
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Mar. 2009, p. 1074–1079 Vol. 53, No. 3
0066-4804/09/$08.00�0 doi:10.1128/AAC.00580-08
Copyright © 2009, American Society for Microbiology. All Rights Reserved.

Effect of Differences in MIC Values on Clinical Outcomes in Patients
with Bloodstream Infections Caused by Gram-Negative Organisms

Treated with Levofloxacin�

Robyn DeFife,1 Marc H. Scheetz,1,2* Joe M. Feinglass,3 Michael J. Postelnick,1 and Kimberly K. Scarsi4

Department of Pharmacy, Northwestern Memorial Hospital, Chicago, Illinois1; Department of Pharmacy Practice, Chicago College of
Pharmacy, Midwestern University, Downers Grove, Illinois2; Division of Internal Medicine, Feinberg School of Medicine,

Northwestern University, Chicago, Illinois3; and Division of Infectious Diseases, Feinberg School of Medicine,
Northwestern University, Chicago, Illinois4

Received 2 May 2008/Returned for modification 30 August 2008/Accepted 8 December 2008

Emerging evidence suggests that current fluoroquinolone dosing strategies may be inadequate to treat
bloodstream infections caused by organisms classified as sensitive. This study sought to determine if differ-
ences in MICs for levofloxacin-susceptible gram-negative organisms correlate with differences in patient
outcomes. A retrospective cohort study evaluated patients treated with levofloxacin for bloodstream infections
caused by susceptible gram-negative organisms. Patients infected with gram-negative organisms for which
MICs indicated susceptibility were categorized into three groups: those with organisms for which MICs were
low (<0.25 mg/liter), intermediate (0.5 mg/liter), and high (1 or 2 mg/liter). Patients were evaluated for
baseline similarity, all-cause mortality, and measurements of morbidity. A total of 404 patients with blood-
stream infections caused by gram-negative organisms were identified. Of these patients, 312 were treated with
levofloxacin and included in the analysis. No significant difference in all-cause mortality among the three
groups was observed. The high-MIC group had a significantly longer average hospital stay postculture than the
low- and intermediate-MIC groups (16.4 days versus 7.3 and 7.9 days; P < 0.01) and a significantly longer
duration of infection (2.1 days versus 1.0 and 1.2 days; P < 0.001). Multivariate analysis adjusting for
covariates revealed that a high MIC was associated with an increase of 5.67 days (95% confidence interval, 0.77
to 10.62 days; P � 0.02) in the mean length of stay postculture compared to the mean length of stay for the
low-MIC group. Patients treated with levofloxacin for bloodstream infections caused by gram-negative organ-
isms for which MICs were elevated, yet still in the susceptible category, had worse outcomes than similar
patients infected with organisms for which MICs were lower. In vitro susceptibility classifications of fluoro-
quinolones for the treatment of bloodstream infections caused by gram-negative organisms require further
study.

The pharmacokinetic (PK) and pharmacodynamic (PD)
profiles of fluoroquinolones have been well-described, and sus-
ceptibility classifications are the main determinant of their use
in clinical practice. Expert guidelines contain susceptibility
breakpoints to aid clinicians with the interpretation of in vitro
data. These breakpoints are based on the MIC distribution for
a large number of microorganisms, the observed clinical re-
sponse in patients treated with usual doses, and the PK-PD
properties of the drug (8, 16, 16a, 22, 24, 25). The breakpoints
are often used, in conjunction with susceptibility results, to
predict clinical outcome. However, emerging data highlight the
lack of association between in vitro susceptibility breakpoints
and outcomes (3, 30).

Fluoroquinolones are considered to be concentration de-
pendent, with both the area under the concentration-time
curve from 0 to 24 h (AUC0-24) divided by the MIC (the
AUC0-24/MIC ratio) and the maximum serum drug concentra-
tion (Cmax) divided by the MIC (the Cmax/MIC ratio) as pre-
dictors of clinical outcome (13, 24). Numerous studies have

attempted to discern the parameter best associated with clin-
ical outcome. Studies favoring the Cmax/MIC ratio have shown
that maximum serum fluoroquinolone concentrations reaching
8 to 12 times the MIC are associated with favorable outcomes
(4, 13, 26). However, evidence for the AUC0-24/MIC ratio is
convincing if the colinearity of the Cmax/MIC and AUC0-24/
MIC ratios is removed (27). Evaluations have shown previously
that AUC0-24/MIC ratios greater than 125 are associated with
optimal outcomes for infections with gram-negative organisms
(13, 17, 23).

The aforementioned studies were completed largely in vivo
and did not account for protein binding (with the exception of
one trial [4]). One can anticipate that slightly lower concen-
trations are needed when free drug is considered. As pre-
dicted, lower AUC0-24/MIC ratios are required when only
free-drug values are used in calculations, and extrapolating
free-drug concentrations from the data in the aforementioned
clinical studies results in an optimal free-drug AUC0-24/MIC
ratio between 61 and 105 (2, 5, 14).

As currently defined by the Clinical and Laboratory Standards
Institute (CLSI) and the European Committee on Antimicrobial
Susceptibility Testing, the MIC breakpoint of levofloxacin for
aerobic and facultative gram-negative organisms is 2 mg/liter (8,
16a; Levaquin package insert [http://www.levaquin.com]). The
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achievable AUC0-24 for levofloxacin is 54.6 mg � h/liter for mul-
tiple 500-mg doses taken every 24 h (Levaquin package insert
[http://levaquin.com/levaquin/shared/pi/levaquin.pdf]). After
accounting for protein binding of 30%, one can assume a mean
AUC0-24 of 38.2 mg � h/liter. Simple division shows that a MIC
of less than 0.5 mg/liter is necessary to achieve a free-drug
AUC0-24/MIC ratio of at least 75 mg � hr/liter, which is a con-
servative target supported by efficacy data. Hence, it has been
suggested previously that the PD breakpoint for levofloxacin
should be 0.25 mg/liter (24). Because achievable AUC0-24 val-
ues for levofloxacin are predicted to be suboptimal for MICs of
�0.5 mg/liter, we reviewed MICs for our gram-negative patho-
gens in infections treated with levofloxacin. A pilot study at
Northwestern Memorial Hospital, Chicago, IL, identified ele-
vated fluoroquinolone MICs for Escherichia coli and Klebsiella
pneumoniae (29). We hypothesized that among patients
treated with a fluoroquinolone, those with bloodstream infec-
tions caused by gram-negative organisms for which levofloxa-
cin MICs were elevated, yet still in the susceptible category,
would fare worse than those infected with organisms for which
levofloxacin MICs were lower.

(This work was presented at the 46th Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy, San Fran-
cisco, CA, 27 to 30 September 2006 [10].)

MATERIALS AND METHODS

A retrospective cohort analysis was carried out using an existing case mix
database (28) from a previous study completed at Northwestern Memorial Hos-
pital, an 897-bed academic medical center. All blood cultures isolating gram-
negative organisms (Enterobacteriaceae and non-Enterobacteriaceae, including
Pseudomonas spp.) between 1 January 2001 and 30 November 2003 were con-
sidered for inclusion. The study was reviewed and approved by the Northwestern
University institutional review board.

Microbiology and antibiotic therapy. All clinical isolates were identified to the
species level using the Vitek 2 system (bioMerieux, St. Louis, MO). When Vitek
2 was unable to identify the species, identification was performed based on
manual biochemical reactions. In vitro susceptibilities for levofloxacin were re-
quired to be quantified as MICs (�0.25, 0.5, 1, or �2 mg/liter). MICs of all
antibiotics were obtained by the Vitek 2 or Etest (AB Biodisk, Solna, Sweden)
methodology and were interpreted according to the 2007 CLSI antimicrobial
susceptibility testing requirements (8). Treatment was defined as described pre-
viously (28). Briefly, antibiotics were considered active for patient courses if they
were received on the day of the culture or within 24 h of the initial culture, and
the infecting organism was considered susceptible by CLSI criteria as described
above. Pharmacy dispensing records for all antibiotics active against gram-neg-
ative bacilli were matched to the in vitro susceptibility results for all study
patients. Patients who received any antimicrobial active against the organism, in
combination with levofloxacin, were documented as having other active antimi-
crobials.

All cultures were considered clinically significant, as the isolation of a gram-
negative organism from the blood is rarely consistent with contamination. Pa-
tients with blood cultures positive for two or more different organisms recovered
during the same hospitalization were excluded from the analysis. In addition,
patients were excluded if susceptibility results were not obtained.

Study group assignment based on PK-PD parameters. Patients were catego-
rized into three groups: the low-MIC group, the intermediate-MIC group, and
the high-MIC group. The low-MIC group consisted of patients treated with
levofloxacin with an MIC less than or equal to 0.25 mg/liter. The intermediate-
MIC group consisted of patients treated with levofloxacin with an MIC equal to
0.5 mg/liter. The high-MIC group consisted of patients treated with levofloxacin
with an MIC equal to 1 or 2 mg/liter. Therefore, all patients included in this
evaluation had organisms for which the MIC indicated susceptibility by current
CLSI guidelines (8).

Outcome measures. The three groups were assessed for baseline demographic
characteristics, including age, sex, and the infecting organism (E. coli, K. pneu-
moniae, Pseudomonas aeruginosa, or other). The Deyo modification of the Charl-
son comorbidity score was used as a marker for the severity of illness (6, 11).

Patients were stratified based on three categories of Charlson scores: 0, 1 to 2,
and �3. Admission to an intensive care unit (ICU) within 24 h of the blood
culture showing gram-negative organisms, admission to a surgical service with
sepsis as a diagnosis code, and nosocomial infection, defined by a positive-culture
date more than 2 days after the hospital admission date, were noted as additional
measures of infection severity (28). Data on the preculture length of stay, the
preculture length of fluoroquinolone treatment, and the prescription of active
antimicrobials in addition to levofloxacin were also collected to further describe
the groups.

Patient outcomes were evaluated in comparisons of the three groups. The
primary outcome in the study was all-cause inpatient mortality. Markers of
morbidity were assessed secondarily and included the duration of infection (time
to resolution as demonstrated by blood culture), the postculture length of stay,
and the length of fluoroquinolone treatment postculture. The duration of infec-
tion was measured by using available blood cultures. Serial sampling of blood
cultures in cases of bloodstream infection caused by gram-negative organisms is
generally the standard of care at our hospital. Patients who died in the hospital
were excluded from the analyses of the length of stay postculture, the length of
levofloxacin therapy postculture, and the duration of infection.

Statistical analysis. Statistical analysis was performed with SPSS version 16.0
(SPSS, Inc., Chicago, IL). The association of inpatient mortality with the MIC
classification (high, intermediate, or low) was tested using the �2 test. �2 tests
were also used to test the association of categorical independent variables (sex,
organism type, nosocomial versus community-acquired infection, Charlson score
level, ICU admission, surgical admission, the presence of sepsis, and treatment
with another active microbial) and the MIC classification. The association be-
tween patient age and the MIC category was tested by analysis of variance, and
the associations of the MIC category and other nonnormally distributed contin-
uous independent variables (the preculture length of stay, preculture length of
levofloxacin treatment, and duration of infection) were analyzed using the non-
parametric Kruskal-Wallis test. When three-group comparisons revealed statis-
tical differences, between-group comparisons of the high-MIC group and all
others were performed by the Mann-Whitney U test for the nonparametric
comparison of two groups. Noncontinuous measures were evaluated with �2 tests
dichotomously separating the high-MIC group from the combined intermediate-
and low-MIC group.

In addition to univariate analyses, multiple linear regression (analysis of co-
variance) was used to test the simultaneous significance of associations between
MIC groups and the postculture length of stay, controlling for all the covariates
listed above with the exception of the preculture length of levofloxacin treatment,
which was very highly correlated with the preculture length of stay. The duration
of infection was also evaluated as a dependent variable; however, the results are
not detailed, as this analysis did not produce an improved regression model as
evaluated by using R2.

RESULTS

A total of 404 patients treated with fluoroquinolones for
bloodstream infections caused by gram-negative organisms
were identified (Fig. 1). Of these patients, 312 were treated
with levofloxacin and included in the analysis. Patients ex-

FIG. 1. Patient groups.
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cluded from the analysis were 77 patients who had a blood-
stream infection that was resistant to fluoroquinolone antibi-
otics and 15 patients who were treated with a fluoroquinolone
other than levofloxacin. Of the 312 patients treated with levo-
floxacin, 64 were in the low-MIC group, 227 were in the inter-
mediate-MIC group, and 21 were in the high-MIC group. De-
mographic data for all patients are presented in Table 1. There
were no significant differences in age, sex, or Charlson score
among the three groups. The organisms identified as causative
pathogens included E. coli (53%), Klebsiella spp. (28%), and
Pseudomonas spp. (5%). Other organisms accounted for the
remaining 14% and included most commonly Enterobacter clo-
acae, Proteus mirabilis, Serratia marcescens, and Acinetobacter
baumannii. The three groups differed in the percentage of
infections due to E. coli (50 versus 57.3 versus 9.5% for the
low-, intermediate-, and high-MIC groups; P � 0.001) and
Pseudomonas spp. (0% versus 3.5 and 38.1%; P � 0.001). The
groups also differed in the preculture in length of stay (2.7

versus 2.0 versus 11.7 days; P � 0.001) and the length of
levofloxacin treatment preculture (0.2 versus 0.5 versus 8.8
days; P � 0.001). There were a total of 55 patients with a
nosocomial bloodstream infection, and the percentages of
these patients among the three groups were significantly
different (38.1 versus 15.6 and 17%; P � 0.04). These co-
variates were all assessed as potential confounders. There
was no difference among the three groups in ICU or surgical
admissions at the time of initial therapy, in the number of
patients receiving active antimicrobial agents in addition to
levofloxacin, or in the number of patients with a diagnosis
code of sepsis.

Mortality and morbidity data. Bivariate mortality and mor-
bidity data are presented in Table 2. While there was no sig-
nificant difference in mortality among the three groups, other
outcome variables showed differences among the MIC catego-
ries. Specifically, the postculture lengths of stay (7.3 versus 7.9
and 16.4 days; P � 0.001), the lengths of levofloxacin treatment
postculture (4.8 versus 6.2 and 13.3 days; P � 0.001), and the
durations of infection (1.0 versus 1.2 and 2.1 days; P � 0.001)
differed among the groups. When the high-MIC category was
compared to the low and intermediate categories combined,
the average length of stay postculture (P � 0.01), the length of
levofloxacin treatment postculture (P � 0.02), and the duration
of infection (P � 0.001) were significantly longer for the high-
MIC group.

Multivariate analysis. Logistic regression indicated no sig-
nificant difference among groups for the likelihood of inpatient
death (results not shown). Multiple linear regression analysis
controlling for the infecting organism and the severity of illness
(Table 3) revealed that a high MIC was associated with an
increase of 5.67 days (P � 0.02) in the postculture length of

TABLE 1. Characteristics of patients with bloodstream infections
caused by gram-negative organisms in low-, intermediate-, and

high-MIC groups

Characteristica

Value for patients (n � 312) grouped
according to:

P valuee

Low MICb

(n � 64)

Intermediate
MICc

(n � 227)

High MICd

(n � 21)

Male sex 29 (45.3) 105 (46.3) 13 (61.9) 0.37
Age (yr)f 58.6 (19.2) 61.1 (18.0) 60.2 (16.7) 0.62g

Infecting organism
P. aeruginosa 0 (0) 8 (3.5) 8 (38.1)h �0.001
E. coli 32 (50) 130 (57.3) 2 (9.5)h �0.001
K. pneumoniae 19 (29.7) 61 (26.9) 8 (38.1) 0.53
Other 13 (20.3) 28 (12.3) 3 (14.3) 0.27

Nosocomial infection 10 (15.6) 37 (16.3) 8 (38.1)h 0.04

Charlson score 0.96
0 29 (45.8) 104 (45.8) 9 (42.9)
1–2 28 (43.8) 91 (40.1) 9 (42.9)
�3 7 (10.9) 32 (14.1) 3 (14.3)

ICU admission 16 (25) 58 (25.6) 8 (38.1) 0.44
Surgical admission 42 (65.6) 136 (59.9) 13 (61.9) 0.71
Sepsis diagnosis code 14 (21.9) 67 (29.5) 6 (27.9) 0.48
Treatment with

another active
antimicrobial

26 (40.6) 98 (43.2) 11 (52) 0.64

Preculture length of
stay (days)f

2.7 (6.9) 2.0 (6.0) 11.7 (25.1)h 0.01i

Preculture length of
levofloxacin
treatment
(days)f

0.2 (0.9) 0.5 (4.7) 8.8 (23.8)j 0.08i

a All data are presented as the number (percentage) of patients unless other-
wise indicated.

b A low MIC was defined as a levofloxacin MIC of �0.25 mg/liter.
c An intermediate MIC was defined as a levofloxacin MIC of 0.5 mg/liter.
d A high MIC was defined as a levofloxacin MIC of 1 or 2 mg/liter.
e Determined by a �2 test unless otherwise indicated.
f Data are presented as the mean (standard deviation).
g Determined by analysis of variance.
h Results of Mann-Whitney U nonparametric test for two groups, the high-

MIC group versus all others: group with infections caused by P. aeruginosa, P �
0.001; group with infections caused by E. coli, P � 0.001; and group with
nosocomial infections, P � 0.011.

i Determined by a Kruskal-Wallis nonparametric test for three groups.
j Results of Mann-Whitney U nonparametric test for two groups, the high-

MIC group versus all others: P � 0.007.

TABLE 2. Comparisons of lengths of stay and treatment outcomes
for surviving patients with bloodstream infections caused by gram-
negative organisms in the low-, intermediate-, and high-MIC groups

Outcomea

Value for patients (n � 275)f grouped
according to:

P
valuee

Low MICb

(n � 56)

Intermediate
MICc

(n � 201)

High MICd

(n � 18)

Mortalityf 8 (12.5%) 26 (11.5%) 3 (14.3%) 0.91g

Length of stay
postculture (days)

7.3 (6.8) 7.9 (8.8) 16.4 (20.6)h 0.02

Length of levofloxacin
treatment
postculture (days)

4.8 (4.7) 6.2 (6.2) 13.3 (17.4)i 0.01

Duration of infection
(days)

1.0 (0.1) 1.2 (0.8) 2.1 (1.9)j �0.001

a All data are presented as the mean (standard deviation) unless otherwise
indicated.

b A low MIC was defined as a levofloxacin MIC of �0.25 mg/liter.
c An intermediate MIC was defined as a levofloxacin MIC of 0.5 mg/liter.
d A high MIC was defined as a levofloxacin MIC of 1 or 2 mg/liter.
e Determined by the Kruskal-Wallis test unless otherwise indicated.
f The total number of patients including those who died was 312; patients who

died were not considered in analyses of outcomes other than mortality.
g Determined by a �2 test.
h Results of Mann-Whitney U nonparametric test for two groups, the high-MIC

group versus all others: P � 0.006.
i Results of Mann-Whitney U nonparametric test for two groups, the high-

MIC group versus all others: P � 0.02.
j Results of Mann-Whitney U nonparametric test for two groups, the high-

MIC group versus all others: P � 0.001.
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stay compared to the mean length of stay for the low-MIC
group. In addition, ICU care at the time of initial treatment
(associated with a 6.39-day increase; P � 0.001), the preculture
length of stay (associated with 0.27-day increase for every ad-
ditional day of preculture stay; P � 0.001), and the use of
another active antimicrobial (associated with a 2.97-day in-
crease; P � 0.007) were all independently associated with the
length of stay among survivors. Pseudomonas infection was
associated with a decrease (by 4.69 days; P � 0.004) in the
postculture length of stay among survivors.

DISCUSSION

These findings indicate that although there was no difference
found in inpatient mortality among patients infected with or-
ganisms for which fluoroquinolone MICs varied, there was a
significantly longer duration of hospitalization (by approxi-
mately 6 days) for surviving patients infected with organisms
for which MICs were high but in the sensitive range, even after
the analysis controlled for the severity of illness and the infect-
ing organism. This significant difference in morbidity supports
the belief that current MIC breakpoint values for fluoroquino-
lones used to treat bloodstream infections caused by gram-
negative organisms may be too high.

Bloodstream infections are associated with significant
mortality and morbidity and high health care costs (31). The
emergence of antimicrobial-resistant pathogens may be one of
the most common causes of inactive therapy and the driver of
more stringent MIC breakpoint determinations. A previous

publication highlighted the history of MIC breakpoint selec-
tion methods and emphasized the use of PK-PD theory in the
classification of susceptible and resistant organisms (24). Other
recent studies have challenged current susceptibility break-
points for gram-negative pathogens causing bloodstream infec-
tions. For patients with such infections treated with cefepime,
MICs of �8 �g/ml proved to be an independent predictor of
mortality compared to lower MICs within the susceptible cat-
egory (3). Likewise, Tam et al. found that reduced susceptibil-
ity to empirical piperacillin-tazobactam therapy for pseudo-
monal bacteremias was associated with increased mortality
(30).

The failure of current MIC breakpoints to predict clinical
outcomes has led to the suggestion that breakpoints should
account for interindividual PK variation. To this end, Drusano
et al. have proposed Monte Carlo simulation as a means of
determining breakpoints based on population PKs and micro-
biological susceptibilities (12, 15). Such methods for setting
breakpoints have been adopted by both the European Com-
mittee on Antimicrobial Susceptibility Testing and the CLSI
(1, 20). One study using these techniques compared the CLSI
MIC breakpoints to achievable PK profiles and showed that
fluoroquinolone breakpoints derived from PK-PD theory for
aerobic gram-negative bacteria were lower than current CLSI
susceptibility breakpoints (18). Another recent study by Kiser
and colleagues evaluated levofloxacin PKs-PDs in severe burn
injury (21). Using a Monte Carlo simulation, they showed that
for patients infected with gram-negative organisms for
which MICs were �0.5 �g/ml, the probability of achieving
an AUC0-24/MIC ratio of �87 was 100%, but for patients
infected with organisms for which MICs were 1 or 2 �g/ml,
which are classified as susceptible by CLSI standards, the
probability was 55 or 0%, respectively. Results from our
evaluation provide empirical support for these theoretical
studies and evidence that the CLSI breakpoints for fluoro-
quinolones may need to be reevaluated. While this is a
retrospective review, it is the first clinical study to our
knowledge that provides evidence of suboptimal outcomes
in patients who are treated with fluoroquinolones for blood-
stream infections caused by organisms for which MICs are
high yet within the susceptible category.

Possible explanations for treatment failure include the exis-
tence of organisms with a genetic point mutation increasing
proclivity to the ultimate result of full phenotypic fluoroquin-
olone resistance. Such scenarios would be consistent with the
treatment failures associated with first-step mutations of parC
or gyrA in Streptococcus pneumoniae and Salmonella enterica
(9, 19). Unfortunately, we were not able to evaluate the hy-
pothesis of resistance progression, as our study was retrospec-
tive and, generally, susceptibility profiles are generated only
for the first isolate from a patient from whom a series of
organisms is obtained.

The primary end point of this study was all-cause mortality,
the rates of which among the three study groups were not
significantly different. This finding is not surprising, given the
insensitivity of the end point and the large sample size needed
to detect significant factors that affect mortality. However, if
one considers only the 177 patients (57%) who received levo-
floxacin monotherapy (no other active treatment), an associa-
tion may emerge. Essentially, 38 patients remained in the low-

TABLE 3. Characteristics associated with increasing length of stay
postculture for surviving patientsa

Characteristic � value
(days)

95% Confidence
interval P value

High MICb,c 5.67 0.77 to 10.62 0.02
Intermediate MICc,d 0.73 �1.69 to 3.17 0.55
Age in years 0.02 �0.04 to 0.07 0.53
Male sex 1.04 �0.99 to 3.07 0.31

Charlson scoree

1–2 1.06 �1.02 to 3.14 0.32
�3 2.85 �0.54 to 6.24 0.10

Sepsis diagnosis code �1.67 �3.94 to 0.60 0.15
ICU admission 6.39 3.73 to 9.05 <0.001
Nosocomial infection 2.04 �1.43 to 5.52 0.25
Days of preculture stay 0.27 0.13 to 0.41 <0.001

Infecting organismf

P. aeruginosa �6.67 �12.72 to �0.63 0.03
E. coli �1.48 �4.62 to 1.66 0.35
K. pneumoniae 0.09 �3.20 to 3.39 0.96

Treatment with another
active antimicrobial

2.97 0.82 to 5.13 0.007

a Data for 275 patients were analyzed (r2 � 0.36). P values were determined by
multiple linear regression; statistically significant values are in bold.

b A high MIC was defined as a levofloxacin MIC of 1 or 2 mg/liter.
c Patients in the high- and intermediate-MIC groups were compared to those

in the low-MIC group (a low MIC was defined as a levofloxacin MIC of �0.25
mg/liter).

d An intermediate MIC was defined as a levofloxacin MIC of 0.5 mg/liter.
e Patients were compared to those with a Charlson score of 0.
f Patients were compared to those infected with other organisms.
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MIC category, 129 patients remained in the intermediate-MIC
category, and 10 patients remained in the high-MIC category.
Mortality rates were 3, 4, and 20%, respectively. The high-MIC
group had significantly more frequent death than the other two
groups (P � 0.05) (results not shown). However, with the small
numbers of patients who died, it is difficult to determine if this
finding represents a true effect.

Perhaps strengthening the argument, the postculture length
of stay was determined to be increased by 5.7 days for surviving
patients in the high-MIC group after the analysis controlled for
multiple covariates known to affect mortality and baseline dif-
ferences among the groups, including concomitant therapy
(Table 3). This increased length of stay for the high-MIC group
may indicate greater morbidity in our population due to inad-
equate antimicrobial dosing or improper agent selection. We
believe that the length of stay is a fair marker for morbidity and
probably detects subtle changes in patient outcomes that are
otherwise not readily apparent in looking solely for differences
in mortality. However, it should be noted that any classification
of the length of stay in retrospective analyses is subject to bias.
We chose to remove data for patients that ultimately died to
prevent bias in the data toward shorter lengths of stay for
patients with the direst outcome.

Because multivariate results did not differ for predictors of
mortality, only univariate results are reported for mortality
across stratifications of MICs. After our initial analysis de-
scribed in Materials and Methods, we attempted to define an
MIC (appropriately adjusted for confounders) that was asso-
ciated with increased mortality by using a binary recursive
partitioning analysis. The results of this method (not shown)
were inconclusive, as our data did not lend itself well to this
type of analysis (such as that performed by Bhat et al. [3]). Our
data set did not have as favorable a distribution of MICs as the
data in the previous work. Specifically, the MICs in our study
were limited to a range of �0.25 to 2 mg/liter whereas previous
data represented a greater numerical spread. This factor may
pose problems for future studies attempting to discern break-
points by using this methodology.

This study examined all patients hospitalized at Northwest-
ern Memorial Hospital with a bloodstream infection caused by
gram-negative organisms between 1 January 2001 and 30 No-
vember 2003. This study population included patients who may
have been less critically ill than others at the time of infection.
Differences in the pathogenicity of the infecting organisms also
exist. Compared to other bloodstream infections caused by
gram-negative pathogens, P. aeruginosa bacteremias have been
shown to be associated with increased mortality, while E. coli
bacteremias have been shown to have decreased likelihood of
fatality (28). In the present study, the high-MIC group had a
higher proportion of infections due to Pseudomonas spp.
(38.1% versus 0 and 3.5%) and a lower proportion of infec-
tions due to E. coli (9.5% versus 50 and 57.3%) than the
intermediate- and low-MIC groups. This factor may have had
an effect on the length of stay and the mortality in the study
according to univariate analysis; however, these differences
were equilibrated in the multivariate analysis, and the high
MIC remained a significant predictor of the length of stay
postculture. We are unable to explain why patients in our data
set infected with Pseudomonas spp. had a decreased length of
stay. This finding may be an artifact of the small number of

evaluable patients (n � 11) infected with Pseudomonas spp. in
the length-of-stay model. Additionally, we speculate that in-
fections with Pseudomonas spp. may have been disproportion-
ately confined to a urinary nidus. Bloodstream infections sec-
ondary to primary infections in the lung and peritoneum and
unidentified sources of infection are also associated with in-
creased morbidity and mortality (28). Since it was not possible
to determine the sources of the bloodstream infections from
the microbiological database used, it is unclear whether the
sources of infection differed between MIC stratifications.

At the time of data collection for this study, levofloxacin was
the primary fluoroquinolone used at Northwestern Memorial
Hospital. We excluded ciprofloxacin-treated patients since
they accounted for a mere 4.6% (15 of 327) of the total number
of patients receiving fluoroquinolones. Including these patients
would likely introduce excess variability with little improved
study power. The data were also collected prior to the FDA
approval of levofloxacin doses of 750 mg daily (Levaquin pack-
age insert [http://www.levaquin.com]). However, even these
doses may not be adequate for bloodstream infections caused
by gram-negative organisms for which MICs are high, given the
PK-PD relationships at high MICs. Such results can be pre-
dicted based on the subtherapeutic serum drug concentrations
obtained (7), but future clinical work will need to decipher if
the predictions are in fact true. Also, because the antibiotic
data in this study came from pharmacy dispensing records, it
was assumed that all doses dispensed were administered to the
patient and that all doses were given in a timely fashion. Pa-
tients at Northwestern Memorial Hospital receive FDA-ap-
proved doses of antibiotics with appropriate renal function
adjustments. This is ensured by prospective clinical pharmacist
participation in the care of each patient. Any deviations from
this standard procedure are likely random.

In conclusion, patients treated with a fluoroquinolone for
bloodstream infections caused by gram-negative organisms for
which MICs were elevated, yet within the susceptible category,
had a longer stay postculture than similar patients infected
with organisms for which MICs were lower. This study pro-
vides the first clinical evidence to suggest that lower MIC
breakpoints may be necessary for patients with bloodstream
infections treated with fluoroquinolones.
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