristics and
antibiotic therapy of these patients, we assessed the in-
cidence, clinical and microbiologic features, treatment
characteristics and prognosis of a group of patients
who developed non-VAP following CS.
Materials and methods
Data from consecutive patients who underwent CS with
cardiopulmonary bypass from January 2005 to December
2012 in a 1,200-bed university hospital were included in
this single-center cohort study. Perioperative character-
istics were obtained from our local, prospectively col-
lected database. The study was approved by the local
ethics committee, which waived the need for informed
consent, because of the observational nature of the study
(Institutional Review Board 00006477, Paris 7 University,
AP-HP). Patients on mechanical ventilation before CS
were excluded from the analysis.
Perioperative care, including anesthesia, monitoring

techniques and normothermic cardiopulmonary bypass,
was standardized for all patients. During the study period,
patients received a systematic decolonization protocol
with three doses of intranasal mupirocin per day for 5
consecutive days. Cefamandole (30 mg/kg intravenously
one hour before sternotomy, 750 mg (1,500 mg in patients
with body mass index >35 kg/m2) every two hours during
surgery and continued for 24 hours in the ICU at a dosage
of 750 mg, four times per day) was used for surgical anti-
biotic prophylaxis. In patients with beta-lactam allergy,
antibiotic prophylaxis comprised vancomycin (15 mg/kg
intravenously over 60 minutes one hour before sternot-
omy and 15 mg/kg at the eighth hour) + gentamicin (3
mg/kg intravenously as a single dose). No subsequent
prophylaxis was administered. No subglottic aspiration
system was used. After surgery patients were transferred
to the ICU without systematic postoperative sedation and
were extubated when the standard extubation criteria
were obtained (hemodynamically stable; no significant
bleeding and percutaneous oxygen saturation >95% with
inspired oxygen fraction (FiO2) <0.4).
Prevention of postoperative pneumonia included orotra-
cheal intubation, cleaning of the oropharyngeal cavity with
0.1% hexetidine solution (McNeil, Issy-les-Moulineaux,
France) four times per day, semirecumbent body position-
ing (30 to 45°), tracheal cuff pressure maintained between
20 and 30 cm H2O, and physiotherapy (at least twice daily
for 2 days following extubation).

Diagnosis of postoperative pneumonia
Postoperative pneumonia was suspected on the basis
of a new lung infiltrate on daily chest radiographs as-
sociated with at least two of the following findings:
temperature ≥38.3°C or <36°C, white blood cell
count >12,000 cells/mm3 or <5,000 cells/mm3, and
purulent secretion.
Postoperative pneumonia was systematically confirmed

by microbiologic analysis using bronchoalveolar lavage
with fiberoptic bronchoscopy (yielding bacteria at a con-
centration of >104 colony forming units (CFU)/mL) or
blind protected distal bronchial specimen samples (yield-
ing >103 CFU/mL) or blind endotracheal aspiration
(yielding >105 CFU/mL). Only the first episode of pneu-
monia following surgery was studied and was defined as
POP. VAP was defined as pneumonia occurring in pa-
tients with postoperative invasive mechanical ventilation
for 48 hours or longer with the ventilator in place at the
time of or 24 hours before the event [7]. Patients who
developed POP but who did not meet the criteria for
VAP were defined as non-VAP. Early-onset POP was de-
fined as pneumonia with onset <5 days following surgery
and late-onset POP was defined as pneumonia with on-
set ≥5 days following surgery [8].

Susceptibility testing and empiric antimicrobial therapy
Empiric antimicrobial therapy based on local guidelines
was always initiated in the case of suspected POP and
was considered appropriate when all bacteria isolated at
a significant concentration were susceptible to at least
one of the drugs administered, according to susceptibil-
ity testing. The choice of antibiotic therapy was left to
the attending physician and was guided by Gram-stained
direct examination and the severity of pneumonia at the
time of diagnosis. Susceptibility testing was determined
by the disk-diffusion method, according to the criteria of
the Antibiogram Committee of the French Society for
Microbiology [9].

Data collected
Demographic characteristics and underlying diseases were
recorded during the first 24 hours after admission to the
ICU. Intraoperative and postoperative characteristics and
outcome (ICU length of stay and in-hospital mortality)
were also recorded.
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Statistical analysis
Results were expressed as total numbers (percentage)
for categorical variables and mean ± standard deviation
or median (25th to 75th percentiles) as appropriate for
continuous variables. Continuous variables were com-
pared by the unpaired Student t-test or nonparametric
(Mann-Whitney) test as appropriate. Categorical vari-
ables were compared by the chi-square test or Fisher’s
exact test as appropriate. Risk factors found to be pre-
dictive of postoperative mortality in bivariate analysis
P-values <0.1 were entered into a multivariate logistic
regression analysis using backward selection on a cri-
terion of P <0.05. A P-value <0.05 was considered sig-
nificant. Calibration was assessed using the Hosmer and
Lemeshow goodness-of-fit test. Analysis was performed
using SAS statistical software (8.2, Cary, NC, USA).
Results
Study population
From January 2005 to December 2012, 7,468 cardiac pro-
cedures with cardiopulmonary bypass were performed.
Twenty-nine patients were on mechanical ventilation be-
fore surgery and were excluded from the analysis. The
remaining 7,439 patients constituted the cohort. Overall,
257 (3.5%; 95% CI 3.1, 3.9) of 7,439 consecutive CS pa-
tients developed POP including 120 (46.7%) cases of non-
VAP. POP was diagnosed 4.3 ± 2 days after CS in both
groups (P = 0.55). Ninety patients (66%) developed early-
onset POP in the VAP group versus 76 patients (63%) in
the non-VAP group (P = 0.69). Preoperative and intraoper-
ative characteristics of the 257 patients are presented in
Tables 1 and 2.
Diagnostic procedures and distribution of microorganisms
Two hundred and sixty-eight respiratory samples were
obtained from these 257 patients. Eleven patients had a
first negative sample (7 protected distal bronchial speci-
men samples, 4 endotracheal aspirations) followed by a
Preoperative characteristicssecond positive sample (11
bronchoalveolar lavage samples); 8 out of 120 (6.7%) pa-
tients in the non-VAP group versus 3 out of 137 (2.2%)
patients in the VAP group (P = 0.08). Microbiologic sam-
ples were obtained with a bronchoscopic method (bron-
choalveolar lavage) in 87 patients (63.5%) in the VAP
group versus 72 patients (60%) in the non-VAP group
(P = 0.56).
A total of 302 microorganisms were cultured at signifi-

cant concentrations (Table 3). Postoperative pneumonia
was polymicrobial in 101 (39.3%) cases with no significant
differences between the two groups of patients (P = 0.29).
The microorganisms most commonly isolated were En-
terobacteriaceae (35.4%), Pseudomonas aeruginosa (20.2%)
and Haemophilus spp (20.2%).
No significant differences were observed between the
two groups in terms of the relative proportion of microor-
ganisms isolated except for a lower proportion of
Methicillin-susceptible S. aureus in the non-VAP group
(3.2% versus 7.9%, P = 0.03). No significant differences
were observed between early-onset and late-onset POP in
terms of the microorganisms isolated (P > 0.2 for all iso-
lated microorganisms).

Empiric antibiotic therapy and susceptibility of
microorganisms
Two hundred and four patients had a dual combin-
ation with broad-spectrum antibiotic agents targeting
non-fermenting Gram-negative bacilli (79.4%). The
most commonly prescribed empiric antibiotic regimen
was a combination of piperacillin/tazobactam and ami-
kacin (70.4%) with no significant difference between
the two groups (P = 0.89). A similar rate of appropriate
empiric antimicrobial therapy was observed in the two
groups (87.5% in non-VAP and 89.8% in VAP, P = 0.6).
When empiric antibiotic therapy was inappropriate,
the final antibiotic therapy was modified to achieve ap-
propriateness in every case (2 days after the respiratory
sample). Most microorganisms isolated in this study
cohort were susceptible to antibiotic therapy including
a broad-spectrum antibiotic agent targeting non-
fermenting Gram-negative bacilli (>92%) with no sig-
nificant differences between the two groups of patients
(Table 4).

Outcome
Clinical characteristics of postoperative pneumonia at
the time of diagnosis in the 257 patients are presented
in Table 5.
Among the 120 patients with non-VAP, 93 (78%) re-

quired re-intubation during the 24 hours following the
diagnosis of POP. Of the 257 patients, 95 (37%) died
after heart surgery, including 38 (32%) of the 120 pa-
tients with non-VAP versus 57 (42%) of the 137 patients
with VAP (P = 0.1). Of the 29 patients who received in-
appropriate empiric antibiotic therapy, 18 (62%) died
versus 77 (34%) of the 228 patients with appropriate ini-
tial empiric therapy (P = 0.003).

Risk factors for in-hospital mortality
Fifteen variables had a P-value < 0.10 on univariate ana-
lysis (see Additional file 1 for univariate analysis of risk
factors for in-hospital mortality with P <0.10) and were
entered into the logistic regression (Table 6).
On multivariate analysis (Table 6), in-hospital mortal-

ity was independently associated with a history of con-
gestive heart failure (odds ratio (OR) 2.28, 95% CI 1.17,
4.46, P = 0.016), postoperative pneumonia due to non-
fermenting Gram-negative bacilli (OR 2.28, 95% CI 1.18,



Table 1 Preoperative characteristics

Variable Patients with Patients with P-value

VAP (n =137) non-VAP (n =120)

EuroSCORE, %, mean ± SD 10.7 ± 9.9 10.2 ± 12.9 0.70

Age, yr, mean ± SD, () 68.2 ± 11.2 69.6 ± 13.0 0.34

Male gender, n (%) 98 (71.5) 86 (71.7) 0.78

Body mass index, kg/m2, mean ± SD 26.7 ± 4.6 26.1 ± 4.7 0.32

Comorbidities

Cancer, n (%) 5 (3.6) 3 (2.5) 0.60

Mediastinal irradiation, n (%) 4 (2.9) 6 (5) 0.39

Liver cirrhosis, n (%) 1 (0.7) 4 (3.3) 0.29

Decompensated liver cirrhosis, n (%) 1 (0.7) 1 (0.8) 0.99

Dyslipidemia, n (%) 62 (45.3) 55 (45.8) 0.93

COPD, n (%) 29 (21.2) 34 (28.3) 0.18

COPD with treatment, n (%) 21 (15.3) 24 (20) 0.33

Hypertension, n (%) 81 (59.1) 78 (65) 0.33

Immunosuppression, n (%)a 1 (0.7) 3 (2.5) 0.52

History of coronary artery disease, n (%) 66 (48.2) 65 (54.2) 0.34

History of congestive heart failure, n (%) 43 (31.4) 20 (16.7) 0.006

Neurologic disease, n (%)b 6 (4.4) 4 (3.3) 0.67

History of stroke, n (%) 17 (12.4) 16 (13.3) 0.83

Peripheral vascular disease, n (%) 23 (16.8) 27 (22.5) 0.25

Diabetes mellitus, n (%) 41 (29.9) 38 (31.7) 0.76

History of smoking, n (%) 67 (48.9) 70 (58.3) 0.13

Current smoking, n (%)c 14 (10.2) 27 (22.5) 0.007

Creatinine clearance, mL/min, mean ± SD 63.9 ± 26.5 65.7 ± 33.7 0.62

Chronic renal failure with dialysis, n (%) 1 (0.7) 1 (0.8) 0.99

Atrial fibrillation, n (%) 60 (43.8) 36 (30) 0.02

New York Heart Association class≥ III, n (%) 107 (78.1) 80 (66.7) 0.04

Left ventricular ejection fraction, %, mean ± SD 53 ± 15 55 ± 12 0.18

Prior antibiotic therapy, n (%) 29 (21.2) 25 (20.8) 0.95

Preoperative treatment, n (%)

Angiotensin-converting enzyme inhibitor 66 (48.2) 62 (51.7) 0.58

Betablocker 73 (53.3) 58 (48.3) 0.43

Antiplatelet therapy 80 (58.4) 76 (63.3) 0.42

Statin 74 (54) 76 (63.3) 0.13
aIncluding any immunosuppressive diseases, hematologic diseases, treatment with immunosuppressive drugs within the previous 30 days, or corticosteroids at
daily doses of at least 10 mg/day of a prednisone equivalent for more than 2 weeks. bNeurologic disease associated with functional disability. cSubject smoked an
average of at least five cigarettes per day during the month before surgery. COPD, chronic obstructive pulmonary disease; VAP, ventilator-associated pneumonia.
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4.40; P = 0.01), age (OR 1.03, 95% CI 1.01, 1.06; P =
0.02), time to onset of POP (OR 1.18, 95% CI 1.01, 1.39,
P = 0.04) and diabetes mellitus (OR 2.26, 95% CI 1.19,
4.30; P = 0.01). On multivariate analysis, in-hospital
mortality was significantly decreased with appropriate
empiric antibiotic therapy (OR 0.40, 95% CI 0.16, 1.00;
P = 0.05), angiotensin-converting enzyme inhibitor ther-
apy (OR 0.42, 95% CI 0.23, -0.77; P = 0.05) and anti-
biotic prophylaxis with Cefamandole (OR 0.46, 95% CI
0.19, 0.93; P = 0.03). On multivariate analysis, VAP was
not associated with increased in-hospital mortality (OR
1.4. 95% CI 0.73, 2.50; P = 0.34). The Hosmer-Lemeshow
goodness-of-fit test showed good calibration of the model
(P = 0.87). The Nagelkerke and Cox/Snell R-squares were
0.29 and 0.22, respectively. Among the 162 (63% of the pa-
tients with POP) survivors, the median ICU length of stay
was 19 (12 to 28) days in the VAP group versus 13 (9 to
22) days in the non-VAP group (P = 0.006).



Table 2 Intraoperative characteristics

Variable Patients with Patients with P-value

VAP (n =137) non-VAP (n =120)

Non-scheduled surgery, n (%) 13 (9.5) 6 (5) 0.17

Redo surgery, n (%)a 22 (16.1) 12 (10) 0.15

Coronary artery bypass grafting, n (%) 61 (44.5) 64 (53.3) 0.16

Valvular surgery, n (%) 90 (65.7) 65 (54.2) 0.06

Systolic PAP, mmHg, mean ± SD 37 ± 14 35 ± 12 0.36

Congestive heart failure, n (%) 19 (13.9) 9 (7.5) 0.1

Acute renal insufficiency, n (%) 4 (2.9) 1 (0.8) 0.23

Venoarterial ECMO at the end of surgery, n (%) 5 (3.6) 2 (1.7) 0.33

Antibiotic prophylaxis with cefamandole, n (%) 115 (83.9) 104 (86.7) 0.54

Difficult endotracheal intubation, n (%) 6 (4.4) 8 (6.7) 0.42

Transesophageal echocardiography, n (%) 72 (52.6) 38 (32.7) 0.0007

Cardiopulmonary bypass time, minutes, mean ± SD 105 ± 63 76 ± 41 <0.0001

Aortic clamp time, minutes, mean ± S 69 ± 35 57 ± 29 0.002

Operating time, minutes, mean ± S 237 ± 84 200 ± 56 <0.0001

Inotropic support at the end of surgery, n (%) 88 (64.2) 50 (41.7) 0.0003

Intraoperative number of units of PRBC, n (%) 1.8 ± 2.1 1.2 ± 1.6 0.03
aCardiac surgery requiring resternotomy. ECMO, extracorporeal membrane oxygenation; PAP, pulmonary artery pressure; PRBC, packed red blood cells; VAP,
ventilator-associated pneumonia.
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Discussion
This is the first study to compare VAP and non-VAP fol-
lowing CS with a special focus on microbiologic character-
istics. In the present study, incidence of POP following CS
was 3.5%, in agreement with previous studies, reporting
incidence ranging from 2% to 10% [1-4,10]. However, pre-
vious studies confined their analysis to patients with VAP,
which is not the only presentation of POP following CS,
as illustrated by previous studies in which non-VAP
represented almost 50% of all cases of POP following
CS [6,11]. Few studies have compared VAP and non-
VAP in the ICU [12-14] and only limited data are avail-
able on the antibiotic susceptibility of microorganisms
isolated in this setting.
Few differences in terms of preoperative comorbidities

were observed between the VAP and non-VAP groups,
except for a larger proportion of NYHA class ≥ III pa-
tients and a more frequent history of congestive heart
failure in the VAP group. Surgery was more difficult
(longer operating time, longer cardiopulmonary bypass
time, greater number of units of packed red blood cells
transfused, etc.) in the VAP group than in the non-VAP
group, explaining why these more severely ill patients
(as illustrated by the higher severity score) were not
extubated at the time of diagnosis of POP.
The microorganisms most commonly in this study iso-

lated were Enterobacteriaceae (35%) and non-fermenting
Gram-negative bacilli (22%) with no significant differ-
ences between the two groups of patients and according
to the time of onset of POP. Studies evaluating POP fol-
lowing CS have reported similar results with a large
proportion of Enterobacteriaceae and non-fermenting
Gram-negative bacilli [1-4], but previous studies did
not compare VAP and non-VAP. In the study by
Esperatti et al. [12] comparing VAP and non-VAP, the
authors also reported a high incidence of non-
fermenting Gram-negative bacilli in the two groups of
patients. Similarly, Rello et al. [14] did not find any
differences in the microorganisms isolated between
the groups of patients with VAP and non-VAP and the
most commonly isolated microorganisms were Enterobac-
teriaceae (>20%) and non-fermenting Gram-negative
bacilli (>20%).
Despite a high prevalence of early-onset POP in both

groups, the most frequently prescribed antibiotic therapy
was a broad-spectrum agent targeting non-fermenting
Gram-negative bacilli (piperacillin/tazobactam in 70.4%
of cases). This policy is justified by the high frequency of
prior antibiotic use in the study population (21%) [11].
In studies evaluating POP following CS, we and others
have reported a high incidence of non-fermenting
Gram-negative bacilli, even in the first days following
surgery [1,3,6].
Few studies have evaluated empiric antibiotic therapy

in pneumonia in ICU. In the study by Rello et al. [14]
assessing empiric antibiotic therapy in VAP and non-
VAP, the most frequently prescribed antibiotic therapy in-
cluded a broad-spectrum beta-lactam antibiotic targeting



Table 3 Microorganisms isolated from 257 episodes of
postoperative pneumonia

Microorganisms, n (%) VAP Non-VAP P-value

(n =137) (n =120)

Polymicrobial infection 58 (42.3) 43 (35.8) 0.29

Non-fermenting Gram-negative bacilli 40 (29.2) 27 (22.5) 0.22

Pseudomonas aeruginosa 35 (25.5) 26 (21.7) 0.47

Acinetobacter baumannii 3 (2.2) 0 0.29

Stenotrophomonas maltophilia 2 (1.5) 1 (0.8) 0.99

Enterobacteriaceae 60 (43.8) 47 (39.2) 0.53

Escherichia coli 15 (10.9) 13 (10.8) 0.98

Enterobacter spp 14 (10.2) 6 (5) 0.12

Klebsiella spp 8 (5.8) 11 (9.2) 0.31

Hafnia alvei 4 (2.9) 4 (3.3) 0.85

Citrobacter spp 6 (4.4) 5 (4.2) 0.93

Proteus spp 7 (5.1) 6 (5) 0.97

Morganella morganii 1 (0.7) 0 0.99

Serratia marcescens 5 (3.6) 2 (1.7) 0.33

Staphylococcus aureus

Methicillin-susceptible S. aureus 14 (10.2) 4 (3.3) 0.031

Methicillin-resistant S. aureus 1 (0.7) 0 0.99

Haemophilus spp 34 (24.8) 27 (22.5) 0.66

Neisseria spp 9 (6.6) 6 (5) 0.59

Streptococcus spp 20 (14.6) 13 (10.8) 0.37

Streptococcus pneumoniae 2 (1.5) 7 (5.8) 0.057

Other streptococci 18 (13.1) 6 (5) 0.025

Total microorganisms isolated 178 124

VAP, ventilator-associated pneumonia.
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non-fermenting Gram-negative bacilli (34% of carbapen-
ems and 22% of piperacillin/tazobactam) regardless of the
type of pneumonia (VAP and non-VAP). The main differ-
ence was a higher proportion of carbapenems used in the
study by Rello et al. (34%), whereas in our study only 13
Table 4 Susceptibility to different antimicrobial regimens of t

Antibiotics, n (%) VAP (n = 137)

Monotherapy

Amoxicillin/clavulanic acid 69 (50.4)

3GC with limited broad spectrum 96 (70.1)

Piperacillin/tazobactam 127 (92.8)

Imipenem 131 (95.6)

Dual combination

Amoxicillin/ clavulanic acid/gentamicin 99 (72.3)

Piperacillin/tazobactam/amikacin 134 (97.8)

Piperacillin/tazobactam/gentamicin 129 (94.2)

Imipenem/Amikacin 134 (97.8)

VAP, ventilator-associated pneumonia; 3GC, 3rd generation cephalosporins.
patients (5%) received empiric antibiotic therapy including
a carbapenem. This difference could be explained by the
low and stable incidence of strains expressing extended-
spectrum β-lactamase in our ICU (2.3%). In a study by
Weber et al. [15] comparing VAP and non-VAP in ICU,
a lower incidence of non-fermenting Gram-negative ba-
cilli was observed in the non-VAP group compared to
the VAP group (14% versus 32%, P <0.02). Based on the
high incidence of resistant microorganisms, even in the
non-VAP group (14%), these authors proposed the use
of broad spectrum empiric antibiotic therapy in all
cases of POP.
Antibiotic therapy prior to the onset of pneumonia is

probably one of the most important factors associated
with the isolation of resistant microorganisms, such as
non-fermenting Gram-negative bacilli. Previous antibiotic
treatments are known risk factors for P. aeruginosa infec-
tion in VAP [16-18] and in POP following CS [11].
In our study population, the time to onset of pneu-

monia (< or ≥5 days) and the type of POP (VAP or
non-VAP) were not associated with an increased rate of
isolation of non-fermenting Gram-negative bacilli.
Similarly, Verhamme et al. [18] reported that the time
to onset of VAP was not associated with isolation of
multidrug-resistant pathogens (adjusted OR 1.1, 95%
CI, 0.6, 2.2). Interestingly, prior antibiotic therapy (ad-
justed OR 8.2, 95% CI 2.8, 23.8) and antibiotic prophylaxis
(adjusted OR 4.6, 95% CI 1.6, 13) were the strongest fac-
tors associated with the isolation of multidrug-resistant
pathogens. A high selection pressure was observed in our
study population, represented by preoperative antibiotic
therapy in 21% of cases, and systematic antibiotic
prophylaxis.
Despite a higher severity score in the ICU in the VAP

group, in-hospital mortality was not significantly differ-
ent between the two groups of patients. The absence of
significant difference between the two groups of pa-
tients could be due to a lack of power. However, no
he strains responsible for postoperative pneumonia

Non-VAP (n = 120) P-value

69 (57.5) 0.38

91 (75.8) 0.3

114 (95.0) 0.45

115 (95.8) 0.93

93 (77.5) 0.34

118 (98.3) 0.76

114 (95.0) 0.77

118 (98.3) 0.76



Table 5 Clinical characteristics of postoperative pneumonia at the time of diagnosis in the 257 patients

Variable Patients with VAP (n = 137) Patients with non-VAP (n = 120) P-value

CPIS score, mean ± SD 7.1 ± 1.2 6.9 ± 1.3 0.16

SOFA score, mean ± SD 9.1 ± 2.8 8.0 ± 3.1 0.004

Time to onset of pneumonia, days, mean ± SD 4 ± 2 4 ± 2 0.55

Peak value of cTnI, ng/mL, mean ± SD 18.7 ± 36.3 7.9 ± 11.5 0.002

Inotropic support with dobutamine, n (%) 103 (75.2) 69 (57.5) 0.003

Inotropic support with norepinephrine, n (%) 95 (69.3) 80 (66.7) 0.65

Inhaled nitrous oxide, n (%) 34 (24.8) 16 (13.3) 0.02

Number of units of PRBC, mean ± SD 2.2 ± 3.0 1.3 ± 1.9 0.005

CPIS, clinical pulmonary infection score; cTnI, cardiac troponin I; PRBC, packed red blood cells; SOFA, sequential organ failure assessment; VAP,
ventilator-associated pneumonia.
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difference was observed following univariate and multi-
variate analyses.
The mortality rate reported here (37%) is similar to

those observed in previous studies evaluating POP fol-
lowing CS (between 24 and 46%) [1-4]. On univariate
and in multivariate analysis, inappropriate antibiotic
therapy was associated with poorer outcome with no sig-
nificant differences between the 2 groups of patients.
Many studies have also suggested that inappropriate
antibiotic therapy for VAP is a risk factor for poorer out-
come [14,19,20]. In our study, the prognosis was poor
and similar between the two groups of patients. Previous
studies comparing VAP and non-VAP [12-14] also did
not report any difference in mortality between the two
groups of patients.
Our study had a number of limitations. The data pre-

sented here correspond to routine management and
were not specifically collected for this study. Moreover,
only documented cases of POP were taken into account;
which could lead to underestimation of the real POP
rate, particularly in non-ventilated patients, who often
present respiratory failure, therefore making the collection
of respiratory-tract samples more difficult. Nevertheless,
Table 6 Risk factors independently associated with in-hospita
analysis

Variables

History of congestive heart failure

Non-fermenting Gram-negative bacilli

Age

Time to onset of postoperative pneumonia

Diabetes mellitus

Appropriate antibiotic therapy

Angiotensin-converting enzyme inhibitor

Antibiotic prophylaxis with Cefamandole

The Hosmer-Lemeshow goodness-of-fit test showed good calibration of the model (P
Fagon et al. [21] and Singh et al. [22] suggest that many
non-infectious processes in postoperative patients are as-
sociated with lung infiltrates falsely attributed to pneumo-
nia that could lead to overestimation of the incidence of
pneumonia.
The conclusions based on this single-center study can-

not be extrapolated to other institutions. Single-center
studies are useful to demonstrate local ecological pat-
terns, while larger studies may show regional or even
global trends not apparent in smaller studies. All pa-
tients were included in this analysis, including those not
mechanically ventilated at the time of the diagnosis of
POP, whereas previous studies confined their analysis to
patients with VAP [1-4]. We consider that extending the
study population to non-VAP patients provides an inter-
esting perspective for physicians in this field, as VAP is
not the only clinical presentation of POP.
In the present study, only evaluating patients after CS,

all patients were intubated and mechanically ventilated
at the time of ICU admission and were extubated only
when the standard extubation criteria were obtained. In
contrast, in studies comparing VAP and non-VAP in
general ICU [12-15], the reasons for ICU admission
l mortality in the 257 patients assessed on multivariate

Adjusted odds ratio (95% CI) P-value

2.28 (1.17, 4.46) 0.02

2.28 (1.18, 4.40) 0.01

1.03 (1.01, 1.06) 0.02

1.18 (1.01, 1.39) 0.04

2.26 (1.19, 4.30) 0.01

0.40 (0.16, 1.00) 0.05

0.41 (0.23, 0.74) 0.003

0.46 (0.19, 0.93) 0.03

= 0.87). The Nagelkerke and Cox/Snell R-squares were 0.29 and 0.22, respectively.
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were variable and many patients were not intubated on
admission, which can make it difficult to compare stud-
ies dealing with CS and general ICU.

Conclusions
ICU patients with VAP are more severely ill than patients
with non-VAP following CS. Nevertheless, mortality rates
are similar between the two groups of patients. This study
suggests that empiric antibiotic regimens in patients
with pneumonia following CS should include at least a
broad-spectrum antibiotic targeting non-fermenting
Gram-negative bacilli, regardless of the type of pneu-
monia, and targeting S. aureus in VAP patients.

Key messages

� Intensive care patients with VAP are more severely
ill than non-VAP patients following CS

� Empiric antibiotic regimen should include at least a
broad-spectrum antibiotic targeting non-fermenting
Gram-negative bacilli, regardless of the type of
pneumonia

Additional file

Additional file 1: Appendix 1 Univariate analysis of risk factors for
in-hospital mortality with P < 0.10.

Abbreviations
CFU: colony forming units; COPD: chronic obstructive pulmonary disease;
CS: cardiac surgery; POP: postoperative pneumonia; VAP: ventilator-
associated pneumonia..

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
NA, JA, CW and AS had full access to all of the study data and are
responsible for the integrity of the data and the accuracy of the data
analysis. Study concept and design: NA, JA, AS, JCL and PM; acquisition of
data: AS, NA, CW, MD, RK and PA; analysis and interpretation of data: NA, JA,
RK, JCL and PM; dDrafting of the manuscript: NA, PM, JA, CW, JCL and AS;
critical revision of the manuscript for important intellectual content: NA, JA,
AS and PM; statistical analysis: JA and MD; administrative, technical, or
material support: NA, JA, CW, AS, and PM; study supervision: NA, PM, JA and
AS. All authors have read and approved the manuscript.

Acknowledgements
The study was approved by the local ethics committee (Institutional Review
Board 00006477, Paris 7 University, AP-HP): Michel Lejoyeux, MD, PhD (Hôpital
Bichat), Jean-François Alexandra, MD (Hôpital Bichat), Elie Azoulay, MD, PhD
(Hôpital Saint Louis), Sadek Beloucif, MD, PhD (Hôpital Avicenne), Yves Castier,
MD, PhD (Hôpital Bichat), Nathalie Charnaux, MD (Hôpital Jean Verdier),
Géraldine Falgarone, MD (Hôpital Avicennes), Antoine Guedeney, MD (Hôpital
Bichat), Michel Kalamarides, MD (Hôpital Breaujon), Hawa Keita-Meyer, MD
(Hôpital Louis-Mourier). This work was internally funded.

Author details
1Hôpital Universitaire Félix Guyon, Réanimation Polyvalente, Allée des
Topazes, 97400 Saint Denis, France. 2AP-HP, Hôpital Bichat, Département
d’Anesthésie-Réanimation, 46 rue Henri Huchard, F-75018 Paris, France. 3Univ
Paris Diderot, Sorbonne Paris Cité, F-75018 Paris, France. 4AP-HP, Hôpital
Bichat, Unité d’Hygiène et de lutte Contre les Infections Hospitalières, 46 rue
Henri Huchard, F-75018 Paris, France.

Received: 23 December 2014 Accepted: 2 March 2015
References
1. Kollef MH, Sharpless L, Vlasnik J, Pasque C, Murphy D, Fraser VJ. The impact

of nosocomial infections on patient outcomes following cardiac surgery.
Chest. 1997;112:666–75.

2. Hortal J, Munoz P, Cuerpo G, Litvan H, Rosseel PM, Bouza E. Ventilator-
associated pneumonia in patients undergoing major heart surgery: an
incidence study in Europe. Crit Care. 2009;13:R80.

3. Hortal J, Giannella M, Perez MJ, Barrio JM, Desco M, Bouza E, et al. Incidence
and risk factors for ventilator-associated pneumonia after major heart
surgery. Intensive Care Med. 2009;35:1518–25.

4. Leal-Noval SR, Marquez-Vacaro JA, Garcia-Curiel A, Camacho-Larana P,
Rincon-Ferrari MD, Ordonez-Fernandez A, et al. Nosocomial pneumonia in
patients undergoing heart surgery. Crit Care Med. 2000;28:935–40.

5. Montravers P, Veber B, Auboyer C, Dupont H, Gauzit R, Korinek AM, et al.
Diagnostic and therapeutic management of nosocomial pneumonia in
surgical patients: results of the Eole study. Crit Care Med. 2002;30:368–75.

6. Allou N, Bronchard R, Guglielminotti J, Dilly MP, Provenchere S, Lucet JC,
et al. Risk factors for postoperative pneumonia after cardiac surgery and
development of a preoperative risk score*. Crit Care Med. 2014;42:1150–6.

7. Device-associated Events Module, Ventilator-Associated Pneumonia (VAP)
Event. Centers for Disease Control and Prevention (CDC) and National
Healthcare Safety Network (NHSN) Report, 2013;6:1–13

8. Guidelines for the management of adults with hospital-acquired, ventilator-
associated, and healthcare-associated pneumonia. Am J Respir Crit Care
Med. 2005;171:388–416.

9. Antibiogram Committee of the French Society for Microbiology. CASFM:
http://www.sfm-microbiologie.org/.

10. Bouza E, Hortal J, Munoz P, Pascau J, Perez MJ, Hiesmayr M. Postoperative
infections after major heart surgery and prevention of ventilator-associated
pneumonia: a one-day European prevalence study (ESGNI-008). J Hosp
Infect. 2006;64:224–30.

11. Allou N, Kermarrec N, Muller C, Thabut G, Philip I, Lucet JC, et al. Risk factors
and prognosis of post-operative pneumonia due to Pseudomonas aeruginosa
following cardiac surgery. J Antimicrob Chemother. 2010;65:806–7.

12. Esperatti M, Ferrer M, Theessen A, Liapikou A, Valencia M, Saucedo LM, et al.
Nosocomial pneumonia in the intensive care unit acquired by mechanically
ventilated versus nonventilated patients. Am J Respir Crit Care Med.
2010;182:1533–9.

13. Kohlenberg A, Schwab F, Behnke M, Geffers C, Gastmeier P. Pneumonia
associated with invasive and noninvasive ventilation: an analysis of the
German nosocomial infection surveillance system database. Intensive Care
Med. 2010;36:971–8.

14. Rello J, Ulldemolins M, Lisboa T, Koulenti D, Manez R, Martin-Loeches I, et al.
Determinants of prescription and choice of empirical therapy for hospital-
acquired and ventilator-associated pneumonia. Eur Respir J. 2011;37:1332–9.

15. Weber DJ, Rutala WA, Sickbert-Bennett EE, Samsa GP, Brown V, Niederman
MS. Microbiology of ventilator-associated pneumonia compared with that
of hospital-acquired pneumonia. Infect Control Hosp Epidemiol.
2007;28:825–31.

16. Rello J, Ausina V, Ricart M, Puzo C, Quintana E, Net A, et al. Risk factors for
infection by Pseudomonas aeruginosa in patients with ventilator-associated
pneumonia. Intensive Care Med. 1994;20:193–8.

17. Trouillet JL, Chastre J, Vuagnat A, Joly-Guillou ML, Combaux D, Dombret
MC, et al. Ventilator-associated pneumonia caused by potentially drug-
resistant bacteria. Am J Respir Crit Care Med. 1998;157:531–9.

18. Verhamme KM, De Coster W, De Roo L, De Beenhouwer H, Nollet G,
Verbeke J, et al. Pathogens in early-onset and late-onset intensive care unit-
acquired pneumonia. Infect Control Hosp Epidemiol. 2007;28:389–97.

19. Kollef KE, Schramm GE, Wills AR, Reichley RM, Micek ST, Kollef MH. Predictors of
30-day mortality and hospital costs in patients with ventilator-associated
pneumonia attributed to potentially antibiotic-resistant gram-negative bacteria.
Chest. 2008;134:281–7.

20. Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, et al. Duration
of hypotension before initiation of effective antimicrobial therapy is the

http://ccforum.com/content/supplementary/s13054-015-0845-5-s1.doc
http://www.sfm-microbiologie.org/


Allou et al. Critical Care  (2015) 19:116 Page 9 of 9
critical determinant of survival in human septic shock. Crit Care Med.
2006;34:1589–96.

21. Fagon JY, Chastre J, Hance AJ, Domart Y, Trouillet JL, Gibert C. Evaluation of
clinical judgment in the identification and treatment of nosocomial
pneumonia in ventilated patients. Chest. 1993;103:547–353.

22. Singh N, Falestiny MN, Rogers P, Reed MJ, Pularski J, Norris R, et al.
Pulmonary infiltrates in the surgical ICU: prospective assessment of
predictors of etiology and mortality. Chest. 1998;114:1129–36.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Diagnosis of postoperative pneumonia
	Susceptibility testing and empiric antimicrobial therapy
	Data collected
	Statistical analysis

	Results
	Study population
	Diagnostic procedures and distribution of microorganisms
	Empiric antibiotic therapy and susceptibility of microorganisms
	Outcome
	Risk factors for in-hospital mortality

	Discussion
	Conclusions
	Key messages
	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

