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Introduction

Sepsis is a common disease in intensive care medicine representing almost one third
of patient admissions. Its incidence has substantially increased over the past decades
and overall mortality has declined during this period of time. It was reported that
sepsis incidence increased from 82.7 to 240.4 per 100,000 population between
1979–2000. At the same time, sepsis global mortality decreased from 27.8 to 17.9%
[1–3]. However, the absolute number of deaths significantly increased from 21.9 to
43.9 per 100,000 population. Male gender, some chronic diseases like diabetes,
immunosuppressive states, human immunodeficiency virus infections, and malig-
nancies are factors that increase the risk for sepsis. Some particular conditions like
progressive number of organ dysfunctions, in-hospital-acquired infections and
increasing age are associated with higher risk of death [1,4]. On the other hand, sep-
tic shock mortality only diminished from 61.6 to 53.1% [5]. This slight decline in
mortality observed during recent decades could be attributable to improvements in
supportive care and/or avoidance of iatrogenic complications. For example, the
instrumentation of early goal resuscitation protocols not aiming at supranormal tar-
gets for cardiac output and oxygen delivery, and the use of lung protective strategies
could explain at least in part this favorable change. Other strategies directed to treat
the pathophysiological mechanisms involved in the septic process like recombinant
human-activated protein-C (rhAPC), have also contributed to improve survival.
However, mortality remains unacceptably high and further improvement in sepsis
management is needed. Novel therapeutic approaches are under investigation and
will probably be incorporated in the clinical practice in the near future.



Since 2002 the Surviving Sepsis Campaign was introduced with the initial goal
of increasing clinicians’ awareness about severe sepsis mortality and to improve out-
come in this patient population. It was pursued to generate a change in the standard
of care that could finally result in a significant mortality reduction. A consensus
committee from several international organizations was created and evidence-based
guidelines were elaborated [6]. Despite the fact that most of these recommendations
were not supported by high levels of evidence, they represented the international
consensus on the best available standards of care for the management of sepsis.
These guidelines were recently updated and continue to be the core of the Surviving
Sepsis Campaign [7]. The clinical practice needs clear and concise recommendations
based on the best available level of evidence.

Definitions

Sepsis is defined as the host response to infection. In other terms, it is the clinical syn-
drome that results from the inflammatory response to infection. In the clinical setting,
sepsis is diagnosed when an evident or suspected infection courses with a systemic
response called the systemic inflammatory response syndrome (SIRS). According to
the 1991 North American Consensus Conference, SIRS was defined by the presence
of at least two of the following signs: body temperature >38ºC or <36ºC, heart rate
>90 beats/min, respiratory rate >20 breaths/min (or PaCO2 <30 torr), and/or white

blood cells count >12,000 or <3,000/mm3 [8]. However, these signs are too sensitive
and nonspecific for sepsis and could occur in many other different situations not relat-
ed to infection. In an attempt to better reflect the systemic response to infection, the
clinical manifestations described by Bone et al. were expanded by the 2001 Consensus
Conference [9]. Other possible signs, symptoms, and laboratory findings were sum-
marized (Table 25.1). Again, most of them are also nonspecific for sepsis. It is well
known that infection and sepsis are sometimes difficult to confirm.

In an attempt to improve diagnostic capabilities, some biological markers were
developed. Procalcitonin (PCT) and C-reactive protein (C-RP) have been proposed
but it is considered that there is still no ideal biological marker for sepsis diagnosis
[10,11]. None of the mentioned biomarkers are absolutely specific, meaning that
diagnosis or prognosis cannot be made solely on this basis.

An infection probability score (IPS) was also proposed to be calculated from sev-
eral variables: body temperature, heart rate, respiratory rate, white blood cells count,
C-reactive protein, and sequential organ failure assessment score (SOFA). The poten-
tial role of such an index was recently evaluated [12].

Some concepts and definitions remained unchanged after the last consensus con-
ferences and should be emphasized. The following terms are widely accepted.

Infection is the pathologic process caused by the invasion of normally sterile tis-
sues, fluids, or cavities by pathogenic microorganisms.

Sepsis is the clinical syndrome defined by the presence of infection and a sys-
temic inflammatory response syndrome.
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Severe sepsis relates to the presence of sepsis and one or more related organ dys-
functions.

Septic shock should be diagnosed when severe sepsis courses with acute circula-
tory failure. Cardiovascular compromise becomes evident when arterial hypotension
remains after adequate fluid infusion or there is need for vasopressor therapy.
Systemic hypotension is defined when arterial systolic pressure remains <90 mm
Hg, mean arterial pressure <60 mm Hg, or there is a decrease in blood pressure >40
mm Hg from previous values.

Pathophysiology of Sepsis

Different processes could occur during severe sepsis and septic shock at the same
time. Hypovolemia, maldistribution of blood flow within or between organs, vasoreg-
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Table 25.1 Clinical manifestations of sepsis

General signs and symptoms
Fever or hypothermia
Tachypnea/respiratory alkalosis
Tissue edema (positive fluid balance)

Generalized hematological/inflammatory reactions
White blood cells increased (sometimes leukopenia)
Increased inflammatory biological markers:

Plasma C-reactive protein greater than 2 SD above normal.
Plasma procalcitonin greater than 2 SD above normal

Hemodynamic and metabolic alterations
Arterial hypotension
Tachycardia
Increased cardiac output
Low systemic vascular resistances
High SvO2 >70%
Cardiac index >3.5 L/min/m2

Decreased skin perfusion
Decreased urine output
Increased lactatemia >2 mmol/L
Decreased capillary refill
Decreased base deficit

Multiple organ dysfunction
Acute lung injury
Altered mental status
Acute renal Injury.
Hyperglycemia in the absence of diabetes
Thrombocytopenia (<100,000/μL)/disseminated intravascular coagulation 
Liver dysfunction. Hyperbilirubinemia >4 mg/dL
Ileus. Intolerance to feeding



ulatory-perfusion abnormalities, peripheral microcirculatory failure, and myocardial
dysfunction are major hemodynamic disturbances observed during sepsis.
Hemodynamic parameters could course with normal or decreased mean arterial pres-
sure while cardiac output may vary from low to higher than normal. The hemody-
namic values change in response to volume replacement and the severity of myocar-
dial dysfunction. Systemic tissue hypoxia occurs when cardiovascular failure and low
cardiac output dominates the clinical presentation. The presence of low mean arteri-
al and central venous pressures, and decreased central venous oxygen saturation
when confirmed, should cause immediate therapeutic interventions. Efforts should
be made to correct systemic hemodynamic abnormalities in order to avoid the devel-
opment of global tissue hypoxia.

However, cytokine release from the inflammatory reaction or prolonged tissue
hypoxia is followed by severe microcirculatory abnormalities that become a central
protagonist of organ dysfunction/failure [13]. The main significance of microvascu-
lar dysfunction has been studied during sepsis and major changes like decrease of
both capillary density and microvascular blood flow were documented in vivo by
video microscopy [14]. Thus, peripheral gas exchange becomes impaired and tissue
dysoxia ensues. These abnormalities also occur despite normal or even supranormal
hemodynamic variables. In terms of peripheral oxygen metabolism, severe hetero-
geneity of oxygen distribution within the tissues is characteristic during septic shock.
Under- and overperfuse areas coexist within the same tissue resulting in an inhomo-
geneous tissue oxygen partial pressure distribution (PtO2). In these conditions, meta-
bolic demands are not met by microvascular oxygen delivery, making peripheral
shunting and tissue dysoxia the cause of organ failure.

However, metabolic abnormalities also occur at the cellular level. Mitochondria
dysfunction is secondary to oxidative and nitrative stress initiated by the inflamma-
tory reaction. Energetic failure develops and less high energy compounds are avail-
able for cellular function. This situation was referred to as cytopathic hypoxia and
leads to multiple organ failure and death. Mitochondria dysfunction and decreased
ATP production was documented during the course of sepsis in experimental and
clinical situations. Efforts should be made to preserve mitochondrial functioning and
improve the cellular energetic state [15–17].

Diagnosis and Clinical Evaluation

Early and accurate recognition of the signs and symptoms of sepsis is mandatory
after patient admission. Risk factors like age, gender, race, immunocompromised
states, presence of invasive instrumentation maneuvers, or any other condition that
could represent a via for bacterial colonization. Clinical presentation and laboratory
findings are essential. Fever is the hallmark of infection, but hypothermia is also pos-
sible in some patients. Other nonspecific signs like tachycardia, tachypnea, and
hypotension should also be documented. When looking for the source of infection a
careful physical examination should be complemented with x-rays images, CT scans,
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ultrasound, etc. Finally, it is necessary to investigate the presence and severity of
organ dysfunction. In the vast majority of the cases this information is easily collect-
ed and diagnosis becomes straightforward. However, this is not always the case. It is
important to realize that the septic patient is always at risk of death and some clini-
cal signs may be indicative of disease severity. Clinical demonstration of acute res-
piratory and/or circulatory failure, or any other organ dysfunction are indicative of
the aggressive host response to the septic insult [8,9].

Since organ failure is an integral part of severe sepsis, a brief summary of major
organ dysfunctions will follow.

Acute Lung Injury/Acute Respiratory Distress Syndrome (ALI/ARDS)

Pulmonary or extrapulmonary ALI is present in about 60–70% of severe sepsis. It is
defined by pulmonary infiltrates in the chest x-ray and the absence of left ventricu-
lar failure (pulmonary wedge pressure <18 mm Hg). Pulmonary gas exchange is
impaired showing a PaO2/FIO2 ratio under 300 for ALI or below 200 for ARDS. Most
of the time, the severity of ALI/ARDS determines mechanical ventilation. While
mechanical ventilation will restore pulmonary gas exchange and decrease systemic
metabolic demands, detrimental effects should be avoided by a rational application
of protective ventilatory strategies.

Central Nervous System Dysfunction, Septic Encephalopathy

When the focus of infection is located outside the central nervous system (CNS), the
neurologic compromise could be attributable to septic encephalopathy. Some other
conditions may add secondary effects such as hypoxemia, metabolic and electrolyti-
cal disorders, and cerebral hypoperfusion during shock states. Symptoms may vary
from agitation, confusion, delirium, and coma. No focal neurologic deficits are pres-
ent but myoclonias and seizures are possible [18]. Severe CNS derangement requires
airway protection and ventilatory support.

Liver Dysfunction

Liver dysfunction is characterized by some degree of hepatomegalia and total biliru-
bin plasma levels >2 mg/dL. Higher conjugate bilirubin concentration is character-
istic and increased gamma glutamil transferase is frequently observed. Moderate lev-
els of aminotransferases generally <200 UI can also be found.

Coagulation and Hematologic Disorders

Decreased red blood cells without bleeding evidence and platelets <100,000/mm3 are
frequent findings. Coagulation cascade has been widely studied. Sepsis enhances
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coagulation and impairs fibrinolysis. Endogenous-activated protein C that prevents
microvascular thrombosis is decreased during sepsis. When small and medium
microvessels become occluded, the disrupted microcirculation generates tissue
dysoxia. Given the context of severe sepsis, rhAPC could contribute to ameliorate
coagulation disorders [19].

Acute Renal Injury

Renal dysfunction could course with normal or decreased urine output. Increase in
creatinine level >0.3 mg/dL from previous values or a percentage increase >50%, or
a reduction in urine output (oliguria <0.5 ml/kg/h for more than 6 h) defines acute
renal injury and is associated with poor outcome.

Hemodynamic Failure, Septic Shock

Arterial hypotension unresponsive to volume expansion defines septic shock.
Variable degrees of hemodynamic dysfunction may vary from hypodynamic to hyper-
dynamic shock. Mortality increases according to the presence of shock, and metabol-
ic markers like arterial lactate are useful to characterize disease severity and the
response to treatment [8]. Despite the fact that lactate concentration depends on the
balance between tissue production and metabolism, a plasma level >4 mmol/L
should be considered as indicative of circulatory failure.

Gastrointestinal Tract

Some other organ compromise could also be part of the multiple organ dysfunction
syndrome. Splanchnic ischemia and intramucosal acidosis ensue early during the
course of sepsis. Clinical expression includes changes in smooth muscle function
like ileum or diarrhea. Gastrointestinal bleeding because of stress ulcer or acute gas-
tritis may also be a manifestation of sepsis. Gastric intramucosal pH monitoring was
used to identify and guide resuscitation therapy. Increased levels of intraluminal
pCO2 are associated with tissue ischemia and mucosal acidosis.

Neuromuscular Dysfunction

Skeletal muscles are also affected by inflammatory mediators and reactive oxygen
species. There is simultaneous decrease in protein synthesis and proteolysis. In con-
junction, these factors explain decreased muscular force. Respiratory muscles are
involved and respiratory pump failure may aggravate or precipitate an acute respira-
tory failure.

Multiple organ dysfunction is part of the severe sepsis syndrome. Poor prognosis
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is related to increased number of organ failures. Technical resources for the manage-
ment of organ dysfunction have improved in recent years and consume a substantial
part of the therapeutic effort. Most of the described dysfunctions are reversible as
long as the infectious disease becomes controlled. However, the additive effects of
the different failures may initiate a series of independent processes that may aggra-
vate the patient status and be the cause of death. Prognostic scores are helpful to pre-
dict mortality and some organ failure scores were proposed to evaluate severity and
to follow the evolution of septic patients. The Multiple Organ Dysfunction Score
(MODS) and the Sequential Organ Failure Assessment (SOFA) are frequently used
for this purpose [20,21].

To identify the source of infection and the microbial agent is crucial during sep-
sis. Microbiological investigation is mandatory and adequate antibiotic therapy must
be initiated as early as possible [7]. Most of the time the diagnosis results from a cor-
rect anamnesis and clinical examination. Suspicion of sepsis must be followed by
complete bacteriological cultures, taking samples from blood and other possible foci
of infection. Some other special exams should not be deferred and may add comple-
mentary information. Positive blood cultures are only confirmed in about 50% of the
cases [22]. No bacterial etiology is identified in 20–30% of septic patients. Almost
45% of the initial antibiotic selection should be changed or adjusted after blood cul-
tures are informed. Decreased mortality is related to prompt bacteriological identifi-
cation [23]. Despite the fact that infection is generally caused by bacterial agents,
virus and fungal agents are possible, especially in immunocompromised patients.
Epidemiological data coming from each ICU or hospital could be helpful when hos-
pital-acquired infections are under study. Infection is a frequent complication in
polytrauma and in the critically ill patient who was subject to invasive procedures.
Increased life expectancy and special situations like organ transplant create further
opportunities for microbial invasion and sepsis development.

As mentioned before, biochemical markers of infection could be helpful in par-
ticular situations where diagnosis is not straightforward. Procalcitonin (PCT), C-
Reactive Protein (CRP), and some interleukins like Interleukin-6 (Il-6) have been
proposed to contribute to diagnosis. However, further evidence is needed before
these biomarkers are incorporated in the clinical practice. Actually, some authors
have considered PCT as a good indicator for severe sepsis and septic shock [24,25].
Research on new biomarkers continues with the aim of early detection of patients at
risk of severe sepsis [26].

Evidence-Based Clinical Management of Severe Sepsis

The current management of severe sepsis and septic shock aims to control infection,
achieve hemodynamic stabilization, modulate the immune response, and provide
metabolic and organ support. Evidence-based medicine has become the cornerstone
of medical practice but it is difficult to apply in patients with sepsis. The SSC is a
global initiative that involves several international organizations with the common
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objective of elaborating evidence-based guidelines and recommendations for the
management of severe sepsis and septic shock. Lack of high-level evidence coming
from large RCT is a severe limitation in sepsis. To accomplish these goals, experts
determined that improving patient care was a possible task and could lead to a sig-
nificant decrease in mortality. Despite the fact that only a few of the Guidelines were
supported by high levels of evidence, it was agreed that they represent the best avail-
able evidence for the management of the septic patient. During the last consensus
conference a grade system was agreed upon by the participants. Guidelines were
classified from A to D based on the levels of evidence; however, at the same time a
strong or weak recommendation was introduced by the panel of experts [7]. The
International Guidelines of the Surviving Sepsis Campaign will be briefly discussed
below.

Initial Resuscitation

This group of measurements should be accomplished within the first 6 h of patient
admission. This could probably happen in the emergency department before ICU
admission. Early identification and comprehensive resuscitation of septic patients
will have a significant impact on outcome. The first 6 ‘‘golden hours’’ constitute a
critical opportunity for the patient [27,28]. Resuscitation should be started immedi-
ately when hypotension or elevated serum lactate (>4 mmol/L) are detected and
treatment should not be delayed until ICU admission. Initial resuscitation not only
includes hemodynamic stabilization but also simultaneous administration of empiric
antimicrobial drugs and actions directed toward the control of infection [7].

Hemodynamic Resuscitation

Early resuscitation is initially based on aggressive volume expansion. It could be
administered via a peripheral vascular access while a central venous line and central
venous pressure (CVP) measurement are instrumented somewhat later within the ini-
tial hours. When fluid therapy does not restore arterial blood pressure or lactate
remains elevated, administration of vasopressors becomes mandatory. The resuscita-
tion goals are based on easily obtainable physiologic variables. Treatment targets
CVP pressures between 8 and 12 mm Hg, mean arterial pressure ≥65 mm Hg, urine
output ≥0.5 mL/kg/h, and superior cava vein oxygen saturation ≥70% or mixed
venous oxygen saturation ≥65% [7,29].

Fluid Therapy

No difference between crystalloids and colloids fluid was demonstrated [30].
However, it is mentioned that resuscitation with crystalloids is less expensive but
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requires more fluid to achieve the same end points and may result in more edema for-
mation. Fluid challenges of 1,000 mL of crystalloids or 300–500 mL of colloids
over 30 min are recommended, but larger volumes or infusion rates could be
required [7].

Vasopressors

When resuscitation goals are not rapidly achieved vasopressor therapy must be start-
ed. There is no high-quality primary evidence to recommend norepinephrine over
dopamine. However, norepinephrine could be more effective in reversing hypoten-
sion in patients with septic shock. The selected vasopressor, either norepinephrine or
dopamine, should be titrated until MAP ≥65 mm Hg. Epinephrine is another alterna-
tive vasoactive agent when blood pressure is poorly responsive to norepinephrine or
dopamine. Low-dose dopamine should not be used for renal protection [31]. In
patients requiring vasopressors, an arterial catheter and continuous arterial pressure
monitoring must be instrumented.

Inotropic Therapy and Packed Red Blood Cells

If central venous oxygen saturation remains <70% further fluid infusion and/or
packed red blood cells transfusion should be considered. Hematocrit ≥30% is desir-
able to assure systemic oxygen delivery. Increase in cardiac index by the effect of
dobutamine infusion to a maximum 20 μg/kg/min is recommended. Dobutamine is
the first line inotrope for patients with measured or suspected low cardiac output and
adequate or high left ventricular filling pressures. A combination of inotropes/vaso-
pressors, such as norepinephrine and dobutamine, is recommended if cardiac output
is not directly measured [7].

Antibiotic Therapy

Antibiotics should be administered during the first hour of the initial resuscitation.
The time taken to initiate effective antimicrobial therapy is one of the strongest pre-
dictors of outcome in septic shock [32]. Initial antimicrobial selection should be
wide enough to cover likely pathogens. There is evidence that failure to initiate
appropriate antimicrobial therapy within this period of time correlates with increased
mortality [33].

Source Identification and Control

Source control includes an appropriate diagnosis of the specific site of infection
within the first 6 h. Surgical procedures aimed at abscess draining, debridement of
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infected necrotic tissue, or removal of potentially infected devices should be instru-
mented without delay [7]. These practices are believed to be important for infection
control but no randomized trials support them [34].

Maintenance Therapy

Most of the measurements initiated in the previous stage will continue during the fol-
lowing hours. At the same time, some other therapeutic interventions could be start-
ed earlier, during the initial resuscitation phase.

Steroids

Two big trials of patients with vasopressor-unresponsive septic shock showed a sig-
nificant and faster resolution of shock when steroid therapy was associated [35,36].
Thus, low-dose intravenous hydrocortisone (≤300 mg/day) should be considered for
adult septic patients when hypotension is poorly responsive to fluid resuscitation and
vasopressors. On the other hand, an adrenocorticotrophic hormone (ACTH) stimula-
tion test is not recommended. Steroid therapy must be weaned once vasopressors are
no longer required [7].

Mechanical Ventilation of Sepsis-Induced ALI/ARDS

The importance of lung-protective strategies for patients with ALI/ARDS is support-
ed by clinical trials and has been widely accepted [37]. Low tidal volume (6 mL/kg)
and upper limit plateau pressure ≤30 cm H2O are desirable in patients with
ALI/ARDS. This respiratory pattern may result in PaCO2 increase above normal or
permissive hypercapnia. A prone position should be considered when potentially
injurious levels of FIO2 or plateau pressure cannot be controlled. Titration of positive
end expiratory pressure (PEEP) should be made according to bedside measurements
in an attempt to reach optimal levels of respiratory system compliance [7].

Glucose Control

Several randomized, observational clinical trials showed reductions in ICU mortality
when intensive insulin therapy was utilized [38,39]. A large randomized trial recently
showed that intense glucose control increased mortality. These authors found that a
blood glucose target <180 mg/dL resulted in lower mortality than a target between 81
to 108 mg/dL. Higher episodes of hypoglycemia were reported in the tight glucose con-
trol group [40]. Based on this report, intense insulin therapy is questionable. However,
the SSC recommendation is to maintain blood glucose levels below 150 mg/dL [7].
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Recombinant Human-Activated Protein C (rhAPC)

Recent studies reported nonsignificant mortality reduction after rhAPC administra-
tion in patients with a low risk of death or in the pediatric population. Furthermore,
rhAPC administration is associated with increased risk of bleeding. The evidence
concerning rhAPC use in adults is primarily based on two RCTs: the PROWESS and
the ADDRESS (stopped early for futility) [41,42]. Additional information comes
from an open-label observational study, the ENHANCE that suggested that early
administration of rhAPC was associated with better outcomes [43]. As a result, the
latest recommendation of the SSC is to consider rhAPC only for adult patients at
high risk of death (APACHE II ≥25 or multiple organ failure). During patient selec-
tion, possible contraindications for rhAPC administration should be discharged.

Blood Product Administration

Red blood cell transfusion should be administered when haemoglobin decreases
below 7.0 g/dL. A hemoglobin target between 7.0 to 9.0 g/dL in adult septic patients
is recommended. Do not use fresh frozen plasma to correct laboratory clotting abnor-
malities unless there is bleeding evidence or planned invasive procedures. Administer

platelet concentrates when platelet counts are <5,000/mm3 regardless of bleeding.
Platelet counts between 5,000 to 30,000/mm3 do not call for platelet administration
unless there is a significant risk of bleeding [7].

Other Measures

• Sedation and analgesia in sepsis. It is recommended to use sedation protocols
with daily interruption/lightening to produce awakening [7].

• Renal replacement therapy. Current evidence is insufficient to draw strong con-
clusions regarding the best replacement therapy method for ARI in septic patients
[44,45]. It is not clear whether high doses of renal replacement may influence
patient outcome [46]. Intermittent hemodialysis and continuous veno-venous
hemodiaf iltration (CVVH) are considered equivalent for septic patients.
However, CVVH and sustained low-efficiency dialysis will probably offer a safer
and easier management in hemodynamically unstable patients.

• Bicarbonate therapy. Sodium bicarbonate infusion must not be used for the pur-
pose of improving hemodynamics or reducing vasopressor requirements when
treating hypoperfusion-induced lactic acidemia with a pH ≥7.15 [7].

• Deep vein thrombosis prophylaxis. Use either low-dose unfractioned heparin
(UFH) or low-molecular weight heparin (LMWH), unless contraindicated. Use a
mechanical prophylactic device when heparin is contraindicated [7].

• Stress ulcer prophylaxis. Stress ulcer prophylaxis based on H2 blockers or proton
pump inhibitors could be used for septic patients [7].

• Nutritional support. It is very important to initiate early nutritional support in
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critically ill patients. Enteral nutrition is generally safer and more effective than
total parenteral nutrition. Immunonutrition needs to be further studied before
clear recommendations can be made.
As mentioned before, these guidelines were based on the best available evidence.

Ongoing and future studies will provide further valuable information and changes in
these recommendations will become necessary. The use of these guidelines is not
easy in clinical practice. It was an objective of the SSC to facilitate the instrumenta-
tion of these recommendations [47]. In the last phase of the SSC the concept of sep-
sis bundles was introduced. This idea aimed to create a series of simple recommen-
dations easily applicable as packages of measurements for the clinical setting [48].
Conceptually, a bundle is a group of interventions that when implemented together
will result in better outcomes. The bundles were developed in conjunction with the
Institutes for Health Care Improvement (IHCI). Different tools were created to assist
clinicians at the bedside. These clinical tools and databases are available on the SSC
web page. Treatment of severe sepsis can be organized into two groups of interven-
tions known as the initial resuscitation bundle (initial 6 h) and the management bun-
dle (24 h bundle) [49]. Table 25.2 summarizes this particular approach. Some recent
works have studied bundles compliance and new favorable results on outcomes are
coming. It has been shown that bundles compliance is associated with a reduction in
ICU mortality and length of stay [50,51].
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Table 25.2 Sepsis bundles

Sepsis resuscitation bundle (initial 6 h)   

1. Serum lactate measured   

2. Blood cultures obtained before antibiotic administration

3. Broad spectrum antibiotics administered within 3 h for ED or 1 h for ICU admission

4. If hypotension and/or lactate >4 mmol/L

Deliver minimum of 20 mL/kg crystalloid or colloid equivalent

Apply vasopressors for hypotension not responding to fluid resuscitation

5. If persistent hypotension and/or lactate >4 mmol/L

Achieve central venous pressure >8 mm Hg

Achieve central venous oxygen saturation >70%

Sepsis management bundle (24 h bundle)

1. Low dose steroids in septic shock

2. Drotrecogin alfa activated administered in accordance with ICU policy

3. Glucose control <150 mg/dL

4. Inspiratory plateau pressures <30 cm H2O in mechanically ventilated patients



References

1. Martin GS, Mannino D, Eaton S et al (2003) The epidemiology of sepsis in the United States
from 1979 through 2000. N Engl J Med 348:1546–1554

2. Angus D, Linde-Zwirble W, Lidicker J et al (2001) Epidemiology of severe sepsis in the Unit-
ed States: Analysis of incidence, outcome, and associated cost of care. Crit Care Med
29:1303–1310

3. Christaki E, Opal S (2008) Is the mortality rate for septic shock really decreasing? Curr Opin
Crit Care 14:580–586

4. Alberti C, Brun-Buisson C, Burchardi H et al (2002) Epidemiology of sepsis and infection
in ICU patients from an international multicentre cohort study. Intensive Care Med 28:108–121

5. Friedman G, Silva E, Vincent JL (1998) Has the mortality of septic shock changed with time.
Crit Care Med 26:2078–2086

6. Dellinger RP, Carlet JM, Masur H et al (2004) Surviving Sepsis Campaign: Guidelines for
management of severe sepsis and septic shock. Intensive Care Med 30:536–555

7. Dellinger RP, Levy MM, Carlet MM et al (2008) Surviving Sepsis Campaign: International
guidelines for management of severe sepsis and septic shock. Crit Care Med 36:296–327

8. Bone RC, Balk RA, Cerra FB et al (1992) Definitions for sepsis and organ failure and guide-
lines for the use of innovative therapies in sepsis. The ACCP/SCCM Consensus Conference
Committee. American College of Chest Physicians/Society of Critical Care Medicine. Chest
101:1644–1655

9. Levy MM, Fink MP, Marshall JC et al (2003) 2001 SCCM/ESICM/ACCP/ATS/SIS. Interna-
tional Sepsis Definitions Conference. Crit Care Med 31:1250–1256

10. Chan YL, Tseng CP, Tseg PK et al (2004) Procalcitonin as a marker of bacterial infection in
the emergency department: An observational study. Crit Care 8:R12–R20

11. Lobo SM, Lobo FR, Bota DP et al (2003). C-reactive protein levels correlate with mortality
and organ failure in critically ill patients. Chest 123:2043–2049

12. Martini A, Gottin L, Mélot C et al (2008) A prospective evaluation of the infection probabil-
ity score (IPS) in the intensive care unit. J Infect 56:313–318

13. Ince C (2005) The microcirculation is the motor of sepsis. Crit Care 4:S13–S19
14. Spronk PE, Zandstra DF, Ince C (2004) Bench-to-bedside review: Sepsis is a disease of the

microcirculation. Crit Care 8:462–468
15. Fink MP (2002) Cytopathic hypoxia. Is oxygen use impaired in sepsis as a result of an ac-

quired intrinsic derangement in cellular respiration? Crit Care Clin 18:165–175
16. Singer M (2008) Cellular dysfunction in sepsis. Clin Chest Med 29:655–660
17. Nin N, Cassina A, Boggia J et al (2004) Septic diaphragmatic dysfunction is prevented by

Mn(III)porphyrin therapy and inducible nitric oxide synthase inhibition. Intensive Care Med
30:2271–2278

18. Bihari D (1989) Encephalopathy associated with sepsis. In Bihari D, Holaday JW (eds) Up-
date in intensive care and emergency medicine. Brain failure. Springer-Verlag, Berlin, pp
145–163

19. Amaral A, Opal S, Vincent JL (2004) Coagulation in sepsis. Intensive Care Med 30:1032–1040
20. Marshall JC, Cook DJ, Christou NV et al (1995) Multiple organ dysfunction score: A reliable

descriptor of a complex clinical outcome. Crit Care Med 23:1638–1652
21. Vincent J, Moreno R, Takala J et al (1996) The SOFA (Sepsis Related Organ Failure Assesse-

ment) Score to describe organ dysfunction failure. Intensive Care Med 22:707–710
22. Brun Buisson Ch, Doyon F, Carlet J et al (1995) Incidence, risk factors, and outcome of se-

vere sepsis and septic shock in adults. JAMA 274:968–974
23. Barenfanger J, Graham D, Lavanya K et al (2008) Decreased mortality associated with prompt

gram staining of blood cultures. Am J Clin Pathol 130:870–876

25 Sepsis: Clinical Approach, Evidence-Based at the Bedside 311



24. Uzzan B, Cohen R, Nicolas P et al (2007) Procalcitonin as a diagnostic test for sepsis in crit-
ically ill adults and alter surgery or trauma: A systematic review and meta-analysis. Crit Care
Med 34:1996–2003

25. Andrejaitiene J (2006) The diagnostic value of procalcitonin in severe sepsis. Medicina (Kau-
nas) 42:69–78

26. Shapiro NI, Trezeciak S, Hollander J (2009) A prospective, multicenter derivation of a bio-
marker panel to assess risk of organ dysfunction, shock, and death in emergency department
patients with suspected sepsis. Crit Care Med 37:96–104

27. Rivers E, Nguyen B, Havstad S et al (2001) Early goal-directed therapy in the treatment of
severe sepsis and septic shock. N Engl J Med 345:1368–1377

28. Rivers E, Coba V, Whitmill M (2008). Early goal-directed therapy in severe sepsis and septic
shock: A contemporary review of the literature. Curr Opin Anaesthesiol 21:128–140

29. Rivers EP, Coba V, Visbal A et al (2008) Management of sepsis: Early resuscitation. Clin Chest
Med 29:689–704

30. Cook D, Guyatt G (2001) Colloid use for fluid resuscitation: Evidence and spin. Ann Intern
Med 135:205–208

31. Kellum J, Decker J (2001) Use of dopamine in acute renal failure: A meta-analysis. Crit Care
Med 29:1526–1531

32. Kumar A, Roberts D, Wood KE et al (2006) Duration of hypotension prior to initiation of ef-
fective antimicrobial therapy is the critical determinant of survival in human septic shock. Crit
Care Med 34:1589–1596

33. Ibrahim EH, Sherman G, Ward S et al (2001) The influence of inadequate antimicrobial treat-
ment of bloodstream infections on patient outcomes in the ICU setting. Chest 118:146–155

34. Martin JB, Wheeler AP (2009) Approach to the patient with sepsis. Clin Chest Med 30:1–16
35. Annane D, Sebille V, Charpentier C et al (2002) Effect of treatment with low doses of hydro-

cortisone and fludrocortisone on mortality in patients with septic shock. JAMA 288:862–871
36. Sprung CL, Annane D, Keh D et al (2008) Hydrocortisone therapy for patients with septic shock.

N Engl J Med 358:111–124
37. The Acute Respiratory Distress Syndrome Network (2000) Ventilation with lower tidal vol-

umes as compared with traditional tidal volumes for acute lung injury and the acute respira-
tory distress syndrome. N Engl J Med 342:1301–1308

38. Van den Berghe G, Wouters P, Weekers F et al (2001) Intensive insulin therapy in critically ill
patients. N Engl J Med 345:1359–1367

39. Van den Berghe G, Wilmer A, Hermans G et al (2006) Intensive insulin therapy in the med-
ical ICU. N Engl J Med 354:449–461

40. Intensive versus conventional glucose control in critically ill patients (2009) The NICE-SUG-
AR Study Investigators. New Engl J Med 360:1283–1297

41. Bernard GR, Vincent JL, Laterre PF et al (2001) Efficacy and safety of recombinant human
activated protein C for severe sepsis. N Engl J Med 344:699–709

42. Abraham E, Laterre PF, Garg R, et al (2005) Drotrecogin alfa (activated) for adults with se-
vere sepsis and a low risk of death. N Engl J Med 353:1332–1341

43. Vincent JL, Bernard GR, Beale R, et al (2005) Drotrecogin alfa (activated) treatment in se-
vere sepsis from the global open-label trial ENHANCE: Further evidence for survival and safe-
ty and implications for early treatment. Crit Care Med 33:2266–2277

44. Kellum JA, Angus DC, Johnson JP, et al (2002) Continuous versus intermittent renal replace-
ment therapy: A meta-analysis. Intensive Care Med 28:29–37

45. Tonelli M, Manns B, Feller-Kopman D (2002) Acute renal failure in the intensive care unit:
A systematic review of the impact of dialytic modality on mortality and renal recovery. Am
J Kidney Dis 40:875–885

46. Palevsky PM, Zhang JH, O’Connor TZ, et al (2008) The VA/NIH Acute Renal Failure Trial
Network: Intensity of renal support in critically ill patients with acute kidney injury. N Engl

F. J. Hurtado, M. Buroni, J.Tenzi312

25



J Med 359:7–20
47. Available at: http://www.survivingsepsis.org/ Accessed March 3, 2009
48. Levy MM, Pronovost PJ, Dellinger RP et al (2004) Sepsis change bundles: Converting guide-

lines into meaningful change in behavior and clinical outcome. Crit Care Med 32:S595–S597
49. Available at: http://www.ihi.org/IHI/Topics/CriticalCare/Sepsis/ Accessed March 3, 2009
50. Gao F, Melody T, Daniels DF et al (2005) The impact of compliance with 6-hour and 24-hour

sepsis bundle on hospital mortality in patients with severe sepsis: A prospective observation-
al study. Crit Care 9:R764–R770

51. Zambon M, Ceola M, Almeida-de-Castro R et al (2008) Implementation of the Surviving Sep-
sis Campaign guidelines for severe sepsis and septic shock: We could go faster. J Crit Care
23:455–460

25 Sepsis: Clinical Approach, Evidence-Based at the Bedside 313


