
ORIGINAL RESEARCH

Resistance to Empiric Antimicrobial Treatment Predicts Outcome
in Severe Sepsis Associated with Gram-Negative Bacteremia

Scott T. Micek, PharmD1, Emily C. Welch, PharmD1, Junaid Khan, MD2, Mubashir Pervez, MD2, Joshua A. Doherty, BA3,

Richard M. Reichley, RPh3, JoanHoppe-Bauer, BA, BS,MT4,W. Michael Dunne, PhD4, Marin H. Kollef, MD2*

1Pharmacy Department, Barnes-Jewish Hospital, St. Louis, Missouri; 2Pulmonary and Critical Care Division, Washington University School of
Medicine, St. Louis, Missouri; 3Hospital Informatics Group, BJC Healthcare, St. Louis, Missouri; 4Laboratory Medicine Department, Barnes-Jewish
Hospital, St. Louis, Missouri.

BACKGROUND: Gram-negative bacteria are an important
cause of severe sepsis. Recent studies have demonstrated
reduced susceptibility of Gram-negative bacteria to
currently available antimicrobial agents.

METHODS: We performed a retrospective cohort study of
patients with severe sepsis who were bacteremic with
Pseudomonas aeruginosa, Acinetobacter species, or
Enterobacteriaceae from 2002 to 2007. Patients were
identified by the hospital informatics database and pertinent
clinical data (demographics, baseline severity of illness,
source of bacteremia, and therapy) were retrieved from
electronic medical records. All patients were treated with
antimicrobial agents within 12 hours of having blood cultures
drawn that were subsequently positive for bacterial
pathogens. The primary outcome was hospital mortality.

RESULTS: A total of 535 patients with severe sepsis and
Gram-negative bacteremia were identified. Hospital
mortality was 43.6%, and 82 (15.3%) patients were treated
with an antimicrobial regimen to which the causative

pathogen was resistant. Patients infected with a resistant
pathogen had significantly greater risk of hospital mortality
(63.4% vs 40.0%; P < 0.001). In a multivariate analysis,

infection with a pathogen that was resistant to the empiric
antibiotic regimen, increasing APACHE II scores, infection

with Pseudomonas aeruginosa, healthcare-associated
hospital-onset infection, mechanical ventilation, and use of

vasopressors were independently associated with hospital
mortality.

CONCLUSIONS: In severe sepsis attributed to Gram-

negative bacteremia, initial treatment with an antibiotic

regimen to which the causative pathogen is resistant was

associated with increased hospital mortality. This finding

suggests that rapid determination of bacterial susceptibility

could influence treatment choices in patients with severe

sepsis potentially improving their clinical outcomes. Journal

of Hospital Medicine 2011;6:405–410. VC 2011 Society of

Hospital Medicine

Severe sepsis and septic shock are associated with
excess mortality when inappropriate initial antimicro-
bial therapy, defined as an antimicrobial regimen that
lacks in vitro activity against the isolated organism(s)
responsible for the infection, is administered.1–4

Unfortunately, bacterial resistance to antibiotics is
increasing and creates a therapeutic challenge for
clinicians when treating patients with serious infec-
tions, such as severe sepsis. Increasing rates of bacte-
rial resistance leads many clinicians to empirically
treat critically ill patients with broad-spectrum antibi-
otics, which can perpetuate the cycle of increasing re-
sistance.5,6 Conversely, inappropriate initial antimicro-
bial therapy can lead to treatment failures and adverse
patient outcomes.7 Individuals with severe sepsis

appear to be at particularly high risk of excess mortal-
ity when inappropriate initial antimicrobial therapy is
administered.8,9

The most recent Surviving Sepsis Guidelines recom-
mend empiric combination therapy targeting Gram-
negative bacteria, particularly for patients with known
or suspected Pseudomonas infections, as a means to
decrease the likelihood of administering inappropriate
initial antimicrobial therapy.10 However, the selection
of an antimicrobial regimen that is active against the
causative pathogen(s) is problematic, as the treating
physician usually does not know the susceptibilities of
the pathogen(s) for the selected empiric antibiotics.
Therefore, we performed a study with the main goal
of determining whether resistance to the initially pre-
scribed antimicrobial regimen was associated with
clinical outcome in patients with severe sepsis attrib-
uted to Gram-negative bacteremia.

MATERIALS AND METHODS
Study Location and Patients

This study was conducted at a university-affiliated,
urban teaching hospital: Barnes-Jewish Hospital (1200
beds). During a 6-year period (January 2002 to De-
cember 2007), all hospitalized patients with a positive
blood culture for Gram-negative bacteria, with
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antimicrobial susceptibility testing performed for the
blood isolate(s), were eligible for this investigation.
This study was approved by the Washington Univer-
sity School of Medicine Human Studies Committee.

Study Design and Data Collection

A retrospective cohort study design was employed.
Two investigators (J.A.D., R.M.R.) identified potential
study patients by the presence of a positive blood cul-
ture for Pseudomonas aeruginosa, Acinetobacter spe-
cies, or Enterobacteriaceae (Escherichia coli, Kleb-
siella species, Enterobacter species) combined with
primary or secondary International Classification of
Diseases (ICD-9-CM) codes indicative of acute organ
dysfunction, at least two criteria from the systemic
inflammatory response syndrome (SIRS),10 and initial
antibiotic treatment with either cefepime, piperacillin-
tazobactam, or a carbapenem (imipenem or merope-
nem). These antimicrobials represent the primary
agents employed for the treatment of Gram-negative
infections at Barnes-Jewish Hospital during the study
period, and had to be administered within 12 hours of
having the subsequently positive blood cultures
drawn. Based on the initial study database construc-
tion, 3 investigators (E.C.W., J.K., M.P.) merged
patient-specific data from the automated hospital
medical records, microbiology database, and phar-
macy database of Barnes-Jewish Hospital to complete
the clinical database under the auspices of the defini-
tions described below.
The baseline characteristics collected by the study

investigators included: age, gender, race, the presence
of congestive heart failure, chronic obstructive pulmo-
nary disease, diabetes mellitus, chronic liver disease,
underlying malignancy, and end-stage renal disease
requiring renal replacement therapy. All cause hospital
mortality was evaluated as the primary outcome vari-
able. Secondary outcomes included acquired organ
dysfunction and hospital length of stay. The Acute
Physiology and Chronic Health Evaluation (APACHE)
II11 and Charlson co-morbidity scores were also calcu-
lated during the 24 hours after the positive blood cul-
tures were drawn. This was done because we included
patients with community-acquired infections who only
had clinical data available after blood cultures were
drawn.

Definitions

All definitions were selected prospectively as part of the
original study design. Cases of Gram-negative bactere-
mia were classified into mutually exclusive groups com-
prised of either community-acquired or healthcare-asso-
ciated infection. Patients with healthcare-associated
bacteremia were categorized as community-onset or
hospital-onset, as previously described.12 In brief,
patients with healthcare-associated community-onset
bacteremia had the positive culture obtained within the
first 48 hours of hospital admission in combination

with one or more of the following risk factors: (1) resi-
dence in a nursing home, rehabilitation hospital, or
other long-term nursing facility; (2) previous hospitali-
zation within the immediately preceding 12 months; (3)
receiving outpatient hemodialysis, peritoneal dialysis,
wound care, or infusion therapy necessitating regular
visits to a hospital-based clinic; and (4) having an
immune-compromised state. Patients were classified as
having healthcare-associated hospital-onset bacteremia
when the culture was obtained 48 hours or more after
admission. Community-acquired bacteremia occurred in
patients without healthcare risk factors and a positive
blood culture within the first 48 hours of admission.
Prior antibiotic exposure was defined as having
occurred within the previous 30 days from the onset of
severe sepsis.
To be included in the analysis, patients had to meet

criteria for severe sepsis based on discharge ICD-9-
CM codes for acute organ dysfunction, as previously
described.13 The organs of interest included the heart,
lungs, kidneys, bone marrow (hematologic), brain,
and liver. Patients were classified as having septic
shock if vasopressors (norepinephrine, dopamine, epi-
nephrine, phenylephrine, or vasopressin) were initiated
within 24 hours of the blood culture collection date
and time. Empiric antimicrobial treatment was classi-
fied as being appropriate if the initially prescribed an-
tibiotic regimen was active against the identified
pathogen(s) based on in vitro susceptibility testing and
administered within 12 hours following blood culture
collection. Appropriate antimicrobial treatment also
had to be prescribed for at least 24 hours. However,
the total duration of antimicrobial therapy was at the
discretion of the treating physicians. The Charlson co-
morbidity score was calculated using ICD-9-CM codes
abstracted from the index hospitalization employing
MS-DRG Grouper version 26.

Antimicrobial Monitoring

From January 2002 through the present, Barnes-Jewish
Hospital utilized an antibiotic control program to help
guide antimicrobial therapy. During this time, the use
of cefepime and gentamicin was unrestricted. However,
initiation of intravenous ciprofloxacin, imipenem/cilasta-
tin, meropenem, or piperacillin/tazobactam was re-
stricted and required preauthorization from either a
clinical pharmacist or infectious diseases physician.
Each intensive care unit (ICU) had a clinical pharmacist
who reviewed all antibiotic orders to insure that dosing
and interval of antibiotic administration was adequate
for individual patients based on body size, renal func-
tion, and the resuscitation status of the patient. After
daytime hours, the on-call clinical pharmacist reviewed
and approved the antibiotic orders. The initial antibiotic
dosages for the antibiotics employed for the treatment
of Gram-negative infections at Barnes-Jewish Hospital
were as follows: cefepime, 1 to 2 grams every eight
hours; pipercillin-tazobactam, 4.5 grams every six
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hours; imipenem, 0.5 grams every six hours; mero-
penem, 1 gram every eight hours; ciprofloxacin, 400 mg
every eight hours; gentamicin, 5 mg/kg once daily.
Starting in June 2005, a sepsis order set was imple-

mented in the emergency department, general medical
wards, and the intensive care units with the intent of
standardizing empiric antibiotic selection for patients
with sepsis based on the infection type (ie, commu-
nity-acquired pneumonia, healthcare-associated pneu-
monia, intra-abdominal infection, etc) and the hospi-
tal’s antibiogram.14,15 However, antimicrobial
selection, dosing, and de-escalation of therapy were
still optimized by clinical pharmacists in these clinical
areas.

Antimicrobial Susceptibility Testing

The microbiology laboratory performed antimicrobial
susceptibility testing of the Gram-negative blood iso-
lates using the disk diffusion method according to
guidelines and breakpoints established by the Clinical
Laboratory and Standards Institute (CLSI) and pub-
lished during the inclusive years of the study.16,17

Zone diameters obtained by disk diffusion testing
were converted to minimum inhibitory concentrations
(MICs in mg/L) by linear regression analysis for each
antimicrobial agent using the BIOMICVR V3 anti-
microbial susceptibility system (Giles Scientific, Inc.,
Santa Barbara, CA). Linear regression algorithms con-
tained in the software of this system were determined
by comparative studies correlating microbroth dilu-
tion-determined MIC values with zone sizes obtained
by disk diffusion testing.18

Data Analysis

Continuous variables were reported as mean 6 the
standard deviation, or median and quartiles. The Stu-
dent’s t test was used when comparing normally dis-
tributed data, and the Mann–Whitney U test was
employed to analyze nonnormally distributed data.
Categorical data were expressed as frequency distribu-
tions and the Chi-squared test was used to determine
if differences existed between groups. We performed
multiple logistic regression analysis to identify clinical
risk factors that were associated with hospital mortal-
ity (SPSS, Inc., Chicago, IL). All risk factors from Table 1,
as well as the individual pathogens examined, were
included in the corresponding multivariable analysis with
the exception of acquired organ dysfunction (considered a
secondary outcome). All tests were two-tailed, and a P
value <0.05 was determined to represent statistical
significance.

RESULTS
Patient Characteristics

Included in the study were 535 consecutive patients with
severe sepsis attributed to Pseudomonas aeruginosa, Aci-
netobacter species, or Enterobacteriaceae bacteremia, of
whom 233 (43.6%) died during their hospitalization.

The mean age was 58.9 6 16.0 years (range, 18 to 96
years) with 288 (53.8%) males and 247 (46.2%) females.
The infection sources included community-acquired (n ¼
46, 8.6%), healthcare-associated community-onset (n ¼
187, 35.0%), and healthcare-associated hospital-onset (n
¼ 302, 56.4%). Hospital nonsurvivors were statistically
more likely to have a healthcare-associated hospital-onset
infection, congestive heart failure, chronic obstructive
pulmonary disease, chronic kidney disease, ICU admis-
sion, need for mechanical ventilation and/or vasopres-
sors, administration of drotrecogin alfa (activated), prior
antibiotic administration, the lungs as the source of infec-
tion, acquired dysfunction of the cardiovascular, respira-
tory, renal, hepatic, and neurologic organ systems, and
greater APACHE II and Charlson co-morbidity scores
compared to hospital survivors (Table 1). Hospital non-
survivors were also statistically less likely to have a
healthcare-associated community-onset infection and a
urinary source of infection compared to hospital survi-
vors (Table 1).

TABLE 1. Baseline Characteristics

Variable

Hospital

Survivors

(n ¼ 302)

Hospital

Nonsurvivors

(n ¼ 233) P value

Age, years 57.9 6 16.2 60.3 6 15.8 0.091
Male 156 (51.7) 132 (56.7) 0.250
Infection onset source
Community-acquired 31 (10.3) 15 (6.4) 0.005
Healthcare-associated community-onset 119 (39.4) 68 (29.2)
Healthcare-associated hospital-onset 152 (50.3) 150 (64.4)

Underlying co-morbidities
CHF 43 (14.2) 53 (22.7) 0.011
COPD 42 (13.9) 56 (24.0) 0.003
Chronic kidney disease 31 (10.3) 41 (17.6) 0.014
Liver disease 34 (11.3) 31 (13.3) 0.473
Active malignancy 100 (33.1) 83 (35.6) 0.544
Diabetes 68 (22.5) 50 (21.5) 0.770

Charlson co-morbidity score 4.5 6 3.5 5.2 6 3.9 0.041
APACHE II score 21.8 6 6.1 27.1 6 6.2 <0.001
ICU admission 221 (73.2) 216 (92.7) <0.001
Vasopressors 137 (45.4) 197 (84.5) <0.001
Mechanical ventilation 124 (41.1) 183 (78.5) <0.001
Drotrecogin alfa (activated) 6 (2.0) 21 (9.0) <0.001
Dysfunctional acquired organ systems
Cardiovascular 149 (49.3) 204 (87.6) <0.001
Respiratory 141 (46.7) 202 (86.7) <0.001
Renal 145 (48.0) 136 (58.4) 0.017
Hepatic 13 (4.3) 27 (11.6) 0.001
Hematologic 103 (34.1) 63 (27.0) 0.080
Neurologic 11 (3.6) 19 (8.2) 0.024
�2 Dysfunctional acquired organ systems 164 (54.3) 213 (91.4) <0.001

Source of bloodstream infection
Lungs 95 (31.5) 127 (54.5) <0.001
Urinary tract 92 (30.5) 45 (19.3)
Central venous catheter 30 (9.9) 16 (6.9)
Intra-abdominal 63 (20.9) 33 (14.2)
Unknown 22 (7.3) 12 (5.2)

Prior antibiotics* 103 (34.1) 110 (47.2) 0.002

NOTE: Values indicate N (%) and mean6 SD.
Abbreviations: APACHE, Acute Physiologic and Chronic Health Evaluation; CHF, congestive heart failure;
COPD, chronic obstructive pulmonary disease; ICU, intensive care unit. * In the preceding 30 days.
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Microbiology

Among the 547 Gram-negative bacteria isolated from
blood, the most common were Enterobacteriaceae
(Escherichia coli, Klebsiella species, Enterobacter spe-
cies) (70.2%) followed by Pseudomonas aeruginosa
(20.8%) and Acinetobacter species (9.0%) (Table 2).
Nine patients had two different Enterobacteriaceae spe-
cies isolated from their blood cultures, and three
patients had an Enterobacteriaceae species and
Pseudomonas aeruginosa isolated from their blood
cultures. Hospital nonsurvivors were statistically more
likely to be infected with Pseudomonas aeruginosa and
less likely to be infected with Enterobacteriaceae. The
pathogen-specific hospital mortality rate was signifi-
cantly greater for Pseudomonas aeruginosa and Acine-
tobacter species compared to Enterobacteriaceae (P <
0.001 and P ¼ 0.008, respectively).

Antimicrobial Treatment and Resistance

Among the study patients, 358 (66.9%) received cefe-
pime, 102 (19.1%) received piperacillin-tazobactam,
and 75 (14.0%) received a carbapenem (meropenem
or imipenem) as their initial antibiotic treatment.
There were 169 (31.6%) patients who received initial
combination therapy with either an aminoglycoside (n
¼ 99, 58.6%) or ciprofloxacin (n ¼ 70, 41.4%).
Eighty-two (15.3%) patients were infected with a
pathogen that was resistant to the initial antibiotic
treatment regimen [cefepime (n ¼ 41; 50.0%), pipera-
cillin-tazobactam (n ¼ 25; 30.5%), or imipenem/mer-
openem (n ¼ 16; 19.5%), plus either an aminoglyco-
side or ciprofloxacin (n ¼ 28; 34.1%)], and were
classified as receiving inappropriate initial antibiotic
therapy. Among the 453 (84.7%) patients infected
with a pathogen that was susceptible to the initial an-
tibiotic regimen, there was no relationship identified
between minimum inhibitory concentration values and
hospital mortality.
Patients infected with a pathogen resistant to the ini-

tial antibiotic regimen had significantly greater risk of hos-
pital mortality (63.4% vs 40.0%; P < 0.001) (Figure 1).
For the 82 individuals infected with a pathogen that was
resistant to the initial antibiotic regimen, no difference in
hospital mortality was observed among those prescribed
initial combination treatment with an aminoglycoside

(n ¼ 17) (64.7% vs 61.1%; P ¼ 0.790) or ciprofloxacin
(n ¼ 11) (72.7% vs 61.1%; P ¼ 0.733) compared to
monotherapy (n ¼ 54). Similarly, among the patients
infected with a pathogen that was susceptible to the initial
antibiotic regimen, there was no difference in hospital
mortality among those whose bloodstream isolate was
only susceptible to the prescribed aminoglycoside (n¼ 12)
compared to patients with isolates that were susceptible to
the prescribed beta-lactam antibiotic (n ¼ 441) (41.7% vs
39.9%; P¼ 0.902).
Logistic regression analysis identified infection with

a pathogen resistant to the initial antibiotic regimen
[adjusted odds ratio (AOR), 2.28; 95% confidence
interval (CI), 1.69-3.08; P ¼ 0.006], increasing
APACHE II scores (1-point increments) (AOR, 1.13;
95% CI, 1.10-1.15; P < 0.001), the need for vaso-
pressors (AOR, 2.57; 95% CI, 2.15-3.53; P < 0.001),
the need for mechanical ventilation (AOR, 2.54; 95%
CI, 2.19-3.47; P < 0.001), healthcare-associated hos-
pital-onset infection (AOR, 1.67; 95% CI, 1.32-2.10;
P ¼0.027), and infection with Pseudomonas aerugi-
nosa (AOR, 2.21; 95% CI, 1.74-2.86; P ¼0.002) as
independent risk factors for hospital mortality
(Hosmer-Lemeshow goodness-of-fit test ¼ 0.305). The
model explained between 29.7% (Cox and Snell R
square) and 39.8% (Nagelkerke R squared) of the
variance in hospital mortality, and correctly classified
75.3% of cases.

Secondary Outcomes

Two or more acquired organ system derangements
occurred significantly more often among patients with
a pathogen resistant to the initial antibiotic regimen
compared to those infected with susceptible isolates
(84.1% vs 68.0%; P ¼ 0.003). Hospital length of stay
was significantly longer for patients infected with a
pathogen resistant to the initial antibiotic regimen
compared to those infected with susceptible isolates
[39.9 6 50.6 days (median 27 days; quartiles 12 days

TABLE 2. Microbiology

Bacteria

Hospital

Survivors

(n ¼ 302)

Hospital

Nonsurvivors

(n ¼ 233) P value*

Percent

Resistant†

Pathogen-

Specific

Mortality

Rate

Enterobacteriaceae 241 (79.8) 143 (61.4) <0.001 9.1 37.2
Pseudomonas aeruginosa 47 (15.6) 67 (28.8) <0.001 16.7 58.8
Acinetobacter species 22 (7.3) 27 (11.6) 0.087 71.4 55.1

NOTE: Values indicate N (%). * For the comparison of hospital survivors to nonsurvivors.†To the initially pre-
scribed antibiotic regimen.

FIG. 1. Hospital mortality according to whether the isolated Gram-negative

bacterial isolate was susceptible or resistant to the initially prescribed

antibiotic regimen.
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and 45.5 days) vs 21.6 6 22.0 days (median 15 days;
quartiles 7 days and 30 days); P < 0.001].

DISCUSSION
Our study demonstrated that hospital nonsurvivors
with severe sepsis attributed to Gram-negative bacter-
emia had significantly greater rates of resistance to
their initially prescribed antibiotic regimen compared
to hospital survivors. This observation was confirmed
in a multivariate analysis controlling for severity of ill-
ness and other potential confounding variables. Addi-
tionally, acquired organ system derangements and
hospital length of stay were greater for patients
infected with Gram-negative pathogens resistant to
the empiric antibiotic regimen. We also observed no
survival advantage with the use of combination anti-
microbial therapy for the subgroup of patients whose
pathogens were resistant to the initially prescribed an-
tibiotic regimen. Lastly, no difference in mortality was
observed for patients with bacterial isolates that were
susceptible only to the prescribed aminoglycoside
compared to those with isolates susceptible to the pre-
scribed beta-lactam antibiotic.
Several previous investigators have linked antibiotic

resistance and outcome in patients with serious infec-
tions attributed to Gram-negative bacteria. Tam et al.
examined 34 patients with Pseudomonas aeruginosa
bacteremia having elevated MICs to piperacillin-tazo-
bactam (�32 lg/mL) that were reported as suscepti-
ble.19 In seven of these cases, piperacillin-tazobactam
was prescribed empirically, whereas other agents
directed against Gram-negative bacteria were
employed in the other patients (carbapenems, amino-
glycosides). Thirty-day mortality was significantly
greater for the patients treated with piperacillin-tazo-
bactam (85.7% vs 22.2%; P ¼ 0.004), and a multi-
variate analysis found treatment with piperacillin-
tazobactam to be independently associated with 30-
day mortality. Similarly, Bhat et al. examined 204 epi-
sodes of bacteremia caused by Gram-negative bacteria
for which patients received cefepime.20 Patients
infected with a Gram-negative bacteria having an
MIC to cefepime greater than, or equal to, 8 lg/mL
had a significantly greater 28-day mortality compared
to patients infected with isolates having an MIC to
cefepime that was less than 8 lg/mL (54.8% vs
24.1%; P ¼ 0.001).
Our findings are consistent with earlier studies of

patients with serious Gram-negative infections including
bacteremia and nosocomial pneumonia. Micek et al.
showed that patients with Pseudomonas aeruginosa
bacteremia who received inappropriate initial antimicro-
bial therapy had a greater risk of hospital mortality
compared to patients initially treated with an antimicro-
bial regimen having activity for the Pseudomonas iso-
late based on in vitro susceptibility testing.21 Similarly,
Trouillet et al.,22 Beardsley et al.,23 and Heyland

et al.24 found that combination antimicrobial regimens
directed against Gram-negative bacteria in patients with
nosocomial pneumonia were more likely to be appropri-
ate based on the antimicrobial susceptibility patterns of
the organisms compared to monotherapy. In a more
recent study, Micek et al. demonstrated that combina-
tion antimicrobial therapy directed against severe sepsis
attributed to Gram-negative bacteria was associated
with improved outcomes compared to monotherapy,
especially when the combination agent was an amino-
glycoside.25 However, empiric combination therapy that
included an aminoglycoside was also associated with
increased nephrotoxicity which makes the empiric use
of aminoglycosides in all patients with suspected Gram-
negative severe sepsis problematic.25,26 Nevertheless, the
use of combination therapy represents a potential strat-
egy to maximize the administration of appropriate
treatment for serious Gram-negative bacterial infections.
Rapid assessment of antimicrobial susceptibility is

another strategy that offers the possibility of identify-
ing the resistance pattern of Gram-negative pathogens
quickly in order to provide more appropriate treat-
ment. Bouza et al. found that use of a rapid E-test on
the respiratory specimens of patients with ventilator-
associated pneumonia was associated with fewer days
of fever, fewer days of antibiotic administration until
resolution of the episode of ventilator-associated
pneumonia, decreased antibiotic consumption, less
Clostridium difficile-associated diarrhea, lower costs
of antimicrobial agents, and fewer days receiving me-
chanical ventilation.27 Other methods for the rapid
identification of resistant bacteria include real-time
polymerase chain reaction assays based on hybridiza-
tion probes to identify specific resistance mechanisms
in bacteria.28 Application of such methods for identi-
fication of broad categories of resistance mechanisms
in Gram-negative bacteria offer the possibility of tai-
loring initial antimicrobial regimens in order to pro-
vide appropriate therapy in a more timely manner.
Our study has several important limitations that

should be noted. First, the study was performed at a
single center and the results may not be generalizable to
other institutions. However, the findings from other
investigators corroborate the importance of antimicro-
bial resistance as a predictor of outcome for patients
with serious Gram-negative infections.19,20 Addition-
ally, a similar association has been observed in patients
with methicillin-resistant Staphylococcus aureus bacter-
emia, supporting the more general importance of anti-
microbial resistance as an outcome predictor.29 Second,
the method employed for determining MICs was a liter-
ature-based linear regression method correlating disk
diffusion diameters with broth dilution MIC determina-
tions. Therefore, the lack of correlation we observed
between MIC values and outcome for susceptible
Gram-negative isolates associated with severe sepsis
requires further confirmation. Third, we only examined
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3 antibiotics, or antibiotic classes, so our results may
not be applicable to other agents. This also applies to
doripenem, as we did not have that specific carbapenem
available at the time this investigation took place.
Another important limitation of our study is the rel-

atively small number of individuals infected with a
pathogen that was resistant to the initial treatment
regimen, or only susceptible to the aminoglycoside
when combination therapy was prescribed. This lim-
ited our ability to detect meaningful associations in
these subgroups of patients, to include whether or not
combination therapy influenced their clinical outcome.
Finally, we did not examine the exact timing of anti-
biotic therapy relative to the onset of severe sepsis.
Instead we used a 12-hour window from when subse-
quently positive blood cultures were drawn to the
administration of initial antibiotic therapy. Other
investigators have shown that delays in initial appro-
priate therapy of more than one hour for patients
with septic shock increases the risk of death.9,30 Fail-
ure to include the exact timing of therapy could have
resulted in a final multivariate model that includes
prediction variables that would not otherwise have
been incorporated.
In summary, we demonstrated that resistance to the

initial antibiotic treatment regimen was associated
with a greater risk of hospital mortality in patients
with severe sepsis attributed to Gram-negative bacter-
emia. These findings imply that more rapid assessment
of antimicrobial susceptibility could result in
improved prescription of antibiotics in order to maxi-
mize initial administration of appropriate therapy.
Future studies are required to address whether rapid
determination of antimicrobial susceptibility can result
in more effective administration of appropriate ther-
apy, and if this can result in improved patient
outcomes.

Disclosure: Dr. Kollef’s effort was supported in part by the Barnes-Jewish
Hospital Foundation. This project was supported in part by an
unrestricted grant from Johnson & Johnson. All other authors had no
funding and no conflicts of interest to report.
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