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Abstract Severe sepsis and septic shock are conditions that
pose difficult challenges to physicians and the health care
system. In the past 10 years, a number of retrospective and
prospective observational studies have shed light on the
importance of a rapid and systematic approach to treatment
of these conditions. A key component is early and
appropriate use of antibiotics. Delay of even 6 h can
dramatically increase hospital mortality. In addition, multi-
variate analyses have demonstrated that inappropriate initial
antibiotics lead to worse outcomes. The treating physician
can rapidly identify risk factors for initial inappropriate
antibiotics at the bedside, such as recent antibiotic therapy
or recent hospitalization. Organized antibiotic order sets
have been shown to significantly improve timely appropri-
ate antibiotic administration in septic patients. Finally,
emerging laboratory data suggest that early in the course
of septic shock, the pharmacokinetics of common broad
spectrum antibiotics may be significantly altered due to
increased volumes of distribution having dosing implica-
tions for antibiotics in septic shock.
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Introduction

In the first hours of a large myocardial infarction or cerebral
vascular accident, time is tissue. Likewise, emerging
evidence supports initiation of treatments for severe sepsis
and septic shock as quickly as possible. Sepsis is a systemic
inflammatory manifestation of infection associated with
fever, tachycardia, elevated leukocyte count, and organ
dysfunction. Severe sepsis is classified as severe end-organ
damage with hypotension secondary to infectious causes.
Septic shock occurs in the setting of multi-organ system
failure with refractory hypotension that requires vasopres-
sor therapy [1•, 2]. Despite advances in clinical care,
mortality from severe sepsis and septic shock ranges from
20% to 50% [3–6]. The incidence of sepsis and septic
shock is increasing due to an aging population with
increasing risk factors, such as diabetes, chronic lung
disease, long-term renal replacement therapy, human im-
munodeficiency virus (HIV), and immunosuppression from
cancer or rheumatological therapies. Severe sepsis and
septic shock remain the most common cause of death in the
non-cardiac intensive care unit (ICU) [6, 7]. Cost of care in
the ICU for patients with severe sepsis or septic shock is
staggering and increasing [8]. Despite the broad range of
insults that lead to the clinical end points of sepsis and
septic shock, several consistent strategies have emerged in
the last two decades that have improved ICU and hospital
survival.

Clinical approaches, such as those outlined in the
Surviving Sepsis Campaign, that target early therapy such
as appropriate antibiotics in the disease process have been
shown to reduce morbidity, mortality, and the health care
costs of sepsis [1•]. International guidelines suggest
infusion of broad spectrum intravenous antibiotics within
the first hour that sepsis is recognized. Delay of antibiotic
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therapy increases the morbidity and mortality of this deadly
syndrome. In addition, appropriate antibiotic therapy is
equally important. The central principle of this strategy is to
begin empiric antibiotics before the organism is identified
by culture with a regimen based on patient risk factors for
multi-resistant organisms. A strategy to initially infuse
broad spectrum antibiotics involves casting a wide net on
the first throw to catch the right bug. The consequences of
missing the target with inappropriate antibiotics can be
significant in terms of morbidity and mortality. A delay in
early and appropriate antibiotic therapy in the septic patient
also leads to increased health care costs [9]. This article will
examine the significance of early and appropriate antibiotic
therapy for severe sepsis and septic shock and provide
strategies to improve outcomes in this subset of ICU
patients.

Time is Tissue

In the first hours that septic shock is recognized, early
aggressive management is vital. Therefore, emergency
department physicians, triage nurses, and other first
responders should be able to recognize appropriate signs
and symptoms of sepsis and septic shock. Resuscitation
with fluids, vasopressors, drawing blood/tissue cultures,
and early source control with surgical debridement of
suspected abscesses or removal of indwelling intravenous
catheters are important to improve survival [1•, 10].
However, early therapy with broad spectrum antibiotics is
a central theme of critical care management for these
patients. This strategy of rapid infusion of antibiotics was
initially recognized in the management of bacterial menin-
gitis as well as among febrile neutropenic patients with
hematological malignancies [11–14]. In a retrospective
study by Kumar et al. [15] among patients with septic
shock in 2006, each hour antibiotics are delayed when
septic shock has been recognized increased mortality by
7.6%. Overall survival if antibiotics were delayed by 6 h
was 42% compared to 79.9% if antibiotics were given
within the first hour. Multivariate analysis revealed that
among factors such as early fluid resuscitation, number of
antibiotics, or the presence of vasopressor therapy, only the
delay from hypotension to first dose of antibiotics was strongly
associated with mortality regardless of infection site or type of
organism. Subsequently, Kumar et al. [16••] demonstrated this
principle in all infectious sources, all epidemiological
subgroups, and across all microorganisms. A larger prospec-
tive multicenter observational study of 2804 patients from 77
ICUs in Europe determined that after implementation of the
Surviving Sepsis Guidelines, early antibiotic therapy within
the first 6 h of presentation was associated with significant
improvement in hospital mortality [17•].

The Right Drug for the Right Bug

Inappropriate antibiotic usage occurs when health care
workers fail to recognize risk factors for hospital-associated
infections such as Pseudomonas aeruginosa, other resistant
Gram-negative organisms, methicillin-resistant Staphylo-
coccus aureus (MRSA), or fungal infections. Given the
importance of early antibiotic therapy, this recognition
needs to occur among first responders in the emergency
department or on the hospital ward. Appropriate antibiotic
use involves the timely infusion of the correct drug most
likely to treat the suspected organism with sufficient in vitro
sensitivity while avoiding drug toxicities and interactions
[18, 19]. Over 2 decades of research has identified the
significance of the appropriateness of the initial antibiotics
infused in the first hours of septic shock. In a 1999
prospective single-center cohort study of adult patients with
blood stream infections in the ICUs of our institution,
hospital mortality was significantly lower (12.2%) among
those who received appropriate antibiotics compared to
those who received inappropriate antibiotics (52.1%)
(relative risk [RR], 4.26; 95% confidence interval [CI],
3.52–5.15; P<0.001) [19]. Moreover, multivariate analysis
of this cohort demonstrated that initial inappropriate anti-
biotics was the most important risk factor for hospital
mortality (adjusted odds ratio 4.26; 95% CI 3.35–5.44; P<
0.001). A follow-up analysis of a larger cohort from the
same institution confirmed these findings [20]. In addition,
this study illustrated the significance of hospital-acquired
versus community-acquired infections. Inappropriate anti-
biotics were more common among patients with hospital-
acquired infections (35%) and particularly common in those
who were admitted for a community-acquired infection and
later developed a secondary hospital-acquired infection
(75%) compared to community-acquired infection alone
(20%) (P<0.001).

The significance of early appropriate antibiotics was
confirmed in a retrospective single center study among 406
adult ICU non-surgical patients with sepsis, severe sepsis,
or septic shock [21]. Multivariate logistic regression
analysis confirmed that patients who received inappropriate
antibiotics had lower hospital survival (28.2%) compared to
those who received appropriate antibiotic therapy (46.7%).
The authors also noted that patients with sepsis or severe
sepsis that were treated with inappropriate antibiotics were
more likely to develop septic shock. The initial infusion of
appropriate antibiotics in patients presenting with severe
sepsis or septic shock has now been shown to be a
significant determinant of hospital survival across different
patient cohorts over the last 10 years (Fig. 1).

At the onset of a serious bacterial infection that results in
sepsis, the treatment strategy is based on the suspected
pathogens and antibiotic resistance patterns. Community-

400 Curr Infect Dis Rep (2011) 13:399–405



acquired infections, and hospital-acquired infections are
typically caused by different pathogens. Healthcare-
associated infections involve patients admitted to the
hospital from the community that have one or more risk
factors such as the need for hemodialysis, home health care
services, nursing home care, recent hospitalization within
90 days, recent antibiotic usage, or chronic immunosup-
pression. This group of patients, while coming from the
community, are frequently infected with organisms found in
hospital-acquired infections such as MRSA, fungi, Pseu-
domonas aeruginosa, or other resistant Gram-negative
bacteria [18, 22, 23]. The percentage of patients with
healthcare-associated risk factors is a rapidly growing
segment of the healthcare population. Finally, patients with
hospital-acquired and healthcare-associated infections are
also more likely to be treated with inappropriate antibiotics
and are at higher risk for developing infections with
bacteria resistant to standard commonly employed anti-
biotics as demonstrated at our institution for cefepime,
meropenem or piperacillin/ tazobactam [24••].

A number of risk factors have been identified that are
related with initial infusion of inappropriate antibiotics
(Table 1). As mentioned above, the presence of invasive
fungal infections, resistant organisms such as enterococcal
species, MRSA, and extended-spectrum β-lactamase
(ESBL) producing organisms are associated with higher
risk of inappropriate antibiotic therapy and higher mortality.
Getting the antibiotic right in the first few hours of illness is
vital. Altering antibiotic therapy when the subsequent
culture data become available frequently is too little…too
late. Yet prediction of these resistant or atypical organisms

at the onset of illness is often difficult. Rather, the treating
physician can quickly assess two practical factors from a
glance that are associated with initial inappropriate antibi-
otic infusion: the presence of prior antibiotic treatment with
any antibiotic within 30–60 days of presentation and
development of the infection in the hospital or in patients
with healthcare-associated risk factors [20, 21].

If One Appropriate Antibiotic is Good, are Two Better?

Gram negative infections, particularly those caused by
Pseudomonas aeruginosa or by ESBL producing organ-
isms, are significant causes of healthcare-associated and
hospital-acquired infections. Infections with these multi-
drug resistant Gram negative organisms are a frequent
cause of inappropriate initial antibiotics. Previous studies
have suggested that initial combination antibiotic therapy
may be more effective and reduce the emergence of
resistance in high risk cases of ventilator-associated
pneumonia [23, 25, 26] and among patients with neutro-
penic sepsis [27, 28]. A recent retrospective study of 760
patients from our institution with severe sepsis or septic
shock attributed to Gram negative infection indicated that
those patients with healthcare-associated or hospital-
acquired infections, were more likely to be infected with
resistant organisms, and had a greater hospital mortality rate
due to treatment with inappropriate initial antibiotics [24••].
Outcomes were compared between those treated with initial
monotherapy versus initial combination antibiotics. In that
study, typical empiric monotherapy for Gram negative
infections included either cefepime, an anti-pseudomonal
carbapenem, or piperacillin-tazobactam. Combination ther-
apy included any of the afore mentioned antibiotics
combined with either a fluoroquinolone (ciprofloxacin) or
an aminoglycoside (gentamicin). Combination therapy
improved the appropriateness of therapy by increasing
susceptibility of the antibiotic regimen. Empiric combina-
tion antibiotic therapy directed against Gram negative
infections led to a reduction in inappropriate antibiotic
administration (22.2% vs. 36%, P<0.001). The effect was
most pronounced in those receiving combination therapy
with gentamicin.

A large multicenter retrospective analysis of a cohort of
4662 patients with septic shock compared outcomes with
initial monotherapy versus initial combination antibiotic
therapy (β-lactam plus a fluoroquinolone, an aminoglycoside,
a macrolide, or clindamycin) [29••]. In this study, a β-lactam
plus a glycopeptides such as vancomycin was not considered
to be combination therapy. In addition to increasing the
appropriateness of the antibiotic regimen, this strategy led to
a survival benefit. Initial combination therapy was associated
with reduced 28 day mortality (36.3% vs 29.0%; hazard

Fig. 1 Influence of initial inappropriate antibiotics on hospital
survival in seven observation studies. See reference section for
specific citation. * Denotes statistical difference
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ratio, 0.77; 95% CI, 0.67–0.88; P=0.0002). The more rapid
the second antibiotic was infused after development of
hypotension the greater the absolute risk reduction in
mortality (10% vs 2.5%). Furthermore, vasopressor depen-
dence and requirement for mechanical ventilation were also
decreased in the combination antibiotic group.

Despite these two studies, the initial use of empiric
combination antibiotics remains controversial. The greater
number of antibiotics infused may increase the risk of toxic
side effects, such as renal toxicity from an aminoglycoside,
or the development of antibiotic-associated colitis. Further-
more, a large meta-analysis failed to demonstrate a
significant improvement in outcomes for sepsis with
combination antibiotic therapy [30•].This meta-analysis
included populations with greater heterogeneity of clinical
severity (mean fatality rate was 8.6%) compared to the
above two studies that were restricted to severe sepsis and
septic shock [24••, 29••]. A second caveat among these
different studies is the purpose for which combination
antibiotics are given; either to ensure appropriateness of
initial therapy or to provide a prolonged synergistic effect
as is utilized in the treatment of endocarditis. It is our
practice to utilize initial combination antibiotics for patient
with sepsis and septic shock when the appropriateness of a
single agent is in doubt. Commonly, this is employed by the
addition of one or perhaps two doses of an aminoglycoside
up front with either a 4th generation cephalosporin or a
carbapenem. When the culture and susceptibility data have
returned, the antibiotics are then adjusted accordingly.
Long-term synergistic dosing of two or more antibiotics is
not necessarily the goal. Knowledge of the local suscepti-
bility patterns of common Gram negative infections can be
of assistance. For example, patients from a particular ICU
at a large hospital known to have Gram negative infections
that historically have high resistance to cephalosporins may

benefit from the initial addition of an aminoglycoside until
the in vitro susceptibility data are available.

Bundled Therapy

In a busy emergency department or ICU, it may difficult to
ensure timely appropriate antibiotic coverage for patients
with early septic shock. Bundled hospital orders have been
successfully implemented as a means to improve the rate of
therapy with appropriate initial antibiotics. This approach
was initially successful for standardizing treatment for acute
myocardial infarction [31, 32]. The early directed goal
therapy approach for resuscitation in the emergency
department of patients with septic shock demonstrated a
decrease in mortality with physician order sets that directed
management of hypotension from sepsis [33]. Likewise,
use of the Surviving Sepsis Campaign guidelines for the
treatment of septic shock, particularly early appropriate
antibiotics, reduced hospital mortality in a large prospective
study [17].

At our hospital, a bundled antibiotic order set was
devised and tested in the emergency department. A cohort
of 120 patients presenting with symptoms of septic shock
(mean APACHE II score 22.5 +/− 8.3) were prospectively
studied before and after implantation of the antibiotic order
sets. The patients in the after-cohort were more likely to
receive appropriate antibiotics (86.7% versus 71.7%). The
probability of 28 day hospital survival was also signifi-
cantly increased (P<0.001 by log rank test) [34]. Further
analysis of this cohort revealed that patients who received
early initial antibiotics via the order set in the emergency
department had shorter duration of hospitalization and
significant reductions in hospitalization costs (P=0.009)
[9]. An analysis of over 15,000 patient from 252 sites

Risk factors for receiving
inappropriate antibiotics

Odds ratio by multiple logistic
regression analysis

Reference

Fungal infection 47.3; 95% CI 5.56–200.97 Garnacho-Montero Crit Care
Med 2003 [21]

5.9; 95% CI 3.3–10.4 Harbarth Am J. of Med 2003 [47]

Enterococcal blood stream
infections

5.10; 95% CI 3.0–8.7 Harbarth Am J. of Med 2003 [47]

Multi-drug resistant
microorganism

4.70; 95% CI 3.0–7.4 Harbarth Am J. of Med 2003 [47]

Prior Antibiotics within 30 days 2.23; 95% CI 1.10–5.45 Garnacho-Montero Crit Care
Med 2003 [21]

3.39; 95% CI 2.88–4.23 Kollef Chest 1999 [20]

Blood stream Bacteremia 1.88; 95% CI 1.52–2.32 Kollef Chest 1999 [20]

Nosocomial Infection 1.72; 95% CI 1.52–1.94 Kumar CCM 2009 [20]

1.5; 95% CI 1.0–2.10 Harbarth Am J. of Med 2003 [47]

Apache II score 1.04; 95% CI 1.03–1.05 Kollef Chest 1999 [20]

Table 1 Risk factors associated
with receiving inappropriate
antibiotics

402 Curr Infect Dis Rep (2011) 13:399–405



around the world confirmed that use of order sets based on
the Surviving Sepsis Campaign guidelines, including early,
appropriate antibiotics, were associated with a significant
reduction in hospital mortality (odds ratio, 0.86; 95% CI,
0.79–0.93; P<0.0001) [35••]. This approach was also
confirmed in a recent meta-analysis of bundled care for
patients with septic shock demonstrating reduced hospital
mortality in all studies examined [36•]. Three measures of
antibiotic use, time to initial infusion, appropriate anti-
biotics, and timely infusion of antibiotics were all signifi-
cantly improved with bundled therapy and associated with
improved outcomes.

Appropriate Initial Antibiotic Dosing

In addition to the early infusion of antibiotics in septic
shock, the proper dosage is also critical. From a pharma-
cokinetic perspective, antibiotic chemotherapy is divided
into loading and maintenance dosing. The physiology of
early sepsis alters the typical pharmacokinetics of the
loading dose due to increased volume of distribution (Vd)
in the extracellular space from intravenous fluid resuscita-
tion, renal or hepatic failure, or increased cardiac output
[37, 38•]. The biochemical properties of the antibiotic also
determine the plasma and local tissue concentrations. The
source of infection determines the dose required to achieve
adequate minimal inhibitory concentrations (MICs) of the
antibiotic at the tissue level (lung, blood, or intra-
abdominal). Therefore in severe life threatening infections,
maximum first dose antibiotics are important. Multiple
studies have described that hydrophilic antibiotics such as
β-lactams, aminoglycosides, piperacillin-tazobactam, or
vancomycin require higher loading doses to achieve
sufficient levels at the site of the infection in the interstitial
space [39–41]. This requirement was irrespective of
underlying hepatic or renal failure. The dilution effect in
the extracellular space is less significant in the dosing of
lipophilic antibiotics such as fluoroquinolones and linezolid
[37, 42].

In vivo models suggest that β-lactams have a time
depended anti-microbial mechanism with an optimal bac-
tericidal effect when the drug concentration is greater than
four times the MIC of the pathogen [43, 44]. One study
compared the first dose pharmacokinetics of four typical β-
lactam antibiotics in 80 patients admitted to 4 Belgium
ICUs for bactremia, 72% with septic shock [45••]. Among,
meropenem, ceftazidime, cefepime, and piperacillin-
tazobactam, cefepime and piperacillin-tazobactam had the
shortest periods with a serum concentration greater than
four times the MIC after the first dose. In contrast
meropenem had the longest time with a concentration
greater than four times the MIC. Not surprisingly, patho-

gens with higher MICs had the shortest period with
concentrations greater than 4 times the MIC. There has
been speculation that for antibiotics such as piperacillin-
tazobactam without a significant post-antibiotic effect, more
frequent infusions or even continuous infusions might be of
benefit. However a recent meta-analysis of continuous
versus bolus infusion of β-lactam antibiotics for treatment
of infections failed to identify a mortality benefit (OR, 1.00;
95% CI, 0.48-2.06; P=1.00) [46]. While continuous or
prolonged infusion of antibiotic therapy may be preferred
from a pharmacokinetic standpoint, practical challenges
often supersede. Early in the management of septic shock,
vascular access may be limited, and intravenous fluids and
vasopressors are often continuously required. Future studies
are needed to allow for real-time adjustments for antibiotic
dosing in the septic patient that does not rely on pending
culture results or MIC data in order to optimize the
administration of therapy.

Conclusions

In the first moments of severe sepsis and septic shock,
several factors guide the practice of antibiotic therapy. The
time of onset of hypotension sets the clock running in septic
shock.

& Timely infusion of antibiotics within 2 h or less of onset
of hypotension seems critical.

& Review for risk factors for inappropriate antibiotic
administration is necessary (eg, prior antibiotic admin-
istration, healthcare-associated risk factors).

& Avoidance of treatment with the same antibiotics for
new infection less than 30–60 days following treatment
for a prior bacterial infection.

& Consider initial combination antibiotics to ensure
culture susceptibility not necessary for synergy.

& Utilize bundled antibiotic order sets to improve com-
pliance with treatment guidelines.

Despite improvements in care of critically ill patients
with septic shock, the overall incidence, disease severity,
and mortality of this patient population has increased [6].
Critical care medicine has to rise to meet this challenge.
Initiation of rapid response measures centered on early and
appropriate use of antibiotic therapy is the cornerstone of
this strategy. Critical care and emergency department
physicians have one chance to get the right drug for the
likely pathogen infused as rapidly as possible. Bundled sets
of antibiotic orders facilitate this process by increasing the
appropriateness of initial antibiotic therapy. Further research
to improve initial antibiotic dosing by bedside personalized
pharmacokinetics may help to optimize the effectiveness of
this therapy for each patient.
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