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ABSTRACT
Sepsis is a clinical syndrome defined by a systemic response to infection. With progression to sepsisassociated organ failure (ie, severe sepsis) or hypotension (ie, septic shock) mortality increases. Sepsis is
a cause of considerable mortality, morbidity, cost, and health care utilization. Abnormalities in the
inflammation, immune, coagulation, oxygen delivery, and utilization pathways play a role in organ
dysfunction and death. Early identification of septic patients allows for evidence-based interventions, such
as prompt antibiotics, goal-directed resuscitation, and activated protein C. Appropriate care for sepsis may
be more easily delivered by dividing this clinical entity into various stages and with changes in structures
of delivery that extend across traditional boundaries. Better description of the molecular basis of the
disease process also will allow for more targeted therapies. © 2007 Elsevier Inc. All rights reserved.
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Despite the frequency, mortality, morbidity, and cost of
sepsis, explicit patient phenotypes are lacking. Sepsis is
defined by nonspecific clinical criteria that do not discriminate differences in underlying pathophysiological mechanisms. With recognition of the major public health implications and resource utilization associated with the
syndrome, there is a growing awareness of sepsis and a need
for an organized approach to caring for affected patients that
crosses traditional structures of care.

DEFINING A SYNDROME
Before 1992, the terminology used to define the systemic
response to infection varied widely. To standardize nomenclature, a consensus conference defined sepsis as a systemic
inflammatory response syndrome due to presumed or confirmed infection (Table 1).1 The description of severe sepsis
and septic shock outlined an increasingly severe spectrum
of the response to infection. Subsequent studies validated
that sepsis-induced organ dysfunction and shock are markers of higher mortality.2,3
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In 2001, the participants of a second consensus conference anticipated that the definition of sepsis would evolve to
one based on biological markers.4 However, it was recognized that the previous definitions had proven useful for
clinicians and researchers. Although existing definitions
were overly sensitive and nonspecific, there were not sufficient data to provide compelling reasons for alternative
definitions. A categorization inspired by the TNM (tumor,
nodes, metastasis) staging of cancer was proposed for consideration. While this framework might better classify septic patients by pathophysiology and risk of death, it has not
been validated for clinical use.

BURDEN OF SEPSIS
There are approximately 750,000 cases of sepsis in the US
annually.5,6 Sepsis is involved in approximately 2% of all
hospitalizations, and there will be more than 1 million cases
of sepsis per year in the US by 2020. Hospital mortality for
sepsis patients ranges from 18% to 30%, depending on the
series. While the mortality rate has decreased over the past
20 years, an increase in the number of sepsis cases has
resulted in a tripling of the number of sepsis-related deaths.
An estimated 215,000 deaths (9.3% of all deaths) in the US
occurred in patients with sepsis. In the US, care for septic
patients results in hospital costs exceeding $16 billion, re-
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quires an average of 20 hospital days, and involves intensive
care unit (ICU) admission in more than half of the cases.
Reported costs do not include posthospitalization care or
indirect costs due to delay in functional recovery. These
costs may be considerable, because almost one third
of survivors require intermediate
care.5

infection is the suspected cause of systemic inflammatory
response syndrome, the patient should be considered septic
despite negative culture results, and appropriate antisepsis
therapy should be instituted.

CLINICAL SIGNIFICANCE
CLINICAL RISK FACTORS
FOR SEPSIS

●

Sepsis accounts for 9% of all deaths in
the US.

PATHOGENESIS
Because sepsis is defined as a syndrome, it is likely that heterogeneous pathophysiologic processes
are contained under this single
term. The interaction of microbiological products with a host that is
susceptible due to genetic or other
factors induces a cascade of immunomodulatory mediators, leading to cellular and organ dysfunction. The major pathways
involved in sepsis include the innate immune response, inflammatory cascades, procoagulant and
antifibrinolytic pathways, alterations in cellular metabolism and
signaling, and acquired immune
dysfunction. A full review of the
pathophysiology of sepsis is beyond the scope of the current review, but several recent sources
are available.15-17

A number of clinical risk factors
for sepsis have been identified
● The clinical criteria for sepsis do not
(Table 2).5,7-13 Causal mechadiscriminate differences in underlying
nisms have not been clearly depathophysiology, hindering developfined, and some of these factors
ment and application of effective
may not have an independent astherapies.
sociation with sepsis but rather
may represent other unmeasured
● An organized, multidisciplinary apcovariates. While bacteria are ofproach to sepsis care might improve outten considered the sole causative
comes and provide greater benefit than
agents, any microorganism can
new therapeutic agents.
cause sepsis, including fungi, par● Evidence-based treatment of sepsis inasites, and viruses. Respiratory
cludes prompt antimicrobial therapy,
and intra-abdominal infections are
the most common associated sites
early resuscitation, activated protein C,
of infection.6 Gram-positive now
and other interventions as appropriate.
outnumber Gram-negative organisms as causes of sepsis. Cases of
fungal infection leading to sepsis
are increasing rapidly and cause up to 15% of cases.5 In a
Immunity and Inflammation
sizeable minority of patients with the clinical presentation
Toll-like receptors are a class of pattern recognition moleof sepsis, no causative organisms are found.14 However, if
cules on immune and other cells that respond to the presence of microbiological products as part of innate immunity.17-19 This class of receptors has a wide variety of
functions,20 but in the context of sepsis, a major outcome of
Table 1 Consensus Conference Definitions of Systemic
Toll-like receptor engagement is the induction of pro-inInflammatory Response Syndrome, Sepsis, Severe Sepsis and
Septic Shock
flammatory mediators and activation of nuclear factor-B
(NF-B).21-23 NF-B is integrally involved in a cascade
Syndrome
Definition
formerly known as “cytokine storm” associated with in2 or more of the following:
creased expression of proinflammatory cytokines, such as
Temperature ⬎38°C (100.4°F) or
Systemic
interleukin-1␤ and tumor necrosis factor-␣. Other receptors,
⬍36°C (96.8°F)
inflammatory
including those for complement, coagulation factors, and
Pulse ⬎90 beats per minute
response
leukotrienes, augment and modify the Toll-like receptorRespiratory rate ⬎20 breaths per
syndrome
associated response.24-27 Leukocytes are activated and reminute or PaCO2 ⬍32 mm Hg
cruited to the tissues directly affected by infection as well as
White blood cells ⬎12,000/mm3 or
those of distant organs. Adhesion molecules are expressed
⬍4000/mm3 or ⬎10% immature
on the endothelium and participate in the recruitment of
(“band”) forms
Sepsis
SIRS due to suspected or confirmed
immune cells.28,29 The complement cascade is activated in
infection
sepsis with effects on inflammation and coagulation.30 InSevere sepsis
Sepsis associated with organ
ducible nitric oxide synthase is up-regulated, leading to
dysfunction, hypoperfusion or
nitric oxide release, smooth muscle relaxation, local vasohypotension
dilation, and systemic vasodilation.31,32 While pro-inflamSeptic shock
Sepsis-induced hypotension despite
matory mediators predominate in the first few hours after
adequate fluid resuscitation along
sepsis onset, an anti-inflammatory reaction, including rewith the presence of perfusion
lease of cytokines, such as interleukin-10, follows.33 Within
abnormalities
24 hours of sepsis onset, abnormalities in coagulation and
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Reported Association of Clinical Risk Factors with Sepsis and Severe Sepsis

Risk Factor
Demographics
Age7
Race5
Sex5
Co-morbidities
HIV10
Cancer8
Cirrhosis9
Alcohol dependence13
Complications of medical care
Venous access devices12
Transfusion11

Description

Odds or Risk (95% CI)

Greater than 65 years vs ⱕ65 years
African American vs Caucasian
Other non-Caucasian race vs Caucasian
Male vs. female

13.1
1.9
1.9
1.3

(12.6 to 13.6)*
(1.8 to 2.0)*
(1.8 to 2.0)*
(1.2 to 1.3)*

HIV vs no HIV
Any cancer vs no cancer
Solid tumor vs no cancer
Hematologic cancer vs no cancer
Cirrhosis vs no cirrhosis
Ongoing alcoholism or alcohol withdrawal vs no alcohol dependence

5.1
2.8
1.8
15.7
2.6
1.5

(1.2 to 21.2)†
(2.8 to 2.8)*
(1.8 to 18.2)*
(15.6 to 15.9)*
(1.9 to 3.3)*
(1.2 to 1.9)

Central venous catheter vs peripheral venous catheter
Packed red cell transfusion vs no transfusion

64 (54 to 76)*
6.0 (4.0 to 9.2)†

95% CI ⫽ 95% confidence interval; HIV ⫽ human immunodeficiency virus.
*Relative risk.
†Odds ratio.

release of proinflammatory late mediators, such as highmobility group box-1, are found.17,34

Coagulation Abnormalities
Pro-inflammatory cytokines and complement activate the
coagulation cascade in septic patients.35,36 Tissue factor is
expressed on immune and endothelial cells, contributing to
the activation of the extrinsic coagulation system pathway
that results in conversion of factor VII to an active protease.37 Proinflammatory molecules and the interaction of
Toll-like receptors with microbial products up-regulate expression of plasminogen activator inhibitor-1 (PAI-1).38-40
Such events produce an initial activation of endothelial
cells, coagulation, and fibrinolysis followed by a prolonged
suppression of fibrinolysis as PAI-1 levels increase. An
imbalance toward a procoagulant state results, especially in
the micro-circulation.15,41,42 Decreases in endogenous anticoagulants, including protein C, tissue factor pathway inhibitor, and antithrombin, coupled with elevated circulating
and tissue levels of PAI-1, are observed in the majority of
septic patients.15 Components of the coagulation and fibrinolytic system, particularly PAI-1 and urokinase, are
elevated for prolonged periods in septic patients and have
substantial proinflammatory effects that may contribute to
organ dysfunction.43,44

sociated inhibition of cellular oxygen utilization and
other metabolic pathways may lead to decreased production of oxygen radicals by some populations of dysfunctional cells.50 This cellular “hibernation” may explain the
absence of cell necrosis when failing organs from fatal
cases of sepsis are examined.51

Immunosuppression and Depletion
Circulating monocytes, but not neutrophils, from septic patients are hyporesponsive to proinflammatory stimuli when
compared with normal cells.52 Additionally, there is increased apoptosis of circulating lymphocyte and splenic
dendritic cells in patients dying of severe sepsis.53 This may
contribute to mortality because inhibition of lymphocyte
apoptosis through over-expression of anti-apoptotic molecules, such as Bcl-2, results in improved survival in experimental models.54,55 Enhanced apoptosis of lymphoid cell
populations, as well as diminished monocyte response, may
increase the risk of nosocomial infections, a cause of considerable mortality in critically ill patients who survive their
initial septic episode. Enhanced sepsis-induced apoptosis
also may play a role in the loss of cells in the gastrointestinal and respiratory tract.56,57 While apoptosis may be
adaptive to repair damaged tissues, increased cellular apoptosis also may contribute to organ dysfunction and immunosuppression in sepsis.53

Cellular Metabolism
Abnormalities in lipid, carbohydrate, and protein metabolism occur in septic patients.45-48 Inadequate oxygen
delivery due to alterations in capillary blood flow and
decreased cardiac output may contribute to increased
anaerobic metabolism and lactate production.49 However,
even in the presence of adequate tissue oxygen delivery,
sepsis may cause impaired cellular oxygen extraction and
utilization due to mitochondrial dysfunction. Sepsis-as-

RECOGNITION AND TREATMENT
Septic patients present with a variety of signs and symptoms, and recognition requires consideration of the diagnosis. Sepsis may occur in ambulatory offices, at extended
care facilities, in emergency departments, on the general
ward, or in the ICU. Structures and processes of care should
be considered that extend beyond traditional borders within
the health care continuum. As is encouraged in the care of
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Figure Stages of the recognition and treatment of sepsis. Each phase should be completed within the interval listed along the left side of
the figure. Selected elements of care should be delivered more rapidly than indicated in the figure (eg, antibiotic administration should occur
within at least 2 hours of presentation). Patients with suspected infection should be assessed for the need for immediate resuscitative efforts.
In those with the systemic inflammatory response syndrome (SIRS), an assessment for sepsis should occur with vital signs and white blood
cell count. Those with SIRS and a presumed or confirmed infection should be recognized as septic and immediately proceed to the
Resuscitation Phase. This includes therapeutic measures and further evaluation for evidence of severe sepsis. This phase should be
completed within 6 hours. The Initial Management Phase follows and should be completed within 24 hours. The Maintenance Phase extends
for the remainder of the hospitalization and the Recovery Phase may begin following initial stabilization. A-B-Cs ⫽ airway-breathingcirculation; SpO2 ⫽ pulse oximetry; ABG ⫽ arterial blood gas; INR ⫽ international normalized ratio; PTT ⫽ partial thromboplastin time;
AST ⫽ aspartate aminotransferase; ALT ⫽ alanine aminotransferase; GCS ⫽ Glasgow Coma Scale score; CVP ⫽ central venous pressure;
SBP ⫽ systolic blood pressure; ACTH ⫽ corticotrophin; rhAPC ⫽ recombinant human activated protein C; ALI/ARDS ⫽ acute lung injury/
acute respiratory distress syndrome; PBW ⫽ predicted body weight.

patients with myocardial infarction, care may be divided
into different stages based on effectiveness and urgency.
Early emphasis in myocardial infarction patients is on hemodynamic stabilization and opening of the occluded vessel.
Focus then shifts to secondary prevention, recovery, and rehabilitation. Various studies suggest that an approach to sepsis
centered on a similar organized approach to septic patients,
involving “bundles” of care, might improve outcome.58,59

Recognition
To activate a therapeutic pathway (Figure), the clinician
must recognize patients with a qualifying diagnosis. All
patients with a suspected infection should have vital signs
and a white blood cell count, and differential measured as
soon as possible. A search for sepsis-induced organ dysfunction (Table 3) should follow rapidly (eg, within 2 hours)
to identify severe sepsis, patients at increased risk of death,
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Measures of Sepsis-induced Organ Dysfunction

Organ System

Measures of Dysfunction

Cardiovascular

Low systolic arterial blood pressure, low mean blood pressure, mottled extremities, delayed capillary refill time,
low cardiac output, low central or mixed venous oxygen saturations
Need for mechanical ventilation, PaO2/FiO2 ratio ⬍300, chest radiograph abnormalities, high plateau airway
pressure, low static compliance
Elevated INR, elevated PTT, elevated D-dimer, low platelets, disseminated intravascular coagulation
Low urine output, elevated creatinine, need for renal replacement therapy
Elevated transaminases, elevated bilirubin
Decreased mental status (eg, low Glasgow coma scale), delirium (eg, positive Confusion Assessment Method for
the ICU)
Elevated lactate, elevated base deficit, low pH
Ilieus

Respiratory
Coagulation
Renal
Hepatic
Neurologic
Metabolic acidosis
Gastrointestinal

PaO2 ⫽ Partial pressure of oxygen in arterial blood; FiO2 ⫽ inspired fraction of oxygen; INR ⫽ International Normalized Ratio; PTT ⫽ partial
thromboplastin time; ICU ⫽ intensive care unit.

and candidates for specific therapies. Initial treatment
should proceed in concert with evaluation for organ dysfunction. Because the incidence of sepsis in patients is high
and specific treatment exists, it is favorable to err on the side
of initial over-diagnosis.

Resuscitation Phase
The earliest goals are to assess and secure the airway, to
provide adequate volume resuscitation, and to administer
appropriate antimicrobial therapy. In patients with respiratory or hemodynamic compromise, life-sustaining efforts
are the first priority. In all patients, obtaining appropriate
cultures and immediate administration of broad-spectrum
antimicrobials should be included in the initial approach.
Delayed administration of appropriate antimicrobials is associated with poorer outcomes.60 Choices of agents should
be guided by suspected site of infection, anticipated pathogens, penetration of adequate levels into infected tissues,
and local patterns of antibiotic susceptibility (Table 4).
Early intervention is particularly beneficial for patients
with septic shock or evidence of organ hypoperfusion (eg,
elevated serum lactate levels, diminished urine output, or
hypoxemia). Intubation and mechanical ventilation is recommended for patients with respiratory compromise to
maintain oxygenation and acid-base status, and to mitigate
diversion of the compromised circulation to the respiratory
muscles. The value of rapid resuscitation directed by objective measures is illustrated by reduced observed mortality in
the experimental group of a study among septic patients
presenting to an emergency department.61 The protocol included continuous measurement of central venous oxygen
saturation as a measure of oxygen delivery-extraction balance, and used fluids, vasopressors, red blood cell transfusions, and inotrope therapy for 6 hours after identification of
hypotension (systolic blood pressure ⱕ90 mm Hg) or elevated serum lactate (⬎4 mmol/L). Other studies of early
resuscitative interventions support the findings of this single-center study.62,63 The superiority of a particular protocol
remains to be established and is being examined in a multicentered National Institutes of Health-funded study.

A central venous catheter is often necessary for diagnostic and therapeutic purposes. Subclavian and internal jugular catheters provide advantages over femoral catheters in
monitoring capabilities and in reducing infectious and
thrombotic complications.64 There are few data to support
the superiority of use of crystalloid or colloid solutions for
resuscitation.65 Different catecholamine vasopressor agents
have not been compared in large studies, but observational
and hemodynamic studies suggest that norepinephrine may
be preferred.66,67 Vasopressin, a noncatecholamine vasopressor, currently lacks compelling data to endorse its routine use.15
Routine corticosteroid replacement in septic shock for
critical illness-related corticosteroid insufficiency remains
controversial. An inadequate response to synthetic corticotrophin (ACTH; defined as ⱕ9 mg/dL increase in cortisol
level 1 hour after administration of 250 g ACTH) is
present in the majority of patients with septic shock.68 For
septic patients with hypotension unresponsive to fluids, requirement for mechanical ventilation, and the presence of an
additional sepsis-associated organ failure, administration of
low doses of corticosteroids improved mortality in patients
with inadequate responses to ACTH but not in those with
normal responses.69 In this study, the average time to treatment was approximately 7 hours after shock onset. Because
of difficulties in determining ACTH responsiveness within
this interval, a reasonable course is to perform an ACTH
stimulation test and start corticosteroid treatment only in
those with vasopressor-dependent shock, respiratory failure,
and an additional organ failure as soon as possible after
onset. Corticosteroids can be discontinued in patients with
an adequate response to ACTH.

Initial Management Phase
Following the resuscitation phase of sepsis, treatment shifts
to consolidation of care. Further diagnostic testing to detect
likely pathogens and sites of infection may be appropriate.
Control of the source of infection, including the removal of
indwelling catheters, drainage of collections of pus, and
surgical debridement, may be needed. Discussions about

Reasonable Initial Antibiotic Choices for Sepsis, Based on Suspected Source and Likely Pathogens
Clinical Syndrome

Most Likely Pathogens

Lungs

Community-acquired pneumonia

Streptococcus pneumoniae,
Haemophilus influenzae,
Legionella pneumophilia

Influenza A and B
Health-care-associated
pneumonia

Gram-negative enteric bacilli,
S aureus, P. aureginosa

Immunocompromised or
Immunosuppressed patient

Pneumocystis jiroveci
Aspergillus, mucormycosis,
Histoplasmosis,
Cryptococcosis,
Coccioidomycosis
Mycobacterium tuberculosis

Complicated parapnuemonic
effusion

Lung abscess
Bloodstream

Bacteremia without apparent
source

Polymycrobial infections, S.
pneumoniae, Streptococcal
species, S. aureus, Gramnegative enteric bacilli
Anaerobes; gram positive
cocci
Gram-positive cocci and
Gram-negative bacilli

Reasonable Initial Empiric
Antibiotic Agents
Third generation cephalosporin
(eg, ceftriaxone) PLUS
Macrolide (eg, azithromycin) OR
Respiratory flouroquinlone
(eg, moxifloxacin)
Oseltamivir
Extended spectrum penicillin
plus beta-lactamase inhibitor
(eg, piperacillin/tazobactam)
OR 4th generation
cephalosporin (eg, cefepime)
OR Carbapenem (eg,
imipenem) PLUS
Vancomycin
Trimethoprim-sulfamethoxazole
Amphotericin B OR Voriconazole
OR Caspofungin

3 or 4 drug antituberculous
therapy (depending on local
epidemiology)
Extended spectrum penicillin
plus beta-lactamase inhibitor

Comments
Consider community acquired
methicillin-resistant Staphylococcus
aureus (MRSA) depending upon local
epidemiology

Sepsis

Suspected Source of
Infection
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Consider Staphylococcus aureus
superinfection
Consider second agent for Gramnegative organisms (eg,
aminoglycoside) based on local
patterns of susceptibility
Vancomycin may be dropped if low
local rates of methicillin-resistant
organisms
HIV infection known or suspected,
chronic corticosteroid use
Cryptococcus species are not
susceptible to caspofungin

Diagnostic thoracentesis for
parapneumonic effusions;
Thoracostomy tube drainage

Clindamycin
Carbepenem OR 3rd- or 4thgeneration cephalosporin OR
Extended spectrum penicillin
plus beta-lactamase
inhibitor ⫾
Vancomycin or oxazolidinones
(eg, linezolid) or
streptogramins (eg,
quinupristin/dalfopristin)

Consider endocarditis, epidural abcess,
osteomyelitis, intraabdominal
process
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Continued

Suspected Source of
Infection

Genitourinary tract

Most Likely Pathogens

Secondary bacteremia
(indwelling venous catheter,
intravenous drug user, etc.)

Staphylococcus epidermiditis,
S. aureus, gram negative
enteric bacilli

High risk of fungemia

C. albicans, non-albicans
Candidal species

Suspected endocarditis

Streptococcal species,
Enterococcal species,
Staphylococcal species,
Gram-negative enteric
bacilli, Candida species
Streptococcal species (esp
Group A), S. aureus,
anaerobes

Vancomycin
⫾ Extended-spectrum
penicillin (eg, piperacillin)

Cellulitis, fasciitis, myositis,
osteomyelitis in patient with
diabetes, peripheral vascular
disease, compromised
immune status
Toxic shock syndrome

In addition to above: Gramnegative enteric bacilli,
polymicrobial infection,
Pseudomonas aureginosa

Cystitis, pyelonephritis

Escherichia coli, Klebsiella
pneumoniae, Enterobacter
species, Proteus species,
Staphylococcus
saprophyticus
Group B beta hemolytic
streptococci, Gramnegative enteric bacilli,
anaerobes

Vancomycin PLUS
Extended spectrum penicillin
plus beta-lactamase
inhibitor ⫾
Clindamycin
Clindamycin OR
Aminoglycoside PLUS
Nafcillin OR Vancomycin
4th generation cephalosporin
⫾ Aminoglycoside

Cellulitis, fasciitis, myositis,
osteomyelitis in normal host

Puerperal sepsis

Streptococcus pyogenes,
Staphylococcus aureus

Carbepenem OR 3rd- or 4thgeneration cephalosporin OR
Extended spectrum penicillin
plus beta-lactamase inhibitor
PLUS
Vancomycin or oxazolidinones
or streptogranins
Appropriate antibacterial
antibiotics PLUS
Azoles or Echinocandins or
lipid formulations of
Amphotericin B

Vancomycin
⫾ Clindamycin

Extended spectrum penicillin
plus beta-lactamase inhibitor
⫾ Aminoglycoside

Comments
Consider remote seeding of infection,
eg, epidural abscess
Consider second agent for Gramnegative organisms (eg,
aminoglycoside) based on local
patterns of susceptibility
Consider in patients with prior broadspectrum antibiotics, Candida
colonization at multiple sites,
damaged physiological barriers,
total parenteral nutrition, vascular
access devices, immunosuppression
Consider remote seeding of infection,
eg, epidural abscess

Debridement; early surgical
consultation if there are concerns
for necrotizing fasciitis; consider
community-acquired methicillinresistant S. aureus depending upon
local epidemiology

Consider intravenous immunoglobulin

Percutaneous or transurethral drainage
may be required if obstructed
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Skin and soft tissue
infections

Reasonable Initial Empiric
Antibiotic Agents

Clinical Syndrome

Continued
Clinical Syndrome

Most Likely Pathogens

Central nervous
system

Meningitis, encephalitis,
intracranial abcess

S. pneumoniae, Neisseria
meningiditis, Listeria
monocytogenes, Gramnegative bacilli,
Haemophilus influenzae

Intra-abdominal
infections

Cholecystitis, cholangitis,
pancreatic abcess,
appendicitis, diverticulitis/
abcess, pyogenic liver abcess,
perforated viscus with
secondary peritonitis
Spontaneous bacterial
periotonitis

E. coli, K. pneumoniae,
Bacteroides fragilis, C.
albicans

Peritonitis associated with
peritoneal dialysis

Gram-positive cocci and
Gram-negative bacilli

Antibiotic-associated colitis

Clostridium difficile

Febrile neutropenia

Aerobic Gram-negative
bacilli, Gram-positive cocci

Asplenic patients (eg, statuspost surgical splenectomy,
sickle cell anemia)
Zoonoses, biowarfare agents,
and other rare infections

S. pneumoniae, N.
meningiditis, H. influenzae,
Salmonella typhi
Yersinia pestis (plague),
tularemia, Vibrio vulnificus
and parahemolyticus,
hantavirus cardiopulmonary
syndrome, ehrlichiosis,
rickettsial infections,
anthrax, Strongyloides and
other parasitic infections

Other infections

Gram-negative enteric bacilli,
Gram-positive cocci

Reasonable Initial Empiric
Antibiotic Agents
Ceftraixone OR cefotaxime
⫾ Ampicillin (if age ⬎60 years
or impaired cellular immunity)
⫾ Vancomycin (if recent
neurosurgical procedures or
high rates of penicillinresistant S. pneumoniae in
community)
Extended spectrum penicillin
plus beta-lactamase inhibitor
OR Carbapenem

Cefotaxime ⫹ albumin (1.5
g/kg on day 1 and 1 g/kg on
day 3)
Third generation cephalosporin
PLUS
Vancomycin
Metronidazole
Extended spectrum penicillin OR
Carbapenem OR 4th
generation cephalosporin PLUS
Vancomycin ⫾
Aminoglycoside ⫾
Azole or caspofungin
Vancomycin PLUS
Ceftriaxone OR Cefotaxime PLUS
Aminoglycoside
Varies depending upon
organism
doxycycline often included in
empiric regimens if a zoonosis
is suspected

Comments
Empiric treatment should not be
delayed while awaiting lumbar
puncture or laboratory results;
consider dexamethasone; consider
acyclovir if Herpes Simplex
encephalitis considered

Sepsis

Suspected Source of
Infection
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Early surgical consultation for open or
percutaneous drainage, as indicated

Intraperitoneal therapy preferred, if
possible
Surgical consultation of signs of
perforation or peritonitis

Post-splenectomy syndrome (PSS) is
often rapidly fatal
To be considered in appropriate
settings; many infections are
endemic; diagnosis frequently
missed or delayed
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likely prognosis and goals of care with the patient and
family are appropriate considering the considerable mortality and morbidity attributable to sepsis.
For severe sepsis patients at a high risk of death, such as
those with multiorgan failure or elevated severity of illness
(eg, APACHE II score ⱖ25), drotrecogin alfa (activated)
(recombinant activated protein C) should be administered if
there are no contraindications.70 The most significant side
effect of this agent is bleeding. Patients at greatest risk of
bleeding are those with severe thrombocytopenia, coagulopathy, or an increased risk of intracranial bleeding. For
patients with high risk of death and without such contraindications, the risk of bleeding is counterbalanced by an
absolute reduction in mortality. Drotrecogin alfa (activated)
does not appear to be effective in patients at a low risk of
death and may be harmful in those with recent surgery and
single organ dysfunction.71
A considerable number of severe sepsis patients will
develop acute lung injury. In these patients, lower tidal
volumes (eg, 6 mL/kg predicted body weight) and maintenance of plateau airway pressure below 30 cmH2O improves mortality and organ failure, compared with traditional larger tidal volumes.72 For mechanically ventilated
septic patients without lung injury, lower tidal volume ventilation may prevent its development.73 Recent studies have
not shown benefit from the routine use of pulmonary artery
catheters in patients with acute lung injury,74 but have
demonstrated diminished time on the ventilator with a conservative fluid strategy (eg, keeping central venous pressures ⬍4 mm Hg).75 Such a strategy was restricted to
patients without shock or other signs of inadequate organ
perfusion.

Maintenance Phase
For septic patients surviving 24 hours, attention should turn
to preventing nosocomial complications and restoring premorbid functioning. As cultures are available, antimicrobial
choices, doses, and durations of therapy should be customized. Hyperglycemia is a common occurrence in critically ill
patients and, in select populations, particularly postoperative patients, strict control (eg, maintenance of serum glucose at 80-110 mg/dL) may provide benefit by reducing
nosocomial infections and improving survival.76 The effectiveness of such therapy in patients with sepsis or in medical
intensive care units is not proven and risks of hypoglycemia
should be carefully considered.77 Anemia occurs frequently
in critically ill patients, but transfusions (after the initial
resuscitation phase) may be harmful, particularly by increasing the risk of nosocomial infections.78 Among nonbleeding patients, hemoglobin values as low as 7 mg/dL are
acceptable, and there is no apparent benefit for maintaining
higher levels with transfusion.79 Avoidance of nosocomial
complications also may be reduced in selected patients with
the use of semi-recumbent positioning,80 stress ulcer prophylaxis,81 thromboembolism prophylaxis,82 and close attention to hand-washing.83

As the patient stabilizes, de-escalation of invasive monitoring and life support is indicated. Liberation from mechanical
ventilation at the earliest appropriate time reduces the risk of
ventilator-associated complications. Judicious sedation, including daily “holidays” from sedatives, can reduce the number of
ventilator and ICU days.84 Assessment of readiness for liberation from the ventilator with spontaneous breathing trials
triggered by protocols based on patient recovery, rather than
physician discretion, reduces mechanical ventilation time.85 In
patients expected to require prolonged mechanical ventilation,
early tracheostomy may reduce mortality, length of stay, and
infectious complications.86

Recovery Phase
Mortality for sepsis survivors is higher than age-matched
controls for at least 5 years.87 The mechanism of this effect
is unknown. Additionally, survivors of critical illness may
suffer considerable physical and psychological morbidity.88
Small interventional studies utilizing ICU follow-up clinics
and patient education initiatives following critical care demonstrate variable results.89,90

CONCLUSION
Sepsis is a major cause of mortality and morbidity, and is a
source of substantial health care costs. The current definition provides easy identification of affected patients but,
because of the heterogeneity of patients included, may have
hampered the ability to develop effective therapies and to
better classify disease. Other areas of medicine, such as
oncology, have learned the value in greater description of
disease based on biological mechanisms for prognostic and
therapeutic purposes.91-93 It is likely that therapeutic advances in preventing and treating sepsis will be facilitated
by such an approach.94
Sepsis is a condition that involves health care providers
from many disciplines and in a variety of settings. As a
result, organization of therapeutic efforts for these patients
requires coordination across traditional boundaries of medicine. A concerted, multidisciplinary approach to sepsis
based on patient needs, rather than physical location, may
provide greater benefit than new therapeutic agents.
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