
Sepsis, the systemic inflam-
matory response to infection,1

has afflicted human beings
throughout the ages. The term
originated from the ancient
Greeks and Hippocrates, who
used “sepsis” to describe
putrefaction and a bad smell.2

Later, the Romans worshipped
the goddess Febris (fever), to
whom they offered sacrifices as
a means of appeasing infec-
tion’s whimsy.2 However, cen-
turies passed before the true
impact of septic disease was
observed. The arrival of
firearms and bullets in the
1600s led to experience with
deep, poorly draining wounds
that were remarkably more
infection prone than the open
slashes of swords and spears.2,3

Indeed, foul-smelling infections
became so rampant in 18th-
century France during the Napoleonic Wars that a new category
of disease, the “putrid diseases,” was created.2,3

Sepsis disorders continue to
frustrate the medical communi-
ty today. The overall incidence
of sepsis in the United States
steadily is increasing.4-6 In
1990, the Centers for Disease
Control and Prevention (CDC)
estimated that there are
450,000 cases of sepsis yearly
in the United States, based on
hospital discharge data.4,5 Sep-
sis was cited as the 13th lead-
ing cause of death in hospital-
ized patients and the leading
cause of death in noncoronary
intensive care units (ICUs).4,5 A
more recent review estimated
that there were 751,000 cases
of severe sepsis in 1995.6 The
number of deaths from sepsis in
1995 was extrapolated to equal
the number of deaths following
myocardial infarction.6 This
pattern was predicted by the

CDC in 1990, citing as causes the aging U.S. population and the
increased prevalence of HIV.4,5 Other contributing factors include
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the increased use of intra-corporeal devices and prosthetic mate-
rial, chemotherapy, organ transplantation, growing antibiotic
resistance, and improved survival rates in patients prone to sep-
sis.7,8 Assuming U.S. Census-projected changes in the population,
the annual incidence of sepsis can be expected to increase 1.5%
per annum, leading to more than 1 million cases by the year
2020.6

The past 30 years have seen significant advances in our
understanding of the pathophysiology, microbiology, and mor-
bidity associated with septic disease. Unfortunately, many
attempts to translate these observations into improved treatment
outcomes have proved futile. Nonetheless, three major trials in
the past two years have demonstrated that it is possible—using
early, goal-directed therapy, activated protein C (Xigris), and

corticosteroids in appropriately selected and risk-stratified
patients—to improve outcomes in sepsis.9 Interestingly, each of
these trials addressed a different aspect of the disease process.
The following article will explore recent advances in the under-
standing of the nature of septic disease. After a brief discussion
of the pathophysiology of sepsis, it will focus on recent therapeu-
tic advances and their impact on the disease. Finally, the article
provides a practical, algorithmic treatment approach for the
emergency physician (EP) caring for patients with sepsis. 

—The Editor

Definitions
In 1992, the American College of Chest Physicians and the

Society of Critical Care Medicine established the current defini-
tions of systemic inflammatory response syndrome (SIRS), sep-
sis, severe sepsis, and septic shock. (See Table 1.)1,10 These crite-
ria eliminated much of the confusing terminology surrounding
septic disease and since have been accepted globally in both clin-
ical and research settings. For the EP, these definitions provide a
helpful framework for the early detection and risk stratification
of patients with infection. 

The consensus conference coined the term SIRS to character-
ize the clinical response that results from systemic activation of
the immune response, regardless of cause. Implicit in the concept
of SIRS is its variable etiology. It may stem from localized or
generalized infection, multitrauma, hemorrhage, thermal injury,
or sterile inflammatory processes, such as acute pancreatitis.1 Of
these, however, infection is by far the most common.11

The term sepsis is used when SIRS results from a confirmed or
suspected infection.1 A positive culture is not required—SIRS with
an infiltrate on chest x-ray or pyuria is enough to qualify for a
diagnosis of sepsis. Severe sepsis is defined as sepsis associated
with hypotension, hypoperfusion, or organ dysfunction. Hypoten-
sion, according to the conference, is defined as a systolic blood
pressure less than 90 mmHg or a reduction of greater than 40
mmHg from the patient’s baseline. Examples of hypoperfusion
abnormalities include lactic acidosis, oliguria, or acute alteration of
mental status.1 Since its conception, the term “organ dysfunction”
has generated some controversy.12 As stated in the 1992 consensus
statement, the term was intended to recognize the progressive con-
tinuum of physiologic derangement and organ failure.1,12 Dysfunc-
tion was described as a phenomenon in which organ function was
no longer capable of maintaining homeostasis.1 Subsequently, sev-
eral scoring systems and descriptive tools have been developed;
the Multiple Organ Dysfunction score and the Sequential Organ
Failure Assessment score are the most commonly used.6,13-15 Table
2 lists some clinical and laboratory methods used to identify organ
dysfunction; these variables help alert the EP to the presence of
severe sepsis and its associated higher morbidity.12 Finally, septic
shock is defined as severe sepsis accompanied by hypotension that
persists even after adequate fluid resuscitation, which is typically
defined as fluid bolus of 500-1000 cc of saline.1,10 Of note, patients
who no longer are hypotensive because of inotropic or vasopressor
support still are considered to have septic shock.1

SIRS, sepsis, severe sepsis, and septic shock now are recog-
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nized to represent a continuum of increasing inflammatory
response to infection.11,16 Current evidence suggests that the mor-
bidity of sepsis is as much a result of the host’s inflammatory
response as of the infection itself;17 it follows, then, that the SIRS
to septic shock stages should correlate roughly with morbidity
and mortality. Indeed, a study of 2527 patients with SIRS demon-
strated that their average mortality rate was 6%, twice as high as
the mortality among patients who did not meet any of the SIRS
criteria.18 Mortality increased to 16% in patients with sepsis, 20%
in severe sepsis, and an impressive 46% in septic shock.18 The
incidence of end-organ dysfunction paralleled that of mortality.18

The Inflammatory Cascade
Several decades of research have resulted in a detailed under-

standing of the pathophysiologic mechanisms underlying sepsis.
This understanding has, in turn, provided the rationale for the
multitude of clinical trials testing anti-inflammatory agents and
anticoagulants in the treatment of sepsis.17,19

The current model of sepsis revolves around the concept of a
host’s pro-inflammatory and pro-coagulant response to invading
pathogens.8,17,19-21 According to this theory, the normal response
to most infections is an immunologic cascade that leads to
prompt resolution of infection; however, in certain settings and
patients, an excessive and unregulated response occurs. The
patient’s own unchecked inflammation and coagulation may lead
to organ injury and morbidity associated with sepsis.8,17,19,20 In the
words of Lewis Thomas, “the micro-organisms that seem to have
it in for us ... turn out ... to be rather more like bystanders … It is
our response to their presence that makes the disease. Our arse-
nals for fighting off bacteria are so powerful … that we are more
in danger from them than the invaders.”20,22 The level of derange-
ment that occurs may range in severity from the mild SIRS to
multiple organ failure and death.8,17,19

In patients who survive this initial hyperinflammatory phase,
an anti-inflammatory immunosuppressive state gradually devel-
ops.9,20,23 The “cytokine storm” seen in the initial phase results in
depletion of B and CD4 lymphocytes, and the patient enters a
state of anergy, becoming susceptible particularly to nosocomial
infections.9,20,23 Meanwhile, apoptosis, or programmed cell death,
occurs in large numbers of lymphocytes and gastrointestinal
cells.20 Cells effectively commit suicide through the release of
self-degrading proteases. The cumulative effects of infection and
apoptosis contribute to the development of late organ failure.9,20,23

A basic schematic of the sepsis timeline is shown in Table 3.
In the early hours of microbial infection, the host generates a
pro-inflammatory and pro-coagulant response.23-26 In gram-nega-
tive infection, the host response is triggered by lipopolysaccha-
ride (LPS) or endotoxin.24,26 LPS is a peptidoglycan embedded
within the bacterial cell wall that is remarkably well conserved
among various species and accounts for the clinical similarity
seen in infections caused by different gram-negative organisms
(i.e., Escherichia coli and Klebsiella species).19 The pathogenesis
of gram-positive sepsis is not as well understood but appears to
be mediated via the production of exotoxins. What is clear is that
both gram-positive and gram-negative infections are equally
capable of producing sepsis.9 The best characterized examples of
exotoxins include toxic shock syndrome toxin-1 (produced by
Staphylococcus aureus) and streptococcal pyrogenic exotoxins
(produced by Streptococcus pyogenes).9,19,27

On the cellular and sub-cellular levels, the inflammatory cas-
cade is initiated when LPS or exotoxins bind and activate mono-
cytes, neutrophils, and endothelial cells, resulting in the release
of an abundance of pro-inflammatory cytokines.17,24,26 The best
characterized of these are tumor necrosis factor (TNF), inter-
leukin-1 (IL-1), and interleukin-6 (IL-6).9,17,24,26 Within 90 min-
utes of exposure to LPS, TNF and IL-1 activate a second level of
inflammatory mediators, including cytokines, nitric oxide, and
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Table 1. Definitions of SIRS and Sepsis

SYSTEMIC INFLAMMATORY RESPONSE SYNDROME (SIRS): 

The systemic inflammatory response to a variety of severe 
clinical insults. The response is manifested by two or more of the 
following conditions:

• Temperature > 38°C or < 36°C
• Heart rate > 90 beats/min
• Respiratory rate > 20 breaths/min or PaCO2 < 32 torr
• WBC > 12,0000 cells/mm3, < 4000 cells/mm3, or > 10% 

immature (band) forms

SEPSIS: 

The systemic response to infection. This systemic response is 
manifested by two or more of the following conditions and is a 
result of infection:

• Temperature > 38°C or < 36°C
• Heart rate > 90 beats/min
• Respiratory rate > 20 breaths/min or PaCO2 < 32 torr
• WBC > 12,0000 cells/mm3, < 4000 cells/mm3, or > 10%  

immature (band) forms

SEVERE SEPSIS: 

Sepsis associated with organ dysfunction, hypoperfusion, or 
hypotension. Hypoperfusion and perfusion abnormalities may 
include, but are not limited to, lactic acidosis, oliguria, or an 
acute alteration in mental status.

SEPTIC SHOCK: 

Sepsis with hypotension despite adequate fluid resuscitation, 
along with the presence of perfusion abnormalities that may 
include, but are not limited to, lactic acidosis, oliguria, or an 
acute alteration of mental status. Patients who are on inotropic 
or vasopressor agents still may be classified under septic shock 
even though they are not hypotensive at the time that perfusion 
abnormalities are measured.

MULTIPLE ORGAN DYSFUNCTION SYNDROME: 

Presence of altered organ function in an acutely ill patient such 
that homeostasis cannot be maintained without intervention.

Adapted from: Bone RC, Balk RA, Cerra FB, et al. American Col-
lege of Chest Physicians/Society of Critical Care Medicine Con-
sensus Conference. Definitions for sepsis and organ failure and
guidelines for the use of innovative therapies in sepsis. Crit Care
Med 1992;20:866.



reactive oxygen species.9 This army of pro-inflammatory
cytokines orchestrates a complex network of responses. Initially,
the secondary release of proteases and arachidonic metabolites
generates fever and lactic acidosis, and stimulates changes in
heart rate, respiratory rate, and white blood cell (WBC) count,
i.e., the manifestations of SIRS.17,23 It is at this stage that most
patients seek medical help.23

As inflammation continues, TNF and IL-1 promote adhesion
of neutrophils to endothelial cells, inciting diffuse capillary
injury.8,17 Hypotension often ensues, leading to tissue ischemia
and organ dysfunction.8 One of the earliest manifestations of cap-
illary leak occurs in the lung in the form of the acute respiratory
distress syndrome (ARDS), which is characterized by increased
shunt and ventilation-perfusion imbalance.

While inflammation is ongoing, a state of generalized hyper-
coagulation also occurs. Pro-inflammatory cytokines induce the
expression of tissue factor on monocytes and endothelial cells. Tis-
sue factor, in turn, interacts with Factors VIIa and IXa to activate
both the extrinsic and intrinsic pathways of the coagulation cas-
cade.8,9,25,27,28 (See Figure 1.) In the final stage, large amounts of
thrombin are generated, and fibrinogen is converted to fibrin. Fib-
rin aggregates with platelets to form clot, which is deposited in
blood vessels throughout the body,8,9,27 causing diffuse microvascu-
lar tissue ischemia. Simultaneously, fibrinolysis is impaired.8,9,27,28

(See Figure 1.) LPS induces an increase in levels of plasminogen
activator inhibitor 1, which prevents the activation of plasminogen
into plasmin and the subsequent breakdown of fibrin clots.27,28

Finally, there are three major physiologic anticoagulants—anti-
thrombin III, protein C, and tissue factor-pathway inhibitor
(TFPI)—which regulate the coagulation cascade. (See Figure 2.)
All of these appear to be affected to some degree in patients with
sepsis.8,17,25,27,29,30 Antithrombin III exerts its effects through inacti-
vation of Factor Xa and thrombin.30 Activated protein C degrades
cofactors Va and VIIIa.30 TFPI directly inhibits the binding of tis-
sue factor to factor VIIa.30 In septic patients, these anticoagulants
are rendered ineffective via several mechanisms. First, ongoing
thrombin formation rapidly consumes them.27,30 Second, activated
neutrophils release proteases that hasten anticoagulant degra-
dation.27,30 Finally, impaired liver function results in decreased
synthesis.27,30

The result is coagulation that proceeds unchecked. At its most
extreme, the imbalance between coagulation and fibrinolysis
results in widespread coagulopathy and microvascular thrombo-
sis, or disseminated intravascular coagulation (DIC).8,27 The
development of DIC occurs in 30-50% of patients with severe
sepsis and indicates a particularly poor prognosis for the
patient9,27 with a mortality rate that is approximately doubled.27

Therapeutic Advances
During the past three decades, it has become disturbingly

clear that modern medicine is very good at identifying patients
with sepsis, but is poor at translating this knowledge into
improved patient outcomes. In several recent reviews, the overall
mortality of sepsis was noted to be 30%, rising to 40% in the eld-
erly, and an impressive 50% in patients with septic shock,6,7 sta-

tistics that represent minimal improvement since the early
1980s.7 In short, the various advances of modern medicine (i.e.,
aggressive ICU care, broad-spectrum antibiotics, invasive moni-
toring, vasopressor support, etc.) have had minimal impact on the
mortality of the disease for decades. 

In the past two years, however, three landmark studies have
demonstrated that it is possible to decrease the mortality of criti-
cally ill, septic patients. These studies are a noteworthy contrast
to the multitude of other trials that have failed to impact the dis-
ease. Interestingly, each study targeted a different step in the
pathophysiologic cascade described above. The three trials are
discussed in detail in the following section.

Early Goal-Directed Therapy
Early and aggressive resuscitation in the septic patient is of

critical importance and can be life-saving. In this regard, the EP
plays a pivotal role in patient care. This point was highlighted in
a recent study in which therapy in the emergency department
(ED) that optimized cardiac preload, afterload, and contractility
resulted in lower patient mortality.31

In this prospective, randomized study, 236 patients with septic
shock received either standard therapy or a strategy called early
goal-directed therapy (EGT).31 Patients were enrolled in the
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Table 2. Common Clinical and Laboratory
Methods to Evaluate Specific Organ System
Dysfunction

ORGAN SYSTEM INDICES OF DYSFUNCTION

Respiratory • Decreased PaO2/FiO2 ratio
• Need for supplemental oxygen

Renal • Elevated serum creatinine, 
• Decreased urine output, 

dialysis-dependent

Hepatic • Jaundice
• Hyperbilirubinemia, elevated 

transaminases

Cardiovascular • Hypotension, arrhythmias
• Vasopressor support
• Elevated pulmonary capillary wedge 

pressure

Hematologic • Thrombocytopenia, leukocytosis
• Elevated PT, PTT

Neurologic • Confusion, obtundation, coma, 
psychosis

Key:
PT = prothrombin time; PTT = partial thromboplastin time

Adapted from: Balk R. Pathogenesis and management of multi-
ple organ dysfunction or failure in severe sepsis and septic
shock. Crit Care Clin 2000;16:344-345.



study, on average, within an hour and a half following their
arrival to the ED. All patients received arterial and venous cannu-
lation; patients in the standard therapy group then were treated
according to the clinicians’ discretion and moved to an ICU as
quickly as possible (on average, 6.3 hours). In contrast, patients
in the EGT group received a central venous catheter capable of
measuring central venous oxygen saturation (SCVO

2
); these

patients were treated in the ED for at least six hours and then
moved to an inpatient setting. According to the EGT protocol,
patients received a 500 cc bolus of crystalloid every 30 minutes
until a central venous pressure (CVP) of 8-12 mmHg was
achieved.31 If the mean arterial pressure (MAP) at that time still
was less than 65 mmHg, the patient was started on vasopressor
support until a MAP of 65 was achieved.31 If SCVO

2
remained

less than 70% after the patient reached the target blood pressure,
red blood cells were transfused up to a hematocrit of 30%.31 If
the SCVO

2
still was less than 70%, a dobutamine infusion was

begun to boost cardiac output and oxygen delivery. Finally,
patients who did not achieve hemodynamic optimization on

dobutamine were paralyzed and intubated to decrease oxygen
consumption. The primary endpoint was in-hospital mortality.
Other indices of resuscitation, including serum lactate and base
deficit, also were followed. 

In their results, the researchers noted that in-hospital mortality
was significantly higher in the standard therapy group (46%)
than in the EGT group (30%, p = 0.009, 95% CI 0.38-0.87).31

Mortality remained significantly higher at 28 days (49% vs 33%,
p = 0.01, 95% CI 0.39-0.87) and at 60 days (57% vs. 44%, p =
0.03, 95% CI 0.46-0.96).31 The difference in mortality was attrib-
utable primarily to lower rates of cardiovascular collapse in the
EGT group (10% vs 21%, p = 0.02); levels of multi-organ failure
were not significantly different. During the interval from 7 to 72
hours, patients in the EGT group had improved lactate concentra-
tions, pH values, base deficit, and SCVO

2
.

During the first six hours, patients in the EGT group received
on average 1500 cc more fluid (p < 0.001), with a mean amount
of 5 liters of fluid administered in the first six hours.31 Patients in
the standard therapy group ultimately received an equal amount
of fluid resuscitation as the EGT group, but it occurred primarily
in the ICU after the first seven hours of treatment. In contrast,
rates of vasopressor support were not different between the two
groups. The EGT group also received significantly more blood
transfusions than the standard therapy group (64% vs 18%, p <
0.001).31 Rates of mechanical ventilation were not different. 

The results of this landmark study are somewhat surprising in
light of several previous ICU trials in which optimization strate-
gies did not improve patient outcomes. In particular, two con-
trolled studies aimed at achieving a normal mixed venous oxy-
gen saturation or a supranormal cardiac index with a combina-
tion of fluids and inotropes failed to show any change in mortali-
ty; in one study, mortality actually was increased in the treatment
group.32,33 The explanation for these contradictory results may lie
in the different time points at which patients were studied. As
noted, the group started aggressive resuscitation at an early point
of septic shock, presumably before hypoperfusion-induced dam-
age had set in; previous studies involved patients already in the
ICU with established critical illness.

For the EP, several important points emerge. Much like the
“golden hour” in trauma, the study suggests that there exists an
early window of opportunity in the treatment of septic patients; it
appears that appropriate resuscitation during the early hours of
septic shock may decrease mortality, particularly from cardiovas-
cular collapse. Although SCVO

2
catheters may not be available

at most hospitals, the underlying concepts still can be applied.
This study highlights the critical importance of volume resuscita-
tion. The difference in early fluid administration between the two
study groups suggests that physicians may be under-resuscitating
critically ill patients. In some patients, placement of a central
venous catheter to obtain CVP measurements may be useful.
Vasopressor support is most appropriate after adequate volume
resuscitation. It is worth noting that the control group in the
study spent an average 6.3 hours in the ED before moving to an
ICU setting.54 As ED crowding continues to increase and patients
spend more time waiting for inpatient beds, EPs may be expected
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Table 3. Sepsis Timeline

INFECTION

PATHOPHYSIOLOGY TIME CLINICAL 
COURSE SIGNS

• LPS/endotoxin binding 0-12 hours • Fatigue
to receptors • Somnolence

• Activation of monocytes,
neutrophils, endothelial 
cells

• Ongoing phagocyte 12-24 hours • Body temp > 38°C
activation or < 36°C

• Cytokine production: • Heart rate > 90 
**TNF, IL-1, IL-6 beats/min

• Resp rate > 20 
breaths/min or
PaCO2 < 32 mmHg

• Activation of the • WBC > 12 or 
coagulation system < 4 (x 109) or

> 10% band forms

• Endothelial cell damage 24-72 hours • Cardiovascular 
shock

• Ongoing inflammation • Early organ 
and hypercoagulation dysfunction

• Fibrin deposition and 
tissue ischemia

• Lymphocyte depletion > 72 hours
• Apoptosis • Late organ 

dysfunction

Adapted from: Takala A, et al. Markers of inflammation in sepsis.
Ann Med 2002;34:615.
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to manage septic patients for prolonged periods of time. A more
detailed review of fluid and pressor management follows in the
treatment section. 

Activated Protein C
During the past decade, new understanding of the inflamma-

tory nature of sepsis has inspired the search for a “magic bullet,”
a drug to counteract this hyperinflammation and coagulation.
More than 30 trials now have been published; some of the agents
studied include corticosteroids, NSAIDS, antiendotoxin antibod-
ies, TNF antagonists, IL-1 antagonists, plasmapharesis, and IV
immunoglobulin.26,34-41 With the exception of steroids, these
agents have been overwhelmingly unsuccessful in terms of
improving mortality and morbidity. These early failures con-
firmed that the biochemical derangement associated with sepsis
was more complicated than initially envisioned. Furthermore, it
suggested that therapies targeting a single pathway of sepsis

were overly simplistic and, therefore,
ineffective.20,26

The failure of anti-inflammatory
agents, in conjunction with expanding
knowledge about the role of coagulation
in sepsis, led to experimentation with
anticoagulants in septic patients. A large
trial of antithrombin III was disappoint-
ing.42 Similarly, tissue factor-pathway
inhibitor failed as a treatment for
sepsis.43 However, in 2001, a landmark
study examined the effects of activated
protein C in patients with severe sep-
sis.44 For the first time in any of the anti-
inflammatory or anticoagulant trials, a
significant survival benefit was found.

The study was a randomized, con-
trolled, double-blind, multicenter trial
of 1690 patients with severe sepsis
who received either activated protein C
infusion (dotrecogin alfa activated) or
placebo for 96 hours.44 Patients were
included in the study if they demon-
strated sepsis-induced dysfunction of
at least one organ system lasting for
fewer than 24 hours. The primary end-
point was 28-day mortality,44 and
patients also were monitored for pro-
tein C levels and adverse events.44

In the final analysis, the group that
received activated protein C had a sig-
nificantly lower mortality rate (24.7%)
than the placebo group (30.8%, p =
0.005).44 This mortality difference con-
stituted a 20% relative reduction in the
risk of death (95% CI, 0.69-0.94) and a
6% absolute reduction (95% CI, 1.9-
10.4).44 The number needed to treat

(NNT) was calculated as one life saved for every 16 patients
treated. The incidence of hemorrhage was higher in the protein C
group, although this difference did not meet statistical signifi-
cance (3.5% vs 2.0%, p = 0.06). Most of the bleeding episodes
consisted of GI and intra-abdominal hemorrhage; two intracra-
nial bleeds were noted in the treatment group, with one in the
placebo group. It is worth noting that the patients in both groups
were very ill, with an average APACHE II score of 25. Approxi-
mately 75% were mechanically ventilated, and 70% were on
vasopressor support for septic shock.44 It also is worth noting that
the improvement in mortality among patients treated with acti-
vated protein C was consistent even in patients who did not
demonstrate protein C deficiency as measured by serum levels
(13% of the patient population).44

The reason protein C was effective when so many anticoagu-
lants and anti-inflammatory drugs had failed is not entirely clear.
It has been suggested that activated protein C has immunosup-
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Figure 1. Cytokine Activation of the Coagulation Cascade
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pressive effects in addition to its anticoagulant properties.9,28,45-48

Following publication of the study, the Food and Drug
Administration (FDA) evaluated activated protein C as a thera-
peutic modality in patients with severe sepsis.21,34,49,50 In the
extensive post-hoc analysis that followed, multiple questions
were raised regarding interpretation of the study results and
appropriate use of the drug.50 The FDA found, on subgroup
analysis, that all mortality benefit occurred in the most seriously
ill patients—those with APACHE II scores of 25 or more.21,34,49,50

These individuals consistently demonstrated a 13% reduction in
absolute mortality.34,49-51 However, patients with APACHE II
scores less than 25 did not show any mortality benefit, and those
individuals in the least ill group (score: 3-19) had a slightly high-
er mortality when treated with protein C.34,49,50 (For a review of
the APACHE II score please refer to Knaus W. APACHE II: A
severity of disease classification system. Crit Care Med
1985;13:818-829. For an online site that will calculate a
patient’s APACHE II score, refer to www.sfar.org/scores2/
apache22.html.)

The issue of bleeding also was raised. Although the risk of
intracranial hemorrhage was only 0.2% in Bernard et al’s study,
subsequent uncontrolled studies noted an incidence that was
closer to 1.5%.49,50 This raised concern that the risk of serious
hemorrhage may be substantially greater outside of the highly
controlled research setting, emphasizing the importance of care-

ful patient selection when using the drug.49,50

In November 2001, the FDA approved
recombinant activated protein C for the treat-

ment of patients with severe sepsis who have a
high risk of death as determined, for example, by
their APACHE II score.21,50,51 Activated protein C
is now the only biologic agent approved in the
United States for the treatment of severe sepsis. 

The FDA analysis yielded several important
points about the drug. Protein C does appear to
be effective in some groups of patients with sep-
sis, particularly those with severe sepsis. Howev-
er, it is an expensive drug ($6800 per therapeutic
dose),21,50 and the small risk of hemorrhage must
be weighed against the benefits of improving out-
comes in a very serious disease, a decision that
requires prudent clinical judgment and, in most
cases, a multidisciplinary evaluation. Future stud-
ies are needed to further clarify which patients
are good candidates for the drug. Following
approval of protein C in septic patients, the FDA
requested an additional placebo-controlled study;
the manufacturer has committed to conducting
such a trial with at least 11,000 patients.50 At
present many hospitals have adopted the drug for
use in their most seriously ill septic patients. As a
general guideline, activated protein C should be
reserved for patients who have more than one
dysfunctional organ system, septic shock, or an
APACHE II score of at least 25. Patients should

not have bleeding diatheses, especially thrombocytopenia
(platelet count < 30,000), prolonged prothrombin times, or
meningitis.34,52 Patients with organ failure of greater than 24
hours duration have not been studied.49

The Resurrection of Steroids
The use of corticosteroids in patients with sepsis has come

full circle during the span of three decades. In the late 1970s, as
the role of inflammation in sepsis was being elucidated, a wave
of enthusiasm for the use of high-dose steroids in patients with
severe sepsis occurred. Support for this approach was rooted in
several animal models, in which steroid administration to ani-
mals with clinical symptoms of sepsis resulted in improved
hemodynamics and survival.53-56 These studies, along with sever-
al case reports, resulted in widespread use of steroids for the
treatment of septic shock in the 1970s.57,58 The 1980s brought
two multiple-center, prospective, double-blind clinical trials,
each giving high-dose steroids on day 1 of septic shock. In the
Veterans Administration trial, septic patients were randomized to
receive 30 mg/kg of methylprednisolone within three hours of
diagnosis; no difference in 14-day mortality was noted.59 In a
separate trial, administration of 30 mg/kg of methylprednisolone
resulted in a higher mortality rate in the treatment group than in
the placebo group.60 These two well-designed studies effectively
ended that era of high-dose corticosteroid use in patients with
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Figure 2. Mechanisms of the Three Anticoagulants
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septic shock, except in the small subset of patients with true
adrenal insufficiency.

However, the past three years have brought several well-
designed trials that suggest that there may yet be a role for
steroid administration in the septic patient, this time in the con-
text of “relative adrenal insufficiency.” It has been proposed that
a certain subset of septic patients demonstrate glucocorticoid
resistance, or a decreased binding affinity of glucocorticoid for
its receptor.58,62 Hence, while the adrenal gland still produces cor-
tisol, peripheral tissues are unable to utilize it. This situation was
termed “starvation in plenty” by one set of investigators.63 These
patients would be expected to show high baseline cortisol levels
but a decreased ability to raise their cortisol in response to the
corticotropin stimulation test.58,62 In 2000, researchers observed
that mortality in patients with septic shock could be predicted
according to their baseline cortisol level and response to the cor-
ticotropin stimulation test.55,62,64

In 2002, a multi-center, prospective, randomized, and double-
blind trial examined the effects of physiologic doses of cortico-
steroids in septic patients. Researchers randomized 300 septic
patients with persistent hypotension after fluid replacement and
at least one hour of vasopressor support to receive either 100 mg
of hydrocortisone and 50 mcg of fludrocortisone, or placebo.67

All patients underwent the corticotropin stimulation test. The pri-
mary endpoint was 28-day survival. In the final analysis, there
were 114 non-responders (poor response to the corticotropin
stimulation test) and 36 responders (good response) in the treat-
ment group. Use of corticosteroids was associated with a signifi-
cant decrease in mortality and vasopressor use in the non-respon-
ders, with a mortality of 63% in the placebo group and 53% in
the treatment group (95% CI, 0.47-0.95; p = 0.02).67 The NNT to
save one life in the non-responders was seven. In the group of
responders there was a slight (not statistically significant)
increase in mortality. Typical corticosteroid-related adverse
effects, such as infection and GI bleeding, were not different
between the two groups.67

Like the APC study, this study has generated much discussion
in the medical community. One concern is that the non-responder
group actually may have included some individuals with true
adrenal insufficiency, rather than relative adrenal insufficiency.62

Patients with true adrenal insufficiency and acute adrenal crisis
easily could be mistaken for septic shock; hence, their inadver-
tent inclusion in the study would lead to biased results in favor of
steroid administration.61 Furthermore, patients who did not have
relative adrenal insufficiency showed a slight, although not sig-
nificant, trend toward increased mortality.20,62

Clearly, more studies are needed to clarify the issue, and vali-
dation of the study currently is under way with the European
CORTICUS trial. Until then, administration of physiologic dose
steroids to certain subsets of septic patients appears to be a viable
option. It should be stressed that only critically ill patients have
been included in studies to date; physiologic steroids are recom-
mended only for patients with ongoing hypotension despite fluid
replacement and vasopressor support. One option in the ED is
administration of dexamethasone 3-6 mg IV because this does

not interfere with the corticotropin stimulation test. Patients then
could be continued on hydrocortisone and fludrocortisone if they
later proved to be non-responders. Alternately, the corticotropin
stimulation test can be undertaken in the ED. A baseline cortisol
level is drawn, followed by administration of 250 mcg of corti-
cotropin IV. A repeat cortisol level is drawn 30 minutes later.
Appropriate patients should receive hydrocortisone 50 mg IV
every six hours until results of the corticotropin stimulation test
are available; in the responders, steroids should be discontinued.
Both of these approaches should be enacted in collaboration with
the hospital intensivist, given the data suggesting that responders
actually may have adverse reactions to steroid administration. 

Treatment of the Septic Patient
Once airway and ventilation issues have been addressed, the

clinician should concentrate on three priorities in the treatment of
the septic patient. First, the patient must be hemodynamically
resuscitated, focusing on indices of perfusion. Next, the focus of
infection rapidly should be identified and treated, either with
antibiotic therapy, surgery, or both. Approximately 10% of
patients with sepsis do not receive prompt or appropriate antibi-
otic therapy. There is good evidence that the risk of septic shock
and, ultimately, mortality is substantially higher in this subset of
patients.16,68-70 Third, the clinician should consider treatments to
quell the pathologic cycle of inflammation. In some patients,
efforts toward this goal will include administration of activated
protein C. Figure 3 provides an outline for treatment of the criti-
cally ill, septic patient. 

Intravenous Access and Invasive Monitoring
Close attention to hemodynamic parameters is essential in the

septic patient. Intravenous access usually is initiated through
peripheral sites, ideally with two large-bore catheters. The patient
should have continuous monitoring of heart rate, blood pressure,
and pulse oximetry. In patients who do not respond quickly to
fluid resuscitation, central venous cannulation is recommend-
ed.71-73 A catheter in the right internal jugular vein allows for
rapid infusion of both crystalloid and vasopressors; it also can be
used to determine central venous pressure (CVP), which is help-
ful in guiding fluid management.71,73 The EP should realize that
patients with pneumonia may have a spuriously high CVP sec-
ondary to high pulmonary vascular resistance. 

The role of the pulmonary artery catheter (PAC) in septic
patients is less clear. The PAC may provide helpful data, such as
cardiac output, systemic vascular resistance, pulmonary artery
wedge pressure, and mixed venous oxygen saturation; however,
PACs largely fell into question in 1996 after a retrospective
analysis suggested increased harm in patients who underwent
pulmonary artery catheterization.74 Randomized, prospective tri-
als of the PAC in septic patients are lacking. A thorough under-
standing of hemodynamic physiology is necessary for their opti-
mal use, and even physicians who use the PAC often have gaps
in their knowledge of the device.76 Nonetheless, a PAC may help
improve medical decision-making in select groups of patients.75

Good candidates for a PAC include patients with refractory sep-

336 December 1, 2003/Emergency Medicine Reports



tic shock and concomitant heart disease or renal insufficiency.73

Arterial cannulation may be helpful in the hypotensive, septic
patient.71 Arterial lines allow for accurate, continuous monitoring
of blood pressure and serve as a source for blood gases and other
laboratory tests. Common sites for arterial cannulation include
radial, brachial, and femoral arteries.73

Finally, the serum lactate level is a helpful adjunct to the EP as
the test is easy to perform and has a short turn-around time. In sep-
tic shock, elevated lactate reflects anaerobic metabolism due to tis-
sue hypoperfusion.72 Although lactate levels do not universally cor-
relate with tissue hypoxia, increased levels are well correlated with
a higher mortality.72 Hence, the serum lactate can be used to reflect
adequacy of resuscitation. As a rule, the trend of lactate concentra-
tions is a better indicator of resuscitation than a single value.72

Hemodynamic Resuscitation
Fluid Resuscitation. Early septic shock typically is regarded

as the prototypical form of distributive shock. Inflammation at
the level of the endothelium results in hypotension (from
decreased vascular tone) and maldistribution of blood flow to
organs. At the cellular level, mediators of sepsis poison adeno-
sine triphosphate (ATP) production pathways and other cellular
metabolism, causing an impaired ability to utilize oxygen
supply.71,72 The typical patient who presents to the ED in septic
shock will be very dehydrated. The combined effects of fever,
reduced oral intake, vascular vasodilatation, and increased losses
(due to bleeding, vomiting, sweating, and tachypnea) all result in
a substantial level of hypovolemia.17,71,72 Initial hemodynamic
parameters usually include low blood pressure, low systemic vas-
cular resistance, and variable cardiac index.77 As demonstrated by
Rivers’ study, the degree of underlying hypovolemia may be
underestimated, resulting in an inadequate preload and, ultimate-
ly, higher mortality for the patient. Hence, aggressive fluid resus-
citation almost always is the best initial therapy for a septic
patient with hypotension.71,72

Fluid resuscitation is best initiated with boluses of crystalloid,
titrated to clinical indices of heart rate, blood pressure, urine out-
put, and mental status. Bolus therapy offers the advantage of
prompt evaluation of successful treatment over slower infusions.
While a systolic blood pressure of 90 mmHg or a MAP of 60
mmHg generally are accepted as reasonable initial target parame-
ters,17,71,72 the clinician over time should focus more on true
gauges of perfusion, such as urine output and lactate levels. The
level of fluid resuscitation necessary may be surprising: Patients
often require 4-6 liters of crystalloid.31,78-80 In previous years,
there has been some debate regarding the appropriateness of
crystalloid vs. colloid for volume resuscitation. The theoretical
advantage of colloid is less volume administration and, potential-
ly, less edema. However, evidence suggests that there is no sig-
nificant clinical outcome difference between the two. When crys-
talloids and colloids are titrated to the same level of filling pres-
sure, they appear to be equally effective and the rate of complica-
tions is the same.71,72,77 Given the much higher cost of colloids,
their use seems unjustified outside of cases of spontaneous bacte-
rial peritonitis.71
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Figure 3. ED Treatment Algorithm 
for the Septic Patient
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The optimal amount of IV bolus therapy necessary to
improve perfusion is variable; what is consistent, however, is the
fact that early septic shock patients require large volume resus-
citation—often more than 6 liters in the first 12 hours. The
aforementioned vasodilatation produces a high compliance vas-
cular tank that further loses fluid through capillary leak. The
upper limit of fluid administration can be difficult to ascertain.
Fluid administration can be continued until signs of high left-
sided filling pressure occur—elevated jugular venous pressure,
crackles on lung auscultation, or a drop in oxygen saturation.
Alternately, invasive monitoring may be a helpful supplement to
clinical assessment. Central venous pressure monitoring and
bedside echocardiography further may assist in determining the
right amount of fluid admininistration. Although increased pul-
monary vascular resistance arising from pneumonia or ARDS
artificially may raise the measured CVP pressure, preload usual-
ly is considered maximally achieved with pressures in the range
of 8-14 mmHg.71,72

Bicarbonate Therapy. In the treatment of sepsis-associated
lactic acidosis, there is no proven benefit of bicarbonate therapy.
In fact, bicarbonate administration paradoxically may worsen
intracellular acidosis and impede oxygen unloading at tissues.
While at one time it routinely was administered, the use of sodi-
um bicarbonate to reverse sepsis-induced metabolic acidosis now
has fallen out of favor. The administration of bicarbonate was
predicated on two concepts—first, that acidemia is inherently
harmful, and, second, that raising the serum pH can improve car-
diovascular outcome in the severely acidemic patients.71,81 The
fear that acidemia, in and of itself, leads to negative conse-
quences largely has been disproven by data on patients undergo-
ing permissive hypercapnia for ARDS or status asthmaticus. In
these studies, a pH well below 7.2 was tolerated well.81

There have been two studies that compared the impact of
bicarbonate administration vs. normal saline on cardiovascular
function in acidemic, septic patients.82,83 Both of these found no
difference between bicarbonate and normal saline with regard to
heart rate, central venous pressure, pulmonary artery pressure,
mixed venous oxyhemoglobin saturation, systemic oxygen deliv-
ery, oxygen consumption, arterial BP, or cardiac output.82,83 The
results suggest that any clinical improvement following bicar-
bonate administration is related primarily to the increase in pre-
load and stroke volume rather than to the change in pH.81-83 Fur-
thermore, bicarbonate actually may have some negative effects
by decreasing ionized calcium levels and raising the PaCO

2
.82,83

In summary, the use of bicarbonate in septic patients does
raise serum pH, but this effect is cosmetic and does not result in
any hemodynamic benefit. The preferred approach is ongoing
resuscitation with isotonic fluids and correction of the underlying
problem that is causing the acidosis. 

Vasopressor Support. Timing of institution of vasopressors
is critical. Although vasopressors may be required transiently
before fluid resuscitation is complete to maintain a life-sustain-
ing blood pressure, they generally are withheld until after ade-
quate fluid administration. Hypotension and malperfusion that
persist after adequate fluid resuscitation mandate the use of vaso-

pressor support. Again, an MAP of 60 is a reasonable goal, but
individual patients vary. Baseline blood pressures should be con-
sidered; an MAP of 60 may not be adequate for the chronically
hypertensive patient. More important is the fact that vasopres-
sors, especially vasoconstrictors such as phenylephrine, can raise
MAP without truly improving perfusion. Therefore, the physi-
cian should not merely target a specific MAP number, but rather
should seek to improve more important clinical indices of perfu-
sion (i.e., mental status, urine output, skin signs, and lactate lev-
els). Finally, the institution and titration of pressors should be
considered therapeutic trials; the clinician should gauge perfu-
sion before and after vasopressor changes.

Commonly used vasopressor agents include dopamine, norep-
inephrine, phenylephrine, and epinephrine, all of which have
been shown to be capable of raising blood pressure in septic
patients.77,84-86 Although dopamine traditionally has been consid-
ered the first-line agent for pressor support, recent evidence sug-
gests that norepinephrine is an equally viable alternative in the
septic patient. In fact, several experts now recommend norepi-
nephrine as the initial pressor of choice in patients with sepsis-
induced hypotension.71,90

Dopamine produces different pharmacologic effects at different
doses. Doses of 1-3 mcg/kg/min stimulate dopamine receptors and
produce dilation of renal, mesenteric, and coronary vasculature. At
doses of 3-8 mcg/kg/min, beta-1 receptors are stimulated, causing
increased heart rate and contractility. When the dose is increased
above 8 mcg/kg/min, dopamine produces vasoconstriction through
stimulation of alpha-1 receptors. The clinician should recognize,
however, the substantial variability of individual patient response;
patients may exhibit beta effects at 2 mcg/kg/min or alpha effects
at 6 mcg/kg/min. In the septic patient, blood pressure increases pri-
marily because of increased cardiac index (via augmented stroke
volume and tachycardia) and, to a lesser degree, increased sys-
temic vascular resistance.86,88,89 Dopamine traditionally has been
considered the vasopressor of choice because of its renoprotective
and splanchnic effects.72,90 However, studies evaluating splanchnic
perfusion in the setting of dopamine administration have produced
mixed results. One study demonstrated decreased splanchnic per-
fusion in patients on dopamine; the authors suggested increased
oxygen consumption as a contributing factor.91 At this point it gen-
erally is accepted that dopamine offers no significant renal protec-
tive effects.

Norepinephrine is a potent mixed pressor agent exhibiting
both alpha and beta effects at low doses, but increasing alpha
predominance at higher doses. Dosages range from 0.01
mcg/kg/min to 3.3 mcg/kg/min72, and the mean dose required by
most septic patients is 0.2-1.3 mcg/kg/min.72 At high doses blood
pressure increases primarily as a result of peripheral vasocon-
strictive effects, with little change in heart rate or cardiac output.
Norepinephrine has been viewed by many as a last resort med-
ication in the moribund patient due to concerns about the effects
of intense vasoconstriction and subsequent ischemia in peripher-
al vascular beds. Indeed, norepinephrine does appear to be more
potent than dopamine at reversing hypotension in critically ill,
septic patients.71 Researchers randomized 32 volume-resuscitated
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patients to receive either dopamine or norepinephrine infusions.
Ninety-three percent of the norepinephrine group achieved nor-
mal hemodynamic parameters as compared with 31% in the
dopamine group (p < 0.001).89 Of the 11 patients who failed
dopamine therapy, 10 achieved normal hemodynamic parameters
with the addition of norepinephrine.89 However, recent evidence
suggests that concerns about end-organ damage may be exagger-
ated. Several studies have demonstrated that the addition of nor-
epinephrine does not exacerbate renal ischemia in septic patients,
and may in fact increase urine output and creatinine clearance.93-

95 Five studies found that norepinephrine administration did not
increase serum lactate levels, suggesting that tissue oxygenation
is not necessarily worsened with the drug.72,89,93,96,97 A study of
patients receiving either norepinephrine or dopamine noted that
the effect of norepinephrine on splanchnic blood flow was unpre-
dictable, while dopamine caused a consistently increased flow.97

In summary, recent data suggest that norepinephrine is a good
first-line agent for sepsis-induced hypotension, particularly in
patients who cannot tolerate (i.e., those with tachycardia or dys-
rhythmias) or are unresponsive to dopamine in terms of persist-

ent hypotension—it should not be viewed as an agent of last
resort. 

Antibiotic Therapy. Antibiotics remain one of the few thera-
pies proven to reduce morbidity and mortality in septic shock.73

Blood cultures should be drawn and antibiotic therapy begun as
quickly as possible. Current practice is to begin broad-spectrum
antibiotics, which can be narrowed once the focus of infection is
clear.17,25 Important factors to consider include local resistance
patterns, the suspected source of infection, and the immune sta-
tus of the patient.25,73 In general, sicker patients will require
broader coverage. Table 4 lists some recommendations, but for
any given pathogen there are multiple effective regimens.

Blood Transfusions. Although red blood cell (RBC) transfu-
sions may be useful in the acute resuscitation phase of septic
shock, they by no means should be undertaken lightly.98 Beyond
the well-known viral transmission and transfusion reaction risks,
RBC transfusions additionally can cause acute lung injury, dele-
terious shifts in oxyhemoglobin dissociation, and immunosup-
pression.99 Several well-performed ICU studies have demonstrat-
ed that transfusion to keep hemoglobin levels above 9 g/dL leads
to worse morbidity and mortality, and, therefore, a higher trans-
fusion threshold generally has been adopted.98 Thus, anemic,
septic patients in the ED should not be transfused when their
hemoglobin falls below an arbitrary value, but rather when they
show physiologic evidence that anemia is causing or contributing
to inadequate perfusion and oxygen debt. 

Conclusions
Septic disease remains a major cause of morbidity and mor-

tality in the ED patient population. Current statistics indicate that
its prevalence is on the rise, and EPs should expect to see ever-
increasing numbers of septic patients. Furthermore, all of the fac-
tors that lead to more septic patients (i.e., the aging of the U.S.
population and improved survival in patients with chronic med-
ical conditions) also result in increased crowding and utilization
of the ED. Patients will wait longer and longer for ICU beds, and
the EP may be responsible not only for the patient’s first hour of
care, but perhaps for the first six hours. 

This article has reviewed recent advances in the treatment of
septic patients, as well as basic resuscitation issues. The patient
with severe sepsis or septic shock presents a challenge to any cli-
nician. By keeping abreast of new treatment modalities, EPs can
be sure they are well-equipped to deal with the myriad complica-
tions of the disease. 
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Table 4. Antibiotic Regimens in Septic Shock

SUSPECTED SOURCE RECOMMENDED ANTIBIOTIC

Pneumonia Ceftriaxone (Rocephin) plus
azithromycin (Zithromax)

Hospital-acquired Antipseudomonal beta-lactam 
pneumonia (cefepime [Maxipime]) plus

aminoglycoside plus macrolide 
(if atypical infection suspected)

Urinary tract Ceftriaxone or ciprofloxacin (Cipro) 
or ampicillin plus gentamicin (if
enterococcus is suspected)

Skin or soft tissue Nafcillin (add metronidazole or
clindamycin if anaerobic infection 
possible)

Meningitis Third-generation cephalosporin

Intra-abdominal Third-generation cephalosporin plus
metronidazole or clindamycin

Primary bacteremia Ticarcillin and clavulanate potassium 
(Timentin) or piperacillin sodium 
and tazobactam sodium (Zosyn)

Adapted from: Fitch S, Gossage J. Optimal management of septic
shock. Postgrad Med 2002;111:60. Bosker G. Community-
acquired pneumonia (CAP) antibiotic selection and management
update. Emerg Med Rep 2002;23:109-144. Bosker G, ed. Compli-
cated urinary tract infection: Risk stratification, clinical evaluation,
and evidence-based antibiotic therapy—year 2003 update. Hospi-
tal Medicine Consensus Reports Sept.1, 2003:1-27.



4. Centers for Disease Control and Prevention. Increase in national

hospital discharge survey rates for septicemia—United States.

MMWR Morb Mortal Wkly Rep 1990;39:31-34.

5. Centers for Disease Control and Prevention. Increase in national

hospital discharge survey rates for septicemia—United States.

JAMA 1990;263:937-938.

6. Angus D, 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;29:1303-1309.

7. Friedman G, Silva E, Vincent JL, et al. Has the mortality of septic

shock changed with time? Crit Care Med 1998;26:2078-2086.

8. Epidemiology of Sepsis. Sepsis: A significant healthcare challenge.

2001. www.sepsis.com. 

9. Cohen J. The immunopathogenesis of sepsis. Nature 2002;420:

885-891.

10. Levy MM, Fink MP, Marshall JC, et al. 2001 SCCM/ESICM/

ACCP/ATS/SIS International Sepsis Definitions Conference. Crit

Care Med 2003;31:1250-1256.

11. Rangel-Frausto M. The epidemiology of bacterial sepsis. Infect Dis

Clin North Am 1999;13:299-309.

12. Balk R. Pathogenesis and management of multiple organ dysfunc-

tion or failure in severe sepsis and septic shock. Critical Care Clin-

ics 2000;16:337-352.

13. Marshall J, 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.

14. Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related

Organ Failure Assessment) score to describe organ dysfunction/fail-

ure. On behalf of the Working Group on Sepsis-Related Problems of

the European Society of Intensive Care Medicine. Intensive Care

Med 1996;22:707-710.

15. Ferreira F, Bota DP, Bross A, et al. Serial evaluation of the SOFA

score to predict outcome in critically ill patients. JAMA 2001;286:

1754-1758.

16. Balk R. Severe sepsis and septic shock: Definitions, epidemiology,

and clinical manifestations. Crit Care Clin 2000;16:179-192.

17. Wheeler A, Bernard G. Treating patients with severe sepsis. N Engl

J Med 1999;340:207-214.

18. 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.

19. Opal S, Cohen J. Clinical Gram-positive sepsis: Does it fundamen-

tally differ from Gram-negative sepsis? Crit Care Med 1999;27:

1608-1616.

20. Hotchkiss R, Karl I. The pathophysiology and treatment of sepsis. 

N Engl J Med 2003;348:138-150.

21. Wenzel R. Treating sepsis. N Engl J Med 2002;347:966-967.

22. Thomas L. Germs. N Engl J Med 1972;287:553-555.

23. Takala A, Nupponen I, Kylanpaa-Back ML, et al. Markers of

inflammation in sepsis. Ann Med 2002;34:614-622.

24. Casey L. Immunologic response to infection and its role in septic

shock. Crit Care Clin 2000;16:193-213.

25. Wyncoll D. Treating severe sepsis with dotrecogin alfa (activated).

Hosp Med 2003;64:168-172. 

26. Wenzel RP, Pinsky MR, Ulevitch RJ, et al. Current understanding of

sepsis. Clin Infect Dis 1996;22:407-412.

27. Levi M, Cate HT. Disseminated intravascular coagulation. N Engl J

Med 1999;341:586-592. 

28. Esmon C. Protein C anticoagulant pathway and its role in control-

ling microvascular thrombosis and inflammation. Crit Care Med

2001;29:S48-S51.

29. Matthay MA. Severe sepsis—a new treatment with both anticoagu-

lant and anti-inflammatory properties. N Engl J Med 2001;344:

759-762. 

30. Levi M, de Jonge E, van der Poll T, et al. Rationale for restoration

of physiological anticoagulant pathways in patients with sepsis and

disseminated intravascular coagulation. Crit Care Med 2001;29:

S90-S94.

31. 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.

32. Gattinoni L, Brazzi L, Pelosi P, et al. A trial of goal-oriented hemo-

dynamic therapy in critically ill patients. SvO2 Collaborative

Group. N Engl J Med 1995;333:1025-1031.

33. Hayes MA, Timmins AC, Yau EH, et al. Elevation of systemic oxy-

gen deliveryin the treatment of critically ill patients. N Engl J Med

1994;330:1717-1722.

34. Ziegler EJ, Fisher CJ Jr, Sprung CL, et al. Treatment of gram-nega-

tive bacteremia and septic shock with HA-1A human monoclonal

antibody against endotoxin: A randomized, double blind, placebo-

controlled trial. The HA-1A Sepsis Study Group. N Engl J Med

1991;327:429-436. 

35. Greenman RL, Schein RM, Martin MA, et al. A controlled clinical

trial of E5 murine monoclonal IgM antibody to endotoxin in the

treatment of gram-negative sepsis. The XOMA Sepsis Study Group.

JAMA 1991;266:1097-1102. 

36. 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, place-

bo-controlled trial. Phase III rhIL-1ra Sepsis Syndrome Study

Group. JAMA 1994;271:1836-1843. 

37. 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. 

38. Warren HS, Danner RL, Munford RS, et al. Anti-endotoxin mono-

clonal antibodies. N Engl J Med 1992;326:1153-1157.

39. Bernard GR, Wheeler AP, Russell JA, et al. Effects of ibuprofen on

the physiology and survival of patients with sepsis. The Ibuprofen

Sepsis Study Group. N Engl J Med 1997;336:912-918.

40. Fisher CJ JR, Agosti JM, Opal SM, et al. Treatment of septic shock

with the tumor necrosis factor receptor:Fc fusion protein. The Solu-

ble TNF Receptor Study Group. N Engl J Med 1996;334:1697-1702.

41. Opal SM, Cross AS, Jhung JW, et al. Potential hazards of combina-

tion immunotherapy in the treatment of experimental septic shock. 

J Infect Dis 1996;173:1415-1421.

42. Warren BL, Eid A, Singer P, et al. High-dose antithrombin III in

severe sepsis. A randomized, controlled trial. JAMA 2001;286:

1869-1876.

340 December 1, 2003/Emergency Medicine Reports



43. Abraham E, Reinhart K, Svoboda P, et al. Assessment of the safety

of recombinant tissue factor pathway inhibitor in patients with

severe sepsis: A multicenter, randomized, placebo-controlled, sin-

gle-blind, dose escalation study. Critl Care Med 2001;29:

2081-2089.

44. Bernard GR, Vincent JL, Laterre P, et al. Efficacy and safety of

recombinant human activated protein C for severe sepsis. N Engl J

Med 2001;344:699-709.

45. Vincent JL, Angus D, Annane D, et al. Clinical expert round table

discussion (session 5) at the Margaux Conference on Critical Ill-

ness: Outcomes of clinical trials in sepsis. Lessons learned. Crit

Care Med 2001;29:S136-S137.

46. Levi M. Benefit of recombinant human activated protein C beyond

28-day mortality: There is more to life than death. Crit Care Med

2003;31:984-985.

47. Bernard G. Clinical expert round table discussion (session 3) at the

Margaux Conference on critical illness: The role of activated protein

C in severe sepsis. Crit Care Med 2001;29:S75-D76.

48. Grinnell D. Recombinant human activated protein C: A system

modulator of vascular function for treatment of severe sepsis. Crit

Care Med 2001;29:S53-S60.

49. 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.

50. Siegel J. Assessing the use of activated protein C in the treatment of

severe sepsis. N Engl J Med 2002;347:1030-1034. 

51. Lex J. Ten new drugs from 2001 which might change your practice.

EMedHome.com. Accessed 11/13/2003.

52. Ely E, Bernard G, Vincent J. Activated Protein C for severe sepsis.

N Engl J Med 2002;347:1035-1036.

53. Hinshaw LB, Archer LT, Beller-Todd BK, et al. Survival of primates

in lethal septic shock following delayed treatment with steroid. Circ

Shock 1981;8:291-300.

54. Demling RH, Smith M, Gunther R, et al. Endotoxin-induced lung

injury in unanesthetized sheep: Effect of methylprednisolone. Circ

Shock 1981;8:351-360.

55. Hollenbach SJ, DeGuzman LR, Bellamy RF, et al. Early administra-

tion of methylprednisolone promotes survival in rats with intra-

abdominal sepsis. Circ Shock 1986;20:161-168.

56. Bringham KL. Methylprednisolone prevention of increased lung

vascular permeability following endotoxemia in sheep. J Clin Invest

1981;67:1103-1110.

57. Shumer W. Steroids in the treatment of clinical septic shock. Ann

Surg 1975;184:333-341. 

58. Sessler C. Steroids for septic shock: Back from the dead? (Con)

Chest 2003;123:482S-89S. 

59. [No authors listed.] Effect of high-dose glucocorticoid therapy on

mortality in patients with clinical signs of systemic sepsis: The Vet-

erans Administration Systemic Sepsis Cooperative Study Group. 

N Engl J Med 1987;317:659-665.

60. Bone RC, Fisher CJ Jr, Clemmer TP, et al. A controlled clinical trial

of high-dose methylprednisolone in the treatment of severe sepsis

and septic shock. N Engl J Med 1987;317:653-658.

61. Cronin L, Cook DJ, Carlet J, et al. Corticosteroid treatment for sep-

sis: A critical appraisal and meta-analysis of the literature. Crit Care

Med 1995;23:1430-1439.

62. Balle R. Steroids for septic shock: Back from the dead? (Pro). Chest

2003;123:490S-499S.

63. Meduri GU, Kanganat S. Glucocorticoid treatment of sepsis and

acute respiratory distress syndrome: Time for a critical reappraisal.

Crit Care Med 1998;26:630-633.

64. Annane D, Sebille V, Troche G, et al. A 3-level prognostic classifi-

cation in septic shock based on cortisol levels and cortisol response

to corticotropin. JAMA 2000;283:1038-1045. 

65. Rothwell PM, Lawler PG. Prediction of outcome in intensive care

patients using endocrine parameters. Crit Care Med 1995;23:78-83.

66. Jurney TH, Cockrell JL Jr, Lindberg JS, et al. Spectrum of serum

cortisol response to ACTH in ICU patients. Correlation with degree

of illness and mortality. Chest 1987;92:292-295. 

67. 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.

68. Kreger BE, Craven DE, McCabe WR, et al. Gram-negative bac-

teremia. IV. Re-evaluation of clinical features and treatment in 612

patients. Am J Med 1980;68:344-355.

69. Pittet D, Thievent B, Wenzel RP, et al. Bedside prediction of mortal-

ity from bacteremic sepsis: A dynamic analysis of ICU patients. Am

J Respir Crit Care Med 1996;153:684-693. 

70. Opal S, 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. 

71. Dellinger RP. Cardiovascular management of septic shock. Crit

Care Med 2003;31:946-955.

72. Task Force of the American College of Critical Care Medicine,

Society of Critical Care Medicine. Practice parameters for hemody-

namic support of sepsis in adult patients in sepsis. Crit Care Med

1999;27:639-659.

73. Fitch S, Gossage J. Optimal management of septic shock. Postgrad

Med 2002;111:53-66.

74. Connors AF Jr, Speroff T, Dawson NV, et al. The effectiveness of

right heart catheterization in the initial care of critically ill patients.

SUPPORT Investigators. JAMA 1996;276:889-918.

75. Squara P, Bennett D, Perret C. Pulmonary artery catheter: Does the

problem lie in the users? Chest 2002;121:2009-2015.

76. Iberti TJ, Fischer EP, Leibowitz AB, et al. A multicenter study of

physicians knowledge of the pulmonary artery catheter. Pulmonary

Artery Catheter Study Group. JAMA 1990;264:2928-2932.

77. Jindal N, Hollenberg SM, Dellinger RP, et al. Pharmacologic issues

in the management of septic shock. Crit Care Clin 2000;16:

233-249. 

78. Rackow EC, Falk JL, Fein IA, et al. Fluid resuscitation in circulato-

ry shock: A comparison of the cardiorespiratory effects of albumin,

hetastarch, and saline solutions in patients with hypovolemic and

septic shock. Crit Care Med 1983;11:839-850.

79. Ledingham IM, McArdle CS. Prospective study of the treatment of

septic shock. Lancet 1978;1:1194-1197.

80. Newman M, Demling RH. Colloid vs. crystalloid: A current per-

spective. Intern Crit Care Dig 1990;9:3-8.

December 1, 2003/Emergency Medicine Reports 341



81. Forsythe S, Schmidt G. Sodium bicarbonate for the treatment of lac-

tic acidosis. Chest 2000;117:260-267.

82. Cooper DJ, Walley KR, Wiggs BR, et al. Bicarbonate does not

improve hemodynamics in critically ill patients who have lactic aci-

dosis. A prospective, controlled clinical study. Ann Intern Med

1990;112:492-498.

83. Mathieu D, Neviere R, Billard V, et al. Effects of bicarbonate thera-

py on hemodynamics and tissue oxygenation in patients with lactic

acidosis: A prospective, controlled clinical study. Crit Care Med

1991;19:1352-1356.

84. Gregory JS, Bonfiglio MF, Dasta JF, et al. Experience with phenyle-

phrine as a component of the pharmacologic support of septic

shock. Crit Care Med 1991;19:395-1400.

85. Hannemann L, Reinhart K, Grenzer O, et al. Comparison of

dopamine to dobutamine and norepinephrine for oxygen delivery

and uptake in septic shock. Crit Care Med 1995;23:1962-1970.

86. Levy B, Bollaer PE, Charpentier C, et al. Comparison of norepi-

nephrine and dobutamine to epinephrine for hemodynamics, lactate

metabolism, and gastric tonometric variables in septic shock: A

prospective, randomized study. Intensive Care Med 1997;23:

282-287.

87. Meier-Hellman A, Bredle DL, Specht M, et al. The effects of low-

dose dopamine on splanchnic blood flow and oxygen utilization in

patients with septic shock. Intensive Care Med 1997;23:31-37.

88. Jardin F, Gurdjian F, Desfonds P, et al. Effect of dopamine on intra-

pulmonary shunt fraction and oxygen transport in severe sepsis with

circulatory and respiratory failure. Crit Care Med 1979;7:273-277.

89. Martin C, Papazian L, Perrin G, et al. Norepinephrine or dopamine

for the treatment of hyperdynamic septic shock? Chest 1993;103:

1826-1831. 

90. Khalaf S, DeBlieux P. Vasopressors in emergency medicine. EMed-

Home.com. Accessed 11/13/2003.

91. Marik PE, Mohedin M. The contrasting effects of dopamine and

norepinephrine on systemic and splanchnic oxygen utilization in

hyperdynamic sepsis. JAMA 1994;272:1354-1357.

92. Neviere R, Mathieu D, Chagnon JL, et al. The contrasting effects of

dobutamine and dopamine on gastric mucosal perfusion in septic

patients. Am J Respir Crit Care Med 1996;164:1684-1688.

93. Marin C, Eon S, Saux P, et al. Renal effects of norepinephrine used

to treat septic shock patients. Crit Care Med 1990;18:282-285. 

94. Desjars P, Pinaud M, Bugnon D, et al. Norepinephrine therapy has

no deleterious renal effects in human septic shock. Crit Care Med

1989;17:426-429.

95. Redl-Wenzl EM, Armbruster C, Edelmann E, et al. The effects of

norepinephrine on hemodynamics and renal function in severe sep-

tic shock states. Intensive Care Med 1993;19:151-154. 

96. Schreuder WO, Schneider AJ, Groeneveld AB, et al. Effect of

dopamine vs. norepinephrine on hemodynamics in septic shock.

Chest 1989;95:1282-1288.

97. Ruokonen E, Takala J, Kari A, et al. Regional blood flow and oxy-

gen transport in septic shock. Crit Care Med 1993;21:1296-1303. 

98. Hebert PC, Wells G, Blajchman MA, et al. A multicenter, random-

ized controlled clinical trial of transfusion requirements in critical

care. Transfusion Requirements in Critical Care Investigators, Cana-

dian Critical Care Group. N Engl J Med 1999;340:409-417.

342 December 1, 2003/Emergency Medicine Reports

EM Reports’ Study Guide 
for the Emergency Physician 

Self-Assessment Exam

This convenient, all-
in-one resource in-
cludes the full text of all
20 articles designated
for the 2004 Life-long
Learning and Self-
Assessment (LLSA)
exam. This useful book
saves you from search-
ing multiple web sites
and journals. You save
time because we’ve
gathered all of the infor-
mation for you. 

We’ve also added
several features to help
streamline your study
time. You’ll 
benefit from:

• Key study points—conveniently located in the margins
throughout each article, these points emphasize important 
concepts and help you to easily remember key information.

• Important passages highlighted—you’ll be able to quick-
ly hone in on essential concepts from each article with this use-
ful feature. 

• Easy to handle study guide format—designed with 
spiral binding so you can easily lay it flat for studying. All of
the articles, study points, highlighted passages, and CME 
questions are included in this one convenient book that’s
portable.

• Earn up to 20 CME credit hours—earn valuable AMA
Category 1 CME credits while you read. 

Please reserve your copy now at the special prepublication
rate of $199— a better price than other study guides, plus
enhanced study features! 

Call now, 1-800-688-2421 or 404-262-5476 (please refer to
prepublication discount code 82971). You also may order online
at www.ahcpub.com. 

8-1/2x11, 300+ pages, spiral bound, #S03170, prepublica-
tion discount price: $199

● HELPFUL STUDY POINTS 
THROUGHOUT THE TEXT OF EACH 
ARTICLE TO HELP YOU PREPARE 
FOR THE EXAM.

● IMPORTANT PASSAGES HIGHLIGHTED
IN THE TEXT TO EMPHASIZE KEY 
CONCEPTS.

● CME QUESTIONS TO TEST YOUR 
KNOWLEDGEGE AND HELP YOU STUDY.

FOCUS TOPICS
COVERED INCLUDE: 

Immune System Disorders, 
Musculoskeletal Disorders 
(Nontraumatic), Thoracic- 

Respiratory Disorders

Earn up to 20  
hours of CME

The 20 Journal Articles For The 2004 Exam



99. Kopko PM, Marshall CS, MacKenzie MR, et al. Transfusion related

acute lung injury: Report of a clinical look-back investigation.

JAMA 2002;287:1968-1971.

Physician CME Questions

241. Evidence suggests that patients with SIRS exhibit twice the mortality

rate of patients who do not meet any of the SIRS criteria.

A. True

B. False

242. The host response to sepsis may include which of the following?

A. Hyperinflammation

B. Activation of the coagulation system

C. Immunosuppression

D. All of the above

243. Which of the following cause SIRS?

A. Multitrauma

B. Hemorrhage

C. Pancreatitis

D. A and C only

E. A, B, and C

244. In the study on early goal-directed therapy, the mean amount of fluid

administered in the first six hours to septic patients in the experimen-

tal group was:

A. 2 liters.

B. 3 liters.

C. 4 liters.

D. 5 liters.

245. A concerning side effect associated with activated protein C adminis-

tration is:

A. hypoglycemia.

B. hemorrhage.

C. sepsis.

D. anaphylaxis.

E. acidosis.

246. Reasonable candidates for activated protein C administration include

all of the following except:

A. patients with thrombocytopenia.

B. patients with septic shock.

C. patients with an APACHE II score > 25.

D. patients with more than one dysfunctional organ system.
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247. Which steroid does not interfere with the corticotropin stimulation

test?

A. Hydrocortisone

B. Dexamethasone

C. Methylprednisolone

248. The best initial therapy for septic patients with hypotension is:

A. dopamine.

B. norepinephrine.

C. crystalloid.

D. colloid.

249. Recent evidence suggests that norepinephrine is an equally viable

alterntive to dopamine for pressor support in the septic patient.

A. True

B. False

250. Giving blood transfusions to keep the hemoglobin level above 9 g/dL

has been shown to reduce mortality in septic patients.

A. True

B. False
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those frontlines. To provide valuable guidance and critical insight
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Definitions of SIRS and Sepsis

SYSTEMIC INFLAMMATORY RESPONSE SYNDROME (SIRS): 

The systemic inflammatory response to a variety of severe 
clinical insults. The response is manifested by two or more of the 
following conditions:

• Temperature > 38°C or < 36°C
• Heart rate > 90 beats/min
• Respiratory rate > 20 breaths/min or PaCO2 < 32 torr
• WBC > 12,0000 cells/mm3, < 4000 cells/mm3, or > 10% 

immature (band) forms

SEPSIS: 

The systemic response to infection. This systemic response is 
manifested by two or more of the following conditions and is a 
result of infection:

• Temperature > 38°C or < 36°C
• Heart rate > 90 beats/min
• Respiratory rate > 20 breaths/min or PaCO2 < 32 torr
• WBC > 12,0000 cells/mm3, < 4000 cells/mm3, or > 10%  

immature (band) forms

SEVERE SEPSIS: 

Sepsis associated with organ dysfunction, hypoperfusion, or 
hypotension. Hypoperfusion and perfusion abnormalities may 
include, but are not limited to, lactic acidosis, oliguria, or an 
acute alteration in mental status.

SEPTIC SHOCK: 

Sepsis with hypotension despite adequate fluid resuscitation, 
along with the presence of perfusion abnormalities that may 
include, but are not limited to, lactic acidosis, oliguria, or an 
acute alteration of mental status. Patients who are on inotropic 
or vasopressor agents still may be classified under septic shock 
even though they are not hypotensive at the time that perfusion 
abnormalities are measured.

MULTIPLE ORGAN DYSFUNCTION SYNDROME: 

Presence of altered organ function in an acutely ill patient such 
that homeostasis cannot be maintained without intervention.

Adapted from: Bone RC, Balk RA, Cerra FB, et al. 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;20:866.

Common Clinical and Laboratory 
Methods to Evaluate Specific Organ 
System Dysfunction

ORGAN SYSTEM INDICES OF DYSFUNCTION

Respiratory • Decreased PaO2/FiO2 ratio
• Need for supplemental oxygen

Renal • Elevated serum creatinine, 
• Decreased urine output, 

dialysis-dependent

Hepatic • Jaundice
• Hyperbilirubinemia, elevated 

transaminases

Cardiovascular • Hypotension, arrhythmias
• Vasopressor support
• Elevated pulmonary capillary wedge 

pressure

Hematologic • Thrombocytopenia, leukocytosis
• Elevated PT, PTT

Neurologic • Confusion, obtundation, coma, 
psychosis

Key:
PT = prothrombin time; PTT = partial thromboplastin time

Adapted from: Balk R. Pathogenesis and management of multi-
ple organ dysfunction or failure in severe sepsis and septic
shock. Crit Care Clin 2000;16:344-345.

Sepsis Timeline

INFECTION

PATHOPHYSIOLOGY TIME CLINICAL 
COURSE SIGNS

• LPS/endotoxin binding 0-12 hours • Fatigue
to receptors • Somnolence

• Activation of monocytes,
neutrophils, endothelial 
cells

• Ongoing phagocyte 12-24 hours • Body temp > 38°C
activation or < 36°C

• Cytokine production: • Heart rate > 90 
**TNF, IL-1, IL-6 beats/min

• Resp rate > 20 
breaths/min or
PaCO2 < 32 mmHg

• Activation of the • WBC > 12 or 
coagulation system < 4 (x 109) or

> 10% band forms

• Endothelial cell damage 24-72 hours • Cardiovascular 
shock

• Ongoing inflammation • Early organ 
and hypercoagulation dysfunction

• Fibrin deposition and 
tissue ischemia

• Lymphocyte depletion > 72 hours
• Apoptosis • Late organ 

dysfunction

Adapted from: Takala A, et al. Markers of inflammation in sepsis.
Ann Med 2002;34:615.
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Antibiotic Regimens for Septic Shock

SUSPECTED SOURCE RECOMMENDED ANTIBIOTIC

Pneumonia Ceftriaxone (Rocephin) plus
azithromycin (Zithromax)

Hospital-acquired Antipseudomonal beta-lactam 
pneumonia (cefepime [Maxipime]) plus

aminoglycoside plus macrolide 
(if atypical infection suspected)

Urinary tract Ceftriaxone or ciprofloxacin (Cipro) 
or ampicillin plus gentamicin (if
enterococcus is suspected)

Skin or soft tissue Nafcillin (add metronidazole or
clindamycin if anaerobic infection 
possible)

Meningitis Third-generation cephalosporin

Intra-abdominal Third-generation cephalosporin plus
metronidazole or clindamycin

Primary bacteremia Ticarcillin and clavulanate potassium 
(Timentin) or piperacillin sodium 
and tazobactam sodium (Zosyn)

Adapted from: Fitch S, Gossage J. Optimal management of septic
shock. Postgrad Med 2002;111:60. Bosker G. Community-
acquired pneumonia (CAP) antibiotic selection and management
update. Emerg Med Rep 2002;23:109-144. Bosker G, ed.
Complicated urinary tract infection: Risk stratification, clinical eval-
uation, and evidence-based antibiotic therapy—year 2003 update.
Hospital Medicine Consensus Reports Sept.1, 2003:1-27.

Mechanisms of the Three Anticoagulants

TISSUE FACTOR

Antithrombin III

Protein C

TFPI

FACTOR VIIa

FACTOR XaFACTOR X

Va

Prothrombin Thrombin

FACTOR IXa
FACTOR VIIIa

* These represent the 
anticoagulents

** XX: This is where the 
anticoagulents work.

*** : This is where Protein C
works: It causes degradation of
Factors VIIIa & Va.
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Cytokine Activation of the Coagulation Cascade

CYTOKINES

TISSUE FACTOR

FACTOR VIIa

FACTOR XaFACTOR X

Va

Prothrombin Thrombin

Plasminogen 
XX Plasmin

Plasminogen 
Activator

Inhibitor 1**

Fibrinogen Fibrin

Thrombosis of
small/midsize vessels

FACTOR IXa

* Gray represents the 
fibrinolytic system

** Plasminogen activator 
inhibitor 1 inhibits conversion 
of plasminogen to plasmin

ED Treatment Algorithm for the Septic 
Patient

SEPSIS-INDUCED 
HYPOTENSION

NO

NO

NO

•  BEGIN FLUID RESUSCITATION (crystalloid preferred)

•  SEND CULTURES

•  APPROPRIATE ANTIBIOTIC ADMINISTRATION 

CONSIDER CVP MONITORING

•  CONTINUE FLUID RESUSCITATION UNTIL CVP 8-14 mmHg,
OR SUBTLE SIGNS OF VOLUME OVERLOAD
(basilar crackles, decrease in pulse oximetry saturation) 

•  ADD SECOND VASOPRESSOR

•  CVP IF NOT ALREADY IN PLACE

•  BEGIN VASOPRESSOR (dopamine or norepinephrine)

•  CONSIDER ACTIVATED PROTEIN C

•  CONSIDER COSYNTROPIN STIM TEST/STEROID THERAPY

YES
ACCEPTABLE BP/

INDICES OF PERFUSION?

ASSESSMENT

YES
ACCEPTABLE BP/

INDICES OF PERFUSION?

ASSESSMENT

YES
ACCEPTABLE BP/

INDICES OF PERFUSION?

ASSESSMENT

Key:
CVP = central venous pressur; BP = blood pressure
Adapted from: Dellinger RP. Cardiovascular management of
septic shock. Crit Care Med 2003;31:951.




