
Intensive Care Med (2006) 32:1773–1781
DOI 10.1007/s00134-006-0354-8 O R I G I N A L

Pieter Depuydt
Dominique Benoit
Dirk Vogelaers
Geert Claeys
Gerda Verschraegen
Koenraad Vandewoude
Johan Decruyenaere
Stijn Blot

Outcome in bacteremia associated with
nosocomial pneumonia and the impact of
pathogen prediction by tracheal surveillance
cultures

Received: 9 November 2005
Accepted: 27 July 2006
Published online: 16 September 2006
© Springer-Verlag 2006

P. Depuydt (�) · D. Benoit ·
K. Vandewoude · J. Decruyenaere · S. Blot
Ghent University Hospital, Department of
Intensive Care,
De Pintelaan 185, 9000 Ghent, Belgium
e-mail: pieter.depuydt@ugent.be
Tel.: +32-9-2402808
Fax: +32-9-2404995

D. Vogelaers
Ghent University Hospital, Department of
Internal Medicine and Infectious Diseases,
Ghent, Belgium

G. Claeys · G. Verschraegen
Ghent University Hospital, Department of
Medical Microbiology,
Ghent, Belgium

Abstract Objective: To assess
whether pathogen prediction in bac-
teremia associated with nosocomial
pneumonia (NP) by tracheal surveil-
lance cultures improves adequacy
of early antibiotic therapy and im-
pacts mortality. Design and setting:
A retrospective observational study
of a prospectively gathered cohort.
This cohort included all adult patients
admitted to the ICU of a tertiary care
hospital from 1992 through 2001 and
who developed bacteremia associated
with NP. Measurements and main
results: 128 episodes of bacteremia
associated with NP were identified. In
110 episodes a tracheal surveillance
culture 48–96 h prior to bacteremia
was available: this culture predicted
the pathogen in 67 episodes (61%).
Overall rates of appropriate empiric
antibiotic therapy within 24 and
48 h were 62 and 87%, respectively.
Pathogen prediction was associated
with a significantly higher rate of
appropriate antibiotic therapy within
24 h (71 vs 45%; p = 0.01), but not
within 48 h (91 vs 82%; p = 0.15).
Crude in-hospital mortality was 50%.
Pathogen prediction was associated
with increased survival in univariate
(OR 0.43; CI 0.19–0.93; p = 0.04)
and multivariate analysis (OR 0.32;
CI 0.12–0.82; p = 0.02). Multivariate
analysis further identified age (OR
1.04; CI 1.01–1.07; p = 0.02), increas-

ing APACHE II score (OR 1.08; CI
1.02–1.15; p = 0.01), and methicillin-
resistant Staphylococcus aureus (OR
5.90; CI 1.36–25.36; p = 0.01) and
Pseudomonas aeruginosa (OR 3.30;
CI 1.04–10.4; p = 0.04) as inde-
pendent risk factors for mortality.
Conclusion: Pathogen prediction in
bacteremia associated with NP by
tracheal surveillance cultures is asso-
ciated with a higher rate of adequate
empiric antibiotic therapy within 24 h
and with increased survival.
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Introduction

Pneumonia is a leading cause of infection in the ICU, with
invasive mechanical ventilation as the main risk factor [1,
2, 3, 4]. Mortality of nosocomial pneumonia depends on
the degree of severity of illness at the time of diagnosis [5],
on the causative microbial organism [6, 7, 8], and on the
appropriateness of initial empiric antimicrobial therapy [9,
10, 11, 12]. Empiric choices must be optimized to balance
the necessity to target the causative organism(s) against the
drawbacks associated with overuse of broad-spectrum an-
tibiotic therapy, such as an increased selection pressure for
multidrug antibiotic resistance [13, 14]. As a possible so-
lution to strike this balance, the concept of de-escalation
therapy has emerged, consisting of initial administration of
broad-spectrum empiric therapy for rapid adequate antimi-
crobial coverage, followed by streamlining and narrowing
the spectrum when possible once etiology is known, in or-
der to relieve subsequent selection pressure [15, 16, 17].
Anticipating the likely etiology of a newly developing in-
fection from prior surveillance cultures alternatively could
help to optimize empiric antibiotic choices.

At our ICU, an intensive surveillance system was
set up in the late 1980s in order to control an outbreak
of extended-spectrum beta-lactamase (ESBL) producing
Klebsiella pneumoniae. Since then, the surveillance pro-
tocol became common practice in the ICU and has been
used as a tool in choosing empiric antibiotic therapy. In
a previous paper, we reported that knowledge of coloniza-
tion status prior to infection was associated with higher
rates of appropriate therapy in patients with bacteremia
caused by multidrug resistant (MDR) Gram-negative
bacteria [18]. Recently, we have also shown that knowl-
edge of colonization status added to adequacy of early
antibiotic therapy in patients with bacteremia associated
with nosocomial pneumonia (NP) and risk factors for
MDR infection, although overall pathogen prediction
by surveillance was only moderate [19]. In the present
study, we wanted to examine whether in this population
pathogen prediction influenced outcome and whether this
outcome was determined by the type of MDR pathogen.
The results of this study have been partially presented at
the 45th Interscience Conference on Antimicrobial Agents
and Chemotherapy [20].

Materials and methods

Setting and patients

The study was performed in the 54-bed, mixed medical-
surgical ICU of the 1060-bed Ghent University Hospital.
Generally, empiric use of carbapenems and glycopeptides
is restricted to patients with known colonization with
antibiotic resistant bacteria. Downgrading antibiotic
therapy once microbial etiology is known is promoted.

The need for continuing antimicrobial therapy is eval-
uated daily. Antibiotic therapy is weekly discussed in
a multidisciplinary meeting of the attending ICU physi-
cian with the hospital infectious diseases specialist and
microbiologist.

The case finding and study population were described
previously [19]. In short, we did a retrospective cohort
study of episodes of bacteremia associated with NP in
an 11-year period (1992 through 2002). A laboratory-
based surveillance of all positive blood cultures has been
performed by the infection control team throughout the
study period with registration of clinical significance,
nosocomial or community acquired setting, and source of
the bacteremia. For the present outcome study, only the
first episode of bacteremia was considered. In all patients,
duration of hospital and ICU stay prior to bacteremia,
as well as previous antibiotic exposure, was recorded.
The number and seriousness of comorbidity was assessed
using the Weighted Index of Comorbidity, as developed
by Charlson et al. [21]. Severity-of-illness upon ICU
admission was assessed using APACHE II.

Study design

We investigated the incidence of tracheal colonization de-
tected prior to the onset of bacteremia and its relationship
with appropriate empiric therapy and outcome, defined as
in-hospital mortality. The study design was approved by
the ethical committee of the Ghent University Hospital.
Because of the retrospective observational nature of the
study, the need for informed consent was waived.

Definitions

Bacteremia was considered nosocomial when diagnosed
48 h or more after hospital admission. The sampling date
of the positive blood culture was defined as onset of the
bacteremia. Allocation of the source of bacteremia, i.e.,
pneumonia or other, was performed by the attending clin-
ician(s) at the time of bacteremia. Pneumonia was consid-
ered as associated with bacteremia when a new or progres-
sive pulmonary infiltrate not otherwise explained was ap-
parent on chest X-rays, together with the presence of pu-
rulent tracheal secretions as well as respiratory deteriora-
tion defined as an increase of FiO2 or PEEP necessary to
maintain oxygenation, with exclusion of another focus of
sepsis. Isolation of the same pathogen in blood cultures
and respiratory cultures corroborated diagnosis, yet was
not necessary for diagnosis provided that post hoc eval-
uation (other focus of sepsis unlikely, clinical evolution,
additional radiology such as computed tomography) con-
sidered pneumonia highly probable. Pathogen prediction
by tracheal surveillance was defined as the presence (de-
tected 2 days or more before onset of bacteremia) of bacte-
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ria with identical identification and antibiogram in tracheal
and subsequent blood cultures.

Our ICU surveillance protocol is focused on iden-
tifying colonization of the individual patient with
MDR bacteria. The following organisms were con-
sidered as MDR: methicillin-resistant Staphylococcus
aureus (MRSA); ceftazidime-resistant Gram-negative
Enterobacteriaceae (CAZ-R); multiple drug resistant non-
fermenting organisms such as Acinetobacter species and
Stenotrophomonas maltophilia, as well as Pseudomonas
aeruginosa resistant for at least one of the following
antipseudomonal antibiotics: ceftazidime; piperacillin;
ciprofloxacin; and imipenem (MDR NF) [22]. In our
hospital ceftazidime-resistance serves as an indica-
tor for epidemic ESBL producing Enterobacteriaceae
strains and/or hyper-producers of beta-lactamases [23].
Antibiotic resistance was determined according to
methods recommended by the National Committee
for Clinical Laboratory Standards for disk diffusion
testing [24].

Surveillance of MDR pathogens is performed by rou-
tine sampling of tracheal aspirate thrice weekly in intu-
bated patients. Further surveillance consists of culturing
urine samples taken thrice weekly and anal swabs taken
once weekly, but these sites were not taken into account
in the present study [25]. As clinically indicated additional
cultures are taken from other body sites (e.g., wounds and
pressure sores). Surveillance cultures were processed ac-
cording to standard procedures [26]. Screening of oral and
rectal swabs is focused on resistant pathogens, while in
urine samples and tracheal aspirates, a complete microbio-
logical examination is performed. During the study period
no changes in culture or surveillance methods have taken
place.

Appropriate antimicrobial therapy was defined as the
administration of at least one antimicrobial drug with in
vitro activity against the etiological agent isolated from
the blood culture. Delay > 24 h and > 48 h was defined
as administration of appropriate therapy one calendar day
and two or more calendar days following the date of bac-
teremia, respectively.

Empiric antimicrobial therapy, based on guided by
primary diagnosis and co-morbidity, prior antibiotic
exposure and duration of previous hospitalization, is
modified according to surveillance cultures. In our ICU,
the following antibiotics were prescribed empirically
if surveillance cultures did not grow Pseudomonas or
MDR organisms: a second-generation cephalosporin
or amoxicillin-clavulanic acid in nosocomial pneumo-
nia ≤ 1 week after ICU admission and without prior
antibiotic exposure and an antipseudomonal betalactam
in patients with prior antibiotic exposure or > 1 week
ICU stay. If additional risk factors for Pseudomonas
were present (e.g., bronchiectasis, corticosteroid therapy)
or if Pseudomonas was isolated from SC, an antipseu-
domonal betalactam treatment was complemented with

an aminoglycoside or a fluoroquinolone. In patients
with surveillance cultures growing MDR organisms,
empirical therapy, consisting essentially of an antipseu-
domonal betalactam or carbapenem, was broadened
to cover all colonizing organisms if necessary, with
addition of a glycopeptide, fluoroquinolone, aminogly-
coside, trimethoprim-sulfamethoxazole, or colimycin, as
appropriate.

Statistics

Continuous variables are described as mean (± standard
deviation) or median (interquartile range) depending on
normal and non-normal distribution, respectively. Cate-
gorical variables are described as n (%). For comparative
tests on continuous variables, the Mann–Whitney U-test
and Student’s t-test were used as appropriate, depending
on variable distribution. For categorical variables, the
Pearson chi-square test or the Fisher’s exact test were
used as appropriate. The major response variable used in
the mortality analyses was vital status (alive or dead) at
hospital discharge. Logistic regression analysis was used
to assess the multivariate relationship between multiple
patient characteristics and the probability of in-hospital
mortality. In patients with multiple episodes of bacteremia,
only the first one was considered for outcome analysis.
Regression analysis was performed using enter as well
as forward and backward stepwise methods. Predictors
showing a p < 0.25 association with in-hospital mortality
in univariate analysis as well as those variables that
seemed clinically important were incorporated in the
regression analysis. When appropriate, odds ratios (OR)
and 95% confidence intervals (95% CI) are reported. To
minimize the risk of collinearity affecting output, different
regression models were calculated, using different sets
of predictors or combining sets of predictors into a sin-
gle predictor. Furthermore, a correlation matrix of the
β coefficients was produced, and the Variance Inflation
Factor as well as Tolerance values were calculated. The
various models were tested for the presence of clinically
significant interaction. Statistical analyses are executed
with SPSS 11.0 (SPSS Inc., Chicago, Ill.). All tests were
two-tailed and statistical significance was defined as
p < 0.05.

Results

We identified 128 patients who developed bacteremia as-
sociated with NP; median age was 61 years (47–70 years),
64% were male. APACHE II score was 23 (± 1). At the
time of bacteremia, all patients received vasopressor ther-
apy and 96% of them were mechanically ventilated. Prior
median ICU stay was 11 days [6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19].
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Table 1 Bacteria isolated from blood cultures from 126 episodes
of bacteremic nosocomial pneumonia and prediction in tracheal
surveillance cultures 48–96 h prior (prediction). MSSA methicillin-
sensitive Staphylococcus aureus, MRSA methicillin-resistant
Staphylococcus aureus

Microorganisms Number Prediction

Gram negative 94 65 (69)
Escherichia coli 7 5
Klebsiella sp. 17 13
Enterobacter sp. 12 10
Haemophilus influenzae 1 0
Morganella morganii 3 1
Serratia marcescens 10 8
Proteus sp. 2 1
Pseudomonas aeruginosa 28 19
Acinetobacter sp. 13 8
Stenotrophomonas maltophilia 1 0

Gram positive 32 18 (56)
MSSA 13 7
MRSA 19 11

Total 126 83 (56)

Streptococcus species other than S. pneumoniae and Enterococcus
sp. are not considered; accordingly two episodes in which only these
pathogens were involved are omitted

Results of blood culture isolates are summarized in
Table 1. A total of 119 episodes were monomicrobial;
9 episodes were polymicrobial. Monomicrobial episodes
had a Gram-positive etiology (mostly S. aureus) in 35

Table 2 Differences between patients (n = 110) with and without > 24 h delay in appropriate empirical antibiotic therapy. MDR multidrug
resistant

Factor No delay (n = 68) > 24 h delay (n = 42) p-value

Age (years) 68 (22 IQ) 42 (29 IQ) 0.24
APACHE II 23 (± 10) 25 (± 9) 0.31
MDR etiology 23 (34%) 24 (57%) 0.03
Direct Gram staining shows predominant pathogen 36 (53%) 23 (55%) 0.99
Prior detection of etiology in tracheal surveillance 49 (72%) 19 (45%) 0.01
Late (> 7 days ICU) nosocomial pneumonia 50 (74%) 29 (69%) 0.66
Hospitalization > 24 h before ICU admission 51 (75%) 29 (71%) 0.66

Table 3 Percentages of antibiotic prescriptions ≤ 48 h following bacteremia in patients (n = 110) with and without prediction of bacteremic
etiology by tracheal surveillance cultures obtained 48–96 h prior

Antibiotic class prescribed Prediction No prediction p-value

Betalactam without antipseudomonal activity 14 (21) 17 (39) 0.05
Betalactam with antipseudomonal activity 19 (29) 13 (30) 0.99
Carbapenem 17 (26) 9 (21) 0.65
Aminoglycoside a 12 (18) 9 (21) 0.81
Fluoroquinolone 18 (27) 13 (30) 0.83
Glycopeptide 18 (27) 8 (18) 0.36
Other b 11 (17) 4 (9) 0.39

Numbers in parentheses are percentages
a Aminoglycosides were always prescribed as part of combination therapy
b Other antibiotics include trimethoprim-sulfamethoxazole, colimycin and fucidin

(29%), and a Gram-negative etiology in 84 (71%). In
7 cases, streptococci or enterococci were found together
with a Gram-negative organism, in one case both P.
aeruginosa and S. maltophilia were isolated, and one case
yielded Klebsiella pneumoniae, Proteus mirabilis, and
a streptococcal species. In two cases, only streptococci
other than S. pneumoniae were involved: since surveil-
lance obviously does not target endogenous flora, these
two cases were omitted from further analysis. In 54 cases
(41.5%), at least one MDR pathogen was present in blood
cultures: MRSA in 19; CAZ-R in 13; and MDR NF in
22. In 95 cases (74%) tracheal aspirate taken within 24 h
of the positive blood culture showed heavy growth of the
same pathogen.

In 110 patients, at least one recent tracheal surveil-
lance culture (obtained 48–96 h before bacteremia) was
available: only these patients were considered for further
analysis. Etiology of bacteremia was correctly predicted
by a recent tracheal surveillance culture in 67 episodes
(61%) and 66% of all bacteremic pathogens were isolated
from these cultures (Table 1). In these 110 patients,
appropriate therapy was achieved within 24 h and within
48 h in 62 and 87%, respectively. The only significant risk
factor for delay of appropriate therapy > 24 h (Table 2)
was a MDR etiology (p = 0.03), whereas prediction of
etiology of bacteremia by tracheal surveillance was
significantly associated with a higher rate of appropriate
therapy within 24 h (71 vs 45% in patients with and
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Table 4 Characteristics in nonsurvivors and survivors of bacteremic nosocomial pneumonia (in-hospital mortality; n = 110). MDR Mul-
tidrug resistant, MRSA methicillin-resistant Staphylococcus aureus, CAZ-R ceftazidime-resistant Enterobacteriaceae, NF nonfermenting
organism

Factor Nonsurvivors Survivors p-value
(n = 56) (n = 54)

Age (years) 64 (54–70) 46 (39–69) 0.002
Comorbidity a 1 (0–2.5) 0 (0–2) 0.011
APACHE II 26 (± 10) 20 (± 8) 0.001
MDR etiology 29 (52%) 18 (34%) 0.08
MRSA 13 (23%) 5 (9%) 0.07
CAZ-R 5 (9%) 4 (7%) 0.99
MDR NF 5 (9%) 6 (11%) 0.75
Pseudomonas aeruginosa 15 (27%) 6 (11%) 0.05
Late (> 7 days ICU) nosocomial pneumonia 39 (69%) 40 (74%) 0.67
Pathogen prediction by tracheal surveillance 29 (52%) 39 (72%) 0.03
Appropriate antibiotic therapy < 24 h 31 (55%) 37 (69%) 0.17
Appropriate antibiotic therapy < 48 h 46 (82%) 50 (92%) 0.15

a As assessed by the Charlson Weighted Index of Comorbidity

Table 5 Results of multivariable analysis of factors affecting in-hospital mortality. MDR multidrug resistant, MRSA methicillin-resistant
Staphylococcus aureus, CAZ-R ceftazidime-resistant Enterobacteriaceae, MDR-NF multidrug-resistant non-fermenting organism

Predictor OR CI p-value

Pathogen prediction by tracheal surveillance (unadjusted) 0.43 0.19–0.931 0.04
Model 1a(n = 110) Pathogen prediction by tracheal surveillance 0.30 0.11–0.79 0.02
Age (years) 1.05 1.01–1.08 0.01
APACHE II 1.08 1.02–1.14 0.02
MDR etiology 4.47 1.69–11.78 0.002
Constant 0.014 0.001
Model 2b(n = 102)
Pathogen prediction by tracheal surveillance 0.32 0.12–0.82 0.02
Age (years) 1.04 1.01–1.07 0.02
APACHE II 1.08 1.02–1.15 0.01
P. aeruginosa 3.30 1.04–10.4 0.04
MRSA 5.90 1.36–25.36 0.02
Constant 0.028 0.002

Forward as well as backward stepwise procedures were performed.
a Parameters included were: pathogen prediction by tracheal surveillance, age, APACHE II, appropriate antibiotic therapy within 48 h, and
MDR etiology of bacteremia
b Parameters included were as in model 1, but with inclusion of weighted index of comorbidity and replacing the parameter “MDR etiology”
of model 1 by subtypes of MDR etiology (P. aeruginosa, MRSA, CAZ-R, MDR NF other than P. aeruginosa; n = 102)

without prediction, respectively; p = 0.01) but not with
a higher rate of appropriate therapy at 48 h (91 vs 81%
in patients with and without prediction, respectively;
p = 0.15). Antibiotic therapy prescribed in the 48 h fol-
lowing bacteremia is summarized in Table 3: betalactam
antibiotics without antipseudomonal activity were more
frequently prescribed in patients without prediction (39
vs 21% in patients with prediction; p = 0.05), but the
use of broad spectrum antibiotics such as carbapenems,
antipseudomonal betalactams, and fluoroquinolones was
similar in both groups.

Overall crude in-hospital mortality was 50%. In
univariate analysis, increasing age (p = 0.002), severity
of illness as assessed by APACHE II (p = 0.001), and the

presence of comorbidity (p = 0.017) were significantly
associated with increased in-hospital mortality, whereas
pathogen prediction by tracheal surveillance was as-
sociated with a better outcome (p = 0.03; Table 4). We
assessed the impact of pathogen prediction in multivariate
analysis with adjusting for all clinical useful covariables
which were statistically significant at the p < 0.25 level
in univariate analysis: in two separate analyses, we ad-
justed for the factor MDR etiology of bacteremia and for
subtypes of MDR etiology, respectively (Table 5). In both
models pathogen prediction by tracheal surveillance was
associated with lower mortality (OR 0.32; CI 0.12–0.83;
p = 0.02). Odds ratios did not change after inclusion of
interaction terms between predictors.
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Discussion

In this retrospective observational study of bacteremia
associated with NP, pathogen prediction by tracheal
surveillance cultures 48–72 h prior to diagnosis was
associated with the earlier institution of appropriate
antimicrobial therapy. This prediction was associated
with increased survival both in univariate and multi-
variate analysis. Moreover, the value of the odds ratio
of pathogen prediction was stable in several models
tested, strengthening the independency of this predictor.
Overall use of broad-spectrum antibiotic classes in the
first 48 h following bacteremia was similar in patients with
and without prediction. It thus seems likely that earlier
antibiotic coverage in colonized patients was obtained
without extension of the antimicrobial spectrum or more
antibiotic changes. In a previous study we have shown
that in patients at risk for MDR infection, a surveillance-
based early antibiotic prescription was more appro-
priate than a purely empirical broad-spectrum choice,
without an increased consumption of broad-spectrum
antibiotics [19].

It is quite generally accepted that the early institution
of appropriate antimicrobial therapy determines outcome
in ventilator-associated pneumonia (VAP), but the strategy
by which to reach this aim is disputed [9, 10, 11, 12, 13,
15, 16, 27, 28, 29, 30, 31, 32]. Microbiological results
of samples collected at suspicion of sepsis or pneumo-
nia, whether obtained non-invasively or invasively, are
of importance in modifying initial therapy in order to
limit the continued use of unnecessary broad spectrum
antibiotics, but these modifications have limited impact
on direct outcome [9, 11]. On the other hand, our study
shows that pathogen prediction by surveillance cultures
decreases time lag of appropriate antimicrobial coverage,
as more patients were adequately treated within the first
24 h following bacteremia. As surveillance was directed at
the early tracing of MDR colonization, this advantage was
especially true for episodes caused by MDR strains, with
doubling of early (< 24 h) adequate antimicrobial cover-
age when predicted (64 vs 32%; p = 0.04). Within 48 h this
difference had disappeared, with adequate coverage of 86
and 84% of MDR episodes, respectively, likely due to the
availability of diagnostic culture results. Yet, in hospital
mortality was lower in patients with pathogen prediction
through surveillance cultures (42 vs 61%; p = 0.04). This
suggests that the critical time window for the institution
of adequate antibiotic therapy in our bacteremic patients
was < 24 h rather than < 48 h. Similarly, Iregui et al.
observed a detrimental effect of delaying appropriate
antibiotic therapy for > 24 h on in-hospital mortality using
a multivariable analysis. All patients eventually received
adequate therapy, although the time frame in which this
was reached was not specified [12].

As observed in our study and other [9, 11, 33, 34, 35],
drug resistance is a risk factor for delayed appropriate

antimicrobial therapy. In a multicenter study on VAP in
postoperative patients, Gram-negative non-fermenting
pathogens were associated with delayed therapy [34].
Kollef observed that initial antimicrobial treatment
was inappropriate in 60% of patients with MRSA in-
fection vs 9% of patients with methicillin-sensitive S.
aureus (MSSA) infection [35]. Consequently, the revised
guidelines for the management of hospital-acquired
pneumonia advocate the use of a broad spectrum empir-
ical spectrum (consisting of the combination of a broad
spectrum beta-lactam or carbapenem, together with an
antipseudomonal fluoroquinolone or aminoglycoside and
a glycopeptide or linezolid) if risk factors for MDR are
present [36]. As the overall majority (109 of 110) of
our patients possessed at least one risk factor for MDR,
this strategy would have lead to a far greater antibiotic
“burden” within the first 48 h following bacteremia.
Previously, we have shown that this strategy, as com-
pared with the current, surveillance-guided, antibiotic
prescription, had inferior adequacy in the subset of
patients at the highest risk for MDR (i.e., both prior
antibiotic therapy and a prolonged (> 1 week) ICU
stay [19].

In our population, microbial aetiology of bacteremia
affected outcome, as both MRSA and, to a lesser extent,
P. aeruginosa were identified as independent predictors of
mortality, even after adjustment for early appropriate an-
timicrobial therapy. Conflicting data exist in the literature
whether methicillin resistance represents an independent
risk factor for a poor outcome in S. aureus infection. In
a previous matched-cohort study, we found a significant
22% increase in attributable mortality of MRSA compared
with MSSA bacteremia [37]; however, the most recent
multivariable analysis in staphylococcal VAP could not
identify methicillin resistance as an independent predictor
of mortality [38]. In our population, administration of gly-
copeptides was delayed for > 48 h in 32% of cases, which
could have contributed to a high in-hospital mortality of
68.4%; however, no difference was observed in mortality
in MRSA episodes treated early with glycopeptides vs
episodes with delayed therapy. Possible explanations for
this lack of difference in mortality include a small sample
size as well as a lack of clinical efficacy of glycopeptides
in pneumonia, an observation which has already been
linked with poor penetration of glycopeptides in the
lung [39, 40].

In our present study, in-hospital mortality in P. aerug-
inosa bacteremia associated with NP was 66.7%, which
is similar to the 71.4% mortality in pneumonia caused by
Pseudomonas or Acinetobacter species reported by Fagon
et al. [7]. In our, episodes of P. aeruginosa bacteremia were
treated with combination therapy of two antipseudomonal
antibiotics within 48 h in 67% (16 of 24). Crude in-hospital
mortality was not significantly different in patients treated
with combination therapy vs single or delayed antibiotic
therapy (69 vs 63%, respectively; p = NS).
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Our study had several limitations. Firstly, our strategy
of surveillance, with culturing of endotracheal aspirate
immediately following intubation followed by a thrice
weekly sampling, resulted in a rather moderate 66%
anticipation of microbial etiology, although this figure
is still markedly higher than that reported in two recent
trials, with 33% reported by Hayon et al. [41], and a very
low figure (one of every 28 episodes predicted) by Bouza
et al. [42]. As we only considered tracheal surveillance
cultures from 48–72 h prior to bacteremia, a higher sam-
pling frequency and hence shorter time interval between
data may have contributed to a higher positive predictive
value [43].

Interestingly, a recent study using tracheal surveillance
twice weekly reported a very high (83%) prediction of
VAP etiology, as identified by quantitative culture of
broncho-alveolar lavage fluid [44]. Our lower predic-
tion is probably largely explained by the fact that we
compared blood cultures, rather than BAL, with prior
tracheal surveillance cultures. Moreover, 82% of our
patients had received antibiotic treatment in the week
prior to bacteremia which again is known to interfere with
microbiological cultures.

Secondly, although pathogen prediction improved
early antibiotic prescription in our analysis, and probably
improved outcome through this mechanism, early appro-
priate therapy itself was not associated with improved
survival in univariate nor multivariate analysis. As our
analysis was done on a limited sample size of 110 patients,
underpowering may be responsible for this. Alternatively,
as discussed above, this apparent contradiction could be
due to the low resolution of the time frame of appropriate
therapy in our study. In severe infection, appropriate
antimicrobials should probably be administered within
hours, rather than days, to optimize odds for survival, as
has been observed in outpatients with severe community-

acquired pneumonia [45], and recently, in patients with
septic shock [46].

Finally, diagnostic misclassification in our retro-
spective study may be of concern; however, all cases
included were identified prospectively, and the source
of bacteremia was determined at the time of bacteremia
integrating clinical, radiological, and microbiological
data, with post-hoc removal of the case if a different
source of bacteremia was ultimately defined. According
to a recent consensus conference, all our cases could
be classified as microbiologically confirmed pneumo-
nia [47]; however, we think it may be more conservative
to refer to our cases as bacteremia associated with pneu-
monia, rather than bacteremic pneumonia. Hence, our
results potentially only apply to a small subset of NP,
at increased risk though for a poor outcome [35, 48].
It should be noted that we relied on semiquantitative,
rather than quantitative, culture results of endotracheal
aspirate in our diagnostic work-up. Since the primary
aim of quantitative culturing is to distinguish colonization
from infection, this limitation probably does not affect
the degree of certainty of the microbiological diagno-
sis, since all patients had positive blood cultures by
inclusion.

Our results suggest that pathogen prediction by tra-
cheal surveillance cultures increases the rate of early
adequate empiric antibiotic therapy in bacteremia asso-
ciated with nosocomial pneumonia. This prediction may
also influence impact outcome.
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