ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Oct. 2006, p. 3355-3360
0066-4804/06/$08.00+0 doi:10.1128/AAC.00466-06

Vol. 50, No. 10

Copyright © 2006, American Society for Microbiology. All Rights Reserved.

Impact of Inactive Empiric Antimicrobial Therapy on Inpatient

Mortality and Length of Stay

Kimberly K. Scarsi,'* Joe M. Feinglass,” Marc H. Scheetz,' Michael J. Postelnick,’
Maureen K. Bolon,” and Gary A. Noskin’

Department of Pharmacy, Northwestern Memorial Hospital, Chicago, Illinois'; Division of General Internal Medicine,
Northwestern University Feinberg School of Medicine, Chicago, Illinois*; and Division of Infectious Diseases,
Northwestern University Feinberg School of Medicine, Chicago, lllinois®

Received 14 April 2006/Returned for modification 12 May 2006/Accepted 1 August 2006

The consequences of inactive empiric antimicrobial therapy are not well-described and may cause prolonged
hospitalization or infection-related mortality. In vitro susceptibility results for 884 patients hospitalized at an
academic medical center with gram-negative bloodstream infections (GNBI) from 2001 to 2003 were matched
to antimicrobial orders within 24 h of culture. Clinical characteristics, organism, inpatient mortality, and
length of stay after culture for patients with GNBI were compared between patients receiving active versus
inactive empiric antimicrobial therapy. A total of 14.1% of patients with GNBI received inactive empiric
therapy, defined as no antimicrobial therapy within 24 h of the culture active against the identified organism
based on in vitro microbiology reports. Patients who received inactive therapy were more likely to be younger,
to be infected with Pseudomonas aeruginosa, to have a nosocomial infection, and to receive antimicrobial
monotherapy but less likely to be bacteremic with Escherichia coli or to have sepsis (P < 0.05). There were no
significant differences in mortality between patients receiving active versus inactive empiric therapy (16.1%
versus 13.6%, respectively) or in length of stay after positive culture (11.5 days versus 12.6 days, respectively).
Only 45 patients had greater than 2 days of exposure to inactive therapy; however, 8/30 patients (26.7%) who
never received active antimicrobial therapy died while in the hospital. Inactive empiric therapy was more
common in healthier patients. Inactive antimicrobial therapy in the first 24 h did not significantly impact
average outcomes for GNBI among hospitalized patients but may have caused harm to specific individuals.

The effect of time to appropriate antimicrobial administra-
tion and the impact of active empiric antimicrobial therapy
upon clinical outcome are well-studied for various infections
and pathogens. Delay in treatment for bloodstream infections
due to Candida spp. (25), extended-spectrum beta-lactamase-
producing organisms (14), and Pseudomonas aeruginosa (13,
15, 24) and pneumonia due to P. aeruginosa (1,7, 10, 12, 17, 21,
23, 27) has been associated with worse outcomes. However, the
relationship between appropriateness of initial therapy and
mortality has not been demonstrated consistently in the liter-
ature (3, 5, 18). Furthermore, in several studies that showed
comparable outcomes regardless of empiric therapy, outcomes
depended upon definitive therapy once the organism was iden-
tified (4, 30).

Inactive therapy may result from lack of prescriber knowl-
edge of institution-specific resistance patterns or suboptimal
dosing based on pharmacokinetic and pharmacodynamic prop-
erties of each drug class, but the greatest driver of inactive
therapy is probably antimicrobial resistance. A pilot study at
our institution identified high utilization of fluoroquinolones,
and a review of antimicrobial susceptibilities demonstrated
that resistance was higher than would be expected based on
inherent resistance (28). In 1999, fluoroquinolone resistance in
Escherichia coli and Klebsiella pneumoniae was uncommon;
however, by 2003, resistance among these organisms in-
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creased to 18% and 10%, respectively. These findings led us
to examine antimicrobial resistance in more detail and to
evaluate if the emergence of increasing resistance was im-
pacting clinical outcomes.

The purpose of this investigation was to examine the rates of
inactive empiric antimicrobial therapy and the clinical out-
comes of patients with gram-negative bloodstream infections
(GNBI) who received initial treatment to which the organism
was resistant. The primary objective of the study was to deter-
mine whether inactive empiric antimicrobial selection in-
creased the likelihood of mortality among hospitalized patients
or the length of hospitalization following the positive blood
culture.

MATERIALS AND METHODS

This retrospective, observational study examined data collected from inpatient
admissions from 1 January 2001 to 30 November 2003 at Northwestern Memorial
Hospital (NMH) in Chicago, Illinois. NMH is a 725-bed academic medical center
with a full range of clinical services. This project, undertaken as part of ongoing
infection control and quality improvement efforts, was approved by the North-
western University Institutional Review Board.

Microbiology laboratory data. Computerized microbiology laboratory results
identified all blood cultures isolating a gram-negative organism between 1 Jan-
uary 2001 and 30 November 2003. All cultures were assumed to represent actual
infection, since the presence of gram-negative organisms in blood cultures rarely
represents contamination, and patients were defined as having a GNBI. In order
to minimize the likelihood that another organism was responsible for the pa-
tients’ outcomes, we excluded all patients with two or more different organisms
recovered in blood culture during the same hospitalization. Additionally, pa-
tients were excluded if susceptibility testing was not performed.

Pharmacy antimicrobial database. Computerized records for all dispensed
antimicrobials on the hospital formulary with activity against gram-negative
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bacilli (amikacin, ampicillin, ampicillin-sulbactam, aztreonam, cefazolin, cefepime,
cefotaxime, ceftazidime, ceftizoxime, ceftriaxone, cefuroxime, ciprofloxacin, gati-
floxacin, gentamicin, imipenem-cilastatin, levofloxacin, meropenem, piperacillin,
piperacillin-tazobactam, streptomycin, ticarcillin-clavulanate, and tobramycin) were
matched to GNBI microbiology results for study patients. There were no antimicro-
bial use policy changes that occurred during this study period which would have
impacted the antimicrobial selected. Empiric antimicrobial therapy was defined as
the first antibacterial regimen received on the date of blood culture or within 24 h
thereafter. Empiric-therapy activity was determined by organism susceptibility re-
sults based on the 1999 National Committee for Clinical Laboratory Standards
guidelines (26) which defined antimicrobial susceptibility during the study time
period. Therapy was considered active if study patients received an antimicrobial
drug that met the following criteria: it was dosed according to standard dosing
guidelines, it was administered within 24 h of a culture, and it was efficacious by in
vitro susceptibility testing.

For all patients identified as receiving inactive empiric antimicrobial therapy,
a manual review of the inpatient pharmacy records was performed by investiga-
tors to ensure that there were no data errors or deaths prior to drug adminis-
tration that would have inaccurately classified these patients as receiving inactive
therapy. During this review, the number of days from the first date of positive
GNBI culture to the receipt of active antimicrobial therapy was recorded for
each patient.

Specific dosages of antimicrobial agents were not recorded for this evaluation.
A full pharmacokinetic consultation is prospectively performed by a trained
clinical pharmacist for all patients in our institution initiated on antimicrobial
therapy requiring drug level monitoring, including aminoglycosides. The patient
is monitored throughout the full antimicrobial course to ensure appropriate
dosing. All other antimicrobials initiated are prospectively reviewed for appro-
priateness of dosing based on patient-specific, disease-specific, pharmacokinetic,
and pharmacodynamic parameters.

Clinical and demographic characteristics and patient outcomes. Microbiology
and pharmacy data for all study patients were matched to hospital administrative
case mix data. Administrative data provided patient age, sex, discharge status,
postculture length of stay as determined from date of discharge, and ICD-9-
coded diagnoses and procedures. Since the analysis was designed to measure
whether inactive therapy increased length of stay, patients who died in the
hospital were excluded from length-of-stay comparisons. Patient age was ex-
pressed as a continuous rather than a categorical variable. Diagnosis-related
group assignments were used to identify surgical admissions. Nosocomial infec-
tion was defined as an organism cultured more than 2 days after admission.

As no single measure of severity of illness has been shown to be superior for
analyzing infectious outcomes, Deyo modification of the Charlson comorbidity
score (6) was used to measure patient comorbidity. The burden of chronic
conditions was divided into three levels based on Charlson scores of 0, 1 or 2, and
=3. A sepsis diagnosis code was also noted as an additional measure of infection
severity. Intensive care unit (ICU) admission at the time of GNBI was also
included as a covariate and used as an additional proxy for illness severity.
Markers for immunosuppression in each group, including any diagnosis code
indicating human immunodeficiency virus infection, cancer, or solid-organ or
bone marrow transplant, were compared between groups.

Statistical analysis. Differences between patients who received inactive versus
active empiric antimicrobials were evaluated by ¢ test for continuous variables
and chi-square test for categorical variables. Odds ratios (OR) derived from
multiple logistic regression were estimated to test the significance of inactive
empiric antimicrobials in predicting the likelihood of inpatient death, controlling
for all clinically relevant factors. Multiple linear regression was used to deter-
mine the association of inactive therapy with postculture length of stay, control-
ling for the same covariates. Inpatient deaths were excluded from this analysis
(although results were virtually identical for all patients) to avoid confounding.
Because using log-transformed length of stay yielded the same results, only
untransformed data are presented to assist in interpretation of regression coef-
ficients for postculture length of hospital stay. All analyses were performed using
SPSS for Windows (version 13.0; Chicago, IL).

The study was predicated on 90% power to compare a 10% death rate for
approximately 800 patients with active antimicrobial therapy to a 20% death rate
for approximately 150 patients with inactive therapy, with an alpha level of 0.05
in a two-sided chi-square test of proportions. The study similarly had 87% power
to detect a mean postculture-length-of-stay difference of 10 versus 15 days for
700 surviving active-therapy versus 100 surviving inactive-therapy patients, re-
spectively, with an overall standard deviation of 15 days, in a two-sided ¢ test with
an alpha level of 0.05.
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TABLE 1. Characteristics of patients with GNBI receiving
active versus inactive empiric therapy“

No. (%) of patients with characteristic

Patient characteristic

Active empiric Inactive empiric value?
therapy (n = 759) therapy (n = 125)

Male sex 397 (52.3) 58 (46.4) 0.25
Diagnosis code

Transplant 38(5.0) 9(7.2) 0.31

Cancer 125 (16.5) 17 (13.6) 0.42

HIV® 11 (1.4) 1(0.8) 0.56
Organism

P. aeruginosa 94 (12.4) 38 (30.4) <0.001

E. coli 321 (42.3) 33 (26.4) 0.001

K. pneumoniae 172 (22.7) 20 (16.0) 0.09

Other organism 172 (22.7) 34 (27.2) 0.27
Nosocomial infection? 188 (24.8) 49 (39.2) 0.001
Charlson score

0 320 (42.2) 57 (45.6) 0.47

lor2 312 (41.4) 51 (40.8) 0.95

=3 127 (16.7) 17 (13.6) 0.38
Surgical admission 483 (63.6) 81 (64.8) 0.80
Sepsis 199 (26.2) 18 (14.4) 0.004
ICU admission® 206 (27.1) 24 (19.2) 0.06

“ Total of 884 admissions from 2001 to 2003. The mean age of patients with
active empiric therapy was 57.3 years (standard deviation, 18.3 years), and the
mean age of patients with inactive empiric therapy was 53.2 years (standard
deviation, 18.1 years) (P value of 0.02, determined by a nonpaired ¢ test).

’ Determined by a x? test.

¢ HIV, human immunodeficiency virus.

4 Defined as a culture date greater than 2 days after the hospital admission
date.

¢ Defined as ICU admission at the time of the index culture.

RESULTS

Incidence of inactive therapy and associated patient char-
acteristics. Of the 949 patients with single-organism GNBI
cultures, 33 (3.6%) could not be matched with inpatient phar-
macy orders, and 32 (3.5%) neonates were excluded, leaving a
final study sample of 884 patients. Principal diagnoses for these
884 patients with GNBI were wide-ranging and were evenly
distributed between groups. The organisms identified in the
study population were diverse. E. coli represented 40.0% of the
infections, K. pneumoniae accounted for 21.7% of infections,
and P. aeruginosa represented 14.9%. Other organisms consti-
tuted the remaining 23.4% of GNBI cultures, most commonly
Enterobacter cloacae, Proteus mirabilis, Serratia marcescens, and
Acinetobacter baumannii.

A total of 125 (14.1%) study patients with single-organism
GNBI received inactive initial treatment. Charlson scores and
medical conditions predisposing the patients to immunosup-
pression were similar between groups (Table 1). There were
237 patients (26.8%) with nosocomial GNBI, which were more
common in the inactive-treatment group (P = 0.001). As a
whole, there were 217 patients (24.5%) with sepsis and 230
(26.0%) who were in the ICU at the time of empiric antimi-
crobial therapy; both of these characteristics were more com-
mon in the active-therapy group (P = 0.004 and P = 0.06,
respectively) (Table 1).

Fluoroquinolones were the most frequently used class of
initial antimicrobial treatment (34.1%), followed by amino-
glycosides (24.3%) and antipseudomonal penicillins (18.7%).
Patients who received active empiric therapy received more
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FIG. 1. Numbers of empiric antimicrobials administered to patients receiving active or inactive empiric therapy (n = 884).

antimicrobial agents within 24 h of blood culture (Fig. 1).
Among patients who received inactive empiric treatment,
73.9% were administered a single antimicrobial agent, 19.0%
received multiple antimicrobials, and 7.1% received no anti-
microbials within 24 h of culture.

Patient sex, Charlson score, and admission service were not
associated with the likelihood of inactive empiric antimicrobial
therapy (Table 1). However, patients infected with P. aerugi-
nosa or with a nosocomial pathogen were more likely to have
received inactive therapy (P < 0.001 and P = 0.001, respec-
tively). Conversely, infection with E. coli (P = 0.001), older age
(P = 0.02), and a diagnosis of sepsis (P = 0.004) were
associated with a higher likelihood of receiving active treat-
ment.

Inpatient mortality. Regardless of initial empiric therapy,
the crude mortality rates were similar for both inactive- and
active-therapy groups (13.6% and 16.1%, respectively; P =
0.48). No significant mortality difference was found between
patients receiving inactive versus active therapy after control-
ling for other clinically significant mortality risk factors (OR =
0.61, P = 0.14) (Table 2). Significant independent risk factors
for inpatient mortality included P. aeruginosa infection (OR =
2.48, P = 0.004), nosocomial infection (OR = 4.84, P < 0.001),
sepsis (OR = 3.27, P < 0.001), and ICU care at the time of
empiric therapy (OR = 4.23, P < 0.001). A Charlson score of
lor2 (OR =239, P = 0.001) and a score of 3 or greater (OR =
4.36, P < 0.001) were also associated with increased mortality.
Interestingly, men who received inactive therapy were less
likely to die than women (OR = 0.63, P = 0.03), as were
patients admitted to the surgical service (OR = 0.27, P <
0.001) compared to those admitted to other hospital services.

Upon manual review of pharmacy records, 80 patients
(64.0%) receiving inactive empiric treatment received an
appropriate agent within 2 days and 95 (76.0%) patients
received active therapy within 5 days after the index culture.
However, 30 of the 125 (24.0%) patients who received in-

active therapy, including eight decedents, never received
active therapy against the GNBI. The highest death rate
(26.7%) was among the 30 patients who never received
active antimicrobials (Fig. 2).

Postculture length of stay. Comparisons of postculture
lengths of stay were limited to 745 surviving patients, including
637 patients who received active therapy and 108 patients who
received inactive empiric therapy. Patients with inactive anti-
microbials had a modestly higher length of stay following the
culture (12.6 versus 11.5 days, P = 0.18). Multiple linear re-
gression results confirm that inactive therapy was not a signif-
icant predictor of postculture length of stay after controlling
for the same covariates (1.8 days, P = 0.11) (Table 3). Noso-

TABLE 2. Multiple logistic regression results for the effects of
active versus inactive empiric therapy on inpatient
mortality for patients with GNBI (n = 884)

Patient characteristic OR (95% CI7) P value
Male sex 0.63 (0.42, 0.96) 0.03
Age (yr) 1.0 (0.99, 1.02) 0.30
Organism”

P. aeruginosa 2.48 (1.34, 4.60) 0.004

E. coli 0.96 (0.54, 1.70) 0.88

K. pneumoniae 0.90 (0.48, 1.67) 0.73
Nosocomial infection 4.84 (2.90, 8.09) <0.001
Charlson score®

lor2 2.39 (1.46, 3.92) 0.001

=3 4.36 (2.42,7.86) <0.001
Surgical admission 0.27 (0.16, 0.47) <0.001
Sepsis 3.27 (1.70, 6.27) <0.001
ICU admission? 4.23 (272, 6.59) <0.001
Inactive empiric 0.61 (0.31, 1.18) 0.14

antimicrobial therapy

“95% CI, 95% confidence interval.

> Compared to other organisms.

¢ Compared to Charlson score of 0.

@ Defined as ICU admission at the time of the index culture.
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FIG. 2. Times to active therapy and percentages of inpatient deaths for patients with GNBI receiving inactive empiric therapy (n = 127).

comial infection (6.72 days, P < 0.001), ICU care at the time of
initial treatment (9.66 days, P < 0.001), a Charlson score of =3
(2.76 days, P = 0.02), surgical admission (2.26 days, P = 0.02),
and male sex (1.98 days, P = 0.01) were all independent pre-
dictors of increased length of stay following positive blood
cultures. Results including decedents were virtually identical
(not shown).

DISCUSSION

These findings indicate that whereas initial inactive antimi-
crobial therapy was relatively frequent, there was little appar-
ent association between therapy and key outcomes for patients
with GNBI. While these findings appear contrary to studies
evaluating the effect of inactive therapy for patients with pneu-
monia (1, 7, 10, 12, 17, 21, 23, 27), differences in study defini-
tions, patient populations, and infecting organisms may pre-

TABLE 3. Impact of patient characteristics on length of stay for 745
patients discharged alive after gram-negative bloodstream isolate
culture (R* = 0.27)

Patient characteristic B (days [standard error]) P value®
Male sex 1.98 (0.79) 0.01
Age (yr) 0.02 (0.02) 0.30
Organism”

P. aeruginosa 2.22 (1.35) 0.10

E. coli —0.85 (1.02) 0.40

K. pneumoniae 0.02 (1.15) 0.99
Nosocomial infection 6.72 (1.07) <0.001
Charlson score®

lor2 1.65 (0.84) 0.51

=3 2.76 (1.18) 0.02
Surgical admission 2.26 (1.18) 0.018
Sepsis —1.97 (1.08) 0.068
ICU admission? 9.66 (1.00) <0.001
Inactive empiric 1.80 (1.12) 0.11

antimicrobial therapy

“ Determined by multiple linear regression.

> Compared to other organisms.

¢ Compared to a Charlson score of 0.

@ Defined as ICU admission at the time of the index culture.

clude direct comparison. Previous studies of inactive therapy
have used multiple classifications for appropriateness of anti-
microbials, time to appropriate treatment, and classification of
antimicrobial activity. Our findings contrast with prior investi-
gations on the impact of GNBI but are consistent with similar
findings for patients with nonfatal underlying diseases (3, 14).
This suggests that patients with intact immune systems may not
require immediate antimicrobial therapy and that guided ther-
apy once culture results are obtained may be sufficient. Other
published subgroup analyses have shown that the early receipt
of active empiric therapy is less important in nonneutropenic
patients (13).

Higher severity of illness among patients receiving active
therapy. This study evaluated all hospitalized patients with
GNBI, regardless of organism and clinical status. There is the
possibility that study results were biased by comparing out-
comes for patients receiving inactive therapy with outcomes for
apparently much sicker patients who received active therapy.
Patients who received active antimicrobials were more acutely
ill, as indicated by the fact that clinicians responded with a
much higher rate of multidrug treatment in the group receiving
active empiric antimicrobials. The patients who received dual
active therapy had a significantly longer length of stay and a
higher inpatient mortality rate than patients who received ei-
ther single active therapy or even inactive therapy. However, it
is unlikely that overall outcome differences related to initial
antimicrobial therapy of any type would have been significant,
even if the active-therapy comparison group had been limited
to a more comparable subsample. The analysis described
above indicates that empiric therapy was at best a marginal
predictor of mortality and length of stay compared to measures
of illness severity such as sepsis, ICU care, and Charlson score.

Since previous publications have established the importance
of effective antimicrobial treatment for patients in a critical
care setting (11, 16, 17), we also evaluated the subgroup of
patients whose cultures were drawn in the ICU. The 24 pa-
tients who received inactive therapy in the ICU had an overall
mortality rate of 41.7%, while the 206 patients receiving active
therapy had a 29.6% mortality rate. While not statistically
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significant, this trend indicates the potential importance of
active therapy in this critically ill patient population.

Gram-negative-organism virulence. This study examined
GNBI in all patients admitted to the hospital, including some
who may not have been critically ill at the time of infection.
Individuals infected with certain organisms may benefit more
from timely therapy than others, as differences with regard to
pathogenicity of the infecting organism exist. P. aeruginosa
bacteremia has been shown to be associated with increased
mortality; in contrast, E. coli infection is fatal less frequently
than other gram-negative bloodstream infections (3, 15). K
pneumoniae and Enterobacter species infections are more likely
to be treated appropriately initially (15), and K. pneumoniae
infection is associated with less-frequent death (19). GNBI
resulting from lung, peritoneal, and unidentified sources are
associated with increased morbidity and mortality (2, 15). Ad-
ditionally, appropriate antimicrobial therapy has a greater ef-
fect on outcomes for high-risk sources of bacteremia (lung,
abdominal, and unidentified sources) than on outcomes for
lower-risk bacteremias (urinary tract, intravenous catheter,
and pancreatobiliary tract) (15, 20).

The source of bacteremia could not be evaluated fully in this
retrospective investigation. However, patients with ICD-9
codes associated with any urinary tract infection and codes
associated with a pulmonary source of infection were com-
pared between the study groups. The frequencies of these
diagnoses were not significantly different between the two
groups (frequencies of urinary tract infection were 19.2% ver-
sus 23.3% and frequencies of pulmonary infection were 12.8%
versus 11.9% for inactive- versus active-treatment groups, re-
spectively); therefore, the original infection source did not
likely bias the outcome of this study.

Time to active therapy. Published studies have classified
appropriate empiric treatment as therapy initiated within 24 h
of (8-9, 15, 29), 48 h of (19), 72 h of (22), or prior to (11, 16,
31) culture result, while others have not factored a time com-
ponent into appropriateness (18, 20). Our findings corroborate
the previous work of Bryan et al. in which choice of antimi-
crobial on the initial day of infection was not related to out-
come but subsequent selection of antimicrobial therapy was a
more important predictor (3). Moreover, in that study patients
who received no therapy within 24 h of culture but later re-
ceived correct active therapy had lower overall mortality than
patients who received correct initial therapy on the first day.
Other investigators have also shown that mortality increases
proportionally to the amount of time until active therapy is
administered (13, 19).

Of the 125 patients who received inactive antimicrobial ther-
apy, only 45 (36%) were not changed to active therapy within
2 days. The fact that so few patients in this study had prolonged
exposure to inactive therapy may have blunted the potential
effect on patient outcomes. However, despite small numbers,
we did observe that the death rate among patients receiving
inactive therapy increased with prolonged exposure. As Fig. 2
suggests, certain patients may indeed have experienced harm
from inactive therapy, despite the lack of mean differences
between groups.

Limitations. Since this was a retrospective review of elec-
tronic data, no review of actual medical records pertaining to
the patient’s clinical status was performed. We were not able to
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determine the source of the GNBI, the severity of infection at
the time of culture, or whether the cause of death was related
specifically to the GNBI. The observational nature of the study
design inevitably creates bias in that all of the potential con-
founding factors associated with patient outcomes could not be
evaluated; therefore, it is difficult to completely verify that both
active- and inactive-therapy groups were similar. Our observa-
tion can document only the overall harm, all-cause mortality,
and total length of stay associated with patients receiving in-
active therapy; it cannot address infection-related deaths and
outcomes. The comparison presented here indicates that harm
was marginal for the GNBI hospital population as a whole, but
it was not powered to address specific subgroups that may still
benefit from timely and appropriate antimicrobial selection.

Antimicrobial agents were considered active or inactive
based on available national guidelines (26); yet, these guide-
lines are constantly evolving and the clinical efficacy of the
antimicrobial may not be determined so easily. This may con-
found the definition of active therapy and its impact on patient
outcomes. Individual drug selection or combination of drug
therapy was not evaluated as an independent risk factor for
patients receiving active treatment. Finally, pharmacy records
of dispensed medications were used for this analysis. While
returned doses were also analyzed, it is not possible to ensure
that the dispensed antimicrobials were administered to the
patient within the specified time frame, as delays and missed
doses were not recorded in this database.

Finally, we cannot be certain that the groups were truly
identical considering severity of illness and all comorbid con-
ditions. While a well-established measure of comorbidity failed
to note a difference between the groups, it must be acknowl-
edged that the Charlson score was not established to predict
acute morbidity and mortality (6). Therefore, other surrogate
measures, such as diagnosis of sepsis, ICU admission, and
diagnoses of comorbid conditions that would predispose pa-
tients for immunosuppression, were used in this study to ac-
count for the current acuity of illness for these patients.

Conclusion. This evaluation of all patients with GNBI
showed that inactive empiric therapy had no significant overall
impact on postculture length of stay or inpatient mortality.
However, some patient populations, such as those in the ICU,
may indeed be affected adversely by inactive empiric therapy.
Prompt change to active antimicrobials based on susceptibility
results was common in this study population and is likely key to
preventing excess morbidity and mortality. Institutions should
be encouraged to develop interventions and educational pro-
grams to increase prescriber knowledge about the importance
of appropriate empiric antimicrobial choices for populations of
patients most vulnerable to the effects of inactive therapy.
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