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Abstract Purpose: Carbapenem-
resistant (CR) Gram-negative patho-
gens have increased substantially.
This study was performed to identify
the risk factors for development of
CR Gram-negative bacteremia (GNB)
in intensive care unit (ICU) patients.
Methods: Prospective study; risk
factors for development of CR-GNB
were investigated using two groups of
case patients: the first group consisted
of patients who acquired carbapenem
susceptible (CS) GNB and the second
group included patients with CR-
GNB. Both case groups were com-
pared to a shared control group
defined as patients without bactere-
mia, hospitalized in the ICU during
the same period. Results: Eighty-
five patients with CR- and 84 patients
with CS-GNB were compared to 630
control patients, without bacteremia.
Presence of VAP (OR 7.59, 95 % CI
4.54–12.69, p \ 0.001) and addi-
tional intravascular devices (OR 3.69,
95 % CI 2.20–6.20, p \ 0.001) were
independently associated with
CR-GNB. Presence of VAP (OR

2.93, 95 % CI 1.74–4.93, p \ 0.001),
presence of additional intravascular
devices (OR 2.10, 95 % CI
1.23–3.60, p = 0.007) and SOFA
score on ICU admission (OR 1.11,
95 % CI 1.03–1.20, p = 0.006) were
independently associated with CS-
GNB. The duration of exposure to
carbapenems (OR 1.079, 95 % CI
1.022–1.139, p = 0.006) and colistin
(OR 1.113, 95 % CI 1.046–1.184,
p = 0.001) were independent risk
factors for acquisition of CR-GNB.
When the source of bacteremia was
other than VAP, previous adminis-
tration of carbapenems was the only
factor related with the development
of CR-GNB (OR 1.086, 95 % CI
1.003–1.177, p = 0.042). Conclu-
sions: Among ICU patients, VAP
development and the presence of
additional intravascular devices were
the major risk factors for CR-GNB. In
the absence of VAP, prior use of
carbapenems was the only factor
independently related to carbapenem
resistance.
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Introduction

The prevalence of Gram-negative bacterial pathogens
resistant to multiple antimicrobial agents is increasing in
hospitals, and particularly in intensive care unit (ICU)
settings [1–7]. Carbapenems, such as meropenem and
imipenem, are currently considered to be the preferred
agents for the treatment of serious bacterial infections
caused by multidrug-resistant Gram-negative pathogens,
mainly Enterobacteriaceae, Pseudomonas aeruginosa,
and nonfermenters, i.e., Acinetobacter baumannii [2, 3].
However, the emergence of carbapenem resistance among
Gram-negative pathogens has been increasingly reported
worldwide and is a matter of great concern, since it
complicates both empirical and guided treatment. More-
over, carbapenem resistance is also associated with
additional mechanisms of resistance to other antibiotic
classes [8]. Local knowledge of the microbial etiologies
and susceptibility patterns of isolates appears to be
important due to geographical variation of occurrence of
bacterial pathogens and antimicrobial drug resistance.

A predominance of multidrug-resistant Gram-negative
pathogens has previously been observed in our ICU [9].
Subsequently, an increased rate of carbapenem resistant (CR)
A. baumannii isolates was observed [10]. We conducted the
present study to identify risk factors for acquisition of CR
Gram-negative bacteremia (GNB) in the ICU. Such knowl-
edge should be useful to identify patients at risk, so that they
receive in time a targeted antimicrobial therapy. Unlike
previous studies that have focused on risk factors for anti-
biotic-resistant organisms comparing case patients with
resistant pathogens only to those with susceptible, as con-
trols, we used two groups of case patients as proposed by
Kaye et al. [11] with two separate case–control analyses to
overcome limitations of the usual case–control studies.

Patients and methods

Setting

This prospective, observational study was conducted from
January 2006 through August 2007 in the ICU of Evan-
gelismos Hospital in Athens, Greece. This is a 25-bed
university ICU in a 1,000-bed tertiary-care hospital for
adults. It admits critically ill medical, surgical and trauma
patients. Patients with acute coronary syndromes, cardiac
surgery and transplantation are managed in special units
and are admitted to the general ICU if they have a com-
plicated course and multiple organ failure.

Study design and data collection

All patients consecutively admitted to the ICU for more
than 48 h during the study period, were eligible for

inclusion in the study. The data were prospectively col-
lected and included demographics, diagnostic category,
comorbidities, illness severity, use of mechanical venti-
lation, development of acute lung injury (ALI), acute
respiratory distress syndrome (ARDS), length of ICU
stay, laboratory examinations and antibiotic therapy reg-
imen. The illness severity was evaluated by APACHE II
and SOFA scoring systems [12, 13], calculated during the
first 24 h of ICU admission. All patients had at least one
central venous catheter, a peripheral arterial catheter, and
a urinary catheter. Additional exposure to intravascular
devices (i.e., pulmonary artery catheter, continuous veno-
venous hemofiltration catheter, intraaortic balloon cathe-
ter or temporary pacemakers), was defined as the
‘‘presence of additional intravascular devices’’. For
patients who had more than one episode of GNB, only the
first episode was considered. Twelve patients included in
this study have also been included in a previous study
comparing characteristics and outcome between patients
with CR and CS A. baumannii bacteremia [10].

Selection of case and control patients

A nested case–case–control design was followed accord-
ing to that previously proposed [11, 14–16] as an effective
method for identifying risk factors for antimicrobial
resistant pathogens: the first group consisted of patients
who acquired carbapenem-susceptible (CS) GNB and the
second group included patients who acquired CR-GNB.
Both case groups were compared to a shared control
group defined as patients without bacteremia, hospitalized
in the ICU during the same period as the case patients.

Definitions

ICU-acquired GNB was defined as the isolation of Gram-
negative bacilli in a blood culture specimen obtained
more than 48 h after admission to the ICU. The onset of
bacteremia was defined as the date of the blood sampling.
Blood culture specimens were ordered by the attending
physicians in the presence of clinical features compatible
with systemic inflammatory response syndrome (SIRS)
[17] or when infection was suspected. Blood cultures
were obtained via peripheral venous puncture using a
standard sterile technique or from a new central venous
catheter immediately after placement and prior to break-
ing the sterile field that was used for the catheterization.
Sources of bacteremia were defined according to the
criteria proposed by the Centers for Disease Control and
Prevention [18]. Documentation of more than one source
was defined as multiple-source bacteremia.

For the risk factor analysis, antibiotic exposure was
analyzed by classes of antibiotics given prior to bactere-
mia development in patients with GNB, and for the whole
length of ICU stay in patients without bacteremia.
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Microbiological methods

Blood cultures were performed using the BACTEC 9240
system (Becton–Dickinson Sparks, MD, USA). Identifi-
cation and susceptibility of the blood isolates by
determining the minimum inhibitory concentrations
(MICs) to different antimicrobial agents was performed by
the VITEK2 system (bioMERIEUX, Marcy l’Etoile,
France). Carbapenem resistance was verified by determi-
nation of minimum inhibitory concentrations (MICs)
using E-test (AB Biodisk, Solna, Sweden) strips. Inter-
pretation breakpoints were used as follows: A.
baumannii B 4 mg/L as susceptible, C16 mg/L as resis-
tant; P. aeruginosa B 2 mg/L as susceptible, C8 mg/L as
resistant; Enterobacteriaceae B 1 mg/L as susceptible,
C4 mg/L as resistant, according to the Clinical and Lab-
oratory Standards Institute (CLSI) recommendations [19].
Intermediate susceptibility was considered as resistance.

Statistical analysis

Continuous variables were expressed as mean
value ± standard deviation or as median and inter-quar-
tile range when were not normally distributed. Groups’
comparisons were made by the analysis of variance
(ANOVA) method followed by the Tykey-multiple
comparisons test. For not-normally distributed data, the
Kruskal–Wallis test was used and the Mann–Whitney test
for two groups’ comparison. Associations between cate-
gorical variables were examined by the v2 test or the
Fisher exact test, when appropriate. In identifying the
independent risk factors for development of carbapenem
resistance, a (backward stepwise logistic regression)
multiple analysis was performed to control for the effects
of confounding factors. The variables initially entered
into the analysis were those that were statistically sig-
nificant in the univariate analysis. A p value of\0.05 was
considered statistically significant. All independent vari-
ables in this study were tested for multicollinearity. The
interaction between risk factor variables was investigated.
All statistical analyses were performed using the SPSS
version 11.5 for Windows (SPSS Inc. Chicago, IL, USA).

Results

During the study period, 1,096 patients were admitted to
the ICU. Of these patients, 241 stayed for \48 h and 13
patients were admitted with bacteremia, so they were
excluded from further analysis. Of the remaining 842, 43
patients developed only Gram-positive bacteremia and/or
candidemia, so they were also excluded. Finally, among
the remaining 799 patients, 169 developed GNB giving an

incidence of 16.3 per 1,000 patient-ICU days; 84 patients
had bacteremia due to CS and 85 patients had bacteremia
due to CR isolates (Fig. 1).

CS-GNBs were most common due to A. baumannii
(48 patients, 57.2 %) and Klebsiella pneumoniae (21
patients, 25 %). CR-GNBs were most common due to A.
baumannii (32 patients, 37.6 %) and P. aeruginosa (31
patients, 36.5 %), (Fig. 2).

Demographic and clinical characteristics of all ICU
patients included in the study and results of the univariate
analysis are shown in Table 1. Exposure to antimicrobial
agents is shown in Table 2 and Fig. 3. Results of the
multiple analysis are shown in Table 3.

Respiratory tract infection was the most common
source in both CS- and CR- GNB, observed in 38 (45 %)
and in 40 (47 %) patients respectively, followed by
multiple sources in 16 (19 %) and in 11 (13 %) patients
respectively. A focus of infection was not identified in 22
(26 %) patients with CS- GNB and in 24 (28 %) patients
with CR- GNB, Table 1.

Patients with CS-GNB versus control patients
without bacteremia

According to univariate analysis (Table 1), patients with
CS-GNB had a longer length of ICU stay and a higher
severity of illness on admission than patients without
bacteremia. They presented more often history of diabetes
mellitus and renal failure. Also, compared to control
patients, they were more likely to have additional intra-
vascular devices, ARDS and VAP development. As shown
in Table 2, aminoglycosides, carbapenems, quinolones,
monobactams, metronidazole, oxazolidinones and anti-
fungals were administrated for significantly longer period
in patients with CS-GNB than in patients without bacter-
emia. By multiple analysis, independent risk factors for
CS-GNB acquisition were the presence of VAP (OR 2.93,
95 % CI 1.74–4.93, p \ 0.001), the presence of additional
intravascular devices (OR 2.10, 95 % CI 1.23–3.60,
p = 0.007) and the SOFA score on ICU admission (OR
1.11, 95 % CI 1.03–1.20, p = 0.006), Table 3.

Patients with CR-GNB versus control patients
without bacteremia

According to univariate analysis, (Table 1), patients with
CR-GNB had a longer length of ICU stay and a higher
severity of illness on admission than those without bac-
teremia. Also, they were more likely to have additional
intravascular devices, to developed VAP and ARDS, and
they presented more often history of diabetes mellitus and
renal failure. As shown on Table 2, compared to control
patients, patients with CR-GNB had exposure for longer
period to almost all classes of antimicrobial agents, until the
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first episode of bacteremia. Multiple analysis revealed that
independent risk factors for CR-GNB acquisition were the
development of VAP (OR 7.59, 95 % CI 4.54–12.69,
p \ 0.001) and the presence of additional intravascular
devices (OR 3.69, 95 % CI 2.20–6.20, p \ 0.001), Table 3.

Patients with CS- versus those with CR-GNB

As shown on Table 1, patients with CR-, as compared to
those with CS-GNB, had longer hospitalization and longer

length of ICU stay prior to bacteremia a signifi-
cantly longer duration of mechanical ventilation and a
longer total length of ICU stay. In addition, patients with
CR-GNB were more likely to have acute lung injury and
VAP, than were patients with CS-GNB. Finally, patients
with CR-GNB had a significantly longer prior exposure
to carbapenems than did patients with CS-GNB, to colis-
tin, to glycopeptides, and to antifungals (Table 2; Fig. 3).

Since the length of ICU stay influences the antibiotic
regimen administration, the influence of antibiotics was
tested after correction for the exposure time. A significant

Fig. 1 Schediagram of patients
admitted to the ICU between
January 2006 and August 2007

Fig. 2 Frequency of susceptible
and resistant to carbapenems
Gram-negative pathogens
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relation was found between duration of exposure to car-
bapenems (OR 1.079, 95 % CI 1.022–1.139, p = 0.006)
and colistin (OR 1.113, 95 % CI 1.046–1.184,
p = 0.001), with the acquisition of CR Gram-negative

isolates, whereas the length of ICU stay before the bac-
teremia, was not found significant.

During the process of analysis, a statistically signifi-
cant interaction was noted between carbapenem and

Table 1 Comparisons of characteristics between control patients, without bacteremia and case patients with Gram-negative bacteremia,
due to carbapenem-susceptible and carbapenem-resistant pathogens, univariate analysis

Characteristics Patients without
bacteremia
n = 630

Patients with GNB, n = 169 p value

Carbapenem-
susceptible GNB
n = 84

Carbapenem-
resistant GNB
n = 85

Age, year, mean ± SD 56 ± 19 57 ± 20 58 ± 17 0.474
No. of males (%) 420 (67) 59 (70) 53 (62) 0.552
Diagnostic category
Medical, n (%) 246 (39) 40 (48) 17 (20)
Surgical, n (%) 384 (61) 44 (52) 47 (55) 0.082

Hospital LOS, days, median (IQR)
Before ICU 4 (1–12) 3 (0.3–16) 5 (1–19) 0.298
Before the onset of GNB – 21 (8–36) 27 (14–41)� –

ICU LOS, days, median (IQR)
Before the onset of GNB – 11 (4–19) 4 (8–24)� –
Following GNB – 11 (4–23) 12 (6–29) –
Total 6 (3–15) 23 (14–44)*** 30 (19–52)***,� \0.001

Duration of mechanical ventilation,
Days, median (IQR) 7 (3–15) 22 (11–44)*** 29 (17–50)***,� \0.001
APACHE II score on ICU admission, mean ± SD 15 ± 7 19 ± 7*** 18 ± 6* \0.001
SOFA score on ICU admission, mean ± SD 7 ± 3 9 ± 3*** 8 ± 3*** \0.001
Co-morbidities, n (%)
COPD 61 (10) 7 (8) 9 (11) 0.881
Diabetes mellitus 59 (9) 15 (18)* 20 (24)*** \0.001
Malignancy 86 (14) 5 (6) 7 (8) 0.063
Neutropenia 11 (2) 2 (2) 3 (4) 0.527
Corticosteroids 27 (4) 2 (2) 4 (5) 0.684
Liver failure 25 (4) 7 (8) 5 (6) 0.171
Renal failure 79 (13) 20 (24)** 19 (22)* 0.003

Source of bacteremia, n (%)
Respiratory tract – 38 (45) 40 (47)
Catheter – 7 (8) 7 (8)
Unknown – 22 (26) 24 (28) 0.725
Multiple sources – 16 (19) 11 (13)
Other – 1 (1) 3 (4)

Patients with additional intravascular devices,
n (%)

108 (17) 35 (42)*** 46 (54)*** \0.001

ALI, n (%) 158 (25) 36 (43)** 58 (68)***,�� \0.001
ARDS, n (%) 33 (5) 16 (19)*** 14 (17)*** \0.001
VAP, n (%) 81 (13) 31 (37)*** 51 (60)***,�� \0.001
Development of fungemia before
GNB, no. of patients (%)

– 6 (7)*** 8 (9)*** \0.001

Development of other BSIs – 14 (17) 36 (42) \0.001
Temperature, �C on ICU admission 37.1 ± 1.3 37.5 ± 1.3 37.6 ± 1.3� 0.003
Laboratory data, on ICU admission
Blood glucose, mg/dL 152 ± 66 170 ± 86 160 ± 72 0.056
Serum albumin, gr/dL 3 ± 0.7 2.9 ± 0.7 2.9 ± 0.7 0.124
Hemoglobin, gr/dL 11 ± 2 10.5 ± 2.6* 10.7 ± 2.3* 0.049

GNB Gram negative bacteremia, ICU intensive care unit, LOS
length of stay, APACHE acute physiology and chronic health
evaluation, SOFA sequential organ failure assessment, ALI acute
lung injury, ARDS acute respiratory distress syndrome, VAP ven-
tilator associated pneumonia, IQR interquartile range
* p \ 0.05 vs. patients without bacteremia
** p \ 0.01 vs. patients without bacteremia

*** p \ 0.001 vs. patients without bacteremia
� p \ 0.05 vs. patients with carbapenem-susceptible Gram-nega-
tive bacteremia
�� p \ 0.001 vs. patients with carbapenem-susceptible Gram-neg-
ative bacteremia
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colistin administration, and VAP: by applying multiple
logistic regression analysis including VAP, carbapen-
ems, colistin administration, and their interaction on
CR-GNB development, a statistically significant inter-
action was detected between carbapenems and VAP:
(OR 0.904, 95 % CI 0.82–0.99, p = 0.048), Table 4. To
further examine the above interaction, an additional
analysis was undertaken within patients with GNB by
using two statistical models of multiple analysis. The

first model included the patients with both VAP and
GNB (n = 82), and the second, the patients with GNB
in the absence of VAP as a source (n = 87). In the first
subgroup, none of the variables was significantly asso-
ciated with the acquisition of CR-GNB whereas within
the second subgroup previous treatment with carbapen-
ems was the only independent risk factor for the
development of CR-GNB (OR 1.09, 95 % CI
1.003–1.177, p = 0.042).

Table 2 Duration of antibiotic exposure of ICU patients with Gram-negative bacteremia due to carbapenem-susceptible or carbapenem-
resistant isolates and patients without bacteremia, days, median (range), univariate analysis

Antibiotic or/
antibiotic classes

Patients without
bacteremia, n = 630

Patients with Gram-negative bacteremia, n = 169 p value

Carbapenem-
susceptible,
n = 84

Carbapenem-
resistant,
n = 85

b-Lactams/b-lactamase inhibitors 3 (0–34) 2 (0–27) 0 (0–20) 0.202
2nd generation cephalosporins 0 (0–16) 0 (0–6) 0 (0–7) 0.388
3rd generation cephalosporins 0 (0–28) 0 (0–18) 0 (0–18)* 0.037
Aminoglycosides 0 (0–28) 2 (0–25)*** 0 (0–25)** \0.001
Quinolones 0 (0–31) 0 (0–21)* 0 (0–18)*** \0.001
Carbapenems 0 (0–62) 3 (0–39)** 10 (0–34)***,�� \0.001
Glycopeptides 0 (0–34) 0 (0–30) 2 (0–32)***,� \0.001
Oxazolidinones 0 (0–33) 0 (0–30)*** 1 (0–27)*** \0.001
Metronidazole 0 (0–39) 0 (0–26)** 0 (0–30)* 0.001
Colistin 0 (0–92) 0 (0–39) 1 (0–48)***,�� \0.001
Monobactams 0 (0–28) 0 (0–10)* 0 (0–20)** 0.005
Antifungals 0 (0–45) 0 (0–30) 0 (0–34)***,� \0.001
Macrolides 0 (0–18) 0 (0–6) 0 (0–10)* 0.03

* p \ 0.05 vs. patients without bacteremia
** p \ 0.01 vs. patients without bacteremia
*** p \ 0.001 vs. patients without bacteremia
� p \ 0.05 vs. patients with carbapenem-susceptible
Gram-negative bacteremia

�� p \ 0.001 vs. patients with carbapenem-susceptible Gram-neg-
ative bacteremia

Carbapenem resistant
n=85

Carbapenem susceptible
n=84

60

50

40

30

20

10

0

Carbapenems

Colistin

Glycopeptides

Antifungals

Fig. 3 Box plots for the
duration (days) of antimicrobial
agents administered to patients
with carbapenem-resistant
(n = 85) and to patients with
carbapenem-susceptible
(n = 84) Gram-negative
bacteremia: horizontal bars
represent median values, boxes
represent interquartile ranges,
whiskers show ranges, circles
outliers, and asterisks extreme
values. The differences were
statistically significant for
carbapenems (p \ 0.001),
colistin (p \ 0.001),
glycopeptides (p \ 0.05), and
antifungals (p \ 0.05),
Kruskal–Wallis test
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Discussion

This study assessed the risk factors for CR-GNB among
patients in a multidisciplinary ICU. The main findings
are: (i) among ICU patients, the development of CR-
GNB, was independently associated with the presence of
VAP as a source of bacteremia and excess use of intra-
vascular devices, whereas the development of CS-GNB
was associated with the same risk factors plus the severity
of organ failure on ICU admission; (ii) among patients
with GNB, the presence of VAP and prior use of carba-
penems and colistin were independently associated with
carbapenem resistance. In the absence of VAP as a source
of bacteremia, the only independent risk factor for CR
isolate development was the prior carbapenem use.

In the past decade publications, risk factors specific
methodological issues were raised. The importance of
control group selection on the results of risk factor anal-
ysis for antibiotic-resistant isolates has been shown [11,
14–16]. Accordingly, in the present study two groups of
case patients, those with CS- and those with CR-GNB,
were compared with the same control group, i.e. ICU
patients without bacteremia development, admitted to the
ICU during the study period. This double case design was
used to avoid overestimation of the risk factors found in
studies comparing patients with resistant bacteria only to
those with susceptible, as it has been pointed out. To our

knowledge, only few studies have included double case
patients in similar studies [20, 21].

There is little information about the direct effect of
patient associated factors on resistance acquisition. In
contrast to a traditional thinking, increased severity of
illness may not necessarily be a predisposing factor of
infection with antibiotic resistant organisms [14]. Indeed,
the findings of the present study clearly demonstrate the
absence of an independent relationship between illness
severity at ICU admission and subsequent acquisition of
CR-GNB, confirming that the resistance development
does not obligatorily occur to the more severely ill
patients. However, the severity of illness was indepen-
dently associated with CS-GNB development.

Apart from the illness severity, antimicrobial resis-
tance is thought to be more common in patients who have
had a prolonged ICU stay, advanced age, prior therapy
with antibiotics and therapy with invasive devices [22].
Indeed, in the present study, patients with CR- as com-
pared to those with CS-GNB did have a longer length of
hospital and ICU stay before the development of bacter-
emia in the univariate analysis. However, this variable did
not remain significant in the multiple analysis. The inci-
dence of documented catheter related bacteremia was low
during the study period. However, the presence of addi-
tional intravascular devices was an independent risk
factor for both CS- and CR-GNB development, probably
reflecting the illness severity and the more often health
care personnel contacts. Regarding the patients’ age, we
did not find any relation between it and the acquisition of
either CS- or CR-GNB.

The increase in resistance among Gram-negative
bacteria is frequently related to the high selective pressure
of antimicrobials commonly used in hospitalized patients
[2, 23–26]. In accordance, in the present study, extensive
use of carbapenems, colistin, glycopeptides and antifun-
gals seemed related to the carbapenem resistance in the
univariate analysis. However, after controlling for con-
founding factors and interaction, prior prolonged
exposure to carbapenems was the only independent risk
factor for ICU acquired CR-GNB. Carbapenems have
been identified as a risk factor for CR Gram-negative
isolates in previous studies [27–30]: carbapenem use was
independently associated with imipenem-resistance [27];
imipenem exposure was the major risk factor for imi-
penem-resistant P. aeruginosa [21, 28], and also for CR
K. pneumoniae isolation [29]. However, there are
exceptions to these findings: fluoroquinolones and anti-
pseudomonal penicillins (and not carbapenems) were
independent risk factors for CR K. pneumoniae infection
elsewhere [31]. Notably, none of these studies, except one
[27], have focused on ICU patients and none of them on
bacteremia exclusively; therefore, data on the risk factors
for CR-GNB in the ICU are still limited.

Apart from antibiotic pressure, the acquisition of
antibiotic-resistant bacteria within the ICU also represents

Table 3 Differences in independent risk factors, among ICU
patients, for development of Gram-negative bacteremia (GNB)
susceptible to carbapenems (CS) and resistant to carbapenems
(CR), multiple analysis

Patient group,
risk factors

Adjusted odds ratio
(95 % confidence
interval)

p value

Patients with CS-GNB
Presence of VAP 2.93 (1.74–4.93) \0.001
Additional intravascular devices 2.10 (1.23–3.60) 0.007
SOFA score on admission 1.11 (1.03–1.20) 0.006

Patients with CR-GNB
Presence of VAP 7.59 (4.54–12.69) \0.001
Additional intravascular devices 3.69 (2.20–6.20) \0.001

Table 4 Independent risk factors for development of carbapenem
resistant Gram-negative bacteremia among patients with Gram-
negative bacteremia, multiple analysis

Risk factor Adjusted odds ratio
(95 % confidence
interval)

p value

Prior receipt of colistin 1.07 (1.01–1.14) 0.033
Prior receipt of

carbapenems
1.08 (0.99–1.17) 0.075

VAP 2.93 (1.05–8.21) 0.041
Carbapenems 9 VAP 0.90 (0.82–0.99) 0.048
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the result of the horizontal transfer, usually via the hands
of personnel and inanimate objects. Therefore, any anti-
biotic use may play a minor role in those patients who
have acquired the organism by horizontal transfer [14].
This study, as other clinical studies [28, 31, 32], cannot
separate these two modes of CR Gram-negative patho-
gens acquisition because clonality of strains was not
evaluated. During two earlier epidemic outbreaks of
multidrug resistant A. baumannii [33] and pandrug-
resistant P. aeruginosa [34] in our unit, cross-transmis-
sion had been confirmed. However, regardless of any
mode of transmission, this study clearly shows the impact
of carbapenem exposure on carbapenem resistance
acquisition in ICU and confirms the common knowledge
in an unquestionable infection, such as bacteremia.

In the present study, among the entire number of ICU
patients, the presence of VAP was found to be the most
important risk factor for both CS- and CR-GNB devel-
opment. Interestingly, among the patients with GNB,
those with VAP had an increased likelihood of having a
CR isolate (Table 1). This variation emphasize the
importance of defining the control group before we pro-
ceed to interpretation of the results in risk factor analysis
studies, according to the above mentioned epidemiologi-
cal principles [11, 14–16]. In accordance, previous studies
have shown the respiratory system to be the most frequent
site of infections due to CR isolates: Raymond et al. [35]
found that, the risk of CR bacteremia was about eight
times higher for patients with recent prior VAP, as
compared to other sites of infection. Similarly, in a pre-
vious study from our ICU, comparing CS versus CR A.

baumannii bacteremia, the presence of VAP was the most
important risk factor for CR A. baumannii acquisition
[10].

There are certain limitations to our study. First, since
the clonality of the isolates was not investigated, possible
cross-transmission events could not been distinguished
from within-host resistance development. Second, previ-
ous colonization that might have influenced the antibiotic
prescription, was not recorded because active surveillance
of patient’s floras was not performed in our unit as a
routine. Finally, the single center design of the present
study and the high proportion of multidrug resistant
pathogens in our unit probably limit the generalizability
of our findings.

In summary, our results suggest that VAP develop-
ment and the presence of additional intravascular devices
promote the acquisition of CR-GNB. When bacteremia
occurred in the absence of VAP, prior use of carbapenems
was the only factor independently related to carbapenem
resistance, indicating the need for prudent and rational use
of carbapenems, along with compliance with basic control
measures for nosocomial infections.
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