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BACKGROUND: In intensive care unit (ICU) patients, signs
of infection and inflammation are similar, making diagnosis
of bacterial infections difficult. Antimicrobials may therefore
be overused, contributing to development of antimicrobial-
resistant bacteria.

OBJECTIVES: To measure the accuracy of clinician decisions
to start antimicrobials; to correlate clinician certainty with the
presence of infection; and to examine whether physiological
variables correlate with clinician certainty.

DESIGN: Prospective observational study.

SETTING AND PATIENTS: Patients staying >48 hours in a
general ICU of a tertiary care hospital.

MEASUREMENTS: The ICU clinician’s certainty for the
presence of infection was recorded when starting
antimicrobials. An independent infectious diseases (ID)
specialist determined if antimicrobials were required and if
infection was present. Clinician antibiotic start decisions
were tested for accuracy according to the ID determination
for the presence of infection.

RESULTS: Empirical antimicrobial therapy was justified
by the presence of infection on 67/125 (54%)
occasions. Clinician certainty for infection correlated
well with the presence of defined infection (r2 ¼ 0.78),
however, infection was defined on 6/19 (31%)
occasions when ICU clinician certainty was low (�2),
and antimicrobials were prescribed even when clinician
certainty was minimal. Antimicrobial course length was
similar whether infection was defined or not (11.5 6

9.2 vs 10.7 6 9.1 days; P ¼ 0.65). Physiological
variables were not associated with clinician certainty of
infection.

CONCLUSIONS: Antimicrobial therapy is probably
overused in the ICU, possibly resulting from difficulties in
diagnosis and the perceived greater risk of untreated
infection when compared to the risks of potentially
unnecessary antimicrobial therapy. Efforts to improve
antimicrobial-related decision-making should be
mandatory. Journal of Hospital Medicine 2012;7:672–678.
VC 2012 Society of Hospital Medicine.

Antimicrobial use provides the selective pressure that
cause bacteria to develop antimicrobial resistance.1

Currently, clones of bacteria with very limited antimi-
crobial sensitivity are gradually spreading around the
world.2 The intensive care unit (ICU) is a focus of re-
sistant bacteria within the hospital3 as a result of high
illness severity, widespread use of invasive monitoring
or therapeutic devices, frequency of bacterial infection
(found in approximately 51% of patients4), and con-
sequent extensive use of broad-spectrum antimicro-
bials (in 71% of patients).4

When prescribing antimicrobials, the ICU clinician
often faces a dilemma. First, the traditional symptoms
and signs of infection (such as characteristic patient
history, fever, increased white cell count, etc) are com-

mon in ICU patients even in the absence of infection,
making distinction of infectious and noninfectious
causes of patient deterioration difficult. Second, delay-
ing antimicrobial therapy, prescribing inadequate anti-
microbials, or allowing bacterial infections to go
untreated, increases patient mortality,5–7 resulting in
guideline recommendations to start broad-spectrum
antimicrobials as soon as possible in the presence of
suspected severe sepsis.8 While third, and in contrast,
unnecessary antimicrobial therapy increases the risk
of antimicrobial-related complications, such as
Clostridium difficile colitis (with a crude mortality of
up to 20%9), and potentially endangers the greater
population of ICU patients by increasing the preva-
lence of resistant organisms. Choosing between delay-
ing necessary antimicrobial therapy and exposing the
patient to unnecessary therapy requires that 2 con-
trasting risks be balanced—that of untreated infection
versus late antimicrobial complications.
The main aim of this study was to assess how often

administration of antimicrobials for suspected infec-
tion could be justified by the presence of infection. The
primary outcome measure was accuracy of antimicro-
bial administration, defined as the proportion of anti-
microbials started for suspected infection where infec-
tion was later proven to have been present. Secondary
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outcome measures examined: (1) whether clinician sus-
picion of infection correlated with the presence of
defined infection; (2) the ID specialist’s accuracy for
empiric antimicrobial administration; (3) whether
common clinical parameters were associated with cli-
nician certainty regarding the presence of infection;
and (4) use of antimicrobials in the presence or ab-
sence of infection. These data are important in order
to identify possibilities for improving antimicrobial
administration.

METHODS
Setting

Data were collected on all ICU patients staying >48
hours in the 12-bed general (mainly surgical) ICU of a
775-bed academic tertiary referral center (the Hadas-
sah Hebrew University Medical Center, Jerusalem,
Israel) from May to August 2009. The hospital ethics
committee approved the study and waived the require-
ment for informed consent.
Clinical antimicrobial decision-making was at the

final discretion of the ICU attending clinician. During
office hours, decisions to start antimicrobials with any
but first line agents (ampicillin, ampicillin/clavulanic
acid, azithromycin, cefazolin, cefuroxime, ciprofloxa-
cin, clindamycin, cloxacillin, gentamicin, and metroni-
dazole) required authorization by the clinical ID spe-
cialist on attachment to the ICU (who performed a
daily round). Out of office hours, decisions required
authorization by an on-call ID specialist (usually by
phone). There was no availability of a clinical phar-
macist. Microbiological studies were obtained as fol-
lows: sputum and urine cultures routinely 3 times per
week, while other cultures (including blood, wound,
site-specific cultures, etc) according to clinical
indications.

Antimicrobial Administration Decisions

Start and stop dates were recorded for all intravenous
antimicrobials administered during the patient’s ICU
stay. Antimicrobial start decisions were divided into 3
groups: empirical (where antimicrobials were started
for a new suspected infection), prophylaxis-driven
(antimicrobials given peri-procedurally), and targeted
therapy (antimicrobials started or changed based on
receipt of culture results, or antimicrobials continued
from a previous department). Although multiple anti-
microbials were often started together, these were
considered as a single antimicrobial start decision, if
started for the same reason.
Empirical decisions represent the main focus of this

study, and further data were collected for these deci-
sions. For each empiric decision, the attending ICU
clinician’s name was recorded, as well as a measure of
his certainty that a new infection was actually present.
Certainty was determined at the time that the antimi-
crobials were started and was entirely subjective. The
clinician was asked to categorize his certainty that an

infection was present when starting empiric antimicro-
bials on a scale from 0 to 5: 0—no infection; 1—
infection unlikely; 2—infection possible; 3—infection
probable; 4—infection very likely; and 5—infection
certain. The number of systemic inflammatory
response syndrome (SIRS) criteria10 and Sequential
Organ Failure Assessment (SOFA)11 score were calcu-
lated at the time each decision was made (using the
last available data prior to starting antimicrobials),
and for the previous 2 days (using the worst values on
each calendar day). Data on demographics, admission
history, comorbid conditions, Acute Physiology and
Chronic Health Evaluation II (APACHE II) score, and
outcome were collected for each patient.

Antimicrobial Start Decisions and Definitions of
Infection by the Study ID Specialist

Approximately 1 week after each empiric antimicro-
bial decision, the need for antimicrobial therapy and
the presence of infection were analyzed and defined
by the study ID specialist (S.B.). He was not involved
in clinical decision-making and was not acquainted
with patient details. Each analysis included 2 steps:
Step 1 concerning the overall requirement for antimi-
crobial therapy, and Step 2 regarding the presence of
infection. For Step 1, data from the patient’s clinical
course up until the time the antimicrobial start deci-
sion was made were presented. At that point, the
study ID specialist decided whether, if presented the
case as a consultant, he would have recommended
starting antimicrobials. For Step 2, the patient’s clini-
cal course following the antimicrobial decision point
as well as laboratory, imaging, and microbiological
results from the subsequent days were reviewed. The
presence or absence of infection was defined by inte-
grating all of this data, and based on the Centers for
Disease Control and Prevention (CDC) surveillance
criteria for the diagnosis of nosocomial infections.12

The study ID specialist used the same certainty score
regarding the presence of infection as the clinicians.
A certainty of a ‘‘probable infection’’ (score 3) or
higher represented the cutoff to define the presence
of infection. The study ID specialist’s determination of
the presence of infection was considered the ‘‘gold
standard’’ for the presence of infection for analyses
and is termed ‘‘defined infection.’’

Accuracy of Antimicrobial Start Decisions

Accuracy was calculated for both the clinicians and
the study ID specialist, and expressed as a proportion.
The denominator for ICU clinician accuracy was the
total number of antibiotic start decisions for suspected
infection, and the numerator was the number of deci-
sions where infection was defined by the ID specialist.
For the study ID specialist, the denominator was the
number of occasions when antibiotic administration
was considered justified in the Step 1 analysis, and the
numerator was the number of these cases where

Antibiotic Decisions in the ICU | Levin et al

An Official Publication of the Society of Hospital Medicine Journal of Hospital Medicine Vol 7 | No 9 | November/December 2012 673



infection was defined (Figure 1). The correlation
between clinician certainty and the study-defined pres-
ence of infection was examined. The accuracy of clini-
cal antimicrobial decisions made during the first 48
hours of ICU admission was compared to decisions
made after 48 hours.
In order to assess the robustness of the study find-

ings, the ICU clinician accuracy was examined in a
sensitivity analysis. Accuracy was calculated using a
lower cutoff for the study ID specialist’s definition of
infection—‘‘possible infection’’ (score 2) or above,
rather than ‘‘probable infection’’ or above.

Physiological Parameters

To examine the effect of physiological variables on
physician certainty, empiric antimicrobial start deci-
sions were divided into 2 groups—a high clinician cer-
tainty group (certainty score �3) and a low certainty
score (<3). Each physiological parameter comprising
the SIRS and SOFA scores, the scores themselves, and
changes from the previous 24 and 48 hours were com-
pared for the 2 groups. Data used for the decision day
were the last available observations prior to starting
the antimicrobials. Data for the previous 2 days were
the worst values present during each calendar day.

Antimicrobial Course Length

The total course given after each empirical antibiotic
start decision was measured in days. The course
length started with the empiric antimicrobial start de-
cision, and ended either when antimicrobial therapy
was stopped, or when a subsequent empirical start de-

cision was made. Course length for start decisions
where infection was subsequently defined was com-
pared to decisions where infection was not defined.

Statistical Analysis

Continuous variables were compared using the Stu-
dent t test, while categorical variables were compared
using the chi-square test. All P values are 2-tailed and
P < 0.05 was considered statistically significant. SAS
version 8.2 (SAS Institute, Inc, Cary, NC) was used
for statistical analysis.

RESULTS
Data were collected on 119 consecutive ICU patients
over 4 months (Table 1). Antimicrobials were started
for suspected infection in 80/119 (67%) patients, for
prophylaxis in 55/119 (46%) patients, and for other
reasons in 42/119 (35%) patients. More than one indi-
cation was present during the patient’s ICU admission
among 41/119 (34%) patients, while for 6/119 (5%)
patients, no antimicrobials were prescribed at all.
Among these patients, antimicrobials were administered
on 250 occasions, including 125/250 (50%) occasions
for suspected infection (empirical decisions), 62/250
(25%) occasions for procedural prophylaxis (prophy-
laxis-driven), and on 63/250 (25%) occasions for
other reasons (antimicrobial changes following receipt
of culture results, or continuation of antimicrobials

FIG. 1. Flow diagram of study methodology and main results.

Abbreviations: AB, antimicrobial. ID infectious diseases specialist.

TABLE 1. Demographic, Clinical Characteristics, and
Outcome of the Study Patients

No. (%) or Mean 6 SD
N ¼ 119

Demographics
Male gender 66 (55)
Age (years) 53 6 25
Hospital admission prior to ICU admission 62 (52)
Independent functional capacity 99 (83)

Etiology for ICU admission*
Surgery 82 (69)

Elective 12 (10)
Emergency 70 (59)

Trauma 41 (34)
Medical 26 (22)

Comorbidities
Prior antimicrobial therapy 48 (40)
Severe cardiac disease† 12 (10)
Severe respiratory disease† 5 (4)
Diabetes mellitus 22 (18)
Liver disease† 10 (8)
Dialysis 5 (4)

APACHE II score 15 6 8
Outcome
ICU length of stay (days) 13 6 15
Hospital length of stay (days) 36 6 32
ICU mortality 16 (13)
Hospital mortality 22 (18)

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation II; ICU, intensive care unit; SD,
standard deviation.
* Patients may have had more than 1 etiology at admission.
†As determined by the APACHE II definitions.
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prescribed prior to ICU admission). Microbiological
cultures were obtained from the study population on
2132 occasions, including 395 blood cultures in which
significant organisms (not reflecting contamination)
grew on 57/395 (14%) occasions.
Among the empiric antimicrobial start decisions,

infection was defined by the study ID specialist on 67/
125 (54%) occasions, representing the clinicians’ diag-
nostic accuracy. These infections included 17 (25%)
respiratory, 16 (24%) abdominal, 13 (19%) soft tis-
sue, 11 (16%) blood stream, 6 (9%) urinary, and 4
(6%) other infections.
Three attending clinicians treated patients during the

study period, and their accuracies were similar (21
infections defined/44 start decisions for suspected infec-
tion, 48%; 24/38, 63%; 22/43, 51%, for each attend-
ing; P ¼ ns for all comparisons). Clinician accuracy
was higher for empirical antimicrobial start decisions,
made within 48 hours of ICU admission, compared to
later decisions (35 defined infections/53 early antibiotic
start decisions [66%] vs 32 defined infections/72 late
antibiotic start decisions [44%]; P ¼ 0.02).
In a sensitivity analysis, decreasing the cutoff for the

study ID specialist’s definition of infection from
‘‘probable’’ (and above) to ‘‘possible’’ (and above)
lead to reclassification of 14/125 (11%) antimicrobial
start decisions from ‘‘no infection defined’’ to ‘‘infec-
tion defined.’’ This increased physician accuracy from
67/125 (54%) to 78/125 (62%), and conversely
decreased potential antimicrobial overuse from 58/125
(46%) to 47/125 (38%) decisions (P ¼ ns).
When starting antimicrobials for suspected infection,

the clinicians were asked to record their certainty in the
presence of infection. Infections were defined on 6/19
(31%) occasions when the clinician certainty score was
low (�2) versus 61/106 (57%) when the clinician cer-
tainty score was high (�3, P ¼ 0.037; Figure 2). Corre-
lation between the clinician certainty score and the
presence of defined infection was good (r2 ¼ 0.78).

The study ID specialist agreed with the clinician’s
decision to start antimicrobial therapy on 87/125
(70%) occasions. Infection was subsequently defined
on 66/87 (76%) occasions, representing the study ID
specialist’s diagnostic accuracy. The study ID special-
ist’s accuracy was significantly higher than the clini-
cian’s (66/87 [76%] versus 67/125 [54%]; P ¼
0.001). Notably, there was only 1 case (3%) where
empiric therapy was deemed unnecessary by the study
ID specialist, and where infection was subsequently
defined. In this case, the clinicians started antibiotic
therapy for suspected ventilator-associated pneumonia
in a 66-year-old patient on the 28th day of an ICU
admission for head and spinal cord trauma. The ID
specialist’s certainty for the presence of infection was
3—probable. The patient ultimately survived and was
discharged to a rehabilitation facility.
Comparing physiological data for antimicrobial start

decisions with high clinician certainty (score �3) ver-
sus low certainty of infection (score �2), revealed that
none of the physiological data, nor changes over time
were significantly associated with clinician certainty.
Further use of high doses of vasopressors (>0.1 mcg/
kg/min, SOFA score 4) was present at 42/106 (40%)
high certainty decisions versus 7/19 (37%) low cer-
tainty decisions (P ¼ 0.819). This underscores the
physicians’ difficulty in distinguishing between
infectious and inflammatory causes of deterioration
(Table 2).
During the study period, 2541 days of antimicrobial

therapy were given of which 1677 (66%), 413 (16%),
and 451 (18%) were given, respectively, empirically
(for suspected infection), for procedural prophylaxis,
and as targeted therapy. Antimicrobial course length
was 11.5 6 9.2 days in the presence of defined infec-
tion versus 10.7 6 9.1 days in the absence of defined
infection (P ¼ 0.655). Overall, 658/2541 (26%) days
of therapy could potentially have been saved by reduc-
ing antimicrobial prescriptions for suspected infections
which were not defined.

DISCUSSION
The use of empirical antimicrobials could be justified by
the presence of defined infection on only 54% of occa-
sions when they were administered, suggesting consid-
erable potential overuse of these drugs. ICU-clinician
certainty for the presence of infection correlated well
with the number of infections actually defined, how-
ever, infections were defined when certainty was low
(Figure 2) and antimicrobials prescribed even when cli-
nician certainty was minimal. Common clinical physio-
logical and laboratory parameters did not seem to assist
in the clinicians’ decision-making, as there were no sig-
nificant differences in any of these values between
empiric decisions with high or low certainty. The study
ID specialist showed significantly better accuracy in
antimicrobial decision-making than the ICU clinicians.
He agreed with antimicrobial administration on only

FIG. 2. Correlation between clinician certainty and study-defined presence

of infection. Number of defined infection/number of cases in each clinician

certainty group are presented above the bars. Abbreviations: ICU, intensive

care unit.
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70% of occasions that clinicians started empiric ther-
apy, and had a higher diagnostic accuracy at a ‘‘cost’’ of
only 1 untreated infection.
Two main possibilities are suggested to explain the

potential antimicrobial overuse. First, ICU physicians
are loath to leave infections untreated and potentially
cause immediate increases in mortality.8 This leads to
uncertainty avoidance or risk aversive behavior that is
demonstrated in our study by the inclusion of antimi-
crobial administration decisions made even when
physicians’ certainty regarding the presence of infec-
tion was low. Uncertainty avoidance has been shown
to be significantly associated with antimicrobial pre-
scribing practices,13 however, it discounts the risk of
antimicrobial complications associated with unneces-
sary antimicrobial therapy. Second, the diagnosis of
infection, and particularly nosocomial infection, in
ICU patients is difficult. Symptoms cannot be elicited
in obtunded ventilated ICU patients, the physical
exam can be equivocal, bacterial growth in cultures
(with the exception of blood cultures) often reflects
colonization rather than infection, and the laboratory
and imaging findings of inflammation and infection
are very similar. Our data demonstrated some of these
difficulties. Diagnostic accuracy was higher in infec-
tions suspected during the first 48 hours of ICU
admission when compared to later, presumably as
infection leading to ICU admission is associated with

symptoms, signs, and an acute change in the patient’s
condition, factors that may be absent when a patient
develops a nosocomial infection. Further, physiologi-
cal parameters did not correlate with the certainty
that ICU clinicians expressed in their decision, indicat-
ing the difficulty in interpreting these data. Finally,
infection was defined in 30% of low certainty deci-
sions, indicating that clinical impression alone is not a
reliable tool for determining the presence of infection.
Three sets of interventions could be suggested to

improve antimicrobial decision-making—increased use
of the ID consult, improved laboratory tests for the
diagnosis of infection, and a policy of de-escalation.
Use of antimicrobial stewardship (often through
involvement of an ID physician) reduces antimicrobial
usage and the occurrence of resistant bacteria without
adverse patient outcomes.14 Indeed, our study ID con-
sult showed more accurate antimicrobial prescribing
than the ICU clinicians, although he may have been
subject to the potential biases described below. All
antimicrobial administration decisions taken during
the study were, however, made in consultation with
the clinical ID consult. The lower performance of the
clinical ID consult (when compared to the study ID
consult) may have resulted from difficulties in the
real-time interaction with the clinicians or from deci-
sions taken during non-office hours. During non-office
hours, the on-call ICU resident presented cases to an
on-call ID specialist, neither of whom may have been
familiar with all the complex case details and there-
fore may have preferred to err by commission than by
omission.
More accurate laboratory tests, such as procalcito-

nin or real-time bacterial polymerase chain reaction
(PCR),15 could be beneficial as they might increase
physician confidence in decision-making. Procalcitonin
has been used in a wide variety of settings16–18

(including the ICU19–21) to safely decrease antimicro-
bial starts and/or antimicrobial course length. Despite
this, in a large multicenter study of procalcitonin use
in ICU patients,19 compliance with the antibiotic start
protocol was very low. Antibiotics were administered
by the participating physicians in 73/93 (78%) cases
where the procalcitonin tests indicated that antimicro-
bials were not required, representing protocol viola-
tions. In parallel to our study, this demonstrates the
reluctance of physicians to abstain from prescribing
antimicrobial therapy for suspected infection even
when the likelihood of infection may be low.
A strategy of de-escalation offers the possibility of

starting broad-spectrum antimicrobials early and,
subsequently, narrowing or stopping therapy accord-
ing to the clinical course and the microbiological
results.22,23 This strategy allows clinicians to start
antimicrobials even when the suspicion of infection is
low, but to stop them rapidly as the clinical picture
clarifies. Unfortunately, the mean antimicrobial
course length in this study was not influenced by the

TABLE 2. SIRS and SOFA Score Data Recorded at
the Time of Antimicrobial Start for Suspected
Infection Plus Changes From the Previous 24
and 48 Hours

Low Certainty*

N ¼ 19

High Certainty†

N ¼ 106
Mean6 SD Mean 6 SD P Value

SIRS elements
Temperature (�C) 37.7 6 1.2 37.3 6 1.6 0.28
WBC count ( � 109/liter) 16.7 6 8.1 15.9 6 10.5 0.72
Pulse (rate/min) 112 6 23 110 6 21 0.58
Respiratory rate (rate/min) 22 6 8 22 6 8 0.90
Number of SIRS criteria
(at antimicrobial start)

3.06 0.9 3.26 0.9 0.24

Change in number of SIRS
criteria (24 h)

0.16 0.9 0.06 0.9 0.68

Change in number of SIRS
criteria (48 h)

0.06 0.7 0.36 0.9 0.36

SOFA score elements (points)
Respiratory 1.66 1.1 1.96 1.2 0.45
Neurological 1.86 1.7 2.06 1.6 0.50
Coagulation 0.66 1.1 0.66 1.1 0.85
Hepatic 0.66 0.8 0.46 0.8 0.37
Renal 0.76 1.1 0.86 1.1 0.51
Cardiovascular 1.56 1.9 1.86 1.9 0.47
SOFA score day at antimicrobial start 6.76 3.1 7.36 4.6 0.58
SOFA score change (previous 24 h) 1.56 3.2 1.06 2.9 0.56
SOFA score change (previous 48 h) 3.16 4.4 1.56 4.3 0.25

Abbreviations: SIRS, severe inflammatory response syndrome; SOFA, Sequential Organ Failure Assess-
ment; WBC, white blood cells.
* Clinician certainty score for presence of infection 0–2: no infection to possible infection.
†Clinician certainty score for the presence of infection 3–5: probable to certain.
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presence of infection, indicating that this strategy
was not employed successfully.
The proportion of patients prescribed antimicrobials

for suspected infection in our study is similar to that
found in others (eg, 34% of patients in a large French
survey24). The proportion of potentially unnecessary
antimicrobials in other studies is also similar, ranging
from 14% to 50%.24–28 In the ICU, the majority of
antimicrobial usage studies are microbiology-based
and examine whether bacteria cultured are resistant to
the antimicrobials chosen. They have shown that
inappropriate antimicrobial therapy occurs on 20%–
36% of occasions.6,7,29 The current study furthers
knowledge on antimicrobials decision-making in the
ICU, by examining the actual requirement for antimi-
crobial therapy based on the presence of infection, ie,
whether antimicrobials were needed at all.
The principal limitation of the study concerns the

determination of the presence of infection. The study
premise was that antimicrobials are overused, and this
may have biased the study ID consult to underesti-
mate appropriateness of antimicrobial therapy and to
define fewer infections. Further, making theoretical
decisions in the research office avoids the medical,
ethical, and legal issues related to clinical practice, as
there is no risk associated with error. This may have
allowed the study ID specialist to be overly conserva-
tive in his definitions of infections. A wider team of
decision-makers to determine the presence of infec-
tion, including both ID and ICU specialists, would
have lent more weight to their determinations, how-
ever, this was logistically impossible. To limit the
potential bias, infections were defined as objectively as
possible based on the CDC criteria.12 Further, the sen-
sitivity analysis showed that while decreasing the
study ID specialist’s threshold for the definition of
infection from ‘‘probable’’ and above to ‘‘possible’’
and above improved physician accuracy, over a third
of antimicrobial start decisions remained unjustified
by the presence of defined infection. The study was
performed in only 1 center and may not reflect general
ICU practice, although, as discussed above, the antibi-
otic decision-making accuracy is in the same orders of
magnitude as those found in other somewhat similar
studies. Finally, even if unnecessary antimicrobial use
was overestimated, the possibility for significant
improvement in antimicrobial administration accuracy
remains.
In conclusion, our data suggest that on up to 46%

of occasions, empirical antimicrobials are prescribed
in the absence of infection. We suggest that the poten-
tial antibiotic overuse results from difficulties in diag-
nosing ICU-related infections, and from the high per-
ceived risk of untreated infection as compared to the
risks of potentially unnecessary antimicrobial therapy,
representing a type of risk aversive behavior. As anti-
microbial use is the primary factor promoting antibi-
otic resistance and may be a cause of other patient

complications, efforts to improve antimicrobial-related
decision-making should be mandatory.

Disclosure: This study was presented in part as a poster at the European
Society of Intensive Care conference, October 2010. There are no
financial conflicts of interest to declare for any author.
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