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Impact of previous antibiotic therapy on outcome of
Gram-negative severe sepsis*
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W. Michael Dunne, PhD; Scott Micek, PharmD; Marin Kollef, MD

I nappropriate initial antimicrobial
therapy, defined as an antimicro-
bial regimen that lacks in vitro
activity against the isolated organ-

ism(s) responsible for the infection, has

been associated with excess mortality in
patients with severe sepsis and septic
shock (1–5). This is largely related to
increasing bacterial resistance to antibi-
otics as a result of their greater use and
limited availability of new agents (6, 7).
Escalating rates of antimicrobial resis-
tance lead many clinicians to empirically
treat critically ill patients with presumed
infection with a combination of broad-
spectrum antibiotics, which can perpetu-
ate the cycle of increasing resistance (7).
Conversely, inappropriate initial antimi-
crobial therapy can lead to treatment fail-
ures and adverse patient outcomes (8).
Individuals with severe sepsis appear to
be at particularly high risk of excess mor-
tality when inappropriate initial antimi-
crobial therapy is administered (5, 9).

The most recent Surviving Sepsis
Guidelines recommend empiric combina-
tion therapy targeting Gram-negative
bacteria, particularly for patients with

known or suspected Pseudomonas infec-
tions, as a means to decrease the likeli-
hood of administering inappropriate ini-
tial antimicrobial therapy (10). The
choice of an antimicrobial regimen that
is active against the causative patho-
gen(s) is problematic because the treat-
ing physician usually does not know the
susceptibilities of the pathogen(s) for the
selected empiric antibiotics at the time of
antibiotic prescription. However, infor-
mation regarding previous antibiotic ex-
posure, especially during the same hospi-
talization or with hospital readmission, is
usually available. Therefore, we per-
formed a study with two main goals. The
first goal was to determine whether re-
cent antibiotic exposure resulted in de-
creased antimicrobial susceptibility
among Gram-negative bacteria associated
with bacteremic severe sepsis or septic
shock. The second goal was to ascertain
whether recent antibiotic exposure was
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Objective: To determine whether exposure to antimicrobial
agents in the previous 90 days resulted in decreased bacterial
susceptibility and increased hospital mortality in patients with
severe sepsis or septic shock attributed to Gram-negative bacte-
remia.

Design: A retrospective cohort study of hospitalized patients
(January 2002 to December 2007).

Setting: Barnes-Jewish Hospital, a 1200-bed urban teaching
hospital.

Patients: Seven hundred fifty-four consecutive patients with
Gram-negative bacteremia complicated by severe sepsis or septic
shock.

Interventions: Data abstraction from computerized medical
records.

Measurements and Main Results: Escherichia coli (30.8%),
Klebsiella pneumoniae (23.2%), and Pseudomonas aeruginosa
(17.6%) were the most common isolates from blood cultures.
Three hundred ten patients (41.1%) had recent antibiotic expo-
sure. Cefepime was the most common agent with previous expo-
sure (50.0%) followed by ciprofloxacin (32.6%) and imipenem or
meropenem (28.7%). Patients with prior antibiotic exposure had
significantly higher rates of resistance to cefepime (29.0% vs.
7.0%), piperacillin/tazobactam (31.9% vs. 11.5%), carbapenems

(20.0% vs. 2.5%), ciprofloxacin (39.7% vs. 17.6%), and gentamicin
(26.1% vs. 7.9%) (p < .001 for all comparisons). Patients with
recent antibiotic exposure had greater inappropriate initial anti-
microbial therapy (45.4% vs. 21.2%; p < .001) and hospital
mortality (51.3% vs. 34.0%; p < .001) compared with patients
without recent antibiotic exposure. Multivariate logistic regres-
sion analysis demonstrated that recent antibiotic exposure was
independently associated with hospital mortality (adjusted odds
ratio, 1.70; 95% confidence interval, 1.41–2.06; p � .005). Other
variables independently associated with hospital mortality in-
cluded use of vasopressors, infection resulting from P. aerugi-
nosa, inappropriate initial antimicrobial therapy, increasing Acute
Physiology and Chronic Health Evaluation II scores, and the num-
ber of acquired organ failures.

Conclusions: Recent antibiotic exposure is associated with
increased hospital mortality in Gram-negative bacteremia com-
plicated by severe sepsis or septic shock. Clinicians caring for
patients with severe sepsis or septic shock should consider
recent antibiotic exposure when formulating empiric antimicro-
bial regimens for suspected Gram-negative bacterial infection.
(Crit Care Med 2011; 39:1859–1865)
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associated with increased hospital mor-
tality.

MATERIALS AND METHODS

Study Location and Patient Population.
This study was conducted at a university-
affiliated, urban teaching hospital: Barnes-
Jewish Hospital (1200 beds). Over a 6-yr pe-
riod (January 2002 to December 2007); all
hospitalized patients with Gram-negative
bacteremia were eligible for inclusion. This
study was approved by the Washington Uni-
versity School of Medicine Human Studies
Committee.

Study Design and Data Collection. Using a
retrospective cohort study design, patients
with Gram-negative sepsis were identified by
the presence of a blood culture positive only
for Gram-negative bacteria combined with pri-
mary or secondary International Classification
of Diseases, 9th Revision, Clinical Modification
codes indicative of acute organ dysfunction.
Patient-specific baseline characteristics and
process of care variables were collected from
the automated hospital medical record, micro-
biology database, and pharmacy database of
Barnes-Jewish Hospital. Data collection for all
patients was uniform regardless of the initial
location of their hospitalization (intensive
care unit or general hospital ward). Only the
first episode of severe sepsis or septic shock
attributed to Gram-negative bacteremia was
evaluated. Electronic inpatient and outpatient
medical records available for all patients in the
BJC Healthcare System (13 hospitals and mul-
tiple community health locations) were re-
viewed to determine prior antibiotic exposure.

The baseline characteristics collected in-
cluded age, gender, race, history of congestive
heart failure, chronic obstructive pulmonary
disease, diabetes mellitus, chronic liver dis-
ease, underlying malignancy, and end-stage
renal disease requiring dialysis. The Acute
Physiology and Chronic Health Evaluation II
(11) and Charlson comorbidity scores were
calculated based on clinical data present dur-
ing the 24 hrs after the positive blood cultures
were obtained. This was done to accommodate
patients with community-acquired and health
care-associated community-onset infections
who only had clinical data available after
blood cultures were drawn. The primary
outcome variable was all-cause hospital
mortality. Secondary outcomes evaluated
included antimicrobial susceptibility and
proportion of patients receiving inappropri-
ate initial antimicrobial therapy.

Definitions. All definitions were prospec-
tively selected before initiation of the study. To
be included in the analysis, patients had to
meet criteria for severe sepsis based on dis-
charge International Classification of Dis-
eases, 9th Revision, Clinical Modification
codes for acute organ dysfunction as previ-
ously described (12). The organs of interest
included the heart, lungs, kidneys, bone mar-

row (hematologic), brain, and liver. Patients
were classified as having septic shock if vaso-
pressors (norepinephrine, dopamine, epineph-
rine, phenylephrine, or vasopressin) were ini-
tiated within 24 hrs of the blood culture
collection date and time.

Antimicrobial treatment was classified as
appropriate if the initially prescribed antibi-
otic regimen was active against the identified
pathogen based on in vitro susceptibility test-
ing and administered within 24 hrs after blood
culture collection. For patients with polymi-
crobial infection, the initial antimicrobial reg-
imen had to be active against all identified
pathogens to be classified as appropriate. Ap-
propriate antimicrobial treatment also had to
be prescribed for at least 24 hrs. However, the
total duration of antimicrobial therapy was at
the discretion of the treating physicians. An-
timicrobial exposure was any exposure to an
antibiotic within the preceding 90 days. Anti-
microbial reuse was defined as retreatment
with the same antibiotic or antibiotic class to
which the patient was previously exposed in
the preceding 90 days. Multidrug-resistant
isolates were defined as a bacterial isolate
with in vitro resistance to at least two anti-
pseudomonal antibiotics, which included
cefepime, piperacillin–tazobactam, imi-
penem or meropenem, gentamicin or tobra-
mycin, or amikacin.

Antimicrobial Monitoring. From January
2002 through the present, Barnes-Jewish Hos-
pital used an antibiotic control program to
help guide antimicrobial therapy. During this
time, the use of cefepime and gentamicin was
unrestricted. However, initiation of intrave-
nous ciprofloxacin, imipenem, meropenem, or
piperacillin–tazobactam was restricted and re-
quired preauthorization from either a clinical
pharmacist or infectious diseases physician.
Each intensive care unit had a clinical phar-
macist who reviewed all antibiotic orders to
ensure that dosing and interval of antibiotic
administration were adequate for individual
patients based on body size, renal function,
and the resuscitation status of the patient.
After daytime hours, the on-call clinical phar-
macist reviewed and approved the antibiotic
orders. The initial antibiotic dosages used for
the treatment of Gram-negative infections at
Barnes-Jewish Hospital were as follows:
cefepime, 1–2 g every 8 hrs; piperacillin–
tazobactam, 4.5 g every 6 hrs; imipenem 0.5 g
every 6 hrs; meropenem, 1 g every 8 hrs;
ciprofloxacin, 400 mg every 8 hrs; and genta-
micin, 5 mg/kg once daily.

Starting in June 2005, a sepsis order set
was implemented in the emergency depart-
ment, general medical wards, and the inten-
sive care units with the intent of standardizing
empiric antibiotic selection for patients with
sepsis based on the infection type (i.e., com-
munity-acquired pneumonia, health care-
associated pneumonia, intra-abdominal infec-
tion, etc.) and the hospital’s antibiogram (13,

14). However, antimicrobial selection, dosing,
and de-escalation of therapy were still opti-
mized by clinical pharmacists in these clinical
areas.

Antimicrobial Susceptibility Testing. The
microbiology laboratory performed antimicro-
bial susceptibility of the Gram-negative blood
isolates using the disk diffusion method ac-
cording to guidelines and breakpoints estab-
lished by the Clinical Laboratory and Stan-
dards Institute and published during the
inclusive years of the study (15, 16).

Data Analysis. Continuous variables were
reported as mean � SD. The Student’s t test
was used when comparing normally distrib-
uted data and the Mann-Whitney U test was
used to analyze nonnormally distributed data.
Categorical data were expressed as frequency
distributions and the chi-squared test was
used to determine whether differences existed
between groups. We performed multiple logis-
tic regression analysis to identify clinical risk
factors that were associated with hospital mor-
tality (SPSS, Inc, Chicago, IL). All risk factors
that were significant at 0.20 in the univariate
analysis were included in the corresponding
multivariable analysis. All variables entered
into the model were examined to assess for
collinearity. All tests were two-tailed, and a p
value �.05 was determined to represent sta-
tistical significance.

RESULTS

Seven hundred fifty-four consecutive
patients with bacteremic Gram-negative se-
vere sepsis or septic shock were included in
the study. The mean age was 59.3 � 16.3
yrs (range, 18–99 yrs) with 394 (52.3%)
males and 360 (47.7%) females (Table 1).
There were 421 (55.8%) medical patients
and 333 (44.2%) surgical patients. Five
hundred ninety-six (79.0%) patients were
in the intensive care unit and the mean
duration of hospitalization was 10.2 � 14.4
days (range, 1–96 days) at the time severe
sepsis or septic shock occurred. The mean
Acute Physiology and Chronic Health Eval-
uation II score was 23.7 � 6.7 (range,
4–43) with the majority of patients requir-
ing vasopressors (58.5%) and mechanical
ventilation (55.3%). Escherichia coli
(30.8%), Klebsiella pneumoniae (23.2%),
and Pseudomonas aeruginosa (17.6%)
were the most common organisms isolated
from blood cultures. Fifty-six (7.4%) pa-
tients had polymicrobial bacteremia. Anti-
pseudomonal agents were prescribed as
empiric therapy in the majority of patients:
cefepime (54.2%), ciprofloxacin (20.4%),
aminoglycoside (18.2%), piperacillin–
tazobactam (15.5%), and carbapenems
(12.1%).

Three hundred ten (41.1%) patients
had previous antimicrobial exposure dur-
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ing the preceding 90 days. Of these,
cefepime was the most common agent
with previous exposure (50.0%) followed
by ciprofloxacin (32.6%), imipenem or
meropenem (28.7%), piperacillin–tazo-
bactam (19.0%), and aminoglycosides
(14.5%). When compared with cases with
no prior antimicrobial exposure, patients
with prior exposure were significantly
more likely to have health care-associated
hospital-onset sepsis, sepsis occur in the
intensive care unit setting, and a longer
duration of stay before sepsis onset (Table
1). Patients with antimicrobial exposure
were also significantly younger, had
lower Charlson comorbidity scores, were
more likely to have a pulmonary source
of infection, and to require mechanical
ventilation and vasopressor support. Pa-
tients with prior antibiotic exposure had
higher rates of inappropriate initial anti-
microbial therapy (45.5% vs. 21.2% p �

.001) and hospital mortality (51.3% vs.
34.0%, p � .001) compared with patients
without prior antibiotic exposure. Poly-
microbial bacteremia was similar in pa-
tients with and without prior antibiotic
exposure (6.5% vs. 8.1%; p � .393).
Among patients with prior antibiotic ex-
posure, all 310 (100%) had information
available in the computerized medical re-
cord regarding their prior antibiotic ex-
posure at the time antibiotic orders were
entered.

Patients with prior antimicrobial ex-
posure had significantly higher rates of
infection with Gram-negative isolates
that were resistant to cefepime (29.0% vs.
7.0%), piperacillin–tazobactam (31.9%
vs. 11.5%), carbapenems (20.0% vs.
2.5%), ciprofloxacin (39.7% vs. 17.6%),
and gentamicin (26.1% vs. 7.9%) (p �
.001 for all susceptibility comparisons)
(Table 2). Prior antibiotic exposure was

also associated with infection caused by a
multidrug-resistant isolate (37.4% vs.
11.3%; p � .001).

Among the 310 patients with prior an-
tibiotic exposure, there were 165 (53.2%)
who had antibiotic reuse. Patients with
antibiotic reuse had longer hospital
lengths of stay before the onset of sepsis
and were more likely to have the lungs as
the source of infection compared with
patients with prior antibiotic exposure
who did not have antibiotic reuse (Table
3). Patients with antibiotic reuse had
similar rates of inappropriate initial anti-
microbial therapy (46.7% vs. 44.1% p �
.656) and hospital mortality (49.7% vs.
53.1%, p � .549) compared with patients
with prior antibiotic exposure who did
not have antibiotic reuse.

E. coli was statistically less likely to be
associated with prior antibiotic exposure,
whereas P. aeruginosa and Acinetobacter
species were statistically more likely to be
associated with prior antibiotic exposure
(Table 4). E. coli and K. pneumonia were
statistically less likely to be associated
with the administration of inappropriate
antimicrobial therapy and Acinetobacter
species infection was statistically more
likely to be associated with the adminis-
tration of inappropriate therapy. Infection
with E. coli and polymicrobial bacteremia
were associated with a significantly greater
survival, whereas infection with P. aerugi-
nosa was associated with a significantly
greater risk of hospital mortality (Table 4).

Hospital mortality was significantly
greater for patients with recent antibiotic
exposure compared with those without
recent antibiotic exposure when stratified
according to Acute Physiology and
Chronic Health Evaluation II scores (Fig.
1). In the multivariate analysis of hospital
mortality, prior antibiotic exposure was
independently associated with hospital
mortality (Table 5). Other characteristics
that were independently associated with
hospital mortality included use of vaso-
pressors, infection resulting from P.
aeruginosa, inappropriate initial antimi-
crobial therapy, increasing Acute Physi-
ology and Chronic Health Evaluation II
scores (1-point increments), and the
number of acquired organ failures (one-
organ increments).

DISCUSSION

Our study demonstrated that prior an-
tibiotic exposure was associated with
greater hospital mortality in patients
with Gram-negative bacteremia compli-

Table 1. Baseline characteristicsa

Variable

Prior Antibiotic
Exposure
(n � 310)

No Prior Antibiotic
Exposure
(n � 444) p

Age, yrs 56.9 � 16.6 60.9 � 16.0 .001
Male 170 (54.8) 224 (50.5) .235
Infection onset type

Community-acquired 0 (0.0) 71 (16.0) �.001
Health care-associated community-onset 30 (9.7) 236 (53.2)
Health care-associated hospital-onset 280 (90.3) 137 (30.9)

Duration of hospitalization before sepsis, days 20.4 � 17.1 3.2 � 5.3 �.001
Underlying comorbidities

Congestive heart failure 53 (17.1) 91 (20.5) .243
Chronic obstructive lung disease 62 (20.0) 74 (16.7) .241
Chronic kidney disease 39 (12.6) 70 (15.8) .221
Liver disease 37 (11.9) 57 (12.8) .712
Active malignancy 95 (30.6) 146 (32.9) .517
Diabetes 65 (21.0) 104 (23.4) .426

Acute Physiology and Chronic Health
Evaluation II score

23.5 � 6.5 23.8 � 6.9 .525

Charlson comorbidity score 4.3 � 3.7 5.2 � 3.6 .002
In intensive care unit when sepsis occurred 265 (85.5) 331 (74.5) �.001
Vasopressors 207 (66.8) 234 (52.7) �.001
Mechanical ventilation 221 (71.3) 196 (44.1) �.001
Drotrecogin alfa (activated) 8 (2.6) 23 (5.2) .077
Organ dysfunction

Cardiovascular 214 (69.0) 253 (57.0) .001
Respiratory 238 (76.8) 228 (51.4) �.001
Renal 163 (52.6) 240 (54.1) .690
Hepatic 24 (7.7) 31 (7.0) .693
Hematologic 88 (28.3) 141 (31.8) .322
Neurologic 17 (5.5) 31 (7.0) .407

Number of organ failures 2.4 � 1.0 2.1 � 1.1 �.001
Source of bacteremiab

Lungs 166 (53.5) 134 (30.2) �.001
Urinary tract 67 (21.6) 163 (36.7) �.001
Central venous catheter 16 (5.2) 40 (9.0) .047
Intra-abdominal 64 (20.6) 73 (16.4) .141
Unknown 8 (2.6) 41 (9.2) �.001

aData from hospital admission (demographics and underlying comorbidities) or within 24 hrs of
obtaining a positive blood culture in patients with severe sepsis or septic shock; bdefined using Centers
for Disease Control criteria (http://www.cdc.gov/ncidod/dhqp/pdf/nnis/NosInfDefinitions.pdf). Values
are expressed as number (%) and mean � SD.
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cated by severe sepsis or septic shock.
This observation was confirmed in a
stratified analysis of severity of illness and
in a multivariate analysis controlling for
potential confounding variables. Not sur-

prisingly, other important determinants
of outcome in the multivariate analysis
included severity of illness makers such
as the Acute Physiology and Chronic
Health Evaluation II score, the need for

vasopressors, and the number of acquired
organ failures.

A likely explanation for the association
we observed between hospital mortality
and prior antibiotic exposure is the
greater degree of antimicrobial resistance
in the causative pathogen(s) of patients
receiving prior antibiotics. This is sup-
ported by our finding of significantly
greater antibiotic resistance among the
Gram-negative bloodstream isolates ob-
tained from patients with recent antibi-
otic exposure compared with bacterial
isolates from patients without this expo-
sure. Prior antibiotic exposure was also
associated with significantly greater ad-
ministration of inappropriate initial anti-
microbial therapy, which has been asso-
ciated with excess mortality in sepsis (1–
5). Our study also confirmed the link
between inappropriate initial antimicro-
bial therapy and hospital mortality.

A number of investigators have previ-
ously demonstrated an association be-
tween prior antibiotic exposure and sub-
sequent infection with potentially
antibiotic-resistant bacteria. The study by
Seguin et al (17) showed that among pa-
tients with postoperative peritonitis, only
antimicrobial treatment in the 3 mos pre-
ceding hospitalization and duration be-
tween first operation and reoperation
were independent risk factors for infec-
tion with multidrug-resistant bacteria. A
retrospective study examining the influ-
ence of previous antibiotic exposures on
267 episodes of P. aeruginosa bacteremia
at a single center found that previous
therapy with an antipseudomonal antibi-
otic increased the risk of subsequent re-
sistance to that specific antibiotic by 2.5-
fold (18). Similarly, the study by Trouillet
et al (19) assessed risk factors for piper-
acillin-resistant P. aeruginosa infection
in patients with ventilator-associated
pneumonia. They found that previous ex-
posure to a fluoroquinolone was associ-
ated with a 4.6-fold increase in risk of
piperacillin resistance. Comparable stud-
ies have also identified exposure to previ-
ous antimicrobial therapy as a signifi-
cant risk factor for infection with
antibiotic-resistant Gram-negative bac-
teria (20 –24).

Our study is unique in identifying
prior antibiotic exposure as an indepen-
dent risk factor for hospital mortality
among patients with Gram-negative bac-
teremia complicated by severe sepsis or
septic shock. This observation suggests
that clinicians should search for and
identify the presence of prior antibiotic

Table 2. Patients infected with Gram-negative organism(s) susceptible to commonly prescribed
antimicrobials for Gram-negative infectionsa

Antimicrobial Agent
Prior Antibiotic

Exposure (n � 310)
No Prior Antibiotic
Exposure (n � 444) p

Cefepime 71.0% 93.0% �.001
Piperacillin–tazobactam 68.1% 88.5% �.001
Imipenem/meropenem 80.0% 97.5% �.001
Ciprofloxacin 60.3% 82.4% �.001
Gentamicin 73.9% 92.1% �.001
Multidrug-resistantb 37.4% 11.3% �.001

aPatients with polymicrobial bacteremia had to have all isolated bacteria susceptible to the antibiotic
to be considered susceptible; brefers to the number of patients in each group having bacteremia with
multidrug-resistant Gram-negative bacteria. Multidrug-resistant isolates were defined as a bacterial isolate
with in vitro resistance to at least two antipseudomonal antibiotics, which included cefepime, piperacillin–
tazobactam, imipenem or meropenem, gentamicin or tobramycin, or amikacin.

Table 3. Baseline characteristicsa

Variable

Antibiotic
Reuse

(n � 165)

Prior Antibiotics
Without Reuse

(n � 145) p

Age, yrs 56.3 � 16.3 57.6 � 16.8 .480
Male 88 (53.3) 82 (56.6) .570
Infection onset type

Community-acquired 0 (0.0) 0 (0.0) .449
Health care-associated community-onset 14 (8.5) 16 (11.0)
Health care-associated hospital-onset 151 (91.5) 129 (89.0)

Duration of hospitalization before sepsis, days 22.9 � 17.1 17.5 � 16.6 .006
Underlying comorbidities

Congestive heart failure 27 (16.4) 26 (17.9) .715
Chronic obstructive lung disease 34 (20.6) 28 (19.3) .776
Chronic kidney disease 22 (13.3) 17 (11.7) .670
Liver disease 22 (13.3) 15 (10.3) .418
Active malignancy 48 (29.1) 47 (32.4) .527
Diabetes 35 (21.2) 30 (20.7) .910

Acute Physiology and Chronic Health
Evaluation II score

23.1 � 6.3 23.9 � 6.7 .273

Charlson comorbidity score 4.3 � 3.7 4.3 � 3.8 .965
In intensive care unit when sepsis occurred 139 (84.2) 126 (86.9) .508
Vasopressors 108 (65.5) 99 (68.3) .599
Mechanical ventilation 122 (73.9) 99 (68.3) .271
Drotrecogin alfa (activated) 5 (3.0) 3 (2.1) .728
Organ dysfunction

Cardiovascular 112 (67.9) 102 (70.3) .639
Respiratory 131 (79.4) 107 (73.8) .244
Renal 88 (53.3) 75 (51.7) .777
Hepatic 13 (7.9) 11 (7.6) .923
Hematologic 46 (27.9) 42 (29.0) .832
Neurologic 9 (5.5) 8 (5.5) .981

Number of organ failures 2.4 � 0.9 2.4 � 1.0 .814
Source of bacteremiab

Lungs 97 (58.8) 69 (47.6) .048
Urinary tract 27 (16.4) 40 (27.6) .017
Central venous catheter 9 (5.5) 7 (4.8) .803
Intra-abdominal 33 (20.0) 31 (21.4) .765
Unknown 4 (2.4) 4 (2.8) 1.000

aData from hospital admission (demographics and underlying comorbidities) or within 24 hrs of
obtaining a positive blood culture in patients with severe sepsis or septic shock; bdefined using Centers
for Disease Control criteria (http://www.cdc.gov/ncidod/dhqp/pdf/nnis/NosInfDefinitions.pdf). Values
are expressed as number (%) and mean � SD.
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exposure as an important consideration
when prescribing empiric antibiotic ther-
apy to patients with severe sepsis or sep-
tic shock. Interestingly, we found that all
patients with prior antibiotic exposure,
including those with antibiotic reuse, had
retrievable information available in their

bedside computerized medical record re-
garding prior antibiotic exposure at the
time antibiotic orders were written. This
suggests that the antibiotic exposure his-
tory of the patient was either ignored or
not obtained in many cases. The identifi-
cation of prior antibiotic exposure should

result in specific therapeutic interven-
tions, especially in critically ill patients.

Avoidance of prior drug classes in the
empiric treatment regimens of patients
with severe sepsis or septic shock would
seem to be a logical approach for poten-
tially minimizing the adverse conse-
quences of recent antibiotic exposure.
Unfortunately, a patient’s antimicrobial
exposure history may not be available
when clinicians are making decisions re-
garding empiric treatment. Additionally,
prior antibiotic exposure can select out
bacteria that are resistant to multiple an-
tibiotic classes (19, 23). Combination
therapy targeting patients at risk for in-
fection with antibiotic-resistant bacteria
is another strategy for avoiding the po-
tential outcome penalty associated with
prior antibiotic exposure. We recently re-
ported that combination empiric antimi-
crobial therapy directed against Gram-
negative bacteria, using aminoglycosides
as the preferred combination agent, was
associated with greater initial appropriate
therapy compared with monotherapy for
Gram-negative bacteremia (25). Patients
treated with combination therapy were
significantly less likely to receive inap-
propriate initial antimicrobial therapy
compared with monotherapy and had a
lower risk of hospital mortality. Combi-
nation therapy has also been advocated by
other investigators and several medical
societies as a strategy to maximize appro-
priate initial therapy in patients at risk
for infection with antibiotic-resistant
bacteria (10, 26, 27).

We identified prior antibiotic exposure
as a key factor associated with subsequent
antibiotic resistance in Gram-negative
bacteria and increased mortality when in-
fection with resistant Gram-negative bac-
teria occurred. Antibiotic reuse is a type
of prior antibiotic exposure in which the
same antibiotic, or antibiotic class, is ad-
ministered to patients. Antibiotic reuse
was not found to be associated with in-
creased mortality compared with prior

Figure 1. Hospital mortality stratified by Acute Physiology and Chronic Health Evaluation II (APACHE
II) score.

Table 4. Characteristics associated with specific Gram-negative species

Prior Antibiotic
Exposure
(n � 310)

No Prior Antibiotic
Exposure
(n � 444)

Antibiotic
Reuse

(n � 165)

Prior Antibiotics
Without Reuse

(n � 145)

Inappropriate
Treatment
(n � 235)

Appropriate
Treatment
(n � 519)

Hospital
Mortality
(n � 310)

Hospital
Survival

(n � 444)

Escherichia coli 42 (13.5) 190 (42.8)a 19 (11.5) 23 (15.9) 41 (17.4) 191 (36.8)a 74 (23.9) 158 (35.6)a

Klebsiella pneumonia 73 (23.5) 102 (23.0) 35 (21.2) 38 (26.2) 42 (17.9) 133 (25.6)a 70 (22.6) 105 (23.6)
Pseudomonas aeruginosa 72 (23.2) 61 (13.7)a 38 (23.0) 34 (23.4) 42 (17.9) 91 (17.5) 71 (22.9) 62 (14.0)a

Acinetobacter species 41 (13.2) 22 (5.0) 24 (14.5) 17 (11.7) 44 (18.7) 19 (3.7)a 32 (10.3) 31 (7.0)
Polymicrobial bacteremia 20 (6.5) 36 (8.1) 7 (4.2) 13 (9.0) 11 (4.7) 45 (8.7) 16 (5.2) 40 (9.0)a

ap � .05. Values are expressed as number (%).

Table 5. Multivariate analysis of independent risk factors for hospital mortalitya

Variable
Adjusted

Odds Ratio
95% Confidence

Interval p

Prior antibiotic exposure 1.70 1.41–2.06 .005
Use of vasopressors 1.83 1.47–2.29 .006
Pseudomonas infection 1.75 1.39–2.21 .016
Inappropriate initial therapy 2.03 1.66–2.49 �.001
Acute Physiology and Chronic Health

Evaluation II score (1-point increments)
1.13 1.11–1.15 �.001

Number of organ failures (one–organ increments) 1.93 1.73–2.14 �.001

aOther covariates not in the table had a p value �.05, including age, health care-associated
hospital-onset infection, Acinetobacter infection, mechanical ventilation, in the intensive care unit
when sepsis occurred, and the lungs as the source of infection (Hosmer-Lemeshow goodness-of-fit
test, p � .464).
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antibiotic exposure without reuse. This is
likely explained by the observation that
antibiotic exposure to Gram-negative
bacteria can increase resistance to that
specific class of drug as well as to other
classes of antibiotics, presumably
through shared mechanisms of resistance
(6, 7). It is also important to note that
patients with prior antibiotic exposure
had significantly longer stays in the hos-
pital before the onset of sepsis compared
with those without prior antibiotic expo-
sure. This suggests that patients with
prior antibiotic exposure may have had
more complicated medical conditions
further predisposing them to coloniza-
tion and infection with resistant bacteria.

There are several important limita-
tions of our study that should be noted.
First, the study was performed at a single
center and the results may not be gener-
alizable to other institutions. However,
the findings from other investigators cor-
roborate the potential role of prior anti-
biotic exposure as an important determi-
nant of outcome for patients with serious
Gram-negative infections (17, 18). Addi-
tionally, a similar association has been
observed in patients with methicillin-
resistant Staphylococcus aureus bactere-
mia and Candida bloodstream infection
supporting the more general importance
of prior antibiotic exposure as a potential
outcome predictor (28–32). Second, the
retrospective and observational nature of
this study limits our ability to establish
causality between prior antibiotic expo-
sure and hospital mortality and limits our
ability to assess the adequacy, indica-
tions, and use of de-escalation for the
prior antibiotic therapy. However, the po-
tential negative impact to the individual
patient from prior antibiotic exposure
can be profound and clinicians should
consider this issue when prescribing em-
piric antibiotics to patients with severe
sepsis or septic shock. Additionally, both
prior antibiotic exposure and inappropri-
ate therapy were independently associ-
ated with hospital mortality (Table 5).
This suggests that factors other than in-
appropriate therapy may account for the
excess mortality associated with prior an-
tibiotic exposure. Such potential factors
include prior hospitalization or intensive
care unit stay, increased exposure to in-
vasive procedures like dialysis, or a “dou-
ble hit” to the host’s immune system
from repetitive infections.

Another important limitation of our
investigation is that we could not deter-
mine the rationale physicians used in se-

lecting the empiric antibiotic regimens
for these patients. A better understanding
of this phenomenon could provide insti-
tution-specific strategies for improved
antibiotic use and the avoidance of inap-
propriate initial antimicrobial therapy,
especially in septic patients. We also se-
lected a time period of 90 days to assess
the risk of prior antibiotic exposure.
Other investigations have suggested that
the risk of subsequent infection with an-
tibiotic-resistant bacteria can be in-
creased with prior antibiotic exposures
occurring up to 12 mos earlier (33, 34).
This is another area in which additional
studies are required to better determine
the relationship between the timing of
prior antibiotic exposure and subsequent
infection with antibiotic-resistant patho-
gens. Finally, our study focused on bac-
teremic patients with severe sepsis and
septic shock. Therefore, our data cannot
be applied to other types of infections or
to bacteremic patients without severe
sepsis or septic shock.

In conclusion, we observed that prior
antibiotic exposure is relatively common
and associated with increased mortality
in patients with Gram-negative bactere-
mia complicated by severe sepsis or septic
shock. This observation suggests that cli-
nicians treating patients with suspected
Gram-negative sepsis should attempt to
identify whether prior antibiotic exposure
occurred. In clinical situations in which
recent antibiotic exposure is likely, but
details concerning prior antibiotic expo-
sure are unknown, combination empiric
therapy directed against Gram-negative
bacteria would be reasonable to increase
the likelihood of appropriate therapy un-
til susceptibility data become available
(10, 25, 26). Given the importance of
prior antibiotic exposure as a risk factor
for antibiotic resistance, inappropriate
therapy, and increased mortality, and the
availability of electronic medical records
at most hospitals, institutions should
try to formalize an approach for identi-
fying prior antibiotic exposure in in-
fected patients. At the same time, anti-
microbial agents should be used
judiciously to avoid the emergence of
resistance. Finally, the development of
novel antimicrobials and rapid diagnos-
tic techniques is needed given the rap-
idly rising rates of resistance to cur-
rently available antibiotics and the
paucity of newly developed antimicro-
bials in the past two decades (6, 7).
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