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Abstract
The mortality attributable to ICU-acquired bloodstream infection (BSI) differs between studies due to statistical methods used for
cohort matching. Propensity-score matching has never been used to avoid eventual bias when studying BSI attributable mortality
in the ICU. We conducted an observational prospective study over a 4-year period, on patients admitted for at least 48 h in 2
intensive care units. Based on risk factors for death in the ICU and for BSI, each patient with BSI was matched with 3 patients
without BSI using propensity-score matching. We performed a competitive risk analysis to study BSI mortality attributable
fraction. Of 2464 included patients, 71 (2.9%) had a BSI. Propensity-score matching was highly effective and group character-
istics were fully balanced. Crude mortality was 36.6% in patients with BSI and 21.6% in propensity-score matched patients
(p=0.018). Attributable mortality of BSI was 2.3% [1.2–4.0] and number needed to harm was 6.7. With Fine and Gray model, a
higher risk for death was observed in patients with BSI than in propensity-score matched patients (sub distribution Hazard Ratio
(sdHR) = 2.11; 95% CI [1.32–3.37] p = 0.002). Patients with BSI had a higher risk for death and BSI attributable mortality
fraction was 2.3%.
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Introduction

Critically ill patients in intensive care units (ICU) have a high
prevalence of ICU acquired bloodstream infection (BSI) rang-
ing from 5 to 7% (1–7). However, BSI-associated morbidity
and mortality differ between studies, mainly due to potential
cofounders or the methods used for statistical analysis (1–7).
Since BSI usually develops in the most severly ill patients

(2–6), BSI could be the cause of death but could also be a
marker of the severity of the condition. Propensity score
matching is appropriate for generation of control groups in
observational studies and experts suggest its use to study hos-
pital acquired infections and attributable mortality (8, 9). To
our knowledge, such matching has been rarely used to study
BSI. Therefore, we conducted an observational study with
propensity-score matched analysis. The primary objective
was to assess the attributable mortality fraction due to BSI
during ICU stay.

Material and methods

Setting and patients

We conducted a prospective observational study in two
French ICU with surgical and medical patients: a 14 beds-
ICU in Saint-Brieuc and a 12-beds ICU in Quimper which
are part of tertiary hospitals with 700 and 600 acute-care beds
respectively. All consecutive adults patients admitted from
January 1, 2015, until December 31, 2018, with an ICU stay
of 48 hours or more were included. Patients with liberty
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deprivation, pregnant women, and patients younger than 18
years old were excluded from the study. Patients or closest
relative were informed of the prospective collection unless
they disagreed of being included. The local ethics committee
(Comité d’Éthique du CHU de Rennes) approved the study
(N°18.53).

Definition

Infection was considered acquired in the ICU when it was
diagnosed 48 hours after admission. BSI was defined accord-
ing to the CDC (10, 11): for common skin contaminants, 2
positives blood cultures drawn on separate occasions were
required and for other pathogens 1 positive blood culture.
BSI that was thought to be seeded from another infection site
was considered as secondary whereas BSI were considered as
primary BSI when no simultaneous infection were found.
Secondary BSI needed criteria for infection and same bacteria
identified in specific localization culture specimens and in
blood culture specimens. The diagnosis of pneumonia includ-
ed both ventilator-associated pneumonia and ICU-acquired
pneumonia that developed in non-ventilated patients and
was made based on clinical signs (fever), radiological findings
(new infiltrate on chest-X-ray or CT scan), and a positive
microbiological culture of an endotracheal aspirate (≥106

colony-forming units/mL) or a broncho-alveolar lavage
(≥104 colony-forming units/mL). Catheter-related blood-
stream infection was considered in patients with BSI attribut-
ed to intravascular catheter (quantitative culture of the catheter
tip or by differences in growth between catheter and peripheral
venipuncture blood culture specimens). Urinary tract infection
was considered in patients with catheter-associated symptom-
atic urinary tract infection, non-catheter related symptomatic
urinary tract infection or asymptomatic bacteremic urinary
tract infection. Tertiary peritonitis was considered in patients
with intra-abdominal infection that persists or recurs 48 h fol-
lowing successful and adequate surgical source. Finally,
surgical-site infection was considered in patients with fever
and spontaneous or deliberate wound dehisces or other evi-
dence of infection (on gross anatomical or histopathologic
exam, or imaging test).

Baseline characteristics were registered at admission (sim-
plified acute physiology score II, age, sex, diagnostic category
[planned surgery/emergency surgery/medical/], admission or-
igin [home, acute-care ward, long-term care facility, other
intensive care unit], antimicrobial agents at admission, immu-
nosuppression, and neutropenia). Other data was collected
during the ICU stay (number of days at risk for BSI, intubation
during the period at risk, use of a central catheter during the
period at risk) or on the day of discharge for patients with no
BSI during the ICU stay. The number of days at risk for BSI
was the number of days in the ICU from the 48th hour of stay

until ICU discharge for patients without BSI or until the first
occurrence of BSI for patients with BSI.

Primary and secondary endpoints

The primary endpoint of the study was the fraction of ICU
mortality attributable to BSI. The excess of ICU death due to
BSI was the difference between the number of ICU death in the
BSI and the propensity-score-matched groups. Attributable
mortality fraction was defined as the percentage of ICU deaths
caused by BSI and was calculated as the excess of death in the
BSI group divided by the number of deaths during the study
period (i.e., attributable mortality fraction = [Mortality in BSI
patients –Mortality in matched patients]/Mortality in the whole
cohort). Then, based on the result of crude mortality in each
groups, we calculated the number needed to harm. It corre-
sponds to the number of patients that need to be exposed to
BSI in order to result in a supplementary death (i.e., 1/[mortal-
ity rate in BSI group—mortality rate in control group]).

Association between source of BSI (i.e., primary/second-
ary) and death was secondary endpoints as were description of
the micro-organisms causing BSI and their antimicrobial
susceptibility.

Statistical analysis

Statistical analysis was performed with the statistical software
R 3.4.3. The probability of developing a BSI was estimated
using a multivariate logistic regression model that incorporat-
ed risk factors. First, to draw unbiased marginal estimates of
exposure effect, a propensity-score matched analysis was per-
formed. Propensity score was calculated for each patient and
correspond to his probability to develop BSI and to die. As
potential confounders, we included for propensity-score cal-
culation all non-redundant variables associated with BSI
(event) or ICU death (outcome) with p-value ≤0.20 in the
univariate analysis. Then, using the “MatchIt” package, a k-
nearest neighbor algorithm was used for propensity-score
matching with a 1:3 ratio: each patient with BSI was matched
with 3 patients without BSI with the nearest propensity-score.
Finally, a sensitive analysis was performed in the whole pop-
ulation with inverse probability weighting to generate a
weighted cohort in which baseline characteristics distributions
were independent of BSI exposure. It applied weights corre-
sponding for “1/Propensity score” for patients exposed to BSI
and “1/(1-Propensity score)” for control group.

Competitive risk analysis was used with ICU discharge and
death in ICU being competing events. Using the “cmprsk”
package we performed a Fine and Gray model to estimate
sub-distribution hazard ratio (sdHR) of ICU death (12, 13).
Therefore sdHR >1 indicates that those with exposure (BSI)
will be seen to have a quicker time to death. Conversly, a sdHR
<1 indicates a longer time before death for those exposed.
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Because BSI acquisition was considered as a transitions
state from admission to discharge or death, a multistate ap-
proach was performed (13): patients with BSI were included
first in the group without BSI until BSI onset, then censured
from the group without BSI and included in the BSI group
until discharge or death in the ICU.

Categorical variables were expressed as percentages and
continuous variables as median and interquartile range
(IQR). The chi-square test and Fisher exact test were used to
compare categorical variables and theMan-Whitney U test for
continuous variables. All tests were two-sided, and p<0.05
was considered statistically significant.

Results

Population

During the study period, 2464 patients stayed at least 48 h in
our ICUs. Baseline characteristics of study patients are shown
in Table 1. Median age was 64.9 years [55.2–73.4], and me-
dian SAPS II score was 44 [32–58]. Median ICU stay was 6
days [3–12], 1731 patients (70.3%) were intubated during the

period at risk for BSI, and 1621 had a central catheter (65.8%).
Four hundred fifty-nine patients (18.6%) died in the ICU.

Acquired infection

Of the 2464 included patients, 231 (9.4%) acquired 284 infec-
tions (10.8 acquired infections per 1000 patients-days) during
their stay in ICU. Seventy-one had BSI (2.9%) giving an in-
cidence of 2.7/1000 patients-days and 4.2/1000 patients-days
at risk, of whom 30 had primary BSI (1.2%) and 41 had
secondary BSI (1.7%). Of notes, 185 patients had pneumonia
(7.5%), 16 had catheter related BSI (0.6%), 9 had tertiary
peritonitis (0.4%), 2 had urinary tract infection (0.1%) and 1
had surgical-site infection (0.0%).

Risk factors for BSI

Factors independently associated with BSI were intubation
(OR = 2.72; 95% CI [1.13–6.54] p =0.026]) and use of a
central catheter (OR = 6.49; 95% CI [2.28-18.47] p <0.001])
during the period at risk for BSI.

High SAPS II score (OR = 1.00; 95% CI [0.99–1.01] p
=0.76]) and number of day at risk for BSI (OR = 1.00; 95%

Table 1 Baseline characteristics and outcome of study patients

All patients Patients with BSI Matched patients p-value* Standardized
mean difference

n = 2464 n = 71 n = 213

Age, years, median [IQR] 64.9 [55.2-73.4] 64.8 [53.1-70.4] 63.7 [55.2-62.0] 0.85 0.47

SAPS II, median [IQR] 44 [32-58] 53 [34-66] 48 [37-64] 0.80 1.00

Male – no. (%) 1598 (64.9) 49 (69.0) 147 (69.0) 1 0.00

Localization before admission

Acute care ward – no. (%) 914 (37.1) 31 (43.7) 87 (40.9) 0.78 0.03

Home – no. (%) 1439 (58.4) 36 (50.7) 111 (52.1) 0.94 0.01

Long-term care facility– no. (%) 31 (1.3) 2 (2.8) 9 (4.2) 0.86 0.01

Other ICU – no. (%) 53 (2.2) 1 (1.4) 4 (1.9) 0.75 0.00

Reason for admission

Trauma – no. (%) 162 (65.8) 4 (5.6) 16 (7.5) 0.79 0.02

Surgical – no. (%) 496 (20.1) 17 (23.9) 54 (25.4) 0.94 0.01

Medical – no. (%) 1968 (79.9) 54 (76.1) 159 (74.6) 0.94 0.01

Antibiotic before admission – no. (%) 1434 (58.2) 42 (59.2) 136 (63.9) 0.57 0.00

Immunosuppresion – no. (%) 140 (5.7) 4 (5.6) 10 (4.7) 1 0.00

Neutropenia (<500/mL) – no. (%) 31 (1.3) 1 (1.4) 2 (0.9) 1 0.00

Intubation during period at risk for BSI – no. (%) 1731 (70.3) 65 (91.6) 196 (92.0) 1 0.00

Catheter during period at risk for BSI – no. (%) 1621 (65.8) 67 (94.4) 202 (94.8) 1 0.00

Number of days at risk for BSI, days, median [IQR] 4 [1-9] 6 [3-12] 6 [2-11] 0.64 0.06

Lenght of stay in ICU, days, median [IQR] 6 [3-12] 18 [13-44] 8 [5-14] <0.001

Death in ICU – no. (%) 459 (18.6) 26 (36.6) 46 (21.6) 0.018

ICU intensive care unit. *For comparison between patients with BSI and matched patients
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CI [0.97–1.02] p =0.65]) were not associated with BSI
(Table 2).

Risk factors for death in ICU

Factors independently associated with death in the ICUwere a
higher age (OR = 1.02; 95%CI [1.01–1.03] p <0.001]), higher
SAPS II score (OR = 1.02; 95% CI [1.02–1.03] p <0.001]),
surgical patients (OR = 0.50; 95% CI [0.36–0.68] p <0.001]),
antibiotics prior to ICU admission (OR = 0.78; 95% CI [0.62–
0.97] p =0.029]), immunosuppression (OR = 1.70; 95% CI
[1.11–2.60] p =0.013]), intubation (OR = 3.60; 95%CI [2.47–
5.27] p <0.001]), and use of a central catheter (OR = 2.13;
95% CI [1.55–2.92] p <0.001]) during the period at risk for
acquired BSI. The acquisition of an infection during ICU stay
was not associated with an increased risk for death in our
study (OR = 0.94; 95% CI [0.67–1.32] p =0.71). However,
acquired BSI were independently associated with death (OR =
1.88; 95% CI [1.10–3.23] p =0.021), especially for secondary
BSI (OR = 3.23; 95%CI [1.60–6.51] p =0.001) while primary
BSI were not statistically associated with death (OR = 0.80;
95% CI [0.31–2.07] p =0.65) (Table 3).

BSI groups and propensity-score analysis

In patients with BSI, median age was 64.8 years [53.1-70.4]
and median SAPS II score was 53 [34-66]. They were more
often intubated during the period at risk for BSI (91.6% vs

70.3%) and more frequently had central catheter (94.4% vs
65.8%) than the overall cohort. For propensity-score calcula-
tion, every variable associated with BSI or death in the ICU
with a p-value <0.2 was included in the analysis (i.e., higher
SAPS II score, higher age, sex, admission for trauma, admis-
sion from another ICU, admission from a long-term care facil-
ity, surgical patients, immunosuppression, neutropenia (<500/
mL), antibiotics prior to ICU admission, number of day at risk
for BSI, intubation and use of a central catheter during the
period at risk for BSI). Based on their propensity-score, the
71 patients with BSI were matched with 213 patients without
BSI with the nearest propensity-score (supplementary Fig. 1).
Baseline characteristics of the 2 groups are reported in Table 1
and were balanced (Table 1). Patients with BSI had a signifi-
cantly longer stay than propensity-score matched patients (18
days [13–44] versus 8 days [5–14], p<0.001).

Attributable mortality

In the BSI group, 26 patients (36.7%) died while 46 patients
(21.6%) died in the control group (p = 0.018) (Fig. 1). Based
on this results, excess of death due to BSI in the BSI group
was 15.1% (approximatively 11 patients) and number needed
to harmwas 6.7 (i.e., there were 1 supplementary death per 6.7
patients exposed to BSI). Therefore, the mortality attributable
fraction of BSI in the overall population was 2.3% [1.2–4.0]
(i.e., 2.3% of the ICU deaths were related to BSI). With Fine
andGraymodel, BSI patients had a higher probability to die in

Table 2 Risk factors for BSI
Univariate analysis Multivariate analysis

OR 95% CI p-value OR 95% CI p-value

Age, per supplementary year 0.99 [0.98-1.01] 0.49

Simplified acute physiology score II, per
one point increment

1.00 [1.00-1.01] 0.14 1.00 [0.99-1.01] 0.76

Male 1.21 [0.73-2.02] 0.46

Admission from a long-term care facility 2.36 [0.55-10.10] 0.25

Admission from an acute care ward 1.33 [0.82-2.13] 0.25

Admission from Home 0.73 [0.45-1.16] 0.18 0.77 [0.48-1.24] 0.28

Admission from an other ICU 0.64 [0.09-4.72] 0.66

Admission for trauma 0.84 [0.30-2.35] 0.75

Surgical reason for admission 1.26 [0.72-2.19] 0.42

Antibiotic before admission 1.04 [0.64-1.68] 0.87

Immunosuppresion 0.99 [0.36-2.76] 0.99

Neutropenia (<500/mL) 1.13 [0.15-8.37] 0.91

Intubation during period at risk for BSI 4.73 [2.04-10.96] <0.001 2.72 [1.13-6.54] 0.026

Central catheter during period at risk for
BSI

9.04 [3.29-24.89] <0.001 6.49 [2.28-18.47] <0.001

Number of day at risk for BSI, per
supplementary days

1.02 [1.00-1.04] 0.13 1.00 [0.97-1.02] 0.65

ICU intensive care unit. BSI bloodstream infection
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the ICU than matched patients (sdHR = 2.11; 95% CI [1.32–
3.37] p = 0.002).

Similarly, in the inverse probability of BSI weighting anal-
ysis including the full cohort, patients with BSI had a higher
hazard of death than patients without BSI (cox model: HR =
1.90; 95% CI [1.69–2.13] p < 0.001).

Microorganisms and antimicrobial susceptibility

Gram-negative bacilli were found in 49 samples (59.4% of the
micro-organisms), and Enterobacteriacae were the main
cause of blood-stream infections (40 isolates; 44.9% of the
micro-organisms). There were 3 (7.5%) extended-spectrum-
beta-lactamase producing Enterobacteriacae isolates.
Pseudomonas aeruginosaswas isolated from 9 blood cultures
(10.1%), and 3 isolates (33.4%) were resistant to ceftazidim,
piperacillin-tazobactam and imipenem. All Gram-negative ba-
cilli were susceptible to amikacin (Table 4).

Gram-positive cocci were found in 28 blood cultures
(31.5%), with 13 Staphylococcus aureus (14.6%). Only 2 iso-
lates (15.4%) were resistant to methicillin. Of 7 isolated coag-
ulase negative staphylococci, 2 were susceptible to methicillin

(66.3%). There were 6 isolates of enterococci, 1 was an
Enterococcus faecium with natural ampicillin resistance. No
vancomycin-resistant enterococci and no ampicillin-resistant
streptococci were identified.

Yeasts were isolated from 8 patients (9.0% of the micro-
organisms). All were susceptible to fluconazole.

Three isolated anaerobic bacteria (3.4% of isolated micro-
organisms) were susceptible to penicillin in combination with
beta-lactamase inhibitors.

Discussion

Mortality in patients with BSI varies between studies (2–6). In
our study, mortality in the BSI group was 36.6% which is
lower than in older studies (2, 4). As previously found, BSI
was independently associated with a 2- to 3-fold increase in
mortality compared with patients without BSI suggesting that
this association has remained true over time (2–6).

When investigating the outcomes of ICU acquired infection,
only observational studies are feasible. Direct comparison be-
tween patients with and without BSI may lead to bias since

Table 3 Risk factors for death in
the ICU Univariate analysis Multivariate analysis

OR 95% CI p-value OR 95% CI p-value

Age, per supplementary year 1.0 1.02-1.03 <0.001 1.02 1.02-1.03 <0.001

Simplified acute physiology score II, per one
point increment

1.04 1.03-1.05 <0.001 1.02 1.02-1.03 <0.001

Male 1.34 1.08-1.67 0.009 1.17 0.93-1.49 0.19

Admission from a long-term care facility 2.10 0.98-4.50 0.055 1.96 0.84-4.56 0.12

Admission from an acute care ward 1.03 0.84-1.27 0.76

Admission from Home 0.97 0.79-1.20 0.81

Admission from an other ICU 0.55 0.23-1.30 0.17 0.92 0.38-2.24 0.85

Admission for trauma 0.60 0.37-0.97 0.035 0.89 0.53-1.50 0.67

Surgical reason for admission 0.55 0.41-0.73 <0.001 0.50 0.36-0.69 <0.001

Antibiotic before admission 0.84 0.69-1.04 0.11 0.78 0.62-0.97 0.029

Immunosuppresion 1.82 1.24-2.66 0.002 1.70 1.11-2.60 0.013

Neutropenia (<500/mL) 1.80 0.82-3.94 0.14 1.22 0.53-2.83 0.64

Intubation during period at risk for BSI 5.88 4.16-8.30 <0.001 3.60 2.47-5.27 <0.001

Catheter during period at risk for BSI 4.17 3.14-5.54 <0.001 2.13 1.55-2.92 <0.001

Number of day at risk for BSI, per
supplementary days

1.01 1.00-1.02 0.22

Infection acquired in the ICU*

Any acquired infection 1.49 1.09-2.05 0.014 0.94 0.67-1.32 0.71

BSI 2.62 1.60-4.29 <0.001 1.88 1.10-3.23 0.021

Primary BSI 1.09 0.44-2.69 0.85 0.80 0.31-2.07 0.65

Secondary BSI 4.30 2.31-8.01 <0.001 3.23 1.60-6.51 0.001

ICU intensive care unit. BSI bloodstream infection

*Each type of infection was tested alone in the multivariable analysis
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baseline characteristics differ. In order to address this problem,
length of exposure to risk of infectionmay be considered (9), as
it has been done in previous publications, with time-dependent
analysis (2) or with matching characteristics (6) or with logistic
regression (3). As propensity-score matched analysis allows
unbiased marginal estimates of exposure effects, it is the best
method to create a proper control group in observational studies

(8, 9). Although matching process results in well-balanced
characteristics, length of stay differed significantly between
the two groups. Of note, length of exposure to risk of BSI
was used for propensity-score matching, which can explain this
difference. Although median duration of exposure to the risk of
BSI (number of days without BSI) did not differ between
groups, 94 of the 213 matched patients (44%) were discharge
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Fig. 1 BSI group

Table 4 Microorganisms isolated from bloodstream infections and their antibiotic susceptibility

Micro-organism* no. susceptible /
no. tested (%)

Number of
isolates

Ampicillin Methicillin Ceftazidime Piperacillin-
tazobactam

Imipenem Amikacin Fluconazole

Enterobacteriacae 40 - - - 31/33 (93.9) 32/33
(97.0)

33/33
(100)

-

Staphylococcus. aureus 13 11/13
(84.6)

- - - - -

Pseudomonas aeruginosa 9 - - 6/9 (66.6) 6/9 (66.6) 6/9 (66.6) 9/9 (100) -

Coagulase Negative Staphylococcus 7 - 2/6 (33.3) - - - - -

Enterococcus Sp*. 6 5/6 (83.3) - - - - - -

Streptococcus Sp. 2 2/2 (100) - - - - - -

Anaerobes 3 - - - 3/3 (100) - - -

Haemophilus Sp. 1 1/1 (100) - - - - - -

Candida Sp. 8 - - - - - - 8/8 (100)

Total 89 8/9 (88.9) 13/19
(68.4)

6/9 (66.6) 40/45 (88.9) 38/42
(90.5)

42/42
(100)

8/8 (100)

*No glycopeptid-resistant enterococcus were found
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prior to the time corresponding-case patients acquired BSI.
Because this could be addressed as a matching bias, we per-
formed a sensitive analysis with inverse probability weighting
in the full cohort; which confirmed that BSI was associated
with a higher hazard of death.

In our study, mortality attributable fraction to BSI calculat-
ed with a propensity-score matched analysis was 2.3%, lower
than in previously published studies (2–6). Although they re-
ported a higher rate of BSI (5.2%) than that in our study,
Prowle et al. found that BSI accounted for 1% of deaths (2).
Nevertheless, BSI mortality attributable fraction in our study
and in previously published studies (2–6), is relatively high
(2.3%) with regard to the rate of ICU acquired BSI (2.9%).
Surprisingly, only secondary BSI were independently associ-
ated with death whereas primary BSI were not, as foundin
previous publications. Assessing outcome of BSI with respect
for its source, Renaud et al. concluded that risk of mortality
associated with primary and catheter-related bacteremia ap-
pears much lower than that of secondary bacteremia with an
excess mortality of 20% and 55% respectively (14). Whereas
Di Giovine et al. found no difference in the crude mortality
between patients with primary BSI and matched patients (15).

Our microbiological findings are similar to findings in oth-
er French ICUs (16) and to the EUROBACT international
cohort study by Tabah and al. (17). In an Italian ICU (18),
the authors found a pronounced shift in the main causative
micro-organsims, from Staphylococci to Enterobacteriacae
between 2000 and 2012. This could be due to more stringent
implementation of hand-washing policies, leading to a major
decrease of bacteremia falsely attributed to coagulase negative
staphylococci (19). .Of note, the present study was conducted
in ICUs with low resistance prevalence rate (20) and BSI
attributable mortality may differ with results observed in
ICUs with other resistance prevalence.

The main strength of our study is the comparison with a
propensity-score matched control population, reducing potential
bias. To our knowledge, this method has been rarely used in order
to assess BSI attributable mortality. A PubMed search was per-
formed with the following criteria: “Bacteremia”[Mesh]) AND
“Intensive Care Units”[Mesh]) AND “Cross Infection”[Mesh])
AND “Mortality”[Mesh]. Out of the 91 articles identified, only
23 studied specifically attributablemortality of ICU-acquiredBSI.
One only used a propensity score matching method to pair the
exposed patient to the non-exposed patients in a large population
of European ICU-patients in between 2008 and 2012 (21). They
found a 5% attributable mortality of ICU-acquired BSI.

Our study has many limitations. First, we did not acknowl-
edge immortal time bias. Patient with BSI may have an in-
creased risk for death in the ICU due to a longer ICU stay than
control patients. However this bias was reduced thanks to
matching including length of exposure to the risk of BSI.
Then, all variables that impact prognosis have not been
assessed (2, 22, 23). For example, we did not consider the

time between suspicions of BSI and start of antimicrobial
treatment. We did not study the impact of inappropriate anti-
microbial. However, our work was conducted to evaluate the
mortality attributable to BSI in our ICU and not specifically
the outcome in relation to previous and subsequent exposure.

Conclusion

In our prospective observational study, patients with BSI had
a higher risk for death and mortality attributable to BSI esti-
mated with a propensity-score matched analysis was 2.3%.
Our results can be used to design future clinical trials.
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