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Introduction

characterize antibiotic prescribing practices in patients
with suspected ICU-acquired infection. Our secondary
Infection is a common cause and complication of critical objective was to determine whether the restriction of emillness. The highest rates of nosocomial infection (NI) piric antibiotic therapy based on culture results influences
occur in the intensive care unit [1], with an estimated outcome [27].
incidence between 10 and 45% of intensive care unit
(ICU) admissions [2–4]. Ventilator-associated pneumonia
affects 10–15% of ICU patients [5, 6], whereas blood- Methods
stream, urinary tract, and surgical site infections occur
somewhat less frequently [3, 4, 7]. The ICU-acquired Patients
infection generate costs that are three times greater than
those of community-acquired infection in the ICU [8]; The MEDIC study was a multicenter international
estimates of attributable mortality range from 0 [5, 9] prospective cohort study of 526 ICU patients with susto 35% [3]. Risk factors include severity of illness, pected infection (both community and ICU-acquired)
neurological compromise, the use of invasive devices, conducted between January and August 2000 [26].
and prior exposure to antibiotics [10, 11]. The diagnosis Patients were recruited from the medical and surgical
of ICU-acquired infection is notoriously difficult. The ICU’s of 8 university-affiliated, tertiary care hospitals
clinical and laboratory manifestations are non-specific, (two in Europe, four in Canada, and two in the U.S.). All
infection is difficult to differentiate from colonization, and underwent diagnostic cultures, radiological evaluation,
concomitant use of antibiotics may render culture results and/or an invasive diagnostic procedure for suspected
infection. The protocol was approved by the institutional
unreliable.
These factors – a high prevalence of a diagnostically review boards of each participating institution, and written
challenging disease whose morbidity and mortality is informed consent was obtained from each patient or
considerable – combine to make antibiotics one of the a surrogate decision-maker.
most widely used class of drugs in the ICU [12]. The
prevalence of antibiotic use in critically ill patients is as
high as 60% [4, 13], and rates of prescription in the ICU Data collection
are estimated to be ten times higher than on general hospital wards [14]. Empiric therapy, defined as the pre-emptive Baseline demographic and daily clinical data, includadministration of antibiotics prior to microbiological docu- ing APACHE II [28] and Multiple Organ Dysfunction
mentation of infection, is second only to surgical pro- (MOD) [29] scores, radiographic and microbiological
phylaxis as the most common indication for initiating data, and antibiotic administration were recorded elecantibiotics in the ICU: as many as 40% of patients tronically for all patients. Patients were followed daily
receive at least one course of empiric treatment dur- for 7 days or until death or discharge from the ICU. The
ing their ICU stay [15]. The benefits of empiric primary outcome was 28-day all-cause mortality.
therapy are inferred from cohort studies that suggest
that survival is improved when antibiotics appropriate to the subsequently identified infecting organism Diagnosis and adjudication of infection
are administered as soon as possible after the diagA clinical evaluation committee (CEC), blinded to outnosis is suspected [16–20].
Indiscriminate antibiotic use, however, is also associ- come status, reviewed data from all patients who had posiated with an increased prevalence of antibiotic-resistant tive cultures, using Centers for Disease Control (CDC) criorganisms in the ICU, and patients exposed to broad- teria for nosocomial infection (Appendix A in ESM) [30].
spectrum agents are at increased risk of developing The CEC was made up of five critical care physicians from
super-infections with resistant organisms [21]. As a con- North America and Europe (Appendix B in ESM). Cases
sequence, many authors advocate the use of early broad were first reviewed by two critical care fellows or attending
spectrum empiric therapy, with de-escalation of antibiotics intensivists. If these two individuals agreed on the presence
based on the results of cultures and sensitivities [22, 23]. or absence of infection, the case was reviewed by one addiRecent randomized trials have suggested that restricting tional CEC member and concordance with the initial pair
antibiotic exposure can decrease rates of superinfections of evaluators resulted in final adjudication of infectious staand improve survival [24, 25], and limit toxicity and tus. If the CEC member disagreed with the initial review, or
if the two initial reviewers disagreed, the case was adjudiunnecessary costs.
We used a database of critically ill ICU patients with cated by two CEC members. Agreement between this secsuspected infection who had been recruited to a prospec- ond set of CEC members constituted a final adjudication.
tive study of the diagnostic utility of a rapid assay of Any persistent disagreement resulted in formal review and
bacterial endotoxin [26]. Our primary objective was to discussion of the case by all members of the CEC, where

1371

a simple majority opinion of the members led to assigna- described above. The binary variable of presence or
tion of final infectious status.
absence of nosocomial infection was forced into the model
to assess the impact of acquiring a nosocomial infection
on mortality after controlling for all other potentially
Definitions
confounding variables.
To evaluate the impact of restrictive empiric therapy
Nosocomial ICU-acquired infection (NI) was de- on mortality, we included all patients without infection in
fined as any infection that developed at least 48 h a second multivariable analysis comparing patients who
following admission to the ICU. Empiric antibi- received prolonged therapy with those who had received
otic therapy was defined as therapy initiated prior restrictive therapy. Patients who died or were discharged
to the availability of microbiological evidence of by day 4 were excluded, because we could not determine
infection, and within 24 h of the time when diag- whether they met criteria for restrictive therapy. Potential
nostic tests for infection were obtained. We considered confounding variables were entered into a multivariable
antibiotics to be directed therapy when diagnostic test binary logistic regression model to identify the
results were available prior to the institution of therapy.
independent contribution of ongoing empiric antibiInadequate empiric therapy was defined as prescrip- otic therapy on 28-day mortality. We used clinical
tion of an empiric regimen with insufficient spectrum to variables from day 3 in this latter analysis to provide
target the class of organism subsequently identified by cul- a more accurate reflection of the impact of continuation of
ture results. Prolonged empiric therapy was defined as em- therapy beyond day 4. Results are reported as odds ratios
piric antibiotic therapy that was continued for more than (ORs) with 95% confidence intervals (CIs). A p-value of
4 days in the absence of adjudicated infection. Uninfected less than 0.05 was considered significant and all tests were
patients who never received empiric therapy, or had their two tailed. Statistical analyses were conducted with SPSS
empiric antibiotic therapy discontinued by the fourth study statistical software (SPSS, Chicago, Ill.).
day were considered to have received restrictive therapy.

Results

Statistical analysis
We conducted univariate analyses to identify factors associated with the decision to initiate empiric antibiotics, and
the decision to continue empiric therapy in the absence of
infection. The chi-squared test was used to compare proportions, and Student’s t-test was used for continuous variables. Factors associated with the initiation or continuation
of empiric therapy with a p-value less than 0.10 on univariate analysis were then entered into a multivariable binary
logistic regression model using backward Wald selection.
To examine the relationship between antibiotic use
and patient outcomes, we first evaluated the association
between clinical variables and 28-day mortality using
chi-squared tests and t-tests as appropriate. We then
conducted a multivariable logistic regression model as

Table 1 Demographic
characteristics of patients with
suspected nosocomial or
community-acquired infection

Demographic characteristics, prevalence, and outcomes of
infection
Of the 526 patients, 195 (37.1%) met criteria for suspected NI, and 331 (62.9%) met criteria for suspected
community-acquired infection (CAI). The baseline demographic characteristics of the population are presented in
Table 1. The 28-day mortality rate for the entire cohort
was 27.9%, and was significantly higher for patients with
suspected CAI (31.4%, 104 of 331) than for patients with
suspected NI (22.1%, 43 of 195); OR = 1.62 (1.07–2.44,
p = 0.021). Mortality was also higher for patients adjudicated to have infection (38.1%, 40 of 105) than for
those adjudicated not to be infected (25.4%, 107 of 421);
OR = 1.80 (1.15–2.83, p = 0.01).

Parameter

Nosocomial
infection (n = 195)

Community-acquired Significance
infection (n = 331)
( p)

Age (mean ± SD)
Male gender, no. (%)
APACHE II (mean ± SD)
Prior length of stay in ICU (days)
Median (25th and 75th percentile)
Admission type, no. (%)
Medical
Emergency surgery
Elective surgery
MODS at admission

55.0 ± 18.7
119 (61)
19.6 ± 9.5
3 (2-6)

59.8 ± 17.9
201 (61)
22.3 ± 10.7
0 (0-1)

0.01
NS
0.004
NA

93 (48)
67 (34)
35 (18)
5.6 ± 3.3

248 (75)
59 (18)
24 (7)
5.5 ± 3.4

< 0.0001
< 0.0001
0.0003
NS
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Fig. 1 Infectious status of all
patients with communityacquired or nosocomial
infection was adjudicated using
a formal process as described in
Methods. Data from all patients
with positive cultures were
reviewed by two clinician
reviewers, and if they agreed on
infectious status, by one member
of the CEC. Concordance of the
reviewers and one CEC member
was sufficient to establish
infectious status (146 of 323
cases, 45.2%). When there was
disagreement between the two
primary reviewers, data were
evaluated by two CEC
members; CEC concordance
established infectious status

The outcome of the infection adjudication process
is shown in Fig. 1. Rates of infection as adjudicated
by the CEC were similar for patients with suspected
community-acquired infection (CAI; 66 of 331, 19.9%)
and suspected NI (39 of 195, 20%). At least one organism

was cultured from 103 of 195 (52.8%) patients with
suspected NI. The most common sites of adjudicated NI
were pneumonia (27 of 39 patients; 69.2%), and primary
or secondary bacteremia (12 of 39 patients; 30.8%;
Table 2).

Table 2 Sites and microbiology of adjudicated nosocomial infections
Site
of infection

Organism identified

Lung

Pseudomonas spp
Serratia spp
S. aureus
Enterobacter spp
Acinetobacter spp
H. influenzae
Klebsiella spp
H. influenza, S. pneumoniae
S. aureus, S. pneumoniae
S. aureus, Streptococcus spp
S. aureus, Serratia spp
Coagulase-negative staphylococci (CONS)
S. aureus
Pseudomonas spp
Enterococcus
CONS, E. coli
S. aureus, E. coli
H. influenzae, S.aureus
E. coli
Pseudomonas spp
E. coli
39

Blood

Lung and blood
Abdomen
Urinary tract
Total

Appropriate
empiric
antibiotics
4
2
1

Inappropriate
empiric
antibiotics
1
1
1
1

No empiric
antibiotics
1
1
3
1

1
1
1
1
1
1
1
2
2

1
1
2
1
1
1
1

1
1
1
19

7

13
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Table 3 Clinical predictors of the administration of empiric antibiotic therapy; MODS Multiple Organ Dysfunction Score; WBC white
blood cell count; HR heart rate; MAP mean arterial pressure
Clinical parameter

No empiric
antibiotics
(n = 52)

Age (years)
Male gender
APACHE II
Admission type
Medical
Emergency surgery
Elective surgery
Hospital
1
2
3
4
5
6
7
8
MODS
SIRS
Temperature (◦ C)
WBC
HR
MAP
Respiratory rate
Mechanical ventilation
Vasopressors

53.4 ± 19.4
35 (67.3)
17.5 ± 7.1

55.3 ± 18.5
84 (58.7)
20.4 ± 10.0

1.1 (0.6–2.1)

24 (46.2)
20 (38.5)
8 (15.4)

69 (48.3)
47 (32.9)
27 (18.9)

1.0
0.8 (0.4–1.6)
1.2 (0.5–2.9)

43 (30.1)
41 (28.7)
6 (4.2)
6 (4.2)
29 (20.3)
7 (4.9)
5 (3.5)
6 (4.2)
5.7 ± 3.3
132 (92.3)
38.4 ± 1.3
14.2 ± 8.7
95.4 ± 20.1
77.9 ± 20.0
23.6 ± 9.0
123 (86.0)
39 (27.3)

1.0
0.4 (0.2–0.9)

11 (21.2)
27 (51.9)
0
0
10 (19.2)
2 (3.8)
1 (1.9)
1 (1.9)
5.3 ± 3.2
47 (90.4)
38.5 ± 1.2
11.4 ± 5.1
93.9 ± 19.0
73.2 ± 13.9
25.8 ± 10.3
45 (86.5)
10 (19.2)

Empiric
antibiotics
(n = 143)

Values are expressed as proportions or means ± SD
Fig. 2 Only 20% of the 195
patients with suspected NI were
adjudicated by the Clinical
Evaluation Committee as being
truly infected at the time of
recruitment into the study
cohort. The flow chart
summarizes approaches to the
prescription of antibiotics in
these patients

Univariate analysis p-value
OR (95% CI)

Multivariableanalysis p-value
OR (95% CI)

0.53
0.3
0.03

1.04 (1.0–1.1)

0.07

0.5
0.7
0.09

0.4 (0.2–0.8)

0.01

1.06 (1.0–1.1)

0.05

1.02 (0.99–1.04)

0.1

0.7 (0.3–2.0)
0.9 (0.2–5.0)
1.3 (0.1–12.1)
1.5 (0.2–14.1)
1.3 (0.4–3.9)

1.0 (0.4–2.4)
1.6 (0.7–3.4)

0.37
0.7
0.56
0.007
0.65
0.08
0.17
0.9
0.3
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Initiation of empiric antibiotic therapy for suspected
nosocomial infection

Fig. 3 Empiric antibiotics were initially prescribed to roughly
comparable numbers of patients who were adjudicated as being
infected (solid line) or not infected (dashed line). As culture data
became available, rates of antibiotic prescription to infected patients
Empiric antibiotics were prescribed for 143 of 195 (73.3%) increased, while greater than half of those patients adjudicated as
of patients with suspected NI (Fig. 2). Clinical factors that not being infected were still receiving empiric therapy by day 7
on univariate analysis were significantly associated with (Denominator censored for death and discharge from the ICU)

a decision to initiate empiric antibiotic therapy were an increased white blood cell count (WBC; p = 0.007) and an
elevated APACHE II score ( p = 0.028; Table 3). Multivariable analysis showed that the most important independent
predictors of administration of empiric therapy were hospital, with significantly less empiric therapy in hospital 2
( p = 0.01), and WBC ( p = 0.05).
Impact of adequacy of initial empiric antibiotic therapy on
outcome from nosocomial infection
The NI was adjudicated to be present in 18.2% (26 of
143) of patients who received empiric antibiotics, and
25.0% (13 of 52) of those who did not ( p = 0.3; OR = 0.6,
0.3–1.4). For the 39 patients meeting adjudicated criteria

Table 4 Clinical parameters on day 3 associated with the continuation of empiric antibiotic therapy; MODS Multiple Organ Dysfunction
Score; WBC white blood cell count; HR heart rate; MAP mean arterial pressure
Clinical parameter

Restrictive
antibiotics
(n = 39, %)

Indiscriminate
antibiotics
(n = 56, %)

Age (years)
Male gender
APACHE II
Admission type
Medical
Emergency surgery
Elective surgery
Hospital
1
2
3
4
5
6
7
8
MODS
SIRS
Temperature (◦ C)
WBC
HR
MAP
Respiratory rate
Mechanical ventilation
Vasopressors

48.9 ± 19.2
28 (71.8)
16.5 ± 8.4

60.0 ± 18.2
30 (53.6)
23.5 ± 10.1

Univariate analysis
OR (95% CI)

0.5 (0.2–1.1)

26 (46.4)
18 (46.2)
17 (30.4)
14 (35.9)7 (17.9) 13 (23.2)

1.0
0.8 (0.3–2.1)
1.3 (0.4–3.8)

5 (12.8)
17 (43.6)
0
0
13 (33.3)
2 (5.1)
2 (5.1)
0
4.6 ± 3.4
25 (64.1)
38.0 ± 1.6
11.0 ± 7.1
96.3 ± 18.5
79.2 ± 20.0
23.3 ± 10.8
35 (90.0)
8 (20.5)

1.0
0.1 (0.04–0.5)

p-value

Multivariable
analysis
OR (95% CI)

p-value

0.005
0.07
0.001
0.8

1.04 (1.0–1.1)

0.02

0.2 (0.1–0.6)

0.004

0.1 (0.04–0.5)

0.004

5.6 (1.2–25.6)

0.03

0.001
24 (42.9)
11 (19.6)
3 (5.4)
1 (1.8)
6 (10.7)
3 (5.4)
3 (5.4)
5 (8.9)
6.2 ± 3.7
49 (87.5)
38.1 ± 1.1
14.5 ± 10.1
91.1 ± 19.6
79.2 ± 24.6
25.8 ± 10.4
52 (93)
20 (35.7)

Values are expressed as proportions or means ± SD

0.1 (0.03–3.8)
0.3 (0.04–2.4)
0.3 (0.04–2.4)
4.5 (1.3–15.6)

1.6 (0.4–6.8)
2.3 (0.8–5.5)

0.03
0.01
0.7
0.08
0.3
0.9
0.3
0.5
0.1
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for infection, only 19 of 39 (48.7%) received adequate
empiric coverage, whereas 7 of 39 (17.9%) received inadequate antibiotic therapy for the pathogen identified, and
13 of 39 (33.3%) did not receive any empiric therapy
(Fig. 2).
Mortality rates did not differ significantly for patients
with NI who received adequate (4 of 19, 21%), as compared with inadequate or no empiric therapy (7 of 20, 35%;
p = 0.53), although the numbers were small. Patients who
received inadequate or no empiric antibiotics had a modest, but statistically insignificant, increased risk of mortality when compared with patients who received adequate
therapy (OR = 2.02, 0.48–8.48, p = 0.33).

41 of 80, or 51.3% (Fig. 3); thus, we found that clinicians
often fail to discontinue antibiotic therapy in response to
the results of negative diagnostic investigations.
Factors associated with prolonged empiric antibiotic
therapy

On day 5, 95 patients who were adjudicated as not infected
remained in the ICU. Empiric therapy had been discontinued in 39 of these patients, but was continued in the
remaining 56 patients. Independent predictors of a decision
to prolong therapy beyond day 4 included increased age
( p = 0.02), persistence of criteria for the systemic inflammatory response syndrome (SIRS; p = 0.03), and hospital
Duration of empiric therapy in patients without infection (Table 5). A more restrictive strategy of empiric antibiotic therapy was evident in hospitals 2 ( p = 0.004) and
Empiric antibiotics were initiated for 75.0% of the 156 5 ( p = 0.004), when compared with the other sites.
patients who were adjudicated not to be infected. The
percentage of patients remaining on empiric therapy was
68.6% at 72 h, and 59.0% at 5 days. Over the 7-day study Impact of empiric antibiotic strategy on outcome
with censoring of patients who died or were discharged
from the ICU, the proportion of patients remaining on em- Factors associated with mortality on univariate analysis
piric antibiotics for this episode of suspected infection was are shown in Table 5. An adjudicated diagnosis of NI

Table 5 Univariate predictors of
28-day mortality in patients with
suspected nosocomial infection
(n = 195); LOS length of stay;
MODS Multiple Organ
Dysfunction Score

Clinical parameter
Age (years)
Male
APACHE II
Admission type
Medical
Elective surgery
Elective surgery
Hospital
1
2
3
4
5
6
7
8
MODS day 1
SIRS
Temperature
WBC
Heart rate
MAP
Respiratory rate
Mechanical ventilation
Vasopressors
Culture positive
CEC infection

Survivors (n = 152)

Non-survivors (n = 43) p-value

52.2 ± 18.1
91 (59.9)
18.9 ± 8.9

64.2 ± 18.0
28 (65.1)
22.3 ± 10.7

63 (41.4)
58 (38.2)
31 (20.4)

30 (69.8)
9 (20.9)
4 (9.3)

< 0.001
0.5
0.04
0.001

0.25
39 (25.7)
59 (38.8)
4 (2.6)
5 (3.3)
29 (19.1)
6 (3.9)
6 (3.9)
4 (2.6)
5.2 ± 3.1
141 (92.8)
38.4 ± 1.2
13.5 ± 8.1
94.2 ± 18.6
77.8 ± 18.6
24.3 ± 8.9
131 (86.2)
28 (18.4)
73 (48.0)
28 (18.4)

Values are expressed as proportions or means ± SD

15 (34.9)
9 (20.9)
2 (4.7)
1 (2.3)
10 (23.3)
3 (7.0)
0
3 (7.0)
7.1 ± 3.4
43 (88.4)
38.2 ± 1.4
13.3 ± 7.6
97.8 ± 23.5
72.5 ± 18.7
23.7 ± 11.3
37 (86.0)
21 (48.8)
19 (44.2)
11 (25.6)

0.05
0.8
0.6
0.8
0.7
0.1
0.4
0.001
0.4
0.4
0.9
0.3
0.1
0.7
1.0
< 0.001
0.6
0.3
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was not significantly associated with mortality ( p = 0.30).
On multivariable analysis independent predictors of
mortality included increasing age (OR = 1.04, 1.01–1.061,
p = 0.002) with an increased odds of death of 1.04 for
each additional 1 year of age, MODS score on day 1
(OR = 1.17. 1.07–1.37, p = 0.02) with an increased odds
of death of 1.17 for each additional point in MODS score,
medical admission type (OR = 3.50, 1.58–6.74, p = 0.003)
when compared to surgical admission, and vasopressor
use on day 1 (OR = 2.64, 1.11–6.27, p = 0.03. Nosocomial
infection was not significantly associated with mortality
when forced into this model (OR = 0.95, 0.37–2.47,
p = 0.9).
For patients adjudicated as not having NI, the 28day mortality rate was higher for those patients who
received prolonged empiric antibiotic therapy (18 of
56, 32.1%) than for those in whom antibiotics were
discontinued within the first 4 days of the study (3 of 39,
7.7%, OR = 5.68, 1.54–20.95, p = 0.005). When potential
confounders, including MOD score at day 3, age, medical
admission, and vasopressor use on day 3 were controlled
for in a multivariable model, the association between prolonged therapy and mortality was no longer statistically
significant (OR = 3.75, 0.91–15.49, p = 0.07).

Discussion
It is common practice to administer broad-spectrum empiric antibiotics to critically ill patients who are suspected
on clinical grounds of harboring nosocomial infection. Of
the cohort of patients reported here, fully 73% received
empiric therapy. The factors associated with a decision
to start empiric therapy included leukocytosis and an
increased APACHE II score; however, the most important
determinant of the decision to start empiric treatment was
the treating hospital, suggesting that there is considerable
variability in the clinical threshold for initiating therapy.
The true prevalence of nosocomial infection is difficult
to estimate, because of variability in diagnostic criteria and
the confounding effects of previously administered antibiotics on culture results. We adjudicated episodes of NI using an expert clinical evaluation committee who undertook
a rigorous review of clinical, microbiological, and radiological data. Using this approach, a diagnosis of invasive
infection was supported in only 20% of patients; thus, it
would appear that empiric therapy is initiated much more
frequently than invasive infection is diagnosed. In a multicenter study of 481 patients in New Zealand and Australia only 46 (25.1%) of 183 patients who received antibiotics empirically for a suspicion of infection subsequently
proved to have culture-documented infection [15].
We further found that empiric antibiotic therapy is often continued once culture results become available, even
though cultures are negative. Failure to discontinue empiric therapy may be a consequence of the perception that

clinical improvement implies a favorable therapeutic response, whereas deterioration suggests a persistent or occult infection [31, 32]. In an observational study of broadspectrum empiric antibiotic therapy for suspected sepsis,
followed by de-escalation of antibiotics based on eventual
microbiological results, it was reported that 123 of 157 patients who received empiric imipenem and gentamicin had
negative culture results; however, antibiotics were discontinued in only 37% of patients [33]. Even when invasive
diagnostic procedures, such as bronchoscopy, are used to
diagnose pneumonia, when culture results are negative or
inconclusive, antibiotics that were initiated empirically are
rarely discontinued [34, 35, 36]. In our study, clinical factors associated with a decision to continue empiric antibiotics included increased illness severity reflected in an increased APACHE II score at baseline and MOD score on
day 3, increased age, persistent clinical signs of inflammation or SIRS, and hospital site – variables reflecting both
severity of illness and interinstitutional variability in management strategies. At the time of this study no hospital
site was using a specific protocol for the discontinuation
of empiric therapy, but some variation may have been accounted for by the difference in case mix: the two hospitals
most apt to discontinue empiric therapy had a higher proportion of trauma and cardiac cases. Perhaps surprisingly,
clinical evidence of septic shock reflected in hypotension
and vasopressor use was not associated with this decision.
Finally, this study raises the possibility that prolonging
empiric antibiotic therapy in the absence of objective
evidence of infection may lead to a worse outcome. This
observation is consistent with findings of a randomized
controlled trial of patients with suspected ventilatorassociated pneumonia randomized to restrictive empiric
therapy (ciprofloxacin with discontinuation if cultures
were negative by 48 h) or standard therapy dictated by
the treating physician (typically broad-spectrum therapy,
continued for 10–14 days without consideration of culture
results) [25]. Patients randomized to the restrictive strategy had significantly fewer superinfections and infections
with resistant organisms, and a statistically insignificant
improvement in survival. Alternatively, the findings of our
study may suggest that patients who have ongoing inflammatory signs without evidence of a treatable pathogen
may have a worse prognosis regardless of antibiotic
administration.
Although our study is underpowered to permit strong
conclusions regarding the impact of empiric antibiotic
therapy on outcome, it illustrates that empiric antibiotic
therapy is frequently inadequate, and that antibiotics are
commonly continued indiscriminately in ICU patients
with suspected infection. Although much attention has
focused on the risks of under-use of antibiotics for patients
with culture proven infection [16–20], culture results are
difficult to predict at the bedside [33, 37, 38], and as
this study illustrates, are more likely to be negative or
non-contributory in the critically ill patient with suspected
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nosocomial infection. The occurrence of culture documented nosocomial infection is relatively rare compared
with the frequency of empiric antibiotic prescription.
Cohort studies such as this one suffer from inherent
weaknesses that preclude valid assumptions of causality.
Differing hospitals may treat significantly different patient
populations, and face local differences in the rate and
microbiology of nosocomial infection. Patients are only
examined at one time point and all potentially known and
unknown confounding variables cannot be controlled for.
For example, antibiotic use before and after the study
period was not recorded, and was not controlled for in
the analysis. Although it may be assumed that there is
consistency in the manner antibiotics are prescribed over
an individual patient’s stay in the ICU, numerous ICU
physicians with potentially different prescribing practices
may be involved in the care of a given patient [39]. This
factor has not been measured, controlled for, or discussed
in previous observational studies evaluating antibiotic
use in the ICU. Our process of adjudicating episodes of
infection was rigorous, but such rigor may have excluded
patients who were truly infected but failed to meet our diagnostic criteria (for example, because of the confounding
effects of antibiotics at time of culturing or missing data).

Conclusion
In conclusion, we show that nosocomial ICU-acquired
infection is suspected much more frequently than it is
confirmed, and that empiric antibiotics are prescribed
frequently, and commonly continued even when microbiological confirmation of infection is lacking. Although
many patients with infection receive inadequate therapy,
we found no evidence that patients who receive more
antibiotics do better. On the contrary, our findings suggest
that prolonged administration of empiric therapy may
be associated with adverse consequences. The inherent
risks of ongoing empiric therapy, and the reluctance of
clinicians to discontinue antibiotics once initiated, suggest
that a more rigorous evaluation of empiric therapy is
warranted.
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