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Department of Clinical Microbiology and
Infectious Diseases, Hospital General
Universitario Gregorio Marañón,
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Department of Medicine, Universidad
Complutense, Madrid, Spain

E. Bouza � E. Cercenado � P. Muñoz
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Abstract Purpose: Patients
requiring mechanical ventilation
(MV) for [48 h after major heart
surgery (MHS) are at a high risk of
acquiring ventilator-associated pneu-
monia (VAP) and tracheobronchitis
(VAT). Most non-pharmacological
interventions to prevent VAP in such
patients are usually already imple-
mented. The objective of this study
was to evaluate the efficacy in pre-
venting lower respiratory infections
of antibiotics active against multi-
drug-resistant pathogens in this very
high-risk population. Methods: We
performed a prospective randomized
open-label study of MHS patients
requiring MV for [48 h. Patients
were randomly allocated to one of
two groups: the intervention group,
which received a 3-day course of

linezolid and meropenem, and the
control group, which received the
standard of care. The main outcome
was the development of VAP or
VAT. Results: Overall, of the 78
patients included in the study, 40
were in the intervention group and 38
in the control group. Both groups
were comparable. Data for the inter-
vention and control groups
respectively were as follows:
VAP ? VAT/1,000 days was 31.79
vs 64.78 (p = 0.03), median length of
MV before the first episode of VAP
or VAT 9 vs 4.5 days (p = 0.02). No
significant differences were observed
in median length of stay in the
intensive care unit, median length of
hospital stay, antibiotic use, Clos-
tridium difficile infection, and overall
mortality rate. We detected linezolid-
resistant coagulase-negative and
coagulase-positive staphylococci in
the MHS intensive care unit after the
study period. Conclusions: A pre-
emptive approach with broad-spec-
trum antibiotics may be effective in
reducing the incidence and delaying
the onset of VAP ? VAT after MHS.
The ecological consequences have to
be carefully evaluated in future trials.
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Abbreviations

ASA American Society of
Anesthesiologists

CASS Continuous
aspiration of
subglottic secretions

CDI Clostridium difficile
infection

CDC Centers for Disease
Control and
Prevention

DDDs Daily defined doses
EuroSCORE European System for

Cardiac Operative
Risk Evaluation

EA Endotracheal
aspirates

ICU Intensive care unit
IQR Interquartile range
LRTI Lower respiratory

tract infections
MHS Major heart surgery

MV Mechanical
ventilation

NYH New York Heart
Association

SD Standard deviation
VAP Ventilator-associated

pneumonia
VAT Ventilator-associated

tracheobronchitis

Introduction

Ventilator-associated pneumonia (VAP) is the most fre-
quent infection in patients admitted to intensive care units
(ICUs) and is associated with prolonged hospitalization
[1–3], increased health-care costs [4], and a 15–45 %
attributable mortality rate in most studies [5–7].

Patients undergoing major heart surgery (MHS)
are usually elderly and have many underlying condi-
tions predisposing to VAP, which is the most common
postoperative infection in this population [2, 8–12].
In particular, patients remaining under mechani-
cal ventilation (MV) for [48 h after MHS have a
very high risk of VAP (46 % of cases in a recent
study) [9].

The number of variables in this high-risk group that
are amenable to intervention with conventional non-
pharmacologic preventive measures is very limited. To
our knowledge, the value and consequences of pre-emp-
tive therapy with broad-spectrum antibiotics in the
prevention of VAP have not been assessed in randomized
trials.

Our study attempted to determine whether a short
course of broad-spectrum antimicrobial agents could
reduce the incidence or delay the onset of lower respira-
tory tract infections (LRT) in this high-risk population.

Materials and methods

Our institution is a general reference hospital with
1,550 beds and approximately 50,000 admissions/year.
The Department of Cardiovascular Surgery is a large
referral unit that performs more than 500 MHS proce-
dures annually. The MHS unit has 14 beds, with a
median occupancy rate of 80–90 %. The usual pre-
vention measures for VAP include semirecumbent
position of intubated patients, oral hygiene, oral intu-
bation, and early weaning. No intestinal decontamination is
used.

Study design

This was a prospective randomized open-label aca-
demic clinical trial (registration number PI070896) that
included patients who fulfilled all the following criteria:
recent MHS and MV of [48 h, age greater than
18 years, no evidence or suspicion of infection at
enrollment, not receiving antibiotics other than those
prescribed (within 24 h) for surgical prophylaxis, no
history of allergy or intolerance to study drugs, and no
pregnancy.

During the study period (January 2007–December
2009), patients who gave their informed consent before
surgery were randomly assigned to one of two groups: the
intervention group and the control group. Immediately
after enrollment, patients in the intervention group
received 3 days of pre-emptive therapy (meropenem and
linezolid) at standard doses; patients in the control group
were treated according to standard practice and received
antibiotics only if clinically indicated. Meropenem was
administered at 1 g/8 h IV in patients without renal fail-
ure; linezolid was administered at 600 mg/12 h IV. In
patients unable to receive linezolid for any reason, van-
comycin (25 mg/kg IV) adjusted to blood levels was
used as an alternative against potential gram-positive
microorganisms.

Microbiological methods and sampling

LRT samples were routinely obtained on three consecu-
tive days after enrollment and when clinically indicated.
Endotracheal aspirates were obtained daily on the 3 days
after inclusion and were quantitatively processed. Speci-
mens with 104 cfu/ml or more of microorganisms that are
usually causative of pneumonia were considered signifi-
cant. This threshold was selected in order to increase
sensitivity. Only patients with signs and symptoms
attributable to the pathogen were considered infected.
Furthermore, on day 1 following enrollment (day ?3 after
surgery), a protected specimen brush culture was also
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undertaken and considered significant if counts greater
than 103 cfu/ml of significant bacteria were obtained.

Sampling of the lower respiratory tract in cases of
suspected VAP, ventilator-associated tracheobronchitis
(VAT), or both was performed either by endotracheal
aspiration (EA) and/or protected brush. When aspiration
was unproductive, we irrigated with 5 ml of Ringer’s
lactate solution. Secretions obtained by endotracheal
aspiration were collected in a Lukens specimen container
(Sherwood Medical, Tullamore, Ireland). A sample was
considered positive with bacterial counts at least 104 cfu/
ml of each microorganism obtained using EA and at least
103 cfu/ml of each microorganism obtained using pro-
tected brushing.

All microorganisms were identified using standard
methods, and antimicrobial susceptibility was determined
according to Clinical and Laboratory Standards Institute
(CLSI) recommendations. Linezolid minimum inhibitory
concentrations (MICs) were determined by both the
standard microdilution procedures and by E-test [13].

Definition of VAP

Patients ventilated for [48 h were diagnosed with VAP
on the basis of the presence of new and/or progressive
pulmonary infiltrates on the chest radiograph plus two or
more of the following criteria: fever greater than 38.5 �C
or hypothermia less than 36 �C, leukocytosis of 12 9 109/
L or more, purulent tracheobronchial secretions, or a
reduction in PaO2/FiO2 of 15 % or more according to the
definitions of the Centers for Disease Control and Prevention
(CDC) [14, 15]. The isolation of one or more pathogenic
microorganisms in significant bacterial counts was required
to confirm the diagnosis of VAP.

The definition for diagnosis of VAT was identical to
that of VAP in the absence of pulmonary infiltrates. In
order to exclude colonization, patients with tracheobron-
chitis had to present fever or hypothermia, leukocytosis,
purulent tracheobronchial secretions, or a reduction in
PaO2/FiO2 of 15 % or more not attributable to other
causes [15]. Only the first episode of pneumonia was
considered. Patients with pneumonia after a tracheo-
bronchitis episode were counted only as pneumonia.

We considered as nonpathogenic the isolation (at any
concentration) of the following microorganisms in LRT
secretions: viridans-group Streptococci, coagulase-negative
staphylococci, Neissseria spp., Corynebacterium spp., and
Candida spp., unless other evidence was available.

Primary endpoint

The main endpoint of the study was the reduction in the
incidence and incidence density of VAP, VAT, or the
combination of both (LRTI) in the intervention group.

Secondary endpoints

Our secondary endpoints were days of MV, ICU and
hospital length of stay, mortality rate, cost of antimicro-
bial therapy during ICU stay, and ecological impact on
the MHS–ICU population (emergence of antimicrobial
resistance, superinfection, and Clostridium difficile
infection (CDI).

Ethics

The ethics committee of our institution approved the
study and all patients gave their informed consent before
inclusion in the study.

Follow-up

Patients were followed up daily to check for the presence
of infections by physicians from the Department of
Anesthesia and infectious disease specialists participating
in the study. Clinical data were recorded according to a
preestablished protocol, and no further systematic sur-
veillance respiratory tract cultures were performed.

Presurgical information

Presurgical information included epidemiological data,
underlying diseases, and standard scores (American
Society of Anesthesiologists score, EuroSCORE, Charl-
son comorbidity index, Canadian score, and APACHE II
score) on admission to the ICU and to the study [16].

Surgical information

Surgical information included type of surgery, indication,
duration, time on cardiopulmonary bypass, aortic cross-
clamp time, transfusion needs, reinterventions, antimi-
crobial prophylaxis, and need for inotropic support.
Antimicrobial prophylaxis for surgery consisted of 2 g of
cefazolin given before surgery and every 8 h thereafter
for a total of three doses. One patient who was allergic to
cefazolin received vancomycin (1 g) before surgery.

Postsurgical outcome

Events included ICU and hospital length of stay, hours on
MV, and need for tracheostomy. Infections other than
VAP were recorded. In patients with sepsis, the bone
score for severity of sepsis was also recorded. Enrolled
patients were prospectively followed to monitor occur-
rence of VAP, VAT, or both until they were successfully
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weaned from MV, discharged from the hospital, or died.
Outcome variables also included antimicrobial adminis-
tration, C. difficile-associated infection, ICU length of
stay, ICU mortality, hospital length of stay, and mortality
at discharge.

Ecological impact on the MHS–ICU

In order to assess the ecological impact of antibiotic
therapy on the MHS–ICU, we obtained and compared
data from the Microbiology Department during two
periods, namely, before and after the study. The period of
3 years before the study (included the years 2004–2006
and the period after the study included the years
2008–2010).

Statistical analysis

A sample size of 116 patients, 58 in each arm, was esti-
mated considering that the intervention would cause a
difference of 50 % between groups in the incidence of
LRTI using a two-tailed z test of proportions between two
groups with 80 % power and a 5 % level of significance.
The study was interrupted prematurely owing to the
emergence of an outbreak of coagulase-negative staphy-
lococci in the unit that was initially interpreted as
purportedly related to the study.

Relationships between baseline variables were evalu-
ated for both groups. Baseline comparisons between
groups were established by clinical relevance according to
the CONSORT recommendations [17]. Qualitative vari-
ables appear with their frequency distribution.
Quantitative variables are expressed as the mean and
standard deviation (SD) and as the median and inter-
quartile range (IQR) if their distribution was skewed.
Normally distributed continuous variables were compared
using the t test; non-normally distributed continuous
variables were compared using the median test. The chi-
squared or Fisher exact test was used to compare cate-
gorical variables.

The incidence rates of respiratory tract infection (VAP
and/or VAT) (event/1,000 days of MV) between the
groups were compared using Cox regression analysis
including all the variables statistically associated with
treatment in the bivariate analysis (age, coronary surgery,
and McCabe and Jackson scale which were found to be
different in both groups). We calculated the adjusted
hazard ratio controlling for these variables, with the
purpose of excluding potential confounding in our final
conclusions. The hazard ratio (HR) and 95 % confidence
interval (CI) were calculated.

All statistical tests were two-tailed. Statistical signifi-
cance was set at p \0.05 for all the tests. The statistical
analysis was performed with SPSS 12.0 and Stata 9.0.

Results

During the study period, 1,250 patients underwent MHS.
Of these, 234 had to remain under MV for[48 h. Finally,
156 cases had to be excluded for different reasons, such as
receiving antimicrobial therapy other than surgical pro-
phylaxis, refusal to participate in the study, emergency
surgery, transplantation, or others. The remaining 78
patients comprised the intention-to-treat population and
the per-protocol population and were randomized to
the intervention group (40 patients) or the control group
(38 patients) (Fig. 1 in the electronic supplementary
material).

The underlying conditions and surgical variables of
both populations are compared in Table 1 and described
in the electronic supplementary material.

Outcome

The outcomes of both groups are summarized in Table 2.
Median ventilatory days (IQR) were similar in both
groups: 6 (4–17.5) vs 6 (4–16), although, as mortality was
higher in the control group, patients in the intervention
group were able to be ventilated longer: 444 vs 503 days
(not significant, NS). The cumulative incidence density of
VAP during the study period was 20.88 episodes/
1,000 days of MV. When VAP and VAT were considered
separately, we were unable to demonstrate a significant
difference in the incidence or incidence density between
the two. When episodes of LRTI were analyzed together,
we found a significant difference in the incidence density
between the intervention and control groups (31.79/
1,000 days of ventilation [intervention] vs 64.78 epi-
sodes/1,000 days of ventilation [control], p = 0.03).

The episodes of VAP or VAT occurred significantly
later in the intervention group (9.0 days [IQR 9–23] vs
4.5 days, [IQR 3–9], p = 0.02). We were not able to
demonstrate other differences in the secondary endpoints
of the study, including days of ICU and hospital stay, days
on MV, and need for tracheostomy. No differences were
detected between groups in the incidence of other infec-
tions, consumption of antimicrobial agents, or incidence
of C. difficile infections in MHS–ICU or hospital mor-
tality (Table 2). Nine of the 15 patients with VAP
developed severe sepsis and 6 had positive blood cultures.

Microbiology of colonization and VAP/
tracheobronchitis

The microorganisms considered colonizers isolated from
the LRT in both groups (one microorganism per patient)
are compared in Table 3. No trends towards colonization
with different microorganisms were detected between the
groups. The microorganisms causing LRTI in both groups
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are summarized in (Fig. 2 [one microorganism per epi-
sode] [see electronic supplementary material]). We were
unable to demonstrate any significant differences in the
etiologic agents causing VAP or VAT between the
groups.

Ecological impact of the implementation of pre-
emptive treatment with broad-spectrum antibiotics
in the MHS–ICU

In order to assess the ecological impact of the introduc-
tion of the pre-emptive approach, we analyzed several
parameters in the whole population admitted to the MHS–
ICU during a period of 3 years before the introduction of
the protocol (2004–2006) and during a 3-year follow-up
period beginning at the end of the first year of the protocol
(2008–2010) (Table 4).

Table 4 shows data obtained from the Microbiology
Department on the evolution of the incidence per 1,000
MHS/ICU admissions of several parameters during both
periods. When we analyzed the daily defined doses

(DDDs) of meropenem and linezolid prescribed in the
whole population of the MHS unit in both periods, only
meropenem showed a significant increase (mean DDDs/
100 hospital stays 16.7 in the first period and 24.3 in the
second one, p = 0.04).

We were unable to demonstrate any significant
increase in the number of microorganisms isolated in the
Microbiology Department or in the incidence of infec-
tions caused by multidrug-resistant gram-negative
bacteria. There was no increase in the infections caused
by P. aeruginosa, meropenem-resistant P. aeruginosa, or
in the episodes of MDR A. baumannii.

Regarding gram-positive infections, there was a very
significant decrease in methicillin-resistant (p \ 0.01) and
methicillin-susceptible S. aureus infections. However,
during the post-study period, we detected linezolid-
resistant coagulase-negative staphylococci (20 patients)
and linezolid-resistant S. aureus (one patient) as colo-
nizers or agents of infection that were not present before
the study. All coagulase-negative staphylococci showed a
MIC greater than 4 mg/L by both methods (microdilution
and E-test). MICs ranged from 8 to greater than 256 mg/

Table 1 Baseline
characteristics and surgical
variables of both study groups

Control (n = 38) Intervention (n = 40) p

Baseline
Mean age in years (SD) 72.5 (9.6) 67.0 (9.8) 0.01
Male sex (%) 20 (52.6) 18 (45.0) 0.50

Underlying conditions (%)
Myocardial infarction 8 (21.1) 4 (10.0) 0.18
Congestive heart failure 14 (36.8) 14 (35.0) 0.86
Central nervous system disorder 2 (5.3) 2 (5.0) 0.96
COPD 6 (15.8) 7 (17.5) 0.84
Peripheral vascular disease 7 (18.4) 8 (20.0) 0.86
Ulcer disease 6 (15.8) 2 (5.0) 0.12
Diabetes mellitus 13 (34.2) 11 (27.5) 0.52
Renal disease 8 (21.1) 7 (15.7) 0.69
Malignant neoplasm 3 (7.9) 5 (12.5) 0.50

Nonfatal underlying disease (%)
McCabe [39]

89.5 77.5 0.15

Mean comorbidity index (±SD)
(Charlson criteria) [40]

2.16 (2.0) 2.05 (2.2) 0.66

Mean Canadian score [16] (±SD) 1.63 (1.4) 1.29 (1.3) 0.50
NYHA functional class III or IV [41] (%) 65.8 70 0.69
ASA score [3 (%) 97.4 97.5 0.97
Mean EuroSCORE [42] (±SD) 7.55 (2.9) 7.18 (3.0) 0.57
Mean APACHE II at inclusion (±SD) 9.11 (3.2) 8.32 (2.9) 0.27
Mean APACHE II at admission (±SD) 10.26 (2.7) 9.55 (2.5) 0.23
Surgical data
Type of surgery (%)
Valvular replacement 18 (47.4) 19 (47.5) 0.99
CABG 10 (26.3) 3 (7.5) 0.02
Mixed (valvular and CABG) 8 (21.1) 12 (30) 0.37

Mean CPBT (min) (SD) 150 (70.6) 150 (69.1) 0.96
Mean aortic cross-clamp time (min) (SD) 83.7 (45.8) 84.6 (39.6) 0.92
Mean total surgery time (min) (SD) 318 (86.6) 316 (104) 0.91

Mean (SD) transfusion needs (number of units) 5.05 (2.9) 4.68 (2.7) 0.56
Patients with cefazolin prophylaxis (%) 97.4 100 0.30
Need for inotropic support 100 87.5 0.02

COPD chronic obstructive pulmonary disease, NYHA New York Heart Association, CABG coronary
artery bypass grafting, CPBT cardiopulmonary bypass time
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L. The mechanisms of linezolid resistance were multiple.
Nine coagulase-negative isolates presented the cfr gene,
six had the G2576T mutation, and the remaining five
presented both mechanisms. The linezolid-resistant S.
aureus had the cfr gene. Out of the 21 patients with lin-
ezolid R isolates, 13 presented infections and the
remaining 8 were colonized.

Multivariate analysis

In a multivariate analysis adjusted for age, coronary
bypass surgery, and prognosis of the underlying condi-
tions, the differences in the incidence density of LRT
infection between the control and the intervention groups
remained significant (Table 5).

Discussion

Our study shows that even a 3-day course of broad-
spectrum antimicrobial agents can reduce the incidence
and delay the onset of LRTI in high-risk patients

undergoing MV after MHS. However, we were unable to
demonstrate a reduction in days of ICU stay or mortality
between the study groups. Following the study period, we
detected an increase in the number of linezolid-resistant
Staphylococcus spp. (coagulase-negative staphylococci
and S. aureus) in the MHS–ICU.

VAP is the most frequent infection after MHS, with
incidence rates ranging from 5.7 to 21.6 % and incidence
densities ranging from 22.2/1,000 days of MV to 34.5/
1,000 days of MV in all patients undergoing surgery [2, 9,
18–20]. However, patients who need to remain under MV
for[48 h after MHS constitute a group with a particularly
high risk [8, 18, 19]. In these patients, members of our
team previously reported that 46 % of the patients
developed VAP [9].

Non-pharmacologic preventive measures are usually
applied systematically in this population, and few vari-
ables remain amenable to intervention [2, 9, 18, 21, 22].

Regarding the use of antimicrobial agents for pro-
phylaxis or pre-emptive treatment of VAP, strategies such
as local oral hygiene with chlorhexidine are still under
debate [23, 24]. The use of aerosolized antibiotics has
been repeatedly discussed, although no firm conclusions
regarding efficacy have been reached [25, 26].

Selective digestive decontamination (SDD) with top-
ical antibiotics (with or without parenteral antibiotics)
also remains open to debate [27]. A meta-analysis carried
out by Silvestri et al. [28] between 1987 and 2005 ana-
lyzed 8,065 critically ill patients and concluded that SDD
significantly reduced overall and gram-negative blood-
stream infections and mortality. Other studies also
reported a decreased incidence of VAP [28–31].
A Cochrane systematic review showed that a combination
of topical and systemic prophylactic antibiotics reduced
LRTI and overall mortality in adult patients receiving
intensive care. Prophylaxis based on the use of topical
agents alone reduces respiratory infections but not

Table 2 Outcome of the pre-
emptive therapy approach Outcome Control (n = 38) Intervention (n = 40) p

VAP episodes 8 (21.1 %) 7 (17.5 %) 0.69
VAP cases/1,000 days of MV until LRTIa 32.39 20.23 0.14
Episodes of VAT 8 (21.1 %) 4 (10.0 %) 0.18
VAT cases/1,000 days of MV until LRTIa 32.39 11.56 0.10
VAP ? VAT episodes (incidence) 16 (42.2 %) 11 (27.5 %) 0.17
VAP ? VAT/1,000 days of MV until LRTIa 64.78 31.79 0.03
Median days on MV before VAP or VAT (IQR) 4.5 (3–9) 9 (2–23) 0.02
Median days on MV (IQR) 6 (4–17.5) 6 (4–16) 0.94
Median days of ICU stay (IQR) 12 (6–22) 10 (7–9.5) 0.77
Median days of hospital stay (IQR) 18 (12.7–36.0) 20.5 (13.0–38.5) 0.90
Mortality (%) 15 (39.4) 11 (27.5) 0.26
Overall DDDs of antimicrobial agents during

ICU stay, mean (SD)
19.5 (38) 22.2 (25.6) 0.70

Episodes of CDI 1 (2.6 %) 2 (5.0 %) 1.00
Non respiratory superinfection 11 (28.9 %) 8 (20 %) 0.36

VAP ventilator-associated pneumonia, VAT ventilator-associated tracheobronchitis, IQR interquartile
range, DDDs daily defined doses, CDI Clostridium difficile infection, MV mechanical ventilation
a Denominator was days of mechanical ventilation until VAP or VAT

Table 3 Microorganisms isolated from colonized patients (one
microorganism per patient) in both study groups

Intervention
(6/40 patients)

Control
(15/38 patients)

p

Staphylococcus aureus 1 0 [0.999
Enterobacteriaceae 5 12 0.056
Pseudomonas

aeruginosa
1 0 [0.999

Haemophilus influenzae 3 4 0.708
Other gram-negative

bacilli
0 1 0.487
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mortality [32, 33]. The most common systemic antibiotic
used for the prevention of VAP is ceftriaxone, usually
administered in a short course. However, this approach
has an inadequate spectrum and duration to eliminate the
most common pathogens causing late VAP, including
methicillin-resistant S. aureus, P. aeruginosa, and
extended-spectrum b-lactamase-producing Enterobacte-
riaceae [34]. We speculated that if systemic antibiotics
were the most effective component of SDD, perhaps a
combination with broader-spectrum agents applied for a
period of 3 days could be even more effective [35]. We
selected this broad-spectrum regimen because previous
data from this same unit had demonstrated that resistant
pathogens were also involved in early VAPs [36]. In fact,
many of these patients are operated on after several days
of hospital stay, thus increasing the risk of MDR
pathogens.

Although our data show a reduction in the incidence
density of LRTI, we were unable to demonstrate statisti-
cal significance for VAP or VAT as individual conditions,

probably as a result of the limited number of patients we
were able to include in the study.

The second major point of our study is the potential
ecological impact of a short but broad-spectrum pre-
emptive treatment. Resistance development in SDD has
always been a cause of concern, but this risk has never
been demonstrated in clinical trials investigating SDD
[37, 38].

Indicators and the proper moment to monitor ecolog-
ical impacts of antibiotic stewardship are far from clear,
but, in our opinion, assessment of resistance should be
extended to untreated patients in the ICU. Resistance may
not develop during the study or immediately after its
conclusion, but it could be delayed and appear in other
types of patients. To our knowledge, this possibility has
not been thoroughly evaluated.

In the ICU where the study was performed, we did not
witness significant resistance among the gram-negative
bacteria isolated from the included patients. However, we
detected linezolid-resistant microorganisms in the MHS–

Table 4 Ecological impact of
the pre-emptive therapy
approach

2004–2006,
before period

2008–2010,
after period

p

Total admissions for MHS 1,826 1,908 –
DDDs of linezolid 1,228 1,390 0.6
Mean yearly DDDs of linezolid/100 hospital stays (SD) 10.3 (2.08) 10.7 (2.08) 0.8
DDDs of meropenem 2,008 3,118 0.08
Mean yearly DDDs of meropenem/100 hospital stays (SD) 16.7 (3.5) 24.3 (3.2) 0.04
Positive samples (bacteria) in the Microbiology Department 2,419 1,875 –
Positive samples/1,000 admissions 1,324.7 982.7 \0.01
Infection by Staphylococcus aureusa 106 (58) 79 (41.4) 0.02
MRSA infectiona 61 (33.4) 21 (11) \0.01
Infection by linezolid-resistant Staphylococcus aureusa 0 (0) 1 (0.52) 0.51
Colonization/infection by CoNSa 291 (159.3) 277 (145) 0.27
Colonization/infection with linezolid-resistant CoNSa 0 (0) 20 (1.04) \0.01
Infection by Pseudomonas sp.a 118 (64.6) 109 (57) 0.79
Infection by meropenem-resistant Pseudomonas spp.a 39 (21.3) 34 (17.8) 0.44
Infection by MDR Acinetobacter baumanniia 13 (7.1) 11 (5.7) 0.61

CoNS coagulase-negative staphylococci, MDR multidrug-resistant, MHS major heart surgery, MRSA
methicillin-resistant Staphylococcus aureus
a No. of episodes (episodes/1,000 admissions)

Table 5 Univariate and
multivariate analysis of the
impact of pre-emptive therapy
on the incidence of lower
respiratory infections

No. of
events

Time to exposure
of the whole
cohort (days)

Rate 9 1,000
ventilation
patienta days

HR (95 % CI)
univariatea

adjustedb

p

VAP ? VAT
Intervention 11 346 31.79 0.41 (0.18–0.91)a 0.025
Control 16 247 64.77 0.33 (0.12–0.89)b 0.022

VAP
Intervention 7 448 15.62 0.66 (0.24–1.85)a 0.428
Control 8 336 23.80 0.82 (0.26–2.55)b 0.734

VAT
Intervention 4 401 9.97 0.45 (0.14–1.51)a 0.182
Control 8 348 22.98 0.56 (0.13–2.35)b 0.415

VAT ventilator-associated tracheobronchitis, VAP ventilator-associated pneumonia
a Univariate
b Adjusted for age, CABG, and prognosis of underlying condition
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ICU (mainly coagulase-negative staphylococci, but also
one case of S. aureus). The causality relationship between
the use of linezolid in the protocol and the emergence of
resistance cannot be established, because the overall
consumption of linezolid did not increase significantly
during the study period. The mechanisms of linezolid
resistance were varied and involved different clones. One
year later (2011), one outbreak of linezolid-resistant S.
aureus occurred in another ICU of the hospital [13]. It
was caused by a different clone than the isolate from the
MHS–ICU, and was rapidly controlled.

The main limitation of our study is the small number
of cases enrolled, given that many high-risk patients did
not fulfill the criteria for enrollment. The second limita-
tion is that we enrolled only patients at high risk of
infection after MHS; consequently, our findings cannot
necessarily be extrapolated to other populations. Finally,
the study was not blinded and was performed in a single
center. However, our aim was to demonstrate this effect
as a proof of concept in a very high-risk and uniform

population, such as patients who have just undergone
MHS.

Our study shows that a relatively short course of
broad-spectrum antibiotics can reduce the incidence and
delay the onset of LRT infection in high-risk patients after
MHS. These results must be balanced with the risk of
inducing ecological changes with the presence of multi-
drug microorganisms. In our opinion, other drugs and/or
longer courses of pre-emptive treatment must be assessed.
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