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Severe sepsis and septic shock are as common and lethal as other acute life-threatening
conditions that emergency physicians routinely confront such as acute myocardial infarction,
stroke, and trauma. Recent studies have led to a better understanding of the pathogenic
mechanisms and the development of new or newly applied therapies. These therapies place early
and aggressive management of severe sepsis and septic shock as integral to improving outcome.
This independent review of the literature examines the recent pathogenic, diagnostic, and
therapeutic advances in severe sepsis and septic shock for adults, with particular relevance to
emergency practice. Recommendations are provided for therapies that have been shown to
improve outcomes, including early goal-directed therapy, early and appropriate antimicrobials,
source control, recombinant human activated protein C, corticosteroids, and low tidal volume
mechanical ventilation. [Ann Emerg Med. 2006;48:28-54.]
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INTRODUCTION
Severe sepsis and septic shock are conditions with a mortality
rate approaching 50%.1-3 Aside from early initiation of
antimicrobials,4 until recently, there has not been a scientific
basis for identification of high-risk patients, or a practice
standard for hemodynamic optimization and adjunctive
pharmacologic therapies in the emergency department (ED).
During the past few years, several randomized, controlled trials
in patients with severe sepsis and septic shock have
demonstrated significant reductions in mortality rates with the
institution of new or newly applied therapies.5-7 Concurrently,
antimicrobial resistance to several agents has emerged and
changed considerations about empirical therapy.8,9 Advances in
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imaging and noninvasive interventional techniques have also led
to new diagnostic and therapeutic strategies for early source
control.
Many patients with severe sepsis and septic shock present to
the ED where there are often long delays in transfer to an ICU
bed.10,11 Some of the new approaches to management of severe
sepsis and septic shock appear to be time dependent, suggesting
a “golden hour” and “silver day”12 perspective to the
management of this disorder, giving the ED a more important
role in the care of these patients.
This article is an independent clinical review of
contemporary management strategies for ED patients with
severe sepsis and septic shock. The need for an emergency
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Grading of recommendations
A. Supported by at least 2 level-I investigations
B. Supported by 1 level-I investigation
C. Supported by level II investigations only
D. Supported by at least 1 level-III investigation
E. Supported by level IV or V evidence
Grading of evidence
I.
Large, randomized trials with clear-cut results;
low risk of false-positive (a) error or falsenegative (b) error
II.
Small, randomized trials with uncertain results;
moderate to high risk of false-positive (a) or
false-negative (b) error
III.
Nonrandomized, contemporaneous controls
IV.
Nonrandomized, historical controls and expert
opinion
V.
Case series, uncontrolled studies, and expert
opinion
Figure 1. System used to grade recommendations.13

medicine– based review and recommendations was conceived
(D.A.T.) and developed by the Emergency Department Sepsis
Education Program and Strategies to Improve Survival executive
committee (E.P.R., H.B.N., G.J.M., and D.A.T.), which met in
July 2003, when the outline for and scope of the manuscript
were established. The executive committee identified a working
group of experts in emergency medicine, critical care, and
infectious diseases (F.M.A., E.A., S.T., D.T.H., T.O. and D.S.,
with the executive committee members) to write individual
sections of the manuscript (specific author contributions are
listed in Appendix E1, available online at
http://www.annemergmed.com). The primary authors of each
section (listed first in Appendix E1) initially drafted the
proposed recommendations and associated grading of evidence.
After meeting in March 2004, the executive committee
developed an initial consensus on the final content,
recommendations, and grading of evidence. Individual section
authors then completed their review, which was edited by the
executive committee for consistency and then distributed to the
working group at large. The executive committee coordinated
regular distribution of manuscript drafts through the
development and revision process by e-mail until final consensus
was achieved. The literature was reviewed and referenced
through the time of the last revision, January 2006, and a final
consensus was reached with all authors.
Because of the breadth of this topic, the authors have
attempted to summarize and reference the literature and
comment on the strength of the scientific evidence in each area
according to previously published criteria (Figure 1).13 Specific
and practical recommendations for ED management of severe
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Infection,* documented or suspected, and some of the
following:
General variables
Fever (core temperature ⬎38.3°C [101.0°F])
Hypothermia (core temperature ⬍36°C [96.8°F])
Pulse rate ⬎90 beats/min or ⬎2 SD above the normal
value for age
Tachypnea (respiratory rate ⬎20 breaths/min)
Altered mental status
Significant edema or positive fluid balance (⬎20
mL/kg during 24 h)
Hyperglycemia (plasma glucose ⬎120 mg/dL or 7.7
mmol/L) in the absence of diabetes
Inflammatory variables
Leukocytosis (WBC count ⬎12,000/mm3)
Leukopenia (WBC count ⬍4,000/mm3)
Normal WBC count with ⬎10% immature forms
Plasma C-reactive protein ⬎2 SD above the normal
value
Plasma procalcitonin ⬎2 SD above the normal value
Hemodynamic variables
Arterial hypotension (SBP ⬍90 mm Hg, MAP ⬍70
mm Hg, or an SBP decrease ⬎40 mm Hg in
adults or ⬎2 SD below normal for age)
SvO2 ⬎70%†
Cardiac index ⬎3.5 L/min/m2
Organ dysfunction variables
Arterial hypoxemia (PaO2 /FIO2 ⬍300)
Acute oliguria (urine output ⬍0.5 mL/kg/h for at
least 2 h)
Creatinine increase ⬎0.5 mg/dL
Coagulation abnormalities (INR ⬎1.5 or aPTT
⬎60 s)
Ileus (absent bowel sounds)
Thrombocytopenia (platelet count ⬍100,000/mL)
Hyperbilirubinemia (plasma total bilirubin ⬎4 mg/dL
or 70 mmol/L)
Tissue perfusion variables
Hyperlactatemia (⬎2 mmol/L)
Decreased capillary refill or mottling
SBP, Systolic blood pressure; MAP, mean arterial blood pressure; SvO2 ,
mixed venous oxygen saturation; INR, international normalized ratio; aPTT,
activated partial thromboplastin time.
*Infection defined as a pathologic process induced by a microorganism.
†
SvO2 can be low (⬍70%) in early sepsis, signifying inadequate oxygen
delivery and global hypoperfusion. ScvO2 has been used as a surrogate of
SvO2.5,43

Figure 2. Diagnostic criteria for sepsis, adapted from Levy
et al.16 Copyright ©2001 Springer. With kind permission of
Springer Science and Business Media.
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sepsis and septic shock based on the best available evidence and
authors’ expert opinion are provided.

DEFINITIONS
Sepsis is defined as the presence or presumed presence of an
infection accompanied by evidence of a systemic response called
the systemic inflammatory response syndrome. Systemic
inflammatory response syndrome is defined as the presence of 2
or more of the following: (1) temperature greater than 38°C
(100.4°F) or less than 36°C (96.8°F); (2) pulse rate greater than
90 beats/min; (3) respiratory rate greater than 20 breaths/min
(or PaCO2 less than 32 torr); and (4) WBC count greater than
12,000/mm3 or less than 4,000/mm3, or greater than 10%
immature band forms.14 To address the nonspecificity and
limited number of parameters of systemic inflammatory
response syndrome15 that do not well model the broader
considerations by physicians, the North American and
European Intensive Care Societies proposed a revised sepsis
definition.16 The new definition, although more comprehensive
than systemic inflammatory response syndrome, is vague in its
requirement of some of the many clinical and laboratory findings
in addition to suspicion of infection (Figure 2). By definition,
sepsis describes only the presumed existence of an infection and
at least a minimal systemic response and therefore would not
necessarily imply the existence of hemodynamic compromise or
a bacterial cause, as is often suggested by the still-common usage
of this term.
Severe sepsis is defined as the presence of sepsis and 1 or
more organ dysfunctions. Organ dysfunction can be defined as
acute lung injury; coagulation abnormalities; thrombocytopenia;
altered mental status; renal, liver, or cardiac failure; or
hypoperfusion with lactic acidosis.16,17 Septic shock is defined
as the presence of sepsis and refractory hypotension, ie, systolic
blood pressure less than 90 mm Hg, mean arterial pressure less
than 65 mm Hg, or a decrease of 40 mm Hg in systolic blood
pressure compared to baseline unresponsive to a crystalloid fluid
challenge of 20 to 40 mL/kg.
Bacteremia is the presence of viable bacteria in the blood and
is found only in about 50% of cases of severe sepsis and septic
shock, whereas 20% to 30% of patients will have no microbial
cause identified from any source.1,14
Frequently, the presentation and clinical course of infected
ED patients is not as distinct as the definitions of severe sepsis
and septic shock would suggest. Also, according to the current
understanding of pathophysiology of sepsis and the types of
patients enrolled in pivotal clinical trials, severe sepsis and septic
shock are closely related. Septic shock can be viewed as severe
sepsis with cardiovascular failure. Therefore, for the purposes of
this review, the term severe sepsis/septic shock will be used.

EPIDEMIOLOGY OF SEPSIS
Until October 2003, only 1 International Classification of
Diseases, Ninth Revision (ICD-9) code was used for sepsis, severe
sepsis, and septic shock (038.x septicemia). Since then, ICD-9
30 Annals of Emergency Medicine
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codes have been revised to include septic shock (785.52), and
also proposed for severe sepsis (995.92), to distinguish these
high-risk patients from patients with sepsis. The previous
available ICD-9 codes for “severe sepsis” and “septic shock”
resulted in limitations to epidemiology studies of these
conditions. A recent study defined severe sepsis as “infection”
and “new-onset organ dysfunction,”3 using consensus
definitions,14 and validated the coding scheme with prospective
clinical data. The study estimated that there are 751,000 cases
of severe sepsis per year in the United States. The incidence
increased exponentially with age, suggesting that the number of
cases will increase in coming years as baby boomers grow older.
National hospital costs were $16.7 billion annually. Overall
hospital mortality rate was 28.6%, or 215,000 deaths per year.3
By comparison, 180,000 persons die of acute myocardial
infarction and 200,000 die of lung or breast cancer annually.18
Although it is difficult to accurately quantify the incidence of
sepsis in the ED, existing data suggest that approximately
458,200 cases (or 61% of severe sepsis/septic shock
presentations) are first encountered in the ED annually.3,19
Pneumonia is the most common cause of sepsis in the United
States.1,3,20

PATHOGENESIS
A series of pathogenic events are responsible for the
transition from sepsis to severe sepsis/septic shock. The initial
reaction to infection is a neurohumoral, generalized pro- and
antiinflammatory response. This begins with a cellular
activation of monocytes, macrophages, and neutrophils that
interact with endothelial cells through numerous pathogen
recognition receptors.21 A further host response includes the
mobilization of plasma substances as a result of this cellular
activation and endothelial disruption. These plasma substances
include cytokines such as tumor necrosis factor, interleukins,
caspase, proteases, leukotrienes, kinins, reactive oxygen species,
nitric oxide, arachidonic acid, platelet activating factor, and
eicosanoids. Activation of the complement 22 and coagulation
cascades further amplifies this elaborate chain of events.23-27
The vascular endothelium is the predominant site of these
interactions, and, as a result, there is microvascular injury,
thrombosis, and a loss of endothelial integrity (capillary leak),
resulting in tissue ischemia.23 This diffuse endothelial
disruption is responsible for the various organ dysfunctions and
global tissue hypoxia that accompany severe sepsis/septic shock
(Figure 3). Key therapies that have led to mortality benefits in
severe sepsis/septic shock are directed at reversing these
pathogenic mechanisms.
Physiology of Systemic Oxygen Transport and Utilization
Because microvascular injury leads to decreased oxygen
delivery and consumption at the cell and tissue level, the
principles of oxygen transport physiology become requisite to an
understanding of the pathogenic, diagnostic, and therapeutic
implications of global tissue hypoxia. Oxygen is delivered to the
Volume , .  : July 
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Figure 3. Pathogenic mechanisms from infection to septic shock. The initial response to an infecting organism is a
systemic response, with release of inflammatory mediators and activation of the coagulation cascade. Microvascular injury,
thrombosis, and diffuse endothelial disruption follow, resulting in imbalance between oxygen delivery and oxygen
consumption. Global tissue hypoxia and cytopathic (cellular) hypoxia develop, leading to multiple organ dysfunction and
irreversible shock.

tissues as a product of cardiac output and oxygen content
(which is a product of hemoglobin oxygen saturation and
hemoglobin). After oxygen is extracted at the tissue level, the
remainder returns to the venous circulation. The product of
systemic oxygen delivery and the percentage of oxygen extracted
(normally 25%) by the tissues is the systemic oxygen
consumption. The balance between systemic oxygen delivery
and consumption is reflected by the mixed venous hemoglobin
oxygen saturation (SvO2). Global tissue hypoxia results when
there is an inability of systemic oxygen delivery to meet the
oxygen requirements (ie, consumption) of the tissues and results
in lactic acidosis.
Cardiovascular Insufficiency and Global Tissue Hypoxia
One of the most important events leading to morbidity and
mortality in patients with sepsis is the development of
cardiovascular insufficiency and resulting global tissue
hypoxia.1,28,29 Global tissue hypoxia (or oxygen deprivation),
which can occur before the development of hypotension,30
results in further endothelial activation and generalized
inflammation.25,31-34
Global tissue hypoxia develops from multiple mechanisms of
cardiovascular insufficiency. These mechanisms include
Volume , .  : July 

decreased preload, vasoregulatory dysfunction, myocardial
depression, increased metabolic demands, and impaired tissue
oxygen use resulting from microcirculatory dysfunction and
cytopathic hypoxia.25,35,36 First, although sepsis is commonly
characterized as hyperdynamic, some patients may present in
the early stages with a decreased preload because of concomitant
left ventricular dysfunction and hypovolemia.37 After fluid
resuscitation to normalize filling pressures, compensatory
mechanisms of ventricular dilatation and tachycardia permit a
transition to a hyperdynamic state or high cardiac output.
Second, even in the presence of a normal or high cardiac output
in severe sepsis/septic shock, hypoperfusion abnormalities can
still exist. This “distributive shock” refers to a state of either
systemic or regional hypoperfusion as a result of derangements
in blood flow distribution and loss of vasoregulatory control to
the vascular beds. Third, myocardial depression reflecting a
hypodynamic state with low cardiac output, thought to occur as
a result of effects of inflammatory mediators, can be the
predominant hemodynamic feature in up to 15% of patients
presenting with severe sepsis/septic shock and may be especially
profound in patients with preexisting cardiac disease.38,39
Fourth, the inflammatory response accompanying sepsis is also
associated with increased metabolic demands, reflected by an
Annals of Emergency Medicine 31
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increase in splanchnic and total body oxygen consumption.40-42
The combination of measuring central venous oxygen saturation
(ScvO2),43 which is usually 5% to 7% higher than SvO2 with
very good correlation coefficients,44-52 and lactate53,54 during
initial patient assessment allows for the early recognition of
these contributors to cardiovascular insufficiency and global
tissue hypoxia that can occur despite the presence of stable vital
signs.55 Last, in addition to sepsis causing an impairment in
oxygen delivery, the bioenergetics of cellular oxygen extraction
and use or respiration may also be impaired.36,56 This
cytopathic hypoxia can manifest with a normal or high SvO2
and lactic acidosis. These derangements further contribute to
the cardiovascular insufficiency and may occur independent of
hemodynamic parameters, such as arterial blood pressure.

DIAGNOSIS
To diagnose severe sepsis/septic shock as early as possible, it
is necessary to recognize historical, clinical, and laboratory
findings that are indicative of infection, organ dysfunction, and
global tissue hypoxia. Studies of the diagnostic utility of various
laboratory tests, either alone or in combination, in addition to
clinical findings among a broad-based ED population do not
exist. The recommended findings and laboratory studies to
detect severe sepsis/septic shock derive mainly from enrollment
criteria of the pivotal clinical trials that will be discussed below
(Grade E).
Both epidemiologic (eg, contact risk for meningococcemia)
and patient risk for infection must first be considered. The
presence of immunocompromising conditions and prosthetic
devices such as intravenous lines, heart valves, and urinary
catheters increases infection risk. Focal findings of infection
should be sought on medical history and physical examination.
The hallmark finding of infection is fever. General thresholds
for abnormally high or low temperatures are based on studies of
various populations and can vary among individuals and time of
day (ie, temperatures tend to be lower in the early morning).
The elderly and patients with myocardial dysfunction and shock
tend to have lower temperatures than younger adults.57,58 Oral
temperature above 37.2°C or 99.0°F (or rectal temperatures
above 37.5°C or 99.5°F) should be considered a fever in the
elderly. Temperature less than 36°C or 96.8°F is associated with
the presence of severe infection.28,59 Also, some patients may
present without fever, and develop fever during their evaluation
or after resuscitation. Other systemic inflammatory response
syndrome criteria (ie, tachycardia and tachypnea) were entry
criteria in pivotal trials and when accompanied by a source of
infection, ill appearance, or hypotension should trigger an
expedited ED evaluation for the presence of severe sepsis/septic
shock.
Certain laboratory value abnormalities are among the criteria
for sepsis (Figure 2), and therefore, various tests are
recommended when a severe infection is suspected. These
include a CBC count with the differential, standard chemistry
panel including bicarbonate, creatinine, liver enzymes, lactate,
and coagulation studies. Leukocytosis, neutrophilia, and
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bandemia (ie, premature granulocytes) are typically associated
with the presence of bacterial infection but have poor sensitivity
and specificity and, thus, cannot be used alone to either exclude
or confirm the diagnosis of bacterial infection.60-65 Presence of
Döhle’s bodies, toxic granulation, and vacuoles heightens the
likelihood of bacterial infection.60 Overwhelming severe sepsis/
septic shock can also be associated with leukopenia and
neutropenia. Initial measurement of hemoglobin and
hematocrit levels will commonly reveal hemoconcentration
because of significant hypovolemia, and fluid resuscitation is
expected to decrease RBC concentrations. Because a hematocrit
level less than 30% is a specific criterion for transfusion in
resuscitation protocols to be discussed below, repeated
evaluations are recommended.
Thrombocytopenia, which frequently heralds the onset of
disseminated intravascular coagulation, is an independent
predictor of multiple organ failure and poor outcome.66-68 In
the Recombinant Human Activated Protein C Worldwide
Evaluation in Severe Sepsis (PROWESS) trial of 1,690 patients
with severe sepsis, a baseline elevated D-dimer and prolonged
prothrombin time were observed in 99.7% and 93.4% of
patients, respectively.6,69 Although nonspecific, an elevated
D-dimer level has been shown to be associated with the
development of severe sepsis/septic shock and death, and
declining levels are associated with positive response to
therapy.6,69-71 If severe sepsis/septic shock is suspected, platelet
count and prothrombin time should be measured, with
activated partial thromboplastin time, D-dimer, fibrin
degradation products, and fibrinogen tested if there is evidence
of disseminated intravascular coagulation.
A standard chemistry panel that reveals acidosis may
represent the presence of lactic acidosis. Of note,
hyperlactatemia, along with systemic inflammatory response
syndrome criteria and suspected infection, was an enrollment
criterion in one pivotal trial to be discussed below.5
Hyperlactatemia is not always accompanied by a low
bicarbonate level or increased anion gap, and, thus, the lactate
level must also be measured if severe sepsis is suspected.72,73
Increased lactate levels among ED patients admitted to the
hospital with infection and upward trends in lactate levels are
associated with poor prognosis and may be used to guide response
to therapy.74-77 Arterial lactate correlates well with mixed venous
(pulmonary artery) and central venous lactate levels.78,79
However, peripheral venous lactate should be interpreted
cautiously because of its inadequate agreement with arterial
lactate measurements. The likelihood of arterial hyperlactatemia
is reduced considerably by a normal peripheral venous lactate
but is only slightly increased if the peripheral venous lactate is
increased.80 Therefore, although a normal peripheral venous
lactate level lowers the likelihood of the presence of severe
sepsis/septic shock, an arterial or central venous sample should
be sent if a peripheral venous lactate level is increased.
More than 80 biological markers of sepsis (eg, C-reactive
protein, interleukin 6, procalcitonin, protein C) have been
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investigated both for their diagnostic and prognostic
capabilities.81 In general, presence of these markers has been
associated with increasing morbidity and mortality. However,
lack of availability, long result turnaround times, and
nonstandardized assays and cutoff values limit their practical
use.
Establishing a definitive microbial cause of severe
sepsis/septic shock is difficult during ED evaluation.
Nonetheless, identification of the organism(s) and antimicrobial
susceptibilities can be important in subsequent management.
Obtaining appropriate cultures before antimicrobial treatment
(ie, when not associated with an unreasonable delay in therapy)
optimizes pathogen identification. Blood cultures will be
positive in about 50% of patients with severe sepsis/septic
shock.28 The recommended practice is to culture more than 20
mL of blood divided evenly into aerobic and anaerobic
bottles.82 Blood culture yield increases with greater blood
volume obtained.83 The total volume appears to be more
important than timing or use of multiple sites.84,85 However,
there is some incremental yield with multiple specimens, and it
may also be useful in distinguishing true pathogens from
contaminants.86,87 Therefore, patients being evaluated for severe
sepsis/septic shock should have at least a pair (2 full volume sets)
of blood cultures obtained. For suspected indwelling line
infection, the catheter should be removed as soon as possible
and the tip cultured.
Selection of other culture sites should be based on the
clinical scenario. The most common sites of infection causing
severe sepsis/septic shock are pulmonary, genitourinary,
intraabdominal, skin, and indwelling lines. Urine cultures are
easily obtained and are appropriate in most patients unless there
is an obvious alternate source. Culture and Gram’s stain of
sputum has low overall yield but are recommended for patients
hospitalized with pneumonia.88 Any purulent material from
skin and soft tissue infections and normally sterile fluids (eg,
joint, cerebrospinal, pleural fluid) should be obtained for culture
and Gram’s stain if there is evidence of localized infection. At
the present time, nonculture microbiologic testing (eg, antigen
testing, polymerase chain reaction) is not useful in the routine
evaluation of these patients.88,89

EARLY HEMODYNAMIC OPTIMIZATION
A goal-directed hemodynamic resuscitation of severe sepsis/
septic shock includes a systematic approach to restoration of
systemic oxygen delivery through a manipulation of preload
(volume), afterload (blood pressure), and contractility (stroke
volume) to preserve effective tissue perfusion while avoiding
excessive increases in myocardial oxygen consumption (ie,
tachycardia) and maintaining coronary perfusion pressure.
Hemodynamic optimization strategies have been widely
studied with inconclusive results. Several studies did not find
any outcome advantage to increasing oxygen delivery among
patients with severe sepsis/septic shock enrolled while in the
ICU.90,91 Such trials included patients with unspecified ICU
stays and times from disease onset and recognition before study
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interventions. Thus, these studies are potentially confounded by
inclusion of patients who either recovered from their initial
insult or had advanced refractory shock. Furthermore, these
studies had strategies aimed at supranormal hemodynamic goals
92
that may have resulted in adverse effects from the therapeutic
interventions.
Recently, a trial of early hemodynamic resuscitation to
normal physiologic parameters, or early goal-directed
therapy, was conducted in ED patients with severe sepsis/
septic shock and revealed a significant mortality reduction.5
Early goal-directed therapy is an algorithmic approach to
hemodynamic optimization and resolution of global tissue
hypoxia within the first 6 hours of disease presentation
(Figure 4). The strategy targets normal oxygen delivery by
optimizing preload, afterload, oxygen content, and
contractility to achieve a balance between tissue oxygen
delivery and consumption (guided by central venous
pressure, mean arterial pressure, and ScvO2
monitoring).43,45,47,48,51 Specifically, patients are treated by (1)
fluid resuscitation with either crystalloid or colloid to achieve a
central venous pressure goal of 8 to 12 mm Hg, (2) vasoactive
agents to achieve a mean arterial pressure goal of 65 to 90 mm
Hg, (3) blood transfusion to a hematocrit level greater than
30%, (4) inotrope therapy, and (5) intubation, sedation, and
paralysis as necessary to achieve a ScvO2 of greater than 70% as
measured by continuous central venous oxygen saturation
monitoring (Figure 4).5
Rivers et al 5 examined efficacy of early goal-directed therapy
in 263 patients with infection associated with hypotension after
a fluid bolus or serum lactate level greater than or equal to 4
mmol/L who were randomly assigned to receive standard
resuscitation or early goal-directed therapy (133 control versus
130 early goal-directed therapy) in the ED before ICU transfer.
ICU physicians were blinded to patient study assignment.
During the first 6 hours in the ED, the early goal-directed
therapy group had significantly greater amount of fluid therapy
than the control group (5.0 versus 3.5 L, respectively), RBC
transfusion (64.1% versus 18.5%, respectively), and inotrope
(ie, dobutamine) administration (13.7% versus 0.8%,
respectively). The primary outcome variable, inhospital
mortality rate, was 46.5% in the control group versus 30.5% in
the early goal-directed therapy group (relative reduction in
mortality rate of 34.4%; RR 0.58; 95% confidence interval [CI]
0.38 to 0.87; P⫽.009). During 6 to 72 hours in the ICU after
receiving early goal-directed therapy, the treated patients had
significantly higher ScvO2 and pH, with a lower lactate level
and base deficit than the control group. The early goal-directed
therapy group had significantly less fluid therapy (8.6 versus
10.6 L), RBC transfusion (11.1% versus 32.8%), vasopressor
therapy (29.1% versus 42.9%), and mechanical ventilation
(2.6% versus 16.8%) between 6 and 72 hours in the ICU
compared with the control group (P⬍.05). Organ dysfunction
scores were significantly better in the early goal-directed therapy
group during the first 72 hours. Of the patients who survived to
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Supplemental oxygen ⫾
endotracheal intubation and
mechanical ventilation

Central venous and
arterial catheterization

Sedation, paralysis
(if intubated),
or both

⬍8 mm Hg

CVP

Crystalloid
Colloid

8-12 mm Hg

MAP

⬍65 mm Hg
⬎90 mm Hg

Vasoactive agents

⬎65 and ⬍90 mm Hg

SvO2

⬍70%

⬎70%
Transfusion of red cells
until hematocrit ⬎30%

⬍70%

⬎70%
Inotropic agents
No

Goals
achieved
Yes
Hospital admission

The Institute for Healthcare Improvement recommends that a resuscitation bundle
incorporating early goal-directed therapy be started immediately and completed within 6
hours of recognition of severe sepsis/septic shock.286
1. Serum lactate measured.
2. Blood cultures obtained before antibiotic administration.
3. From the time of presentation, broad-spectrum antibiotics administered within 3
hours for ED admission.
4. In the event of hypotension:
a. Crystalloid (or colloid equivalent) delivered at a minimum of 20 mL/kg.
b. For hypotension not responding to volume resuscitation, vasopressors used
to maintain mean arterial pressure ⬎65 mm Hg.
5. In the event of persistent arterial hypotension refractory to volume resuscitation
(septic shock) or initial lactate ⬎4 mmol/L (36 mg/dL):
a. Central venous pressure ⬎8 mm Hg achieved.
b. Central venous oxygen saturation 70% achieved.
Figure 4. Early goal-directed therapy protocol.5 Copyright © 2001 Massachusetts Medical Society. All rights reserved.

hospital discharge, early goal-directed therapy was associated
with significantly shorter hospital length of stay (3.8 days)
(P⫽.04). Early goal-directed therapy was also associated with a
significant 2-fold decrease in the incidence of sudden
34 Annals of Emergency Medicine

cardiopulmonary complications, such as cardiac arrest,
hypotension, or acute respiratory failure (P⫽.02).
The study was performed in the ED with the research team
present at the patient bedside in the early goal-directed therapy
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Table 1. Vasoactive agents.
Hemodynamic Effects
Drug

Dose/Mixture

Action

Vasoconstriction

Vasodilation

Cardiac Output

Adverse Effects and Comments

⫹⫹

⫹⫹⫹⫹

0

Slight increase or no
change

⫹⫹ at 5–10 g/kg/
min

⫹⫹ at 7 g/kg/min

⫹ at 0.5–5.0
g/kg/min

Dose-related, reflex bradycardia;
useful when loss of venous
tone predominates, spares
the coronary circulation
Tachydysrhythmias, increases
myocardial oxygen
consumption; a cerebral,
mesenteric, coronary and
renal vasodilator
Reflex bradycardia, headache,
restlessness, excitability,
rarely arrhythmias; ideal for
patients in shock with
tachycardia or
supraventricular arrhythmias
Outcome data on its use are
lacking; infusions of ⬎0.04
U/min may lead to adverse,
likely vasoconstrictionmediated events; reserved for
refractory hypotension.
Causes tachydysrhythmias,
leukocytosis; increases
myocardial oxygen
consumption and lactate
production
Causes tachydysrhythmias,
occasional gastrointestinal
distress, increases
myocardial oxygen
consumption, hypotension in
volume-depleted patient; has
less peripheral
vasoconstriction than
dopamine.
Causes headache, dizziness,
tachycardia, orthostatic
hypotension, hypersensitivity
reaction

Norepinephrine

2-20 g/min
4 mg/250 mL

Primarily ␣-1,
some ␤-1

Dopamine

0.5-20 g/kg/min
400 mg/250 mL

␣, ␤, and
dopaminergic

Phenylephrine

40-200 g/min
10 mg/250 mL

Pure ␣

0

⫹⫹⫹⫹

0

Decrease

Vasopressin

0.01– 0.04 U/min
20 U/100 mL

␣ and V1

0

⫹⫹⫹⫹

⫹

Decrease

Epinephrine

1–10 g/min
1 mg/250 mL

␣ and ␤

⫹⫹⫹⫹ at 0.03–0.15
g/kg/min

⫹⫹⫹⫹ at 0.15–0.30
g/kg/min

⫹⫹⫹

Increases

Dobutamine

2.5–20 g/kg/
min
250 mg/250 mL

␤-1, Some ␤-2
and ␣-1 in
large
dosages

⫹⫹⫹⫹

⫹

⫹⫹

Increase

Nitroglycerin

5-60 g/min
100 mg/250 mL

Smooth muscle
relaxation of
coronary and
systemic
vessels

0

0

⫹⫹⫹

0, No effect; ⫹, mild effect; ⫹⫹, moderate effect; ⫹⫹⫹, marked effect; ⫹⫹⫹⫹, very marked effect.

Usually increases

Slight decrease
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group. Thus, it is possible that subsequent treating physicians
were aware of the initial interventions; however, these physicians
treating control and treatment patients during the remainder of
the hospital stay were blinded to the study randomization. This
period represented only 6 to 8 hours of a 13-day average
hospital stay. Concerns about the appropriateness and an
inability to discern the individual effects of specific interventions
or strategies that were bundled in early goal-directed therapy
have been raised, such as the use of blood products, monitoring
of central venous oxygen saturation, and inotrope use.93 The
components of early goal-directed therapy are all recommended
approaches and treatments by the Society of Critical Care
Medicine, as described in their guidelines for the management
of severe sepsis/septic shock.94,95 Because this was a research
study conducted at 1 institution, it is unclear whether outcomes
can be generalized to every ED practice, with varying expertise
and resources for implementation.96
In patients with severe sepsis/septic shock, early goal-directed
therapy should be used as the first means of resuscitation, with
simultaneous prioritization of appropriate empirical
antimicrobials and source control (Grade B). The specific
procedures to institute early goal-directed therapy are discussed
below.
Hemodynamic Monitoring
Optimal titration of fluids and vasoactive therapy is
performed more objectively with invasive monitoring. Central
venous access allows measurement of central pressure and
ScvO2. ScvO2 can be measured continuously by use of a
fiberoptic, central venous catheter (Edwards Lifesciences, Irvine,
CA), as was used in the Rivers et al study.5 ScvO2 can also be
measured by intermittent central venous blood gas sampling,
and depending on the frequency of sampling, stability of the
patient, and rapidity with which therapies can be modified, it
may be a reasonable alternative to continuous monitoring. With
use of vasopressor agents, intraarterial pressure monitoring is
preferred, with the femoral site being recommended over the
radial artery because of a more accurate reflection of central
aortic pressure.97
Volume Therapy
The first parameter to target in hemodynamic optimization
is intravascular volume with the use of fluid therapy targeting a
central venous pressure of 8 to 12 mm Hg. No outcome benefit
has been demonstrated in using colloids compared to
crystalloids with respect to mortality or hospital length of
stay.98-100 However, in one investigation a trend to improved
survival with the use of colloid (albumin) in sepsis was
observed.100 The volume of crystalloids required may be 2 to 3
times that required of colloids to restore the optimal volume.
One liter of normal saline solution adds 275 mL to the plasma
volume, whereas 1 L of 5% albumin will increase plasma
volume by 500 mL.101 In patients with low central venous
pressure and concurrent pulmonary edema, a colloid may be
combined with a crystalloid to avoid a large volume of
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crystalloid and to rapidly achieve the central venous pressure
goal.102
Vasoactive Agents
Vasopressors should be administered when hypotension is
persistent or mean arterial blood pressure less than 65 mm
Hg after a crystalloid volume challenge of 20 to 40 mL/kg
regardless of the central venous pressure. In the presence of
hypotension, organ perfusion cannot be maintained with
fluids alone. Existing evidence does not clearly support the
superiority of one vasopressor over another.103 Vasopressor
agents, their dosages, actions, and adverse effects are
summarized in Table 1. Norepinephrine, at a dosage of 2 to
20 g/minute, or dopamine, at a dosage of 5 to 20 g/kg/
minute, have been advocated as first-line agents in septic
shock patients.95 Norepinephrine may be more effective in
correcting hypotension in septic shock while avoiding the
potential tachycardia induced by dopamine.104 A potential
survival benefit has been suggested with the use of
norepinephrine compared with dopamine.105 Dopamine is
both an ␣- and ␤-adrenergic agonist up to 10 g/kg/minute
and is an alternative in a patient who is in need of a
combination vasopressor and inotrope. Phenylephrine, a
pure ␣-adrenergic agonist, at a dosage of 40 to 200
g/minute is an alternative vasopressor for patients with
significant tachycardia because of its ability to induce reflex
bradycardia.106,107 Its use, however, may reduce splanchnic
blood flow and decrease cardiac output.108
In the patient with refractory hypotension, vasopressin
deficiency should be considered.109,110 Vasopressin, which is
deficient in many septic shock patients, is an endogenously
produced hormone. When administered in a relatively small,
physiologic dosage, 0.01 to 0.04 U/minute, vasopressin corrects
the deficiency through a hypersensitive physiologic response.111
Additionally, a synergistic effect is seen with other vasopressors
that increases mean arterial pressure and frequently allows for
catecholamine withdrawal.111,112 However, vasopressin is not
considered a first-line agent, and its administration may be
associated with a decrease in cardiac output, so it is commonly
used in combination with other vasoactive drugs. Dosages
greater than 0.04 U/minute are not of greater benefit and may
be harmful. Epinephrine at a dosage of 1 to 10 g/minute is
often considered as last-resort therapy. In patients unresponsive
to other vasopressors, epinephrine increases mean arterial
pressure by increasing cardiac output and stroke volume. Its use
can be deleterious, however, because it may impair splanchnic
circulation and increase lactate production.113
Patients may have normal or increased blood pressure in the
presence of tissue hypoperfusion or severe sepsis without
traditional hypotensive shock.114 Afterload reduction can be
considered if mean arterial pressure is elevated. Although it is
primarily a venodilator, nitroglycerin at a dosage of 5 to 60 g/
minute can be used to lower the mean arterial pressure,
especially in the presence of elevated central venous pressure.
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Preliminary data suggest that nitroglycerin improves
microcirculatory blood flow in patients with septic shock.115
Increasing Oxygen Carrying Capacity
A low ScvO2, coupled with an elevated lactate level, suggests
a mismatch between systemic oxygen delivery and oxygen
consumption of the tissues. When a low ScvO2 is identified,
therapies to augment 1 or more of the 3 components of oxygen
delivery are recommended to restore the balance between
systemic oxygen delivery and consumption: (1) oxygen carrying
capacity; (2) cardiac output; or (3) arterial oxygen saturation.
This is the rationale for using packed RBC transfusion,
inotropic agents, and supplemental oxygen or mechanical
ventilation to increase ScvO2.
After mean arterial pressure has been optimized, patients
with inadequate oxygen delivery reflected by ScvO2 less than
70%, elevated lactate, and hematocrit less than 30% should
receive a transfusion of packed RBCs to achieve a hematocrit
level greater than 30%. Some studies have suggested that a
restrictive strategy of transfusion, in which packed RBCs are
transfused when hematocrit level is less than 21%, may be
appropriate.116,117 However, these are studies of outcomes
among heterogeneous populations of stable hospitalized patients
as opposed to randomized trials of ED patients with severe
sepsis/septic shock, making generalization to these patients
problematic.
Inotropic Therapy
After adequate volume, mean arterial pressure, and
hematocrit goals are met and ScvO2 is persistently less than
70%, dobutamine to improve contractility, in a dosage of 2.5 to
20 g/kg/minute, titrated to achieve ScvO2 greater than 70%,
is recommended. Patients with poor cardiac contractility may
have increased central venous pressure and appear to be volume
overloaded, requiring diuresis. However, unresuscitated severe
sepsis/septic shock patients will often have underlying
hypovolemia. Inotropic support with dobutamine in these
patients may treat the myocardial depression and unmask
hypovolemia.118,119 Volume resuscitation, instead of diuresis, in
these situations will prevent subsequent cardiovascular collapse
and vasopressor use. Because the vasodilatory effect of
dobutamine could worsen hypotension, it should be used in
combination with vasopressors for patients with persistent
hypotension. In addition, dobutamine may also exacerbate
tachycardia.
Decreasing Oxygen Consumption
When the goals of central venous pressure, mean arterial
pressure, and hematocrit are met but ScvO2 remains less than
70% after a trial of dobutamine, or dobutamine causes an
exaggerated response such as significant tachycardia and
hypotension, one should consider reducing systemic oxygen
demand and consumption. One of the greatest contributors to
increased systemic oxygen demand is increased respiratory
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muscle use in breathing. In this situation, intubation and
mechanical ventilation, sedation, and paralysis decrease the
work of breathing and redistribute blood flow from the
respiratory muscles to splanchnic and other vital vascular
beds.120,121
Resuscitation Endpoints
Trends of vital signs are not sufficient endpoints to
determine an adequate response to therapy. Rady et al114
showed that 31 of 36 patients presenting with shock and
resuscitated to normal vital signs continued to have global tissue
hypoxia, as evidenced by decreased ScvO2 and increased lactate
levels. A post hoc analysis of the early goal-directed therapy
study5 in patients with mean arterial pressure greater than 100
mm Hg showed that control patients with persistently abnormal
ScvO2 and lactate levels at 6 hours had a significantly higher
mortality rate compared with the early goal-directed therapy
patients whose values had reached therapeutic goals (60.9%
versus 20.0%, P⬍.05).122 Other studies have also showed that a
persistently high lactate is associated with increased
mortality.74,77,123,124 Therefore, continuous ScvO2 and serial
lactate measurements during resuscitation may help identify
patients requiring continued intensive therapy.

ANTIMICROBIAL THERAPY
Timeliness and In Vitro Antimicrobial Activity
In light of the dramatic reduction in mortality observed with
the advent of modern antimicrobial therapy, it would be
unethical to randomize patients with severe sepsis/septic shock
either to receive antimicrobials immediately or after some period
of delay or to receive antimicrobials expected to have or not
have in vitro activity against anticipated pathogens.
Several retrospective cohort studies of bacteremic patients
with community-acquired infections have examined the
institution of “appropriate” empirical antimicrobials with
respect to mortality, ie, those given with in vitro activity against
the blood culture isolate within 48 hours of specimen collection
versus inappropriate antimicrobials.125-141 These studies had
variable proportions of patients with community-acquired
infections and shock. Most studies found a lower mortality rate
associated with the institution of appropriate antimicrobials, a
result also found in 2 studies that evaluated patients with septic
shock,127,135 1 study that evaluated patients with communityacquired bacteremia,135 and an analysis of patients with severe
sepsis caused by community-acquired pneumonia who were
enrolled in the PROWESS trial.6,142 These results support the
importance of accurately predicting the bacterial cause of sepsis
and the associated antimicrobial susceptibility when choosing
empirical antimicrobials (Grade D).
Although these studies examined antimicrobial
administration within 48 hours of blood culture collection,
there are only limited data on the effect of more rapid
administration of antibiotics for various types of serious
infections within the typical time of ED care, ie, several hours.
Among patients with meningococcemia, studies by Cartwright
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et al143 found a lower mortality rate associated with
administration of antibiotics by general practitioners before
transfer to the hospital compared with administration at the
hospital, but these differences were not statistically significant.
Among a risk-adjusted group of 14,069 Medicare patients
(older than 65 years) admitted with community-acquired
pneumonia, Meehan et al144 found a significantly lower
mortality rate associated with antimicrobial administration
within 8 hours of arrival at the ED compared with later
administration. Silber et al145 found no difference in time to
clinical stability between adults hospitalized with moderate to
severe community-acquired pneumonia who were given antibiotics
within 4 hours compared with later administration. More recently,
Houck et al4 found that antibiotic treatment within 4 hours was
associated with lower mortality rate among 13,771 risk-adjusted
hospitalized Medicare patients with community-acquired
pneumonia, and this timing goal has been recommended by the
Infectious Diseases Association of America and the Centers for
Medicare Quality Improvement Project.88,146
Although there are insufficient data to conclude that delays
on the order of hours are deleterious, administration of
antibiotics within the time of ED care and as soon as possible
once there is a reasonable suspicion of severe sepsis/septic shock
will likely increase the chance of favorable outcome compared
with later administration (Grade E).
Infection Site and Bacterial Cause
Most studies describing the bacteriology and site of infection
in severe sepsis/septic shock include a combination of
community- and hospital-acquired infections (defined as
infections detected within or after 48 hours of hospitalization,
respectively). The situation is further complicated by the fact
that some infections may not be clearly classified as community
or hospital acquired (eg, recent outpatient surgery).147,148
Among studies of both community- and hospital-acquired
infections, the sites of infection for patients with severe sepsis/
septic shock are as follows: lung (35%), abdomen (21%),
urinary tract (13%), skin and soft tissue (7%), other site (8%),
and unknown primary site (16%) (compiled from 16 studies
between 1963 and 1998 that included 8,667 patients).20,28,149-163
Among patients older than 65 years, a urinary tract source is the
most common infection site.134,164 Since the late 1980s, Grampositive bacteria have replaced Gram-negative bacteria as the
predominant pathogens in severe sepsis/septic shock.165
Although several studies describe community-acquired
bacteremia, in most studies only a fraction had severe sepsis/
septic shock. In one multicenter study of 339 patients admitted
to the ICU with community-acquired bacteremia, with sepsis in
86 cases (25%), severe sepsis in 69 cases (20%), and septic
shock in 184 cases (55%), the sites of infection were lung
(21%), abdomen (20%), urinary tract (20%), endocarditis
(4%), other (10%), and bloodstream infection without known
primary source (25%). The most common pathogens were
Escherichia coli (25%), Streptococcus pneumoniae (16%), and
Staphylococcus aureus (14%).166 In another study of 169
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bacteremic patients admitted from nursing homes (only 20%
had hypotension), the most common pathogens were E coli
(27%), S aureus (18%), and Proteus spp (13%).164 Generally,
anaerobes are not a cause of severe sepsis/septic shock, except
rarely in the case of intraabdominal, pelvic, and necrotizing skin
and muscle foci, in which they are often part of mixed aerobic/
anaerobic infections.
Antimicrobial Susceptibility
Because of the association of survival with an initial
antimicrobial regimen that possesses in vitro activity against the
offending bacterial pathogen, it is important to have an
understanding of current antimicrobial resistance patterns and
trends that may help anticipate future resistance. To the best of
our knowledge, no series exist for bacterial pathogens and their
associated antimicrobial susceptibility patterns among ED
patients with severe sepsis/septic shock. However, general
antimicrobial susceptibility surveys of the 3 major pathogens, E
coli, S aureus, and S pneumoniae, have been conducted, and
some report on community-acquired strains. These studies are
often limited by lack of specific knowledge about outpatient
setting/exposure, previous antimicrobial use, and site of
infection. Populations are limited to patients with cultures, and
their results describe susceptibility patterns of several years
before publication. It is important to understand antimicrobial
resistance rates locally, and national and international resistance
trends may also be helpful. Antimicrobial use by patients within
the previous several months is a recognized risk factor for being
colonized or infected with a strain resistant to a previously
administered antimicrobial or other antimicrobials.
More than 90% of community-acquired E coli isolates (and
other Enterobacteriaceae) in the United States are susceptible to
aminoglycosides, fluoroquinolones, and advanced-generation
cephalosporins.167-170 Garau et al171 reported, however, that
9% to 17% of community-acquired E coli isolates in Barcelona
collected between 1992 and 1996 were resistant to ciprofloxacin
(typically, there is cross-resistance with other fluoroquinolones).
Of these strains, the resistance rates to aminoglycosides and
cephalosporins were about 10%.171
The prevalence of community-acquired strains of S
pneumoniae with penicillin, macrolide, or trimethoprimsulfamethoxazole resistance has significantly increased in the last
decade.172-177 Rates of high-level penicillin resistance (ie, ⬎2
g/mL) range from 8% to 26%.172-177 Resistance rates to thirdgeneration cephalosporins such as ceftriaxone and cefotaxime
are still low, ranging from 3% to 5%, especially because recently
the cutoff above which a minimal inhibitory concentration
would be defined as “resistant” was revised upward (ie, from ⬎2
g/mL to ⬎4 g/mL).172-178 Resistance rates to respiratory
fluoroquinolones such as levofloxacin are low (generally less
than 1%) but are increasing in North America.172-178 A
Canadian study reported that, among adults, the prevalence of
pneumococci with reduced susceptibility to fluoroquinolones
increased from 1.5% in 1993 and 1994 to 2.9% in 1997 and
1998.177 In Hong Kong, 13% of S pneumoniae isolates were
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Table 2. Empirical antimicrobial recommendations for adult ED patients with severe sepsis and septic shock.
Recommended Antimicrobial Regimen
(Standard Adult Dosing)

Sepsis Source

†

Unknown source

Vancomycin* 1 g Q 12 h and levofloxacin 750 mg Q
24 h and gentamicin‡ 7 mg/kg Q 24 h

Community-acquired
pneumonia

Vancomycin* 1 g Q 12 h and levofloxacin†§ 750 mg Q
24 h (and gentamicin‡ 7 mg/kg Q 24 h if recent
hospitalization/nursing home residence, recent
antibiotic use, or bronchiectasis)
Vancomycin* 1 g Q 12 h and ceftriaxone 2 g Q 12 h
(and ampicillin 2 g Q 4 h if immunocompromised or
elderly) after dexamethasone 10 mg intravenously Q
6 h (no data exist on the use of high- or low-dose
steroids for patients with bacterial meningitis and
severe sepsis/septic shock)
Piperacillin/tazobactam储 3.375 g Q 6 h and gentamicin‡
7 mg/kg Q 24 h

Meningitis

Urinary tract infection

Intraabdominal/pelvic
infection

Piperacillin/tazobactam储 3.375 g Q 6 h and gentamicin‡
7 mg/kg Q 24 h

Skin and soft tissue
infection/necrotizing
infection

Vancomycin* 1 g Q 12 h and
piperacillin/tazobactam储3.375 g Q 6 h and
clindamycin 900 mg Q 8 h

Comments
Consider abdominal/pelvic imaging if physical
examination, chest radiograph, and urinalysis do not
reveal an infection source.
Consider Pneumocystis carinii pneumonia treatment in
AIDS patients and obtain an echocardiogram to
evaluate endocarditis with septic emboli in
intravenous drug users.
If altered mental status or focal neurologic
abnormalities, consider adding acyclovir (10 mg/kg
Q 8 h) to treat herpes encephalitis.

Complicated urinary tract infections may be caused by
Enterococcus species, Pseudomonas aeruginosa, or
Staphylococcus aureus (nonnitrite producers), for
which gentamicin and piperacillin/tazobactam are
preferred. If nitrite production or Gram’s stain
suggests Enterobacteriaceae, levofloxacin or
ceftriaxone can be substituted for gentamicin.
Obtain imaging to rule out obstruction as soon as
possible.
Obtain imaging to identify infection focus and potential
for percutaneous or open drainage, and/or surgical
consultation.
For suspected necrotizing infections, obtain surgical
consultation for tissue debridement as soon as
possible.

Dosages are for ⬃70-kg non-pregnant adults with normal renal function.
*May substitute linezolid.
†
May substitute gatifloxacin.
‡
May substitute ceftazidime, cefepime, aztreonam, imipenem, or meropenem.
§
May substitute moxifloxacin.
储
May substitute ampicillin/sulbactam, imipenem, or meropenem.

shown to have decreased susceptibility to fluoroquinolones.179
There are no reports of vancomycin-resistant S pneumoniae.
Community-associated methicillin-resistant S aureus (CAMRSA) infection appears to be rapidly increasing in many
areas in the United States.180-184 Several studies have
demonstrated that the proportion of CA-MRSA infections
has increased compared with hospital-associated methicillinresistant S aureus.182 Recent reports suggest that in some
areas, CA-MRSA is the most common pathogen isolated in
community-acquired skin and soft tissue infections among
patients presenting to the ED.185,186 Most of these patients
have no identified risk factors for methicillin-resistant S
aureus. CA-MRSA has also been associated with severe sepsis
and pneumonia, primarily in pediatric patients.180
Antimicrobials with consistent activity against CA-MRSA
isolates include vancomycin, trimethoprim-sulfamethoxazole,
rifampin, daptomycin, and linezolid.183 Most are resistant to
macrolides and quinolones, and many are resistant to
tetracycline, including doxycycline. Inducible clindamycin
resistance exists among some CA-MRSA strains and has been
associated with clinical failures.187
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Clinical Antimicrobial Studies and Combination Therapy
Combination antimicrobial therapy is commonly used in
severe sepsis/septic shock for several reasons: one agent may not
be adequate to cover the spectrum of all possible pathogens,
polymicrobial infections may not be treatable with a single drug,
combinations may prevent selection of antimicrobial
resistance,184 and combinations may have synergy against a
single pathogen. Although data exist about in vitro synergy
between various combinations of antimicrobial agents, less
research is available about the clinical significance of
combination therapy and antimicrobial synergy.188
Few situations exist in which combination therapy has been
shown to be clinically superior to monotherapy. Combination
therapy with a ␤-lactam and aminoglycoside has been associated
with more rapid clearance of bacteremia with staphylococcal
endocarditis and more reliable cure with enterococcal
endocarditis than therapy with a ␤-lactam alone.189 For severe
group A ␤-hemolytic streptococcal infections (eg, necrotizing
fasciitis), high-dose clindamycin is considered more effective
than cell-wall-active antibiotics such as ␤-lactams, likely because
of the ability to suppress production of bacterial toxins and kill
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bacteria that are in stationary growth phase and thus, may be
additionally effective when combined with a ␤-lactam
agent.190,191
Serious infections that may be due to Pseudomonas aeruginosa
are commonly treated with combination antimicrobials. None
of the drugs with recognized activity against P aeruginosa have
universal activity. Most of the studies demonstrating clinical
antimicrobial synergy with a combination ␤-lactam plus
aminoglycoside had few patients and were analyzed together
with infections caused by other microorganisms.192 A
prospective study of 200 patients with P aeruginosa bacteremia
found a lower mortality rate among patients treated with
combination therapy compared with patients treated with
monotherapy (27% versus 47%, P⬍.02).193 Combination
therapy has theoretical advantages for some other difficult-totreat Gram-negative organisms such as Klebsiella, Enterobacter,
Acinetobacter, and Serratia, although studies demonstrating the
association of combination therapy with improved outcomes are
not definitive.194-197 These organisms are also uncommon in
community-acquired infections. In a large prospective study of
Gram-negative bacteremia, combination therapy showed no
advantage over treatment with a single ␤-lactam agent, except in
neutropenic patients.198 Because neutropenic patients can have
rapidly developing fatal infections, those patients with signs of
severe sepsis/septic shock should receive combination
antimicrobial therapy with activity against a broad spectrum of
organisms, including P aeruginosa.199
Combination antimicrobial therapy is recommended for
severe sepsis/septic shock to decrease the likelihood that the
infecting organism is not treated with a drug with in vitro
activity (Grade E).
Empirical Antimicrobial Recommendations
Antimicrobial recommendations for patients with severe
sepsis/septic shock based on pathogen prevalence, susceptibility
patterns, and results of clinical trials are summarized in Table 2.
The recommendations are also based on the principle that
because this subgroup of patients has a predicted mortality of
20% to 50% and in vitro activity of the treatment regimen
against the causative bacteria is associated with lower mortality,
the empirical regimens should be sufficiently broad, so there is
little chance (ie, less than 5%) that the offending pathogen will
not be effectively covered (Grade E). Compared with the
potential benefit of this approach, promotion of antimicrobial
resistance is a minor risk, and the antimicrobial regimens can be
tailored once pathogen identification and susceptibilities are
available in a few days. Specific empiric drug regimens are listed
as examples to facilitate implementation and in part were
chosen according to availability in EDs. The inclusion of
specific drugs is not meant to imply that these are the exclusive
drugs of choice. Some reasonable alternative therapies are
footnoted (Table 2).
For infections likely to be caused by S aureus (ie, sepsis
source unclear, skin and soft tissue infections, and communityacquired pneumonia), vancomycin is recommended because of
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the significant prevalence of CA-MRSA. In subset analyses of
randomized clinical trials, linezolid has been found to have
greater efficacy than vancomycin in the treatment of patients
with nosocomial and ventilator-associated methicillin-resistant S
aureus pneumonias.200
For infections likely to be caused by S pneumoniae (ie, sepsis
source unclear and community-acquired pneumonia), any of
the respiratory fluoroquinolones is recommended because of
excellent in vitro activity and favorable reported bacteriologic
and clinical experience in patients with bacteremic
pneumococcal pneumonia, which has been specifically reported
with levofloxacin.201 Further, for community-acquired
pneumonia, fluoroquinolones have activity against other
pathogens such as Legionella and Mycoplasma. The addition of
vancomycin is recommended because of the recognition of
fluoroquinolone-resistant S pneumoniae strains and CA-MRSA.
Use of a fluoroquinolone is consistent with pneumonia
treatment guidelines88 and may be preferable, along with
vancomycin, to the alternative ␤-lactam and macrolide because
of better in vitro activity and higher serum levels (than
macrolides). For bacterial meningitis, ceftriaxone or cefotaxime
provides good cerebrospinal fluid penetration and has activity
against Neisseria meningitidis and most S pneumoniae strains; the
addition of vancomycin is recommended for coverage of S
pneumoniae infections caused by cephalosporin-nonsusceptible
strains.202
For infections likely to be caused by aerobic Gram-negative
bacilli such as E coli (ie, urinary tract and intraabdominal
infections), because of inconsistent in vitro activity of any one
class of antimicrobials, combination therapy with any of a thirdgeneration cephalosporin, aminoglycoside, ␤-lactam/␤lactamase inhibitor antibiotic, or fluoroquinolone is
recommended. Patients with complicated urinary tract
infections are infected with a wider range of pathogens than
those with uncomplicated infections (typically caused by E coli),
including P aeruginosa and Enterococcus spp, and, therefore, the
combination of a ␤-lactam/␤-lactamase inhibitor antibiotic with
antipseudomonal activity (eg, piperacillin/tazobactam) and an
aminoglycoside is recommended. Intraabdominal infections
may be caused by Gram-negative bacteria, anaerobes, or
Enterococcus spp, and, therefore, a ␤-lactam/␤-lactamase
inhibitor antibiotic or carbepenem with an aminoglycoside is
recommended.
For skin and soft tissue infections, including necrotizing
fasciitis, in which Streptococcus pyogenes or Clostridia spp may
be involved, the addition of clindamycin to a broadspectrum regimen such as piperacillin/tazobactam and
vancomycin is recommended because of experimental and
clinical observations associating its use with improved
outcomes and its activity against CA-MRSA and
anaerobes.190,191 Because clindamycin or macrolide resistant
CA-MRSA have been recognized, the addition of
vancomycin or linezolid is recommended to be included for
empirical treatment.203
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Aminoglycosides have excellent in vitro activity against
aerobic Gram-negative bacilli and have traditionally been
included in empirical septic shock regimens.
Aminoglycosides, however, are associated with increased rates
of toxicities compared with alternative therapies, in
particular, nephrotoxicity. Although the complication of
renal dysfunction is generally associated with prolonged
treatment, septic shock patients often have renal impairment
and may require imaging studies with potentially
nephrotoxic radiographic dye. Therefore, although
aminoglycosides are recommended because of the long
experience with their use for this condition, based on these
concerns and the lack of comparative studies demonstrating a
clear outcome advantage, alternative Gram-negative therapies
(eg, fluoroquinolones, advanced-generation cephalosporins,
carbepenems) should also be considered.

SOURCE CONTROL
Early detection of the site of infection determines the
presumptive microbiologic cause and facilitates eradication by
source control measures. Such measures include abscess
drainage, debridement, and removal of devitalized infected
tissue or infected prostheses. The following section identifies
common eradicable foci of infection. In patients with severe
sepsis/septic shock, source control is an integral component of
therapy, and due to difficulty in performing randomized clinical
trials in this subject, the rationale for recommended therapies is
mostly based on case series or expert opinion (Grade E).204,205
Drainage of complicated parapneumonic effusions (eg,
empyema) reduces the risk of sepsis-related mortality.206 Tube
thoracostomy is indicated for parapneumonic effusions when 1
or more of the following findings are present: pus, positive
Gram’s stain or culture, pH less than 7.20 and greater than or
equal to 0.15 U lower than the arterial pH, and glucose less
than 40 mg/dL.207-209 Drainage is also recommended for
parapneumonic effusions that are large, free flowing (at least half
of the hemithorax), or loculated or demonstrate thickened
parietal pleura on contrast-enhanced computed tomography
(CT) scan.208
Advances in diagnostic or interventional radiology and
surgical procedures have revolutionized the management of
many intraabdominal infections. Specifically, the diagnostic
impact of abdominal CT scan has been significant in patients
with multiple potential causes of their acute abdominal pain or
sepsis of unknown origin.210-212 Ultrasonography has an overall
lower diagnostic accuracy than CT scan for the evaluation of
appendicitis or intraabdominal abscesses.213-215 In the ED,
abdominal ultrasonography is typically used to evaluate
gallbladder and biliary tree pathology. Depending on the
pathology, surgical interventions such as resection, closure,
drainage, and debridement may be needed. Sonographically
guided or CT-guided surgical procedures (eg, percutaneous
drainage of an abscess) provide an alternative means of source
control, eliminating the need for more invasive and involved
surgical interventions.213,216,217
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Severe sepsis/septic shock caused by a urinary source may be
associated with renal/perirenal abscess, an obstructive process
(eg, kidney stone with pyonephrosis), or emphysematous
pyelonephritis. Clinical diagnosis of such complications is
difficult, and therefore, urgent radiographic evaluation should
be strongly considered. Helical CT scan is considered the
imaging modality of choice for most renal pathologies.218
Ultrasonography, which can be performed in the ED, is also a
valuable screening tool and demonstrates hydronephrosis and
distal hydroureter with high sensitivity.219 Interventions to
decompress an obstructed urinary tract can include retrograde
ureteral stenting or percutaneous nephrostomy.220-222 Guided
aspiration/drainage of abscesses and placement of percutaneous
nephrostomy tubes can be performed with a high degree of
accuracy under ultrasonographic or CT guidance.223-225
Drainage or nephrectomy should also be undertaken early for
emphysematous pyelonephritis.226,227 Severe sepsis/septic shock
caused by urinary tract infection associated with ureteral stent
and indwelling urethral catheters necessitates removal of the
device.228,229 Patients with septic abortion should undergo
prompt dilatation and curettage. Infected intrauterine devices
need to be removed. Tubo-ovarian abscesses in patients with
severe sepsis/septic shock mandate immediate surgical
intervention.
A significant decrease in mortality has been observed when
surgical interventions (eg, debridement, fasciotomy,
amputation) are undertaken early for necrotizing skin and soft
tissue infections.230-232 Plain radiographs are the appropriate
initial study for the evaluation of subcutaneous air; however,
deeper fascial gas may not be evident on plain radiographs.233,234
Although both contrast-enhanced CT and magnetic resonance
imaging have been purported to be more sensitive than plain
radiographs, their use can delay surgical exploration.233-235
Decubitus ulcers can also be the cause of severe sepsis/septic shock.
Patients with these infections benefit from early surgical
debridement.236,237
Intravascular catheters should be removed and cultured if
there are signs of infection at the insertion site (eg, drainage of
pus, erythema) or there is evidence of severe sepsis/septic shock
with no other source of infection.238,239 Prompt removal of the
catheter is also warranted when intravascular catheterization is
complicated by septic thrombophlebitis.239

RECOMBINANT HUMAN ACTIVATED
PROTEIN C
Cleavage of protein C by thrombin associated with
thrombomodulin generates activated protein C, which has
potent anticoagulant, profibrinolytic, antiinflammatory, and
antiapoptotic effects.6,240 Preclinical and clinical studies
demonstrate that administration of recombinant human
activated protein C (drotrecogin alfa [activated]) reduces
mortality from severe sepsis/septic shock.6,241-243 PROWESS, a
multicenter, international, placebo-controlled study
investigating the ability of drotrecogin alfa (activated) to reduce
28-day mortality, was terminated after a second interim analysis
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by an independent data and safety monitoring board when
predetermined statistical thresholds for efficacy were crossed.6
Entry into the PROWESS study required clinical evidence of
infection, presence of a systemic inflammatory response
syndrome, and at least 1 sepsis-induced organ dysfunction
present for fewer than 48 hours. Evidence of organ dysfunction
included fluid-unresponsive hypotension (systolic blood
pressure ⬍90 mm Hg or mean arterial blood pressure ⬍70 mm
Hg ⬎1 hour), decreased urine output, hypoxemia, lactic
acidosis, or thrombocytopenia. A total of 1,690 patients were
enrolled, and 28-day mortality rates were reduced from 30.8%
in the placebo group to 24.7% in the treatment group (relative
reduction in mortality rate of 19.8%; RR 0.80; 95% CI 0.69%
to 0.94%; P⫽.005). Benefit from drotrecogin alfa (activated)
was present in patients with various causes of bacterial infection
and in those for whom culture results were negative. This
suggests that common mechanisms leading to organ dysfunction
and death are involved in patients with severe sepsis/septic shock
and are amenable to therapy with drotrecogin alfa (activated),
independent of the infecting microorganism as identified by
cultures.
Survival benefit with drotrecogin alfa (activated) was
associated with higher severity of illness, described by either the
number of sepsis-induced organ failures or the Acute Physiology
and Chronic Health Evaluation II (APACHE II) score, which
incorporates laboratory, clinical, age, and chronic illness
components.244 In analyses prespecified in the protocol,
drotrecogin alfa (activated) was found to reduce absolute
mortality by 13% in septic patients with APACHE II scores of
greater than or equal to 25 or greater than or equal to 2 sepsisinduced organ dysfunctions.245 Recent data from the
Administration of Drotrecogin Alfa (Activated) in Early Stage
Severe Sepsis trial in patients with single organ dysfunction or
an APACHE II score less than 25 showed that these patients
may not be at high risk and do not benefit from drotrecogin alfa
(activated).246 In the same study, patients with surgery within
30 days and single organ dysfunction who received drotrecogin
alfa (activated) had higher 28-day mortality rate compared to
patients receiving placebo. Multiple patient populations, such as
those with end-stage liver disease (ie, Pugh-Child’s class C) or
requiring hemodialysis for end-stage renal disease, in which
severe sepsis/septic shock is common, were excluded from the
PROWESS study. The efficacy of drotrecogin alfa (activated) in
such groups is unknown. Most important, patients at high risk
for bleeding were excluded because of concerns about the
anticoagulant properties of drotrecogin alfa (activated). A
recent, randomized, double-blind, placebo-controlled trial
examining the efficacy of drotrecogin alfa (activated) in pediatric
patients was discontinued because of lack of efficacy. In this
study, drotrecogin alfa (activated) did not show a benefit
compared to placebo in the resolution of organ dysfunction over
14 days.247
As expected, given the anticoagulant properties of
drotrecogin alfa (activated), the major risk with its use is
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bleeding.6,243,245,248 Severe bleeding episodes considered to be
life threatening or requiring the transfusion of more than 3
units of packed RBCs per day for 2 consecutive days were
present in 3.5% of patients receiving drotrecogin alfa (activated)
in the PROWESS study compared with 2.0% in the placebo
group (P⫽.06).6 Intracranial hemorrhage occurred during the
infusion period in 0.2% of the drotrecogin alfa
(activated)–treated group in the PROWESS study and has been
reported to occur in 0.5% of patients during drotrecogin alfa
(activated) infusion in subsequent controlled and open-label
trials.249 If all bleeding events are considered, administration of
drotrecogin alfa (activated) approximately doubles the risk.245
Additional analyses have also demonstrated that platelet counts
below 30,000/mm3 are associated with higher frequency of
severe bleeding with drotrecogin alfa (activated).249 The
absolute contraindications to administration of drotrecogin alfa
(activated) are active internal bleeding; hemorrhagic stroke
within 3 months; intracranial or intraspinal surgery or severe
head trauma within 2 months; trauma with an increased risk of
life-threatening bleeding; presence of an epidural catheter;
intracranial neoplasm, mass lesion, or evidence of cerebral
herniation; or known hypersensitivity to drotrecogin alfa
(activated).
Although PROWESS was the first successful clinical trial
showing outcome benefit with a novel pharmacologic therapy
for severe sepsis/septic shock,250 physicians have not widely
adopted its use. Reasons may include the cost of therapy,251,252
a US Food and Drug Administration–approved indication for
only a limited subgroup of patients with APACHE II score
greater than or equal to 25, and concern for bleeding.248
APACHE II was designed to prognosticate mortality according
to physiologic variables during the first 24 hours after ICU
admission.244 It was not intended as a practical tool to indicate
any therapy in individual patients. The interrater variability in
computing APACHE II is also high,253 leading to further
criticism in its use as an indication for drotrecogin alfa
(activated). However, patients with APACHE II scores greater
than or equal to 25 appear to benefit from drotrecogin alfa
(activated) with respect to mortality, long-term survival, and
cost-effectiveness.251,252,254,255 Another concern about the
efficacy of drotrecogin alfa (activated) is that the protocol used
in PROWESS was modified approximately halfway through the
study.248 After a revised entry criterion to exclude certain highrisk patients, a new placebo composition, and a new cell line to
produce drotrecogin alfa (activated) were introduced, there was
improved benefit shown in the treatment group. A recent
retrospective analysis of patients with severe sepsis caused by
community-acquired pneumonia who were enrolled in the
PROWESS trial found that the 90-day survival benefit was
largely due to an 18.1% absolute reduction in mortality (65.2%
to 47.1%) in patients with inadequate antibiotic therapy, and
was limited to only 4.0% (37.0% to 33.0%) in patients with
adequate antimicrobial treatment.142 Finally, evaluations of
drotrecogin alfa (activated) in clinical use have found adverse
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effect and mortality rates higher than in the original PROWESS
trial.256
With respect to the ED setting, and especially in patients
with prolonged ED length of stay, the timing of drotrecogin alfa
(activated) administration may be crucial for optimal outcome.
In the PROWESS study, the time from organ dysfunction to
start of drug infusion was 17.5⫾12.8 hours.6 In a global, openlabel, single-arm study (Extended Evaluation of Recombinant
Human Activated Protein C) enrolling 2,378 patients, those
who received drotrecogin alfa (activated) within 24 hours of
organ dysfunction had a 28-day mortality of 22.9% compared
with 27.4% for patients who received it after 24 hours
(P⫽.01).257 Other preliminary data also suggest that
drotrecogin alfa (activated) given within 24 hours of severe
sepsis/septic shock may be associated with better outcome
compared with administration after 24 hours of diagnosis.258-261
A single-center observational study showed that drotrecogin alfa
(activated) administration is feasible in the ED setting.262
However, there are no definitive data demonstrating a decrease
in mortality rate with early compared with late administration.
In patients with severe sepsis/septic shock, drotrecogin alfa
(activated) should be considered when the APACHE II score is
25 or greater, despite initial hemodynamic optimization (using
the principles of early goal-directed therapy) and appropriate
and timely initiation of antimicrobial therapy, and
contraindications do not exist (Grade B).

CORTICOSTEROIDS
The physiologic response to sepsis is an increased level of
stress hormones such as cortisol. Some patients with septic
shock will have inadequate adrenal reserve manifested by an
inadequate response when challenged with adrenocorticotropic
hormone or corticotrophin-releasing hormone.263-265 Relative
adrenal insufficiency, defined as an increase in serum cortisol
level of less than or equal to 9 g/dL 1 hour after
administration of 250 g of adrenocorticotropic hormone, is
present in 56% to 77% of mechanically ventilated patients who
have fluid-refractory septic shock.266,267 In the ED setting, one
study showed that 19% of hemodynamically unstable,
vasopressor-dependent patients had adrenal insufficiency.268
The presence of inadequate adrenal reserve, as determined by
response to adrenocorticotropic hormone, is associated with
worse outcomes, including higher mortality rates and prolonged
requirements for vasopressors compared to an adequate cortisol
response to adrenocorticotropic hormone.263-265
Although findings from small, single-center studies of septic
shock suggested that prolonged administration of low doses of
hydrocortisone could decrease requirements for vasopressors and
improve survival,269,270 this therapeutic approach has only
recently been validated in an adequately powered, multicenter,
placebo-controlled study in France. Annane et al7 studied
severely ill patients as defined by more than 1 hour of fluidunresponsive hypotension and a greater than 5 g/kg per
minute requirement for dopamine or other vasopressors, such as
norepinephrine or epinephrine. Additional entry criteria
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included a requirement for mechanical ventilation and evidence
of at least 1 additional sepsis-induced organ dysfunction such as
urine output less than 0.5 mL/kg per hour, serum lactate level
greater than 2 mmol/L, or hypoxemia (PaO2/FiO2 less than
280). After an adrenocorticotropic hormone stimulation test at
study entry, subjects were randomized to placebo or
corticosteroids (hydrocortisone 50 mg intravenously every 6
hours and the mineralocorticoid, 9␣-fludrocortisone 50 g,
once daily by mouth) for 7 days. Administration of
corticosteroids resulted in a 28-day mortality rate of 63% in the
placebo group compared with 53% in the treatment group
among patients who did not respond appropriately to
adrenocorticotropic hormone (relative reduction in mortality
rate of 16%; RR 0.83; 95% CI 0.66% to 1.04%; P⫽.04). In
contrast, there was no improvement in survival when patients
with an appropriate cortisol response to adrenocorticotropic
hormone were treated with steroids. Time receiving vasopressors
was also significantly shortened when low-dose corticosteroids
were administered to septic shock patients with inadequate
adrenal reserve. Corticosteroid administration was not
associated with increases in infectious complications,
gastrointestinal bleeding, or mental status changes.7
The utility of routine corticosteroid supplementation for
sepsis remains limited by the inability to reliably determine
adrenal insufficiency within the time of ED management.
Additionally, the optimal criteria for defining adrenal
insufficiency in the setting of sepsis are unclear.271 Proposed
criteria other than the traditional cosyntropin stimulation test
include a lower-dose cosyntropin test,272 a random cortisol
level,273 and measuring serum free cortisol instead of total
cortisol.274 The Annane et al 7 trial has been criticized for a
number of reasons, including the enrollment of a limited subset
of severely ill patients,275 lack of survival advantage in the
treated group as a whole without adjustment for covariates,276
and the criteria for defining adrenal insufficiency. An ongoing
large, multicenter trial of corticosteroid therapy in septic shock
called CORTICUS may clarify some of these issues.271
In patients with severe sepsis/septic shock, low-dose
corticosteroids, specifically, hydrocortisone 50 mg intravenously
every 6 hours and 9␣-fludrocortisone 50 g orally once a day
for 7 days, should be given to mechanically ventilated septic
shock patients with organ dysfunction requiring vasopressors,
despite initial hemodynamic optimization (using the principles
of early goal-directed therapy) and appropriate and timely
initiation of antimicrobials.277 Before corticosteroid treatment is
started, an adrenocorticotropic hormone stimulation test or
baseline cortisol level should be performed and corticosteroids
continued only in patients who demonstrate inadequate adrenal
response, as defined by an increase in serum cortisol less than 9
g/dL (Grade C).

LOW TIDAL VOLUME MECHANICAL
VENTILATION
Many patients with severe sepsis/septic shock require
mechanical ventilatory support for acute lung injury, defined
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Figure 5. Summary algorithm of management guidelines for ED care of patients with septic shock/severe sepsis.
ACTH, Adrenocorticotropic hormone; APACHE, Acute Physiology and Chronic Health Evaluation; CVP, central venous
pressure; EGDT, early goal-directed therapy; SBP, systolic blood pressure.

as bilateral infiltrates consistent with pulmonary edema on
chest radiograph, PaO2/FiO2 ratio less than 300, and no
clinical evidence of left atrial hypertension (as shown by
physical examination or a pulmonary capillary wedge
pressure ⬍18 mm Hg). It is thought that excessively high
tidal volume may cause injurious lung stretch and release of
inflammatory mediators. Although low tidal volume
mechanical ventilation is not specifically a therapy for severe
sepsis/septic shock, a large multicenter trial from the Acute
Respiratory Distress Syndrome Network showed that its use
when acute lung injury is present reduced mortality rates
from 39.8% in the conventionally ventilated patients to 31%
in those who received low tidal volume ventilation (relative
reduction in mortality rate of 22.1%; 95% CI for the
44 Annals of Emergency Medicine

absolute difference between groups 2.4% to 15.3%).278 In
this study, patients with acute lung injury were randomized
to either low (6 mL/kg, based on ideal body weight) or
conventional (12 mL/kg, based on ideal body weight) tidal
volumes. In the low tidal volume group, airway plateau
pressures were kept less than or equal to 30 cm H2O by
decreasing the tidal volume to as low as 4 mL/kg if necessary,
and in the conventional tidal volume group, airway plateau
pressures were not allowed to be greater than 50 cm H2O.278
Patients with severe sepsis/septic shock with acute lung
injury requiring mechanical ventilation should be treated with
low tidal volumes to maintain airway plateau pressure less than
30 mm Hg (Grade B; Grade E for sepsis without acute lung
injury).
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Table 3. Summary of rationale and recommendations for the ED treatment of adult patients with severe sepsis or septic shock.
Therapy
Early goal-directed
therapy

Appropriate
antimicrobial
therapy

Rationale

Evidence of Benefit

To optimize oxygen delivery, within 6 h of presentation,
patients are treated by (1) fluid resuscitation to achieve
a CVP goal of 8-12 mm Hg; (2) vasoactive agents to
achieve a MAP of 65–90 mm Hg; (3) blood transfusion
to a hematocrit ⱖ30%; and (4) inotrope therapy and
then sedation, paralysis, and intubation as necessary to
achieve a ScvO2 of ⱖ70%.
The institution of “appropriate” empirical antimicrobials,
ie, those given with in vitro activity against the infecting
bacteria, will optimize pathogen killing.

16.0% decreased absolute
mortality rate in a single
institution randomized,
controlled trial

B

Mortality benefit
demonstrated in
retrospective cohort
studies of bacteremic
patients
Benefit demonstrated
compared to historical
controls (no antibiotic)
and in retrospective
cohort studies of
hospitalized elderly with
community-acquired
pneumonia given
antibiotics within 4 to 8
hours
Uncontrolled observations
and expert opinion
suggest improved
outcomes with early
source control
6.1% decreased absolute
mortality rate (13.0%
decreased mortality for
severe sepsis with
APACHE II ⱖ25) in one
multicenter, randomized
controlled trial, no
mortality benefit in
patients with single
organ dysfunction or
APACHE ll ⬍25
10% decreased absolute
mortality rate for
patients not responding
to ACTH stimulation
8.8% decreased absolute
mortality rate in one
multicenter randomized
trial

D

Timely antimicrobial
therapy

Administration of antimicrobials as soon as possible once
there is a reasonable suspicion of severe sepsis/septic
shock will increase the chance of a favorable outcome.

Source control

Early detection of the site of infection will allow
eradication by source control measures (ie, drainage
debridement, or removal of devitalized infected tissue or
infected prostheses).

Recombinant human
activated protein
C/drotrecogin alfa
(activated)

Recombinant human activated protein C has potent
anticoagulant, profibrinolytic, antiinflammatory, and
antiapoptotic effect in patients with severe sepsis and
clinical evidence of infection, presence of a systemic
inflammatory response syndrome, and at least 1 sepsisinduced organ dysfunction.

Corticosteroids

Low doses of hydrocortisone and fludrocortisone have
potent antiinflammatory and vasoconstrictor effects in
vasopressor-requiring septic shock patients with relative
adrenal insufficiency.
In patients requiring mechanical ventilation for acute lung
injury, airway plateau pressure is maintained ⱕ30 cm
H2O by decreasing the tidal volume to as low as 4 mL/
kg if necessary in order to reduce injurious lung stretch
and release of inflammatory mediators.

Low tidal volume
mechanical
ventilation

PATIENT IDENTIFICATION AND
IMPLEMENTING A SEPSIS TEAM
The components of developing a sepsis treatment protocol
include early recognition of the high-risk patient, mobilization
of resources for the required interventions, performing the
interventions, quality improvement program, and a continuing
education program and feedback. The early recognition of the
high-risk patient uses illness severity markers for appropriate
triage and disposition. Current studies suggest that when a
patient has a suspected infection, 2 or more systemic
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Grade of Evidence

E

E

B

C

B (E if no evidence of
acute lung injury)

inflammatory response syndrome criteria, and lactate level
greater than or equal to 4 mmol/L, high mortality risk has been
defined.76,279,280 The additional finding of a systolic blood
pressure of 90 mm Hg or lower after administration of a fluid
bolus (20 to 40 mL/kg) can further identify the patient in classic
septic shock.14,16 These patients should then be treated
expeditiously according to the recommendations in these
guidelines.
Effective early intervention teams are based on a reliable
mobilization of resources to perform the required critical tasks.
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An appropriate number of qualified individuals to perform the
level of care is key to successful implementation. This group
includes a team leader and appropriate personnel to perform
both procedural and nursing interventions. The implementation
models include a mobile shock team, ED-centralized model,
and ICU-centralized model. A mobile critical care team
activated by preset criteria has been advocated for several
decades281 and has shown outcome benefit.282,283 With
previous evidence showing outcome benefits for early treatment
of acute myocardial ischemia and stroke, adding sepsis to the list
of diseases requiring urgent recognition and intervention would
be justified. Setting a goal of “door to resolution of global tissue
hypoxia” time of 6 hours from recognition of severe sepsis/septic
shock may facilitate the prioritization of these interventions.
The ED-centralized model incorporates existing ED
personnel to perform all required interventions until ICU
admission. The patient may be treated as routine ED patients,
with procedures performed by the ED physician, with a
standardized protocol being implemented by a team interaction
between the physician and nurses. This model is already
common practice for patients in cardiac arrest with the delivery
of advanced cardiac life support. The ICU-centralized model
involves the initiation of therapy in the ED, with the bulk of
care delivered in the ICU. In this model, the patient is
identified, the intensive care begins immediately, such as
initiation of hemodynamic monitoring, and patient transfer to
the ICU is expedited, where the remainder of care is provided.

QUALITY-IMPROVEMENT INITIATIVES
There are international (Surviving Sepsis Campaign)284 and
national (Institute for Healthcare Improvement,
http://www.ihi.org; and the Volunteer Hospitals of America
Health Foundation, http://www.vha.com;) initiatives that are
being developed to create the standards of care for the severe
sepsis/septic shock patient. Eleven medical professional societies,
including the American College of Emergency Physicians,285
have endorsed the executive committee recommendations of the
Surviving Sepsis Campaign, and many of the therapies endorsed
by the Surviving Sepsis Campaign have been included in this
ED-centered guideline for practicing emergency physicians. A
recommendation from these international organizations is to
implement change bundles for the care of severe sepsis/septic
shock.286 These efforts will potentially result in a set of sepsis
core measures by the Joint Commission on Accreditation of
Healthcare Organizations.
A bundle is a group of interventions related to a disease that,
when completed together, improve outcome. A sepsis bundle
must meet the following criteria: (1) the interventions are
generally accepted clinical practice and supported by evidence;
(2) the interventions need to be completed in the same time and
space; (3) the completion of each intervention can be
determined by a yes or no; and (4) the completion of the whole
bundle can be determined by a yes or no. A preliminary
resuscitation bundle for severe sepsis/septic shock that is
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applicable in the first 6 hours of care in the ED is available
(Figure 4).286
In implementing a sepsis treatment program, in-service
education to care providers such as nurses, residents,
technicians, physician assistants, and physicians is important to
provide peer uniformity and system-wide compliance. Nurses
are educated to recognize high-risk septic patients and for
competencies in central venous pressure, continuous ScvO2
monitoring, and principles of oxygen transport. Physicians
attend regular conferences on the hemodynamic support and
advances in sepsis therapy.
When a system of accountability is in place, a qualityimprovement program will help monitor compliance and
identify solutions to barriers in providing this level of care. This
program should be multidisciplinary and will help ensure that
effective therapies are delivered. Recognition of illness severity,
timing of antibiotic administration and hemodynamic
optimization, and pursuit of source control (radiographic
diagnosis and surgical consultation) should be reviewed.

SUMMARY OF RECOMMENDATIONS
The following guidelines for the management of severe sepsis/
septic shock in the ED are summarized in Figure 5. Therapy and
grading of evidence are summarized in Table 3. Although the
literature was reviewed and assessed independently by the authors,
grading assignments to the recommendations are consistent with
those provided by the Surviving Sepsis Campaign284 and the
Society of Critical Care Medicine.287
1. Early recognition and management of severe sepsis/septic
shock optimizes outcome. Therefore, when patients
suspected of having this diagnosis present to the ED, they
should be prioritized and receive timely care.
2. Continuous monitoring of vital signs, pulse oximetry, and
urine output and initial laboratory testing to assess the
severity of global tissue hypoxia and organ dysfunction,
including assessment for lactic acidosis, renal and hepatic
dysfunction, acute lung injury, and coagulation
abnormalities, should be instituted as soon as possible in
patients suspected of having severe sepsis/septic shock to
facilitate the earliest recognition of this condition.
3. Simultaneously, a source of infection should be sought
through clinical evaluation, urinalysis, chest radiography,
and other imaging as indicated. Appropriate cultures
(including blood, urine, and site specific) should be
obtained before the institution of antibiotics.
4. Empiric antibiotics should be initiated as soon as possible.
Ideally, site-specific regimens should be given, provided that
identification of the site of infection does not significantly
prolong the time to institution of antibiotic therapy.
5. Once severe sepsis/septic shock is recognized, early goaldirected therapy should be instituted as soon as possible,
with placement of a subclavian or internal jugular central
venous catheter for monitoring central venous pressure and
ScvO2. After initiation of early goal-directed therapy and
achievement of the target hemodynamic goals (central
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6.
7.

8.

9.

venous pressure 8-12 mm Hg; mean arterial pressure 65-90
mm Hg; ScvO2 ⬎70%), serial lactate levels should be
obtained to evaluate response to therapy.
According to the site of infection, source control should be
pursued aggressively.
Patients requiring mechanical ventilation should be treated
with low tidal volume to maintain end-inspiratory plateau
pressure less than 30 cm H2O.
Patients who do not respond to institution of early goaldirected therapy, antibiotics, and source control (ie,
persistent hypotension, lactic acidosis, low ScvO2, or sepsisrelated organ dysfunction) and with high risk of death,
reflected by APACHE II score of greater than or equal to
25, should be considered for drotrecogin alfa (activated)
administration.
Patients who have refractory shock (ie, require vasopressors
after adequate volume resuscitation) or organ dysfunction
and are receiving mechanical ventilation should have an
adrenocorticotropic hormone-stimulation test and be given
low-dose replacement corticosteroid therapy.

Supervising editors: Kathy J. Rinnert, MD, MPH; Michael L.
Callaham, MD
Funding and support: The meeting of the ED-SEPSIS Executive
Committee held in March 2004 was supported by grants from
Physician’s Weekly, Eli Lilly, and Ortho McNeill.
Publication dates: Received for publication July 6, 2005.
Revisions received October 28, 2005; December 12, 2005;
and January 20, 2006. Accepted for publication February 14,
2006. Available online May 2, 2006.
Address for reprints: David A. Talan, MD, Department of
Emergency Medicine, Olive View-UCLA Medical Center, 14445
Olive View Drive, North Annex, Sylmar, CA 91342; E-mail
idnet@ucla.edu.
REFERENCES
1. Rangel-Frausto MS, Pittet D, Costigan M, et al. The natural
history of the systemic inflammatory response syndrome (SIRS):
a prospective study. JAMA. 1995;273:117-123.
2. Angus DC, Wax RS. Epidemiology of sepsis: an update. Crit Care
Med. 2001;29:S109-S116.
3. Angus DC, Linde-Zwirble WT, Lidicker J, et al. Epidemiology of
severe sepsis in the United States: analysis of incidence,
outcome, and associated costs of care. Crit Care Med. 2001;
29:1303-1310.
4. Houck PM, Bratzler DW, Nsa W, et al. Timing of antibiotic
administration and outcomes for Medicare patients hospitalized
with community-acquired pneumonia. Arch Intern Med. 2004;
164:637-644.
5. Rivers E, Nguyen B, Havstad S, et al. Early goal-directed therapy
in the treatment of severe sepsis and septic shock. N Engl
J Med. 2001;345:1368-1377.
6. Bernard GR, Vincent JL, Laterre PF, et al. Efficacy and safety of
recombinant human activated protein C for severe sepsis.
N Engl J Med. 2001;344:699-709.
7. Annane D, Sebille V, Charpentier C, et al. Effect of treatment
with low doses of hydrocortisone and fludrocortisone on mortality
in patients with septic shock. JAMA. 2002;288:862-871.

Volume , .  : July 

Severe Sepsis and Septic Shock
8. Whitney CG, Farley MM, Hadler J, et al. Increasing prevalence of
multidrug-resistant Streptococcus pneumoniae in the United
States. N Engl J Med. 2000;343:1917-1924.
9. Burke JP. Infection control: a problem for patient safety. N Engl
J Med. 2003;348:651-656.
10. Weiss SJ, Derlet R, Arndahl J, et al. Estimating the degree of
emergency department overcrowding in academic medical
centers: results of the National ED Overcrowding Study
(NEDOCS). Acad Emerg Med. 2004;11:38-50.
11. Trzeciak S, Rivers EP. Emergency department overcrowding in
the United States: an emerging threat to patient safety and
public health. Emerg Med J. 2003;20:402-405.
12. Blow O, Magliore L, Claridge JA, et al. The golden hour and the
silver day: detection and correction of occult hypoperfusion
within 24 hours improves outcome from major trauma.
J Trauma. 1999;47:964-969.
13. Sackett DL. Rules of evidence and clinical recommendations on
the use of antithrombotic agents. Chest. 1989;95:2S-4S.
14. American College of Chest Physicians/Society of Critical Care
Medicine Consensus Conference. Definitions for sepsis and
organ failure and guidelines for the use of innovative therapies
in sepsis. Crit Care Med. 1992;20:864-874.
15. Vincent JL. Dear SIRS, I’m sorry to say that I don’t like you. Crit
Care Med. 1997;25:372-374.
16. Levy MM, Fink MP, Marshall JC, et al. 2001
SCCM/ESICM/ACCP/ATS/SIS international sepsis definitions
conference. Intensive Care Med. 2003;29:530-538.
17. Marshall JC, Cook DJ, Christou NV, et al. Multiple organ
dysfunction score: a reliable descriptor of a complex clinical
outcome. Crit Care Med. 1995;23:1638-1652.
18. Kochanek KD, Murphy SL, Anderson RN, et al. Deaths: final data
for 2002. Natl Vital Stat Rep. 2004;53:1-115.
19. McCaig LF, Burt CW. National hospital ambulatory medical care
survey: 2003 emergency department survey. Adv Data. 2005:138.
20. Sands KE, Bates DW, Lanken PN, et al. Epidemiology of sepsis
syndrome in 8 academic medical centers: Academic Medical
Center Consortium Sepsis Project Working Group. JAMA. 1997;
278:234-240.
21. Beutler B. Inferences, questions and possibilities in toll-like
receptor signalling. Nature. 2004;430:257-263.
22. Haeney MR. The role of the complement cascade in sepsis. J
Antimicrob Chemother. 1998;41:41-46.
23. Aird WC. The role of the endothelium in severe sepsis and
multiple organ dysfunction syndrome. Blood. 2003;101:37653777.
24. Esmon CT. Protein C pathway in sepsis. Ann Med. 2002;34:
598-605.
25. Karimova A, Pinsky DJ. The endothelial response to oxygen
deprivation: biology and clinical implications. Intensive Care
Med. 2001;27:19-31.
26. Hotchkiss RS, Karl IE. The pathophysiology and treatment of
sepsis. N Engl J Med. 2003;348:138-150.
27. Bone RC. Sir Isaac Newton, sepsis, SIRS, and CARS. Crit Care
Med. 1996;24:1125-1128.
28. Brun-Buisson C, Doyon F, Carlet J, et al. Incidence, risk factors,
and outcome of severe sepsis and septic shock in adults: a
multicenter prospective study in intensive care units: French ICU
Group for Severe Sepsis. JAMA. 1995;274:968-974.
29. Estenssoro E, Gonzalez F, Laffaire E, et al. Shock on admission
day is the best predictor of prolonged mechanical ventilation in
the ICU. Chest. 2005;127:598-603.
30. Rackow EC, Astiz ME. Pathophysiology and treatment of septic
shock. JAMA. 1991;266:548-554.

Annals of Emergency Medicine 47

Severe Sepsis and Septic Shock
31. Ogawa S, Koga S, Kuwabara K, et al. Hypoxia-induced increased
permeability of endothelial monolayers occurs through lowering
of cellular cAMP levels. Am J Physiol. 1992;262(3 pt 1):C546554.
32. Shreeniwas R, Koga S, Karakurum M, et al. Hypoxia-mediated
induction of endothelial cell interleukin-1 alpha: an autocrine
mechanism promoting expression of leukocyte adhesion
molecules on the vessel surface. J Clin Invest. 1992;90:23332339.
33. Lawson CA, Yan SD, Yan SF, et al. Monocytes and tissue factor
promote thrombosis in a murine model of oxygen deprivation.
J Clin Invest. 1997;99:1729-1738.
34. Erickson LA, Fici GJ, Lund JE, et al. Development of venous
occlusions in mice transgenic for the plasminogen activator
inhibitor-1 gene. Nature. 1990;346:74-76.
35. Parrillo JE. Cardiovascular dysfunction in septic shock: new
insights into a deadly disease. Int J Cardiol. 1985;7:314-321.
36. Fink MP. Cytopathic hypoxia: mitochondrial dysfunction as
mechanism contributing to organ dysfunction in sepsis. Crit Care
Clin. 2001;17:219-237.
37. Jardin F, Fourme T, Page B, et al. Persistent preload defect in
severe sepsis despite fluid loading: a longitudinal
echocardiographic study in patients with septic shock. Chest.
1999;116:1354-1359.
38. Astiz ME, Rackow EC, Kaufman B, et al. Relationship of oxygen
delivery and mixed venous oxygenation to lactic acidosis in
patients with sepsis and acute myocardial infarction. Crit Care
Med. 1988;16:655-658.
39. Parrillo JE, Burch C, Shelhamer JH, et al. A circulating
myocardial depressant substance in humans with septic shock:
septic shock patients with a reduced ejection fraction have a
circulating factor that depresses in vitro myocardial cell
performance. J Clin Invest. 1985;76:1539-1553.
40. Oudemans-van Straaten HM, Jansen PG, te Velthuis H, et al.
Increased oxygen consumption after cardiac surgery is
associated with the inflammatory response to endotoxemia.
Intensive Care Med. 1996;22:294-300.
41. Ruokonen E, Takala J, Kari A, et al. Regional blood flow and
oxygen transport in septic shock. Crit Care Med. 1993;21:12961303.
42. Dahn MS, Lange P, Lobdell K, et al. Splanchnic and total body
oxygen consumption differences in septic and injured patients.
Surgery. 1987;101:69-80.
43. Rivers EP, Ander DS, Powell D. Central venous oxygen saturation
monitoring in the critically ill patient. Curr Opin Crit Care. 2001;
7:204-211.
44. Scheinman MM, Brown MA, Rapaport E. Critical assessment of
use of central venous oxygen saturation as a mirror of mixed
venous oxygen in severely ill cardiac patients. Circulation. 1969;
40:165-172.
45. Reinhart K, Kuhn HJ, Hartog C, et al. Continuous central venous
and pulmonary artery oxygen saturation monitoring in the
critically ill. Intensive Care Med. 2004;30:1572-1578.
46. Reinhart K, Rudolph T, Bredle DL, et al. Comparison of centralvenous to mixed-venous oxygen saturation during changes in
oxygen supply/demand. Chest. 1989;95:1216-1221.
47. Goldman RH, Klughaupt M, Metcalf T, et al. Measurement of
central venous oxygen saturation in patients with myocardial
infarction. Circulation. 1968;38:941-946.
48. Berridge JC. Influence of cardiac output on the correlation
between mixed venous and central venous oxygen saturation.
Br J Anaesth. 1992;69:409-410.
49. Edwards JD, Mayall RM. Importance of the sampling site for
measurement of mixed venous oxygen saturation in shock. Crit
Care Med. 1998;26:1356-1360.

48 Annals of Emergency Medicine

Nguyen et al
50. Lee J, Wright F, Barber R, et al. Central venous oxygen
saturation in shock: a study in man. Anesthesiology. 1972;36:
472-478.
51. Scalea TM, Holman M, Fuortes M, et al. Central venous blood
oxygen saturation: an early, accurate measurement of volume
during hemorrhage. J Trauma. 1988;28:725-732.
52. Chawla LS, Zia H, Gutierrez G, et al. Lack of equivalence
between central and mixed venous oxygen saturation. Chest.
2004;126:1891-1896.
53. Bernardin G, Pradier C, Tiger F, et al. Blood pressure and arterial
lactate level are early indicators of short-term survival in human
septic shock. Intensive Care Med. 1996;22:17-25.
54. Wo CC, Shoemaker WC, Appel PL, et al. Unreliability of blood
pressure and heart rate to evaluate cardiac output in emergency
resuscitation and critical illness. Crit Care Med. 1993;21:218223.
55. Rady M, Rivers EP, Nowak RM. Resuscitation of the critically ill
in the ED: responses of blood pressure, heart rate, shock index,
central venous saturation, and lactate. Am J Emerg Med. 1996;
2:218-225.
56. Fink MP. Cytopathic hypoxia: is oxygen use impaired in sepsis
as a result of an acquired intrinsic derangement in cellular
respiration? Crit Care Clin. 2002;18:165-175.
57. Norman DC, Yoshikawa TT. Fever in the elderly. Infect Dis Clin
North Am. 1996;10:93-99.
58. Chassagne P, Perol MB, Doucet J, et al. Is presentation of
bacteremia in the elderly the same as in younger patients? Am J
Med. 1996;100:65-70.
59. Morris DL, Chambers HF, Morris MG, et al. Hemodynamic
characteristics of patients with hypothermia due to occult
infection and other causes. Ann Intern Med. 1985;102:153157.
60. Cornbleet PJ. Clinical utility of the band count. Clin Lab Med.
2002;22:101-136.
61. Novak RW. The beleaguered band count. Clin Lab Med. 1993;
13:895-903.
62. Wenz B, Gennis P, Canova C, et al. The clinical utility of the
leukocyte differential in emergency medicine. Am J Clin Pathol.
1986;86:298-303.
63. Ardron MJ, Westengard JC, Dutcher TF. Band neutrophil counts
are unnecessary for the diagnosis of infection in patients with
normal total leukocyte counts. Am J Clin Pathol. 1994;102:646649.
64. Callaham M. Inaccuracy and expense of the leukocyte count in
making urgent clinical decisions. Ann Emerg Med. 1986;15:774781.
65. Kuppermann N, Walton EA. Immature neutrophils in the blood
smears of young febrile children. Arch Pediatr Adolesc Med.
1999;153:261-266.
66. Vanderschueren S, De Weerdt A, Malbrain M, et al.
Thrombocytopenia and prognosis in intensive care. Crit Care
Med. 2000;28:1871-1876.
67. Powars D, Larsen R, Johnson J, et al. Epidemic
meningococcemia and purpura fulminans with induced protein C
deficiency. Clin Infect Dis. 1993;17:254-261.
68. Fourrier F, Chopin C, Goudemand J, et al. Septic shock, multiple
organ failure, and disseminated intravascular coagulation:
compared patterns of antithrombin III, protein C, and protein S
deficiencies. Chest. 1992;101:816-823.
69. Kinasewitz GT, Yan SB, Basson B, et al. Universal changes in
biomarkers of coagulation and inflammation occur in patients
with severe sepsis, regardless of causative micro-organism. Crit
Care. 2004;8:R82-R90.

Volume , .  : July 

Nguyen et al
70. Shorr AF, Thomas SJ, Alkins SA, et al. D-dimer correlates with
proinflammatory cytokine levels and outcomes in critically ill
patients. Chest. 2002;121:1262-1268.
71. Kollef MH, Eisenberg PR, Shannon W. A rapid assay for the
detection of circulating D-dimer is associated with clinical
outcomes among critically ill patients. Crit Care Med. 1998;26:
1054-1060.
72. Levraut J, Bounatirou T, Ichai C, et al. Reliability of anion gap as
an indicator of blood lactate in critically ill patients. Intensive
Care Med. 1997;23:417-422.
73. Iberti TJ, Leibowitz AB, Papadakos PJ, et al. Low sensitivity of
the anion gap as a screen to detect hyperlactatemia in critically
ill patients. Crit Care Med. 1990;18:275-277.
74. Abramson D, Scalea TM, Hitchcock R, et al. Lactate clearance
and survival following injury. J Trauma. 1993;35:584-588.
75. Bakker J, Gris P, Coffernils M, et al. Serial blood lactate levels
can predict the development of multiple organ failure following
septic shock. Am J Surg. 1996;171:221-226.
76. Shapiro NI, Howell MD, Talmor D, et al. Serum lactate as a
predictor of mortality in emergency department patients with
infection. Ann Emerg Med. 2005;45:524-528.
77. Nguyen HB, Rivers EP, Knoblich BP, et al. Early lactate
clearance is associated with improved outcome in severe sepsis
and septic shock. Crit Care Med. 2004;32:1637-1642.
78. Weil MH, Michaels S, Rackow EC. Comparison of blood lactate
concentrations in central venous, pulmonary artery, and arterial
blood. Crit Care Med. 1987;15:489-490.
79. Murdoch IA, Turner C, Dalton RN. Arterial or mixed venous
lactate measurement in critically ill children: is there a
difference? Acta Paediatr. 1994;83:412-413.
80. Gallagher EJ, Rodriguez K, Touger M. Agreement between
peripheral venous and arterial lactate levels. Ann Emerg Med.
1997;29:479-483.
81. Marshall JC, Vincent JL, Fink MP, et al. Measures, markers, and
mediators: toward a staging system for clinical sepsis: a report
of the Fifth Toronto Sepsis Roundtable, Toronto, Ontario,
Canada, October 25-26, 2000. Crit Care Med. 2003;31:15601567.
82. Weinstein MP. Current blood culture methods and systems:
clinical concepts, technology, and interpretation of results. Clin
Infect Dis. 1996;23:40-46.
83. Cockerill FR 3rd, Wilson JW, Vetter EA, et al. Optimal testing
parameters for blood cultures. Clin Infect Dis. 2004;38:17241730.
84. Mermel LA, Maki DG. Detection of bacteremia in adults:
consequences of culturing an inadequate volume of blood. Ann
Intern Med. 1993;119:270-272.
85. Lamy B, Roy P, Carret G, et al. What is the relevance of
obtaining multiple blood samples for culture? a comprehensive
model to optimize the strategy for diagnosing bacteremia. Clin
Infect Dis. 2002;35:842-850.
86. Washington JA 2nd, Ilstrup DM. Blood cultures: issues and
controversies. Rev Infect Dis. 1986;8:792-802.
87. Aronson MD, Bor DH. Blood cultures. Ann Intern Med. 1987;
106:246-253.
88. Mandell LA, Bartlett JG, Dowell SF, et al. Update of practice
guidelines for the management of community-acquired
pneumonia in immunocompetent adults. Clin Infect Dis. 2003;
37:1405-1433.
89. Boissinot M, Bergeron MG. Toward rapid real-time molecular
diagnostic to guide smart use of antimicrobials. Curr Opin
Microbiol. 2002;5:478-482.
90. Hayes MA, Timmins AC, Yau EH, et al. Elevation of systemic
oxygen delivery in the treatment of critically ill patients. N Engl
J Med. 1994;330:1717-1722.

Volume , .  : July 

Severe Sepsis and Septic Shock
91. Gattinoni L, Brazzi L, Pelosi P, et al. A trial of goal-oriented
hemodynamic therapy in critically ill patients: SvO2 Collaborative
Group. N Engl J Med. 1995;333:1025-1032.
92. Shoemaker WC, Appel PL, Kram HB, et al. Prospective trial of
supranormal values of survivors as therapeutic goals in high-risk
surgical patients. Chest. 1988;94:1176-1186.
93. Marik PE, Varon J. Goal-directed therapy for severe sepsis.
N Engl J Med. 2002;346:1025-1026.
94. Task Force of the American College of Critical Care Medicine,
Society of Critical Care Medicine. Practice parameters for
hemodynamic support of sepsis in adult patients in sepsis. Crit
Care Med. 1999;27:639-660.
95. Hollenberg SM, Ahrens TS, Annane D, et al. Practice parameters
for hemodynamic support of sepsis in adult patients: 2004
update. Crit Care Med. 2004;32:1928-1948.
96. Shapiro NI, Howell M, Talmor D. A blueprint for a sepsis
protocol. Acad Emerg Med. 2005;12:352-359.
97. Dorman T, Breslow MJ, Lipsett PA, et al. Radial artery pressure
monitoring underestimates central arterial pressure during
vasopressor therapy in critically ill surgical patients. Crit Care
Med. 1998;26:1646-1649.
98. Schierhout G, Roberts I. Fluid resuscitation with colloid or
crystalloid solutions in critically ill patients: a systematic review
of randomised trials. BMJ. 1998;316:961-964.
99. Choi PT, Yip G, Quinonez LG, et al. Crystalloids vs. colloids in
fluid resuscitation: a systematic review. Crit Care Med. 1999;
27:200-210.
100. Finfer S, Bellomo R, Boyce N, et al. A comparison of albumin
and saline for fluid resuscitation in the intensive care unit.
N Engl J Med. 2004;350:2247-2256.
101. Imm A, Carlson RW. Fluid resuscitation in circulatory shock. Crit
Care Clin. 1993;9:313-333.
102. Groeneveld AB. Albumin and artificial colloids in fluid
management: where does the clinical evidence of their utility
stand? Crit Care. 2000;4:S16-S20.
103. Rudis MI, Basha MA, Zarowitz BJ. Is it time to reposition
vasopressors and inotropes in sepsis? Crit Care Med. 1996;24:
525-537.
104. Martin C, Papazian L, Perrin G, et al. Norepinephrine or
dopamine for the treatment of hyperdynamic septic shock?
Chest. 1993;103:1826-1831.
105. Martin C, Viviand X, Leone M, et al. Effect of norepinephrine on
the outcome of septic shock. Crit Care Med. 2000;28:27582765.
106. Bonfiglio MF, Dasta JF, Gregory JS, et al. High-dose
phenylephrine infusion in the hemodynamic support of septic
shock. DICP. 1990;24:936-939.
107. Gregory JS, Bonfiglio MF, Dasta JF, et al. Experience with
phenylephrine as a component of the pharmacologic support of
septic shock. Crit Care Med. 1991;19:1395-1400.
108. Gasic S, Eichler HG, Korn A. Effect of ketanserin on
phenylephrine-dependent changes in splanchnic hemodynamics
and systemic blood pressure in healthy subjects. J Cardiovasc
Pharmacol. 1985;7:219-223.
109. Holmes CL, Patel BM, Russell JA, et al. Physiology of
vasopressin relevant to management of septic shock. Chest.
2001;120:989-1002.
110. Holmes CL, Walley KR, Chittock DR, et al. The effects of
vasopressin on hemodynamics and renal function in severe
septic shock: a case series. Intensive Care Med. 2001;27:
1416-1421.
111. Landry DW, Levin HR, Gallant EM, et al. Vasopressin pressor
hypersensitivity in vasodilatory septic shock. Crit Care Med.
1997;25:1279-1282.

Annals of Emergency Medicine 49

Severe Sepsis and Septic Shock
112. Malay MB, Ashton RC Jr, Landry DW, et al. Low-dose
vasopressin in the treatment of vasodilatory septic shock.
J Trauma. 1999;47:699-703.
113. De Backer D, Creteur J, Silva E, et al. Effects of dopamine,
norepinephrine, and epinephrine on the splanchnic circulation in
septic shock: which is best? Crit Care Med. 2003;31:16591667.
114. Rady MY, Rivers EP, Nowak RM. Resuscitation of the critically ill
in the ED: responses of blood pressure, heart rate, shock index,
central venous oxygen saturation, and lactate. Am J Emerg Med.
1996;14:218-225.
115. Spronk PE, Ince C, Gardien MJ, et al. Nitroglycerin in septic
shock after intravascular volume resuscitation. Lancet. 2002;
360:1395-1396.
116. Hebert PC, Wells G, Blajchman MA, et al. A multicenter,
randomized, controlled clinical trial of transfusion requirements
in critical care: Transfusion Requirements in Critical Care
Investigators, Canadian Critical Care Trials Group. N Engl J Med.
1999;340:409-417.
117. Vincent JL, Baron JF, Reinhart K, et al. Anemia and blood
transfusion in critically ill patients. JAMA. 2002;288:14991507.
118. Qiu HB, Yang Y, Zhou SX, et al. Prognostic value of dobutamine
stress test in patients with septic shock. Acta Pharmacol Sin.
2001;22:71-75.
119. Rhodes A, Lamb FJ, Malagon I, et al. A prospective study of the
use of a dobutamine stress test to identify outcome in patients
with sepsis, severe sepsis, or septic shock. Crit Care Med.
1999;27:2361-2366.
120. Marik PE, Kaufman D. The effects of neuromuscular paralysis
on systemic and splanchnic oxygen utilization in mechanically
ventilated patients. Chest. 1996;109:1038-1042.
121. Manthous CA, Hall JB, Kushner R, et al. The effect of
mechanical ventilation on oxygen consumption in critically ill
patients. Am J Respir Crit Care Med. 1995;151:210-214.
122. Donnino MW, Nguyen HB, Jacobsen G, et al. Cryptic septic
shock: a sub-analysis of early goal-directed therapy [abstract].
Chest. 2003;124:90S.
123. Bakker J, Schieveld SJ, Brinkert W. Serum lactate level as an
indicator of tissue hypoxia in severely ill patients. Ned Tijdschr
Geneeskd. 2000;144:737-741.
124. Vincent JL, Dufaye P, Berre J, et al. Serial lactate
determinations during circulatory shock. Crit Care Med. 1983;
11:449-451.
125. DuPont HL, Spink WW. Infections due to gram-negative
organisms: an analysis of 860 patients with bacteremia at the
University of Minnesota Medical Center. Medicine. 1969;48:
307-332.
126. Freid MA, Vosti KL. The importance of underlying disease in
patients with gram-negative bacteremia. Arch Intern Med. 1968;
121:418-423.
127. Bryant RE, Hood AF, Hood CE, et al. Factors affecting mortality
of gram-negative rod bacteremia. Arch Intern Med. 1971;127:
120-128.
128. Myerowitz RL, Medeiros AA, O’Brien TF. Recent experience with
bacillemia due to gram-negative organisms. J Infect Dis. 1971;
124:239-246.
129. Setia U, Gross PA. Bacteremia in a community hospital:
spectrum and mortality. Arch Intern Med. 1977;137:1698-1701.
130. Weinstein MP, Reller LB, Murphy JR, et al. The clinical
significance of positive blood cultures: a comprehensive
analysis of 500 episodes of bacteremia and fungemia in adults,
I: laboratory and epidemiologic observations. Rev Infect Dis.
1983;5:35-53.

50 Annals of Emergency Medicine

Nguyen et al
131. Weinstein MP, Murphy JR, Reller LB, et al. The clinical
significance of positive blood cultures: a comprehensive
analysis of 500 episodes of bacteremia and fungemia in adults,
II: clinical observations, with special reference to factors
influencing prognosis. Rev Infect Dis. 1983;5:54-70.
132. McCue JD. Improved mortality in gram-negative bacillary
bacteremia. Arch Intern Med. 1985;145:1212-1216.
133. Ispahani P, Pearson NJ, Greenwood D. An analysis of
community and hospital-acquired bacteraemia in a large
teaching hospital in the United Kingdom. Q J Med. 1987;63:
427-440.
134. Meyers BR, Sherman E, Mendelson MH, et al. Bloodstream
infections in the elderly. Am J Med. 1989;86:379-384.
135. Leibovici L, Shraga I, Drucker M, et al. The benefit of
appropriate empirical antibiotic treatment in patients with
bloodstream infection. J Intern Med. 1998;244:379-386.
136. Behrendt G, Schneider S, Brodt HR, et al. Influence of
antimicrobial treatment on mortality in septicemia. J Chemother.
1999;11:179-186.
137. Zaragoza R, Artero A, Camarena JJ, et al. The influence of
inadequate empirical antimicrobial treatment on patients with
bloodstream infections in an intensive care unit. Clin Microbiol
Infect. 2003;9:412-418.
138. Kollef MH, Sherman G, Ward S, et al. Inadequate antimicrobial
treatment of infections: a risk factor for hospital mortality
among critically ill patients. Chest. 1999;115:462-474.
139. Kang CI, Kim SH, Kim HB, et al. Pseudomonas aeruginosa
bacteremia: risk factors for mortality and influence of delayed
receipt of effective antimicrobial therapy on clinical outcome.
Clin Infect Dis. 2003;37:745-751.
140. Ibrahim EH, Sherman G, Ward S, et al. The influence of
inadequate antimicrobial treatment of bloodstream infections on
patient outcomes in the ICU setting. Chest. 2000;118:146-155.
141. Yu VL, Chiou CC, Feldman C, et al. An international prospective
study of pneumococcal bacteremia: correlation with in vitro
resistance, antibiotics administered, and clinical outcome. Clin
Infect Dis. 2003;37:230-237.
142. Laterre PF, Garber G, Levy H, et al. Severe community-acquired
pneumonia as a cause of severe sepsis: data from the
PROWESS study. Crit Care Med. 2005;33:952-961.
143. Cartwright K, Reilly S, White D, et al. Early treatment with
parenteral penicillin in meningococcal disease. BMJ. 1992;305:
143-147.
144. Meehan TP, Fine MJ, Krumholz HM, et al. Quality of care,
process, and outcomes in elderly patients with pneumonia.
JAMA. 1997;278:2080-2084.
145. Silber SH, Garrett C, Singh R, et al. Early administration of
antibiotics does not shorten time to clinical stability in patients
with moderate-to-severe community-acquired pneumonia. Chest.
2003;124:1798-1804.
146. The Medicare National Pneumonia Quality Improvement Project.
Centers for Medicare Quality Improvement Community [Web
site]. Available at: http://www.medqic.org. Accessed July 1,
2005.
147. Siegman-Igra Y, Fourer B, Orni-Wasserlauf R, et al. Reappraisal
of community-acquired bacteremia: a proposal of a new
classification for the spectrum of acquisition of bacteremia. Clin
Infect Dis. 2002;34:1431-1439.
148. Friedman ND, Kaye KS, Stout JE, et al. Health care-associated
bloodstream infections in adults: a reason to change the
accepted definition of community-acquired infections. Ann Intern
Med. 2002;137:791-797.
149. Bochud PY, Glauser MP, Calandra T. Antibiotics in sepsis.
Intensive Care Med. 2001;27:S33-S48.

Volume , .  : July 

Nguyen et al
150. Abraham E, Wunderink R, Silverman H, et al. Efficacy and safety
of monoclonal antibody to human tumor necrosis factor alpha in
patients with sepsis syndrome: a randomized, controlled,
double-blind, multicenter clinical trial: TNF-alpha MAb Sepsis
Study Group. JAMA. 1995;273:934-941.
151. Brun-Buisson C, Doyon F, Carlet J. Bacteremia and severe
sepsis in adults: a multicenter prospective survey in ICUs and
wards of 24 hospitals: French Bacteremia-Sepsis Study Group.
Am J Respir Crit Care Med. 1996;154:617-624.
152. Cohen J, Carlet J. INTERSEPT: an international, multicenter,
placebo-controlled trial of monoclonal antibody to human tumor
necrosis factor-alpha in patients with sepsis: International
Sepsis Trial Study Group. Crit Care Med. 1996;24:1431-1440.
153. McCabe WR, Jackson GG. Gram negative bacteremia. Arch
Intern Med. 1962;110:92-100.
154. Schumer W. Steroids in the treatment of clinical septic shock.
Ann Surg. 1976;184:333-341.
155. Abraham E, Anzueto A, Gutierrez G, et al. Double-blind
randomised controlled trial of monoclonal antibody to human
tumour necrosis factor in treatment of septic shock: NORASEPT
II Study Group. Lancet. 1998;351:929-933.
156. Saravolatz LD, Wherry JC, Spooner C, et al. Clinical safety,
tolerability, and pharmacokinetics of murine monoclonal
antibody to human tumor necrosis factor-alpha. J Infect Dis.
1994;169:214-217.
157. Kieft H, Hoepelman AI, Zhou W, et al. The sepsis syndrome in a
Dutch university hospital: clinical observations. Arch Intern Med.
1993;153:2241-2247.
158. Fisher CJ Jr, Dhainaut JF, Opal SM, et al. Recombinant human
interleukin 1 receptor antagonist in the treatment of patients
with sepsis syndrome: results from a randomized, double-blind,
placebo-controlled trial: Phase III rhIL-1ra Sepsis Syndrome
Study Group. JAMA. 1994;271:1836-1843.
159. Fisher CJ Jr, Slotman GJ, Opal SM, et al. Initial evaluation of
human recombinant interleukin-1 receptor antagonist in the
treatment of sepsis syndrome: a randomized, open-label,
placebo-controlled multicenter trial: the IL-1RA Sepsis Syndrome
Study Group. Crit Care Med. 1994;22:12-21.
160. Reinhart K, Wiegand-Lohnert C, Grimminger F, et al. Assessment
of the safety and efficacy of the monoclonal anti-tumor necrosis
factor antibody-fragment, MAK 195F, in patients with sepsis and
septic shock: a multicenter, randomized, placebo-controlled,
dose-ranging study. Crit Care Med. 1996;24:733-742.
161. Dhainaut JF, Vincent JL, Richard C, et al. CDP571, a humanized
antibody to human tumor necrosis factor-alpha: safety,
pharmacokinetics, immune response, and influence of the
antibody on cytokine concentrations in patients with septic
shock: CPD571 Sepsis Study Group. Crit Care Med. 1995;23:
1461-1469.
162. Opal SM, Fisher CJ Jr, Dhainaut JF, et al. Confirmatory
interleukin-1 receptor antagonist trial in severe sepsis: a phase
III, randomized, double-blind, placebo-controlled, multicenter
trial: the Interleukin-1 Receptor Antagonist Sepsis Investigator
Group. Crit Care Med. 1997;25:1115-1124.
163. Bernard GR, Wheeler AP, Russell JA, et al. The effects of
ibuprofen on the physiology and survival of patients with sepsis:
the Ibuprofen in Sepsis Study Group. N Engl J Med. 1997;336:
912-918.
164. Mylotte JM, Tayara A, Goodnough S. Epidemiology of
bloodstream infection in nursing home residents: evaluation in a
large cohort from multiple homes. Clin Infect Dis. 2002;35:
1484-1490.
165. Martin GS, Mannino DM, Eaton S, et al. The epidemiology of
sepsis in the United States from 1979 through 2000. N Engl
J Med. 2003;348:1546-1554.

Volume , .  : July 

Severe Sepsis and Septic Shock
166. Valles J, Rello J, Ochagavia A, et al. Community-acquired
bloodstream infection in critically ill adult patients: impact of
shock and inappropriate antibiotic therapy on survival. Chest.
2003;123:1615-1624.
167. Karlowsky JA, Jones ME, Thornsberry C, et al. Prevalence of
antimicrobial resistance among urinary tract pathogens isolated
from female outpatients across the US in 1999. Int J Antimicrob
Agents. 2001;18:121-127.
168. Karlowsky JA, Kelly LJ, Thornsberry C, et al. Susceptibility to
fluoroquinolones among commonly isolated gram-negative bacilli
in 2000: TRUST and TSN data for the United States: Tracking
Resistance in the United States Today: the Surveillance
Network. Int J Antimicrob Agents. 2002;19:21-31.
169. Karlowsky JA, Kelly LJ, Thornsberry C, et al. Trends in
antimicrobial resistance among urinary tract infection isolates of
Escherichia coli from female outpatients in the United States.
Antimicrob Agents Chemother. 2002;46:2540-2545.
170. Gupta K, Sahm DF, Mayfield D, et al. Antimicrobial resistance
among uropathogens that cause community-acquired urinary
tract infections in women: a nationwide analysis. Clin Infect Dis.
2001;33:89-94.
171. Garau J, Xercavins M, Rodriguez-Carballeira M, et al. Emergence
and dissemination of quinolone-resistant Escherichia coli in the
community. Antimicrob Agents Chemother. 1999;43:2736-2741.
172. Jones ME, Karlowsky JA, Blosser-Middleton R, et al. Longitudinal
assessment of antipneumococcal susceptibility in the United
States. Antimicrob Agents Chemother. 2002;46:2651-2655.
173. Pfaller MA, Ehrhardt AF, Jones RN. Frequency of pathogen
occurrence and antimicrobial susceptibility among communityacquired respiratory tract infections in the respiratory
surveillance program study: microbiology from the medical office
practice environment. Am J Med. 2001;111:4S-12S.
174. Thornsberry C, Sahm DF, Kelly LJ, et al. Regional trends in
antimicrobial resistance among clinical isolates of
Streptococcus pneumoniae, Haemophilus influenzae, and
Moraxella catarrhalis in the United States: results from the
TRUST Surveillance Program, 1999-2000. Clin Infect Dis. 2002;
34:S4-S16.
175. Doern GV, Brown SD. Antimicrobial susceptibility among
community-acquired respiratory tract pathogens in the USA: data
from PROTEKT US 2000-01. J Infect. 2004;48:56-65.
176. Karlowsky JA, Thornsberry C, Jones ME, et al. Factors
associated with relative rates of antimicrobial resistance among
Streptococcus pneumoniae in the United States: results from
the TRUST Surveillance Program (1998-2002). Clin Infect Dis.
2003;36:963-970.
177. Chen DK, McGeer A, de Azavedo JC, et al. Decreased
susceptibility of Streptococcus pneumoniae to fluoroquinolones
in Canada: Canadian Bacterial Surveillance Network. N Engl
J Med. 1999;341:233-239.
178. Centers for Disease Control and Prevention. Effect of new
susceptibility breakpoints on reporting of resistance in
Streptococcus pneumoniae: United States, 2003. MMWR Morb
Mortal Wkly Rep. 2004;53:152-154.
179. Ho PL, Yung RW, Tsang DN, et al. Increasing resistance of
Streptococcus pneumoniae to fluoroquinolones: results of a
Hong Kong multicentre study in 2000. J Antimicrob Chemother.
2001;48:659-665.
180. Centers for Disease Control and Prevention. Methicillin-resistant
Staphylococcus aureus skin or soft tissue infections in a state
prison: Mississippi, 2000. MMWR Morb Mortal Wkly Rep. 2001;
50:919-922.
181. Centers for Disease Control and Prevention. Four pediatric
deaths from community-acquired methicillin-resistant

Annals of Emergency Medicine 51

Severe Sepsis and Septic Shock

182.

183.

184.

185.

186.

187.

188.
189.
190.

191.

192.
193.

194.

195.

196.

197.

198.

199.

200.

Staphylococcus aureus: Minnesota and North Dakota,
1997-1999. JAMA. 1999;282:1123-1125.
Salgado CD, Farr BM, Calfee DP. Community-acquired
methicillin-resistant Staphylococcus aureus: a meta-analysis of
prevalence and risk factors. Clin Infect Dis. 2003;36:131-139.
Centers for Disease Control and Prevention. Outbreaks of
community-associated methicillin-resistant Staphylococcus
aureus skin infections-Los Angeles County, California, 20022003. MMWR Morb Mortal Weekly Rep. 2002;52:88.
Fish DN, Piscitelli SC, Danziger LH. Development of resistance
during antimicrobial therapy: a review of antibiotic classes and
patient characteristics in 173 studies. Pharmacotherapy. 1995;
15:279-291.
Frazee BW, Lynn J, Charlebois ED, et al. High prevalence of
methicillin-resistant Staphylococcus aureus in emergency
department skin and soft tissue infections. Ann Emerg Med.
2005;45:311-320.
Moran GJ, Talan DA. Community-associated methicillin-resistant
Staphylococcus aureus: is it in your community and should it
change practice? Ann Emerg Med. 2005;45:321-322.
Lewis JS 2nd, Jorgensen JH. Inducible clindamycin resistance in
staphylococci: should clinicians and microbiologists be
concerned? Clin Infect Dis. 2005;40:280-285.
Acar JF. Antibiotic synergy and antagonism. Med Clin North Am.
2000;84:1391-1406.
Mylonakis E, Calderwood SB. Infective endocarditis in adults.
N Engl J Med. 2001;345:1318-1330.
Stevens DL. Streptococcal toxic-shock syndrome: spectrum of
disease, pathogenesis, and new concepts in treatment. Emerg
Infect Dis. 1995;1:69-78.
Zimbelman J, Palmer A, Todd J. Improved outcome of
clindamycin compared with beta-lactam antibiotic treatment for
invasive Streptococcus pyogenes infection. Pediatr Infect Dis J.
1999;18:1096-1100.
Bouza E, Munoz P. Monotherapy versus combination therapy for
bacterial infections. Med Clin North Am. 2000;84:1357-1389.
Hilf M, Yu VL, Sharp J, et al. Antibiotic therapy for Pseudomonas
aeruginosa bacteremia: outcome correlations in a prospective
study of 200 patients. Am J Med. 1989;87:540-546.
Chow JW, Yu VL. Combination antibiotic therapy versus
monotherapy for gram-negative bacteraemia: a commentary. Int
J Antimicrob Agents. 1999;11:7-12.
Mimoz O, Jacolot A, Padoin C, et al. Cefepime and amikacin
synergy in vitro and in vivo against a ceftazidime-resistant strain
of Enterobacter cloacae. J Antimicrob Chemother. 1998;41:367372.
Korvick JA, Bryan CS, Farber B, et al. Prospective observational
study of Klebsiella bacteremia in 230 patients: outcome for
antibiotic combinations versus monotherapy. Antimicrob Agents
Chemother. 1992;36:2639-2644.
Isaksson B, Hanberger H, Maller R, et al. Synergic postantibiotic effect of amikacin in combination with beta-lactam
antibiotics on gram-negative bacteria. J Antimicrob Chemother.
1991;28:25-34.
Leibovici L, Paul M, Poznanski O, et al. Monotherapy versus
beta-lactam-aminoglycoside combination treatment for gramnegative bacteremia: a prospective, observational study.
Antimicrob Agents Chemother. 1997;41:1127-1133.
Hughes WT, Armstrong D, Bodey GP, et al. 2002 guidelines for
the use of antimicrobial agents in neutropenic patients with
cancer. Clin Infect Dis. 2002;34:730-751.
Wunderink RG, Rello J, Cammarata SK, et al. Linezolid vs
vancomycin: analysis of two double-blind studies of patients
with methicillin-resistant Staphylococcus aureus nosocomial
pneumonia. Chest. 2003;124:1789-1797.

52 Annals of Emergency Medicine

Nguyen et al
201. Kahn JB, Bahal N, Wiesinger BA, et al. Cumulative clinical trial
experience with levofloxacin for patients with communityacquired pneumonia-associated pneumococcal bacteremia. Clin
Infect Dis. 2004;38:S34-S42.
202. Quagliarello VJ, Scheld WM. Treatment of bacterial meningitis.
N Engl J Med. 1997;336:708-716.
203. Siberry GK, Tekle T, Carroll K, et al. Failure of clindamycin
treatment of methicillin-resistant Staphylococcus aureus
expressing inducible clindamycin resistance in vitro. Clin Infect
Dis. 2003;37:1257-1260.
204. Jimenez MF, Marshall JC. International sepsis forum. Source
control in the management of sepsis. Intensive Care Med.
2001;27:S49-S62.
205. Marshall JC, Maier RV, Jimenez M, et al. Source control in the
management of severe sepsis and septic shock: an evidencebased review. Crit Care Med. 2004;32:S513-S526.
206. Ashbaugh DG. Empyema thoracis: factors influencing morbidity
and mortality. Chest. 1991;99:1162-1165.
207. Light RW. A new classification of parapneumonic effusions and
empyema. Chest. 1995;108:299-301.
208. Colice GL, Curtis A, Deslauriers J, et al. Medical and surgical
treatment of parapneumonic effusions: an evidence-based
guideline. Chest. 2000;118:1158-1171.
209. Light RW. Pleural diseases. Dis Mon. 1992;38:261-331.
210. Velmahos GC, Kamel E, Berne TV, et al. Abdominal computed
tomography for the diagnosis of intra-abdominal sepsis in
critically injured patients: fishing in murky waters. Arch Surg.
1999;134:831-836.
211. Barkhausen J, Stoblen F, Dominguez-Fernandez E, et al. Impact
of CT in patients with sepsis of unknown origin. Acta Radiol.
1999;40:552-555.
212. Taourel P, Baron MP, Pradel J, et al. Acute abdomen of
unknown origin: impact of CT on diagnosis and management.
Gastrointest Radiol. 1992;17:287-291.
213. Montgomery RS, Wilson SE. Intraabdominal abscesses: imageguided diagnosis and therapy. Clin Infect Dis. 1996;23:28-36.
214. Knochel JQ, Koehler PR, Lee TG, et al. Diagnosis of abdominal
abscesses with computed tomography, ultrasound, and 111In
leukocyte scans. Radiology. 1980;137:425-432.
215. Paulson EK, Kalady MF, Pappas TN. Clinical practice: suspected
appendicitis. N Engl J Med. 2003;348:236-242.
216. Goletti O, Lippolis PV, Chiarugi M, et al. Percutaneous
ultrasound-guided drainage of intra-abdominal abscesses. Br J
Surg. 1993;80:336-339.
217. Gazelle GS, Mueller PR. Abdominal abscess: imaging and
intervention. Radiol Clin North Am. 1994;32:913-932.
218. Wyatt SH, Urban BA, Fishman EK. Spiral CT of the kidneys: role
in characterization of renal disease, part I: nonneoplastic
disease. Crit Rev Diagn Imaging. 1995;36:1-37.
219. Henderson SO, Hoffner RJ, Aragona JL, et al. Bedside
emergency department ultrasonography plus radiography of the
kidneys, ureters, and bladder vs intravenous pyelography in the
evaluation of suspected ureteral colic. Acad Emerg Med. 1998;
5:666-671.
220. St Lezin M, Hofmann R, Stoller ML. Pyonephrosis: diagnosis and
treatment. Br J Urol. 1992;70:360-363.
221. Pearle MS, Pierce HL, Miller GL, et al. Optimal method of urgent
decompression of the collecting system for obstruction and
infection due to ureteral calculi. J Urol. 1998;160:1260-1264.
222. Barbaric ZL. Percutaneous nephrostomy for urinary tract
obstruction. AJR Am J Roentgenol. 1984;143:803-809.
223. Deyoe LA, Cronan JJ, Lambiase RE, et al. Percutaneous
drainage of renal and perirenal abscesses: results in 30
patients. AJR Am J Roentgenol. 1990;155:81-83.

Volume , .  : July 

Nguyen et al
224. Lang EK. Renal, perirenal, and pararenal abscesses:
percutaneous drainage. Radiology. 1990;174:109-113.
225. Gerzof SG. Percutaneous drainage of renal and perinephric
abscess. Urol Radiol. 1981;2:171-179.
226. Tang HJ, Li CM, Yen MY, et al. Clinical characteristics of
emphysematous pyelonephritis. J Microbiol Immunol Infect.
2001;34:125-130.
227. Huang JJ, Tseng CC. Emphysematous pyelonephritis:
clinicoradiological classification, management, prognosis, and
pathogenesis. Arch Intern Med. 2000;160:797-805.
228. Riedl CR, Plas E, Hubner WA, et al. Bacterial colonization of
ureteral stents. Eur Urol. 1999;36:53-59.
229. Warren JW. Catheter-associated urinary tract infections. Infect
Dis Clin North Am. 1997;11:609-622.
230. Elliott DC, Kufera JA, Myers RA. Necrotizing soft tissue
infections: risk factors for mortality and strategies for
management. Ann Surg. 1996;224:672-683.
231. McHenry CR, Piotrowski JJ, Petrinic D, et al. Determinants of
mortality for necrotizing soft-tissue infections. Ann Surg. 1995;
221:558-563.
232. Green RJ, Dafoe DC, Raffin TA. Necrotizing fasciitis. Chest.
1996;110:219-229.
233. Fisher JR, Conway MJ, Takeshita RT, et al. Necrotizing fasciitis:
importance of roentgenographic studies for soft-tissue gas.
JAMA. 1979;241:803-806.
234. Wysoki MG, Santora TA, Shah RM, et al. Necrotizing fasciitis: CT
characteristics. Radiology. 1997;203:859-863.
235. Schmid MR, Kossmann T, Duewell S. Differentiation of
necrotizing fasciitis and cellulitis using MR imaging. AJR Am J
Roentgenol. 1998;170:615-620.
236. Chow AW, Galpin JE, Guze LB. Clindamycin for treatment of
sepsis caused by decubitus ulcers. J Infect Dis. 1977;135:S65S68.
237. Galpin JE, Chow AW, Bayer AS, et al. Sepsis associated with
decubitus ulcers. Am J Med. 1976;61:346-350.
238. McGee DC, Gould MK. Preventing complications of central
venous catheterization. N Engl J Med. 2003;348:1123-1133.
239. Mermel LA, Farr BM, Sherertz RJ, et al. Guidelines for the
management of intravascular catheter-related infections. Clin
Infect Dis. 2001;32:1249-1272.
240. Siegel JP. Assessing the use of activated protein C in the
treatment of severe sepsis. N Engl J Med. 2002;347:10301034.
241. Taylor FB Jr, Chang A, Esmon CT, et al. Protein C prevents the
coagulopathic and lethal effects of Escherichia coli infusion in
the baboon. J Clin Invest. 1987;79:918-925.
242. Hirose K, Okajima K, Taoka Y, et al. Activated protein C reduces
the ischemia/reperfusion-induced spinal cord injury in rats by
inhibiting neutrophil activation. Ann Surg. 2000;232:272-280.
243. Bernard GR, Ely EW, Wright TJ, et al. Safety and dose
relationship of recombinant human activated protein C for
coagulopathy in severe sepsis. Crit Care Med. 2001;29:20512059.
244. Knaus WA, Draper EA, Wagner DP, et al. APACHE II: a severity
of disease classification system. Crit Care Med. 1985;13:818829.
245. FDA briefing document: Drotrecogin alfa (activated) [recombinant
human activated protein C (rhAPC)] Xigris, BLA#125029/0 [US
Food and Drug Administration Web site]. Available at: http://
www.fda.gov/ohrms/dockets/ac/01/briefing/3797b1.htm.
Accessed October 2005.
246. Abraham E, Laterre PF, Garg R, et al. Drotrecogin alfa (activated)
for adults with severe sepsis and a low risk of death. N Engl
J Med. 2005;353:1332-1341.

Volume , .  : July 

Severe Sepsis and Septic Shock
247. Discontinuation of Study F1K-MC-EVBP, Investigation of the
Efficacy and Safety of Droctrecognin Alfa (activated) in Pediatric
Severe Sepsis, Eli Lilly, April 21, 2005. Available at: http://
www.fda.gov/medwatch/safety/2005/xigris_dearhcp_4-21-05.pdf.
Accessed January 6, 2005.
248. Warren HS, Suffredini AF, Eichacker PQ, et al. Risks and
benefits of activated protein C treatment for severe sepsis.
N Engl J Med. 2002;347:1027-1030.
249. Ely EW, Bernard GR, Vincent JL. Activated protein C for severe
sepsis. N Engl J Med. 2002;347:1035-1036.
250. Opal SM, Cross AS. Clinical trials for severe sepsis: past
failures, and future hopes. Infect Dis Clin North Am. 1999;13:
285-297.
251. Angus DC, Linde-Zwirble WT, Clermont G, et al. Costeffectiveness of drotrecogin alfa (activated) in the treatment of
severe sepsis. Crit Care Med. 2003;31:1-11.
252. Manns BJ, Lee H, Doig CJ, et al. An economic evaluation of
activated protein C treatment for severe sepsis. N Engl J Med.
2002;347:993-1000.
253. Polderman KH, Jorna EM, Girbes AR. Inter-observer variability in
APACHE II scoring: effect of strict guidelines and training.
Intensive Care Med. 2001;27:1365-1369.
254. Ely EW, Laterre PF, Angus DC, et al. Drotrecogin alfa (activated)
administration across clinically important subgroups of patients
with severe sepsis. Crit Care Med. 2003;31:12-19.
255. Angus DC, Laterre PF, Helterbrand J, et al. The effect of
drotrecogin alfa (activated) on long-term survival after severe
sepsis. Crit Care Med. 2004;32:2199-2206.
256. Haley M, Cui X, Minneci PC, et al. Recombinant human
activated protein C in sepsis: previous concerns and current
usage. Therapy. 2004;2004:123-129.
257. Vincent JL, Bernard GR, Beale R, et al. Drotrecogin alfa
(activated) treatment in severe sepsis from the global open-label
trial ENHANCE: further evidence for survival and safety and
implications for early treatment. Crit Care Med. 2005;33:22662277.
258. Vincent JL, Levy MM, Macias WL, et al. Early intervention with
drotrecogin alfa (activated) improves survival benefit. Crit Care
Med. 2003;31:A123.
259. Johnston JA, Pulgar S, Ball DE, et al. The impact of timely
drotrecogin alfa (activated) administration on hospital mortality
and resource use. Crit Care Med. 2003;31:A73.
260. Wheeler A, Steingrub J, Linde-Zwirble W, et al. Prompt
administration of drotrecogin alfa (activated) is associated with
improved survival. Crit Care Med. 2003;31:A120.
261. Verceles A, Schwarcz R, Birnbaum P, et al. Factors influencing
survival in patients receiving activated protein C. Crit Care Med.
2003;31:A126.
262. Nguyen HB, Corbett SW, Menes K, et al. Early goal-directed
therapy, corticosteroid, and recombinant human activated
protein C for the treatment of severe sepsis and septic shock in
the emergency department. Acad Emerg Med. 2006;13:109113.
263. Rothwell PM, Udwadia ZF, Lawler PG. Cortisol response to
corticotropin and survival in septic shock. Lancet. 1991;337:
582-583.
264. Soni A, Pepper GM, Wyrwinski PM, et al. Adrenal insufficiency
occurring during septic shock: incidence, outcome, and
relationship to peripheral cytokine levels. Am J Med. 1995;98:
266-271.
265. Lamberts SW, Bruining HA, de Jong FH. Corticosteroid therapy in
severe illness. N Engl J Med. 1997;337:1285-1292.
266. Annane D, Sebille V, Troche G, et al. A 3-level prognostic
classification in septic shock based on cortisol levels and

Annals of Emergency Medicine 53

Severe Sepsis and Septic Shock

267.
268.

269.

270.

271.

272.

273.
274.

275.
276.
277.

cortisol response to corticotropin. JAMA. 2000;283:
1038-1045.
Cooper MS, Stewart PM. Corticosteroid insufficiency in acutely ill
patients. N Engl J Med. 2003;348:727-734.
Rivers EP, Blake HC, Dereczyk B, et al. Adrenal dysfunction in
hemodynamically unstable patients in the emergency
department. Acad Emerg Med. 1999;6:626-630.
Briegel J, Forst H, Haller M, et al. Stress doses of
hydrocortisone reverse hyperdynamic septic shock: a
prospective, randomized, double-blind, single-center study. Crit
Care Med. 1999;27:723-732.
Bollaert PE, Charpentier C, Levy B, et al. Reversal of late septic
shock with supraphysiologic doses of hydrocortisone. Crit Care
Med. 1998;26:645-650.
Annane D, Briegel J, Keh D, et al. Clinical equipoise remains for
issues of adrenocorticotropic hormone administration, cortisol
testing, and therapeutic use of hydrocortisone. Crit Care Med.
2003;31:2250-2251.
Yamashita S, Drynan J, Guest C, et al. Comparison of low-dose
(1 mcg) with conventional dose cosyntropin (250 mcg) for
adrenal insufficiency testing in critical illness. Crit Care Med.
2001;29:A164.
Marik PE, Zaloga GP. Adrenal insufficiency during septic shock.
Crit Care Med. 2003;31:141-145.
Hamrahian AH, Oseni TS, Arafah BM. Measurements of serum
free cortisol in critically ill patients. N Engl J Med. 2004;350:
1629-1638.
Opal SM. Corticosteroids for patients with septic shock. JAMA.
2003;289:41-42.
Millo J. Corticosteroids for patients with septic shock. JAMA.
2003;289:41.
Annane D, Bellissant E, Bollaert PE, et al. Corticosteroids for
severe sepsis and septic shock: a systematic review and metaanalysis. BMJ. 2004;329:480.

54 Annals of Emergency Medicine

Nguyen et al
278. The Acute Respiratory Distress Syndrome Network. Ventilation
with lower tidal volumes as compared with traditional tidal
volumes for acute lung injury and the acute respiratory distress
syndrome. N Engl J Med. 2000;342:1301-1308.
279. Aduen J, Bernstein WK, Khastgir T, et al. The use and clinical
importance of a substrate-specific electrode for rapid
determination of blood lactate concentrations. JAMA. 1994;272:
1678-1685.
280. Grzybowski M. Systemic inflammatory response syndrome
criteria and lactic acidosis in the detection of critical illness
among patients presenting to the emergency department.
Chest. 1996;110:145S.
281. Frank ED. A shock team in a general hospital. Anesth Analg.
1967;46:740-745.
282. Buist MD, Moore GE, Bernard SA, et al. Effects of a medical
emergency team on reduction of incidence of and mortality from
unexpected cardiac arrests in hospital: preliminary study. BMJ.
2002;324:387-390.
283. Sebat F, Johnson D, Musthafa AA, et al. A multidisciplinary
community hospital program for early and rapid resuscitation of
shock in nontrauma patients. Chest. 2005;127:1729-1743.
284. Dellinger RP, Carlet JM, Masur H, et al. Surviving Sepsis
Campaign guidelines for management of severe sepsis and
septic shock. Crit Care Med. 2004;32:858-872.
285. Osborn TM, Nguyen HB, Rivers EP. Emergency medicine and the
surviving sepsis campaign: an international approach to
managing severe sepsis and septic shock. Ann Emerg Med.
2005;46:228-231.
286. Sepsis bundle. Available at: http://www.ihi.org/IHI/Topics/
CriticalCare/Sepsis. Accessed October 2005.
287. Dellinger RP, Carlet JM, Masur H, et al. Surviving Sepsis
Campaign guidelines for management of severe sepsis and
septic shock. Intensive Care Med. 2004;30:536-555.

Volume , .  : July 

APPENDIX E1.
Authors of individual sections are listed, with the first author
having primary responsibility for the respective section.
Introduction: DAT, EPR, HBN
Definitions: HBN, DAT
Epidemiology of Sepsis: HBN, DTH
Pathogenesis: EPR, HBN
Diagnosis: DAT, FMA, GJM
Treatment
Early Hemodynamic Optimization: HBN, EPR, TO
Hemodynamic Monitoring: HBN, EPR, TO
Volume Therapy: HBN, EPR, TO
Vasoactive Agents: HBN, EPR, ST, TO
Increased Oxygen Carrying Capacity: HBN, EPR
Inotropic Therapy: HBN, EPR, ST
Decreased Oxygen Consumption: HBN, EPR
Resuscitation Endpoints: HBN, EPR, TO

Volume 48, .  : July 

Antimicrobial Therapy
Timeliness and in Vitro Antimicrobial Activity: DAT
Infection Site and Bacterial Cause: GJM
Antimicrobial Susceptibility: DAT, DS
Clinical Antimicrobial Studies and Combination Therapy:
GJM
Empirical Antimicrobial Recommendations: DAT, DS, FMA,
GJM
Source Control: FMA
Recombinant Human Activated Protein C: EA, HBN
Corticosteroids: EA, GJM
Low Tidal Volume Mechanical Ventilation: EA
Patient Identification and Implementing a Sepsis Team: HBN,
EPR
Quality-Improvement Initiatives: HBN, EPR
Summary of Recommendations: DAT, HBN, EPR, GJM
General editing: DAT, HBN, EPR, GJM, FMA

Annals of Emergency Medicine 54.e1

