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Despite recent advances in the management of severe sepsis and septic shock, this 
condition continues to be the leading cause of death worldwide. Some experts usually 

consider sepsis as one of the most challenging syndromes  because of its multiple 
presentations and the variety of its complications. Various investigators from all over 
the world got their chance in this book to provide important information regarding 

this deadly disease. We hope that the efforts of these investigators will result in a 
useful way to continue with intense work and interest for the care of our patients.
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Preface 

Sepsis has been defined as a serious condition in which there is a systemic
inflammation secondary to an infectious process. This can progress to a level at which 
it results in a complex disorder, leading to multiple organ failure and eventually
death. Although it has been well recognized as one of the top killers worldwide, its
incidence continues to rise dramatically with some studies showing approximately 
1,400 daily deaths.   

Some experts usually consider sepsis as one of the most challenging conditions
because of its multiple presentations and the variety of its complications.

Since severe sepsis/septic shock is one of the leading causes of intensive care units
admissions, the costs are overwhelming . There is no doubt that the development and
implementation of standards of care should help provide an adequate management 
and improve the patient’s outcome. 

For instance, various investigators from all over the world got their chance, in this 
book, to provide important information regarding this deadly disease .

The chapters of this book have been guided by numerous references designed to
understand the mechanism, consequences and recommended therapies for severe 
sepsis and septic shock.

The book is divided in multiple sections in order to study all of the aspects of sepsis 
and fulfil the readers‘ interest in this condition. 

We hope that the efforts of these investigators will result in a useful way to not only
create consciousness of  early diagnosis and treatment, but also to continue with 
intense work and interest for the care of our patients. 

We also want to appreciate the assistance of the publishing manager and all of the 
people that collaborated with the book. 
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Epidemiology of Severe  
Sepsis and Septic Shock 

Arturo Artero1, Rafael Zaragoza2 and José Miguel Nogueira3 
1Departments of Internal Medicine 

 2Intensive Care  
3Clinical Microbiology 

Hospital Universitario Dr. Peset, Valencia  
Departaments of Medicine and Microbiology, Universitat de València  

Spain 

1. Introduction 

Sepsis is defined as the combination of pathologic infection and physiological changes 
known collectively as the systemic inflammatory response syndrome (Martin, 2003). This 
response results in physiological alterations that occur at the capillary endothelial level. In 
the early stages, the clinical manifestations of this process are unspecific and it is often 
underappreciated in clinical practice. However, early recognition of this syndrome is vital to 
reducing mortality in sepsis. 
From clinical studies sepsis can be seen as a continuum of severity that begins with an 
infection, followed in some cases by sepsis, severe sepsis – with organ dysfunction – and 
septic shock. There has been a substantial increase in the incidence of sepsis during the last 
decades, and it appears to be rising over time, with an increasing number of deaths 
occurring despite a decline in overall in-hospital mortality (Bone, 1992). Advanced age, 
underlying comorbidities and number of organ dysfunction are factors which are 
consistently associated with higher mortality in severe sepsis and septic shock. 
In this chapter we are going to review the definitions of sepsis syndromes, the factors  
that have contributed to the widening of physicians’ awareness of sepsis, severe sepsis  
and septic shock; the incidence of severe sepsis and septic shock; the epidemiological  
data of patients with severe sepsis and septic shock in the emergency departments and 
intensive care units; the causative microorganisms, and the changes observed over recent 
years. 

2. Definitions 

The concept of sepsis syndrome originated during the time of Hippocrates. But it was not 
until the nineteenth century when Sir William Osler recognized that “except on few 
occasions, the patient appears to die from the body’s response to infection rather than to the 
infection” (Hodgkin, 2008). During a long period of time great confusion existed as to the 
description of systemic inflammatory response to infection, and several terms were used 
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interchangeably: septicemia, sepsis, sepsis syndrome and septic shock. In clinical practice 
sepsis is the most confusing term used to describe the body’s systemic response to infection, 
and to many clinicians sepsis implies a life-threatening state. 
 

Bacteremia The presence of viable bacteria in the blood 

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

(1) temperature >38ºC or <36ºC 
(2) heart rate >90 beats per minute 
(3) respiratory rate >20 breaths per minute or PaCO2 <32 

mm Hg 
(4) white blood cell count >12,000/cu mm, <4,000/cu 

mm, or >10% immature (band) forms 
 

Sepsis The systemic inflammatory response (SIRS) as a result of 
infection 

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-induced 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  
in mental status. Patients who are receiving  
inotropic or vasopressor agents may not be hypotensive  
at the time that perfusion abnormalities are  
measured. 

Table 1. Definition of bacteremia, SIRS, sepsis, severe sepsis and septic shock. 

In 1991, the American College of Chest Physicians and the Society of Critical Care Medicine 
convened a Consensus Conference and the definitions of sepsis syndromes were published 
in order to clarify the terminology used to describe the body's systemic responses to 
infection (Bone, 1992). These definitions are easy to use, based on clinical data of the 
patients, and describe a clinical continuum response to infection. 
In the opinion of the authors of this chapter these definitions have not only been widely 
used in practice and clinical trials of therapeutic interventions but they have greatly 
contributed to the recognition of these syndromes. Before analyzing the epidemiology of 
severe sepsis and septic shock the reader should be familiarized with all these terms. The 
definitions of bacteremia, systemic inflammatory response syndrome (SIRS), sepsis, severe 
sepsis and septic shock are shown in table 1, and the relationships between infection, 
systemic inflammatory response syndrome (SIRS) and septic syndromes are shown in figure 1.  
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Fig. 1. The relationship between infection, systemic inflammatory response syndrome (SIRS) 
and sepsis syndromes. 

In 2001, an International Sepsis Definitions Conference (Levy, 2003; Dunne, 2003) was 
sponsored by the Society of Critical Care Medicine (SCCM), the European Society of 
Intensive Care Medicine (ESICM), the American College of Chest Physicians (ACCP), the 
American Thoracic Society (ATS), and the Surgical Infection Society (SIS) to revisit the 1992 
sepsis guidelines. Based on this conference a consensus document was developed, 
concluding that there was not enough evidence to support a change to the previous 
definitions. This document expanded the list of signs and symptoms of sepsis to reflect 
clinical bedside experience. Besides, the document developed a classification scheme for 
sepsis, called PIRO (Predisposition, Insult infection, Response, Organ dysfunction), that will 
stratify patients on the basis of their predisposing conditions, the nature and extent of the 
insult (in the case of sepsis, infection), the nature and magnitude of the host response, and 
the degree of concomitant organ dysfunction. This has provided a basis for introducing 
PIRO as a hypothesis-generating model for future research. 
Predisposition (P) was the new element which was added to the IRO model proposed by 
John Marshall and based on the TNM system used in oncology patients. Factors that 
predispose patients to outcome in sepsis include genetic factors, environment, cultural 
factors and pre-existing diseases.  
Infections (I) have four categories with a significant impact on outcome: The site, extent, 
source (hospital vs. community-acquired, etc) and type of organism. Besides, the immune 
status of a patient is related with opportunistic infections, which are associated with worse 
prognosis.  
Response (R) is affected by several factors, such as: age, type of invading microorganism, 
genotype and co-morbidities. The use of biomarkers to stratify the degree of response is one 
of the most promising elements for diagnosis and risk assessment in the future. Given the 
complexity of the immune response in sepsis a single static measurement of a biomarker 
(pro-calcitonin or any other biomarker) may not be as important as a dynamic assessment of 
change over time.  
The level of organ dysfunction is similar to the presence of metastatic disease in cancer. The 
evaluation of organ dysfunction has evolved from describing it in all-or-nothing terms to 
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use organ failures scores to describe the degree of organ dysfunction developing over the 
course of critical illness.  
The participants in this conference gave priority to the facilitation of bedside diagnosis over 
standardized sepsis entry criteria for clinical trials. The conclusions of this conference can be 
summarized as: 1) The current concepts of sepsis, severe sepsis, and septic shock seem to be 
robust definitions and should remain as described 10 yrs ago. 2) Current definitions do not 
allow for precise staging of the host response to infection. 3) Signs and symptoms of sepsis 
are more varied than the initial criteria established in 1991. 4) A list of these signs and 
symptoms, for the diagnosis of sepsis is presented. 5) The future lies in developing a staging 
system that will characterize progression of sepsis. A new system, PIRO, is proposed for 
characterizing and staging the host response to infection. 
The diagnostic criteria for sepsis in adults are shown in table 2. The definition of Systemic 
Inflammatory Response Syndrome (SIRS) in pediatrics is defined as: “The presence of two 
or more of the following criteria, one of which must be abnormal temperature or leukocyte 
count: a) Core temperature of > 38.5ºC or < 36ºC. b) Tachycardia, defined as a mean heart  
 
 

Documented o suspected Infection and some of the folloging:
- General variables Fever (core temperature >38.3°C)

Hypothermia (core temperature <36°C) 
Heart rate >90 min 
Tachypnea 
Altered mental status 
Significant edema or positive fluid balance (>20 mL/kg 
over 24 hrs) 
Hyperglycemia (plasma glucose >120 mg/dL or 7.7 
mmol/L) in the absence of diabetes

- Inflammatory variables Leukocytosis (WBC count >12,000 µL-1)
Leukopenia (WBC count <4000 µL-1) 
Normal WBC count with >10% immature forms 
Plasma C-reactive protein>2 SD above the normal value 
Plasma procalcitonin >2 SD above the normal value 

- Hemodynamic variables Arterial hypotension (SBP <90 mm Hg, MAP <70, or an 
SBP decrease >40 mm Hg  
SvO2 >70% 
Cardiac index >3.5 L.min-1.M-23

- Organ dysfunction variables Arterial hypoxemia (PaO2/FIO2 <300)
Acute oliguria (urine output <0.5 mL.kg-1.hr-1 or 45 
mmol/L for at least 2 hrs) 
Creatinine increase >0.5 mg/dL 
Coagulation abnormalities (INR >1.5 or aPTT >60 secs) 
Ileus (absent bowel sounds) 
Thrombocytopenia (platelet count <100,000 µL-1) 
Hyperbilirubinemia (plasma total bilirubin >4 mg/dL 
or 70 mmol/L)

   - Tissue perfusion variables Hyperlactatemia (>1 mmol/L)
Decreased capillary refill or mottling

Table 2. Diagnostic criteria for sepsis in aduts 
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rate > 2 sd above normal for age in the absence of external stimulus, chronic drugs, or 
painful stimuli; or otherwise unexplained persistent elevation over a 0.5- to 4-hour time 
period or for children < 1 year old: Bradycardia, defined as a mean heart rate < 10th 
percentile for age in the absence of external vagal stimulus, beta-blocker drugs, or congenital 
heart disease; or otherwise unexplained persistent depression over a 0.5-hour time period. c) 
Mean respiratory rate > 2 sd above normal for age or mechanical ventilation for an acute 
process not related to underlying neuromuscular disease or the receipt of general 
anesthesia. d) Leukocyte count elevated or depressed for age (not secondary to 
chemotherapy-induced leukopenia) or > 10% immature neutrophils. 
Criteria for sepsis in the pediatric population are different: arterial hypotension is defined as 
<2 SD below normal for age; neither SvO2 >70% nor cardiac index >3.5 L.min-1.M-23 should 
be used as signs of sepsis in newborns or children. Diagnostic criteria for sepsis in the 
pediatric population are signs and symptoms of inflammation plus infection with rectal 
temperature >38.5 or <35°C, tachycardia (may be absent in hypothermic patients), and at 
least one of the following indications of altered organ function: altered mental status, 
hypoxemia, increased serum lactate level, or bounding pulses. 
A bedside diagnosis of sepsis is not frequently base only on these criteria. Instead, experienced 
clinicians consider some physical and laboratory finding that prompt them to conclude that an 
infected patient “looks septic”.  These findings include general variables (altered mental status, 
significant edema …), inflammatory variables (plasma C-reactive protein, plasma 
procalcitonin …), hemodynamic variables (arterial hypotension, SvO2 …), organ dysfunction 
variables (arterial hypoxemia, acute oliguria, coagulation abnormalities …), and tissue 
perfusion variables (decreased capillary refill or mottling, hyperlactatemia).  
In summary, the definitions of sepsis, severe sepsis and septic shock established in 1992 are 
useful to clinicians and researchers. However they are not precise tools to predict the 
outcomes of these syndromes, so the inclusion of clinical, microbiological and biological 
factors in clinical practice may aid to better characterize the prognosis of sepsis. Further 
evidence is needed to support changes in the current definitions of sepsis.  

3. Incidence of severe sepsis and septic shock  
The epidemiology of sepsis, severe sepsis and septic shock is not well known due to the 
absence of population base prospective cohort studies, and to the fact that most of the 
studies on the epidemiology of sepsis are based on hospital discharge diagnoses which do 
not use the consensus definitions. The incidence of severe sepsis and septic shock has 
notably increased in recent years, and appears to be rising over time (figure 2). 
A comparison of population incidence and hospital prevalence of severe sepsis reported 
from several studies is shown in table 3. 
In 1990, the Centers for Disease Control (CDC), based on data from the National Hospital 
Discharge Survey, estimated that there were 450,000 cases of sepsis per year in the United 
States (CDC, 1990). Angus, using ICD-9-CM codes, in a large observational cohort study 
(n=6,621,559) in the United States in 1995, identified 192,980 cases of severe sepsis which 
represents an estimated incidence of 3.0 cases per 1,000 population, 2.26 cases per 100 
hospital discharges, and 11 percent of all admissions to the ICU (Angus, 2001). However, the 
accuracy of ICD-9-CM coding for the identification of specific medical conditions remains 
controversial, and Martin (Martin, 2003) suggested that Angus’s estimates may overstate the 
incidence of severe sepsis by as much as a factor of two to four. 
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percentile for age in the absence of external vagal stimulus, beta-blocker drugs, or congenital 
heart disease; or otherwise unexplained persistent depression over a 0.5-hour time period. c) 
Mean respiratory rate > 2 sd above normal for age or mechanical ventilation for an acute 
process not related to underlying neuromuscular disease or the receipt of general 
anesthesia. d) Leukocyte count elevated or depressed for age (not secondary to 
chemotherapy-induced leukopenia) or > 10% immature neutrophils. 
Criteria for sepsis in the pediatric population are different: arterial hypotension is defined as 
<2 SD below normal for age; neither SvO2 >70% nor cardiac index >3.5 L.min-1.M-23 should 
be used as signs of sepsis in newborns or children. Diagnostic criteria for sepsis in the 
pediatric population are signs and symptoms of inflammation plus infection with rectal 
temperature >38.5 or <35°C, tachycardia (may be absent in hypothermic patients), and at 
least one of the following indications of altered organ function: altered mental status, 
hypoxemia, increased serum lactate level, or bounding pulses. 
A bedside diagnosis of sepsis is not frequently base only on these criteria. Instead, experienced 
clinicians consider some physical and laboratory finding that prompt them to conclude that an 
infected patient “looks septic”.  These findings include general variables (altered mental status, 
significant edema …), inflammatory variables (plasma C-reactive protein, plasma 
procalcitonin …), hemodynamic variables (arterial hypotension, SvO2 …), organ dysfunction 
variables (arterial hypoxemia, acute oliguria, coagulation abnormalities …), and tissue 
perfusion variables (decreased capillary refill or mottling, hyperlactatemia).  
In summary, the definitions of sepsis, severe sepsis and septic shock established in 1992 are 
useful to clinicians and researchers. However they are not precise tools to predict the 
outcomes of these syndromes, so the inclusion of clinical, microbiological and biological 
factors in clinical practice may aid to better characterize the prognosis of sepsis. Further 
evidence is needed to support changes in the current definitions of sepsis.  

3. Incidence of severe sepsis and septic shock  
The epidemiology of sepsis, severe sepsis and septic shock is not well known due to the 
absence of population base prospective cohort studies, and to the fact that most of the 
studies on the epidemiology of sepsis are based on hospital discharge diagnoses which do 
not use the consensus definitions. The incidence of severe sepsis and septic shock has 
notably increased in recent years, and appears to be rising over time (figure 2). 
A comparison of population incidence and hospital prevalence of severe sepsis reported 
from several studies is shown in table 3. 
In 1990, the Centers for Disease Control (CDC), based on data from the National Hospital 
Discharge Survey, estimated that there were 450,000 cases of sepsis per year in the United 
States (CDC, 1990). Angus, using ICD-9-CM codes, in a large observational cohort study 
(n=6,621,559) in the United States in 1995, identified 192,980 cases of severe sepsis which 
represents an estimated incidence of 3.0 cases per 1,000 population, 2.26 cases per 100 
hospital discharges, and 11 percent of all admissions to the ICU (Angus, 2001). However, the 
accuracy of ICD-9-CM coding for the identification of specific medical conditions remains 
controversial, and Martin (Martin, 2003) suggested that Angus’s estimates may overstate the 
incidence of severe sepsis by as much as a factor of two to four. 
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Martin et al. (Martin, 2003) identified 10,319,418 cases of sepsis from an estimated 750 
million hospitalizations in the United States over a 22-yr period, with an increase in 
frequency from 82.7 cases per 100,000 population in 1979 to 240.4 cases per 100,000 
population in 2000, therefore there was an annualized increase in the incidence of sepsis of 
8.7 percent. 
 

 
Country 

 
Author, yr 

Prevalence in 
hospital per 

100 admissions 

Prevalence in 
ICUs per 100 

ICU 
admissions 

Estimated 
incidence per 

100,000 
population 

Australia Sundarajan, 
2005 4.3 NR 76 

Australia & 
N.Zeland 

Finfer, 2004 - 11.8 77 

Europe Alberti, 2001 - 15.5 - 
Europe Vincet, 2006 - 30.0 - 
Finland Karlsson, 2007 - 10.5 69 
France Brun-Buisson, 

1995 2.9 11.9 - 

France Episepsis, 2004 - 14.6 95 
Germany Engel, 2006 - 11.0 76 
Netherlands Van Gestel, 

2004 - 11.0 54 

Norway Flaatten, 2004 3 - 48 
United 
Kingdom 

Padkin, 2003 - 27.1 51 

Spain Esteban, 2007 12.4 - 104 
USA Angus, 2001 2.6 11 300 
USA Martin, 2003 4.7 - 81 

Table 3. Prevalence of severe sepsis in several studies around the world. ( Adapted from 
Brun-Buisson C. Impact of Sepsis on Public Health. In: Dellinger P, Carlet J, editors. Sepsis 
handbook. 1st ed. Marcy l’Etoile: Editons Biomerieux;2009. p. 8-17). 

In a recent prospective, observational study in Iceland, the incidence of severe sepsis and 
septic shock was 0.48 per 1,000 inhabitants ≥18 years of age per year [95% confidence 
intervals (CI) 0.42-0.55] (Vesteinsdottir, 2011). 
The Italian SEPSIS study found that in 99 ICUs the prevalence of SIRS, sepsis, severe sepsis 
and septic shock in patients admitted to ICUs were  58%, 16%, 5% and 6%, respectively 
(Salvo, 1995). These and other results provide evidence of how the progression from sepsis 
to septic shock follows a continuum. 
In an international multicenter cohort study on sepsis and infection in intensive care unit 
patients (Artigas 2002), infections had a crude incidence of 21.1%. Among 3,034 infectious 
episodes 24% were associated with severe sepsis and 30% with septic shock. The frequency 
of septic shock is increasing with more multiresistant strains. Annane et al analyzed the 
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epidemiology of septic shock from 100,554 intensive care unit admissions and found that the 
frequency of septic shock increased from 7.0 per 100 admissions in 1993 to 9.7 per 100 
admissions in 2000 (Annane, 2003).  
 

 
Fig. 2. Incidence of septic shock. Data collected over an 8-year period from 22 hospitals 
(adapted from Annane et al Am J Respir Crit Care Med 2003; 168:165-72). 

Using the Emergency Department data of 2001-2004 from the National Hospital Ambulatory 
Medical Care Survey, and applying the 2003 international consensus criteria, Wang et al 
(Wang 2007) estimated the burden of severe sepsis in Emergency Departments as more than 
500,000 adult patients per year, with individual patients spending an average of almost 5 hrs 
in the Emergency Department. Due to limitations of the study, such as not having access to 
data of respiratory rate, the true number of cases may be even higher.  
Most cases of severe sepsis occur in patients who are already hospitalized for other reasons. 
In a series of 166 patients with bloodstream infections admitted to an intensive care unit we 
found that 82.5% of  patients had nosocomial acquired infections, and the nosocomial origin 
of the bacteremia was associated with inadequate empirical antimicrobial treatment 
(Zaragoza, 2003). 
Dombrovskiy et al. used the NIS to show that from 1993 to 2003, the age-adjusted rate of 
hospitalization for severe sepsis increased from 66.8 to 132.0 cases per 100,000 persons 
(Dombrovskiy, 2007).   
Sepsis remains a significant cause of morbidity and mortality in pediatric population. 
Watson et al (Watson, 2003) using 1995 hospital discharge and population data from seven 
states analyzed the incidence of severe sepsis in children in the United States (see figure 3). 
The incidence was highest in infants (5.16 cases per 1000) and over 20% were low birth 
weight neonates. The respiratory tract (37%) and primary bloodstream infections (25%) were 
the most common sources of infection. 
Sepsis is an important source of postoperative morbidity and mortality. Recently, Bateman 
et al studied the temporal trends in the epidemiology of severe postoperative sepsis after 
elective surgery in patients aged 18 years or older for any of the 20 most common primary 
procedure types who had a length of stay more than 3 days from the NIS dataset for the 
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years 1997–2006, and found that the rate of severe sepsis increased from 0.3% in 1997 to 0.9% 
in 2006. This trend persisted after adjusting for relevant covariables—the adjusted odds ratio 
of severe sepsis per year increase in the study period was 1.12 (95% CI, 1.11–1.13; P _ 0.001) 
(Bateman, 2010).  Abdominal surgery has been described as the most prevalent class of 
surgical procedure in severe postoperative sepsis. The reasons for the increased rate of 
severe postoperative sepsis are unknown, but possible causes are an increase in the 
proportion of infections caused by resistant microorganisms and an increase in the 
comorbidities that predispose to sepsis. 
 

 
Fig. 3. Annual incidence of severe sepsis by age in the pediatric population of the United 
States (Modified from Watson RS et al. The epidemiology of severe sepsis in children in the 
United States. Am J Respir Crit Care Med 2003;167:695–701). 

4. Epidemiological data of patients     

Age 
There is a direct relationship between advanced age and the incidence of severe sepsis y 
septic shock, with a sharp increase in incidence in elderly people (Wang, 2007; Angus, 2001). 
The incidence of severe sepsis in infants is also elevated, with an annual rate of 5.3 cases per 
1,000 population (Angus, 2001).  
The median age of patients with severe sepsis in most studies is between 60 to 65 years, and 
when the patients are stratified at the age of 65, the relative risk for sepsis was 13 times 
higher for patients aged 65 and above. Martin et al (Martin, 2006) found that the incidence 
rates of sepsis increased 20.4% faster among older patients 65 years of age or older than 
among younger patients from 1979 to 2002 (mean increase per year, 11.5% versus 9.5%; 
P<.001). Epidemiological studies analyzing data from the 1990s found an increased 
incidence of severe sepsis in young people, especially men in their thirties, which could be 
attributed to patients with human immunodeficiency virus related conditions. However, the 
better control of the HIV epidemic in developed countries is changing this trend.   
Gram-negative microorganisms are more frequent in older patients than in younger 
patients. Escherichia coli has found to be the most common microorganism in patients older 
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than 65 years, whereas Staphylococcus aureus was the most frequent microorganism in 
younger patients with community acquired bacteremia (Diekema, 2002). Likewise, the 
source of infection has also been different among older patients with sepsis than among 
younger patients. Urinary tract infection is more frequently the source of sepsis in older 
patients than in younger patients. 

 

 
Fig. 4. Rate of severe postoperative sepsis after elective surgery by year (adapted from 
Bateman, Anesthesiology 2010). 

The relationship between age and incidence of severe sepsis and septic shock in a series of 
455 adult patients with these disorders admitted to an ICU at the Hospital Universitario Dr. 
Peset, in Valencia (Spain) is shown in figure 5.  
 

 
Fig. 5. Relationship between the incidence of severe sepsis and septic shock and patient’s 
age in a series of 455 cases with these disorders admitted to ICU at the Hospital 
Universitario Dr. Peset, Valencia, Spain. 
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Race 
Epidemiologic studies have shown a higher incidence of severe sepsis and septic shock in 
black people, suggesting a possible genetic predisposition. Alternatively, a higher 
prevalence of renal disease and diabetes in the black population might explain the higher 
incidence of these syndromes (Mayr 2010; Martin 2003).  
Besides, a higher incidence of severe sepsis and septic shock in black people could be related 
to the higher percentage of black people living in poverty. Otherwise, the mean age of black 
people has been found to be lower in black people than in white people.  
A higher infection rate and a higher risk of acute organ dysfunction in black as compared  
to white individuals could explain racial differences in severe sepsis (Mayr 2010).  
Lastly, race specific genetic polymorphisms in the host response to infection may predispose 
certain racial groups to increased incidence or worse outcomes with sepsis (Berkowitz  
2007). 
 

 
Fig. 6. Relationship between gender and the incidence of severe sepsis and septic shock 
according to the patient’s age in a series of 455 cases with these disorders admitted to ICU 
(see text). 

Sex 
Men are more likely than women to develop sepsis, with a mean annual relative risk of  
1.28 (95% CI 1.24-1.32) (Martin, 2003). However, it is not clear whether this difference  
could be due to a higher prevalence of comorbidities in men, or whether women are 
protected against the inflammatory changes that occur in severe sepsis and septic shock 
(Angus, 2001).  
2001; Martin, 2003). Female gender has been found to substantially decrease the risk for 
developing severe sepsis, independent of other patient and surgical risk factors, after 
elective surgery (Bateman, 2010). 
In figures 5 and 6 are shown the distribution of severe sepsis and septic shock according to 
gender and age in a series of 455 patients with these disorders admitted to an ICU at the 
Hospital Universitario Dr. Peset in Valencia (Spain). 
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The absence of a link between the incidence of severe sepsis and menopause argues against 
the gender differences being solely mediated through sex hormones. Also, women appear to 
have a lower rate of age-adjusted severe sepsis as a consequence of fewer episodes of 
respiratory origin (Angus 2001).  
The sources of infections in severe sepsis are different between genders. Women are more 
likely than men to have genitourinary infections urinary tract infections, whereas men are 
more likely to have respiratory infections, but other sources of sepsis appears to have a 
similar distribution. 

Comorbidities 
Patients with severe sepsis and septic shock frequently have underlying comorbidities 
which predispose them to infections and may have an additive contribution to mortality.  
McCabe classification has been widely used for assessing the severity of underlying diseases 
in patients with severe sepsis and septic shock.  
 

McCabe Class Frequency 

0 = No underlying disease 27% 

1 = Non-fatal disease or expected death within >5 years 33% 

2 = Ultimately fatal disease  or expected death within 1-5 years 30% 

3 = Rapidily fatal disease or expected death within <1 year 10% 

Table 4. Frequency of underlying diseases according to MaCabe classification among 
patients with severe sepsis (adapted from Brun-Buisson et al, Care Med 2004). 

Angus et al in a large observational study on severe sepsis (n=192,980) found that any 
underlying comorbidity occurred in 55.5% of cases, and the most prevalent coexisting 
conditions were chronic obstructive pulmonary disease (12.3%) and  nonmetastatic 
neoplasm (11.6%) (Angus, 2001). Annane et al analyzed 8,251 cases of septic shock from 22 
intensive care units and found a high proportion of patients having underlying disease with 
presumably reduced life expectancy (Annane, 2003). In this series the most common 
comorbidities were: Immune deficiency (21.9%), chronic pulmonary disease (9.2%)  
and hematologic malignancy (8.4%). Martin et al  over a 22-year period identified  10,319,418 
cases  of sepsis with a proportion of organ failure in 33.6 percent of patients during the most 
recent subperiod, resulting in the identification of 184,060 cases of severe sepsis in 1995  
and 256,033 in 2000. In this series the most frequent comorbidities were diabetes (12.2-
18,7%), hypertension (7.0-18.6%), cancer (14.5-18.0%) and congestive heart failure (8.6-
15.2%). 
The coexisting conditions represented in observational studies (Zaragoza 2003 and Artero 
2010)  are probably more representative of those in all patients with severe sepsis and septic 
shock than are the conditions documented in participants in clinical trials, from which 
patients with certain medical conditions (e.g., HIV infection, or cancer) may be excluded. In 
our series of 455 patients with severe sepsis and septic shock admitted to ICU diabetes 
mellitus was the most prevalent comorbity, followed by chronic heart failure and CPOD 
(See table 5). 
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Race 
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Fig. 7. Coexistent conditions in patients with severe sepsis and septic shock (adapted from 
several large observational studies).  

5. Sources of severe sepsis and septic shock 
The lung is the primary source of infection both in severe sepsis and in septic shock, 
followed by the abdomen, the urinary tract, soft tissues and primary blood stream infection 
(Annane 2003, Blanco 2008, Kumar 2010).  The sites of infection in a series of 4,662 patients 
with septic shock is shown in figure 8, and the sites of infection in a cohort study of 192,980 
cases of severe sepsis is shown in figure 9.  
 

Comorbidities Number Percentage 
Diabetes mellitus 102 22.4 

COPD 81 17.8 
Heart failure 99 21.7 
Alcoholism 49 10.7 
Malignancy 51 11.2 

Liver cirrhosis 26 5.6 
Chronic renal insufficiency 39 8.5 

HIV 17 3.7 

Table 5. Underlying comorbidities in 455 adult patients with severe sepsis and septic shock 
in an ICU. 

Intra-abdominal and respiratory sources of sepsis have been considered as risk foci of 
infection, because these foci were associated with a higher mortality than other sources of 
sepsis. These foci have also been related to inadequate empirical antimicrobial treatment 
(Zaragoza, 2003). 
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Fig. 8. Sources of septic shock (adapted from Kumar et al, Crit Care Med 2010; 38:1773–85). 

6. Microorganisms that cause severe sepsis and septic shock 

The proportion of severe sepsis and septic shock with unidentified pathogen is about one 
third. In some studies the infection was not documented in 40% of cases, possibly due to the 
increase in empiric antibiotic treatment (Guidet 2005). The percentage of positive blood 
culture increases with the severity of the sepsis syndrome. 
Traditionally, Gram-negative bacilli - mostly represented by Escherichia coli, Pseudomonas 
aeruginosa, Klebsiella pneumonia - were more prevalent than Gram-positive cocci - 
Staphylococcus aureus, Streptococcus pneumonia, Enterococcus spp. - . However, Gram-positive 
microorganisms have become the most common microorganisms isolated in the more recent  
 

 
Fig. 9. Sources of severe sepsis (adapted from Angus et al, Crit Care Med 2001; 29:1303–10). 
studies (Guidet, 2005). The percentage of polymicrobial infection as well as the proportion of 
multiresistant bacteria like Pseudomonas and methicillin-resistant Staphylococci, has 
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significantly increased over time (Annane 2003). The incidence of fungi has also been 
reported to be increasing in recent years. 
 

 
Fig. 10. Cases of severe sepsis according to the causative origin (adapted from Martin et al 
New Engl J Med 2003;348:1546-1554). 

Age influence the etiology of severe sepsis and septic shock in the pediatric population. 
During the neonatal period the most frequent microorganisms isolated are group B 
streptococci and enteric bacilli, such as Escherichia coli. Listeria monocytogenes, enterococci, 
Haemophilus influenzae, and Streptococcus pneumoniae are less common pathogens isolated. 
The incidence of coagulase-negative staphylococci, Staphylococcus aureus, gram-negative 
bacilli, and fungi are increasing in the pediatric population as a consequence of the advances 
in neonatology. S. pneumoniae, Neisseria meningitidis,and H. influenzae type B are common 
pathogenes beyond the neonatal period.  
Immunodeficiency predispose children to some specific microorganisms, such as gram-
negative bacteria, alpha-hemolytic streptococci, Viridans group streptococci and 
cytomegalovirus in neutropenic patients; Streptococcus pneumoniae,P. aeruginosa, 
Staphylococcus aureus, and Haemophilus influenza type B in patients with acquired 
immunodeficiency virus; and Streptococcus pneumoniae, Salmonella spp., Haemophilus influenza 
type B, and N. meningitides in patients with asplenia.  

7. Morbidity 
Half of severe sepsis survivors are readmitted to hospital within a year, and their quality of 
life is comparable with survivors of polytrauma. Jagodič et al studied the long-term survival 
and quality of life of patients treated in a surgical ICU because of sepsis or trauma, and 
found that the quality of life (assessed after 2 years following ICU admission using the 
EuroQol 5D questionnaire) was reduced to the same level in both groups (see figure 12), and 
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82% of patients reported a problem (moderate or extreme) in at least one dimension of 
EuroQol 5D (Jagodič, 2006).  
 

 
Fig. 11. Quality of life of 164 patients with sepsis or trauma after 2 years following ICU 
admission using the EuroQol 5D questionnaire (Jagodič et al, Crit Care 2006). 

Acute respiratory distress syndrome, myocardial dysfunction, acute renal failure and 
chronic dysfunction, disseminated intravascular coagulation (DIC), and liver failure are all 
significant sequels of severe sepsis and septic shock. Furthermore, recent evidence shows 
that septic shock in elderly persons leads to significant long-term cognitive and functional 
disability as a consequence of prolonged tissue hypoperfusion (Iwashyna 2010). 

8. Mortality 
The Centers for Disease Control and Prevention has estimated that sepsis is the tenth 
leading cause of death overall in the United States (Hoyert 2001). Severe sepsis is considered 
to be the most common cause of death in noncoronary critical care units. The deaths related 
to severe sepsis exceed the numbers of persons with other diseases that attract higher public 
awareness, such as breast cancer and AIDS (Moss 2005). The mortality rates of severe sepsis 
and septic shock are 25 to 30% and 40 to 70%, respectively.  
The mortality rate according to sepsis diagnostic criteria in shown in figure 12.  
In this picture the global in-hospital mortality rate in 624 patients with sepsis syndromes 
admitted to the ICU in our hospital was 37.7%, 55.9% and 66.2% in sepsis, severe sepsis and 
septic shock, respectively. However the related mortality to infection was quite a few lower 
(7.7%, 16.7% and 30.1% in sepsis, severe sepsis and septic shock, respectively).  
The crude mortality rate of septic shock  is decreasing, but patients with septic shock still 
have a high excess risk of death than critically ill patients who are nonseptic. Annane et al in 
an epidemiological study analyzed 100,554 intensive care unit admissions on the Collège 
des Utilisateurs de Bases de données en Réanimation (CUB-Re´a) database, collected from 
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22 hospitals over a 8-year period, 1993 to 2000, and found an overall frequency of septic 
shock of 8.2 per 100 admissions, and a crude mortality of 60.1% and declined from 62.1% (in 
1993) to 55.9 (in 2000) (p < 0.001). As compared with matched intensive care unit admissions 
without sepsis, the excess risk of death due to septic shock was 25.7 (95% confidence 
interval, 24.0–27.3) and the matched odds ratio of death was 3.9 (95% confidence interval, 
3.5–4.3) (Annane, 2003). 
 

 
Fig. 12. Mortality rate according to sepsis diagnostic criteria. 

The severity of severe sepsis and septic shock do not markedly depend on the source  
of infection or on its causative microorganism. On the contrary, mortality is directly 
related to the occurrence of organ failure in sepsis, and this relationship has remained 
consistent among patients of different races and sexes. However, organ failure scores  
may have difficulty quantifying the contribution that preexisting organ dysfunction adds 
to risk. 
The patient’s underlying comorbidities are directly related to mortality in several studies. 
The index of McCabe and Jackson is one of the most useful scores used in epidemiological 
and clinical studies to quantify underlying consitions. APACHE II, Simplified Acute 
Physiology Score (SAPS II) and the sequential organ failure assessments (SOFA) are 
prognostic scores based on bedside evaluation which are widely used to predict the 
prognosis of severe sepsis and septic shock. 
The hospital mortality of severe sepsis is about 30% according to several studies, but this 
rate has been found much lower in children and previously healthy adults. Mirzanejad et al 
found that mortality from pneumococcal bacteremia varied from 3.2% in children to 43% in 
the elderly (Mirzanejad, 1996). This fact suggest attributable mortality of sepsis may be 
much less than the commonly observed 30% and that the mechanism by which sepsis causes 
death is highly dependent on individual patient factors, many of which may not be 
reversible by single antisepsis agents (Angus, 2001). 
Patients with sepsis who had any organ failure have higher mortality. Besides, organ failure 
has a cumulative effect on outcomes:  mortality in patients without organ failure is 
approximately 15 percent, whereas it reaches 70 percent in  patients with three or more 
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failing organs (classified as having severe sepsis and septic shock). The organs that failed 
most frequently in patients with sepsis are shown in figure 13. 
 

Organ failure
lungs

kidneys

cardiovasular

hematologic

metabolic

neurologic

 
Fig. 13. Organs that fail most frequently in patients with sepsis. 

Predictors of mortality in severe sepsis and septic shock in community acquired blood 
stream infectios are shown in table 3. In this study (Artero 2010) the global mortality rate 
was 41.9%, 44.5% in community acquired septic shock and 34.4% in severe sepsis, and by 
univariate analysis, age, Acute Physiology and Chronic Health Evaluation II score, at least 3 
organ dysfunctions, and albumin differed significantly between survivors and 
nonsurvivors. Acute Physiology and Chronic Health Evaluation II (odds ratio, 1.13; 95% 
confidence interval, 1.06-1.21) and albumin (odds ratio, 0.34; 95% confidence interval, 0.15-
0.76) were independent predictors of global mortality in logistic regression analysis. 
 

 Total 
(n=112)

Hospital 
Survivors 

(n=65) 

Hospital 
Nonsurvivors

(n=47) 
OR (95%CI) P 

Mean age, y 
COPD 
Mean APACHE II 
≥3 organ dysfunctions
Unknown source 
Albumin <20g/L 

63.5 
19 

22.0 
56 
15 
27 

61.0 
7 

18.7 
19 
5 

10 

67.1 
12 

26.5 
37 
10 
17 

1.02 (1.00-1.05) 
2.84 (1.02-7.89) 
1.16 (1.08-1.23) 
3.70 (2.04-6.68) 
3.24(1.02-10.23) 
2.85 (1.11-7.33) 

.047 

.045 
<.001 
<.001 
.045 
.026 

Table 6. Predictors of mortality in severe sepsis and septic shock in community acquired 
blood stream infections (Adapted from Artero et al, J Crit Care 2010). 

Recent antibiotic exposure has been associated with increased hospital mortality in Gram-
negative bacteremia complicated by severe sepsis or septic shock (Johnson, 2011). A likely 
explanation for the association between hospital mortality and prior antibiotic exposure is 
the greater degree of antimicrobial resistance in the causative pathogen(s) of patients 
receiving prior antibiotics. Clinicians caring for patients with severe sepsis or septic shock 
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should consider recent antibiotic exposure when formulating empiric antimicrobial 
regimens for suspected Gram-negative bacterial infection. 
Boussekey et al in a five-year observational study in an ICU identified six independent 
mortality risk factors in septic shock: mechanical ventilation (OR = 4.97), Simplify Acute 
Physiology Score (SAPS) II > 60 (OR = 4.28), chronic alcoholism (OR = 3.38), age >65 years 
(OR = 2.65), prothrombin ratio <40% (OR = 2.37), and PaO2/FiO2 ratio <150 (OR = 1.91). The 
identification of these risk factors recovered in the multivariate analysis can easily be 
available on admission and allow screening immediately a group of patients with a high 
mortality risk in septic shock (Boussekey, 2010). 
Mortality of sepsis appears to be higher in ICU-acquired sepsis than in community-acquired 
sepsis. Vincet et al described a direct relationship between intensive care unit mortality rates 
for all patients and frequency of sepsis in various European countries (Vincent, 2006). 
Winters et al performed a systematic review of studies reporting long-term mortality and 
quality-of-life data (>3 months) in patients with severe sepsis and septic shock using defined 
search criteria and found that patients with sepsis showed ongoing mortality up to 2 yrs and 
beyond after the standard 28-day inhospital mortality end point.  Patients with sepsis also 
had decrements in quality-of-life measures after hospital discharge (Winters, 2010). 

9. Cost of care 
The information on the cost of care of patients with severe sepsis and septic shock is quite 
scarce. The cost of care for patients with sepsis has been related to their length of stay in the 
intensive care unit and hospital. However, several studies have found that many patients with 
sepsis did not receive intensive care unit care. The length of stay for patients with severe sepsis 
has been reported to be twice higher than in sepsis (Brun-Buisson, 2004). The average total cost 
per intensive care unit day is estimated at approximately 1200 Euro for countries with a highly 
developed healthcare system (based on various studies conducted between 1989 and 2001 and 
converted at 2003 currency rates). US cost-of-illness studies focusing on direct costs per sepsis 
patient have yielded estimates of 34,000 Euro, whereas European studies have given lower 
cost estimates, ranging from 23,000 Euro to 29,000 Euro (Burchardi, 2004). 
The introduction of new biotechnology products to treat patients with severe sepsis and 
septic shock should also be considered in cost analysis. In order to achieve the greatest 
benefits from these drugs they should be used in selected patients.  
Indirect costs associated with severe sepsis account for 70-80% of costs and arise mainly 
from productivity losses due to mortality. Sepsis is an acute disease and so most studies of 
sepsis have been done in the hospital environment. However, other important factor related 
to the cost of care is the long-term sequels of sepsis, which unfortunately is not usually 
taken into account. 
The cost of care of patients with sepsis presents notable variation among hospitals, and there 
is not good correlation between cost and mortality. Recently, Lagu et al in a large 
multicenter study analyzed data from 166,931 patients with sepsis found that hospital 
spending and adjusted mortality rates for patients with sepsis vary substantially, and higher 
hospital expenditures are not associated with better survival (Lagu, 2011).  

10. Conclusion 

Severe sepsis and septic shock have a significant and increasing impact on public health, 
and are one of the leading causes of mortality. Studies done in the last decades have shown 
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that the incidence of these syndromes has increased over the last thirty years, with an 
increasing number of deaths occurring despite a decline in overall in-hospital mortality. 
The definitions of sepsis syndromes established in 1992 and 2001 have contributed to 
improve not only epidemiological research, but also bedside diagnosis. Severe sepsis is 
defined as the presence of sepsis (systemic inflammatory response + probable or confirmed 
infection); severe sepsis defined as sepsis + acute organ dysfunction, hypoperfusion 
abnormality, or transient hypotension, independent of other cause than sepsis; and septic 
shock is defined as sepsis + hypotension persisting for more than 1 hour despite adequate 
fluid resuscitation. The syndromes of sepsis can be seen as a continuum of severity that 
starts with an infection and can progress to septic shock.  However, these definitions are not 
good enough tools to predict outcomes.  
The epidemiology of severe sepsis and septic shock is not well known mainly due to the 
absence of population base prospective cohort studies. Reported rates of severe sepsis from 
different studies ranged from 50 to 104 per 100.000 population, with an incidence of 
300/100.000 in a single study from the United States (Angus, 2001). However, the incidence 
of severe sepsis in this last study could have been overstated due to the authors used ICD-9-
CM coding for the identification of the syndromes. The prevalence of severe sepsis and 
septic shock in patients admitted to intensive care units is 11-30% and 6-10%, respectively. 
Studies using data from admissions to emergency departments and intensive care units 
have also found increasing rates of severe sepsis and septic shock in the last decades. 
The increasing aging of the population and the increased prevalence of underlying 
comorbidities in developed countries are the main variables influencing the incidence of 
severe sepsis and septic shock. The relative risk for sepsis is thirteen times higher for 
patients aged 65 and above than in younger patients. Escherichia coli has been found to be the 
most frequent microorganism in patients older than 65 years, and urinary tract infection the 
most frequent source of infection in older population. Patients with severe sepsis and septic 
shock frequently have coexisting conditions, such as chronic pulmonary diseases, immune 
deficiency, malignancy or diabetes mellitus. McCabe classification has been widely used in 
epidemiological studies to assess comorbidities which predispose patients to infections and 
may have an additive contribution to mortality.  
Black people have a higher incidence of severe sepsis and septic shock than white people, 
and the age of black population with these disorders is lower than the age of white people. 
There is no consensus about whether the worse outcomes of black people with severe sepsis 
and septic shock is due to genetic factors or a higher prevalence of subjacent comorbidities 
in black population. 
Men have a higher prevalence of severe sepsis and septic shock than women.  The fact that 
this lower rate of sepsis syndromes observed in women is present over all range of age 
argues against the gender differences being solely mediated through sex hormones.  
Respiratory infections are the major source of severe sepsis and septic shock, which is more 
prevalent in men than in women, followed by intra-abdominal infections, urinary tract 
infections and primary bloodstream infections. Respiratory infections and abdominal 
infections appear to have a worse prognosis than other foci.  
Gram-positive cocci have become the most common microorganisms over the past decades, 
taking precedence over Gram-negative bacilli. The proportion of fungi and multiresistant 
bacteria (multiresistant Pseudomonas spp, methicillin-resistant Staphylococci …) has 
significantly increased over the last few years, which has contributed to increase the rates of 
inappropriate empirical antimicrobial treatment. 
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should consider recent antibiotic exposure when formulating empiric antimicrobial 
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The mortality rates of severe sepsis and septic shock are 25 to 30% and 40 to 70%, 
respectively. Sepsis is the tenth leading cause of overall death in the United States and 
severe sepsis is the most common cause of death in noncoronary critical care units. There are 
several independent risk factors of mortality of severe sepsis and septic shock. Among these, 
the number of organ failures (commonly assessed by SOFA), the underlying comorbidities 
and the severity of acute illness (APACHE II) are the most constantly identified in 
epidemiological studies. The quality of life of survival patients of sepsis assessed after 2 
years from admission to intensive care unit is markedly reduced, with more than 80% of 
patients reporting a problem. 
The direct cost of care for patients with severe sepsis is about 30,000 Euro, with notable 
variations among hospitals and without good relationship between cost and mortality. The 
length of stay in intensive care unit and hospital are the major determinants of cost. 
However, 75% of the global cost is dependent of indirect cost, which is mainly caused by 
productivity losses due to mortality. Besides, the cost of long-term sequels is not usually 
included in cost-effectiveness analysis of severe sepsis and septic shock.    
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1. Introduction  
The magnitude of septic shock as a clinical problem is often understated. Despite advances 
in our ability to diagnose and treat infectious diseases, severe sepsis leading to shock due to 
gram-negative infections remains one of the leading causes of mortality worldwide. Septic 
shock develops because of a disregulation in the host response, and the mechanisms initially 
recruited to fight infection produce life-threatening tissue damage and death. Recent 
research has witnessed a significant increase in our understanding of host-pathogen 
interactions, particularly in the area of innate immunity and the molecular recognition of 
gram-positive and gram-negative bacteria. Important new mediators of sepsis and novel 
mechanisms of host-cell toxicity have been identified and, together with clinical trials 
targeting pathways considered central to sepsis pathogenesis, provide new insight into the 
molecular and cellular basis of sepsis for the formulation of new strategies of intervention. 
Research on septic shock pathogenesis by gram-negative bacteria is mainly focused on the 
understanding of the molecular and cellular role played by lipopolysaccharide (LPS). Strong 
experimental evidence and clinical observations suggest that the release of proinflammatory 
cytokine mediators by LPS-responsive cells (mainly macrophages, endothelial cells and 
neutrophils) in response to toxic products sets in motion the genetic and physiologic 
program that manifests as shock. The best characterized of these toxic components is LPS, 
which is considered as a paradigm for other less well-characterized toxic microbial 
molecules. The immune protection stimulated by highly purified LPS in animals does not 
resolve the symptomatology of septic shock, while LPS mixed to outer membrane proteins 
shows a better protective activity. Several studies evidence the major role played by outer 
membrane proteins in the molecular interaction between the host cell and the gram-negative 
bacteria. Endotoxin-associated proteins consist of a complex of several major proteins that 
are intimately associated with the LPS. Very little is known about release of non-LPS gram-
negative outer membrane components such as OMPs in sepsis. Among the OMPs, porins 
have been shown to play an important role in pathogenesis of bacterial infections. Porins 
were pyrogenic in rabbits and elicited a localized reaction when used as the sensiting and 
eliciting agent. Porins were also shown to kill D-galactosamine sensitized LPS-responsive 
and LPS-unresponsive mice. Treatment of Human Umbilical Vein Endothelial Cells: 
(HUVEC) with porins increased the transmigration of different leukocyte populations, in 
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particular of neutrophils. Porins by several gram-negative bacteria induce cytokine release 
by human leukocytes as well as enhancement of cytokine gene expression. Also, other 
components of the bacterial envelope are important in the induction and pathogenesis of 
septic shock such as bacterial lipoproteins (LP). As anti-LPS therapies does not seem to 
improve by the addition of proteins from the outer membrane or small fragments of these 
proteins, a great alternative to existing strategies will involve the blockage of signal 
transduction pathways, cytokine and inflammatory mechanisms.  

2. The outer membrane of gram-negative bacteria 
Bacteria in order to face unpredictable and often hostile environment have evolved a 
sophisticated and complex cell envelope that protects them while allowing selective passage 
of nutrients from the outside and waste products from the inside. There are three principal 
layers in the envelope: the outer membrane (OM), the peptidoglycan cell wall, and the inner 
membrane (IM). The two membrane layers delimit an aqueous cellular compartment called 
periplasm. The OM is a characteristic feature of Gram-negative bacteria, and in fact Gram-
positive bacteria lack this structure. The OM is a lipid bilayer intercalated with proteins, 
superficially resembling the plasma membrane. The OM does contain phospholipids but 
they are confined to the inner leaflet of this membrane. The outer leaflet is composed of 
glycolipids, mainly lipopolysaccharide (LPS).  
 

 
Fig. 1. Schematic representation of the structure of lipopolysaccharide (LPS). 

LPS is a complex glycolipid exclusively present in the outer leaflet of the OM of gram-
negative bacteria. LPS is one of the molecules responsible for the endotoxic shock associated 
with the septicemia, and is a sure indicator of infection as the human innate system is 
sensitized to this molecule. LPS molecules consist of a bisphosphorylated lipid (lipid A) 
forming the hydrophilic region of the outermost membrane leaflet which is stabilized by 
divalent cations and a hydrophilic polysaccharide (PS), extending outward from the 
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bacterium. A schematic structure for LPS from Escherichia coli together with the chemical 
structure of lipid A (Figure 1) reveals its key features. The LPS consists generally of two 
distinct regions, a core oligosaccharide chain of repeating units, the O-specific chain, which 
constitutes the major anti-LPS immune response. The core is covalently bound to the lipid A 
through an acidic sugar, the 3-deoxy-D-manno-oct-2-ulopyranosonic acid (Kdo). The outer 
core region consists of neutral or amino hexoses such as D-glucose, D-galactose, D-
glucosamine, D-galactosamine or N-acetyl derivatives, while the inner core also contains 
heptose residues which are often substituted by phosphate, pyrophosphate or 
diphosphoethanolamine. Kdo represent a covalent bridge between lipid A and heptose units 
joined by diester phosphate linkages. The general pattern of the lipid A from diverse gram-
negative bacteria is highly conserved. The lipid A from E. coli has a β-1,6-linked  
D-glucosamine disaccharide phosphorylated in positions 1 and 4’. Lipid A often contains up 
to four moles of (R)-3-hydroxytetradecanoic acids symmetrically distributed on the two 
glucosamine residues of the backbone. The hydroxyl in position 6’ is linked to Kdo (Figure 
1). The core oligosaccharide is very variable among bacterial species; so different species  
can express uniquely modified types of LPS. The O-antigen, if present, is the most variable 
part of LPS and shows even a high degree of variability between different strains of the 
same species. 
 

 
Fig. 2. Schematic representation of the inner and outer bacterial membrane. 

With few exceptions, the proteins intercalated in the OM can be divided into two classes, 
proteins that traverse the membrane and assume a β-barrel structure and lipoproteins, 
anchoring the outer membrane to the underlying peptidoglycan stratum (Figure 2). 
Lipoproteins contain lipid moieties that are attached to an amino-terminal cysteine residue. 
It is generally thought that these lipid moieties embed lipoproteins in the inner leaflet of the 
OM, and are thus not supposed to be transmembrane proteins. Lipoproteins are low 
molecular weight proteins and are considered to be the most abundant proteins in the E. coli 
cell on the basis of molecular members. Lipoproteins are generally covalently linked to the 
peptidoglycan, but may also be present without covalent bonds.  
The outer membrane proteins (OMPs) of gram-negative bacteria have been well 
characterized; they assume a β-barrel conformation. The OMPs serve as a molecular filter for 
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hydrophilic substances, and mediate the transport of nutrients and ions across the 
membrane into the periplasm. The OMPs can be divided into three classes (Nikaido, 2003): 
porins, substrate specific transporters and active transporters. Porins are a group of trimeric 
proteins that form pores of a fixed diameter through the lipid bilayer of the membrane. They 
constitute the major component of the OM and are thus indicated as “major outer 
membrane proteins” of high molecular weight.  
Porins form passive pores that do not bind their substrates; they form trimeric, water-filled 
pores, through which relatively small (<600 Da) solutes diffuse, driven by their 
concentration gradient. For nutrients that are present at low concentrations in the 
extracellular environment, passive diffusion is no longer efficient and transport occurs via 
substrate-specific (substrate specific porins and transporters) and active transporters 
(Galdiero, 2007). The active transporters (FepA and FhuA) bind their substrates with high 
affinity and transport them against a concentration gradient. This process requires energy, 
which is provided by the inner membrane protein Ton B. The substrate-specific porins and 
transporters contain low affinity substrate saturable binding sites that allow efficient 
diffusion of substrates at very low concentration gradients. Among the substrate specific 
porins are LamB (maltose and maltodextrins) and SerY (sucrose); among the substrate 
specific transporters are Tsx and FadL, while among auto-transporters are NaLP and Hia. 
Whereas the composition, structure and function of the OM are well known, its assembly in 
the absence of energy sources has remained largely enigmatic. All the components of the 
OM are synthesized in the cytoplasm or at the cytoplasmic face of the IM, and they have to 
be transported across the IM and through the periplasm to reach their destination and to 
assemble into the OM. 

3. The porins  
The most abundant proteins of the bacterial outer membrane are porins which form 
channels with various degrees of selectivity (Schulz, 2002). Porins form β-barrels and their 
structures typically contain 14, 16 or 18 β-sheets. The majority of porins studied so far 
belong to the 16 or 18 stranded bacterial porins; and the general motif of their structural 
architecture is the closure of the barrel by pairing of the first and last β-strand in an 
antiparallel way. All strands are connected by eight or nine long loops, facing the 
extracellular side, with seven or eight small turns in the periplasmic space. In all porins, the 
constriction at the barrel center is formed by an inserted long loop L3, which is not exposed 
to the cell surface but folds back into the barrel, forming a constriction zone at half the 
height of the channel and contributing significantly to the permeability of the pore. Another 
feature is the presence of aromatic girdles with tyrosine and phenylalanine residues located 
at the outer and inner membrane boundaries. Residues located between these girdles and 
facing the hydrophobic lipid environment are mainly leucine, valine and isoleucine 
residues. At the very C-terminus almost all porins have a phenylalanine residue that is 
fundamental for proper import and folding in the outer membrane.   
Porins made of 16 strands are called general or non-specific porins and form pores allowing 
the diffusion of hydrophilic molecules, showing no particular substrate specificity, despite 
some selectivity for either cations or anions; while 18 strands porins are substrate specific 
porins. Porins are passive diffusion channels with a pore diameter ranging from 15 Å for the 
general porins to 6 Å for the highly selective porins. Larger pores usually contain charged 
residues at opposite sides that form a local transversal electric field at the pore eyelet. This 
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field constitutes an energy barrier for low-polarity solutes so that the bacterium can exclude 
unwanted nonpolar molecules such as antibiotics while presenting a spacious eyelet for 
collecting large polar molecules such as sugars. A systematic study changing the pore 
properties by point mutations showed a strong correlation between the eyelet cross section 
and diffusion rate. Charge reversals affect selectivity and voltage gating. Interesting results 
were obtained with mutations at loop L3, for example the specificity of the sucrose porin 
was changed toward that of the maltoporin. 

 

 
Fig. 3. Three dimensional model of the P2 monomer from Haemophilus influenzae type b. 
Surface loops are shown in green except L7 that is red. The extracellular space is located at 
the top of the figure and the periplasmic space is at the bottom. The position of the 
membrane bilayer is shown. 

All porins form homotrimers in the OM; each subunit produces a channel and the trimer 
therefore contains three channels. For most porins, loops L1, L2 and L4 are important for 
monomer-monomer interactions within the porin trimer; loop L3 is internal; loops L5, L6 
and L7 are superficial; loop L8 folds back into the barrel interior, contributing to the 
formation of the channel opening at the external side (Figure 3). Data from the literature 
indicate that peptide sequences corresponding to superficial loops are responsible for most 
of the biological activity of porins. In particular, loop L7 of porin OMPK36 from Klebsiella 
pneumoniae is involved in the interaction with C1q (Alberti, 1995); loops L5, L6 and L7 of 
porin P2 from Haemophilus influenzae activate JNK and p38 mitogen-activated protein kinase 
(MAPK) pathways (Galdiero, 2003) and induce the release of TNF-α and IL-6 (Galdiero, 
2006); most functional antibodies raised to NTHI are directed to loop L5, which is thought to 
contain strain-specific and immunodominant epitopes (Yi, 1997); antibodies to loop L6 of 
NTHI showed complement-dependent bactericidal activity (Haase, 1994); the surface 
exposed loop regions are immunodominant as shown by immunizing mice with whole 
bacterial cells (Neary, 2001); synthetic peptides representing epitopes of outer membrane 
protein F of Pseudomonas aeruginosa elicit antibodies reactive with whole cells of 
heterologous immunotype strains of Pseudomonas aeruginosa (Hughes, 1992); major 
immunogenic epitopes of PorA and FetA of meningococci correspond to contiguous peptide 
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sequences located in putative surface-exposed loops of those proteins (Maiden, 1991; 
Thompson, 2003).  

4. Lipoproteins 
Lipoproteins are a major component of the outer membrane of bacteria, with low molecular 
weights (about 7000 Da). Lipid modification of bacterial proteins enables the anchoring of 
hydrophilic proteins to hydrophobic surfaces through the hydrophobic interaction of the 
attached acyl groups to the cell wall phospholipids, allowing the protein to function 
effectively in the aqueous environment (Kamalakkannan, 2004). Lipoproteins can localize in 
various places of the cell. E. coli has more than 90 lipoproteins, the majority of which is 
located at the periplasmic face of the OM, with some present at the periplasmic face of the 
IM (Narita, 2004). Although all the known lipoproteins in E. coli face the periplasm, in some 
gram-negative bacteria, lipoproteins are also present on the outer leaflet of the OM. 
However, little is known about the exact mechanism of how they translocate across the OM 
whether they are exposed or not to the outside surface of the outer membrane. Moreover, in 
those E. coli strains that have defects in LPS structure, the lipoproteins seem to react with 
antilipoprotein serum.  
Lipoproteins are low molecular weight proteins lacking histidine, tryptophan, glycine, 
proline and phenylalanine. They are linked by the ε-amino group of their C-terminal lysine 
to the carboxyl group of every tenth to twelfth meso-diaminopimelic acid residue of the 
peptidoglycan. The N-terminal portion of the lipoprotein consists of glycerylcysteine to 
which two fatty acids are linked by two ether linkages and one fatty acid by an amide 
linkage. The amide-linked fatty acid consists of 65% palmitate, with the rest being mainly 
monosaturated fatty acids. The fatty acid bound as esters are similar to the fatty acids found 
in the phospholipids of the inner layer of the membrane. Lipoproteins exist in the 
membrane also as free form without covalent bonds to the peptidoglycan. There are about 
2.4 x 105 molecules of the bound form per cell, and about twice as much of the free form. The 
total free and bound lipoprotein molecules 7.2 x 105 make lipoproteins the numerically most 
abundant protein in the membrane. Lipoproteins are required for virulence and play a 
variety of roles in host-pathogen interactions, from surface adhesion to initiation of 
inflammatory processes (Kovacs-Simon, 2011). 

5. Outer membrane blebbing 
Extracellular secretion is the major mechanism by which gram-negative pathogens 
communicate with and damage host cells. Vesicles released from the envelope of the 
growing bacteria serve as secretory vehicles for protein and lipids of gram-negative bacteria. 
Vesicles production occurs in infected tissues and is influenced by environmental factors. 
Vesicles play an important role in colonization, carrying and transmitting virulence factors 
into host cells and modulating host defense and immune response. Gram-negative bacteria 
release membrane vesicles of average diameter 10-300 nm into the environment during all 
stages of normal growth as well as in a variety of growth environments such as infected 
tissues. The amount of released vesicles is increased several folds during periods of bacterial 
stress such as exposure of microorganisms to antibiotics or human serum. The vesicles are 
formed by protrusions of the bacterial outer membrane that are released into the 
environment (Ellis, 2010). Outer membrane vesicles (OMVs) are formed by blebbing and 
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pinching off segments of the bacterial outer membrane (Kulp, 2010). These vesicles contain 
the main components of the outer membrane such as LPS, OMPs and fractions of the 
underlying bacterial periplasm. Importantly, OMVs are not a product of cell death since 
they are produced without concomitant bacterial lysis and newly synthesized proteins are 
present. Active concentrations of both LPS and porins are often accumulated at infection 
sites from either gram-negative bacteria outer membrane blebbing or bacterial lysis.  
Gram-negative bacteria contain about 105 molecules of porin per cell (molecular mass, about 
36kDa) and about 3.4 x 106 molecules of LPS (molecular mass, about 4,5KDa), therefore, 106 
to 109 bacterial cells are enough to reach a concentration of 500 ng/ml to 20 μg/ml (about 
0.02 to 0.8 μM) for porin or a concentration of 100 ng/ml to 10 μg/ml (about 0.05 to 5 μM) 
for LPS.  
OMVs from pathogenic bacteria contribute to the pathogenicity in vivo (Ellis, 2010). Thus, 
OMVs are likely a key factor in effecting an inflammatory response to pathogens, being 
immunogenic and capable of eliciting proinflammatory responses. Immunization with 
Vibrio cholera OMVs induces protection in mice (Schild, 2008); the OMVs immunized mice 
were protected against Salmonella infections (Alaniz, 2007). Furthermore, OMVs influence 
inflammation and disease in vivo; it was shown that, in response to Helicobacter pylori and 
Pseudomonas aeruginosa OMVs (Bauman, 2006), epithelial cells produce interleukin-8, a 
cytokine that plays a fundamental role in neutrophil and monocyte recruitment.  
Septic shock has been associated with an early excessive inflammatory response to LPS and 
other bacterial components, among which OMPs and lipoproteins. During sepsis and septic 
shock large quantities of OMVs are released into serum and tissues. In particular, fragments 
containing LPS, OMPA and a protein of 17kDa, were affinity purified from filtrate of human 
serum incubated with Salmonella enterica serovar Abortus equi using O-chain-specific anti-
LPS IgG (Freudenberg, 1992); similarly, complexes containing LPS and at least three OMPs, 
with molecular masses of 35, 18 and 5-9 kDa were affinity purified from filtrates of normal 
human serum incubated with Escherichia coli cells, using O-chain-specific anti-LPS IgG 
(Hellman, 2000). These molecules or macromolecular complexes have been shown to derive 
from the OMVs formed by the blebbing of bacterial cells.  

6. OMPs and endothelial cells 
Bacteria or bacterial products may constitute important inducers of surface molecule 
expression on endothelial cells (Rawadi, 1996). The microvascular endothelium plays an 
important role in regulating the exchange of fluids, macromolecules and cells between the 
blood and the extravascular tissues. The endothelium is a pervasive organ covering a 
surface area of 4000-7000 m2. Endothelial cells are highly active, constantly responding to 
alteration in the local extracellular environment, as might occur in the setting of transient 
bacteremia or other important stress such as septic invasion. Endothelial cell activation 
occurs as a normal adaptative response, the nature and duration of which depends on the 
type of stimulus. Endothelial cell injury contributes significantly to the pathophysiology of 
bacterial sepsis and endotoxic shock. Components of the bacterial surface activate pattern 
recognition receptors on the surface of the endothelium. Gram-negative bacteria contain 
several surface molecules interacting with endothelial cells. The role of LPS is well known 
while the roles of other surface molecules of gram-negative bacteria are less understood. 
Several studies have recently shown the activity of major outer membrane proteins on 
endothelial cells. The bacterial surface contains a wide assortment of molecules that interfere 
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sequences located in putative surface-exposed loops of those proteins (Maiden, 1991; 
Thompson, 2003).  

4. Lipoproteins 
Lipoproteins are a major component of the outer membrane of bacteria, with low molecular 
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5. Outer membrane blebbing 
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communicate with and damage host cells. Vesicles released from the envelope of the 
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Septic Shock by Gram-Negative Infections: Role of Outer Membrane Proteins 

 

33 

pinching off segments of the bacterial outer membrane (Kulp, 2010). These vesicles contain 
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shock large quantities of OMVs are released into serum and tissues. In particular, fragments 
containing LPS, OMPA and a protein of 17kDa, were affinity purified from filtrate of human 
serum incubated with Salmonella enterica serovar Abortus equi using O-chain-specific anti-
LPS IgG (Freudenberg, 1992); similarly, complexes containing LPS and at least three OMPs, 
with molecular masses of 35, 18 and 5-9 kDa were affinity purified from filtrates of normal 
human serum incubated with Escherichia coli cells, using O-chain-specific anti-LPS IgG 
(Hellman, 2000). These molecules or macromolecular complexes have been shown to derive 
from the OMVs formed by the blebbing of bacterial cells.  
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Bacteria or bacterial products may constitute important inducers of surface molecule 
expression on endothelial cells (Rawadi, 1996). The microvascular endothelium plays an 
important role in regulating the exchange of fluids, macromolecules and cells between the 
blood and the extravascular tissues. The endothelium is a pervasive organ covering a 
surface area of 4000-7000 m2. Endothelial cells are highly active, constantly responding to 
alteration in the local extracellular environment, as might occur in the setting of transient 
bacteremia or other important stress such as septic invasion. Endothelial cell activation 
occurs as a normal adaptative response, the nature and duration of which depends on the 
type of stimulus. Endothelial cell injury contributes significantly to the pathophysiology of 
bacterial sepsis and endotoxic shock. Components of the bacterial surface activate pattern 
recognition receptors on the surface of the endothelium. Gram-negative bacteria contain 
several surface molecules interacting with endothelial cells. The role of LPS is well known 
while the roles of other surface molecules of gram-negative bacteria are less understood. 
Several studies have recently shown the activity of major outer membrane proteins on 
endothelial cells. The bacterial surface contains a wide assortment of molecules that interfere 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

34

with the complex network regulating the leucocyte traffic. The initial adhesion of circulating 
leukocyte to vascular endothelium is induced by interaction of constitutively functional 
leukocyte homing receptors with regulated endothelial cell ligands or counter receptors. 
Leukocyte-endothelial cell interactions both in vivo and in vitro are active multistep 
processes, as clearly demonstrated in studies of neutrophil interactions with inflamed sites 
(Von Andrian, 1991). During sepsis a dramatic increase of endothelial cell surface molecules 
expression occurs that facilitate adhesion of blood leukocytes. These kinds of interactions 
have been mainly studied in brain microvascular endothelial cells (BMEC). 
The crossing of the blood-barrier by circulating bacteria is a complex process, requiring 
several bacterial and host factors and their interactions, such as a high degree of bacteremia, 
binding to and invasion of BMEC, BMEC actin cytoskeleton rearrangements and related 
signaling pathways. Among E. coli structures necessary for crossing of the blood-brain 
barrier in vitro and in vivo, outer membrane protein A (OmpA) contributes to E. coli K1 
invasion of BMEC (Kim, 2002). OmpA has been implicated as an important virulence factor 
in several gram-negative bacterial infections such as E. coli K1, a leading cause of neonatal 
meningitis associated with significant mortality and morbidity (Mittal, 2011). E. coli K1 
OMPA interacts with a gp96 protein on human BMEC. Purified OMPA as well as gp96 and 
gp96 antibody inhibited E. coli K1 invasion of human BMEC in a dose dependent fashion. 
OMPA is a major outer membrane protein of E. coli; it is present as an 8-stranded and anti-
parallel β-barrel structure in the membrane, connected by large hydrophilic surface exposed 
loops and short periplasmic turns (Smith, 2007). Although OMPA’s role in pathogenesis has 
been demonstrated, the exact role of individual loops is still to be determined (Maruvada, 
2011). In particular, the synthetic peptides representing a part of the first loop and the tip of 
the second loop of OMPA have been shown to inhibit E. coli adhesion to BMEC (Prasadarao, 
1996). The first and second loops are shown to be the sites for the interaction with the 
carbohydrate epitope of the BMEC receptor glycoprotein. OmpA extracellular loops play a 
fundamental role in the pathogenesis of meningitis and may help in designing effective 
preventive strategies against this deadly disease (Mittal, 2011). Loop regions 1 and 2 play an 
important role in the survival of E. coli K1 inside neutrophils and dendritic cells, and loop 
regions 1 and 3 are needed for survival in macrophages. Mutations in loop 4 of OmpA 
enhance the severity of the pathogenesis by allowing the pathogen to survive better in 
circulation and to produce high bacteremia levels. Loop 2 appears to be involved in the 
majority of the interactions and represents an interesting target for immunization. 
Among the major surface proteins, the 34K and 36K porins from Salmonella typhimurium 
modulate leukocyte migration by acting on endothelial cells and leukocytes. The 
transmigration increase was dose-dependent and optimal endothelial activation occurred 
after 4-6 hours using porin as stimulus, after 2-4 hours using LPS. Stimulation of leukocytes 
with either porins or LPS slightly increased their transmigration through porin-non-
activated endothelial cells. The simultaneous stimulation in vitro of HUVEC with IL-1β and 
either porins or LPS causes overlapping effects leading to a very high migration index 
(Galdiero, 1999). In natural inflammatory process the combination of several stimuli induces 
high endothelial permeability of vessels to migrating cells. The main adhesion molecules of 
endothelial cells are activated by porins. Neutrophil transmigration through HUVEC cells 
treated with porins was partially inhibited by MoAbs binding to E-selectin; the 
transmigration of lymphocytes and monocytes was partially inhibited by MoAb anti-
VCAM-1; the transmigration of neutrophils, lymphocytes and monocytes was partially 
inhibited by MoAb anti ICAM-1. Soluble E-selectin and ICAM-1 were found in the 
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supernatants from IL-1 and TNF-α activated endothelial cells. Also porins were able to 
stimulate the release of soluble E-selectin and soluble ICAM-1. Protein H from Pasteurella 
multocida in vitro induces neutrophil adhesion and transmigration through bovine 
endothelial cells (Galdiero, 2000). An increase of the expression of the vascular cell adhesion 
molecule 1 on the aortic endothelium has been reported in rabbit experimentally infected 
with Pasteurella multocida (Galdiero, 2000). These results evidence a local and systemic 
microcirculatory dysfunction that is considered central in the development of multiple 
organ dysfunction syndromes in septic shock. 

7. OMPs and host-cells 
Among surface components, porins and LPS may be important inducers of biological 
activity in host-interactions. Several studies have been carried out to dissect the 
immunobiological activities of Salmonella enterica or typhimurium porins, showing that these 
proteins have important effects on macrophage viability and functions; in particular, porins 
inhibit their phagocytic activity in a dose dependent fashion by activating the adenylate 
cyclase system (Di Donato, 1986). Porins induce the activation of the complement system by 
acting both on the classic pathway and on the alternative pathway (Galdiero, 1984), acting as 
mitogens for B lymphocytes. Furthermore, in rats they increase the toxicity of cardio-toxic 
molecules (Galdiero, 1986) and damage renal tubules (Tufano, 1987). Porins are clearly 
endowed with pro-inflammatory activity; when injected into the rat paw induce dose-
dependent edema with long-lasting effects. The inflammation induced by porins is sensitive 
to both steroid (dexamethasone) and non-steroid (indomethacin) anti-inflammatory drugs. 
The in vitro studies carried out on peritoneal cells of the rat show that porins are able to 
induce the release of histamine and also of prostacyclin. Porin-induced inflammation may 
depend on the release of histamine, even though the arachidonic acid metabolites may also 
participate. In fact, in vitro results exclude an increase of 6-keto-prostaglandin and 
subsequent prostacyclin release, whereas in vivo results confirm both the prolonged 
duration of porin-induced edema and its marked inhibition by indomethacin. Porin-induced 
inflammation was also observed in decomplemented animals; therefore, it is unlikely that 
the activation of the complement system plays a major role in the inflammation induced by 
porins (Galdiero, 1984). Porins isolated from S. typhimurium are lethal at the dose of 100 ng 
to both LPS-responder (BALB/cByS) and non responder (C3H/HeJ) mice sensitized with D-
galactosamine. The lethal action could be prevented by anti-TNF-α serum. Porins were also 
pyrogenic to rabbits and elicited a Shwartzman reaction when used as the sensitizing and 
eliciting agent (Galdiero, 1994). Haemophilus influenza type b (Hib) porin also induces the 
early release of cytokines in central nervous system cells, amplifying the inflammatory 
response. Hib porin inserted into the fourth ventricle of the brain elicited the appearance of 
serum proteins and the development of brain edema. These modifications were followed by 
increase in the number of neutrophils both in cerebrospinal fluid and in the tissue sections 
around the porin inoculation site. IL-1α, TNF-α and MIP-2 mRNA appeared quickly in the 
tissue near the inoculation site (Galdiero, 2001a).  
Activation of the coagulation and fibrinolytic systems is an important manifestation of the 
systemic inflammatory response of the host to infection. The in vivo effect of a synthetic 
peptide corresponding to loop L7 from Haemophilus influenzae type b (Hib) porin was 
compared with the effect of the entire protein to evaluate its role on the 
coagulative/fibrinolytic cascade and the circulating markers of endothelial injury (Vitiello, 
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with the complex network regulating the leucocyte traffic. The initial adhesion of circulating 
leukocyte to vascular endothelium is induced by interaction of constitutively functional 
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Leukocyte-endothelial cell interactions both in vivo and in vitro are active multistep 
processes, as clearly demonstrated in studies of neutrophil interactions with inflamed sites 
(Von Andrian, 1991). During sepsis a dramatic increase of endothelial cell surface molecules 
expression occurs that facilitate adhesion of blood leukocytes. These kinds of interactions 
have been mainly studied in brain microvascular endothelial cells (BMEC). 
The crossing of the blood-barrier by circulating bacteria is a complex process, requiring 
several bacterial and host factors and their interactions, such as a high degree of bacteremia, 
binding to and invasion of BMEC, BMEC actin cytoskeleton rearrangements and related 
signaling pathways. Among E. coli structures necessary for crossing of the blood-brain 
barrier in vitro and in vivo, outer membrane protein A (OmpA) contributes to E. coli K1 
invasion of BMEC (Kim, 2002). OmpA has been implicated as an important virulence factor 
in several gram-negative bacterial infections such as E. coli K1, a leading cause of neonatal 
meningitis associated with significant mortality and morbidity (Mittal, 2011). E. coli K1 
OMPA interacts with a gp96 protein on human BMEC. Purified OMPA as well as gp96 and 
gp96 antibody inhibited E. coli K1 invasion of human BMEC in a dose dependent fashion. 
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2011). In particular, the synthetic peptides representing a part of the first loop and the tip of 
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1996). The first and second loops are shown to be the sites for the interaction with the 
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preventive strategies against this deadly disease (Mittal, 2011). Loop regions 1 and 2 play an 
important role in the survival of E. coli K1 inside neutrophils and dendritic cells, and loop 
regions 1 and 3 are needed for survival in macrophages. Mutations in loop 4 of OmpA 
enhance the severity of the pathogenesis by allowing the pathogen to survive better in 
circulation and to produce high bacteremia levels. Loop 2 appears to be involved in the 
majority of the interactions and represents an interesting target for immunization. 
Among the major surface proteins, the 34K and 36K porins from Salmonella typhimurium 
modulate leukocyte migration by acting on endothelial cells and leukocytes. The 
transmigration increase was dose-dependent and optimal endothelial activation occurred 
after 4-6 hours using porin as stimulus, after 2-4 hours using LPS. Stimulation of leukocytes 
with either porins or LPS slightly increased their transmigration through porin-non-
activated endothelial cells. The simultaneous stimulation in vitro of HUVEC with IL-1β and 
either porins or LPS causes overlapping effects leading to a very high migration index 
(Galdiero, 1999). In natural inflammatory process the combination of several stimuli induces 
high endothelial permeability of vessels to migrating cells. The main adhesion molecules of 
endothelial cells are activated by porins. Neutrophil transmigration through HUVEC cells 
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supernatants from IL-1 and TNF-α activated endothelial cells. Also porins were able to 
stimulate the release of soluble E-selectin and soluble ICAM-1. Protein H from Pasteurella 
multocida in vitro induces neutrophil adhesion and transmigration through bovine 
endothelial cells (Galdiero, 2000). An increase of the expression of the vascular cell adhesion 
molecule 1 on the aortic endothelium has been reported in rabbit experimentally infected 
with Pasteurella multocida (Galdiero, 2000). These results evidence a local and systemic 
microcirculatory dysfunction that is considered central in the development of multiple 
organ dysfunction syndromes in septic shock. 
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Among surface components, porins and LPS may be important inducers of biological 
activity in host-interactions. Several studies have been carried out to dissect the 
immunobiological activities of Salmonella enterica or typhimurium porins, showing that these 
proteins have important effects on macrophage viability and functions; in particular, porins 
inhibit their phagocytic activity in a dose dependent fashion by activating the adenylate 
cyclase system (Di Donato, 1986). Porins induce the activation of the complement system by 
acting both on the classic pathway and on the alternative pathway (Galdiero, 1984), acting as 
mitogens for B lymphocytes. Furthermore, in rats they increase the toxicity of cardio-toxic 
molecules (Galdiero, 1986) and damage renal tubules (Tufano, 1987). Porins are clearly 
endowed with pro-inflammatory activity; when injected into the rat paw induce dose-
dependent edema with long-lasting effects. The inflammation induced by porins is sensitive 
to both steroid (dexamethasone) and non-steroid (indomethacin) anti-inflammatory drugs. 
The in vitro studies carried out on peritoneal cells of the rat show that porins are able to 
induce the release of histamine and also of prostacyclin. Porin-induced inflammation may 
depend on the release of histamine, even though the arachidonic acid metabolites may also 
participate. In fact, in vitro results exclude an increase of 6-keto-prostaglandin and 
subsequent prostacyclin release, whereas in vivo results confirm both the prolonged 
duration of porin-induced edema and its marked inhibition by indomethacin. Porin-induced 
inflammation was also observed in decomplemented animals; therefore, it is unlikely that 
the activation of the complement system plays a major role in the inflammation induced by 
porins (Galdiero, 1984). Porins isolated from S. typhimurium are lethal at the dose of 100 ng 
to both LPS-responder (BALB/cByS) and non responder (C3H/HeJ) mice sensitized with D-
galactosamine. The lethal action could be prevented by anti-TNF-α serum. Porins were also 
pyrogenic to rabbits and elicited a Shwartzman reaction when used as the sensitizing and 
eliciting agent (Galdiero, 1994). Haemophilus influenza type b (Hib) porin also induces the 
early release of cytokines in central nervous system cells, amplifying the inflammatory 
response. Hib porin inserted into the fourth ventricle of the brain elicited the appearance of 
serum proteins and the development of brain edema. These modifications were followed by 
increase in the number of neutrophils both in cerebrospinal fluid and in the tissue sections 
around the porin inoculation site. IL-1α, TNF-α and MIP-2 mRNA appeared quickly in the 
tissue near the inoculation site (Galdiero, 2001a).  
Activation of the coagulation and fibrinolytic systems is an important manifestation of the 
systemic inflammatory response of the host to infection. The in vivo effect of a synthetic 
peptide corresponding to loop L7 from Haemophilus influenzae type b (Hib) porin was 
compared with the effect of the entire protein to evaluate its role on the 
coagulative/fibrinolytic cascade and the circulating markers of endothelial injury (Vitiello, 
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2008). Plasma was obtained from rats injected intravenously with the peptide and tested for 
fragment 1+2 (F1+2), tissue-type plasminogen activator (tPA), plasminogen activator 
inhibitor type I (PAI-1) antigen, von Willebrand factor (vWF) and soluble E-selectin (sE-
selectin). The coagulative/fibrinolytic cascade was impaired as determined by the increased 
level of PAI-1. Concomitantly, E-selectin, a marker of endothelial injury, was also 
significantly elevated. In addition either loop L7 or Hib porin injection induced 
hyperglycaemia and inflammatory cytokine production. The data were correlated with 
hemodynamic functions (significant reduction of blood pressure and increase of heart rate). 
The results indicated that, in that experimental model, the loop L7 plays an essential role in 
the pathophysiologic events observed during gram-negative infection.  
OMPA from E. coli K1 plays a fundamental role in pathogenesis and great importance are 
correlated with the host signaling events underlying its entry into host cells. OMPA 
contributes to endothelial cells activation through a ligand- receptor interaction. OMPA 
activates PI3K but exhibited no effect on RhoA activation. The RhoA and PI3K host cell 
signaling pathways involvement in E. coli K1 invasion of human BMEC was further 
supported by the treatment of human BMEC with Rho kinase inhibitor (Y27632) and PI3K 
inhibitor (LY294002) which resulted in significant greater inhibition of E. coli K1 invasion 
compared to individual inhibitors alone.  
The properties of Lipid-A associated proteins (LAP) have been extensively reviewed by 
Hitchcock and Morris (Hitchcock, 1984). Preparations of LAP from S. typhimurium have IL-1 
like properties. LAP from Actinobacillus actinomycetemcomitans, an aquaporin associated with 
various forms of inflammatory periodontal disease, stimulate the release of IL-1β and IL-6 
from human monocytes or human gingival fibroblast. LAP from Porphyromonas gingivalis, 
one of the causative organisms of peridontitis, are potent stimulators of IL-6 release from 
human gingivalis fibroblasts (Reddi, 1995).  

8. Activation of eukaryotic cell signaling and transcriptional activation 
induced by OMPs 
The molecular mechanisms during the interaction of gram-negative bacteria with 
macrophages are well understood, but the mechanisms used by porins to activate cells is not 
well characterized. LPS, porins or other OMPs probably activate cells through similar but 
not identical mechanisms (Galdiero, 2003b). A variety of extracellular factors, such as 
growth factors or bacterial surface components, induce a complex cellular signaling by 
binding specific transmembrane receptors on the host cell membrane. The intracellular 
signaling pathways are complex networks of biochemical events that culminate in specific 
patterns of nuclear gene expression mediated by transcription factors. Signal transduction 
pathways and transcriptional activation known to occur during immune cell activation have 
been investigated by numerous authors and protein tyrosine phosphorylation plays a 
central role in transduction mediated by bacteria or LPS or toxins (Evans, 1998; Rosenshine, 
1992; Weinstein, 1992). Cytoplasmic signal transduction is regulated by several enzymatic 
pathways among which the mitogen-activated protein kinase (MAPK) pathway is especially 
activated during the adhesion and penetration of bacteria into the host cell (Evans, 1998; 
Rosenshine, 1992) and when stimulating the cell with products of bacterial origin 
(Weinstein, 1992).  
MAPK/extracellular signal-regulated kinases are serine/threonine protein kinase members 
of sequential protein phosphorylation pathways involving c-Jun N-terminal kinases (JNKs) 
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and ERKs (Davis, 2000). The MAPK pathway activates a number of transcription factors 
such as activating protein-1 (AP-1) and nuclear factor-kappa B (NFκB). The contribution of 
AP-1 family members to transcriptional regulation is controlled by a number of well 
characterized mechanisms (Karin, 1997). AP-1 is a ubiquitous class of gene regulatory 
factors and AP-1 proteins form either Jun-Jun homodimers comprised of members of the Jun 
family (c-Jun, JunD, and JunB) or Fos-Jun heterodimers derived from the various Fos family 
members. The AP-1 family members differ in their abilities to transactivate or repress 
transcription (Karin, 1997). NF-κB is a dimeric transcription factor and has multiple 
functions in immunity and is also critical for development and cellular survival. Mammalian 
cells contain five NF-κB subunits (p65, c-Rel, RelB, p50and p52) which form various hetero- 
and homodimers. NF-κB is present in the cytoplasm of resting cells bound to its inhibitor IκBα. 
The activation of NF-κB requires sequential phosphorylation, ubiquitination, and degradation 
of IκB. Multiple kinases have been shown to phosphorylate IκB at specific amino-terminal 
serine residues. In response to a large spectrum of chemically diverse agents and cellular stress 
conditions including LPS and porins, microbial and viral pathogens, cytokines and growth 
factors, NF-κB translocates in the nucleus, activating expression of target genes mainly 
involved in inflammatory and immunological responses (Caamano, 2002).  
Several studies have addressed the mechanism by which porins stimulate cells. S. enterica 
serovar typhimurium porins induce signal transduction in mouse macrophages (Gupta, 
1999). Porin activation of macrophages results in increased inositol triphosphate and 
intracellular Ca2+ mobilization, translocation of protein kinase C (PKC) to the membrane, 
NO release within the macrophages and increased binding of infected macrophages 
resulting in macrophage activation and triggering of specific signaling pathways. S. enterica 
serovar typhimurium, Mannheimia haemolytica, and Haemophilus influenzae (Hib) porins 
induce tyrosine phosphorylation in THP-1 cells and in C3H/HeJ mouse macrophages 
(Galdiero, 2001), with Hib porin being the most powerful stimulator. Incubation of porins 
with either THP-1 or macrophages from C3H/HeJ mice resulted in tyrosine 
phosphorylation of specific host cell proteins with the appearance of tyrosine-
phosphorylated proteins in the soluble cytoplasmic fraction, in the membrane fraction and 
in the insoluble protein fraction. The pattern of phosphorylation observed following LPS or 
porin stimulation is essentially similar, but a difference can be observed in the cytoplasmic 
fraction bands of 50-60 kDa, which are more evident after treatment with LPS, and in the 
insoluble fraction band of 80kDa and the cytoplasmic fraction band of 250kDa, which are 
more evident after porin treatment. 
Among the most prominent tyrosine-phosphorylated bands in porin-stimulated cells, a 
number of proteins with a molecular mass that is similar to that of the family of 
tyrosine/serine/threonine protein kinases were observed. S. enterica serovar typhimurium 
porins induce tyrosine phosphorylation of ERK1-2. Porins of S. enterica serovar 
typhimurium were also able to stimulate protein kinase A (PKA), PKC and protein-tyrosine 
kinase (NT-PTKs) in U937 cells. In the cells pretreated with tyrphostin, a specific PTK 
inhibitor, or with H-89, a specific PKA inhibitor, or calphostin C, a specific PKC inhibitor, 
decrease of the relevant activity was observed (Galdiero, 2003a). 
Neisserial porins induce protein tyrosine phosphorylation and alter the surface expression 
of the co-stimulatory molecule B7-2 (Massari, 2003). Recent evidence suggests that the Raf-1-
MEK1/2-MAPK pathways are included among the proteins which are phosphorylated 
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2008). Plasma was obtained from rats injected intravenously with the peptide and tested for 
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and ERKs (Davis, 2000). The MAPK pathway activates a number of transcription factors 
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Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

38

inhibitor) and forskolin (Raf-1 inhibitor) demonstrated that they modulate in a different way 
cytokine mRNA expression in cells stimulated with porins. Neisserial porins induce nuclear 
translocation of the transcription factor NF-κB in B cells and dendritic cells that was 
maximal by 3 h of stimulation (Massari, 2003). S. enterica serovar typhimurium porins also 
activate AP-1 and NF-κB in U937 cells involving the Raf-1-MEK1/2-MAPK pathways 
(Galdiero, 2002); pretreatment with PD-098059 and with SB-203580 markedly affected the 
activation, indicating that the p38 signaling pathway is mainly involved in AP-1 and NF-κB 
activation. In contrast, forskolin pretreatment did not block transcription factor activation by 
porins, suggesting that a Raf-1-independent pathway may also be involved following porin 
stimulation. Electrophoresis mobility shift assays, using antibodies to specific transcription 
factor protein subunits, showed that in U937 cells the AP-1 complex contains Jun-D and c-
Fos heterodimers and probably no other homodimers or heterodimers. In U937 cells treated 
with LPS, AP-1 complexes containing Jun-D, c-Fos and c-Jun appeared, while stimulation by 
porins induces AP-1 complexes containing fra-2 in addition to the other subunits. The 
formation of a different complex represents a further difference between stimulation with 
LPS and stimulation with porins. This may be added to past observations where mRNA  
 

 
Fig. 4. Speculative scheme of porin signal transduction pathways. Putative porin-specific 
receptors are shown to be transmembrane. The solid arrows indicate the known association 
between superficial porin receptors and activation of several transcription factors; dotted 
arrows indicate hypothetical events. 

 
Septic Shock by Gram-Negative Infections: Role of Outer Membrane Proteins 

 

39 

cytokine expression after stimulation with porin begins after 120 min and continues for 5-6 
h, while following LPS stimulation begins after 30 min and decreases at 120 min. Forskolin 
did not block NF-κB translocation after porin stimulation. Raf-1 induces the dissociation of 
cytoplasmic NF-κB-IκB complexes (Li, 1993), suggesting that a Raf-1-dependent pathway 
may be involved in NF-κB activation. However, it is known that PKC triggers the activation 
of several kinases suggesting that MEK/ERK pathways may also participate in NF-κB 
activation by enhancing an AP-1-NF-κB cross-coupling mechanism. The porin P2 from Hib, 
like porins from S. enterica serovar typhimurium, activates mainly but not exclusively the 
JNK and p38 pathways. Synthetic peptides, corresponding to the amino acid sequences of 
variable loop regions facing the cell exterior and thus more probably involved in the initial 
interaction with the host cell, proved to be able to activate the MEK1-MEK2/MAPK 
pathways similarly to the entire protein. In contrast, peptides modelled on internal β-
strands were ineffective in inducing phosphorylation of such pathways (Galdiero, 2003c). 
A speculative scheme of signal transduction pathways involved in porin-mediated 
responses is depicted in Figure 4. Accumulating evidence has suggested that the regulation 
of transcriptional factors and the subunit composition by porin stimulation may affect the 
adaptive immune mechanism to modulate the production of biologically active proteins or 
peptides. The engagement of multiple pathways during signal transmission makes the 
possible use of molecular inhibitors as therapeutic agents very difficult; although recent 
findings show that peptides complementary to loop regions have a certain ability to block 
the activity of the porin (Cantisani, 2011).  

9. OMPs and septic shock  
Septic shock is a major cause of death in the world. Gram-negative infection frequently 
results in systemic manifestations of sepsis and septic shock. The systemic syndrome is 
caused by the host response to gram-negative surface components. This response may set in 
motion a cascade of pathophysiologic consequences that result in multiple organ systemic 
failure and death. The host response to gram-negative bacterial infection is complex and 
multifaceted. Strong experimental evidence and clinical observations suggest that the 
release of proinflammatory cytokine mediators in response to toxic bacterial products set in 
motion an uncontrolled pathophysiologic program that manifests as sepsis or septic shock. 
The best characterized and most important of these toxic products is gram-negative 
endotoxin. For the general scientific public, the terms endotoxin and LPS are 
interchangeable. The term lipopolysaccharide (LPS) obtained by using the Westphal 
extraction procedure (Westphal, 1952), should be reserved for purified bacterial LPS extracts 
which are free of detectable contaminants, particularly proteins. In contrast, the term 
endotoxin should be used to refer to macromolecular complexes of LPS, protein and 
phospholipid normally obtained by extraction of bacteria with trichloroacetic acid, butanol 
and EDTA. Endotoxin associated protein consist of complex of four or five major proteins 
that range in size from 10 to 35 kDa. Originally considered to be a superfluous carrier of 
LPS, endotoxin associated proteins are now recognized to have potent biological activities 
(Mangan, 1992). Endotoxin associated proteins are powerful mitogen for C3H/HeJ mice, 
which are hyporesponsive to LPS. Techniques previously used in the extraction of stable 
LPS from the endotoxin had greatly favored the study of this portion of the molecule, 
ignoring the denaturable protein fraction, allowing the identification of most of the effects of 
endotoxin with those of LPS. Subsequent extraction techniques for membrane proteins (in 
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their native form) then allowed the study of the protein fraction, which was extracted 
globally in the endotoxin (Hindennach, 1975). Although much is known about the role of 
LPS in septic shock, little is known about the role of the proteic components. Approximately 
50% of the dry mass of the outer membrane of the gram-negative bacteria consists of 
proteins and more than 20 immunochemically distinct proteins (OMPs) have been identified 
in E. coli. Several OMPs have been shown to be potent inducers of cytokine synthesis. The 
most abundant of OMPs are porins. Porins isolated from Salmonella enterica serovar 
typhimurium, Yersimia enterocolitica, and Mannheimia haemolytica have been shown to 
stimulate the release of a range of proinflammatory and immunomodulating cytokines 
including IL-1, IL-4, Il-6, IL-8, TNF-α and INN-γ by monocytes and lymphocytes. Porins 
stimulate also the release of granulocyte-monocyte colony stimulating factor (GM-CSF), 
soluble intercellular adhesion molecule-1 (ICAM-1) and soluble E-selectin (SE-selectin) in a 
dose-dependent fashion by HUVEC cells (Donnarumma, 1996). 
In vitro and in vivo experiments supported the involvement of porins in the septic shock 
pathogenesis. The administration of porin to animals affects their hemodynamics, body 
temperature, blood clotting, cellular and humoral immunities proliferation of B lymphocytes 
and macrophages, and release of various endogenous mediators. The role played by porins 
and in general by OMPs in sepsis has been further supported by conflicting results obtained 
with the immunotherapy. The notion that the core regions of most strains of gram-negative 
bacterial LPS were quite similar, supported the development of a broadly effective 
immunotherapy for gram-negative sepsis using antibodies raised against LPS, through the use 
of a bacterial strain with an outer membrane that features no side chains, while bearing only 
the conserved core elements of LPS. The strain selected was the J5 mutant of E. coli O111:B4, 
whose LPS contains only the core determinants, primarily lipid A. Although it has generally 
been assumed that immunoglobulins to rough mutant E. coli J5 protect by binding to LPS, it 
has been demonstrated that IgG in those antisera bind only weakly to LPS from heterologous 
gram-negative strains. Also anti-lipid A monoclonal antibodies did not induce the expected 
results (Siber, 1985). Recently, it has been demonstrated that IgG in polyclonal antiserum 
raised to heat-killed E. coli J5 binds to three conserved gram-negative bacterial outer-
membrane proteins. (5-9, 18, and 35 kDa). These OMPs are exposed on the surface of bacterial 
cells and are released into human serum in complexes that also contain LPS (Binkley, 1945). 
The role of porins in pathogenesis is also confirmed by studies on the development of an 
effective vaccine against serogroup B Neisseria meningitides. The nonimmunogenicity of 
serogroup B capsular polysaccharide has led to the development of outer membrane vesicle 
(OMV) vaccines, based on the presence of PorB (Jolley, 2001; Wright, 2002). The porin proteins 
adopt a β-sheet structure within the outer membrane with surface exposed loops (Van der Ley, 
1991). OMPs epitopes mainly involved in the interaction with the host cells are those on the 
surface. The wide antigenic variability of gram-negative bacteria is due also to the great 
sequence amino acid variability of surface exposed loops. Although, cross-reactivity of the 
major OMPs of Enterobacteriacae has been reported by several investigators (Hofstra 1979, 
Hofstra, 1980), their role in the pathogenesis of sepsis and shock has not been fully dissected. 
Bacterial lipoproteins are important in the induction and pathogenesis of septic shock; in 
fact, they induce proinflammatory cytokine production in macrophages and lethal shock in 
LPS-responsive and nonresponsive mice. Lipoproteins are released from growing bacteria 
and released lipoproteins may play an important role in the induction of cytokine 
production and pathologic changes associated with gram-negative bacterial infections; 
treatment of bacteria with antibiotics significantly enhances lipoprotein release. 
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Lipoproteins activate macrophages; induce lethal shock in mice, and act synergistically with 
LPS to induce these responses (Zhang, 1997). Some gram-negative microorganisms have the 
ability to secrete lipoproteins to the extracellular environment; among those peptidoglycan-
associated lipoproteins, Pal is released into the bloodstream during infection, and this 
process contributes to the development of septic shock (Hellman, 2002; Liang, 2005). 
Lipoproteins play an important role in septic shock induced by bacteria; moreover, they act 
synergistically with LPS to induce lethal shock which suggest that they activate cells 
through different mechanisms. Bacterial lipoproteins have been shown to affect both the 
innate and acquired immune system via TLR2 signaling and generation of cytotoxic T 
lymphocytes and bactericidal antibodies (Masignani, 2003). 

10. Novel perspectives for therapies  
Gram-negative sepsis remains a significant cause of morbidity and mortality in site of the 
ongoing development of new antimicrobial agents (Lazaron, 1999); the reason may be 
attributed to the failure of antimicrobial therapy to address the described pathogenetic 
mechanism involved in the systemic inflammatory response due to gram-negative bacteria. 
The systemic syndrome is caused by the host response to gram-negative infection; which sets 
in motion a cascade of pathophysiologic consequences that result in dysregulation of 
hemodynamics, oxygen use, and intermediate metabolism, and often results in multiple organ 
failure with further increased morbidity and mortality; these may happen also after apparent 
eradication of the original infection. The immunotherapy in the treatment of sepsis and shock 
did not produce the expected results. In fact, polyclonal E. coli J5 antiserum is not suitable for 
commercial development, especially for the viability of antiserum activity. The mass 
production of IgM monoclonal antibodies allowed the obtainment of an antibody E5 binding 
more specifically to Lipid A. E5 monoclonal antiserum, tested in two randomized placebo-
controlled clinical trials demonstrated no clinical benefit to patients with gram-negative sepsis 
(Greenman, 1991). Also a human hybrid monoclonal antibody, HA-1A has been problematic. 
Anti-LPS core directed antibodies have not shown a survival benefit in clinical trials. The 
sometimes protective results observed using polyclonal E. coli J5 antiserum, may be attributed 
to the presence of antibodies against surface epitopes of OMPs.  The great variability of surface 
loops of OMPs makes it rather difficult the preparation of specific antiserum that could be 
used for all gram-negative infections. As death by septic shock has been derived by an early 
excessive inflammatory response, therapeutic strategies have been designed to block the 
cytokines and other mediators involved into pathogenesis. However, the sepsis and septic 
shock are not restricted only to the activation of the inflammatory response, but also to 
compensatory anti-inflammatory mechanism usually leading to immunosuppression. Patients 
in this state have a poor prognosis; in fact, the majority of deaths occur in patients with sepsis 
who are immunosuppressed (Adib-Conquy, 2009). 
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(Greenman, 1991). Also a human hybrid monoclonal antibody, HA-1A has been problematic. 
Anti-LPS core directed antibodies have not shown a survival benefit in clinical trials. The 
sometimes protective results observed using polyclonal E. coli J5 antiserum, may be attributed 
to the presence of antibodies against surface epitopes of OMPs.  The great variability of surface 
loops of OMPs makes it rather difficult the preparation of specific antiserum that could be 
used for all gram-negative infections. As death by septic shock has been derived by an early 
excessive inflammatory response, therapeutic strategies have been designed to block the 
cytokines and other mediators involved into pathogenesis. However, the sepsis and septic 
shock are not restricted only to the activation of the inflammatory response, but also to 
compensatory anti-inflammatory mechanism usually leading to immunosuppression. Patients 
in this state have a poor prognosis; in fact, the majority of deaths occur in patients with sepsis 
who are immunosuppressed (Adib-Conquy, 2009). 
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1. Introduction  
Transfusion-associated bacterial sepsis (TABS) is caused by bacteria present in blood 
components. It is one of the earliest recognized adverse transfusion-associated reactions. 
Blood components most often become contaminated while blood is being collected from a 
donor; more seldom in the case of asymptomatic bacteremia or erroneous blood processing 
procedures (1). Although the risk for transfusion-associated bacterial sepsis has diminished 
considerably since the introduction of new methods of bacteria detection and of increasingly 
better means of skin disinfection, reappearing reports about severe or fatal reactions after 
contaminated blood component transfusions prove that the problem is still very serious. 
Most often bacterial contamination affects red blood cell concentrates and platelet 
concentrates. There have been cases reported of bacterially contaminated plasma or 
cryoprecipitate, although bacteria do not proliferate in these components when they are 
stored (1,2). Of note, bacterial sepsis is an adverse reaction not only after allogenic 
transfusions but also after autologous ones. 
Bacteria are very rarely transmitted during blood component transfusion, but if they are, 
they usually cause severe, life-threatening adverse reactions, with the mortality rate of 20 – 
30%. In USA, bacteria transmission during transfusion is the second (just after 
“administrative error”) most common cause of fatal transfusion-associated reactions. It is 
estimated that every year 100 – 150 patients undergoing blood component transfusion die 
because of that (1). This number is probably underestimated. There are a few causes of this 
situation. Tests which can confirm or exclude the infectious background of adverse reactions 
occurring during or right after transfusion are not always performed. Besides, the 
organism’s response to infection may be misinterpreted as a manifestation of the underlying 
disease or another non-infectious transfusion-associated reaction. That is why the estimated 
prevalence of fatal adverse reactions may be overestimated because the adverse reactions 
that have the most severe course are predominantly reported to the relevant registering 
centers. 
The risk for transfusion-associated bacterial sepsis results from the nature of pathogens 
themselves and from determinants connected with blood donors and recipients. 
From the transfusiology point of view, the characteristic features of infectious agents include 
their biology, the course of infection, the degree of infectivity, and how harmful they are for 
the recipient if transfusion-associated bacterial infection occurs. The crucial issues are whether: 
• An infectious agent is present in blood in the course of infection, how long it has been 

there, at what concentration; 
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• An infectious agent is transmitted via transfusion. Can its transfusion infectiveness be 
limited and how? 

• In a particular population, an infectious agent is highly prevalent or not. Consequently, 
how many recipients are infected with it via other ways than blood component 
transfusions? How prevalent this infection is among donors and whether identifying 
uninfected donors is possible and feasible. 

• An infectious agent causes a severe disease if it is transmitted with blood. Is the disease 
potentially lethal? What are the possibilities of treating the recipient who has acquired 
the disease?  

The infectious agents important from the transfusiology point of view are those which are 
asymptomatic enough so that a donor would not report them before donation. 
Infectious agents can be present only in some blood components. There are bacteria that are 
observed in the free form in plasma. An important parameter is also how infectious agents 
behave in the conditions at which blood is stored. These conditions differ for various blood 
components. The whole blood, its cellular components, plasma or plasma-derived 
preparations are stored in different forms, e.g. liquid or frozen at -25oC to +24oC. Most 
bacteria are able to proliferate in the components stored. There are also such that are very 
sensitive and quickly die once they are outside the host’s organism. They include Treponema 
pallidum, which cannot survive longer than 72 hours at +4oC. The fact that bacteria have 
been transmitted with blood does not necessarily mean that the recipient will fall ill. To a 
large extent, it depends on the amount of the infectious agent, i.e. how much of the blood 
component has been transfused and how big concentration of the pathogen was in the 
component. Whether a recipient will fall ill depends on the recipient’s immune condition 
and the possibility to control the infection (3,4,). Table 1 itemizes what promotes 
transfusion-associated bacterial sepsis development. 
 

• Volume of blood component transfused 
• Bacteria concentration in blood component 
• Immune and general conditions of recipient 
• Extent of surgery, type of invasive diagnostic procedures 
• Intensity of recipient monitoring 
• Mode of treatment (antibiotics) 

Table 1. Parameters promoting sepsis development following transfusion of bacteria 
contaminated blood components (5). 

2. Causes of transfusion-associated bacterial sepsis 
The sources of bacterial infections may be endogenous or exogenous. Bacteremia in a donor 
may be an endogenous source of blood sample contamination. Chronic bacteremia is 
observed in syphilis. Being a carrier of Borrelia burgdorferi, responsible for borreliosis, a tick-
derived disease, or Brucella abortus, may also be associated with risk. Bacteremia 
accompanying alimentary tract infections and alimentary toxicosis in donors is caused by 
such bacteria as Salmonella but is very rare. In order to exclude them, it is important to take a 
comprehensive history of the donor.  
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Another cause of bacterial contamination of the blood collected may be by bacteria present 
on the donor’s skin when a needle is inserted into a vein or contamination during blood 
collection or processing of blood components. 
The risk an infection is transmitted with a blood component depends mainly on the 
conditions and time a component has been stored before it is transfused to a patient.  It is 
much higher when platelet concentrates are used than in the case of red blood cell 
concentrates, mainly due to the storage temperature. The risk exists when it is stored in a 
temperature which is suitable for bacterial survival and proliferation. Platelets are the 
component that is stored in the conditions which promote bacterial proliferation (room 
temperature). Red blood cells, stored at +4oC, are much less dangerous, and in the case of 
plasma or cryoprecipitate transfusion, the risk for bacterial complications is almost nil. 
Plasma is frozen, after it is processed at  -30oC or lower, which practically eliminates the 
possibility for bacteria to survive. Table 2 presents possible causes of blood component 
bacterial contamination. 
 

• Asymptomatic bacteremia in donor 
• Inadequate disinfection of venopuncture site 
• Donor’s skin fragment placed in blood container (via needle) 
• Contaminated blood sampling kit or anticoagulant 

 

- Faulty sterilization 
- Wrong storing 

Table 2. Causes of bacterial contamination of blood components 

Bacterial proliferation in a blood sample is limited considerably by antibacterial features of 
blood itself. Bacteria are destroyed by the complement and phagocytized by blood 
leukocytes. The risk of donor-derived infection is lower after the leukocytes which have 
phagocytized bacteria in blood have been removed. 
The severity of adverse transfusion-associated bacterial reactions which may occur in a 
recipient after a contaminated blood component has been transfused depends on many 
factors, which are presented in Table 3. 
 

• Number of bacteria (dose) 
• Types of bacteria (Gram-positive, Gram-negative) 
• Virulence of bacteria – production of exotoxins and endotoxins 
• Recipient’s general condition (immune system functioning, underlying 

disease) 
• Recipient undergoing antibiotic therapy 

Table 3. Factors influencing the severity of transfusion-associated adverse infectious 
reactions in recipients 

Certain regularity is the fact that the risk for transfusion-associated septic reactions is 
directly proportional to the duration and temperature at which blood and its components 
are stored. Some bacteria die or cannot proliferate in the temperature at which blood 
components are stored. Yet such cryophilic bacteria as Yersinia enterocolitica survive in red 
blood concentrates because low temperatures do not act destructively on them. Platelet 
concentrates, which are stored in room temperature, are a more friendly environment for 
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• Types of bacteria (Gram-positive, Gram-negative) 
• Virulence of bacteria – production of exotoxins and endotoxins 
• Recipient’s general condition (immune system functioning, underlying 

disease) 
• Recipient undergoing antibiotic therapy 

Table 3. Factors influencing the severity of transfusion-associated adverse infectious 
reactions in recipients 

Certain regularity is the fact that the risk for transfusion-associated septic reactions is 
directly proportional to the duration and temperature at which blood and its components 
are stored. Some bacteria die or cannot proliferate in the temperature at which blood 
components are stored. Yet such cryophilic bacteria as Yersinia enterocolitica survive in red 
blood concentrates because low temperatures do not act destructively on them. Platelet 
concentrates, which are stored in room temperature, are a more friendly environment for 
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bacteria to survive and proliferate although some, more sensitive ones, die at 20 – 240C. 
Most Gram-positive and Gram-negative bacteria are able to survive and proliferate in 
platelet concentrates. 
In most reported cases of transfusion-associated bacterial sepsis, the sources of blood 
component contaminations were not identified. Yet the type of bacteria responsible for the 
complications enabled the probable cause of sepsis and hypothetical source of pathogenic 
bacteria to be established. For example, coagulase-negative Staphylococci or Corynebacteria in 
platelet concentrates suggest the epidermal origin, but Streptococcus viridans in blood most 
likely originates from a donor undergoing dentistry procedures. 

2.1 Bacterial infections transmitted with red blood cell concentrates 
Red blood cell concentrate is a blood component, which is transfused most frequently.  
It does not contain only red blood cells but also various amounts of platelets and leukocytes. 
Transfusion-associated bacterial sepsis resulting from transfusing a bacterially contaminated 
red blood cell concentrate is rather uncommon. Different reports estimate its rate  
at 1:250,000 transfusions; the relevant sepsis mortality rate ranges 58 – 70% (5). During nine 
years, FDA registered 25 fatalities due to transfusion of contaminated red blood  
cell concentrate (6). Thus, the mortality risk is estimated at 13:1,000,000 red blood  
cell concentrate transfusions (7). On the other hand, the Dana Farber Cancer Institute studies 
have found the infection prevalence at 1:38,000 transfused red blood cell concentrate  
units (8,9). 
The bacterium most commonly responsible for sepsis associated with red blood cell 
concentrate transfusion is Yersinia enterocolitica. The prevalence of sepsis associated with Y. 
enterocolitica transmitted with blood varies. In New Zealand, it is 1:65,000 transfusions, with 
the sepsis fatality rate estimated at 1:104,000 transfused red blood cell concentrate units (4). 
In USA, 20 cases were reported of Yersinia being transmitted with blood components in 1987 
– 1996. Twelve of them died before the 37th day following the transfusion of contaminated 
red blood cell concentrate. The mean time between transfusion and recipient’s death is 25 
hours (10). Yersinia enterocolitica is a Gram-negative bacterium, responsible for diarrheal 
diseases; it may also temporarily colonize the alimentary tract of asymptomatic people. The 
feature characteristic of Yersinia bacteria is their ability to survive and proliferate in 
temperatures in which red blood cell concentrates are stored, i.e. +2 – +6 oC. For their own 
metabolism they also use citrate as the source of carbon, which is an additional factor 
conducive for bacterial proliferation. Citrate compounds are included in commonly used 
anticoagulants. Yersinia bacteria present in a blood component are a typical example of 
endogenous contamination resulting from asymptomatic donor’s bacteremia. A study has 
shown that around 2/3 of donors, in whom Yersinia enterocolitica was detected, had 
complained of gastrointestinal disorders in the time preceding blood donation. Most often 
these ailments had a mild course (9,11,12,13,14). Yersinia may remain in the circulation, 
inside leukocytes, even for a few days after intestinal complaints subside. This bacterium is 
also resistant to the action of complement components and to phagocytosis due to the 
presence of Yersinia outer proteins (Yops) (15,16). 
The likelihood of transmitting bacteria via red blood cell transfusion is directly associated 
with the duration of their storing. Tests of red blood cell concentrates that had been 
contaminated with Yersinia showed that in the 38th day after blood donation, the number of 
bacteria reached 108 – 109 CFU/ml. Between the 21st and 34th days, bacteria very quickly 
proliferated and released endotoxin, whose concentration reached around 315 µg/ml (17). 
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Except for Yersinia enterocolitica, the bacteria which may contaminate red blood cell 
concentrates and potentially cause an endotoxic shock, are Pseudomonas spp., Serratia spp., 
Enterobacter spp., Campylobacter spp. and Escherichia coli  (15). 
Pseudomonades are Gram-negative bacteria commonly found in water and soil. They can 
proliferate in temperature 4oC. They often contribute to red blood cell concentrate 
contamination during concentrate preparation (18). Serratia marcescens was a causative factor 
in transfusion-associated sepsis reported in Denmark and Sweden, where bacterially 
contaminated containers were used at blood donations (19). 
Serratia is also a Gram-negative bacterium, which proliferates easily in poor environment at 
+4 – +22oC. The bacteria were isolated from both red blood cell concentrates and platelets 
concentrates. Transmitting Serratia, especially Serratia liquefaciens, causes transfusion-
associate sepsis, most often fatal (1,20).  
A prospective analysis of bacterial cultures from whole blood and red blood cell 
concentrates has shown that bacterial contamination is much more common in blood 
components, i.e. 2 – 4 per 4,000 units. The bacteria most often cultured were Staphylococcus 
and Propionibacterium spp. They very rarely cause sepsis in recipients because they do not 
proliferate at +2 – +6 oC, and red blood cells are stored just at this temperature range. Table 4 
shows bacteria found in red blood cell concentrates. 
 

Blood component Bacteria 
Prevalence of bacteria 
detected that caused 
complications  

Red blood cell 
concentrate 

Yersinia enterocolitica  
Pseudomonas fluorescens 
Pseudomonas putida 
Treponema pallidum 
Other bacteria 

51.0% 
26.5% 
4.1% 
4.1% 
14.3% 

Table 4. Bacteria detected in red blood cell concentrates 

There have been also two fatal cases of transfusion-associated sepsis described caused by 
Pantoeae agglomerans, which used to be known as Enterobacter agglomerans (21). That 
bacterium possesses plasmid-associated factors, which make it resistant to phagocytosis 
(22,23).  
Autologous blood is also a source of severe transfusion-associated sepsis. There are cases 
reported in the literature describing transmitting Y.enterocolitica infection following 
autologous transfusion (12,23). In Japanese studies, a common bacterium contaminating 
blood from autologous transfusions was coagulase-negative Staphylococcus (24,25). 

2.2 Bacterial infections transmitted by contaminated platelet concentrate 
The risk for being infected with bacteria in transfused platelets is 50 to 250 times higher than 
that associated with red blood cell transfusions (26). 
In platelet concentrate transfusion-associated sepsis, bacteria belonging to the donor’s skin 
flora are the main infectious factor. Thus, they are typical exogenous infections resulting 
from badly disinfected skin in the site of needle insertion. The bacteria most commonly 
contaminating platelet concentrates are Staphylococcus epidermidis, which constitutes over 
50% of all bacteria detected and Bacillus cereus, which belong to the physiological skin flora 
(27,28). These bacteria do not proliferate at 0oC, but are able to proliferate in the temperature 
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bacteria to survive and proliferate although some, more sensitive ones, die at 20 – 240C. 
Most Gram-positive and Gram-negative bacteria are able to survive and proliferate in 
platelet concentrates. 
In most reported cases of transfusion-associated bacterial sepsis, the sources of blood 
component contaminations were not identified. Yet the type of bacteria responsible for the 
complications enabled the probable cause of sepsis and hypothetical source of pathogenic 
bacteria to be established. For example, coagulase-negative Staphylococci or Corynebacteria in 
platelet concentrates suggest the epidermal origin, but Streptococcus viridans in blood most 
likely originates from a donor undergoing dentistry procedures. 

2.1 Bacterial infections transmitted with red blood cell concentrates 
Red blood cell concentrate is a blood component, which is transfused most frequently.  
It does not contain only red blood cells but also various amounts of platelets and leukocytes. 
Transfusion-associated bacterial sepsis resulting from transfusing a bacterially contaminated 
red blood cell concentrate is rather uncommon. Different reports estimate its rate  
at 1:250,000 transfusions; the relevant sepsis mortality rate ranges 58 – 70% (5). During nine 
years, FDA registered 25 fatalities due to transfusion of contaminated red blood  
cell concentrate (6). Thus, the mortality risk is estimated at 13:1,000,000 red blood  
cell concentrate transfusions (7). On the other hand, the Dana Farber Cancer Institute studies 
have found the infection prevalence at 1:38,000 transfused red blood cell concentrate  
units (8,9). 
The bacterium most commonly responsible for sepsis associated with red blood cell 
concentrate transfusion is Yersinia enterocolitica. The prevalence of sepsis associated with Y. 
enterocolitica transmitted with blood varies. In New Zealand, it is 1:65,000 transfusions, with 
the sepsis fatality rate estimated at 1:104,000 transfused red blood cell concentrate units (4). 
In USA, 20 cases were reported of Yersinia being transmitted with blood components in 1987 
– 1996. Twelve of them died before the 37th day following the transfusion of contaminated 
red blood cell concentrate. The mean time between transfusion and recipient’s death is 25 
hours (10). Yersinia enterocolitica is a Gram-negative bacterium, responsible for diarrheal 
diseases; it may also temporarily colonize the alimentary tract of asymptomatic people. The 
feature characteristic of Yersinia bacteria is their ability to survive and proliferate in 
temperatures in which red blood cell concentrates are stored, i.e. +2 – +6 oC. For their own 
metabolism they also use citrate as the source of carbon, which is an additional factor 
conducive for bacterial proliferation. Citrate compounds are included in commonly used 
anticoagulants. Yersinia bacteria present in a blood component are a typical example of 
endogenous contamination resulting from asymptomatic donor’s bacteremia. A study has 
shown that around 2/3 of donors, in whom Yersinia enterocolitica was detected, had 
complained of gastrointestinal disorders in the time preceding blood donation. Most often 
these ailments had a mild course (9,11,12,13,14). Yersinia may remain in the circulation, 
inside leukocytes, even for a few days after intestinal complaints subside. This bacterium is 
also resistant to the action of complement components and to phagocytosis due to the 
presence of Yersinia outer proteins (Yops) (15,16). 
The likelihood of transmitting bacteria via red blood cell transfusion is directly associated 
with the duration of their storing. Tests of red blood cell concentrates that had been 
contaminated with Yersinia showed that in the 38th day after blood donation, the number of 
bacteria reached 108 – 109 CFU/ml. Between the 21st and 34th days, bacteria very quickly 
proliferated and released endotoxin, whose concentration reached around 315 µg/ml (17). 
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Except for Yersinia enterocolitica, the bacteria which may contaminate red blood cell 
concentrates and potentially cause an endotoxic shock, are Pseudomonas spp., Serratia spp., 
Enterobacter spp., Campylobacter spp. and Escherichia coli  (15). 
Pseudomonades are Gram-negative bacteria commonly found in water and soil. They can 
proliferate in temperature 4oC. They often contribute to red blood cell concentrate 
contamination during concentrate preparation (18). Serratia marcescens was a causative factor 
in transfusion-associated sepsis reported in Denmark and Sweden, where bacterially 
contaminated containers were used at blood donations (19). 
Serratia is also a Gram-negative bacterium, which proliferates easily in poor environment at 
+4 – +22oC. The bacteria were isolated from both red blood cell concentrates and platelets 
concentrates. Transmitting Serratia, especially Serratia liquefaciens, causes transfusion-
associate sepsis, most often fatal (1,20).  
A prospective analysis of bacterial cultures from whole blood and red blood cell 
concentrates has shown that bacterial contamination is much more common in blood 
components, i.e. 2 – 4 per 4,000 units. The bacteria most often cultured were Staphylococcus 
and Propionibacterium spp. They very rarely cause sepsis in recipients because they do not 
proliferate at +2 – +6 oC, and red blood cells are stored just at this temperature range. Table 4 
shows bacteria found in red blood cell concentrates. 
 

Blood component Bacteria 
Prevalence of bacteria 
detected that caused 
complications  

Red blood cell 
concentrate 

Yersinia enterocolitica  
Pseudomonas fluorescens 
Pseudomonas putida 
Treponema pallidum 
Other bacteria 

51.0% 
26.5% 
4.1% 
4.1% 
14.3% 

Table 4. Bacteria detected in red blood cell concentrates 

There have been also two fatal cases of transfusion-associated sepsis described caused by 
Pantoeae agglomerans, which used to be known as Enterobacter agglomerans (21). That 
bacterium possesses plasmid-associated factors, which make it resistant to phagocytosis 
(22,23).  
Autologous blood is also a source of severe transfusion-associated sepsis. There are cases 
reported in the literature describing transmitting Y.enterocolitica infection following 
autologous transfusion (12,23). In Japanese studies, a common bacterium contaminating 
blood from autologous transfusions was coagulase-negative Staphylococcus (24,25). 

2.2 Bacterial infections transmitted by contaminated platelet concentrate 
The risk for being infected with bacteria in transfused platelets is 50 to 250 times higher than 
that associated with red blood cell transfusions (26). 
In platelet concentrate transfusion-associated sepsis, bacteria belonging to the donor’s skin 
flora are the main infectious factor. Thus, they are typical exogenous infections resulting 
from badly disinfected skin in the site of needle insertion. The bacteria most commonly 
contaminating platelet concentrates are Staphylococcus epidermidis, which constitutes over 
50% of all bacteria detected and Bacillus cereus, which belong to the physiological skin flora 
(27,28). These bacteria do not proliferate at 0oC, but are able to proliferate in the temperature 
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at which platelets are stored, i.e. 20 – 24oC. If the course of the infection associated with 
platelet transfusion is rapid, mainly Gram-negative bacteria are to blame. There have been 
cases reported of fatal transfusion-associated sepsis caused by Staphylococcus aureus and 
Clostridium perfringens. The source of Clostridium difficile was a donor, who frequently 
changed nappies of his newborn baby. Platelet concentrates can also contain other cocci, 
Corynebacterium pseudodiphtheriticum, also Gram-negative fermentative bacteria of the 
Pseudomonas genus. Recently, Listeria monocytogenes was isolated from an apheresis platelet 
concentrate (29). Although there have been no cases reported of isolating Listeria 
monocytogenes from other blood components, it must be remembered that iron, which is 
present in blood, e.g. in red blood cells, is conductive to the growth and virulence of this 
bacterium T(29).  
 Most bacteria are able to proliferate at 20oC – 24oC, but different bacteria have different 
growth dynamicity. In the case of S.aureus and Pseudomonas, after the first two days they 
start proliferating very quickly, whereas Enterococcus faecalis typically grows slowly and 
steadily. Transfusion-associated sepsis has been reported following transfusing platelet 
concentrates contaminated with Gram-positive bacteria (30).  
Sepsis caused by transfusing bacterially contaminated platelet concentrates is most 
common. Platelets are stored at room temperature and are a perfect medium for bacterial 
proliferation. The prevalence of symptomatic platelet transfusion-associated infections is 
1:5,000 in the case of pooled concentrates, and the relevant mortality rate ranges from 
1:70,000 to 1:100,000 transfusions (31,32). Table 5 shows bacteria most often detected in 
platelet concentrates. 
 

Blood component Bacteria 
Prevalence of detected 

bacteria that caused 
complications 

Platelet concentrate 

Staphylococcus epidermidis 
Salmonella choleraesuis 

Serratia marcescens 
Staphylococcus aureus 

Bacillus cereus 
Streptococcus viridans 

Other bacteria 

25 % 
13.5 % 
9.6 % 
9.6 % 
3.8 % 
5.8 % 
36.5 % 

Table 5. Bacteria and their prevalence in platelet concentrates 

Transfusion-associated bacterial sepsis usually manifests immediately after or still during 
transfusion. There have been seven cases reported of sepsis caused by Salmonella in 
platelet concentrate recipients, which manifested 5 – 12 days after transfusion (33). All the 
platelet units had been collected from the same donor who was later diagnosed with 
chronic ostitis. 
Bacteria contaminating blood components can be neutralized by such bacteriostatic factors 
as complement and phagocytosing cells. Yet, for many bacterial types, a concentration  
as small as 1 CFU/ml may be sufficient to proliferate (34). After an initial 2 – 3 day latency 
phase, bacteria rapidly proliferate to reach a concentration of 108 – 109 CFU/ml in the  
2nd – 5th day of storing.  
Haemovigilance studies carried out in many countries focus on severe adverse transfusion-
associated reactions caused by bacteria. Table 6 presents a summing-up of these studies. 
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Study Time of 
study 

Number of cases 
of blood 

component 
contamination 

Kind of blood 
component 

Number of 
deaths from 
transfusion-
associated 

sepsis 

SHOT 1996-1998 4 

1 red blood cell 
concentrate 

3 platelet 
concentrates 

0 
1 

French 
Hemovigilance 1994-1999 185 

113 red blood 
cell concentrates 

89 platelet 
concentrates 

8 
10 

Bacthem 1996-1998 41 

25 red blood cell 
concentrates 
16 platelet 

concentrates 

6 
2 

BaCon 1998-2000 34 

5 red blood cell 
concentrates 
29 platelet 

concentrates 

3 
6 

Table 6. Findings of studies on bacterial contamination of blood components (35) 

The UK Serious Hazards of Transfusion (SHOT) study collects and analyzes all cases of 
transfusion-associated adverse reactions. In 1996 – 1998, there were 366 cases in all of 
adverse reactions registered within SHOT, four of which were transmitted by transfusing 
bacterial infection (36). Transfusion-associated sepsis developed after transfusing 1 unit of 
red blood cell concentrate contaminated with Serratia liquefaciens and three units of platelet 
concentrate which were contaminated with Escherichia coli, Bacillus cereus and Staphylococcus 
aureus. Transfusion-associated sepsis caused by S.aureus resulted in the patient’s death (36). 
In the French Hemovigilance Study carried out in 1994 – 1999, there were 730 transfusion-
associated bacterial infection events, out of which 185 were qualified in the end (89 
following red blood cell concentrate transfusions and 113 after platelet concentrate 
transfusions) (37). Eighteen recipients died after developing transfusion-associated bacterial 
sepsis. The risk for transfusion-associated bacterial reactions was estimated at 12.6:1,000,000 
blood component units. Bacteria isolated from red blood cell concentrates were Gram-
positive cocci (58%), mainly Staphylococcus spp and Streptococcus spp, and Gram-negative 
bacteria found in 32% of units. The both types of bacteria were found in 10% of cases. In 
platelet concentrates, Gram-negative bacteria were found in 36% of units, Gram-positive 
cocci in 42%, and other bacteria in 22% (37). Another French study (Bacthem) focused on 
years 1996 – 1998. During that time, there were 41 transfusion-associated cases analyzed. 25 
cases following transfusing red blood cell concentrates (4 deaths) and 16 cases following 
transfusing platelet concentrates (2 deaths). The bacteria contaminating the red blood cell 
concentrates in that study were mainly Gram-negative (52%) in contrast to 37% detected in 
the platelet concentrates. The risk for transfusion-associated sepsis was three times higher 
when platelet concentrates were transfused and 12 times higher when transfusing pooled 
platelet concentrates. Moreover, the risk for transfusion-associated bacterial sepsis was 
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at which platelets are stored, i.e. 20 – 24oC. If the course of the infection associated with 
platelet transfusion is rapid, mainly Gram-negative bacteria are to blame. There have been 
cases reported of fatal transfusion-associated sepsis caused by Staphylococcus aureus and 
Clostridium perfringens. The source of Clostridium difficile was a donor, who frequently 
changed nappies of his newborn baby. Platelet concentrates can also contain other cocci, 
Corynebacterium pseudodiphtheriticum, also Gram-negative fermentative bacteria of the 
Pseudomonas genus. Recently, Listeria monocytogenes was isolated from an apheresis platelet 
concentrate (29). Although there have been no cases reported of isolating Listeria 
monocytogenes from other blood components, it must be remembered that iron, which is 
present in blood, e.g. in red blood cells, is conductive to the growth and virulence of this 
bacterium T(29).  
 Most bacteria are able to proliferate at 20oC – 24oC, but different bacteria have different 
growth dynamicity. In the case of S.aureus and Pseudomonas, after the first two days they 
start proliferating very quickly, whereas Enterococcus faecalis typically grows slowly and 
steadily. Transfusion-associated sepsis has been reported following transfusing platelet 
concentrates contaminated with Gram-positive bacteria (30).  
Sepsis caused by transfusing bacterially contaminated platelet concentrates is most 
common. Platelets are stored at room temperature and are a perfect medium for bacterial 
proliferation. The prevalence of symptomatic platelet transfusion-associated infections is 
1:5,000 in the case of pooled concentrates, and the relevant mortality rate ranges from 
1:70,000 to 1:100,000 transfusions (31,32). Table 5 shows bacteria most often detected in 
platelet concentrates. 
 

Blood component Bacteria 
Prevalence of detected 

bacteria that caused 
complications 

Platelet concentrate 

Staphylococcus epidermidis 
Salmonella choleraesuis 

Serratia marcescens 
Staphylococcus aureus 

Bacillus cereus 
Streptococcus viridans 

Other bacteria 

25 % 
13.5 % 
9.6 % 
9.6 % 
3.8 % 
5.8 % 
36.5 % 

Table 5. Bacteria and their prevalence in platelet concentrates 

Transfusion-associated bacterial sepsis usually manifests immediately after or still during 
transfusion. There have been seven cases reported of sepsis caused by Salmonella in 
platelet concentrate recipients, which manifested 5 – 12 days after transfusion (33). All the 
platelet units had been collected from the same donor who was later diagnosed with 
chronic ostitis. 
Bacteria contaminating blood components can be neutralized by such bacteriostatic factors 
as complement and phagocytosing cells. Yet, for many bacterial types, a concentration  
as small as 1 CFU/ml may be sufficient to proliferate (34). After an initial 2 – 3 day latency 
phase, bacteria rapidly proliferate to reach a concentration of 108 – 109 CFU/ml in the  
2nd – 5th day of storing.  
Haemovigilance studies carried out in many countries focus on severe adverse transfusion-
associated reactions caused by bacteria. Table 6 presents a summing-up of these studies. 
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Study Time of 
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Number of 
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concentrates 

0 
1 

French 
Hemovigilance 1994-1999 185 

113 red blood 
cell concentrates 
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Table 6. Findings of studies on bacterial contamination of blood components (35) 

The UK Serious Hazards of Transfusion (SHOT) study collects and analyzes all cases of 
transfusion-associated adverse reactions. In 1996 – 1998, there were 366 cases in all of 
adverse reactions registered within SHOT, four of which were transmitted by transfusing 
bacterial infection (36). Transfusion-associated sepsis developed after transfusing 1 unit of 
red blood cell concentrate contaminated with Serratia liquefaciens and three units of platelet 
concentrate which were contaminated with Escherichia coli, Bacillus cereus and Staphylococcus 
aureus. Transfusion-associated sepsis caused by S.aureus resulted in the patient’s death (36). 
In the French Hemovigilance Study carried out in 1994 – 1999, there were 730 transfusion-
associated bacterial infection events, out of which 185 were qualified in the end (89 
following red blood cell concentrate transfusions and 113 after platelet concentrate 
transfusions) (37). Eighteen recipients died after developing transfusion-associated bacterial 
sepsis. The risk for transfusion-associated bacterial reactions was estimated at 12.6:1,000,000 
blood component units. Bacteria isolated from red blood cell concentrates were Gram-
positive cocci (58%), mainly Staphylococcus spp and Streptococcus spp, and Gram-negative 
bacteria found in 32% of units. The both types of bacteria were found in 10% of cases. In 
platelet concentrates, Gram-negative bacteria were found in 36% of units, Gram-positive 
cocci in 42%, and other bacteria in 22% (37). Another French study (Bacthem) focused on 
years 1996 – 1998. During that time, there were 41 transfusion-associated cases analyzed. 25 
cases following transfusing red blood cell concentrates (4 deaths) and 16 cases following 
transfusing platelet concentrates (2 deaths). The bacteria contaminating the red blood cell 
concentrates in that study were mainly Gram-negative (52%) in contrast to 37% detected in 
the platelet concentrates. The risk for transfusion-associated sepsis was three times higher 
when platelet concentrates were transfused and 12 times higher when transfusing pooled 
platelet concentrates. Moreover, the risk for transfusion-associated bacterial sepsis was 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

54

higher when platelets had been stored longer than 1 day, and red blood cells for longer than 
eight days (38). One of the conclusions drawn from the study was that there is a strict 
correlation between the kind of blood component, duration of storing it and the risk for 
transfusion-associated bacterial sepsis (38). 
The American BaCon Study assessed the prevalence of transfusion-associated bacterial 
adverse reactions, kinds of bacterial contamination of blood components and risk factors for 
transfusion-associated bacterial sepsis occurrence. The study was conducted in 1998 – 2000 
(7). In that time, 34 cases of bacterial adverse reactions were assessed, nine of which were 
fatal. As the cause of transfusion-associated sepsis, the following bacteria were identified – 
Gram-positive: Staphylococcus epidermis (8 cases), S.aureus (4 cases), and Gram-negative: 
Escherichia coli (5 cases) and five cases where Serratia were identified (3 – S.marcescens,  
2 – S.liquefasciens) (7). The course of transfusion-associated bacterial sepsis was more rapid 
in patients who had been transfused blood components contaminated with Gram-negative 
bacteria than in those in whom the component transfused was contaminated with Gram-
positive bacteria. The researchers showed that transfusion-associated bacterial sepsis was 
developed five times more often after pooled platelet concentrates were transfused than 
after transfusing platelets from aphaeresis. In the BaCon study, there were 4 deaths resultant 
from sepsis following transfusion of aphaeresis platelet concentrates, i.e from one donor, 
and two deaths after transfusing pooled platelet concentrates (7,39). 

3. Sources of blood components bacterial contamination 
The most probable sources of blood component bacterial contamination are donor’s 
bacteremia, blood collection and processing procedures. Table 7 presents possible sources of 
bacterial contamination. 
 

Contamination source Contamination mechanism 

Blood donor 
Latent bacteremia 

Respiratory system flora 
Nasopharyngeal flora 

Blood collection procedures 

Normal skin flora 
Pathological, transient skin flora 

Practice of and equipment for blood 
collection 

Blood processing procedures 
Contaminated containers 

Open systems 
Infected enriching fluids 

Table 7. Sources and mechanisms of bacterial contamination of blood components 

Blood donors suffering from asymptomatic bacteremia or recovering from bacterial 
infections are a source of blood component bacterial contamination. Yersinia enterocolitica, a 
Gram-negative bacterium, can cause intestinitis with diarrhea of various intensity, increased 
temperature and abdominal pain. Yet, the infection is asymptomatic in most cases. Thus, 
such donors are a potential source of blood component contamination (40,41). Transfusion 
associated bacterial sepsis may be caused by other intestinal pathogens, such as 
Campylobacter jejuni and Salmonella Heidelberg, which induce donor’s bacteremia (18). They 
damage the intestinal mucosa and move into blood. In some people, only after they donated 
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blood were internal latent foci of infection detected. They were asymptomatic, yet they 
caused low-level bacteremia. There have been cases reported of sepsis after transfusing 
concentrate of platelets taken from donors who were during the incubation of bacterial 
infections of the respiratory tract and endocarditis (41). A donor can develop a short-time 
bacteremia after dentistry procedures. Staphylococcus aureus was detected in a platelet 
concentrate collected from a donor two hours after his tooth was treated conservatively (18). 
Staphylococcus aureus is not the only bacterium that can be the source of blood component 
contamination. There have been two cases reported where bacterial toxins were detected in 
the bags after transfused platelet concentrates. Recipients of this component developed 
manifestations of septic shock 15 and 20 minutes after their respective transfusions were 
begun (42). 
The procedures of collecting blood and its components are a source of platelet concentrate 
contamination mainly. Most bacteria detected in laboratory tests and reported as the cause 
of transfusion-associated sepsis are those which constitute the normal skin flora or those 
which transiently are present at the venopuncture site. An example of blood components 
being contaminated with bacteria that happened to be in the venopuncture site is a case of 
sepsis caused by Salmonella enterica. During an epidemiological investigation, it was found 
that the bacteria had originated form a platelet donor who had a snake. The bacteria were 
cultured from the recipient’s blood, form the bag where the blood component had been 
stored and the snake’s excrements, but Salmonella enterica was not cultured in the donor’s 
blood. The bacteria, most probably, was on the donor’s skin while platelet concentrate was 
collected by apheresis (43).  
There are known cases of severe transfusion-associated bacterial sepsis caused by red blood 
cell concentrates contaminated with Pseudomonas fluorescens originating from swabs used as 
cooling compresses on the venopuncture site in donors with low pain tolerance (44). 
Yet most blood components become contaminated because the venopuncture site has been 
disinfected insufficiently or because disinfectants were contaminated. There has been a case 
reported of red blood cell concentrate being contaminated with Burkholderia cepacia, because 
the chlorhexidine used for disinfecting the venopuncture was contaminated with this 
bacterium (45).  
Since disposable, sterile closed plastic systems for blood collection, processing and storage 
were introduced, there have been very uncommon situations when lack of adequate 
sterilization of a blood collection kit or contamination during blood processing resulted in 
contaminating a blood component. A practically invisible crack in a bag for blood or blood 
components can result in their contamination (10). 

4. Clinical picture 
Diagnosing transfusion-associated bacterial sepsis is difficult when the diagnosis is to be 
based only on clinical manifestations. That is why the criteria to diagnose this complication 
have been worked out and are presented in Table 8 (4). 
Transfusion-associated bacterial sepsis always manifests clinically in a very dramatic 
manner. The first symptoms (fever, shivering), which confirm the presence of bacteria in the 
recipient’s circulation usually appear within 2 hours following the start of the transfusion. 
The symptoms to follow are blood pressure drop, nausea, vomiting, diarrhea, and shock. 
Other symptoms, such as dyspnea or bleeding, result from bacteria inducing endotoxins. 
Delayed manifestations, which appear later than one day after transfusion, have been 
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higher when platelets had been stored longer than 1 day, and red blood cells for longer than 
eight days (38). One of the conclusions drawn from the study was that there is a strict 
correlation between the kind of blood component, duration of storing it and the risk for 
transfusion-associated bacterial sepsis (38). 
The American BaCon Study assessed the prevalence of transfusion-associated bacterial 
adverse reactions, kinds of bacterial contamination of blood components and risk factors for 
transfusion-associated bacterial sepsis occurrence. The study was conducted in 1998 – 2000 
(7). In that time, 34 cases of bacterial adverse reactions were assessed, nine of which were 
fatal. As the cause of transfusion-associated sepsis, the following bacteria were identified – 
Gram-positive: Staphylococcus epidermis (8 cases), S.aureus (4 cases), and Gram-negative: 
Escherichia coli (5 cases) and five cases where Serratia were identified (3 – S.marcescens,  
2 – S.liquefasciens) (7). The course of transfusion-associated bacterial sepsis was more rapid 
in patients who had been transfused blood components contaminated with Gram-negative 
bacteria than in those in whom the component transfused was contaminated with Gram-
positive bacteria. The researchers showed that transfusion-associated bacterial sepsis was 
developed five times more often after pooled platelet concentrates were transfused than 
after transfusing platelets from aphaeresis. In the BaCon study, there were 4 deaths resultant 
from sepsis following transfusion of aphaeresis platelet concentrates, i.e from one donor, 
and two deaths after transfusing pooled platelet concentrates (7,39). 

3. Sources of blood components bacterial contamination 
The most probable sources of blood component bacterial contamination are donor’s 
bacteremia, blood collection and processing procedures. Table 7 presents possible sources of 
bacterial contamination. 
 

Contamination source Contamination mechanism 

Blood donor 
Latent bacteremia 

Respiratory system flora 
Nasopharyngeal flora 

Blood collection procedures 

Normal skin flora 
Pathological, transient skin flora 

Practice of and equipment for blood 
collection 

Blood processing procedures 
Contaminated containers 

Open systems 
Infected enriching fluids 

Table 7. Sources and mechanisms of bacterial contamination of blood components 

Blood donors suffering from asymptomatic bacteremia or recovering from bacterial 
infections are a source of blood component bacterial contamination. Yersinia enterocolitica, a 
Gram-negative bacterium, can cause intestinitis with diarrhea of various intensity, increased 
temperature and abdominal pain. Yet, the infection is asymptomatic in most cases. Thus, 
such donors are a potential source of blood component contamination (40,41). Transfusion 
associated bacterial sepsis may be caused by other intestinal pathogens, such as 
Campylobacter jejuni and Salmonella Heidelberg, which induce donor’s bacteremia (18). They 
damage the intestinal mucosa and move into blood. In some people, only after they donated 
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blood were internal latent foci of infection detected. They were asymptomatic, yet they 
caused low-level bacteremia. There have been cases reported of sepsis after transfusing 
concentrate of platelets taken from donors who were during the incubation of bacterial 
infections of the respiratory tract and endocarditis (41). A donor can develop a short-time 
bacteremia after dentistry procedures. Staphylococcus aureus was detected in a platelet 
concentrate collected from a donor two hours after his tooth was treated conservatively (18). 
Staphylococcus aureus is not the only bacterium that can be the source of blood component 
contamination. There have been two cases reported where bacterial toxins were detected in 
the bags after transfused platelet concentrates. Recipients of this component developed 
manifestations of septic shock 15 and 20 minutes after their respective transfusions were 
begun (42). 
The procedures of collecting blood and its components are a source of platelet concentrate 
contamination mainly. Most bacteria detected in laboratory tests and reported as the cause 
of transfusion-associated sepsis are those which constitute the normal skin flora or those 
which transiently are present at the venopuncture site. An example of blood components 
being contaminated with bacteria that happened to be in the venopuncture site is a case of 
sepsis caused by Salmonella enterica. During an epidemiological investigation, it was found 
that the bacteria had originated form a platelet donor who had a snake. The bacteria were 
cultured from the recipient’s blood, form the bag where the blood component had been 
stored and the snake’s excrements, but Salmonella enterica was not cultured in the donor’s 
blood. The bacteria, most probably, was on the donor’s skin while platelet concentrate was 
collected by apheresis (43).  
There are known cases of severe transfusion-associated bacterial sepsis caused by red blood 
cell concentrates contaminated with Pseudomonas fluorescens originating from swabs used as 
cooling compresses on the venopuncture site in donors with low pain tolerance (44). 
Yet most blood components become contaminated because the venopuncture site has been 
disinfected insufficiently or because disinfectants were contaminated. There has been a case 
reported of red blood cell concentrate being contaminated with Burkholderia cepacia, because 
the chlorhexidine used for disinfecting the venopuncture was contaminated with this 
bacterium (45).  
Since disposable, sterile closed plastic systems for blood collection, processing and storage 
were introduced, there have been very uncommon situations when lack of adequate 
sterilization of a blood collection kit or contamination during blood processing resulted in 
contaminating a blood component. A practically invisible crack in a bag for blood or blood 
components can result in their contamination (10). 

4. Clinical picture 
Diagnosing transfusion-associated bacterial sepsis is difficult when the diagnosis is to be 
based only on clinical manifestations. That is why the criteria to diagnose this complication 
have been worked out and are presented in Table 8 (4). 
Transfusion-associated bacterial sepsis always manifests clinically in a very dramatic 
manner. The first symptoms (fever, shivering), which confirm the presence of bacteria in the 
recipient’s circulation usually appear within 2 hours following the start of the transfusion. 
The symptoms to follow are blood pressure drop, nausea, vomiting, diarrhea, and shock. 
Other symptoms, such as dyspnea or bleeding, result from bacteria inducing endotoxins. 
Delayed manifestations, which appear later than one day after transfusion, have been 
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reported following transfusing bacterially contaminated platelet concentrates (46). 
Transfusion-associated bacterial sepsis diagnosed too late is the most common cause of 
death. Early symptoms of sepsis may be diagnosed as non-infectious transfusion-associated 
adverse reactions, especially in neoplastic disease patients under immunosuppression, who 
have undergone numerous blood component transfusions. 
 

Within around 90 minutes after transfusion was started, one of the following symptoms 
appears: 
1. Fever ≥39oC or increase in body temperature by 2oC 
2. Shivering 
3. Tachycardia (≥120 beats per minute or increase by ≥40 bpm) 
4. Changes in systolic pressure (increase by ≥30 mmHg or decrease in comparison to 

baseline values) 

Table 8. Criteria to diagnose transfusion-associated bacterial sepsis 

The initial number of bacteria that is transfused in contaminated blood components is not 
large; it rarely exceeds 10 CFU/ml. That is why transfusing blood or its components within 
the first two days following donation is associated with a minimal risk for infectious 
transfusion-associated complications. Yet, a unique group of recipients constitute patients 
under immunosuppression, for whom even a very small number of bacteria are very 
dangerous. In most transfusion-associated bacterial reactions, the level of contamination in 
containers was at 106 – 108 CFU/ml. Such levels were found in platelet concentrates stored 
for 3 – 5 days, and red blood cell concentrates stored for at least three weeks. 
Severe sepsis with a rapid disease course is mostly caused by Gram-negative bacteria 
releasing an endotoxin which activates the immune system very strongly. Such bacteria are 
predominantly found in contaminated red blood cell concentrates and claim a very high 
mortality rate. 
Bacterial endotoxins – lipopolysaccharide (LPS) – are in the Gram-negative bacterial cellular 
wall and penetrate the environment after a bacterium disintegrates, and in a small amount, 
when a bacterium proliferates because then its cellular wall becomes less dense. They 
stimulate macrophages to secrete such inflammatory cytokines as TNFα, IL-1ß, IL-6, IL-8, 
which are responsible for numerous systemic reactions associated with septic shock. Patients 
who had been transfused red blood cell concentrate contaminated with Gram-negative 
bacteria had high plasma concentrations of these cytokines. Septic shock observed in recipients 
of contaminated concentrates must have resulted mainly from a massive release of cytokines 
rather than from the bacterial proliferation in the recipient’s organism (47). 
Bacterial strains responsible for severe transfusion-associated reactions may have certain 
features, such as resistance to phagocytosis or ability to activate complement, which enable 
them to proliferate in blood components. Asymptomatic, Gram-negative bacteremia in a 
blood donor is a phenomenon that accompanies alimentary tract infections and alimentary 
toxicosis. In the case of intestinal motility disorders, bacteria that are present on the surface 
of mucosa are able to penetrate into deeper tissue and blood. Bacteremia resultant from 
translocation usually does not pose a serious threat to donors whose immune system 
functions normally. Bacteria are eliminated from the circulation and sepsis does not 
develop. On the other hand, the consequences of transfusing a bacterially contaminated 
blood component may be very severe when the number of bacteria is very large or the 
recipient is a patient with low immunity. 
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The mortality rate is high and depends on the blood component, kind and amount of 
contaminating bacteria and patient’s clinical condition (including comorbidities). Other 
factors affecting the mortality rate are the ability to respond adequately to the infection and 
the kind of diagnostic and therapeutic procedures. Studies show that sepsis caused by 
transfusing contaminated red blood cell concentrates is particularly lethal (48). The factors 
that primarily negatively affect the defense against infections include chronic pulmonary 
diseases, neutropenia, immunosuppression, senility, and poor nutrition. 

5. Differentiating 
Differential diagnosis of transfusion-associated bacterial sepsis includes hemolytic reactions, 
febrile non-hemolytic reactions, TRALI, and sepsis unassociated with blood component 
transfusion. The diagnosis is based on culturing patient’s blood and a unit of the component 
transfused. The bacterial background of the transfusion-associated reaction is confirmed 
when the same bacterium is cultured from a container with the blood component and from 
patient’s blood. The similarity of the bacteria cultured from both sources is based on the 
bacterial DNA structure established with one of the methods for genetic typing (most often 
it is pulsed field gel electrophoresis – PFGE).  

6. Treating transfusion-associated bacterial sepsis 
The basic principles in treating transfusion-associated bacterial sepsis include early clinical 
suspicion, rigorous implementation of diagnostic procedures, appropriate causal therapy, 
inhibiting generalized inflammatory reactions predisposing to complications. 
When a fast growing fever appears, the transfusion should be discontinued, the container 
with the accompanying drains secured, and a blood sample taken from the patient so that 
microbiological tests can be done. The blood sample for culturing should be taken from 
another vein than the one into which the blood component has been transfused. 
Before microbiological tests findings are available, empiric therapy should be introduced. 
Antibiotic therapy should include such broad spectrum antibiotics as ß-lactams and 
aminoglycosides. When bacterially contaminated red blood cell concentrate transfusion-
associated sepsis is suspected, an antibiotic with anti-Pseudomonas activity should be 
introduced. Then targeted antibiotic therapy should be started. When a septic shock occurs, 
shock-controlling procedures should include monitoring hemodynamics, respiratory 
efficiency and kidney function. In fluid resuscitation, crystalloids and natural or artificial 
colloid solutions are used. The first transfusion consists of 500 – 1000 ml of crystalloids or 
300 – 500 ml of colloids during 30 minutes, and is repeated depending on such parameters 
as blood pressure, diuresis, and possibly volume overload. 

7. Prevention 
There are no absolutely reliable methods which can enable bacterial contamination of blood 
components to be detected effectively before transfusion. The methods used at present 
include four categories: (1) avoiding bacterial infections, (2) bacteriological testing of blood 
components, (3) inhibiting bacterial growth, and (4) techniques of pathogen inactivation. 
A method to prevent platelet transfusion-associated bacterial sepsis may be using platelets 
from one donor collected by apheresis instead of pooled. The findings of a 12-year study, 
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reported following transfusing bacterially contaminated platelet concentrates (46). 
Transfusion-associated bacterial sepsis diagnosed too late is the most common cause of 
death. Early symptoms of sepsis may be diagnosed as non-infectious transfusion-associated 
adverse reactions, especially in neoplastic disease patients under immunosuppression, who 
have undergone numerous blood component transfusions. 
 

Within around 90 minutes after transfusion was started, one of the following symptoms 
appears: 
1. Fever ≥39oC or increase in body temperature by 2oC 
2. Shivering 
3. Tachycardia (≥120 beats per minute or increase by ≥40 bpm) 
4. Changes in systolic pressure (increase by ≥30 mmHg or decrease in comparison to 

baseline values) 

Table 8. Criteria to diagnose transfusion-associated bacterial sepsis 

The initial number of bacteria that is transfused in contaminated blood components is not 
large; it rarely exceeds 10 CFU/ml. That is why transfusing blood or its components within 
the first two days following donation is associated with a minimal risk for infectious 
transfusion-associated complications. Yet, a unique group of recipients constitute patients 
under immunosuppression, for whom even a very small number of bacteria are very 
dangerous. In most transfusion-associated bacterial reactions, the level of contamination in 
containers was at 106 – 108 CFU/ml. Such levels were found in platelet concentrates stored 
for 3 – 5 days, and red blood cell concentrates stored for at least three weeks. 
Severe sepsis with a rapid disease course is mostly caused by Gram-negative bacteria 
releasing an endotoxin which activates the immune system very strongly. Such bacteria are 
predominantly found in contaminated red blood cell concentrates and claim a very high 
mortality rate. 
Bacterial endotoxins – lipopolysaccharide (LPS) – are in the Gram-negative bacterial cellular 
wall and penetrate the environment after a bacterium disintegrates, and in a small amount, 
when a bacterium proliferates because then its cellular wall becomes less dense. They 
stimulate macrophages to secrete such inflammatory cytokines as TNFα, IL-1ß, IL-6, IL-8, 
which are responsible for numerous systemic reactions associated with septic shock. Patients 
who had been transfused red blood cell concentrate contaminated with Gram-negative 
bacteria had high plasma concentrations of these cytokines. Septic shock observed in recipients 
of contaminated concentrates must have resulted mainly from a massive release of cytokines 
rather than from the bacterial proliferation in the recipient’s organism (47). 
Bacterial strains responsible for severe transfusion-associated reactions may have certain 
features, such as resistance to phagocytosis or ability to activate complement, which enable 
them to proliferate in blood components. Asymptomatic, Gram-negative bacteremia in a 
blood donor is a phenomenon that accompanies alimentary tract infections and alimentary 
toxicosis. In the case of intestinal motility disorders, bacteria that are present on the surface 
of mucosa are able to penetrate into deeper tissue and blood. Bacteremia resultant from 
translocation usually does not pose a serious threat to donors whose immune system 
functions normally. Bacteria are eliminated from the circulation and sepsis does not 
develop. On the other hand, the consequences of transfusing a bacterially contaminated 
blood component may be very severe when the number of bacteria is very large or the 
recipient is a patient with low immunity. 
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The mortality rate is high and depends on the blood component, kind and amount of 
contaminating bacteria and patient’s clinical condition (including comorbidities). Other 
factors affecting the mortality rate are the ability to respond adequately to the infection and 
the kind of diagnostic and therapeutic procedures. Studies show that sepsis caused by 
transfusing contaminated red blood cell concentrates is particularly lethal (48). The factors 
that primarily negatively affect the defense against infections include chronic pulmonary 
diseases, neutropenia, immunosuppression, senility, and poor nutrition. 

5. Differentiating 
Differential diagnosis of transfusion-associated bacterial sepsis includes hemolytic reactions, 
febrile non-hemolytic reactions, TRALI, and sepsis unassociated with blood component 
transfusion. The diagnosis is based on culturing patient’s blood and a unit of the component 
transfused. The bacterial background of the transfusion-associated reaction is confirmed 
when the same bacterium is cultured from a container with the blood component and from 
patient’s blood. The similarity of the bacteria cultured from both sources is based on the 
bacterial DNA structure established with one of the methods for genetic typing (most often 
it is pulsed field gel electrophoresis – PFGE).  

6. Treating transfusion-associated bacterial sepsis 
The basic principles in treating transfusion-associated bacterial sepsis include early clinical 
suspicion, rigorous implementation of diagnostic procedures, appropriate causal therapy, 
inhibiting generalized inflammatory reactions predisposing to complications. 
When a fast growing fever appears, the transfusion should be discontinued, the container 
with the accompanying drains secured, and a blood sample taken from the patient so that 
microbiological tests can be done. The blood sample for culturing should be taken from 
another vein than the one into which the blood component has been transfused. 
Before microbiological tests findings are available, empiric therapy should be introduced. 
Antibiotic therapy should include such broad spectrum antibiotics as ß-lactams and 
aminoglycosides. When bacterially contaminated red blood cell concentrate transfusion-
associated sepsis is suspected, an antibiotic with anti-Pseudomonas activity should be 
introduced. Then targeted antibiotic therapy should be started. When a septic shock occurs, 
shock-controlling procedures should include monitoring hemodynamics, respiratory 
efficiency and kidney function. In fluid resuscitation, crystalloids and natural or artificial 
colloid solutions are used. The first transfusion consists of 500 – 1000 ml of crystalloids or 
300 – 500 ml of colloids during 30 minutes, and is repeated depending on such parameters 
as blood pressure, diuresis, and possibly volume overload. 

7. Prevention 
There are no absolutely reliable methods which can enable bacterial contamination of blood 
components to be detected effectively before transfusion. The methods used at present 
include four categories: (1) avoiding bacterial infections, (2) bacteriological testing of blood 
components, (3) inhibiting bacterial growth, and (4) techniques of pathogen inactivation. 
A method to prevent platelet transfusion-associated bacterial sepsis may be using platelets 
from one donor collected by apheresis instead of pooled. The findings of a 12-year study, 
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where adverse septic reactions after platelet transfusions were analyzed, showed that an 
increase in transfusing apheresis platelet concentrates was accompanied by a decrease in 
such reactions (39). Other studies have confirmed these observations pointing to the fact that 
bacterial contamination of pooled red blood cell concentrates is higher than in those 
collected from one donor (40). Yet, the findings of another paper described more bacterial 
contaminations in apheresis concentrates (49).  

7.1 Lowering the risk of donor’s asymptomatic bacteremia 
7.1.1 Avoiding bacterial infections 
Most people infected develop clinical manifestations of infection, which naturally 
disqualifies them as blood donors. The problem appears when a donor has an asymptomatic 
infection with bacteria in blood or transient, asymptomatic, bacteremia, e.g. after dental 
treatment or some diagnostic procedures. A key prophylactic action is to perform a 
thorough epidemiologic interview in the form of a questionnaire. The questionnaire should 
cover the largest possible number of situations which carry the risk for infection contracting 
and transmitting. Yet, even a best designed questionnaire is not always able to detect 
asymptomatic bacteremia in a donor and to prevent transfusing contaminated blood. 
Studies performed by CDC (Centers for Disease Control and Prevention) have shown that 
out of 6,000 people asked if they had experienced any alimentary tract disorders in the 
previous 30 days, 13% answered positively (50). Other studies showed that 1/3 of the 
donors in whose blood Yersinia enterocolitica was found had not complained of any gastro-
intestinal disorders (12). 

7.1.2 Lowering the risk for contaminating collected blood with donor’s skin flora 
The skin is richly colonized with bacterial flora, which is present in the superficial layer, on 
the epidermis, and in the deeper layers colonizing sebaceous glands, sudoriferous glands, 
and hair follicles. Even when the venopuncture site is prepared properly, not always is it 
possible to avoid contaminating the blood collected with the skin flora. Contamination with 
coagulase-negative Staphylococcus species is very common. Another commensal bacterium 
prevalent in the deeper skin layers and frequently contaminating blood taken is 
Propionibacterium. It is a bacterium that grows slowly in a low-oxygen environment (10). A 
few studies have shown that blood collected became contaminated with such bacteria as 
S.epidermidis, Pseudomonas fluorescens, Pseudomonas putida, despite the fact that skin 
bacteriological cultures harvested from the venopuncture site were aseptic (10). 
Skin disinfection at the venopuncture site is a specific way to prevent blood contamination; 
what is particularly important is not only using proper disinfectants but mainly disinfecting 
correctly and making sure the duration of particular stages of the disinfection process (time 
when a disinfectant is active) is as it should be. 
A venopuncture site is disinfected most effectively with iodine solutions. Yet, a large 
number of skin allergic reactions have resulted in iodine being replaced by chlorhexidine 
and isopropyl alcohol (51,52). Table 9 presents the effectiveness of different disinfectants. 
There should be at least two stages in the disinfection procedure with disinfectants whose 
manufacturers recommend the contact with the skin must be at least 30 seconds long. In 
practice, this means disinfectants must be used in the same manner they are used during 
preparations to surgery. 
What significantly diminishes the risk for contaminating collected blood with a donor’s skin 
flora is diversing the initial aliquot (around 20 – 30 ml) of the blood taken. This blood is used 
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for standard laboratory tests. Some authors claim such a practice may reduce the initial 
amount of bacteria in the blood taken even by 70 – 90%, but it does not eliminate the risk for 
its being contaminated (53,54,55). 
 

Number of 
bacterial 

colonies / dish 

Povidone 
iodine 

(% donors) 

Isopropyl 
alcohol 

and  iodine 
solution 

 (% donors) 

Chlorhexidine 
(% donors) 

Green soap 
and 

isopropyl 
alcohol 

(% donors) 
0 

1 – 10 
12 – 100 

> 100 
P 

(compared to 
povidone) 

34 – 49% 
35 – 43% 
10 – 14% 
0 – 13% 

63% 
34% 
2% 
1% 

< 0.001 

60% 
25% 
12% 
3% 

> 0.001 

0% 
17% 
47% 
36% 

< 0.001 

Table 9. Comparison of disinfectants efficacy (Goldman et al.) (46) 

7.2 Bacteriological testing of blood components 
Blood components are always tested bacteriologically in two situations: 
1. During an epidemiologic investigation; when sepsis signs occurred in a recipient during 

or after transfusion and it is suspected that an infectious agent has been transfused; 
2. Randomly, as a control study within the prophylaxis against transfusion-associated 

adverse reactions. 
The presence of bacteria in blood and its components can be detected with methods that are 
fast but not sensitive and have low specificity, e.g. macroscopic assessment, pH 
measurement, glucose concentration; or by using methods much more sensitive and 
specific, but requiring special equipment and highly qualified personnel. Table 10 presents 
different methods used to detect bacteria in blood components. 
 

1. Macroscopic assessment of blood components 
a) Red blood cell concentrate changes color 
b) Hemolisis in red blood cell concentrate 
c) Swirling phenomenon assessment in platelet concentrate 
2. Microscopic assessment of blood and its components (Gram staining, fluorescence 
microscopy) 
3. Measuring glucose concentration, pCO2, pO2 and pH while blood components are 
being stored 
4. Detecting bacteria endotoxins 
5. Microbiological testing 
6. Detecting bacterial genetic material 
7. Using flow cytometry to detect bacteria 

Table 10. Methods used to detect bacteria in blood components 

In bacterially contaminated red blood cell concentrates, some features of red blood cells are 
changed. While blood components were being assessed macroscopically, hemolisis and a 
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where adverse septic reactions after platelet transfusions were analyzed, showed that an 
increase in transfusing apheresis platelet concentrates was accompanied by a decrease in 
such reactions (39). Other studies have confirmed these observations pointing to the fact that 
bacterial contamination of pooled red blood cell concentrates is higher than in those 
collected from one donor (40). Yet, the findings of another paper described more bacterial 
contaminations in apheresis concentrates (49).  

7.1 Lowering the risk of donor’s asymptomatic bacteremia 
7.1.1 Avoiding bacterial infections 
Most people infected develop clinical manifestations of infection, which naturally 
disqualifies them as blood donors. The problem appears when a donor has an asymptomatic 
infection with bacteria in blood or transient, asymptomatic, bacteremia, e.g. after dental 
treatment or some diagnostic procedures. A key prophylactic action is to perform a 
thorough epidemiologic interview in the form of a questionnaire. The questionnaire should 
cover the largest possible number of situations which carry the risk for infection contracting 
and transmitting. Yet, even a best designed questionnaire is not always able to detect 
asymptomatic bacteremia in a donor and to prevent transfusing contaminated blood. 
Studies performed by CDC (Centers for Disease Control and Prevention) have shown that 
out of 6,000 people asked if they had experienced any alimentary tract disorders in the 
previous 30 days, 13% answered positively (50). Other studies showed that 1/3 of the 
donors in whose blood Yersinia enterocolitica was found had not complained of any gastro-
intestinal disorders (12). 

7.1.2 Lowering the risk for contaminating collected blood with donor’s skin flora 
The skin is richly colonized with bacterial flora, which is present in the superficial layer, on 
the epidermis, and in the deeper layers colonizing sebaceous glands, sudoriferous glands, 
and hair follicles. Even when the venopuncture site is prepared properly, not always is it 
possible to avoid contaminating the blood collected with the skin flora. Contamination with 
coagulase-negative Staphylococcus species is very common. Another commensal bacterium 
prevalent in the deeper skin layers and frequently contaminating blood taken is 
Propionibacterium. It is a bacterium that grows slowly in a low-oxygen environment (10). A 
few studies have shown that blood collected became contaminated with such bacteria as 
S.epidermidis, Pseudomonas fluorescens, Pseudomonas putida, despite the fact that skin 
bacteriological cultures harvested from the venopuncture site were aseptic (10). 
Skin disinfection at the venopuncture site is a specific way to prevent blood contamination; 
what is particularly important is not only using proper disinfectants but mainly disinfecting 
correctly and making sure the duration of particular stages of the disinfection process (time 
when a disinfectant is active) is as it should be. 
A venopuncture site is disinfected most effectively with iodine solutions. Yet, a large 
number of skin allergic reactions have resulted in iodine being replaced by chlorhexidine 
and isopropyl alcohol (51,52). Table 9 presents the effectiveness of different disinfectants. 
There should be at least two stages in the disinfection procedure with disinfectants whose 
manufacturers recommend the contact with the skin must be at least 30 seconds long. In 
practice, this means disinfectants must be used in the same manner they are used during 
preparations to surgery. 
What significantly diminishes the risk for contaminating collected blood with a donor’s skin 
flora is diversing the initial aliquot (around 20 – 30 ml) of the blood taken. This blood is used 
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for standard laboratory tests. Some authors claim such a practice may reduce the initial 
amount of bacteria in the blood taken even by 70 – 90%, but it does not eliminate the risk for 
its being contaminated (53,54,55). 
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17% 
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Table 9. Comparison of disinfectants efficacy (Goldman et al.) (46) 

7.2 Bacteriological testing of blood components 
Blood components are always tested bacteriologically in two situations: 
1. During an epidemiologic investigation; when sepsis signs occurred in a recipient during 

or after transfusion and it is suspected that an infectious agent has been transfused; 
2. Randomly, as a control study within the prophylaxis against transfusion-associated 

adverse reactions. 
The presence of bacteria in blood and its components can be detected with methods that are 
fast but not sensitive and have low specificity, e.g. macroscopic assessment, pH 
measurement, glucose concentration; or by using methods much more sensitive and 
specific, but requiring special equipment and highly qualified personnel. Table 10 presents 
different methods used to detect bacteria in blood components. 
 

1. Macroscopic assessment of blood components 
a) Red blood cell concentrate changes color 
b) Hemolisis in red blood cell concentrate 
c) Swirling phenomenon assessment in platelet concentrate 
2. Microscopic assessment of blood and its components (Gram staining, fluorescence 
microscopy) 
3. Measuring glucose concentration, pCO2, pO2 and pH while blood components are 
being stored 
4. Detecting bacteria endotoxins 
5. Microbiological testing 
6. Detecting bacterial genetic material 
7. Using flow cytometry to detect bacteria 

Table 10. Methods used to detect bacteria in blood components 

In bacterially contaminated red blood cell concentrates, some features of red blood cells are 
changed. While blood components were being assessed macroscopically, hemolisis and a 
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dark color have been observed in the concentrate with high levels of Yersinia enterocolitica, 
Enterobacter spp. and other Gram-negative bacteria (56,57,58). This phenomenon may result 
from bacteria using up the oxygen bound with hemoglobin in red blood cells. In 
contaminated blood components, methemoglobin concentration was found to be 2 – 4 times 
higher than in “healthy” components. In bacterially contaminated red blood cell 
concentrates, pH was found to be lower. 
Similar changes have been observed in platelet concentrates. Bacterial proliferation uses up 
glucose in the environment and, consequently, lowers pH (58). Oxygen concentration is 
observed to decrease and that of CO2 to increase (35,58). Yet, changes in these parameters do 
not necessarily mean there are bacteria present, because leukocytes and platelets also take 
up glucose and oxygen form the environment. The metabolism of platelets in stored 
concentrates is very vivid. That is why simple and direct measurement of these parameters 
does not indicate unambiguously bacteria are present. The sensitivity of the macroscopic 
assessment of blood components is around 108 CFU/ml. One of the studies on bacterial 
contamination of blood components showed the method was more sensitive. Bacterial 
contamination of 1.8x104 to 1.6x109 CFU/ml was found in the whole blood which earlier at 
macroscopic assessment was suspected of being contaminated (57). 
In bacterially contaminated platelet concentrates, the “swirling” phenomenon is observed, 
i.e. platelet blinking or twinkling. When platelets are seen in a light beam going through 
blood, they swirl and reflect light and thus the swirling phenomenon is produced. This 
phenomenon disappears or is attenuated when there are bacteria in platelet concentrate, 
which lower pH (35). 
Blood components are assessed microscopically for detecting bacteria in both red blood cell 
concentrates and platelet concentrates. The assessment is based on Gram staining. 
Unfortunately, this method’s sensitivity is very low. It is possible to detect bacteria when 
their concentration is 105 – 106 CFU/ml (59). When the two methods of detecting bacteria in 
blood were compared (culturing on bacteriological medium and microscopic assessment), 
more than half of the samples where bacteria were cultured were negative microscopically 
(60). The use of acridine orange to detect bacteria in blood components has also been 
reported (61). 
Genetic methods, which detect bacterial genetic material, are of a very high sensitivity. 
Methods based on the polymerase chain reaction (PCR) detect the genetic material of S.aureus, 
E.coli, B.cereus and K.pneumoniae in platelet concentrates with the sensitivity of 10 
CFU/container (62). Other genetic methods use probes directed at a precisely defined bacterial 
DNA fragment, mainly 16SrDNA. They enable many different bacteria to be detected in blood 
components (63). The presence of marked probes is detected with chemiluminescence or 
electroluminescence. The test lasts a few hours, so theoretically it might be performed before 
each transfusion, and then the duration of storing blood components could be more “flexible” 
(10). The advantage of genetic methods is their speed and high sensitivity. Their disadvantage 
is the fact that they detect bacteria both alive and non-viable.  
Flow cytometry is a method of the speed and sensitivity similar to those of genetic methods. 
Moreover, it differentiates bacteria which are alive from those which are dead. 
At present, bacteria in blood components can be detected routinely with the method of 
marking them with fluorescence dyes and found on a special membrane (after filtration). 
The principle of this method is used in an automatic system where bacteria can be detected 
within 30 – 72 hours since blood collection. The time of the test is short, around 90 minutes, 
and detects bacterial contamination at 105 CFU/ml (64). 
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The present “gold standard” in detecting bacteria in blood and its components is considered 
to be a method based on measuring CO2 concentration in a bag with biological medium 
with an appropriate amount of the platelet concentrate tested. An increase in pCO2 is 
detected (as a marker of bacterial presence) by the calorimetric index (10). 
None of the methods described above is able to detect bacterial contamination of blood 
components if its concentration is very low. Donor’s subclinical bacteremia in its initial phase 
has bacterial concentration at ≤10 CFU/ml and is undetectable. That is why blood components 
are tested for bacterial contamination 24 hours after blood was collected. Although this 
practice delays obtaining the result of the test, it allows the cause of the contamination to be 
found and transfusion-associated bacterial sepsis to be avoided. Because of an increased risk 
for platelet concentrate transfusion-associated adverse reactions, in March 2004 FDA ruled that 
in the USA all platelet concentrates which are to be transfused have to be tested first (65). 
Similar regulations are in effect in some European countries.  

7.3 Modifying the conditions of storing blood components 
Platelet concentrate is a blood component in which bacteria have good conditions to 
survive. Lowering the temperature at which platelet concentrate is stored would inhibit 
bacterial proliferation and reduce the risk for transfusion-associated sepsis (4 – 6oC), but it 
would also affect negatively platelet haemostatic features and their survival in the 
circulation. This mechanism became known only recently (66). Short-time exposure of 
platelets to cold results in platelets clustering glycosylated protein GP1B on the surface of 
the chilled platelets. The aggregation process is induced by the binding of glycoprotein with 
receptors on macrophages, which immobilizes platelets. The phenomenon is transitional if 
platelets are not stored in the cold for longer than two hours. If platelet concentrate is stored 
in the cold for longer than 48 hours, platelet functions are distorted by competitive blockade 
of the asialo receptors, which results in platelet survival time in the circulation becoming 
shorter (66). Routinely, platelet concentrates are stored at 20 – 24 oC for up to 5 days, but 
after each unit is tested bacteriologically, the storing period may be prolonged to 7 days. 
There are opinions heard universally that the present guidelines should be changed and the 
duration of blood component storage should be shortened (10). 
Most severe cases of transfusion-associated bacterial sepsis have been reported after 
transfusing red blood cell concentrates stored for over 2 weeks, because at the temperature 
of 2 – 6oC bacterial growth and metabolism are either inhibited or considerably slower. The 
temperature of 4oC does not stop Yersinia, Pseudomonas and Serratia from growing. A few 
centers have introduced “a preceding period” to red blood cell concentrate storage. The idea 
was to leave red blood cells in room temperature for 5 – 7 hours, and then perform a 
bacteriological test. It turned out that a longer time of incubation (about 7 hours) at room 
temperature improved detection of Yersinia enterocolitica, whereas such bacteria as 
Enterococcus or Klebsiella were much more numerous after 4 hours of incubation (67,68). 
The temperature of 2 to 6oC is an inhibiting factor not only for bacteria. Cellular activity and 
the activity of immune system factors in fresh blood are inhibited too. That is why it is 
beneficial to leave the blood collected at room temperature for 2 – 4 hours so that natural 
mechanisms could act and destroy bacteria (12). 

7.4 Inactivation of bacteria contaminating blood components 
The techniques used to reduce bacteria contaminating blood components are new methods 
able to limit the risk for transfusion-associated bacterial sepsis. These methods are effective 
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both when well-known infectious agents are encountered and also when the agents have so 
far been neglected from the transfusiology point of view, or even those which have not been 
discovered yet. They should possess the following features: 
• They should inactivate a broad spectrum of bacteria; 
• They should not change the therapeutic properties of a blood component; 
• Reagents and photoproducts, whose traces may remain after the reduction process is 

finished, must not be toxic to recipients; 
• The costs of implementation should be proportional to their effectiveness (69,70) 
The effectiveness assessment is based on comparing the number of model bacteria added to 
blood components before and after inactivation. The method is believed to be effective if the 
number of bacteria is diminished by 5 – 6 log10 in reference to the baseline values (71, 72). 
In in vitro studies, the parameter defining the effectiveness of the method is the reduction 
index (R), which is a negative logarithm (Y) of the ratio between the number of bacteria in 
the baseline material to the number of bacteria after reduction plus/minus 1: 

R = - log (Y) ± 1 

The reduction index is dependent on many factors. The most important are: baseline 
bacterial concentration, their type and kind of blood component. 
Naturally, it is not enough to establish that a particular method of pathogen reduction is 
effective. It is necessary to carry out in vitro tests of particular blood components before and 
after reduction (69). Such tests aim to establish to what extent blood components change 
their functional and metabolic properties during storing. The methods of bacterial reduction 
must not distort biochemical metabolic transformations of red blood cells and platelets. If a 
method is to be applied clinically, a blood component after pathogen reduction with a 
particular method should be safe, therapeutically effective and must not cause adverse 
reactions (69). 
The methods used in order to limit transmitting bacteria by contaminated blood 
components can be divided into two groups. In the first group, there are those procedures 
which inactivate bacteria. Inactivation destroys their capsules or damages their DNA/RNA, 
which prevents their proliferation. One of such methods is the Solvent/detergent method 
used mainly to reduce pathogens in the capsule. 
The second group of methods focuses on eliminating the infectious factor completely or on 
lowering its amount so that it would not be infectious any longer. They are methods of 
photoinactivation with visual or UV radiation and such radiosensitive compounds as 
psolarens, as well as filtration. They are used to reduce pathogens in platelet and red blood 
cell concentrates (73). 
The methods of inactivation with riboflavin are being clinically tested.  The methods used 
for red blood cell concentrates must not need light exposure because light is absorbed by 
hemoglobin.  
Clinical tests in the form of transfusing platelet concentrates inactivated with psolarens have 
shown lack of toxicity and their photoproducts. Photoinactivation with psolarens proves to 
be an effective method that inactivates a broad spectrum of both Gram-negative and Gram-
positive bacteria. Platelets inactivated in this way have been proved sterile for the whole 
time of storage and the metabolic functions of these blood cells were preserved even in the 
7th day of storing. Yet, what has to be considered as negative is an approximate 10% loss in 
the number of platelets after the process of inactivation (71). 
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The methods of pathogen reduction in blood components have been recommended as 
priorities to be applied and further studied so that the safety of blood and its components 
will improve (74,75). 
Filtration, used to limit bacterial contamination in blood components, results in the removal 
of leukocytes together with bacteria inside them. Bacteria may adhere to leukocytes on the 
filter too. Free forms of bacteria can be also removed by direct adhesion to the filter material. 
Several in vitro studies have shown that filters which reduce the number of leukocytes are able 
to rid contaminated red blood cell concentrates or whole blood of bacteria (38,49,76). The 
blood units, into which Y.enterocolitica bacteria were added a few hours after collection, and 
which underwent filtering so that leukocytes would be removed, contained fewer bacteria 
than those which had not been filtered. On the other hand, diminishing the number of 
leukocytes by filtering them out is less effective in removing bacteria from platelet 
concentrates (76). The number of bacteria grew slower in low-leukocyte platelet concentrates, 
but after one day the concentration of bacteria contaminating this blood component did not 
differ significantly from others. Similarly, molecular studies of bacterial RNA showed the 
same growth rate of bacteria in platelet concentrates contaminated with S.epidermidis (77). 
Filters which reduce the number of leukocytes can catch bacteria directly, which is illustrated 
by the fact that Staphylococcus xylosus can be removed from blood components which were 
filtered previously (77). Yet, other studies have proved that filtering blood is able to reduce the 
number of bacteria in blood components, but it is never able to filter out the contamination 
fully (78). Filtering out leukocytes from blood components can also eliminate phagocytized 
bacteria inside them (76). If granulocytes disintegrate before bacteria are destroyed, they can 
get into the blood again. The optimal time to perform filtration is probably 2 to 12 hours 
following blood collection. It is the time for phagocytosis and reduction of leukocytes before 
viable bacteria are released from them (77). This mechanism has been used to explain why 
bacteria are found in the blood components which were previously considered 
uncontaminated. The interests of the haemovigilance study program included the benefits 
resulting from leukocyte reduction in blood components. The results revealed that the 
percentage of bacterially contaminated blood components had been considerably lowered 
(3.8% before filtering vs 1.7% after filtering) and the number of transfusion-associated bacterial 
sepsis cases significantly reduced (71% vs 24%) (54). 

8. Summing-up 
Bacterial contamination of blood components is a cause of transfusion-associated sepsis. The 
components which most often become contaminated are those of red blood cells and of 
platelets. Blood components often become bacterially infected during blood collection from a 
donor; more seldom in the case of asymptomatic bacteremia or faulty blood processing. The 
methods used currently, which are based on culturing, visual assessment of a component, 
appropriate selection of donors, venopuncture site disinfection techniques, more often than 
not are able to prevent transfusion-associated bacterial sepsis. The techniques of pathogen 
inactivation may turn out to be promising in preventing bacterial infections. 
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1. Introduction 
Sepsis is defined as infection plus systemic manifestations of infection (Dellinger.R.P. et al. 
2008). Thus it is more than just the local organ pathology damage, and indicates malfunction 
of one or more other critical organs. There are few systematic reviews of what autopsy can 
contribute to sepsis studies, so this chapter attempts to summarise the main pathological 
concepts around sepsis with particular focus on diagnostic features – gross and 
histopathological - and differential diagnosis. The focus is information for practising 
pathologists. Currently, detailed non-forensic autopsy practice seems to have fewer 
enthusiasts than heretofore, and the case is made that in sepsis-related fatality, there is much 
to observe and learn. This chapter is a revision of an article on the autopsy and sepsis 
published in 2007 (Lucas 2007).  
Autopsy pathologists not infrequently use the term ‘septicaemia’ (implying blood infection) 
as the final process causing death, implying that there was bacteraemia – hopefully proven 
but sometimes assumed – associated with one or more organ failures. This is an uneasy 
combination of clinical, laboratory and gross pathological features, because:  
1. there are no specific morbid anatomical features of ‘septicaemia’  

• the historical ‘diffluent’ or ‘septic’ spleen is a debatable gross entity (Arismendi-
Morrillo et al. 2004) 

• ‘shock lung’ and ‘acute tubular necrosis’ are difficult to diagnose on gross 
examination alone 

2. the interpretation of pre-mortem, let alone post-mortem, blood cultures is not easy 
(Morris, Harrison, & Partridge 2006) 

3. there are no standard histopathological features that reliably point to ‘septicaemia’ 
4. there is no agreed case definition of ‘septicaemia’.  
It is more logical to consider ‘sepsis’: its local origins, systemic consequences, and degrees of 
severity.  
Within intensive care units (ICU), where most patients with severe sepsis are cared for 
(Dellinger et al. 2004), autopsy analysis still reveals previously unknown diagnoses that 
could, if treated differently, have altered the outcome; and this despite the panoply of 
investigative procedures now available to modern ICU medicine. From the 21st century, a 
USA study (Roosen et al. 2000) found 16% Goldman class 1 discrepancies (ie missed 
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opportunity to change therapy and prolong survival (Goldman et al. 1983)), and fungal 
infections were notably under-diagnosed pre-mortem. In a recent French study (Combes et 
al. 2004) 32% of autopsies showed Goldman class 1 or 2 discrepancies, particularly among 
the immuno-compromised patients. The diseases missed included cancer, stroke, 
myocardial infarction, endocarditis, and pulmonary embolism. A British study (Perkins et 
al. 2003) noted that only 7.7% of ICU deaths underwent autopsy, and found similar 
discrepancy patterns to the French study. What few of these studies address is the precise 
contribution of sepsis and its management to death, although severe sepsis is noted to be 
both under- and over-diagnosed pre-mortem (Blosser, Zimmerman, & Stauffer 1998) 
(Perkins, McAuley, Davies, & Gao 2003).  

1.1 The role of the autopsy in sepsis 
What can autopsy pathology – and pre-mortem cellular pathology – contribute to improving 
the care and outcomes of sepsis patients? There are three main categories of positive 
contribution: 
1. assisting in diagnosis pre-mortem, through tissue examination (histopathology and 

cytopathology (Schnadig, Molina, & Aronson 2007)) 
2. evaluating dead patients for actual clinico-pathological outcomes 

• confirming or refuting pre-mortem diagnoses  
• including potential complications of intensive care 
• identifying co-morbidities that affected recovery 

3. providing this information back to clinicians and IC units as monitoring and audit in 
order to feed into improving future managements 

The 2008 revision of the clinical Recommendations for Surviving Sepsis Campaign 
(Dellinger.R.P., Levy, Carlet, & et al 2008) can be scrutinized against possible contributions 
of pathology. For several of the Recommendations, autopsy pathology investigations can 
contribute nothing specifically: 
1. Initial Resuscitation 
2. Glucose Control 
3. Renal Replacement 
4. Bicarbonate Therapy 
5. Selective Digestive Tract Decontamination 
6. Consideration of Limitation of Support 
But for the other Recommendations, autopsy pathology can contribute significantly to the 
evaluation in their efficacy and complications: 
1. Diagnosis – of infections and co-morbidities 
2. Antibiotic Therapy – effectiveness of therapy, and potential toxic complications of 

therapy 
3. Source Control – as with Diagnosis of infections 
4. Fluid Therapy – overload, underperfusion 
5. Vasopressors & Inotrope Therapies – complications such as cardio-toxicity 
6. Corticosteroids – complications including opportunistic infections6 
7. Recombinant Activated Protein C – haemorrhagic complications 
8. Blood Product Administration – identification of Transfusion Associated Lung Injury 

(TRALI) 
9. Mechanical Ventilation of acute lung injury – the impact of tidal volume and O2 

concentration on alveolar membranes 
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10. Extracorporeal Membrane Oxygenation (ECMO) – its contribution to lung pathology 
(eg aspergillosis) 

11. Sedation – the issue of possible morphine toxicity 
12. Deep Vein Thrombosis Prophylaxis – its efficacy 
13. Gastric Stress Prophylaxis – its efficacy 

2. Epidemiology 
Epidemiologically, the incidence of severe sepsis (as defined below) in industrialised 
countries is 50-95 cases per 100,000 population and is rising by up to 9% each year, for 
reasons still unexplained. It accounts for 2% of hospital admissions in the USA, affecting 
about 700,000 people per year, causing death in 210,000; and is the tenth leading cause of 
death (Annane, Bellisant, & Cavaillon 2005) (Riederman, Guo, & Ward 2003) (Danai & 
Martin 2005) (Lever & Mackenzie 2007). 

3. Clinical case definitions 
As a result of consensus meetings in the early 1990s– intended to improve not only patient 
management but also the comparability of clinical trials in intensive care unit settings (ICU) 
– there are agreed clinical case definitions of sepsis, including severity and organ syndromes 
(see Table 1) (Riederman, Guo, & Ward 2003) (Levy & et al 1992). The recognition of the 
systemic inflammatory response syndrome (SIRS) is central to the definitions.  
 

Diagnosis Definition
SIRS (systemic inflammatory response 
syndrome) 
 

Temperature >38 deg C or <36 deg C 
Heart rate >90/min 
Systolic blood pressure <90mmHg 
Respiratory rate >20/min or PaCO2 
<32mmHg 
Blood white cell count >12x109/L or 
<4x109/L, or >10% immature band forms. 

Sepsis Systemic response to infection, as 
manifested by two of more of the above list 
(ie SIRS + infection).

Severe sepsis 
 

Sepsis with associated organ dysfunction, 
hypoperfusion, or hypotension including 
lactic acidosis, oliguria, or acute alteration 
in mental state.

Septic shock Sepsis-induced hypotension despite 
adequate fluid resuscitation, along with 
presence of severe sepsis.

MODS (Multiple organ dysfunction 
syndrome) 

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

Table 1. Clinical definitions of sepsis  

The six most common sites of infection associated with sepsis are pneumonia, blood stream 
infections (including infective endocarditis), intravascular catheter-related sepsis, intra-



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

72

opportunity to change therapy and prolong survival (Goldman et al. 1983)), and fungal 
infections were notably under-diagnosed pre-mortem. In a recent French study (Combes et 
al. 2004) 32% of autopsies showed Goldman class 1 or 2 discrepancies, particularly among 
the immuno-compromised patients. The diseases missed included cancer, stroke, 
myocardial infarction, endocarditis, and pulmonary embolism. A British study (Perkins et 
al. 2003) noted that only 7.7% of ICU deaths underwent autopsy, and found similar 
discrepancy patterns to the French study. What few of these studies address is the precise 
contribution of sepsis and its management to death, although severe sepsis is noted to be 
both under- and over-diagnosed pre-mortem (Blosser, Zimmerman, & Stauffer 1998) 
(Perkins, McAuley, Davies, & Gao 2003).  

1.1 The role of the autopsy in sepsis 
What can autopsy pathology – and pre-mortem cellular pathology – contribute to improving 
the care and outcomes of sepsis patients? There are three main categories of positive 
contribution: 
1. assisting in diagnosis pre-mortem, through tissue examination (histopathology and 

cytopathology (Schnadig, Molina, & Aronson 2007)) 
2. evaluating dead patients for actual clinico-pathological outcomes 

• confirming or refuting pre-mortem diagnoses  
• including potential complications of intensive care 
• identifying co-morbidities that affected recovery 

3. providing this information back to clinicians and IC units as monitoring and audit in 
order to feed into improving future managements 

The 2008 revision of the clinical Recommendations for Surviving Sepsis Campaign 
(Dellinger.R.P., Levy, Carlet, & et al 2008) can be scrutinized against possible contributions 
of pathology. For several of the Recommendations, autopsy pathology investigations can 
contribute nothing specifically: 
1. Initial Resuscitation 
2. Glucose Control 
3. Renal Replacement 
4. Bicarbonate Therapy 
5. Selective Digestive Tract Decontamination 
6. Consideration of Limitation of Support 
But for the other Recommendations, autopsy pathology can contribute significantly to the 
evaluation in their efficacy and complications: 
1. Diagnosis – of infections and co-morbidities 
2. Antibiotic Therapy – effectiveness of therapy, and potential toxic complications of 

therapy 
3. Source Control – as with Diagnosis of infections 
4. Fluid Therapy – overload, underperfusion 
5. Vasopressors & Inotrope Therapies – complications such as cardio-toxicity 
6. Corticosteroids – complications including opportunistic infections6 
7. Recombinant Activated Protein C – haemorrhagic complications 
8. Blood Product Administration – identification of Transfusion Associated Lung Injury 

(TRALI) 
9. Mechanical Ventilation of acute lung injury – the impact of tidal volume and O2 

concentration on alveolar membranes 

 
The Autopsy Pathology of Sepsis-Related Death 

 

73 

10. Extracorporeal Membrane Oxygenation (ECMO) – its contribution to lung pathology 
(eg aspergillosis) 

11. Sedation – the issue of possible morphine toxicity 
12. Deep Vein Thrombosis Prophylaxis – its efficacy 
13. Gastric Stress Prophylaxis – its efficacy 

2. Epidemiology 
Epidemiologically, the incidence of severe sepsis (as defined below) in industrialised 
countries is 50-95 cases per 100,000 population and is rising by up to 9% each year, for 
reasons still unexplained. It accounts for 2% of hospital admissions in the USA, affecting 
about 700,000 people per year, causing death in 210,000; and is the tenth leading cause of 
death (Annane, Bellisant, & Cavaillon 2005) (Riederman, Guo, & Ward 2003) (Danai & 
Martin 2005) (Lever & Mackenzie 2007). 

3. Clinical case definitions 
As a result of consensus meetings in the early 1990s– intended to improve not only patient 
management but also the comparability of clinical trials in intensive care unit settings (ICU) 
– there are agreed clinical case definitions of sepsis, including severity and organ syndromes 
(see Table 1) (Riederman, Guo, & Ward 2003) (Levy & et al 1992). The recognition of the 
systemic inflammatory response syndrome (SIRS) is central to the definitions.  
 

Diagnosis Definition
SIRS (systemic inflammatory response 
syndrome) 
 

Temperature >38 deg C or <36 deg C 
Heart rate >90/min 
Systolic blood pressure <90mmHg 
Respiratory rate >20/min or PaCO2 
<32mmHg 
Blood white cell count >12x109/L or 
<4x109/L, or >10% immature band forms. 

Sepsis Systemic response to infection, as 
manifested by two of more of the above list 
(ie SIRS + infection).

Severe sepsis 
 

Sepsis with associated organ dysfunction, 
hypoperfusion, or hypotension including 
lactic acidosis, oliguria, or acute alteration 
in mental state.

Septic shock Sepsis-induced hypotension despite 
adequate fluid resuscitation, along with 
presence of severe sepsis.

MODS (Multiple organ dysfunction 
syndrome) 

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

Table 1. Clinical definitions of sepsis  

The six most common sites of infection associated with sepsis are pneumonia, blood stream 
infections (including infective endocarditis), intravascular catheter-related sepsis, intra-



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

74

abdominal infections, urological sepsis, and surgical wound infections. Florid septic shock 
syndromes also arise post-delivery, from necrotising fasciitis, and menstrual toxic shock 
syndrome (see Table 2). 
 

Syndrome Clinical features 
Meningococcal (Neisseria meningitidis) 
bacteraemic shock 
 

Disseminated intravascular coagulation 
prominent 
Haemorrhagic rash (see Figs 2 & 3) 
Mortality = 10-20% 

Staphylococcal (S.aureus) toxic shock 
syndrome 
 

Menstrual (tampon-related) 
Non-menstrual 
Skin wounds, surgical wounds 
Pneumonia 
Catheter infections 
Mortality = 5% 

Streptococcal (group A) toxic shock 
syndrome 
 

Deep seated infections 
Necrotising fasciitis 
Surgical operation sites 
Puerperal sepsis 
Mortality = 50% 

Table 2. The three most severe fulminant and toxic shock syndromes (TSS) and some of their 
characteristics (Munford 2005) (Moreillon, Que, & Glauser 2005) (Bisno & Stevens 2005).    

The staphylococcal and streptococcal TSS have a rapid onset because the bacteria secrete 
superantigens which directly activate T-cells, with release of much TNFα, and a rapid 
cytokine storm. 
Further consensus meetings have arrived at agreed organ-specific case definitions, with 
emphasis on the stringency of the clinical characteristics and the microbiological 
investigations (Calandra, Cohen, & et al 2005). Table 3 indicates that for pneumonia. 

4. Infections causing sepsis 
The spectrum of infections has changed. In the 1970-80s, gram-negative bacteria 
predominated. But in the 21st century, the in-hospital case pattern is (Annane, Bellisant, & 
Cavaillon 2005) (van der Poll.T & Opal 2008): 
• 25-30% gram-negative infections 
• 30-50% gram-positive infections 
• 25% polymicrobial infections 
• 25% multi-drug resistant organisms (eg MRSA and fungi) 
• 2-4% viral and parasitic infections (but probably underestimated) including malaria 

• eg HHV8/HIV co-infection (Fowler et al. 2006) 
• ~30% negative cultures: community-acquired sepsis treated with antibiotics before 

admission; and higher rates of negative cultures reported in neutropaenic sepsis.  
• Mycobacterium tuberculosis, particularly when it is anergic pattern due to host 

immunosuppression (see Figs 12 & 13). 
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Level of Certainty Definition 
Microbiologically 
confirmed (ie definite) 

• New or progressive radiological infiltrate 
• Clinical suspicion of pneumonia, or a Clinical 

Pulmonary Infection Score (CPIS) =>6; this six-feature 
scale includes identification of bacteria on gram stain 
of lower respiratory tract samples.  

• Identification of a pathogen – one or more of the 
following categories: 

a. Uncontaminated sample (blood, pleural fluid, 
transthoracic or transtracheal aspirate 
b. Respiratory secretions, not a pathogen that colonises the 
upper airways 

a. A likely pathogen using quantitative cultures of 
lower respiratory tract samples 

b. Positive infection serology 
Probable Clinically as above, but the identification of a pathogen is 

a. Below the diagnostic threshold, or 
b. Negative within 72 hours of starting a new 

antibiotic regime 
Possible Abnormal chest radiograph of uncertain cause in a patient 

with moderate or low suspicion of pneumonia, but with 
microbiological or serological evidence of definite or 
probable pneumonia (as defined above). 

Table 3. Pneumonia  case definitions 

The purpose of detailing these clinical case definitions is to contrast them with the morbid 
anatomical features of sepsis, which are less well depicted. Pathologists can assist clinical 
colleagues in evaluating patients dying of known or suspected sepsis, proving sepsis or 
identifying the differential diagnoses. They could thereby more usefully contribute to audit 
and the evaluation of novel therapies in sepsis.  

5. Pathogenesis of the sepsis syndromes 
SIRS is characterised as ‘an abnormal generalised inflammatory reaction in organs remote 
from the initial insult’ (Munford 2005). SIRS can result from non-infective causes, such as 
trauma, pancreatitis and cardiac-bypass procedures, and the pathologist needs to bear this 
in mind when evaluating deaths presented as ‘?sepsis’. 
Enormous research has gone into identifying the pathogenesis of the remote organ damage 
that characterises severe sepsis; three recent reviews (Munford 2005) (Calandra, Cohen, & et 
al 2005) (Annane, Bellisant, & Cavaillon 2005) (van der Poll.T & Opal 2008) (Lever & 
Mackenzie 2007) emphasise how much we do not understand. 
In brief, infections trigger a cytokine cascade via Toll-like receptors on inflammatory cells, 
with the excess secretion of many pro-inflammatory mediators including IL-1, TNFα, IL-6, 
nitric oxide (NO), platelet activating factor (PAF) (Mitchell 2005). Systemically, these affect 
organ function via damage to epithelia and endothelial cells (with abnormal 
microcirculation), inflammatory cell infiltration, initiation of the coagulation system, 
endocrine stimulation, and activation of the autonomic nervous system. The microbial 
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triggers include endotoxin (lipopolysaccharide) in gram-negative bacilli and superantigens 
in gram-positive cocci. The cholinergic nervous system appears to be important in that it 
suppresses the production of pro-inflammatory cytokines (van der Poll.T & Opal 2008).  
Modern thinking is that in the early phase of SIRS, the response is balanced and with 
elimination of the infection, there can be full recovery. But if the response is unbalanced, 
with over-production of inflammatory cytokines, the outcome is less good: acute organ 
dysfunction can result in early death; and if the lymphopaenia phase is associated with 
immune suppression (see below), then opportunistic infections contribute to the worsening 
mortality rates.  
Two underlying processes have been more recently highlighted in severe sepsis:  
i. there is apoptosis of lymphocytes in the spleen and gut (Hotchkiss et al. 1999). It is 

hypothesised that this leads to impairment of immune responses in sepsis, following 
the acute phase (van der Poll.T & Opal 2008).  

ii. organ failure is not always from observable necrosis and/or fibrosis (ie structural) but is 
functional. There is reduction in cellular mitochondrial activity, and this ‘hibernation’ 
may be a protective response (Singer et al. 2004) (Levy et al. 2005).  

There are significant controversies, including:  
1. the significance of bacteraemia: does this trigger severe sepsis, or is it a transient 

leakage phenomenon, and contribute little, per se, to outcome? 
2. the continuum of the sepsis syndromes: is this a true final common path, independent 

of the actual initiating infection? Or do different infection-host interactions produce 
severe sepsis and septic shock through different mechanisms? (Munford 2005).  

3. the concept that a major determining factor in patient outcome, for any given aetiology 
and set of co-morbidities, is not the particular therapy in ICU but the individual’s 
genetic make up (Annane, Bellisant, & Cavaillon 2005) (Villar et al. 2004)?  

4. The contribution of virulence factors in outcomes of sepsis (van der Poll.T & Opal 2008) 
5. it is not always evident grossly and histologically why patients with sepsis have died. A 

new paradigm is needed (Hotchkiss, Swanson, Freeman, & et al 1999).  

6. Autopsy protocols 
In the UK, >95% of adult autopsies are performed for a coroner, or (in Scotland) a 
procurator fiscal, under medico-legal conditions. Since the basic remit of the medico-legal 
autopsy is to exclude unnatural or violent death, and, if possible, to avoid having an inquest 
(National Confidential Enquiry into Patient Outcome and Death 2006), the level of detail of 
examination of cases that may have a sepsis syndrome is varied. Often the autopsy does not 
address the questions raised by the clinical course of the patient with sepsis. In this brief 
review, there is no attempt to address the requirements of what coroners might want from 
pathologists in ‘?sepsis’ cases.  

7. Microbiology sampling 
One of the problems in the septic autopsy is the lack of agreed methods of sampling blood, 
tissues and other fluids so that 
• Contamination from other organs is minimised 
• The consequences of the post-mortem spread of gut flora bacteria into the blood and 

tissues is minimised (Morris, Harrison, & Partridge 2006) 
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Also there are no agreed strategies of what to sample for each clinico-pathological-
microbiological scenario. In all cases, doing the sampling as soon after death as logistically 
feasible reduces the problems in the interpretation of bacterial culture results. See Table 4 for 
interim recommended practice. 
 

Tissue Sampling method
Cerebrospinal fluid With syringe and needle through alcohol-cleaned skin, 

through either or both of: 
• Cisternal puncture (posterior neck below the occipital 

protruberance; aim anteriorly for the eyes) 
• Lumbar puncture (between L4-5)

Urine 
 

Syringe and needle through cleaned suprapubic skin 

Blood 
 

Cardiac puncture blood, through the left 4th intercostals space, 
or peripheral venous blood 

• Subclavian vein (above clavicle), or 
• once the body is opened and before any organs 

opened or removed (particularly the intestines), tie 
off an iliac vein proximally, insert syringe needle 
pointing distally and withdraw 10 ml blood.  

Inoculate 5 ml into each of aerobe and anaerobe blood culture 
bottles.

Cardiac vegetations Divide between a sterile bottle for culture and histopathology. 
Lung tissue Attempts to sterilise the outer surface are probably futile. A 

compromise is to cut the lung with a clean organ-slicing blade 
on a clean surface and sample the relevant areas with a sterile 
scalpel blade.

Table 4. Sampling autopsy tissues for microbiological culture 

7.1 Interpretation of bacteriological cultures 
In all cases, the microbiology department must be advised what range of organisms is being 
sought; culture set-ups and molecular diagnostic techniques vary accordingly. 
Interpretation of positive results is often difficult, and consultation with an experienced 
microbiologist is critical. In cultures, confidence that the identified organism is significant is 
appropriate if there is Mycobacterium tuberculosis, Streptococcus group A (pyogenes), 
Streptococcus pneumoniae, or Neisseria meningitides since these are most unlikely to be present 
incidentally or from contamination. 
The introduction of the new molecular sepsis assay technologies for the rapid, sensitive and 
specific identification of bacterial species in blood and other samples may change much of 
this (Tissari et al. 2010). They have yet to be introduced into autopsy-related practice, and it 
will be important to determine whether they make simpler or more complicated the 
interpretation of post-mortem blood cultures.  

8. Non-microbiological means of identifying severe sepsis 
In many cases at autopsy, the need to confirm or exclude sepsis happens without positive 
microbiology, either because all attempts (including pre-mortem) were negative (perhaps 
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due to anti-microbial chemotherapy), or because samples were not taken at all. Where 
histological evidence of pyogenic infection with definite bacteria or fungi is present, this can 
indicate the organ-site of the sepsis.  
If no infection is identified, there is an immunocytochemical technique that may assist. In 
SIRS, endothelial cells are upregulated, and express cell more adhesion molecules such as 
ICAM-1 (intercellular adhesion molecule–1; CD54) and E-selectin (CD62E). It is possible to 
immunostain for these (Fig 1) and at least one author holds that positive ICAM-1 staining of 
alveolar capillary endothelial cells indicates septic shock with high sensitivity and specificity 
(Tsokos 2003).  
 

 
Fig. 1. Lung in septic shock, stained for CD54, showing endothelial cell (EC) upregulation 
(normal lung ECs do not stain).  

There are suggestive reports on the estimation of post-mortem serum endotoxin level as an 
indicator of sepsis (Zhu et al. 2005). 

9. Simulators of septic shock  
Patients with clinical manifestations similar to those of septic shock come to ICU and die 
despite empirical therapy. The differential diagnosis includes 
• Disseminated cancer, including carcinoma and lymphoma. For example, pulmonary 

micro-emboli from an occult carcinoma can obstruct pulmonary arterioles and cause 
cardio-respiratory failure (Hirata et al. 1988). 
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• Haemophagocytic syndrome 
• HHV8-associated multicentric Castleman disease syndrome in HIV-infected persons 

(Stebbing et al. 2011) 
• Thrombotic microangiopathy syndromes 
• Other conditions that mimic SIRS, but not considered in more detail (Munford 2005) 

• Multi-organ atherosclerosis, NO expression being a common factor 
• Burns 
• Adrenal insufficiency 
• Thyroid storm 
• Major trauma 
• Pancreatitis 
• Cardio-pulmonary bypass 
• Drug hypersensitivity reaction and acute anaphylaxis 
• Malignant hyperthermia and heat stroke 

10. Specific organs at autopsy 

The organ pathology of sepsis comprises gross and histopathological lesions. The 
histopathological lesions can often identify a specific infection, or at least point to a limited 
range of possible infectious agents (Table 5). ‘Pathology’ is, essentially, the study of host 
reaction to injury. Thus in the diagnosis of sepsis there are the  two complementary 
pathways for evaluating infectious disease: 
1. the gross pathology 
2. the microscopic pathology (histopathology and cytopathology), which is subdivided 

into: 
• identification and quantification of infectious agents 
• categorising the host inflammatory reaction, or absence of reaction 

Considering acute host inflammatory reactions, they can be considered as shown in Table 5. 

10.1 Heart 
The syndrome of sepsis-related myocardial dysfunction includes reduced left and right 
ejection fractions and elevated heart rate (Table 6) (Munford 2005). There is evidence of 
apoptotic damage to cardiac myofibres in the rodent model of sepsis (Ha et al. 2006). But the 
clinical experience of patients surviving sepsis is that there is no evidence of persistent 
cardiac defects attributable to such a process. Presumably, the dysfunction is cytokine 
driven and reversible (Levy, Piel, ACton, & et al 2005). The heart in autopsied non-survivors 
shows prominent interstitial mononuclear cells – this is not myocarditis but mainly 
enlargement of capillary endothelial cells, as part of the generalised endothelial up-
regulation phenomenon. 
Given the generally old age of patients admitted to ICU with sepsis, many will have 
coronary artery disease, with or without previous myocardial infarction, at autopsy. The 
extent to which this contributes (if at all) to death needs to be carefully considered in the 
context of the whole case. The Davies scale of certainty for ischaemic heart disease death 
(although designed for sudden cardiac death in the community) is a bench-mark from 
which to work (Royal College of Pathologists 2005). Nothing irritates ICU clinicians more 
than to be told that the cause of death was ‘ischaemic heart disease’ in a complex case of  
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Pattern of inflammation Quantity of 
infectious 
agent 

Example 

Haemorrhage only - to +++ Anthrax, streptococcal skin rash 

Minimal inflammation +++ 
Neutropaenic sepsis 
(many bacteria types, including 
anergic tuberculosis) 

Usual acute inflammation - to +++ 
Pneumococcus, other 
streptococci, gram-ve bacilli, 
anergic tuberculosis 

No inflammation; vasculopathy 
and necrosis +++ Pseudomonas vasculitis, 

toxoplasmosis 

Necrosis and inclusion bodies 
(intranuclear and/or 
intracytoplasmic) 

+ to +++ 
Virus infections: herpes, Ebola 

Mixed granulomatous and acute 
inflamation - to +++ Melioidosis, tularaemia, typhoid 

Chronic inflammation - to + Chagas’ disease 

Necrosis, no inflammation +++ 
Strep.pyogenes (necrotising 
fasciitis), Clostridium perfringens, 
leptospirosis 

Vasculitis and thrombosis + to +++ Pseudomonas, meningococcus 
(Fig 2,3) 

Botryomycosis +++ Staphylococcus aureus 

No inflammation, parasites in 
vessels + to +++ Malaria 

 
 
 
 
 
 

Table 5. Some consistent patterns of inflammation associated with particular infections  
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multi-organ failure and sepsis. If the patient was part of a therapeutic protocol trial, it is 
even more unfortunate, as the aspects of apparent therapy failure will be mis-apportioned.  
 
 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

Fig. 2. Skin in a fatal case of meningococcal sepsis. The artery is vasculitic and thrombosed 
(H&E) 
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Fig. 3. Same vessel as in Fig 2, stained with Brown-Hopps gram stain, to demonstrate gram-
ve cocci in the lumen and endothelium  
 

 Ischaemic 
Necrosis 
(atonic 
fibres) 

Contraction 
band 
necrosis 
(hyper-
contracted 
fibres) 

Interstitial 
inflammation

Myocarditis Interstitial 
haemorrhage 

Myocardial 
Infarction + - - - + 

Re-perfusion 
Injury + + - - + 

Inotropes & 
cocaine + + - - - 

Sepsis +/- - + +/- + 
Infective 
endocarditis +/- - + + - 

Cardio-
pulmonary 
resuscitation 

+ + - - + 

Table 6. Cardiac pathologies encountered in ICU patients and sepsis syndromes (Baroldi 
2006) ; (Nishida et al. 2006) 
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10.1.1 Heart examination 
Given the subtle nature of cardiac lesions in sepsis and its treatment, there is an argument 
for proper histopathological examination of a complete horizontal slice, with a minimum of 
5 blocks taken: 2 from the right ventricle in one block, and one full thickness section from 
each left ventricular quadrant (Royal College of Pathologists 2005).  

10.2 Brain 
At the gross and standard microscopic level, the brain is not directly affected by sepsis and 
septic shock. This matches the lack of imaging-detected damage despite the common clinical 
cognitive and performance deficiencies (Munford 2005), and is presumably a transient 
cytokine-based phenomenon. However, certain cerebral pathologies are associated with 
sepsis syndromes for more tangible reasons, including: 
• Cerebral infarction from thrombo-embolisation 
• Hypoxic-ischaemic encephalopathy (HIE) following temporary cessation of blood 

and/or oxygen supply during a crisis 
• Metastatic cerebral abscess and/or meningitis from a remote focus of sepsis 
• Microinfarction from thrombotic microangiopathy affecting all areas of the brain 
In the case of HIE, post-mortem pathology does not form part of the case definition, which is 
solely clinical, neurophysiological and radiological. The most sensitive zones of the brain for 
such damage are the cerebellar nuclei and the hippocampus, followed by the cerebral cortex 
in the watershed areas at the junctions of the cerebral artery supply zones. It is useful to 
sample these to confirm HIE, and to be aware of the problem with artefacts (Whitwell 2005) 

10.3 Lung 
Lung dysfunction at the commencement of severe sepsis is present in about 20% of such 
patients (Munford 2005).The clinical diagnosis of acute lung injury is made when there 
arterial hypoxaemia (PaO2/FiO2<300mmHg) and bilateral chest pulmonary infiltrates on 
chest X ray, in the absence of pneumonia or heart failure. It becomes acute respiratory 
distress syndrome (ARDS) when hypoxaemia is more severe (PaO2/FiO2<200mmHg). 
Ventilation/perfusion mismatch (effectively right-to-left shunting) of blood flow occurs, 
exacerbating the hypoxaemia.   
Pathologically, the process is diffuse alveolar damage (DAD). This is not specific to the 
sepsis syndromes as it also occurs in inhalational injury (smoke, toxic gases, oxygen in high 
concentration), aspiration of gastric contents, and X-irradiation damage; these represent 
direct damage to the lung tissue. DAD also follows from remote injury as part of SIRS, the 
pathogenesis being mediators in the blood stream; the causes include cytotoxic drug 
therapy, pancreatitis, cardio-pulmonary bypass, blood transfusion reaction, fat embolism, 
paraquat poisoning, and systemic shock from any cause (Corrin & Nicholson 2011). 
Reduction of surfactant through epithelial cell damage is a key event, which leads to further 
alveolar and alveolar duct damage.  
DAD goes through stages termed the exudative, regenerative, and repair phases.  
The exudative phase lasts up to a week, and grossly the lungs are dark red and heavy. The 
early stage histologically comprises: 
• Alveolar wall congestion and expansion 
• Variable neutrophils in the interstitium (usually not) 
• Oedema and red cells in the alveolae 
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• Type 1 epithelial cell and alveolar capillary endothelial cell damage (but this is difficult 
to identify on light microscopy) 

The later exudative phase is the classic and, histologically, readily identifiable stage often 
termed ‘shock lung’ (Fig 4): 
• Alveolar collapse, haemorrhage and oedema 
• Hyaline membrane formation on the epithelial surface of respiratory bronchioles and 

alveolar ducts: this comprises fibrin and necrotic epithelial cells 
• Variable neutrophil accumulation in alveolar capillaries 
 

 
Fig. 4. Hyaline membrane disease in the lung alveoli in septic shock; the pink membranes 
are partly fibrin exudates and partly necrotic epithelium (H&E) 

The regenerative phase permits healing and recovery of the lung to normal structure or 
progresses to fibrosis via the repair phase. Type 2 epithelial cells proliferate to replace the 
denuded epithelium; they may be large and elongated, resembling macrophages in the 
airways. The epithelium may regrow beneath the hyaline membrane, which is sloughed off; 
or over the membrane, in which case it becomes incorporated into the alveolar wall and is a 
mechanism for interstitial fibrosis. In the capillaries, the endothelial repair may be 
accompanied by local thrombosis, organisation and local vascular remodelling.  
The repair phase occurs in those whose DAD has not resolved through regeneration.  
As well as the progressive interstitial thickening from incorporation of hyaline 
membranes and the ingress of fibroblasts into this tissue, the alveolar exudates organise. 
There are granulation tissue buds in the alveoli, as seen in organising pneumonias. This 
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fibrosis can happen within a few weeks, if the patient is maintained and alive (Vincent & 
Singer 2010). 
In practice, if patients survive long periods in ICU with episodes of severe sepsis and 
infective pneumonia and have been mechanically ventilated for long periods, the resulting 
lung tissue at autopsy can show a varied pattern with some areas of nearly normal tissue, 
organising pneumonia and interstitial fibrosis separately and combined: it can be difficult if 
not impossible to ascribe specific aetio-pathogeneses to this end-stage lung fibrosis (Fig 5).  
 

 
Fig. 5. Acute lung injury that has gone on to organisation with fibrosis, obliterating the 
alveoli (H&E). 

It is unresolved why some patients with DAD in whom the infecting agent is identified and 
treated promptly still go on to the repair phase and died of pulmonary fibrosis (Wheeler & 
Bernard 2007). This is particularly seen in patients presenting as advanced HIV disease with 
Pneumocystis infection, and despite co-trimoxazole plus steroid cover become progressively 
hypoxic; at autopsy the lungs show combined intra-alveolar and interstitial fibrosis.  

10.3.1 Ventilator-associated pneumonia (VAP) 
VAP is an important entity in ICU, as the development of lung infection during respiratory 
support demands a change in therapy. There have been several studies of the diagnostic 
criteria for VAP in vivo (microbiology and cytopathology) and at autopsy (histopathology), 
and the results are unsettling (Corley et al. 1997) (4177): 
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• There are no agreed criteria for diagnosing pneumonia in man by histology 
• Pathologists do not agree amongst themselves whether there is pneumonia or not 
• Quantitative pre-mortem bacteriology does not correlate with clinical symptoms or 

autopsy histopathology 
• Bronchiolar lavage fluid with few neutrophils does correlate with absence of 

histological pneumonia 
Evidently pathology is not yet serving clinical science optimally in this area. 

10.3.2 Neutropaenic sepsis 
This is a common terminal condition in patients with treated cancer. Bacteria proliferate in 
many organs and blood vessels, and in the lung they are visible in the alveoli with fibrin and 
mononuclear cells (Fig 6). 
 

 
Fig. 6. Lung alveoli in neutropaenic sepsis. There are abundant bacteria in the lumens, some 
haemorrhage, but only scanty inflammation (H&E) 

10.4 Liver 
The liver in septic shock has no specific features (Table 6). Clinically, there is cholestatic 
jaundice. If the source of the sepsis is the biliary tract (cholangitis) there may be abscesses 
centred on portal tracts. Otherwise, the liver is usually heavier than normal, bile stained, 
and soft. Histologically, autolysis with cell plate separation is often more advanced than 
expected from the time since death (perhaps due to high levels of TNFα). There is often fatty 
change, but usually little parenchymal inflammation, although the sinusoid Kupffer cells 
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and endothelial cells are prominent, and there may haemophagocytosis. Centriacinar 
necrosis is often prominent. 
Several patterns of bile duct histopathology are described, although none are specific to 
sepsis (Scheuer & Lefkowitch 2006):  
• Intracanalicular cholestasis in the perivenular areas 
• Ductular cholestasis, proliferating ductules, and surrounding portal neutrophilic 

inflammation, in addition to canalicular cholestasis 
• Non-bacterial cholangitis, with proliferating bile ductules; this is seen in the toxic shock 

syndrome (Fig 7). 
 

 
Liver 

abscess 
Bacterial 

cholangitis 
Bile duct 

obstruction 

Severe sepsis patterns 

Canalicular 
cholestasis 

Ductular 
cholestasis & 
inflammation 

Non-
bacterial 

cholestasis 
Perivenular 
cholestasis +/- - + + + - 

Canal of Hering & 
ductular cholestasis - - - - + - 

Ductular 
proliferation - + + - + + 

Ductular acute 
inflammation +/- + +/- - + + 

Parenchymal 
necrosis + + +/- - - - 

Table 6. Liver histopathology in sepsis 

10.5 Kidney 
Acute renal failure occurs in one fifth of patients becoming septic, rising to 50% in septic 
shock (Munford 2005) (Racusen & Kashgarian 2007). It is the commonest organ dysfunction, 
manifesting as oliguria and azotaemia. The pathogenesis of the damage in sepsis includes 
systemic hypotension, renal vasoconstriction, toxic drugs (eg antibiotic aminoglycosides), 
and inflammatory cytokines.  
The pathological lesion is acute tubular injury (ATI), which replaces the older term ‘acute 
tubular necrosis’ (Racusen & Kashgarian 2007). Grossly the kidneys are enlarged 
(oedematous cortex) and typically pale, with blurred cortico-medullary junctions. Focal 
pyaemic lesions, ascending acute pyelonephritis lines, and (where arterial thrombi are 
formed) regional cortical infarctive necrosis may also be seen in some cases.  
ATI can only be reliably evaluated microscopically. The glomeruli may be collapsed but 
otherwise show no damage. The tubular damage is conceptually divided into ‘ischaemic’ 
and ‘toxic’ (Racusen & Kashgarian 2007), with more extensive proximal tubule lesions, and 
more evident cell death, in the latter. In septic shock, with the aetio-pathogenesis often 
multi-factorial, the distinction becomes blurred. Moreover, autopsy kidneys are notoriously 
autolysed unless analysed rapidly after death. The main features of ATI are (Fig 8): 
• Interstitial oedema with separation of tubules 
• Tubular cell swelling 
• Loss of nuclei of tubular cells or apoptosis 
• Shedding of tubule cells into the lumen 
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histological pneumonia 
Evidently pathology is not yet serving clinical science optimally in this area. 

10.3.2 Neutropaenic sepsis 
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many organs and blood vessels, and in the lung they are visible in the alveoli with fibrin and 
mononuclear cells (Fig 6). 
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and endothelial cells are prominent, and there may haemophagocytosis. Centriacinar 
necrosis is often prominent. 
Several patterns of bile duct histopathology are described, although none are specific to 
sepsis (Scheuer & Lefkowitch 2006):  
• Intracanalicular cholestasis in the perivenular areas 
• Ductular cholestasis, proliferating ductules, and surrounding portal neutrophilic 

inflammation, in addition to canalicular cholestasis 
• Non-bacterial cholangitis, with proliferating bile ductules; this is seen in the toxic shock 

syndrome (Fig 7). 
 

 
Liver 
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Bacterial 

cholangitis 
Bile duct 

obstruction 

Severe sepsis patterns 

Canalicular 
cholestasis 

Ductular 
cholestasis & 
inflammation 

Non-
bacterial 

cholestasis 
Perivenular 
cholestasis +/- - + + + - 

Canal of Hering & 
ductular cholestasis - - - - + - 

Ductular 
proliferation - + + - + + 

Ductular acute 
inflammation +/- + +/- - + + 

Parenchymal 
necrosis + + +/- - - - 

Table 6. Liver histopathology in sepsis 

10.5 Kidney 
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and inflammatory cytokines.  
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ATI can only be reliably evaluated microscopically. The glomeruli may be collapsed but 
otherwise show no damage. The tubular damage is conceptually divided into ‘ischaemic’ 
and ‘toxic’ (Racusen & Kashgarian 2007), with more extensive proximal tubule lesions, and 
more evident cell death, in the latter. In septic shock, with the aetio-pathogenesis often 
multi-factorial, the distinction becomes blurred. Moreover, autopsy kidneys are notoriously 
autolysed unless analysed rapidly after death. The main features of ATI are (Fig 8): 
• Interstitial oedema with separation of tubules 
• Tubular cell swelling 
• Loss of nuclei of tubular cells or apoptosis 
• Shedding of tubule cells into the lumen 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

88

 
Fig. 7. The portal ductular prolferative reaction in systemic sepsis, with inflammation (H&E) 

• Attenuation of the tubular epithelium thickness 
• Regeneration of tubular cells: hyperchromatic enlarged nuclei, often adjacent; mitoses 
• Insignificant interstitial inflammation 
• Accumulation of nucleated cells in the vasa recta in the outer medulla; lymphocytes, 

myeloid precursors, and nucleated red cell precursors 
All too often, the time delay to autopsy precludes confirmation of these features through 
autolysis. Microvesicular vacuolation of proximal tubules is not ATI, but the result of 
medical drugs and dextrose-containing plasma expanders. 

10.6 Adrenal glands 
The adrenals may show the following features 
• Lipid depletion and hyperplasia 
• Atrophy (if prolonged steroid therapy has been given) 
• Parenchymal haemorrhages, small or large 
• Thromboses in small arterioles 

11. Haemophagocytic syndromes 
There is a group of conditions termed ‘haemophagocytic syndromes’ (HPS) where the 
driving process is excessive phagocytosis of formed blood cells by macrophages in the 
marrow, spleen and lymph nodes (Fig 9). The clinical outcomes include: 
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Fig. 8. Kidney in acute tubular necrosis (acute tubular injury). The necrosing epithelium is 
sloughing into the lumen (H&E) 

• High fever 
• Pancytopaenia 
• Liver dysfunction 
• Clotting abnormalities including raised fibrin degradation products and 

hypofibrinogenaemia 
• Hepatosplenomegaly 
• Hyperferritinaemia 

Thus HPS overlaps clinically with septic shock by case definition (Fisman 2000). The 
mortality is high, up to 70% (Takahashi et al. 2001) (Ningsanond 2000) From personal 
experience, many cases that turn out to be HPS have been patients presenting acutely with 
SIRS, infection screens are negative, and the patients die within a week, of multi-organ 
failure, despite antibiotics, steroids and standard ICU support procedures.  
The pathogenesis of HPS is considered to be an aberrant immunological over-reaction, the 
hyperstimulation of macrophages by cytokines (particularly TNFα, IL-6, IL-1 and IFNγ) as 
result of T-cell activation. In addition to a rare familial HPS, the aetiologies include 
infections, autoimmune disease (particularly SLE) and lymphoma (particularly T-cell 
lymphoma, but also B-cell). The potential causative infections are legion (Takahashi, 
Chubachi, Kume, & et al 2001) (Ningsanond 2000) (Fisman 2000): 
• Viral – eg EBV, HHV8, HIV (multi-centric Castleman disease), CMV, B19, rubella, viral 

hepatitis 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

88

 
Fig. 7. The portal ductular prolferative reaction in systemic sepsis, with inflammation (H&E) 

• Attenuation of the tubular epithelium thickness 
• Regeneration of tubular cells: hyperchromatic enlarged nuclei, often adjacent; mitoses 
• Insignificant interstitial inflammation 
• Accumulation of nucleated cells in the vasa recta in the outer medulla; lymphocytes, 

myeloid precursors, and nucleated red cell precursors 
All too often, the time delay to autopsy precludes confirmation of these features through 
autolysis. Microvesicular vacuolation of proximal tubules is not ATI, but the result of 
medical drugs and dextrose-containing plasma expanders. 

10.6 Adrenal glands 
The adrenals may show the following features 
• Lipid depletion and hyperplasia 
• Atrophy (if prolonged steroid therapy has been given) 
• Parenchymal haemorrhages, small or large 
• Thromboses in small arterioles 

11. Haemophagocytic syndromes 
There is a group of conditions termed ‘haemophagocytic syndromes’ (HPS) where the 
driving process is excessive phagocytosis of formed blood cells by macrophages in the 
marrow, spleen and lymph nodes (Fig 9). The clinical outcomes include: 

 
The Autopsy Pathology of Sepsis-Related Death 

 

89 

 
Fig. 8. Kidney in acute tubular necrosis (acute tubular injury). The necrosing epithelium is 
sloughing into the lumen (H&E) 

• High fever 
• Pancytopaenia 
• Liver dysfunction 
• Clotting abnormalities including raised fibrin degradation products and 

hypofibrinogenaemia 
• Hepatosplenomegaly 
• Hyperferritinaemia 

Thus HPS overlaps clinically with septic shock by case definition (Fisman 2000). The 
mortality is high, up to 70% (Takahashi et al. 2001) (Ningsanond 2000) From personal 
experience, many cases that turn out to be HPS have been patients presenting acutely with 
SIRS, infection screens are negative, and the patients die within a week, of multi-organ 
failure, despite antibiotics, steroids and standard ICU support procedures.  
The pathogenesis of HPS is considered to be an aberrant immunological over-reaction, the 
hyperstimulation of macrophages by cytokines (particularly TNFα, IL-6, IL-1 and IFNγ) as 
result of T-cell activation. In addition to a rare familial HPS, the aetiologies include 
infections, autoimmune disease (particularly SLE) and lymphoma (particularly T-cell 
lymphoma, but also B-cell). The potential causative infections are legion (Takahashi, 
Chubachi, Kume, & et al 2001) (Ningsanond 2000) (Fisman 2000): 
• Viral – eg EBV, HHV8, HIV (multi-centric Castleman disease), CMV, B19, rubella, viral 

hepatitis 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

90

• Bacteria – eg pneumococcal, typhoid 
• Mycobacteria – tuberculosis 
• Fungi – eg histoplasmosis 
• Protozoa – eg leishmaniasis 
Bone marrow haemophagocytosis is found in one third of ICU non-survivors, associated 
positively with sepsis and blood transfusion, and negatively with cardiovascular disease 
(Stauss et al. 2004). Thus the distinction between a non-specific reactive process and a 
syndrome is currently blurred.  
 

  
Fig. 9. Bone marrow with haemophagocytosis. Left: numerous large macrophages with 
engulphed red cells and nuclei (H&E).  Right: CD68 immunostaining to highlight the excess 
number of large macrophages.  

12. Thrombotic microangiopathy syndromes 
Thombi are frequently encountered in small vessels in sepsis and other conditions. The 
thrombi are composed of fibrin and platelets in varying proportions. There are two groups 
of conditions to consider: disseminated intravascular coagulation (DIC) and thrombotic 
microangiopathy (TTP variant).  

12.1 Disseminated intravascular coagulation (Toh & Dennis 2003) 
The thrombi are predominantly composed of fibrin and it is accompanied by 
coagulopathy with depletion of coagulation factors in the blood. DIC (as defined by 
laboratory criteria) occurs in up to half of patients with severe sepsis (van der Poll.T & 
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Opal 2008). The pathogenesis is not well understood but may be endothelial injury and 
the expression of tissue factor on infected monocytes, and initiation of the clotting cascade 
(Munford 2005). With the exception of meningococcal septicaemia, autopsy studies do not 
show a correlation of organ dysfunction and deposition of microthrombi in DIC. When 
thrombi are seen, the kidney glomeruli and lung alveolar capillaries are the commonest 
location (Fig 10). 
 

 
Fig. 10. DIC in pneumococcal sepsis. In this renal glomerulus, all the capillaries are blocked 
by thrombi (H&E).  

Neisseria meningitidis infection causes a fulminant meningococcaemia (and this is often 
found without a meningitis). Here DIC is the norm, and bacteria may be found within 
dermal vessels (Fig 3). Meningococci are different from other gram-negative bacilli as they 
shed membrane blebs that active complement and coagulation directly. Widespread skin 
and internal organ haemorrhages are seen, associated with small vessel DIC, and the 
adrenal shows haemorrhages (though rarely a massive destructive haematoma).  
A prototype TMA is thrombotic thrombocytopaenic purpura (TTP) and the related 
haemolytic uraemic syndrome (Hosler, Cusumano, & Hutchins 2003). Unlike DIC, the 
clotting factors are not affected, and the thrombi are predominantly platelets. Clinically 
TMA may simulate septic shock. Using immunocytochemistry to quantify fibrin versus 
platelets (anti-fibrin and anti-CD61 antibodies respectively) and thus distinguish TMA from 
DIC is not always helpful: the staining intensities can be similar in both conditions. 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

90

• Bacteria – eg pneumococcal, typhoid 
• Mycobacteria – tuberculosis 
• Fungi – eg histoplasmosis 
• Protozoa – eg leishmaniasis 
Bone marrow haemophagocytosis is found in one third of ICU non-survivors, associated 
positively with sepsis and blood transfusion, and negatively with cardiovascular disease 
(Stauss et al. 2004). Thus the distinction between a non-specific reactive process and a 
syndrome is currently blurred.  
 

  
Fig. 9. Bone marrow with haemophagocytosis. Left: numerous large macrophages with 
engulphed red cells and nuclei (H&E).  Right: CD68 immunostaining to highlight the excess 
number of large macrophages.  

12. Thrombotic microangiopathy syndromes 
Thombi are frequently encountered in small vessels in sepsis and other conditions. The 
thrombi are composed of fibrin and platelets in varying proportions. There are two groups 
of conditions to consider: disseminated intravascular coagulation (DIC) and thrombotic 
microangiopathy (TTP variant).  

12.1 Disseminated intravascular coagulation (Toh & Dennis 2003) 
The thrombi are predominantly composed of fibrin and it is accompanied by 
coagulopathy with depletion of coagulation factors in the blood. DIC (as defined by 
laboratory criteria) occurs in up to half of patients with severe sepsis (van der Poll.T & 

 
The Autopsy Pathology of Sepsis-Related Death 

 

91 

Opal 2008). The pathogenesis is not well understood but may be endothelial injury and 
the expression of tissue factor on infected monocytes, and initiation of the clotting cascade 
(Munford 2005). With the exception of meningococcal septicaemia, autopsy studies do not 
show a correlation of organ dysfunction and deposition of microthrombi in DIC. When 
thrombi are seen, the kidney glomeruli and lung alveolar capillaries are the commonest 
location (Fig 10). 
 

 
Fig. 10. DIC in pneumococcal sepsis. In this renal glomerulus, all the capillaries are blocked 
by thrombi (H&E).  

Neisseria meningitidis infection causes a fulminant meningococcaemia (and this is often 
found without a meningitis). Here DIC is the norm, and bacteria may be found within 
dermal vessels (Fig 3). Meningococci are different from other gram-negative bacilli as they 
shed membrane blebs that active complement and coagulation directly. Widespread skin 
and internal organ haemorrhages are seen, associated with small vessel DIC, and the 
adrenal shows haemorrhages (though rarely a massive destructive haematoma).  
A prototype TMA is thrombotic thrombocytopaenic purpura (TTP) and the related 
haemolytic uraemic syndrome (Hosler, Cusumano, & Hutchins 2003). Unlike DIC, the 
clotting factors are not affected, and the thrombi are predominantly platelets. Clinically 
TMA may simulate septic shock. Using immunocytochemistry to quantify fibrin versus 
platelets (anti-fibrin and anti-CD61 antibodies respectively) and thus distinguish TMA from 
DIC is not always helpful: the staining intensities can be similar in both conditions. 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

92

13. End-stage liver disease (ESDL) 
The adverse impact of cirrhosis is well-attested in many medical and surgical conditions. 
The Child-Pugh liver score (a measure of hepatic and extra-hepatic dysfunction based on 
combined biochemical markers and clinical signs) predicts non-survival in cirrhotic patients 
admitted to ICU. Overall, the one-year mortality of such patients is 69-74%, with median 
survival of one month (Gildea et al. 2004) (Arabi et al. 2004).  
Cardiac operations are hazardous in cirrhotic patients, with those on cardio-pulmonary 
bypass particularly liable to die (Hayashida et al. 2004) and – if they are Child-Pugh class C 
– approach a 100% mortality. Similarly, abdominal trauma patients have ICU post-operative 
mortality rates increasing from 15-63% as the severity liver failure increases (Christmas et al. 
2005). In these patients a major cause of death is sepsis and septic shock. The abnormal 
blood circulation to cirrhotic liver tissue renders the Kupffer cell macrophages less able to 
clear bacteria from the blood. 
It is the experience of pathologists examining patients who die in ICU that cirrhosis is 
significantly under-diagnosed pre-mortem, and that clinicians would like better methods 
of identifying the patients who have cirrhosis. There are several implications. First, 
consider liver disease carefully in ICU and sepsis deaths. The eyeball confident diagnosis 
of cirrhosis - or not - is not always possible. Secondly, in the formulation of cause of death 
in these cases, ‘cirrhosis’ should be included as a contributor to mortality in the death 
certificate.  
Thirdly, liver biopsy is the only pre-autopsy definitive marker of liver fibrosis and 
cirrhosis; but it is invasive and has a mortality rate. Imaging, standard biochemical tests, 
serum markers of fibrosis, and more specialised tests of liver function only identify a 
proportion of cirrhotic patients (Rockey & Bissell 2006), and these non-invasive tests have 
not been validated for ‘normal’ patients about to undergo cardiac surgery or those already 
in ICU for other reasons. Further research into better indicators of cirrhosis is urgently 
needed.  

14. Outcomes and co-morbidities 
Mortality in patients with septic shock is highly variable, from 35-70% depending on many 
variables that include (Annane, Bellisant, & Cavaillon 2005) 
• age & sex 
• co-morbidities and other altered physiological states 

• sickle cell disease and other hyposlenic states (Di Sabatino, Carsetti, & Corrazza 
2011) 

• immunosuppression (Morris, Masur, & Huang 2006) (Combes, Mokhtari, 
Couvelard, & et al 2004) 

• chronic obstructive pulmonary disease 
• ischaemic heart disease  
• end-stage liver disease 
• pregnancy 

• the combined total of failing organs, particularly lung and kidney 
• whether the infection is nosocomial or polymicrobial 
• whether the infection is a fungus 
• ethnicity and inherited variables (Villar, Maca-Meyer, Perez-Mendez, & Flores 2004) 
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14.1 Pregnancy 
The subject of susceptibility to infection during pregnancy is under-investigated 
epidemiologically. The depressed cell-mediated immunity during gestation does predispose 
to certain infections such as tuberculosis, Listeria and some viral infections. But despite the 
importance of bacterial infections in peri-partum sespsis, particularly Streptococcus pyogenes, 
it is unclear whether the pregnant state per se confers an increased susceptibility to them 
(Lucas 2011).  

15. The treatment of sepsis 
ICU treatment of patients in sepsis and shock has four main approaches 
• Anti-microbial therapy of known or suspected infective agents 
• Failing organ support – eg pulmonary, renal, hepatic, cardiac 
• Indirect therapies aimed at the systemic inflammatory response and its consequences: 

immunomodulatory and anti-inflammatory therapies 
• Surgical treatment – excision of septic foci and removal of necrotic tissue (eg infarcted 

bowel, necrotising fasciitis) 
As well as inotropic and renal support, a major function of ICU is ventilatory support. In 
DAD, the alveoli shut down on expiration and require a higher pressure to re-open. 
Mechanical ventilation thus exerts its stresses on the delicate lung tissue. Tidal volumes 
appear to be a critical variable in the causation of lung damage (Wheeler & Bernard 2007). In 
conjunction with the high oxygen concentration required to keep a reasonable blood PO2, 
this can further damage the lung.  

15.1 Specific drug treatments in sepsis 
Many trials of anti-inflammatory chemotherapy have been held in septic shock, including 
against (Riederman, Guo, & Ward 2003): immune regulation, endotoxin, TNFα, NO, IL-1, 
oxidants, neutrophil activity, complement, and coagulation. In practice, only steroid therapy 
and activated protein C (APC) have been validated as useful in improving survival. The 
reasons why the other therapeutic avenues have not proven successful include a) non-
homogeneity of the study populations, and b) the ill-understood multifactorial complexity 
of the sepsis syndromes. However, newer approaches to suppressing pro-inflammatory 
processes are being experimented with, such as anti-HMGB1 antibodies; these could 
suppress the late-acting pro-inflammatory cytokine High-Mobility Group Box-1 protein. It is 
know that this increases survival in the caecal puncture model of sepsis (van der Poll.T & 
Opal 2008).  
Steroid therapy has its known complications. APC acts as an anti-coagulant (thus 
important in DIC) as well as an inhibitor of production of IL-1, IL-6 and TNFα. The side 
effects are intracerebral (Recombinant human Protein C Worldwide Evaluation in Severe 
Sepsis (PROWESS) study group. 2001) and pulmonary haemorrhage (personal 
observations) (Fig 11). Another specific complication in modern chemotherapy is the 
increased susceptibility to certain pathogens with immunodulatory drugs.  An example is 
the negative impact of adalimumab if the patient has tuberculosis as a co-morbidity 
(Lever & Mackenzie 2007).  
The known increase in apoptosis in the lymphoid population (Hotchkiss, Swanson, 
Freeman, & et al 1999) has prompted consideration of anti-apoptotic chemotherapy. 
However, the potential of uncontrolled cell growth has to be evaluated first. 
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Fig. 11. Lung with massive haemorrhage, associated with administration of activated 
protein C in a patient with sepsis (H&E) 

An epidemiological analysis of outcomes in cardiovascular disease patients demonstrated 
that statin therapy was associated with reduced rates of sepsis and fatality from sepsis 
(Hackam et al. 2006). As well as being lipid-lowering agents, statins have many other effects: 
anti-inflammatory, modulation of cellular immunity, improvement of endothelial cell 
function, and increasing the bio-availability of NO. Apart from suggesting further strategies 
in sepsis therapy, this observation reminds pathologists to look at the treatments patients 
are on when they undergo autopsy.  

16. Conclusion 
This brief review of septic shock autopsy pathology and its differential diagnosis has 
focussed on the major conditions. There are less obvious pathologies whose contribution to 
the disease and outcome are uncertain. For example, apoptosis of neurones and glial cells in 
the cardiovascular centres of the brain. Patients who died of septic shock showed more such 
apoptosis in the amygdala and medullary autonomic nuclei than those dying of non-septic 
shock and sudden extra-cranial trauma. This was strongly associated with endothelial iNOS 
expression (Sharshar et al. 2003). Does this significantly contribute to outcome over and 
above direct organ damage?  
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In conclusion, there is much to be studied still in the morbid anatomy of sepsis syndromes. 
If pathologists are to be useful in sepsis research, careful documentation of autopsy organ 
pathology and microbiology, and the correlation of outcome with clinical features and the 
various therapeutic modalities, is essential.  New treatments for severe sepsis are being 
trialled to raise the poor survival rates in intensive care. The role of the autopsy is thus 
threefold: to describe carefully the organ lesions and identify microbiological agents directly 
and through the particular host reactions (Table 5; Fig 12,13); to identify co-morbidities and 
complications of treatments; and to collaborate with clinicians in audit and improving the 
outcomes of septic patients.  
 
 
 
 

 
 

 

 

Fig. 12. Autopsy lung of an HIV+ve patient who died with lung and multi-organ failure of 
uncertain aetiology. The lung alveoli are filled with granular necrotic debris and minimal 
cellular reaction. This is non-reactive (anergic) tuberculosis infection – see Fig 13 (H&E).  
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various therapeutic modalities, is essential.  New treatments for severe sepsis are being 
trialled to raise the poor survival rates in intensive care. The role of the autopsy is thus 
threefold: to describe carefully the organ lesions and identify microbiological agents directly 
and through the particular host reactions (Table 5; Fig 12,13); to identify co-morbidities and 
complications of treatments; and to collaborate with clinicians in audit and improving the 
outcomes of septic patients.  
 
 
 
 

 
 

 

 

Fig. 12. Autopsy lung of an HIV+ve patient who died with lung and multi-organ failure of 
uncertain aetiology. The lung alveoli are filled with granular necrotic debris and minimal 
cellular reaction. This is non-reactive (anergic) tuberculosis infection – see Fig 13 (H&E).  
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Fig. 13. Same lung as in Fig 12. The Ziehl-Neelsen stain reveals huge numbers of acid-fast 
bacilli. The ‘granular debris’ seen in Fig 12 H&E stain is comprised of clumped bacilli.  
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bacilli. The ‘granular debris’ seen in Fig 12 H&E stain is comprised of clumped bacilli.  
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1. Introduction 
The term sepsis implies the presence of infection with signs of systemic body response 
(tachycardia, tachypnea, fever, etc.) and conditions of severe sepsis and septic shock, further 
disturbance in organ perfusion (impaired consciousness, hypoxia, oliguria) required fluid 
administration and inotropic and / or vasopressor drugs, respectively (Levy et al. 2003, 
Bone et al.1992). 
Sepsis is an enormously complex clinical syndrome that arises from the activation of an 
innate host response to danger. Sepsis is associated with infections of bacteria, viruses, fungi 
and endotoxins, whether or not being evidenced by culture. The above systematic 
inflammatory response in humans occurs not only in sepsis but also in other non-infectious 
conditions such as pancreatitis, ischemia, severe trauma, etc. The host responds in the same 
way in infectious as in non-infectious events, which is described by the term systemic 
inflammatory response syndrome (SIRS). Insights into the biology of innate immunity 
suggest that in terms of impact on outcomes, the specific insult evoking the response is  
less important than the nature of the response itself. The terms sepsis and septicemia were-
until relatively recently- used indiscriminately. However, researchers tend to use those two 
terms with different and distinct meanings according to several conditions under which 
each of this condition happens (Pezilli et al, 2010, Dhar et al, 2008, Hoover et al,  
2006, Matzinger et al, 2002, Bone et al, 1992). Sepsis is a very complex chain of events 
including inflammatory and anti-inflammatory processes, circulatory abnormalities and 
humoral and cellular reactions. Its complexity, in addition to high variability of its non-
specific signs and symptoms, make early diagnosis and determination of its severity very 
important, as sepsis can be lethal for patients. Early diagnosis increases the possibility  
of starting a specific therapy in time (Lever et al, 2007, Hotchkiss and Karl, 2003, Zambon  
et al., 2008).  
As mentioned above, sepsis may be initialized by local inflammation in order to inactivate 
invading factors. At first the host recruits and activates leukocytes at infectious foci. During 
that phase, innate immune cells recognize invading factors through pattern recognition 
receptors (PRRs) on the cells. Toll-like receptors (TLRs), which belong to PRRs, activate 
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immune cells.  This activation is caused by the production of pro-inflammatory cytokines 
and chemokines. Bacterial products and viral proteins are linked to various and distinct 
TLRs and are the main cause of cytokine and chemokine production. Following the 
complement is activated which activates leukocytes. Cells activated through all this process 
produce and secrete many agents such as leukotriene, nitric oxide and inducible nitric oxide 
synthase (iNOS) and free radicals. All this process is initiated by many proinflammatory 
mediators (cytokines, adhesion molecules, vasodilating mediators and reactive oxygen 
species). If the above body reaction fails to achieve its goals, then some of the invading 
factors may invade into the bloodstream and trigger a systemic inflammatory reaction. This 
happens mainly through overproduction of inflammatory cytokines (eg TNF, IFNs and IL-
1,6). In all the inflammatory process many agents are overproduced and are of high 
importance for patients health. Apoptosis has a key role in sepsis and it is influenced by 
many factors such as caspases, pro-inflammatory cytokines release –such as TNF-a, IFN-γ, 
IL-1β - and anti-inflammatory cytokines e.g. TGFβ, IL-10 and IL-13, many different 
pathogenic toxins, such as LPS, CLP and CASP, while it happens in many organs such as 
heart, glomeruli, liver, bone marrow, thymus, spleen, lungs and gut. The TNFR- CD40-
TRADD- FADD pathway –activated by TNF-a- leads to inhibition of cas-8, which is an 
initiator factor of apoptosis, and therefore that pathway inhibits apoptosis. Additionally, 
neutrophile and monocyte activation leads to inhibition of Bfl-1, which belongs to Bcl-2 
family and inhibits apoptosis. On the contrary, activation of Cardinal and Fas death receptor 
by Bim (of the Bcl-2 family), which leads to activation of lymphocyte apoptosis, causes a 
decline of inflammatory response. Apoptosis inhibition leads to SIRS, while its activation 
leads to immunoparalysis and MODS. However, apoptosis inhibition may have a beneficial 
role for septic patient. Immunodeficiency is another characteristic of sepsis, which happens 
due to increased apoptosis of CD4 T cells, dendritic cells and B cells and leads to 
immunoparalysis. The coagulation system is activated by cytokines and oxidants through 
tissue factor induction. Antithrombin III plays a dominant role among antithrombotic and 
fibrinolytic agents. Protein C or autoprothrombin IIA, protect cells from sepsis and it has 
strong anticoagulative effects through inactivating Va and VIIIa factors of the coagulation 
system (Remick, 2007, Okazaki and Matsukawa, 2009, Hotchkiss et al, 2003, McDonald, et al 
2000, Sohn et al 2003, Hildeman et al 2002, O’Neill et al 2000). (Figure 1) 
Physiological agents participating in sepsis pathophysiology cascades are used as 
biomarkers in sepsis diagnosis. Biomarker is “a characteristic that is objectively measured 
and evaluated as an indicator of normal biological processes, pathogenic process or 
pharmacologic responses to a therapeutic intervention (BDWG, 2001). The exact role of 
biomarkers in septic patient’s management is not yet defined. Nevertheless, biomarkers can 
play an important role in early diagnosis and severity determination of sepsis. Moreover 
they can differentiate bacterial from viral and fungal infection and systemic from  
local infection. Differentiation of Gram-positive from Gram-negative microorganisms as 
cause of sepsis is a potential use of biomarkers. Biomarkers may also be used in  
guiding antibiotic therapy, guiding therapy, and evaluating the response to therapy. Other 
possible biomarker applications are prediction of sepsis complications and development  
of organ dysfunction (BDWG, 2001, Marshall and Reinhart, 2009, Dellinger et al, 2008).  
It has been shown that various biomarkers are very useful in clinical practice in  
sepsis diagnosis and some of them are thought superior to clinical signs as far as  
diagnosis. 
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Fig. 1. Pathogenetic mechanism of sepsis (improved figure by Parillo et al, 1993)  
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Biomarkers of sepsis can be divided in nine categories, which are: 1. Cytokine biomarkers, 2. 
Coagulation biomarkers, 3. Acute phase protein biomarkers, 4. Receptor biomarkers, 5. Cell 
marker related biomarkers, 6. Vascular and endothelial damage biomarkers, 7. Vasolidation 
related biomarkers, 8. Organ dysfunction biomarkers, 9. Genetic biomarkers. 

2. Cytokine biomarkers 
Cytokines participate in the pro-inflammatory as in the inflammatory cascade of sepsis and 
septic shock. The release of pro-inflammatory mediators characterizes the initial phase of 
sepsis. Persistence of the latter provokes acquired immunodepression, related to an anti-
inflammatory profile, and hence to a delayed decrease in hypersensitivity, an incapacity to 
cope with the infection and the onset of inflammation. The first human defence mechanism 
which is activated is the intrinsic immune system (innate immune system). It is the first line 
of defence and it is motivated by both exogenous (e.g. Gram-, Gram + bacteria) and 
endogenous factors (e.g. Heat shock protein, direct cellular injury, ischemia-reperfusion). 
Both in SIRS and sepsis, there is an excessive production of pro-inflammatory cytokines, 
adhesion molecules, vasodilating mediators and reactive oxygen species, therefore they are 
detectable in blood, where they are normally absent. However, the circulating cytokines are 
merely the tip of the iceberg and leukocyte-associated cytokines can be identified even when 
amounts in plasma are undetectable. Pro-inflammatory responses lead to the activation of 
successive biological reactions which include: Inflammatory mediators (cytokines, 
chemokines and lipid mediators) and coagulation / fibrinolysis system. 
Cytokines act as inflammatory mediators and regulators of both the immune and 
inflammatory reactions. Pro-inflammatory cytokines are released in a cascade, with TNF-a 
and IL-1β being the initial cytokines. These cytokines stimulate the production of other 
cytokines such as IL-6, IL-8, IL-10 and MIP-1a (macrophage inflammatory protein-1a).  
TNFa, IL-1b, IL-6, IL-8 and IL-10 are linked to morbidity and mortality in septic patients. IL-
6 levels in plasma rise according to sepsis severity, but that does not always happen. The 
median levels of IL-6 in patients with SIRS are approximately 10-fold higher than that of 
healthy people, in sepsis are approximately 20-fold higher, in severe sepsis 60-fold higher 
and in septic shock are 100-fold higher. But, in some patients IL-6 levels are very similar to 
those of healthy people (3pg/ml).  (Socha et al, 2006, Halter et al, 2005, Akira et al, 2003, 
Mokart et al, 2002, Paterson et al, 2000, Hack et al, 1997, Casey et al, 1993, Pinsky et al, 1993).  
IL-6 is induced by TNF-a and has a longer half-life, reliably measured in blood after insult to 
the host. IL-6, as a marker of infection, is relatively nonspecific as it is elevated in a variety of 
inflammatory states. IL-6 is one of the initial cytokines released in inflammation, as 
mentioned above, and may be an early predictor of more downstream effects, such as organ 
dysfunction. IL-6 may perform well as a diagnostic and prognostic tool of sepsis. IL-6 levels 
of more than 1000 ng/mL are highly predictive of sepsis related death. The diagnostic and 
prognostic accuracy of IL-6 may depend on time and frequency of measurement and 
underlying illness severity, perhaps suggesting the importance of trending cytokine levels 
with clinical course and therapy As IL-6, IL-8 is not so a good indicator of systemic infection, 
although elevated IL-8 levels are indicative of multiple organ failure and an increased 
likelihood of death. Measurement of IL-6 and IL-8 is not optimal for discriminating patients 
with infectious from those with noninfectious conditions (Chiesa et al, 2003, Iglesias et al, 
2003, Harbarth, 2001, Muller et al, 2000, Panacek, 1999, Martin, 1997, De werra, 1997).  
Tumor Necrosis Factor-a (TNF-a), which is mainly produced by macrophages, lymphocytes 
and fibroblasts, causes fever and elevated liver enzymes among others  and activates three 
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main cell signaling pathways, which lead to inflammation and cell death, by binding to its 
receptor. Plasma levels of TNF-a are increased rapidly after infection and that’s how TNF-a 
activates the inflammation cascade. Additionally, TNF-a levels in plasma are increased due 
to the elevated production of Haemoxygenase-1 (HO-1), which is implicated by lung injury 
and organ perfusion (Socha et al, 2006, Kalil et al, 2004, Kan et al, 1999). There are two types 
of TNFa receptors: TNF-R type 1 (CD120a) – which binds only to TNFα- and TNF-R type 2 
(CD120b) – which binds both to TNFα and TNFβ. The three cell signaling pathways, leading 
to inflammation, activated by TNF-a are the following:  
1. TRADD- RIP- TRAF2 pathway stimulates NF-κb pathway and production of 

antiapoptotic factors, such as Bcl-2. 
2. TRADD- RIP-TRAF2-ASK1-MAPK pathway leads mainly to AP-1 production and 

downstream to the production of pro-apoptotic factors and cell proliferation and cell 
maturation.  

TNFR- CD40 TRADD- FADD pathway leads to cell apoptosis by triggering caspase family 
cascade (Jaffer et al, 2010) (Figure 2). 
Cytokines also participate in anti-inflammatory cascade. When the inflammatory response is 
triggered, anti-inflammatory mechanisms are simultaneously activated. Elevated 
production of pro-inflammatory cytokines causes the simultaneous production of specific 
cytokines such as IL-4, IL-10, IL-13, soluble TNF receptor and reduction of lymphocyte cells 
production. Th1 lymphocytes secrete TNF-a, IL-2 and IFN-γ, while T17 lymphocytes secrete 
IL-17 leading neutrophils to the infection field, unlike Th2 lymphocytes secrete IL-4, IL-6 
and IL-10, while regulatory T-cells (Treg) mediate cytokine secretion amplifying the anti-
inflammatory response. Especially IL-10 -produced also by monocytes- is suspensory to 
Th1-cytokines secretion (and mainly to TNF-a) and inhibits the NF-kB JAK-STAT pathway. 
IL-13 is secreted by Th-cells and leads to elevated production of IgE, matrix-
metalloproteinases (MMPs) and neutrophils while it regulates TNF-a and leucocyte 
response to SIRS. TNF-a and IL-10 levels are found increased in patients with bad prognosis 
and the increase is higher in patients with positive blood culture. IL-10 levels can be used to 
discriminate sepsis from sever sepsis (Jaffer et al 2010, Giamarellos- Bourboulis 2010, Freitas 
et al 2009, Sobieski et al 2008, Van der Poll et al 2008, Munford et al 2001, Rodriguez-Gaspar 
et al 2001, Socha et al 2006, Whitlock et al 2006).  

3. Coagulation biomarkers 
Macrophage Migration Inhibitory Factor (MIF) has a critical role in activating the immune 
system and accelerating the pro-inflammatory response in sepsis (that is why it is thought 
that in the near future MIF will be a significant target in the treatment of sepsis). Tissue 
factor activates coagulation cascade (figure 3) and fibrinolysis system. Antithrombin III 
plays a dominant role among antithrombotic and fibrinolytic agents. Antithrombin III is 
involved in the formation of a complex constituted by activated FVIIa, FIXa, Fxa and FXIa 
factors and kallikrein. When antithrombin III is inhibited e.g by prostacyclin, Disseminated 
Intravascular Coagulation (DIC) is caused -which is considered as an important factor in 
Multi Organ Dysfunction (MODS) development because its normal function is to lower 
platelet adhesion and activate monocytes. Finally, we must refer to protein C or 
autoprothrombin IIA, which protects cells from sepsis and it has strong anticoagulative 
effects through inactivating Va and VIIIa factors of the coagulation system (Mosnier et al, 
2007, Hotchkiss et al, 2003, Nicolaes et al, 2003, Mather et al, 1996). 
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Fig. 2. TNFa activated cellular pathways 

The more interesting coagulation factors for sepsis, whose levels have been proposed to be 
in accordance to sepsis severity and have some prognostic use for septic patient, are easily 
counted in clinical practice. Activated partial thromboplastin time (aPTT) measurement 
waveform has been correlated to sepsis. An atypical biphasic transmittance waveform due 
to decreased light transmission has been observed and it is more common in patients with 
sepsis. This phenomenon may be due to the formation and precipitation of a calcium 
dependent complex among C-reactive protein (CRP) and very low density lipoprotein  
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Fig. 3. The exogenous clotting system 

(VLDL) in serum of septic patients. That waveform is correlated with negative prediction, 
sepsis induced disseminated intravascular coagulation and multiorgan failure. Plasminogen 
activator inhibitor-1 high levels have predictive value for the development of multiorgan 
failure in septic patients and they are strong correlated with bad prognosis of septic patients 
with sepsis induced disseminated intravascular coagulation especially when plasminogen 
activator inhibitor levels are higher than 90 ng/ml. Antithrombin III concentration has been 
proposed as a prognostic factor, as its levels are lower in septic patients who are not possible 
to survive. Low protein C levels in septic patient’s blood are indicative of increased risk of 
morbidity and mortality (Zakariah et al, 2008, Madoiwa et al, 2006, Petilla et al, 2002, Fisher 
et al, 2000). 

4. Acute phase protein biomarkers 
Acute phase protein biomarkers have been more extensively correlated with prognosis of 
sepsis, compared to other biomarkers. The two main acute phase protein biomarkers which 
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Fig. 3. The exogenous clotting system 
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are related to sepsis are procalsitonin (PCT) and C-reactive protein (CRP). PCT has a bigger 
sensitivity and specificity in prognosis of sepsis compared to CRP, but CRP is more available 
and most widely used in clinical practice. Also, PCT is generally elevated in various conditions 
correlated with inflammatory response, whether CRP has a better prognostic value in the 
response of therapy in septic patients. However, there are contradictory views for the utility of 
both biomarkers in prognosis of sepsis and further clinical studies must be demonstrated in 
this direction. Serum CRP may be used as a biomarker as its concentrations increase in 
response to inflammation, its half-life is short but its kinetics are not as good as those of PCT. 
CRP levels are increased in sepsis, but its use as a diagnostic biomarker is not yet established. 
CRP is proposed to be used as a discriminating factor between septic from non septic shock 
while it is less accurate than PCT in SIRS from sepsis differentiation. CRP is a poor predictive 
biomarker of sepsis outcome. Many experimental and clinical trials suggest that PCT is a 
specific marker for severe bacterial infection and it may be used to distinguish patients who 
have sepsis from patients who have SIRS in clinical routine. PCT has been shown to be a better 
biomarker than IL-6 and CRP in characterizing noinfectious from infectious acute respiratory 
distress syndrome. PCT remains among the most promising biomarkers in sepsis (Jensen, 
2006, Castelli, 2004, Clec’h, 2004, Povoa, 2004, Luzzani, 2003, Claeys, 2002, Harbarth, 2001, 
Muller, 2000, Assicot, 1993).   
Other acute phase protein biomarkers which are widely used in clinical practice, are 
ceruloplasmin - which is correlated with great liver dysfunction in septic patients- and 
hepcidin which is shown significantly elevated in septic patients and patients with chronic 
renal failure. Also, another critical biomarker of this category is serum amyloid A (SAA) 
which is associated with the elevated levels of CRP in septic patients. Finally, there must be 
a reference on lipopolysacharide binding protein (LBP), which is generally elevated in septic 
patients compared to the healthy population, but –on the other hand- cannot be used as a 
prognostic marker in the development of sepsis. (Li et al 2009, Cicarreli et al 2008, Schmit et 
al 2008, Couto et al 2007, Seller-Perez et al 2005, Oude Nijhuis et al 2003, Becker et al 2008). 

5. Receptor biomarkers 
Many cell receptors have been proposed to have prognostic value for septic patients. Their 
reliability for clinical routine use is under investigation and only some experimental 
findings are indicative of receptor biomarkers quality for usage in septic patient diagnosis. 
Receptor biomarkers that will be further discussed are IL-2 receptor, Toll-like receptor 
(TLR2 and TLR 4), TNF receptor and TREM-1 receptor. However, many other receptors 
have been investigated and proposed as possible biomarkers of sepsis, such as CSL2, Fas 
Receptor and group II phospholipase A2 receptor. Increased serum levels of soluble IL-2 
receptor in patients with gram-negative sepsis may behave as predictive indices of shock. 
Soluble IL-2 receptor is released in biological fluids mostly from T and B lymphocytes that 
seem to participate in pathogenesis of sepsis. Soluble IL-2 receptor measurement can be 
easily performed by the use of diagnostic kits and it is suggested to be routinely measured 
in sera from patients with gram-negative sepsis in order to identify those, who have the 
strongest risk to develop septic shock. Microorganisms consist of conserved sequences 
called Pathogen-Associated Molecular Patterns (PAMPs) such as endotoxin/ 
lipopolysaccharide (LPS) which are located in Gram- negative bacteria cell wall. These 
PAMPs bind to specific Pattern Recognition Receptors (PRRs) (there are 15 known 
subtypes), named Toll-like receptors (TLRs) and especially TLR2 and TLR4. TLRs have an 
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intracellular domain, homologous with IL-1 and the IL-18 receptors. Adaptor proteins 
facilitate binding to IL-1 receptor-associated kinase, which in turn induces TNF receptor-
associated factor-6, leading to nuclear translocation of nuclear factor-kB (NF-kB) and 
ultimately to activation of cytokine gene promoters, resulting in advanced proinflammatory 
cytokine production  (Rittisch et al, 2008, Brunn et al, 2006, Cornell et al, 2005, Delogu et al, 
1995, Willatts et al, 1994). Initially in inflammatory response, LPS is bound by a 
lipopolysaccharide binding protein which is located to CD14 and TLR4. TLR4 and CD14 are 
receptors of macrophages and circulating monocytes and they are activated by LPS binding. 
Their activation causes signal transduction through Toll Inerleukin-1 Receptor (TIR) domain 
which is referred as myeloid differentiation protein 88. Afterwards, the IL-1 receptor-
associated kinase (IRAK) is activated and in turn activates the TNFa-receptor associated 
factor (TRAF) and the TRAF-associated kinase (TAK). That is the role of TLRs in sepsis. But 
what is their diagnostic use as biomarkers, if there is any? TLR-2 and TLR-4 expressions are 
relatively increased in septic critically ill patients, as it was found in experiments using mice. 
Moreover, the increased levels of those two TLRs were related to advanced possibility to 
death. 
In septic patients, soluble TNFRs plasma levels have been found increased. In the same 
study it was suggested that the increased levels of the receptor correlate in the same way 
with multiple organ failure, as with mortality. Elevated soluble TNFR levels may be used as 
a biomarker for severity of sepsis, in a predicting manner. But more information and clinical 
trials are needed in order TNFR to be used in clinical routine. Soluble TREM-1 is a reliable 
marker of bacterial infection, while it participates in the septic process. A decrease in soluble 
TREM-1 concentration may be indicative of treatment effectiveness. On the contrary, when 
sTREM-1 levels are persistenly increased the therapy administered to patient is not effective 
or patients are not in a good condition. Moreover, sTREM-1 concentration is indicative of 
the prognosis of the patients and they can be used in predicting septic patient outcome. The 
receptors levels on the 28th day from diagnosis are significantly different in patients with 
good prognosis from those with not such a good prognosis, which may lead them to death 
(Rittisch et al, 2008, Annane et al, 2005, Gibot, 2005, Williams et al, 2003, McCuskey et al, 
1996 Ertel, 1994). 

6. Cell marker related biomarkers 
Cells that bear on their membrane surface special proteins have been used in experiments in 
sepsis trials, in order to find some special patterns of expression of those proteins during 
sepsis and try to combine these findings with sepsis diagnosis and prognosis. So, CD10, 
CD11, CD14, CD18, CD25, CD28, CD40, CD48, CD54, CD60, CD80 and CD163 are the cell 
marker proteins which levels have been correlated to sepsis and septic shock prognosis. 
From those CD10 and CD11c are found in decreased levels in septic patients. Neutrophil 
CD11b and CD64 appear to be promising markers for diagnosis of early and late onset 
infections. CD11b is normally expressed in low concentration on the surface of neutrophils 
and its expression is increased 2-4 times more in infants and adults with positive blood 
culture for sepsis. CD11b seems to be very useful  in early diagnosis of neonatal sepsis. 
CD14, CD25, CD28, CD40 and CD163 are significant different between septic patients with 
good prognosis and those with very bad prognosis in the 28th day from sepsis diagnosis. 
CD69 and CD48 are increased in septic patients (Giamarelos et al, 2010,Nolan et al, 2008, 
Kaneko et al, 2003, Mishra, 2006).  
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7. Vascular and endothelial damage dysfunction biomarkers 
Activated macrophages in sepsis produce early response cytokines TNF-a and IL-1 which 
stimulate vascular endothelial cells to express Intercellular Adhesion Molecules-1 (ICAM-1), E-
selectin and tissue factor. In addition, the adhesion of neutrophils to endothelium involves 
interaction between endothelial ICAM-1 and beta2 integrin of neutrophils. Adhesion 
molecules expression is increased in the most severely ill septic patients and it reaches its peak 
in patients with Multi Organ Failure (MOF). According to these findings, vascular cell 
adhesion molecule (VCAM-1), E-selectin, P-selectin and endocan are fine prognostic 
biomarkers in the development of multi-organ dysfunction (MODS) and septic shock in septic 
patients. Also, L-laminin shows a significant increase in septic patients and ADAMTS-13 is 
increased in septic patients without disseminated intravascular coagulopathy (DIC) compared 
to septic patients with DIC. Additionally, there is an existing increase in other biomarkers of 
this category like cellular and soluble endothelial leukocyte adhesion molecule (ELAM)-1 and 
vascular endothelial growth factor (VEGF) in septic patients with very poor prognosis, but 
further clinical studies must be demonstrated. (Drake et al 1993, Mimuro et al 2008, Seidelin et 
al 2002, Lopez et al 1999, Whalen et al 2000, Cowley et al, 1994, Moss et al, 1996). 

8. Vasolidation related biomarkers 
There are several biomarkers of sepsis related to vasodilation which have been already 
identified in patients. Firstly, C-type natriuretic peptide (CNP), anandamide, angiotesin 
converting enzyme (ACE), 2- arachidonoglykerol and neuropeptide Y are shown to be 
significantly increased in septic patients comparing to the healthy population, although 
further clinical studies must be done to ensure this finding. Also, 47 kD high molecular 
weight kininogen (HK) shows a critical correlation with more severe sepsis. Furthermore, 
proadrenomedulin and andrenomedulin are correlated with development of sepsis. But, the 
most critical vasodilatory factor which is correlated with development of sepsis is nitric 
oxide and its derivatives. In the metabolic pathway of inducible (or induced) NO synthase 
(Inducible Nitric Oxide Synthetase: iNOS), the inducible NO synthetase overproduces nitric 
oxide by reacting with L-Arginine, which results to relaxation of smooth muscle cells. Its 
concentration increases as a result of gene activation, which in turn produces high levels of 
nitric oxide (NO). NO activates guanylyl cyclase enzyme. Guanylyl cyclase increases the 
production of cyclic guanosine monophosphate (cGMP). However, if NO production is 
inhibited by blockading the NOS enzyme, then it is associated with poor prognosis in septic 
patients. Also, nitric oxide is being hugely produced after the activation of iNOS gene by 
Hypoxia Inducible Factor-1 (HIF-1). Finally, there are tetrahydrobiopterin which is shown 
increased in critically ill septic patients and vasoactive intestinal peptide (VIP) which is 
shown quite increased in tissues of patients with severe peritonitis. Elastin is shown 
decreased in septic patients compared to healthy population (Jacob et al 2007, Levy, et al 
2005, Faury  et al, 2005, Jang et al, 2004, Hama et al 1994, Beer et al 2002, Amalich et al 1995, 
Deitz et al, 1987).   

9. Organ dysfunction biomarkers 
Specific organ dysfunction biomarkers which are shown significantly increased in septic 
patients compared to healthy population are myocardial angiotensin II, pancreatitis-
associated protein-I, pre B cell colony-enhancing factor (PBEF), glial fibrillary acidic protein 
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(GFAP) and Gc-globulin. Even most, Gc-globulin - which acts as an actin scavenger- has a 
good prognostic value in the development of multi-organ dysfunction, as it is found in low 
concentrations in patients developing sepsis and respiratory failure (Hsu et al 2008, Ji et al 
1996, Tribl  et al 2004, Ye et al 2005). 
In sepsis it is highly possible that the balance between inflammatory and anti-inflammatory 
mechanisms becomes unbalanced so organ dysfunction and cardiovascular dysfunction, 
metabolic disturbances, renal dysfunction and haematological dysfunction are possible to 
happen. All the above clinical conditions combined are leading to multiple organ 
dysfunction.  So, after an insult, the balance between inflammatory response and 
immunoparalysis determine the prognosis of the septic patient, which makes the above 
biomarkers of vital importance for them (Paterson et al, 2000, Poderoso et al, 1996, 
Neumann et al, 1997, Baudo et al, 1998, Karima et al, 1999, Grover et al, 1999,) (figure 4). 
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10. Genetic biomarkers-single nucleotide polymorphisms 
As in almost every other disease, genetic predisposition seems to play an important role in 
susceptibility in sepsis. Despite modern treatment of sepsis (eg, hydrocortisone) important 
genetic factors may be responsible even for death by sepsis. Also, along with genetic 
predisposition, comorbidity and age seem to play a significant role (Alberti et al 2002, Yende 
et al 2008, Pachot et al 2006, Wong et al 2007, Calvano et al 2005, Annane et al.1998, Bollaert 
et al.1998, Briegel et al.1999).  
In recent years, there have been many clinical studies using modern methods and 
techniques of molecular genetics, such as genotyping to correlate gene expression with 
inflammatory response. Specific polymorphisms in some genes express proteins involved in 
the cascade of systematic inflammatory response and they have an important role in sepsis. 
These polymorphisms participating in sepsis are Single nucleotide polymorphisms (SNPs). 
SNPs of a gene is a DNA sequence variation which occurs whenever there is a difference in 
a single nucleotide position in genome and this one differs between members of a species. 
The simplest change of this kind is the substitution of one nucleotide by another which is 
not similar to the previous one. Single nucleotide polymorphisms have a minor allele 
frequency of >1% (or 0.5% etc.) A large number of SNPs in several genes involved in 
inflammatory response have been found to vary in their clinical outcomes during infection 
(Arcaroli et al 2005, Waterer et al 2003, Holmes et al 2003, Stuber et al 1996, Barber et al 
2006). The major genetic agents that have been studied are the following: 
Toll-like receptors: Polymorphisms found in TLR5 and TLR2 are correlated with bacterial 
infections, and those in TLR4 are correlated with susceptibility in sepsis (Sutherland et al. 
2005, Skinner et al 2005, Hawn et al. 2003). 
Collectins: There are collectins, such as Mannose binding lectine (MBL) whose 
polymorphisms associate with increased incidence of systemic inflammatory syndrome 
caused by infectious and noninfectious causes, increased severity of sepsis, and increased 
mortality although the results of some studies on this topic are contradictory (Garred et al. 
2003, Roy et al. 2002, Gong et al 2007, Kronborg et al. 2002). 
Tumor Necrosis Factor-a (TNF-a): TNF-a gene is polymorphic and there are various 
polymorphisms in its products. TNF-308 polymorphism with A-allele substitution is of high 
importance (the most common is G-allele) as it is correlated with increasing risk of death in 
septic patients. On the other hand, some studies state that there is no correlation between 
TNF polymorphism and sepsis (O’Keefe et al. 2002, Nakada et al. 2005, Azim et al. 2007, 
Schueller et al. 2006, Waterer et al. 2001).  
Interleukin-1 (IL-1) Family: Polymorphisms in IL1β may correlate with sepsis according to 
its cause, as in some cases they are associated with sepsis development and in some cases 
they are not. Also, there are conflicting studies of variants of IL-1 receptor antagonist gene 
(IL-1RN) and its correlation with mortality in patients with septic shock (Arnalich et al. 
2002, Ma et al. 2002, Fang et al. 1999, Turner et al. 1997). 
Interleukin-10 (IL-10): IL-10-1082 G polymorphic allele presence is correlated to sensitivity 
to pneumonia and susceptibility to septic shock as well as with multiorgan dysfunction 
(Stanilolva et al. 2006, Gallagher et al. 2003, Schaaf et al. 2003). 
Furthermore, SNPs have also been found in genes expressing proteins participating into the 
inflammatory response. These genes, which SNPs may show correlation with septic shock 
are: Lymphotoxin Alpha (LTA) gene, Immunoglobin Receptors genes, Heat shock protein gene, 
Protein C gene and Plasminogen activation inhibitor (PAI) -1 gene, Lippopollysaccharide binding 
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protein (LBP) gene, CD14 gene and Myeloid differentiation protein-2 (MD-2) gene (Gu et al. 2007, 
Temple et al. 2004, Yuan et al. 2003, Ye et al. 1995, Binder et al. 2007, Geishofer et al. 2005, 
Haralambous et al. 2003, Hermans et al. 1999, Van der Poll et al. 2001, Hubacek et al. 2001, 
Waterer et al. 2001). 
As discussed in this chapter there are many biomarkers of sepsis. All of them are very 
promising in sepsis diagnosis and prognosis, but more evidence is needed so as to be 
valuable for in every day clinical routine. Sepsis severity and its high incidence to patient’s 
death make extremely difficult every decision in using one and only one clue as the absolute 
biomarker for sepsis diagnosis and prognosis. Sepsis is such a complex syndrome that every 
oversimplified approach may become lethal for patients. Multi-biomarker control is the best 
approach till now. As research continues newer and more advanced biomarkers may be 
found helping in sepsis diagnosis and therapeutics. 
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10. Genetic biomarkers-single nucleotide polymorphisms 
As in almost every other disease, genetic predisposition seems to play an important role in 
susceptibility in sepsis. Despite modern treatment of sepsis (eg, hydrocortisone) important 
genetic factors may be responsible even for death by sepsis. Also, along with genetic 
predisposition, comorbidity and age seem to play a significant role (Alberti et al 2002, Yende 
et al 2008, Pachot et al 2006, Wong et al 2007, Calvano et al 2005, Annane et al.1998, Bollaert 
et al.1998, Briegel et al.1999).  
In recent years, there have been many clinical studies using modern methods and 
techniques of molecular genetics, such as genotyping to correlate gene expression with 
inflammatory response. Specific polymorphisms in some genes express proteins involved in 
the cascade of systematic inflammatory response and they have an important role in sepsis. 
These polymorphisms participating in sepsis are Single nucleotide polymorphisms (SNPs). 
SNPs of a gene is a DNA sequence variation which occurs whenever there is a difference in 
a single nucleotide position in genome and this one differs between members of a species. 
The simplest change of this kind is the substitution of one nucleotide by another which is 
not similar to the previous one. Single nucleotide polymorphisms have a minor allele 
frequency of >1% (or 0.5% etc.) A large number of SNPs in several genes involved in 
inflammatory response have been found to vary in their clinical outcomes during infection 
(Arcaroli et al 2005, Waterer et al 2003, Holmes et al 2003, Stuber et al 1996, Barber et al 
2006). The major genetic agents that have been studied are the following: 
Toll-like receptors: Polymorphisms found in TLR5 and TLR2 are correlated with bacterial 
infections, and those in TLR4 are correlated with susceptibility in sepsis (Sutherland et al. 
2005, Skinner et al 2005, Hawn et al. 2003). 
Collectins: There are collectins, such as Mannose binding lectine (MBL) whose 
polymorphisms associate with increased incidence of systemic inflammatory syndrome 
caused by infectious and noninfectious causes, increased severity of sepsis, and increased 
mortality although the results of some studies on this topic are contradictory (Garred et al. 
2003, Roy et al. 2002, Gong et al 2007, Kronborg et al. 2002). 
Tumor Necrosis Factor-a (TNF-a): TNF-a gene is polymorphic and there are various 
polymorphisms in its products. TNF-308 polymorphism with A-allele substitution is of high 
importance (the most common is G-allele) as it is correlated with increasing risk of death in 
septic patients. On the other hand, some studies state that there is no correlation between 
TNF polymorphism and sepsis (O’Keefe et al. 2002, Nakada et al. 2005, Azim et al. 2007, 
Schueller et al. 2006, Waterer et al. 2001).  
Interleukin-1 (IL-1) Family: Polymorphisms in IL1β may correlate with sepsis according to 
its cause, as in some cases they are associated with sepsis development and in some cases 
they are not. Also, there are conflicting studies of variants of IL-1 receptor antagonist gene 
(IL-1RN) and its correlation with mortality in patients with septic shock (Arnalich et al. 
2002, Ma et al. 2002, Fang et al. 1999, Turner et al. 1997). 
Interleukin-10 (IL-10): IL-10-1082 G polymorphic allele presence is correlated to sensitivity 
to pneumonia and susceptibility to septic shock as well as with multiorgan dysfunction 
(Stanilolva et al. 2006, Gallagher et al. 2003, Schaaf et al. 2003). 
Furthermore, SNPs have also been found in genes expressing proteins participating into the 
inflammatory response. These genes, which SNPs may show correlation with septic shock 
are: Lymphotoxin Alpha (LTA) gene, Immunoglobin Receptors genes, Heat shock protein gene, 
Protein C gene and Plasminogen activation inhibitor (PAI) -1 gene, Lippopollysaccharide binding 
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protein (LBP) gene, CD14 gene and Myeloid differentiation protein-2 (MD-2) gene (Gu et al. 2007, 
Temple et al. 2004, Yuan et al. 2003, Ye et al. 1995, Binder et al. 2007, Geishofer et al. 2005, 
Haralambous et al. 2003, Hermans et al. 1999, Van der Poll et al. 2001, Hubacek et al. 2001, 
Waterer et al. 2001). 
As discussed in this chapter there are many biomarkers of sepsis. All of them are very 
promising in sepsis diagnosis and prognosis, but more evidence is needed so as to be 
valuable for in every day clinical routine. Sepsis severity and its high incidence to patient’s 
death make extremely difficult every decision in using one and only one clue as the absolute 
biomarker for sepsis diagnosis and prognosis. Sepsis is such a complex syndrome that every 
oversimplified approach may become lethal for patients. Multi-biomarker control is the best 
approach till now. As research continues newer and more advanced biomarkers may be 
found helping in sepsis diagnosis and therapeutics. 
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1. Introduction   
The pathophysiology of severe sepsis is unique among immunological conditions in that the 
immune system is ultimately the root cause of the disease, and yet in certain aspects it is the 
immune system that suffers the most severe after effects following resolution of disease. 
During the acute phase of the disease, unchecked activation of the immune system results in 
severe physiological stress, which can lead to multi-organ dysfunction (MODS) and death 
(G. P. Patel et al., 2003). However, both during the acute phase and following recovery from 
severe sepsis, the immune system can suffer from significant deficiencies in activation and 
effector function that can render the patient susceptible to secondary, nosocomial and 
opportunistic infections (Reddy et al., 2001). This immune suppression is most readily 
apparent in regards to cellular responses, as both innate and adaptive immune cells exhibit 
deficiencies in effector responses following the onset of severe sepsis, both in vitro and in 
vivo. In certain cases, these deficiencies appear tied to the overstimulation of immune 
responses during the acute phase of the disease; for example, as macrophages become 
unresponsive to further stimulation with lipopolysaccharide (LPS) despite Gram-negative 
organisms being the (one of many possible) root cause(s) of the onset of sepsis (Fujihara et 
al., 2003). These phenomena may be considered an instance of immune tolerance as a 
consequence of overstimulation (e.g. “LPS tolerance” in macrophages both in vivo and in 
vitro). In addition, many instances of cellular dysfunction persist in survivors of severe 
sepsis long after the resolution of the acute phase of the disease; these cellular deficiencies 
are correlated in experimental models of sepsis, and play a key role in the development of 
post-septic immunosuppression. 
Cellular dysfunction following severe sepsis proceeds from the intense inflammatory 
response triggered by exposure to large quantities of microbes, microbial products, and/or 
dead and dying cells and tissues. Suppression of activation and effector function of immune 
cells can be mediated through negative regulation of signalling pathways involved in the 
sensing of microbes and dead tissues, via direct suppression of immune responses through 
the signalling activity of anti-inflammatory cytokines, and in the long term, via 
modifications to the regulation of gene expression necessary for proper activation and 
effector function of immune cells. The end result of these phenomena is an immune system 
that lacks the ability to properly mount directed inflammatory responses in the context of 
secondary infections and other pathologies (such as cancer). The observed cellular 
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secondary infections and other pathologies (such as cancer). The observed cellular 
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dysfunction following the initial onset of sepsis can be loosely grouped into two distinct 
categories: acute deficiencies in the context of the systemic inflammatory response 
syndrome (SIRS), and chronic deficiencies in the context of the compensatory anti-
inflammatory response syndrome (CARS) and beyond (N. S. Ward et al., 2008). 

1.1 Pathophysiology of SIRS and CARS 
The initial onset of severe sepsis can be due to numerous factors, many of which are derived 
from infectious agents but are not necessarily of infectious origin. For example, LPS derived 
from Gram-negative bacterial cell walls is a potent initiator of the septic response through its 
ability to stimulate large amounts of proinflammatory cytokines through Toll-like receptor 
(TLR)-4 signalling pathways (Zhang & Ghosh, 2000). Additionally, Gram-positive cell wall 
components (e.g. lipoteichoic acid) can signal through TLR2, initiating many of the same 
proinflammatory responses as LPS stimulation (Henneke et al., 2008). Shared components of 
both Gram-negative and –positive bacteria are the presence of unmethylated CpG motifs 
within the bacterial genome; these CpG motifs can be sensed by TLR9 (Wagner, 2002). 
Several types of RNA species, especially double-stranded RNA (dsRNA) from viruses, and 
intracellular RNA released from necrotic host cells (Cavassani et al., 2008), can activate TLR3 
(Sen & Sarkar, 2005) as well as intracellular dsRNA sensors such as RIG-I and MDA-5 
(Takeuchi & Akira, 2008). Additionally, bacterial superantigens (SAgs) can activate 
peripheral T cells in a non-specific, polyclonal manner, leading to the undirected production 
of proinflammatory cytokines and the development of sepsis (Ferry et al., 2005; Fraser & 
Proft, 2008). Despite the disparity in the instigating agent(s), the pathophysiology of the 
disease follows a biphasic progression, based on the generalized immune responses to the 
original stimuli and the subsequent “cytokine storm,” respectively. 
The systemic inflammatory response syndrome (SIRS) is defined clinically as the presence of 
two of the following four symptoms: hyper/hypothermia, tachycardia, tachypnea and 
leukocytosis/leukopenia with exaggerated neutrophils (>10% of peripheral white blood 
cells) (Conference:, 1992). From an immunological perspective, SIRS is a result of the 
exaggerated production of proinflammatory chemokines and cytokines by large numbers of 
activated immune cells. For example, early inflammatory mediators such as Tumor Necrosis 
Factor-alpha (TNFα), Interleukin-1 beta (IL-1β), IL-6 and IL-8 (CXCL8) are responsible for 
the variation in body temperature, breathing rate and peripheral white blood cell count, and 
the overproduction of these mediators can result in further exacerbation of inflammatory 
responses as well as immune cell apoptosis (Unsinger, McDonough, et al., 2009). 
Overproduction of proinflammatory chemokines and cytokines by the innate immune 
system (e.g. macrophages, granulocytes and dendritic cells) can feed back on the adaptive 
immune system, resulting in amplification of SIRS through production of type I (Kelly-
Scumpia et al., 2010) and type II interferons (IFN) (Romero et al., 2010; Silva & Cohen, 1992) 
and T-cell derived cytokines such as IL-17(Flierl et al., 2008). The “cytokine storm” of SIRS is 
multifaceted, and reflects the multiple possible instigating agents and the multiple immune 
cell types participating in the response.  
The cytokine storm of SIRS results in morbidity and mortality through the stresses caused 
by the unchecked inflammation on the host’s physiology. For example, SIRS results in a 
massive apoptotic/necrotic cell death event observable in primary and secondary lymphoid 
tissues, as well as in the peripheral blood (Wesche-Soldato et al., 2005). This widespread cell 
death has two major outcomes. First, by significantly reducing the number of available 
leukocytes, this cytokine-storm induced cell death leaves the patient susceptible to 
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secondary infections (C. Oberholzer et al., 2001). Secondly, cell components released by 
dying cells (especially nucleic acids and mitochondrial proteins) can further amplify the 
cytokine storm through stimulation of TLRs on remaining immune cells – this is especially 
true in the case of necrosis (Cavassani et al., 2008). Extreme variations in body temperature, 
heart rate and breathing rate are also mediated by the unchecked production of 
proinflammatory chemokines and cytokines (Sriskandan & Altmann, 2008). Ultimately, 
these physiological stresses, combined with adverse coagulation events and damage to the 
vasculature, can result in SIRS-induced mortality. 
The initiation of SIRS is ultimately a result of immune cell activation; as a result, the immune 
system will often attempt to overcompensate for the overproduction of proinflammatory 
chemokines and cytokines by upregulating anti-inflammatory mediators. These anti-
inflammatory mediators can be immunosuppressive cytokines, such as IL-10 or 
transforming growth factor-beta (TGFβ), or immune-deviating cytokines, such as T-helper 
type 2 cytokines (such as IL-4 and IL-13) which attempt to counteract the largely T-helper 
type 1 response initiated by SIRS cytokines (such as IL-12 and IFNγ) (Adib-Conquy & 
Cavaillon, 2009). Unfortunately, these compensatory mechanisms often fail to restrict the 
damaging effects of the cytokine storm of SIRS; instead, they often render those leukocytes 
that survive the initial apoptotic/necrotic event unable to respond to further infectious 
stimuli. This is especially dangerous at timepoints proximal to the onset of severe sepsis, as 
it renders hospitalized patients (undergoing treatment for SIRS) at risk for developing 
nonsocomial infections. Recent epidemiological studies also suggest that the CARS response 
may persist in some form for days, months and years following the resolution of severe 
sepsis and discharge from hospital care, as the both the survival rates and quality of life of 
survivors of severe sepsis are significantly reduced when compared to the healthy age-
matched population (Perl et al., 1995; Quartin et al., 1997).  
Cellular immune dysfunction as a result of severe sepsis can therefore be further 
conceptualized as three distinct phases, all following the initial onset of SIRS due to 
overstimulation of the immune system. In the first phase, anti-microbial responses are 
blunted due to “exhaustion” of the inflammatory responses of cells responding to the septic 
insult. In the second phase, the upregulation of anti-inflammatory responses by the immune 
system, in an attempt to regulate SIRS, renders the immune system unable to deal with 
secondary infections; this can be thought of as early-phase CARS, or compensatory 
immunosuppression. In the third phase, immune cells that have survived severe sepsis 
retain deficiencies in activation and effector function even after the resolution of disease; this 
can be thought of as late-phase CARS or post-septic immunosuppression. These last two 
phases occur as a direct response to cytokine storm of CARS, and are defined loosely based 
on their proximity to the initiation of severe sepsis.  In all three cases, the phenotypic 
responses of the human patient or animal model (susceptibility to secondary, nosocomial 
and opportunistic infections) follows in part from the inability of the cells of the immune 
system to properly respond to challenges following sepsis. The specific mechanisms 
underlying the immunoparalysis observed in survivors of severe sepsis are specific to both 
the cell type and the phase of disease progression, but all ultimately deal with deficiencies in 
the activation, differentiation and effector function of post-septic immune cells.  

1.2 Immune dysfunction in sepsis – clinical and experimental outcomes 
Epidemiologically, immune suppression following sepsis manifests as a significant decrease 
in the long-term survival of patients recovered from severe sepsis; this decrease is seen years 
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dysfunction following the initial onset of sepsis can be loosely grouped into two distinct 
categories: acute deficiencies in the context of the systemic inflammatory response 
syndrome (SIRS), and chronic deficiencies in the context of the compensatory anti-
inflammatory response syndrome (CARS) and beyond (N. S. Ward et al., 2008). 
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secondary infections (C. Oberholzer et al., 2001). Secondly, cell components released by 
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true in the case of necrosis (Cavassani et al., 2008). Extreme variations in body temperature, 
heart rate and breathing rate are also mediated by the unchecked production of 
proinflammatory chemokines and cytokines (Sriskandan & Altmann, 2008). Ultimately, 
these physiological stresses, combined with adverse coagulation events and damage to the 
vasculature, can result in SIRS-induced mortality. 
The initiation of SIRS is ultimately a result of immune cell activation; as a result, the immune 
system will often attempt to overcompensate for the overproduction of proinflammatory 
chemokines and cytokines by upregulating anti-inflammatory mediators. These anti-
inflammatory mediators can be immunosuppressive cytokines, such as IL-10 or 
transforming growth factor-beta (TGFβ), or immune-deviating cytokines, such as T-helper 
type 2 cytokines (such as IL-4 and IL-13) which attempt to counteract the largely T-helper 
type 1 response initiated by SIRS cytokines (such as IL-12 and IFNγ) (Adib-Conquy & 
Cavaillon, 2009). Unfortunately, these compensatory mechanisms often fail to restrict the 
damaging effects of the cytokine storm of SIRS; instead, they often render those leukocytes 
that survive the initial apoptotic/necrotic event unable to respond to further infectious 
stimuli. This is especially dangerous at timepoints proximal to the onset of severe sepsis, as 
it renders hospitalized patients (undergoing treatment for SIRS) at risk for developing 
nonsocomial infections. Recent epidemiological studies also suggest that the CARS response 
may persist in some form for days, months and years following the resolution of severe 
sepsis and discharge from hospital care, as the both the survival rates and quality of life of 
survivors of severe sepsis are significantly reduced when compared to the healthy age-
matched population (Perl et al., 1995; Quartin et al., 1997).  
Cellular immune dysfunction as a result of severe sepsis can therefore be further 
conceptualized as three distinct phases, all following the initial onset of SIRS due to 
overstimulation of the immune system. In the first phase, anti-microbial responses are 
blunted due to “exhaustion” of the inflammatory responses of cells responding to the septic 
insult. In the second phase, the upregulation of anti-inflammatory responses by the immune 
system, in an attempt to regulate SIRS, renders the immune system unable to deal with 
secondary infections; this can be thought of as early-phase CARS, or compensatory 
immunosuppression. In the third phase, immune cells that have survived severe sepsis 
retain deficiencies in activation and effector function even after the resolution of disease; this 
can be thought of as late-phase CARS or post-septic immunosuppression. These last two 
phases occur as a direct response to cytokine storm of CARS, and are defined loosely based 
on their proximity to the initiation of severe sepsis.  In all three cases, the phenotypic 
responses of the human patient or animal model (susceptibility to secondary, nosocomial 
and opportunistic infections) follows in part from the inability of the cells of the immune 
system to properly respond to challenges following sepsis. The specific mechanisms 
underlying the immunoparalysis observed in survivors of severe sepsis are specific to both 
the cell type and the phase of disease progression, but all ultimately deal with deficiencies in 
the activation, differentiation and effector function of post-septic immune cells.  

1.2 Immune dysfunction in sepsis – clinical and experimental outcomes 
Epidemiologically, immune suppression following sepsis manifests as a significant decrease 
in the long-term survival of patients recovered from severe sepsis; this decrease is seen years 
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after the resolution of the inflammatory episode, as compared to the healthy age-matched 
population. Additionally, patients who do survive severe sepsis report lower quality of life 
scores as compared to healthy control populations (Winters et al., 2010). Of the patients that 
succumb to increased morbidity and mortality following sepsis, there are numerous 
infectious and non-infectious comorbidities that are correlated with decreased life 
expectancy. For example, opportunistic infections are commonly associated with patients 
recovering from septic shock (Benjamim et al., 2004). The long-term decrease in life 
expectancy observed in patients post-sepsis is described in epidemiological studies, and the 
underlying etiology of this post-septic mortality is less clear; however, the increase in 
mortality observed in post-septic patients appears unreleated to associated comorbidities, 
and is a direct result of the severity of the initial septic episode (Quartin et al., 1997). 
Experimentally, post-septic immunosuppression can be studied by utilizing “two-hit” 
models of disease, whereby experimental animals are subjected to severe sepsis and then 
challenged with a secondary infection or immunity-stimulating event (such as solid tumor 
challenge). These models have been critical for both the identification of long term 
immunosuppression in survivors of severe sepsis, as well as for discerning the underlying 
mechanisms of cellular immune dysfunction following sepsis. Classical “two-hit” models 
often utilize a sepsis-triggering effect (such as high dose LPS injection or surgical induction 
of sepsis, also known as cecal ligation and puncture, CLP) in combination with airway 
challenges with opportunistic micro-organisms. The use of the lung microenvironment to 
study secondary infections and post-septic immunosuppression is of particular importance. 
By utilizing secondary infections that originate in the lung, researchers can study the 
immune environment in the lung during sepsis, where immune responses can both initiate 
septic shock and exacerbate deleterious outcomes (such as in the case of acute respiratory 
distress syndrome) (Hudson et al., 1995). 
Experimental models of “two-hit” post-septic immunosuppression often utilize 
opportunistic pathogens for the second challenge, as healthy animals (untreated, or 
subjected to sham surgery as a control) would be expected to clear the microorganism 
without difficulty. One classic example of such an opportunistic pathogen is the fungi 
Aspergillus fumigatus, whose infectious conidia are ubiquitous in the environment and are 
normally controlled by a fully functioning immune system (Walsh et al., 2005). In 
immunocompromised individuals, these condidia can germinate in the lung and result in 
invasive infection. In mice, A. fumigatus airway challenge results in little discernible 
pathology, with the conidia unable to germinate prior to clearance by innate immune cells 
with phagocytotic activity (such as macrophages and neutrophils). In contrast, mice that 
have recovered from severe sepsis are unable to generate protective immune responses to A 
fumigatus conidia; these animals ultimately succumb to invasive aspergillosis, characterized 
by tissue damage mediated by hyphal outgrowth in the lungs (Benjamim et al., 2003). 
Deficiencies in cellular immune responses in post-septic animals are directly responsible for 
the susceptibility of post-septic animals to A. fumigatus-induced mortality. In addition to 
fungal challenge, other microorganisms are utilized to study post-septic 
immunosuppression in murine models. Secondary bacterial challenges are especially useful 
for modelling nosocomial infections in human patients; susceptibility to secondary 
infections has been identified in mouse models using Pseudomonas aeruginosa or Listeria 
monocytogenes, among others (Delano et al., 2011). Post-septic animals are also more 
susceptible to the implantation of solid tumors, as tumor size is increased in post-septic 
animals as compared to controls(Cavassani et al., 2010).  
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Impaired immune cell function plays a key role in mediating post-septic 
immunosuppression in all the experimental models discussed previously. In addition, these 
same deficiencies in immune cell function underlie the susceptibility of human patients to 
secondary, nosocomial and opportunistic infections following the onset of severe sepsis. Cell 
populations within the innate and adaptive immune system exhibit distinct phenotypes that 
mediate the different phases of post-septic immunosuppression, and the interplay between 
these various celluar deficiencies results in the susceptibility to infection observed in both 
human patients and animal models.  

2. Immune cell dysfunction during SIRS  
Despite immune activation being the root cause of severe sepsis, the cytokine storm 
associated with acute inflammation also feeds back on peripheral immune cells to mediate 
immunosuppression. This immunosuppression is mediated through two general 
mechanisms. First, widespread apoptosis of peripheral leukocytes limits the population of 
immune cells (and immune cell progenitors) available to respond to secondary infections. 
Second, overstimulation of surviving leukocytes - due to exposure to large amounts of 
microbial products, apoptotic/necrotic cell products and/or chemokines & cytokines – 
results in a refractory response to secondary stimulation, as is the case with a concurrent 
nosocomial infection during severe sepsis. The combination of these two factors results in 
susceptibility to secondary infections proximal to the onset of sepsis. In human patients, this 
response manifests as nosocomial infections that present soon after the admittance of the 
patient to emergency/intensive care; in animal models, this early immunosuppression is 
modelled with secondary infections early after the onset of sepsis (24-72 hours following 
induction). 
The physiological stress caused by the cytokine storm of sepsis results in a widespread 
apoptotic event, coupled with (and amplified by) the necrosis of damaged tissues and 
subsequent release of intracellular components (e.g. proteins and nucleic acids). This 
apoptotic event is mediated both cell-contact dependent (such as Fas-Fas ligand 
interactions) and cell contact-independent mechanisms (Mahidhara & Billiar, 2000). In 
regards to cell contact-independent mechanisms, instead of a single causative event, the 
combined stress of the multiple chemokines and cytokines upregulated by severe sepsis 
combine to induce apoptosis in multiple immune cell types. In addition, adverse 
coagulation events caused by unchecked activation of the complement cascade can also 
induce immune cell death, especially in the vasculature and susceptible immune organs 
(such as the bone marrow and spleen) (P. A. Ward, 2008). Within a relatively short time 
following the onset of sepsis – hours to days – primary and secondary lymphoid organs are 
significantly depleted of cells as a result of this apoptosis. For example, cell density is 
significantly reduced in the bone marrow, thymus and spleen during acute sepsis; this is 
especially striking in the thymus, where the organ shrinks in size dramatically during the 
early inflammatory response of severe sepsis (Riedemann et al., 2002; Wang et al., 1994). In 
addition, peripheral tissue-resident immune cells, such as dendritic cells (DCs), decrease in 
number during the acute phase of sepsis, in part due to cytokine storm-induced cell 
death(Tinsley et al., 2003). 
The widespread immune cell apoptosis significantly limits the number of cells available to 
combat a secondary infection. Complicating this response is the limited activation potential 
of immune cells that survive the initial apoptotic event. As mentioned previously, severe 
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after the resolution of the inflammatory episode, as compared to the healthy age-matched 
population. Additionally, patients who do survive severe sepsis report lower quality of life 
scores as compared to healthy control populations (Winters et al., 2010). Of the patients that 
succumb to increased morbidity and mortality following sepsis, there are numerous 
infectious and non-infectious comorbidities that are correlated with decreased life 
expectancy. For example, opportunistic infections are commonly associated with patients 
recovering from septic shock (Benjamim et al., 2004). The long-term decrease in life 
expectancy observed in patients post-sepsis is described in epidemiological studies, and the 
underlying etiology of this post-septic mortality is less clear; however, the increase in 
mortality observed in post-septic patients appears unreleated to associated comorbidities, 
and is a direct result of the severity of the initial septic episode (Quartin et al., 1997). 
Experimentally, post-septic immunosuppression can be studied by utilizing “two-hit” 
models of disease, whereby experimental animals are subjected to severe sepsis and then 
challenged with a secondary infection or immunity-stimulating event (such as solid tumor 
challenge). These models have been critical for both the identification of long term 
immunosuppression in survivors of severe sepsis, as well as for discerning the underlying 
mechanisms of cellular immune dysfunction following sepsis. Classical “two-hit” models 
often utilize a sepsis-triggering effect (such as high dose LPS injection or surgical induction 
of sepsis, also known as cecal ligation and puncture, CLP) in combination with airway 
challenges with opportunistic micro-organisms. The use of the lung microenvironment to 
study secondary infections and post-septic immunosuppression is of particular importance. 
By utilizing secondary infections that originate in the lung, researchers can study the 
immune environment in the lung during sepsis, where immune responses can both initiate 
septic shock and exacerbate deleterious outcomes (such as in the case of acute respiratory 
distress syndrome) (Hudson et al., 1995). 
Experimental models of “two-hit” post-septic immunosuppression often utilize 
opportunistic pathogens for the second challenge, as healthy animals (untreated, or 
subjected to sham surgery as a control) would be expected to clear the microorganism 
without difficulty. One classic example of such an opportunistic pathogen is the fungi 
Aspergillus fumigatus, whose infectious conidia are ubiquitous in the environment and are 
normally controlled by a fully functioning immune system (Walsh et al., 2005). In 
immunocompromised individuals, these condidia can germinate in the lung and result in 
invasive infection. In mice, A. fumigatus airway challenge results in little discernible 
pathology, with the conidia unable to germinate prior to clearance by innate immune cells 
with phagocytotic activity (such as macrophages and neutrophils). In contrast, mice that 
have recovered from severe sepsis are unable to generate protective immune responses to A 
fumigatus conidia; these animals ultimately succumb to invasive aspergillosis, characterized 
by tissue damage mediated by hyphal outgrowth in the lungs (Benjamim et al., 2003). 
Deficiencies in cellular immune responses in post-septic animals are directly responsible for 
the susceptibility of post-septic animals to A. fumigatus-induced mortality. In addition to 
fungal challenge, other microorganisms are utilized to study post-septic 
immunosuppression in murine models. Secondary bacterial challenges are especially useful 
for modelling nosocomial infections in human patients; susceptibility to secondary 
infections has been identified in mouse models using Pseudomonas aeruginosa or Listeria 
monocytogenes, among others (Delano et al., 2011). Post-septic animals are also more 
susceptible to the implantation of solid tumors, as tumor size is increased in post-septic 
animals as compared to controls(Cavassani et al., 2010).  
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Impaired immune cell function plays a key role in mediating post-septic 
immunosuppression in all the experimental models discussed previously. In addition, these 
same deficiencies in immune cell function underlie the susceptibility of human patients to 
secondary, nosocomial and opportunistic infections following the onset of severe sepsis. Cell 
populations within the innate and adaptive immune system exhibit distinct phenotypes that 
mediate the different phases of post-septic immunosuppression, and the interplay between 
these various celluar deficiencies results in the susceptibility to infection observed in both 
human patients and animal models.  

2. Immune cell dysfunction during SIRS  
Despite immune activation being the root cause of severe sepsis, the cytokine storm 
associated with acute inflammation also feeds back on peripheral immune cells to mediate 
immunosuppression. This immunosuppression is mediated through two general 
mechanisms. First, widespread apoptosis of peripheral leukocytes limits the population of 
immune cells (and immune cell progenitors) available to respond to secondary infections. 
Second, overstimulation of surviving leukocytes - due to exposure to large amounts of 
microbial products, apoptotic/necrotic cell products and/or chemokines & cytokines – 
results in a refractory response to secondary stimulation, as is the case with a concurrent 
nosocomial infection during severe sepsis. The combination of these two factors results in 
susceptibility to secondary infections proximal to the onset of sepsis. In human patients, this 
response manifests as nosocomial infections that present soon after the admittance of the 
patient to emergency/intensive care; in animal models, this early immunosuppression is 
modelled with secondary infections early after the onset of sepsis (24-72 hours following 
induction). 
The physiological stress caused by the cytokine storm of sepsis results in a widespread 
apoptotic event, coupled with (and amplified by) the necrosis of damaged tissues and 
subsequent release of intracellular components (e.g. proteins and nucleic acids). This 
apoptotic event is mediated both cell-contact dependent (such as Fas-Fas ligand 
interactions) and cell contact-independent mechanisms (Mahidhara & Billiar, 2000). In 
regards to cell contact-independent mechanisms, instead of a single causative event, the 
combined stress of the multiple chemokines and cytokines upregulated by severe sepsis 
combine to induce apoptosis in multiple immune cell types. In addition, adverse 
coagulation events caused by unchecked activation of the complement cascade can also 
induce immune cell death, especially in the vasculature and susceptible immune organs 
(such as the bone marrow and spleen) (P. A. Ward, 2008). Within a relatively short time 
following the onset of sepsis – hours to days – primary and secondary lymphoid organs are 
significantly depleted of cells as a result of this apoptosis. For example, cell density is 
significantly reduced in the bone marrow, thymus and spleen during acute sepsis; this is 
especially striking in the thymus, where the organ shrinks in size dramatically during the 
early inflammatory response of severe sepsis (Riedemann et al., 2002; Wang et al., 1994). In 
addition, peripheral tissue-resident immune cells, such as dendritic cells (DCs), decrease in 
number during the acute phase of sepsis, in part due to cytokine storm-induced cell 
death(Tinsley et al., 2003). 
The widespread immune cell apoptosis significantly limits the number of cells available to 
combat a secondary infection. Complicating this response is the limited activation potential 
of immune cells that survive the initial apoptotic event. As mentioned previously, severe 
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sepsis is induced through widespread activation of pattern recognition receptors (such as 
TLRs) and/or indiscriminate activation of nominally antigen-specific pathways (such as the 
case with polyclonal activation of T cells with superantigen). As a result of this excessive 
stimulation, the surviving immune cells become refractory to further stimulation through 
these specific pathways – this results in blunted responses to microbes and microbial 
products, leading to impaired immunity to secondary infections. This phenomenon is 
particularly evident in phagocytic cells of the innate immune system, manifested as a 
reduction in proinflammatory responses to secondary exposure to microbial products. 
In macrophages, for example, prolonged exposure to high doses of LPS, as can be seen 
during severe sepsis, can result in refractory responses to further TLR signalling (Biswas & 
Lopez-Collazo, 2009). This suppressed TLR-mediated response is evidenced by a reduction 
in proinflammatory chemokine and cytokine production (Fujihara et al., 2003), as well as 
modulations in costimulatory ligand expression (Newton et al., 2004). This response is 
particularly prevalent in sepsis cases with a predominantly Gram-negative etiology, and 
high-dose LPS exposure in experimental models either in vivo or in vitro is often used to 
mimic this suppressed response (Medvedev et al., 2006). The phenomenon of “LPS 
tolerance” is intimately linked with the level of LPS exposure, as relatively low amounts 
(approximately 1 ng/ml in in vitro experiments) of LPS pre-treatment can enhance rather 
than suppress subsequent proinflammatory responses (West & Koons, 2008). However, high 
doses of LPS can result in suppressed extracellular signal-regulated kinase activity during 
subsequent secondary LPS exposures, including mitogen-activated protein kinases (MAPKs) 
and c-Jun NH2-terminal kinase (JNK), with subsequent decreases in NF-κB and AP-1 
transcription factor activity (Adib-Conquy et al., 2000; Fan & Cook, 2004; West et al., 2007). 
This decrease in TLR4-mediated signal transduction can lead to decreased production of 
proinflammatory genes such as Tumor Necrosis Factor-alpha (TNFα), interleukin(IL)-1β and 
IL-12, among others (Munoz et al., 1991; Spolarics et al., 2003).  
Prolonged exposure to microbial products (and LPS in particular) also has a deleterious 
effect on the proinflammatory responses of neutrophils, although this response is distinct 
from the phenotype of “LPS tolerized” macrophages. Neutrophils play a critical role in 
initiating the septic response, as the early activation of neutrophils can lead to organ and 
tissue damage through the overproduction of reactive oxygen species (ROS) and highly 
active proteases such as neutrophil elastase (Fujimi et al., 2002; Sabroe et al., 2005). 
Additionally, accumulation of neutrophils in the vasculature and peripheral organs can 
result in non-specific cell and tissue damage, further complicating sepsis-induced organ 
dysfunction (Brown et al., 2006). Paradoxically, however, decreased neutrophil function 
during acute phase sepsis (characterized by decreased chemotactic responses and impaired 
surface receptor expression) is correlated with decreased survival in human patients, 
suggesting that the suppression of the antimicrobial functions of neutrophils is not enough 
to protect against sepsis-induced mortality (Chishti et al., 2004; Muller Kobold et al., 2000). 
Importantly, neutrophils are critical for the clearance of many nosocomial infections, as well 
as central to the innate immune responses against many experimental models of “two-hit” 
post-septic immunosuppression. Exhaustion of neutrophil functions during the acute phase 
of sepsis can therefore lead to susceptibility to secondary infections. For example, 
neutrophils that survive the early apoptotic event exhibit decreased chemotactic responses 
to neutrophil chemoattractants, most notably via CXCR1, which mediates neutrophil 
responses to CXCL8/IL-8 (Duffy et al., 2000). This reduced sensitivity to CXCL8 is similar to 
reduced TLR4 signalling in septic macrophages, as surface levels of CXCR1 are not reduced 
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on septic neutrophils; rather, the ability of CXCR1 to signal through G-protein coupled 
receptor (GPCR) signalling pathways appears impaired (Arraes et al., 2006; Reddy et al., 
2008). Therefore, in a similar fashion to “LPS tolerized” macrophages, septic neutrophils are 
impaired in their ability to respond to secondary microbial stimuli, leaving the septic patient 
susceptible to secondary infections. 
In addition, a form of passive immune suppression can be seen during early phase sepsis in 
the increase in immature neutrophils – also known as “band cells” or “banded neutrophils” 
– in peripheral blood and immune organs of patients and animal models. Banded 
neutrophils are immature neutrophils that have differentiated from granulocyte/monocyte 
precursors in the bone marrow, but have yet to fully differentiate into mature neutrophils 
(Klut et al., 1998). Increases in peripheral banded neutrophils have long been used as a 
simple diagnostic tool for inflammatory responses; while their use as a predictive tool for 
sepsis severity (and subsequent mortality) is under question, their presence as a result of 
severe inflammatory responses is well characterized (Cavallazzi et al., 2010; Cornbleet, 2002; 
M. J. Ward et al., 2010). The increase in peripheral banded neutrophils appears to be a 
response of the bone marrow to the widespread apoptosis of mature neutrophils in response 
to the cytokine storm of sepsis – however, while the newly released neutrophils are rapidly 
produced, they lack many of the functional aspects of fully differentiated neutrophils (Pillay 
et al., 2010). The increased number of banded neutrophils therefore may arise at the loss of 
fully differentiated and functional neutrophils. Just as the loss of leukocytes due to 
apoptosis renders septic patients and animal models susceptible to secondary infections, the 
increase of banded neutrophils can contribute to post-septic immunosuppression, as these 
cells are not able to control secondary infections in the same manner as mature, functional 
neutrophils.  
It may appear paradoxical to identify cellular immune suppression in the context of 
uncontrolled inflammation, particularly in the population of peripheral innate immune cells 
(such as macrophages and neutrophils) that are largely responsible for the cytokine storm of 
severe sepsis. It is therefore important to consider that the peripheral innate immune 
compartment during the acute phase of sepsis is a heterogeneous mixture of pro-
inflammatory cells, “exhausted” cells (as mentioned previously) and in addition, cells which 
have converted to a regulatory or suppressive phenotype in an attempt to counteract the 
uncontrolled inflammatory response. In the hours and days proximal to the onset of severe 
sepsis, this combination of immune cell phenotypes results in the multifaceted disease 
phenotype of sepsis, whereby uncontrolled inflammation both results in tissue damage and 
mortality, and renders bystander immune cells unable to respond to secondary infections. 

3. Immune cell dysfunction during CARS and beyond 
Despite the immunosuppressive phenomena discussed previously (LPS tolerance, 
chemokine desensitization, etc), the acute phase of sepsis is primarily defined by the over 
activation of proinflammatory mechanisms, in particular cytokine and chemokine 
production by activated immune cells. The widespread immune cell apoptosis and anergy 
(unresponsiveness to immunogenic stimuli) often fails to completely control the cytokine 
storm of sepsis; as a compensatory mechanism, the immune system attempts to switch to 
active mechanisms of immune suppression, in an attempt to resolve the SIRS response. 
These active mechanisms, including the production of anti-inflammatory cytokines and the 
generation, activation and differentiation of suppressor cells, are considered hallmarks of 
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sepsis is induced through widespread activation of pattern recognition receptors (such as 
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stimulation, the surviving immune cells become refractory to further stimulation through 
these specific pathways – this results in blunted responses to microbes and microbial 
products, leading to impaired immunity to secondary infections. This phenomenon is 
particularly evident in phagocytic cells of the innate immune system, manifested as a 
reduction in proinflammatory responses to secondary exposure to microbial products. 
In macrophages, for example, prolonged exposure to high doses of LPS, as can be seen 
during severe sepsis, can result in refractory responses to further TLR signalling (Biswas & 
Lopez-Collazo, 2009). This suppressed TLR-mediated response is evidenced by a reduction 
in proinflammatory chemokine and cytokine production (Fujihara et al., 2003), as well as 
modulations in costimulatory ligand expression (Newton et al., 2004). This response is 
particularly prevalent in sepsis cases with a predominantly Gram-negative etiology, and 
high-dose LPS exposure in experimental models either in vivo or in vitro is often used to 
mimic this suppressed response (Medvedev et al., 2006). The phenomenon of “LPS 
tolerance” is intimately linked with the level of LPS exposure, as relatively low amounts 
(approximately 1 ng/ml in in vitro experiments) of LPS pre-treatment can enhance rather 
than suppress subsequent proinflammatory responses (West & Koons, 2008). However, high 
doses of LPS can result in suppressed extracellular signal-regulated kinase activity during 
subsequent secondary LPS exposures, including mitogen-activated protein kinases (MAPKs) 
and c-Jun NH2-terminal kinase (JNK), with subsequent decreases in NF-κB and AP-1 
transcription factor activity (Adib-Conquy et al., 2000; Fan & Cook, 2004; West et al., 2007). 
This decrease in TLR4-mediated signal transduction can lead to decreased production of 
proinflammatory genes such as Tumor Necrosis Factor-alpha (TNFα), interleukin(IL)-1β and 
IL-12, among others (Munoz et al., 1991; Spolarics et al., 2003).  
Prolonged exposure to microbial products (and LPS in particular) also has a deleterious 
effect on the proinflammatory responses of neutrophils, although this response is distinct 
from the phenotype of “LPS tolerized” macrophages. Neutrophils play a critical role in 
initiating the septic response, as the early activation of neutrophils can lead to organ and 
tissue damage through the overproduction of reactive oxygen species (ROS) and highly 
active proteases such as neutrophil elastase (Fujimi et al., 2002; Sabroe et al., 2005). 
Additionally, accumulation of neutrophils in the vasculature and peripheral organs can 
result in non-specific cell and tissue damage, further complicating sepsis-induced organ 
dysfunction (Brown et al., 2006). Paradoxically, however, decreased neutrophil function 
during acute phase sepsis (characterized by decreased chemotactic responses and impaired 
surface receptor expression) is correlated with decreased survival in human patients, 
suggesting that the suppression of the antimicrobial functions of neutrophils is not enough 
to protect against sepsis-induced mortality (Chishti et al., 2004; Muller Kobold et al., 2000). 
Importantly, neutrophils are critical for the clearance of many nosocomial infections, as well 
as central to the innate immune responses against many experimental models of “two-hit” 
post-septic immunosuppression. Exhaustion of neutrophil functions during the acute phase 
of sepsis can therefore lead to susceptibility to secondary infections. For example, 
neutrophils that survive the early apoptotic event exhibit decreased chemotactic responses 
to neutrophil chemoattractants, most notably via CXCR1, which mediates neutrophil 
responses to CXCL8/IL-8 (Duffy et al., 2000). This reduced sensitivity to CXCL8 is similar to 
reduced TLR4 signalling in septic macrophages, as surface levels of CXCR1 are not reduced 
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on septic neutrophils; rather, the ability of CXCR1 to signal through G-protein coupled 
receptor (GPCR) signalling pathways appears impaired (Arraes et al., 2006; Reddy et al., 
2008). Therefore, in a similar fashion to “LPS tolerized” macrophages, septic neutrophils are 
impaired in their ability to respond to secondary microbial stimuli, leaving the septic patient 
susceptible to secondary infections. 
In addition, a form of passive immune suppression can be seen during early phase sepsis in 
the increase in immature neutrophils – also known as “band cells” or “banded neutrophils” 
– in peripheral blood and immune organs of patients and animal models. Banded 
neutrophils are immature neutrophils that have differentiated from granulocyte/monocyte 
precursors in the bone marrow, but have yet to fully differentiate into mature neutrophils 
(Klut et al., 1998). Increases in peripheral banded neutrophils have long been used as a 
simple diagnostic tool for inflammatory responses; while their use as a predictive tool for 
sepsis severity (and subsequent mortality) is under question, their presence as a result of 
severe inflammatory responses is well characterized (Cavallazzi et al., 2010; Cornbleet, 2002; 
M. J. Ward et al., 2010). The increase in peripheral banded neutrophils appears to be a 
response of the bone marrow to the widespread apoptosis of mature neutrophils in response 
to the cytokine storm of sepsis – however, while the newly released neutrophils are rapidly 
produced, they lack many of the functional aspects of fully differentiated neutrophils (Pillay 
et al., 2010). The increased number of banded neutrophils therefore may arise at the loss of 
fully differentiated and functional neutrophils. Just as the loss of leukocytes due to 
apoptosis renders septic patients and animal models susceptible to secondary infections, the 
increase of banded neutrophils can contribute to post-septic immunosuppression, as these 
cells are not able to control secondary infections in the same manner as mature, functional 
neutrophils.  
It may appear paradoxical to identify cellular immune suppression in the context of 
uncontrolled inflammation, particularly in the population of peripheral innate immune cells 
(such as macrophages and neutrophils) that are largely responsible for the cytokine storm of 
severe sepsis. It is therefore important to consider that the peripheral innate immune 
compartment during the acute phase of sepsis is a heterogeneous mixture of pro-
inflammatory cells, “exhausted” cells (as mentioned previously) and in addition, cells which 
have converted to a regulatory or suppressive phenotype in an attempt to counteract the 
uncontrolled inflammatory response. In the hours and days proximal to the onset of severe 
sepsis, this combination of immune cell phenotypes results in the multifaceted disease 
phenotype of sepsis, whereby uncontrolled inflammation both results in tissue damage and 
mortality, and renders bystander immune cells unable to respond to secondary infections. 

3. Immune cell dysfunction during CARS and beyond 
Despite the immunosuppressive phenomena discussed previously (LPS tolerance, 
chemokine desensitization, etc), the acute phase of sepsis is primarily defined by the over 
activation of proinflammatory mechanisms, in particular cytokine and chemokine 
production by activated immune cells. The widespread immune cell apoptosis and anergy 
(unresponsiveness to immunogenic stimuli) often fails to completely control the cytokine 
storm of sepsis; as a compensatory mechanism, the immune system attempts to switch to 
active mechanisms of immune suppression, in an attempt to resolve the SIRS response. 
These active mechanisms, including the production of anti-inflammatory cytokines and the 
generation, activation and differentiation of suppressor cells, are considered hallmarks of 
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the compensatory anti-inflammatory response syndrome (CARS) (A. Oberholzer et al., 
2001). Classically, the CARS response was considered to be the generalized switch from pro- 
to anti-inflammatory cytokines during the acute phase of sepsis; this is evidenced by 
increased production of suppressive cytokines (such as IL-10) and cytokines which 
counteract the primarily TH1-type inflammation of severe sepsis (such as TH2 type cytokines 
IL-4, -5 and -13) (Miller et al., 2007). Recent epidemiological studies in human patients, along 
with studies of experimental animal models of sepsis, have identified the CARS response as 
being maintained in immune cells for extended timepoints, long after the resolution of 
sepsis. These responses still retain components of early-phase CARS, such as the TH2 
cytokine shift, but are also characterized by cell-intrinsic defects in activation, differentiation 
and effector function that blunt the effectiveness of post-septic immune cells to protect the 
host from opportunistic infections. In this conception, CARS can be defined as a 
multifaceted immunosuppression following the onset of severe sepsis that leaves the patient 
susceptible to increased morbidity and mortality as compared to healthy individuals. In a 
generalized categorization, early-phase CARS can be described in terms of directed immune 
cell suppression via cytokine and the directed activity of suppressor cells, while late-phase 
CARS can be described as cell-intrinsic defects in activation, differentiation and effector 
function. 

3.1 Early phase CARS: Suppressor cells and immunosuppressive cytokines 
The switch from SIRS to CARS represents a directed effort by the immune system to 
regulate the production of proinflammatory chemokines and cytokines that are mediating 
physiological stress and tissue damage. When considering the cellular mediators of SIRS, 
such as innate immune cells (e.g. macrophages and neutrophils), cell-extrinsic suppression 
of their effector function can proceed through cell contact-dependent and –independent 
mechanisms. In terms of cell contact-dependent mechanisms, the development and 
expansion of myeloid and lymphoid suppressor cells is one of the hallmarks of CARS, and 
the persistent presence of these cells can restrict cellular immune responses to secondary 
infections. In terms of cell contact-independent mechanisms, the production of suppressive 
cytokines (e.g. IL-10), cytokine-sequestering factors (e.g. soluble TNF receptor type II) and 
immune-deviating cytokines (e.g. IL-4 and IL-13) all serve to restrict immune responses to 
secondary infections as well. One important hallmark of these early phase responses is their 
direct correlation with the uncontrolled cytokine storm of SIRS; these early phase CARS 
responses are directly triggered by the proinflammatory cascade of acute sepsis, and may 
represent a final effort by the immune system to restrict the cytokine- and chemokine-driven 
inflammation of SIRS.  
The development and expansion of suppressor cells during CARS is multifaceted, and 
encompasses both myeloid-derived and lymphoid-derived suppressor cells. In certain cases, 
the expansion of suppressor cells is due to the directed development of cells with 
suppressive phenotypes from bone marrow progenitor cells; this is postulated to be the case 
with the heterogeneous population of myeloid-derived suppressor cells (MDSCs) seen in the 
periphery of survivors of severe sepsis (Cuenca et al., 2011). In other cases, the relative 
expansion of cells with suppressive phenotypes is thought to be due to the deletion of 
effector cells during SIRS due to cytokine driven apoptosis; this is often described with the 
increase in peripheral regulatory T cells (Tregs) following sepsis (Venet et al., 2004). In either 
case, the resulting suppressor cells are defined by their ability to directly regulate the 
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activation of immune cells, including suppression of antigen presentation by accessory 
myeloid cells such as DCs, and restriction of the antigen-specific proliferation and effector 
function of T lymphocytes. The development of suppressor cells is a compensatory 
mechanism by the host to restrict the widespread inflammation of SIRS, both through 
biasing the peripheral immune cell pool towards cells with suppressive phenotypes, as well 
as utilizing those suppressive cells to directly regulate those proinflammatory cells that have 
failed to restrict their own activation through previously discussed mechansims (e.g. 
tolerance induction, apoptosis, etc).  
Much of what is understood about MDSCs in humans comes from studies in cancer 
patients, where studies of peripheral blood leukocytes have identified a heterogeneous 
population of cells with stem cell markers on their surface (i.e. CD34) (Marigo et al., 2008). 
These cells are heterogeneous, both in terms of surface marker expression and in 
morphology, consisting of both monocyte and granulocyte subtypes. As a heterogeneous 
population, MDSCs have the ability to suppress the immune responses of other leukocytes, 
most notably T cells; co-cultures of MDSCs with CD4+ T cells result in decreased cell surface 
marker expression and cytokine production in response to antigen stimulation (Lechner et 
al., 2010). Their presence in the context of cancer is thought to arise through the modulatory 
activity of the malignancy, in an attempt to shield the growing tumor from immune 
surveillance (in a similar fashion as the development of tumor-associated macrophages) 
(Mantovani et al., 2009). In animal models of sepsis, MDSCs appear in peripheral immune 
organs in the days following experimental onset of the disease; these cells mimic the human 
MDSCs in their heterogenicity, their mixed monocyte and granulocyte morphology, and 
their ability to suppress antigen-specific lymphocyte responses in vitro (Delano et al., 2007).  
While there remains a paucity of data concerning direct observation of MDSCs in human 
patients during severe sepsis and following recovery, techniques have been developed to 
generate MDSCs from peripheral blood mononuclear cells, utilizing a cocktail of cytokines 
that are also key players in the cytokine storm of severe sepsis (such as IL-6, IL-1β and TNF-
α) (Lechner et al., 2010). The majority of experimental data concerning MDSCs in sepsis 
comes from experimental models, especially in the mouse – peripheral MDSCs can be 
induced by high dose LPS treatment, and these cells exhibit multifaceted 
immunosuppressive capabilities, including suppression of antigen-specific responses 
(Bronte, 2009; De Wilde et al., 2009). The source of peripheral MDSCs appears to be from 
progenitor cells in the bone marrow, although their presence as a terminally differentiated 
cell population vs. a mobilized population of immature leukocytes in response to 
inflammation and subsequent peripheral cell apoptosis (often referred to as “emergency 
myelopoiesis”) remains in question. In addition, their role as mediators of post-septic 
immunosuppression is unclear, both due to the paucity of MDSC data from human septic 
patients, and in the difficulty inherent in eliminating MDSCs from the periphery of 
experimental animals. This difficulty arises from the lack of a definitive marker for MDSCs, 
in particular one that is not shared by other immune cells (e.g. macrophages and 
neutrophils). For example, many published studies in animal models utilize anti-Gr1 
antibodies to deplete peripheral MDSCs to study their impact on disease (Nausch et al., 
2008; Ribechini et al., 2009); however, this antibody also depletes mature neutrophils, and 
anti-Gr1 treatment on its own can render mice susceptible to opportunistic infections due to 
the depletion of these neutrophils (Mehrad et al., 1999). However, the correlative data from 
human patients, in context with the studies in animal models of sepsis, suggest that severe 
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the compensatory anti-inflammatory response syndrome (CARS) (A. Oberholzer et al., 
2001). Classically, the CARS response was considered to be the generalized switch from pro- 
to anti-inflammatory cytokines during the acute phase of sepsis; this is evidenced by 
increased production of suppressive cytokines (such as IL-10) and cytokines which 
counteract the primarily TH1-type inflammation of severe sepsis (such as TH2 type cytokines 
IL-4, -5 and -13) (Miller et al., 2007). Recent epidemiological studies in human patients, along 
with studies of experimental animal models of sepsis, have identified the CARS response as 
being maintained in immune cells for extended timepoints, long after the resolution of 
sepsis. These responses still retain components of early-phase CARS, such as the TH2 
cytokine shift, but are also characterized by cell-intrinsic defects in activation, differentiation 
and effector function that blunt the effectiveness of post-septic immune cells to protect the 
host from opportunistic infections. In this conception, CARS can be defined as a 
multifaceted immunosuppression following the onset of severe sepsis that leaves the patient 
susceptible to increased morbidity and mortality as compared to healthy individuals. In a 
generalized categorization, early-phase CARS can be described in terms of directed immune 
cell suppression via cytokine and the directed activity of suppressor cells, while late-phase 
CARS can be described as cell-intrinsic defects in activation, differentiation and effector 
function. 

3.1 Early phase CARS: Suppressor cells and immunosuppressive cytokines 
The switch from SIRS to CARS represents a directed effort by the immune system to 
regulate the production of proinflammatory chemokines and cytokines that are mediating 
physiological stress and tissue damage. When considering the cellular mediators of SIRS, 
such as innate immune cells (e.g. macrophages and neutrophils), cell-extrinsic suppression 
of their effector function can proceed through cell contact-dependent and –independent 
mechanisms. In terms of cell contact-dependent mechanisms, the development and 
expansion of myeloid and lymphoid suppressor cells is one of the hallmarks of CARS, and 
the persistent presence of these cells can restrict cellular immune responses to secondary 
infections. In terms of cell contact-independent mechanisms, the production of suppressive 
cytokines (e.g. IL-10), cytokine-sequestering factors (e.g. soluble TNF receptor type II) and 
immune-deviating cytokines (e.g. IL-4 and IL-13) all serve to restrict immune responses to 
secondary infections as well. One important hallmark of these early phase responses is their 
direct correlation with the uncontrolled cytokine storm of SIRS; these early phase CARS 
responses are directly triggered by the proinflammatory cascade of acute sepsis, and may 
represent a final effort by the immune system to restrict the cytokine- and chemokine-driven 
inflammation of SIRS.  
The development and expansion of suppressor cells during CARS is multifaceted, and 
encompasses both myeloid-derived and lymphoid-derived suppressor cells. In certain cases, 
the expansion of suppressor cells is due to the directed development of cells with 
suppressive phenotypes from bone marrow progenitor cells; this is postulated to be the case 
with the heterogeneous population of myeloid-derived suppressor cells (MDSCs) seen in the 
periphery of survivors of severe sepsis (Cuenca et al., 2011). In other cases, the relative 
expansion of cells with suppressive phenotypes is thought to be due to the deletion of 
effector cells during SIRS due to cytokine driven apoptosis; this is often described with the 
increase in peripheral regulatory T cells (Tregs) following sepsis (Venet et al., 2004). In either 
case, the resulting suppressor cells are defined by their ability to directly regulate the 

 
Immune Cell Dysfunction as a Consequence of Severe Sepsis 

 

133 

activation of immune cells, including suppression of antigen presentation by accessory 
myeloid cells such as DCs, and restriction of the antigen-specific proliferation and effector 
function of T lymphocytes. The development of suppressor cells is a compensatory 
mechanism by the host to restrict the widespread inflammation of SIRS, both through 
biasing the peripheral immune cell pool towards cells with suppressive phenotypes, as well 
as utilizing those suppressive cells to directly regulate those proinflammatory cells that have 
failed to restrict their own activation through previously discussed mechansims (e.g. 
tolerance induction, apoptosis, etc).  
Much of what is understood about MDSCs in humans comes from studies in cancer 
patients, where studies of peripheral blood leukocytes have identified a heterogeneous 
population of cells with stem cell markers on their surface (i.e. CD34) (Marigo et al., 2008). 
These cells are heterogeneous, both in terms of surface marker expression and in 
morphology, consisting of both monocyte and granulocyte subtypes. As a heterogeneous 
population, MDSCs have the ability to suppress the immune responses of other leukocytes, 
most notably T cells; co-cultures of MDSCs with CD4+ T cells result in decreased cell surface 
marker expression and cytokine production in response to antigen stimulation (Lechner et 
al., 2010). Their presence in the context of cancer is thought to arise through the modulatory 
activity of the malignancy, in an attempt to shield the growing tumor from immune 
surveillance (in a similar fashion as the development of tumor-associated macrophages) 
(Mantovani et al., 2009). In animal models of sepsis, MDSCs appear in peripheral immune 
organs in the days following experimental onset of the disease; these cells mimic the human 
MDSCs in their heterogenicity, their mixed monocyte and granulocyte morphology, and 
their ability to suppress antigen-specific lymphocyte responses in vitro (Delano et al., 2007).  
While there remains a paucity of data concerning direct observation of MDSCs in human 
patients during severe sepsis and following recovery, techniques have been developed to 
generate MDSCs from peripheral blood mononuclear cells, utilizing a cocktail of cytokines 
that are also key players in the cytokine storm of severe sepsis (such as IL-6, IL-1β and TNF-
α) (Lechner et al., 2010). The majority of experimental data concerning MDSCs in sepsis 
comes from experimental models, especially in the mouse – peripheral MDSCs can be 
induced by high dose LPS treatment, and these cells exhibit multifaceted 
immunosuppressive capabilities, including suppression of antigen-specific responses 
(Bronte, 2009; De Wilde et al., 2009). The source of peripheral MDSCs appears to be from 
progenitor cells in the bone marrow, although their presence as a terminally differentiated 
cell population vs. a mobilized population of immature leukocytes in response to 
inflammation and subsequent peripheral cell apoptosis (often referred to as “emergency 
myelopoiesis”) remains in question. In addition, their role as mediators of post-septic 
immunosuppression is unclear, both due to the paucity of MDSC data from human septic 
patients, and in the difficulty inherent in eliminating MDSCs from the periphery of 
experimental animals. This difficulty arises from the lack of a definitive marker for MDSCs, 
in particular one that is not shared by other immune cells (e.g. macrophages and 
neutrophils). For example, many published studies in animal models utilize anti-Gr1 
antibodies to deplete peripheral MDSCs to study their impact on disease (Nausch et al., 
2008; Ribechini et al., 2009); however, this antibody also depletes mature neutrophils, and 
anti-Gr1 treatment on its own can render mice susceptible to opportunistic infections due to 
the depletion of these neutrophils (Mehrad et al., 1999). However, the correlative data from 
human patients, in context with the studies in animal models of sepsis, suggest that severe 
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sepsis can result in an increase in peripheral MDSCs. When coupled with their ability to 
suppress antigen-specific activation and effector function of lymphocytes, MDSCs become a 
strong candidate for mediating post-septic immunosuppression. 
In addition to myeloid-based suppressive cells, restriction of immune cell function post-
sepsis is mediated by suppressive lymphoid cells as well. Arguably the best understood of 
these suppressive lymphocytes is the CD4+ regulatory T cell (Treg). Tregs are themselves 
relatively heterogeneous, based on cell surface marker phenotype, tissue of residence, 
and/or the disease (or disease model) where the cells are studied. While Tregs are nominally 
defined by their suppressive activity (both in vivo and in vitro), they are identified by the 
expression of the transcription factor Foxp3 (Campbell & Ziegler, 2007), and are correlated 
with the expression of specific cell surface markers (most notably CD25, but also CTLA-4 
and GITR, among others) (Wilczynski et al., 2008). Tregs have the capacity to suppress 
antigen-specific responses by effector T cells, as well as inflammatory responses by innate 
immune cells (Suzuki et al., 2010). Tregs are critical for the maintenance of peripheral 
immune tolerance, and deletion of Tregs in animal models results in the development of 
autoimmunity (Suri-Payer & Fritzsching, 2006). In humans, genetic mutations in the Foxp3 
gene results in the development of autoimmune disease (i.e. IPEX syndrome), due to a 
breakdown of Treg-mediated suppression of self-antigen responses in the periphery (van der 
Vliet & Nieuwenhuis, 2007). Additionally, accumulations of Tregs in peripheral organs can 
help suppress immune responses and promote tolerance induction; examples of this 
phenomenon include inflammatory bowel disorders (Uhlig et al., 2006), allergic asthma (W. 
F. Carson et al., 2008) and transplant tolerance (Ge et al., 2010). In a negative context, 
peripheral Tregs can also suppress tumor surveillance by the adaptive immune system, 
indicating that in certain disease contexts, Tregs can promote rather than reduce pathology 
(Nishikawa & Sakaguchi, 2010).  
Phenotypic analysis of peripheral blood from patients suffering from severe sepsis indicates 
an increase in CD4+ Tregs (Venet et al., 2009). This increase is seen rapidly following the onset 
of disease, and can persist throughout recovery (defined as the resolution of the cytokine 
storm), especially in animal models of sepsis. The origin of the increased Tregs is 
controversial, as certain studies describe the increase as being a directed expansion of Tregs 
and others as a result of the depletion of effector T cells due to sepsis-induced apoptosis 
(Venet et al., 2004; Wisnoski et al., 2007). Interestingly, in vivo studies utilizing PBMCs 
indicate that bacterial SAgs have the capacity to induce Foxp3 expression, suggesting that 
certain types of polyclonal stimuli associated with severe sepsis can directly modulate Treg 
numbers (Taylor & Llewelyn, 2010).  Regardless of the nature of this increase, however, it is 
clear that peripheral Tregs are enhanced in number in post-septic patients. At present, 
experimental modulation in Tregs has focused on their role in mediating the severity of acute 
sepsis; however, recent studies have begun to shed light on the role of Tregs in mediating 
post-septic immunosuppression. For example, increases in peripheral Treg numbers in 
humans correlates with the development of suppressive phenotypes in peripheral 
lymphocytes from the same patients (Monneret et al., 2003). In animal models of sepsis, ex 
vivo blockade of Foxp3 via treatment with silencing RNAs (siRNA) can restore the 
proliferative responses of splenocytes, suggesting that Foxp3-dependent mechanisms are 
mediating lymphocyte anergy in post-septic animals (Venet et al., 2009). The direct effect of 
peripheral Tregs in mediating post-septic immunosuppression remains unclear; however, 
similar experimental models of secondary infections following trauma suggest an important 
role for Tregs in mediating immunosuppression following uncontrolled inflammation. For 
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example, in animal models of severe burn injury, secondary infection with Pseudomonas 
aeruginosa results in increased mortality as compared to healthy control mice. Importantly, 
experimental neutralization of Treg in vivo in these animals reverses this susceptibility (Liu et 
al., 2011).  
Of particular interest to the study of post-septic immunosuppression is the nature of Treg 
generation. Functional Tregs can be generated in two distinct pathways; either in the thymus 
(“natural” Tregs) or in the periphery in response to antigen stimulation in the context of 
tolerance-promoting signals, such as immunosuppressive cytokines (“adaptive” or 
“induced” Tregs) (Bluestone & Abbas, 2003). As mentioned previously, one possible 
explanation for the observed increase in peripheral Tregs following sepsis is the concurrent 
apoptosis of effector T cells; this would suggest that it is natural Tregs that are the primary 
regulatory T cell type following sepsis. However, studies of peripheral CD4+ T cells in 
animal models of sepsis suggest that following the onset of inflammation, peripheral 
effector T cells may have an increased propensity to become Tregs in response to secondary 
stimulus, due to modulations in their gene regulation patterns (Cavassani et al., 2010). This 
suggests that severe sepsis may condition the peripheral T cell pool to respond in a more 
regulatory fashion to secondary antigen challenges, which would ultimately result in an 
increase in immune suppression at the cost of protective pro-inflammatory responses. These 
modulated gene regulatory events will be discussed in the following sections dealing with 
late-phase CARS, as similar gene regulatory events underlie cell-intrinsic defects in the 
activation and effector function of other leukocytes during long-term sepsis-induced 
immunosuppression. 
In concert with the increase in suppressive immune cells, imbalances in cytokine production 
by the immune system during the switch from SIRS to CARS can also contribute to post-
septic immunosuppression. Characterization of the upregulation of these soluble mediators 
comes from studies at the physiological level, i.e. analysis of peripheral blood samples from 
human patients or peripheral tissues from animal models. The relative increase in these 
soluble anti-inflammatory mediators is observed in survivors of severe sepsis, and the 
presence of these mediators has a profound effect on the ability of leukocytes to respond to 
secondary infections. Soluble mediators of post-septic immunosuppression can be grouped 
into three general categories based on their mechanism of action: anti-inflammatory 
cytokines, soluble cytokine-sequestering receptors and immune-deviating cytokines. While 
the ultimate function of each grouping is different (i.e. direct suppression vs. immune-
deviating), all three types of soluble factors contribute to post-septic immunosuppression. 
The most well understood of the many immunosuppressive cytokines produced during 
CARS is arguably IL-10 (Bazzoni et al., 2010). Signalling via IL-10 proceeds through a 
heterodimeric receptor (IL-10R1/IL-10R2 complex), and the intracellular signalling 
pathways associated with IL-10 receptor activation (including involvement of tyrosine 
kinases and the transcription factor STAT3) have the ability to directly regulate cytokine 
gene expression induced by LPS; this makes IL-10 an intriguing candidate for mediating 
post-septic immunosuppression, especially in regards to LPS-dependent secondary 
responses (Crepaldi et al., 2001). Supporting this concept is the kinetics of IL-10 expression 
in human patients and animal models, where increased levels of IL-10 can be observed 
following the onset of sepsis (van der Poll et al., 1997). Blockade of IL-10 has been shown to 
have a protective effect in many experimental models of severe sepsis (Latifi et al., 2002; 
Oberholzer et al., 2002). Interestingly, however, increased IL-10 production in human 
patients is often correlated with poor outcomes, suggesting that IL-10 may be a potent 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

134 

sepsis can result in an increase in peripheral MDSCs. When coupled with their ability to 
suppress antigen-specific activation and effector function of lymphocytes, MDSCs become a 
strong candidate for mediating post-septic immunosuppression. 
In addition to myeloid-based suppressive cells, restriction of immune cell function post-
sepsis is mediated by suppressive lymphoid cells as well. Arguably the best understood of 
these suppressive lymphocytes is the CD4+ regulatory T cell (Treg). Tregs are themselves 
relatively heterogeneous, based on cell surface marker phenotype, tissue of residence, 
and/or the disease (or disease model) where the cells are studied. While Tregs are nominally 
defined by their suppressive activity (both in vivo and in vitro), they are identified by the 
expression of the transcription factor Foxp3 (Campbell & Ziegler, 2007), and are correlated 
with the expression of specific cell surface markers (most notably CD25, but also CTLA-4 
and GITR, among others) (Wilczynski et al., 2008). Tregs have the capacity to suppress 
antigen-specific responses by effector T cells, as well as inflammatory responses by innate 
immune cells (Suzuki et al., 2010). Tregs are critical for the maintenance of peripheral 
immune tolerance, and deletion of Tregs in animal models results in the development of 
autoimmunity (Suri-Payer & Fritzsching, 2006). In humans, genetic mutations in the Foxp3 
gene results in the development of autoimmune disease (i.e. IPEX syndrome), due to a 
breakdown of Treg-mediated suppression of self-antigen responses in the periphery (van der 
Vliet & Nieuwenhuis, 2007). Additionally, accumulations of Tregs in peripheral organs can 
help suppress immune responses and promote tolerance induction; examples of this 
phenomenon include inflammatory bowel disorders (Uhlig et al., 2006), allergic asthma (W. 
F. Carson et al., 2008) and transplant tolerance (Ge et al., 2010). In a negative context, 
peripheral Tregs can also suppress tumor surveillance by the adaptive immune system, 
indicating that in certain disease contexts, Tregs can promote rather than reduce pathology 
(Nishikawa & Sakaguchi, 2010).  
Phenotypic analysis of peripheral blood from patients suffering from severe sepsis indicates 
an increase in CD4+ Tregs (Venet et al., 2009). This increase is seen rapidly following the onset 
of disease, and can persist throughout recovery (defined as the resolution of the cytokine 
storm), especially in animal models of sepsis. The origin of the increased Tregs is 
controversial, as certain studies describe the increase as being a directed expansion of Tregs 
and others as a result of the depletion of effector T cells due to sepsis-induced apoptosis 
(Venet et al., 2004; Wisnoski et al., 2007). Interestingly, in vivo studies utilizing PBMCs 
indicate that bacterial SAgs have the capacity to induce Foxp3 expression, suggesting that 
certain types of polyclonal stimuli associated with severe sepsis can directly modulate Treg 
numbers (Taylor & Llewelyn, 2010).  Regardless of the nature of this increase, however, it is 
clear that peripheral Tregs are enhanced in number in post-septic patients. At present, 
experimental modulation in Tregs has focused on their role in mediating the severity of acute 
sepsis; however, recent studies have begun to shed light on the role of Tregs in mediating 
post-septic immunosuppression. For example, increases in peripheral Treg numbers in 
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example, in animal models of severe burn injury, secondary infection with Pseudomonas 
aeruginosa results in increased mortality as compared to healthy control mice. Importantly, 
experimental neutralization of Treg in vivo in these animals reverses this susceptibility (Liu et 
al., 2011).  
Of particular interest to the study of post-septic immunosuppression is the nature of Treg 
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(“natural” Tregs) or in the periphery in response to antigen stimulation in the context of 
tolerance-promoting signals, such as immunosuppressive cytokines (“adaptive” or 
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explanation for the observed increase in peripheral Tregs following sepsis is the concurrent 
apoptosis of effector T cells; this would suggest that it is natural Tregs that are the primary 
regulatory T cell type following sepsis. However, studies of peripheral CD4+ T cells in 
animal models of sepsis suggest that following the onset of inflammation, peripheral 
effector T cells may have an increased propensity to become Tregs in response to secondary 
stimulus, due to modulations in their gene regulation patterns (Cavassani et al., 2010). This 
suggests that severe sepsis may condition the peripheral T cell pool to respond in a more 
regulatory fashion to secondary antigen challenges, which would ultimately result in an 
increase in immune suppression at the cost of protective pro-inflammatory responses. These 
modulated gene regulatory events will be discussed in the following sections dealing with 
late-phase CARS, as similar gene regulatory events underlie cell-intrinsic defects in the 
activation and effector function of other leukocytes during long-term sepsis-induced 
immunosuppression. 
In concert with the increase in suppressive immune cells, imbalances in cytokine production 
by the immune system during the switch from SIRS to CARS can also contribute to post-
septic immunosuppression. Characterization of the upregulation of these soluble mediators 
comes from studies at the physiological level, i.e. analysis of peripheral blood samples from 
human patients or peripheral tissues from animal models. The relative increase in these 
soluble anti-inflammatory mediators is observed in survivors of severe sepsis, and the 
presence of these mediators has a profound effect on the ability of leukocytes to respond to 
secondary infections. Soluble mediators of post-septic immunosuppression can be grouped 
into three general categories based on their mechanism of action: anti-inflammatory 
cytokines, soluble cytokine-sequestering receptors and immune-deviating cytokines. While 
the ultimate function of each grouping is different (i.e. direct suppression vs. immune-
deviating), all three types of soluble factors contribute to post-septic immunosuppression. 
The most well understood of the many immunosuppressive cytokines produced during 
CARS is arguably IL-10 (Bazzoni et al., 2010). Signalling via IL-10 proceeds through a 
heterodimeric receptor (IL-10R1/IL-10R2 complex), and the intracellular signalling 
pathways associated with IL-10 receptor activation (including involvement of tyrosine 
kinases and the transcription factor STAT3) have the ability to directly regulate cytokine 
gene expression induced by LPS; this makes IL-10 an intriguing candidate for mediating 
post-septic immunosuppression, especially in regards to LPS-dependent secondary 
responses (Crepaldi et al., 2001). Supporting this concept is the kinetics of IL-10 expression 
in human patients and animal models, where increased levels of IL-10 can be observed 
following the onset of sepsis (van der Poll et al., 1997). Blockade of IL-10 has been shown to 
have a protective effect in many experimental models of severe sepsis (Latifi et al., 2002; 
Oberholzer et al., 2002). Interestingly, however, increased IL-10 production in human 
patients is often correlated with poor outcomes, suggesting that IL-10 may be a potent 
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regulator of the CARS response (Abe et al., 2008). IL-10 has potent suppressive effects on a 
wide range of leukocytes, including suppression of proliferation, surface receptor expression 
and cytokine/chemokine production (Akdis & Blaser, 2001; Williams et al., 2004). Of particular 
interest is IL-10’s potent effect on monocytes and macrophages, primarily mediated by the 
antagonistic effect of IL-10 signalling on LPS-dependent gene induction (Cavaillon & Adib-
Conquy, 2006). IL-10 has dramatic suppressive effects on the pro-inflammatory responses of 
macrophages, including inhibition of cytokine production (Brandtzaeg et al., 1996; Gerard et 
al., 1993). IL-10 can also negatively impact neutrophil activation in the context of LPS 
stimulation (as seen with Gram-negative sepsis), as neutrophils only expresses the IL-10R 
following LPS stimulation; in this fashion, IL-10 serves as a negative regulator of activated 
neutrophils (Cassatella et al., 2005; Tamassia et al., 2008). In a normal physiological context, 
limited by either the kinetics of stimulation or the restricted microenvironment of a given 
inflammatory insult, the IL-10-dependent negative feedback look allows the immune system 
to properly regulate the potentially damaging anti-inflammatory effects of macrophages and 
neutrophils following the clearance of infectious micro-organisms. However, the high levels of 
IL-10 produced during CARS can drastically shift the balance away from pro-inflammatory 
responses, leaving peripheral macrophages and neutrophils unable to respond to secondary 
bacterial challenges unrelated to the causative agent of septic shock.  
In addition to IL-10, the shift from SIRS to CARS is also associated with an increase in 
transforming growth factor-beta (TGFβ). TGFβ is a potent cytokine that is normally involved 
with wound healing and the development of fibrosis in damaged tissues (Leask & Abraham, 
2004). TGFβ also has the ability to direct the activation and differentiation of many cell 
types, including but not limited to immune cells. In the context of immune responses, TGFβ 
is a potent immunosuppressive cytokine, with the ability to suppress the antigen-specific 
activation and effector function of leukocytes (Prud'homme & Piccirillo, 2000). Additionally, 
TGFβ signalling in the context of T-cell receptor signalling can direct the development of 
CD4+ Tregs from effector T cell precursors (Li & Flavell, 2008). In the context of severe sepsis, 
TGFβ is significantly increased in the systemic circulation (Marie et al., 1996); this increase is 
both due to the directed production of TGFβ by immune cells, but also as a byproduct of 
sepsis-induced apoptosis, as TGFβ is produced by apoptotic cells (T cells in particular) 
during programmed cell death (Chen et al., 2001). TGFβ isoforms (of which there are 3 
primary forms) signal through cell surface receptors through SMAD transcription factors, 
which regulate numerous genes, including those responsible for mediating apoptosis (for 
example, through downregulation of anti-apoptotic genes such as Bcl-xl) (Kanamaru et al., 
2002; Spender et al., 2009). TGFβ signalling can also limit chemokine and cytokine 
production by immune cells, in particular T lymphocytes and activated macrophages 
(Letterio, 2005; Yang et al., 2010). In particular, TGFβ is a potent suppressor of the anti-
microbial activity of macrophages; this is manifest via TGFβ-mediated suppression of 
cytotoxic activity, superoxide production and nitric oxide synthase (iNOS) activity (Mitra & 
Khar, 2004). This increase in TGFβ during sepsis can therefore suppress secondary anti-
microbial responses by macrophages, limiting the ability of these cells to respond to 
secondary infections. In addition, as TGFβ signalling is important for the differentiation of 
effector CD4+ T cells into Tregs, there appears to be a role for increased TGFβ production 
post-sepsis in mediating the increase in peripheral Tregs observed in human patients and 
animal models. Therefore, in addition to TGFβ’s direct immunosuppressive properties (as 
with IL-10), TGFβ can also mediate immunosuppression through the development of cells 
with intrinsic immunosuppressive properties. 

 
Immune Cell Dysfunction as a Consequence of Severe Sepsis 

 

137 

The immunosuppression observed during early phase CARS proceeds both through the 
production of anti-inflammatory cytokines, but also through the production of soluble 
factors that can limit the ability of pro-inflammatory cytokines to signal cells and mediate 
inflammation. Of particular importance to the switch from SIRS to CARS is the production 
of soluble receptors and antagonists that interfere with the signalling of the 
proinflammatory cytokines IL-1β, IL-6 and TNFα. All three cytokines are central mediators 
of SIRS through their ability to drive the acute phase response, fever, cytotoxic activity of 
immune cells (e.g. phagocytosis) and ultimately septic shock (Jean-Baptiste, 2007). As a 
result, during the switch from SIRS to CARS, the immune system upregulates the 
production of cytokine antagonists which attempt to block the activity of these 
inflammatory mediators. For example, in septic patients, plasma levels of soluble IL-1ra 
receptor antagonist (IL-1ra), soluble TNFα receptors I and II (sTNFRI/sTNFRII), and soluble 
IL-6 receptor (sIL-6R) are all increased as compared to healthy patients (Gogos et al., 2000; 
Marie et al., 1997). IL-1ra binds the IL-1 receptor in competition with IL-1β, resulting in 
functional inhibition of IL-1β signalling (Bresnihan & Cunnane, 1998). In a similar fashion, 
the sTNFRs and sIL-6R achieve functional inhibition of their respective cytokines by binding 
and sequestering the soluble proteins from interacting with cell surface receptors on 
circulating leukocytes (Jones & Rose-John, 2002). As with the upregulation of anti-
inflammatory cytokines, the production of receptor antagonists and soluble receptors is an 
attempt by the immune system to restrict the cytokine storm of SIRS. However, blockade of 
the functional activity of these cytokines can result in vulnerability to secondary infections, 
especially when placed in context with the upregulation of anti-inflammatory cytokines 
such as IL-10 and TGFβ.  
For cellular immune responses to be protective, they must be conditioned to produce the 
proper inflammatory response for the specific infectious agent. The cytokine storm of SIRS 
can be loosely categorized as a T helper type-1 response (TH1), geared towards cytotoxic 
activity and anti-microbial responses. Many cytokines central to sepsis responses, such as 
TNFα, IL-6, IL-12 and IFNγ, are normally considered to be TH1-type cytokines, as they 
promote the cytotoxic activity of macrophages, neutrophils and CD8+ cytotoxic T cells. T-
helper type-2 responses (TH2) are associated with immunity to parasites, as well as allergic 
responses, and are characterized by antibody production (primarily immunoglobulin type 
E) and eosinophilopoiesis (at the expense of neutrophils). TH2 cytokines have the ability to 
directly regulate TH1 responses through their ability to suppress TH1 gene expression in 
CD4+ T cells, as well as by modulating the granulocyte output of the bone marrow in 
response to inflammation (i.e. eosinophils vs. neutrophils) Summaries of the T-helper 
cytokine response and its role in inflammation are available in the literature (Cameron et al., 
2001; DiPiro, 1997; Miller et al., 2007). As a third cytokine-dependent mechanism, the 
cytokine milleu of CARS is also characterized by an upregulation of TH2 cytokine responses 
(Mack et al., 1996). This upregulation of TH2 cytokines serves to blunt the TH1-dominant 
SIRS response through the modulation of leukocyte gene expression. In human patients, 
immune responses post-sepsis are observed to have a generalized shift towards TH2 
responses, especially in regards to adaptive immune cell activation (O'Sullivan et al., 1995). 
IL-4 in particular has potent effects on macrophages, with the ability to suppress cytotoxic 
activity as well as promote the production of IL-1ra and sTNFRs, resulting in an autocrine 
feedback loop that further restricts macrophage activity (Nicod et al., 1994). In addition, TH2 
cytokines like IL-4 and IL-13 are key factors in the development of alternatively activated 
macrophages (aaMΦ, or M2-type macrophages), which promote wound healing and fibrosis 
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regulator of the CARS response (Abe et al., 2008). IL-10 has potent suppressive effects on a 
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stimulation (as seen with Gram-negative sepsis), as neutrophils only expresses the IL-10R 
following LPS stimulation; in this fashion, IL-10 serves as a negative regulator of activated 
neutrophils (Cassatella et al., 2005; Tamassia et al., 2008). In a normal physiological context, 
limited by either the kinetics of stimulation or the restricted microenvironment of a given 
inflammatory insult, the IL-10-dependent negative feedback look allows the immune system 
to properly regulate the potentially damaging anti-inflammatory effects of macrophages and 
neutrophils following the clearance of infectious micro-organisms. However, the high levels of 
IL-10 produced during CARS can drastically shift the balance away from pro-inflammatory 
responses, leaving peripheral macrophages and neutrophils unable to respond to secondary 
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transforming growth factor-beta (TGFβ). TGFβ is a potent cytokine that is normally involved 
with wound healing and the development of fibrosis in damaged tissues (Leask & Abraham, 
2004). TGFβ also has the ability to direct the activation and differentiation of many cell 
types, including but not limited to immune cells. In the context of immune responses, TGFβ 
is a potent immunosuppressive cytokine, with the ability to suppress the antigen-specific 
activation and effector function of leukocytes (Prud'homme & Piccirillo, 2000). Additionally, 
TGFβ signalling in the context of T-cell receptor signalling can direct the development of 
CD4+ Tregs from effector T cell precursors (Li & Flavell, 2008). In the context of severe sepsis, 
TGFβ is significantly increased in the systemic circulation (Marie et al., 1996); this increase is 
both due to the directed production of TGFβ by immune cells, but also as a byproduct of 
sepsis-induced apoptosis, as TGFβ is produced by apoptotic cells (T cells in particular) 
during programmed cell death (Chen et al., 2001). TGFβ isoforms (of which there are 3 
primary forms) signal through cell surface receptors through SMAD transcription factors, 
which regulate numerous genes, including those responsible for mediating apoptosis (for 
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Khar, 2004). This increase in TGFβ during sepsis can therefore suppress secondary anti-
microbial responses by macrophages, limiting the ability of these cells to respond to 
secondary infections. In addition, as TGFβ signalling is important for the differentiation of 
effector CD4+ T cells into Tregs, there appears to be a role for increased TGFβ production 
post-sepsis in mediating the increase in peripheral Tregs observed in human patients and 
animal models. Therefore, in addition to TGFβ’s direct immunosuppressive properties (as 
with IL-10), TGFβ can also mediate immunosuppression through the development of cells 
with intrinsic immunosuppressive properties. 
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The immunosuppression observed during early phase CARS proceeds both through the 
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E) and eosinophilopoiesis (at the expense of neutrophils). TH2 cytokines have the ability to 
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at the expense of anti-microbial activity (Gordon & Martinez, 2010). Animal models of sepsis 
have identified that bone-marrow derived macrophages from survivors of sepsis exhibit a 
M2 phenotype as compared to control animals, suggesting that the TH2 cytokine-dependent 
development of M2 macrophages can be maintained for timepoints distal from the acute 
inflammatory event (Takahashi et al., 2004).  
Because a majority of the studies dealing with soluble mediators of the CARS phenotype are 
done on the physiological level (i.e. with analysis of peripheral blood samples), it is often 
difficult to directly identify the source of the immunomodulatory cytokines mediating 
CARS. In the case of soluble receptors and receptor antagonists, the root source is often 
considered to be macrophages and other phagocytotic innate immune cells, especially in 
response to circulating IL-10 levels. As mentioned previously, increases in TGFβ production 
are often the result of lymphocyte apoptosis during sepsis; however, many T cells, especially 
Tregs, can produce both TGFβ and IL-10 when mediating immunosuppression. Many of the 
TH2 cytokines observed during CARS are normally produced by CD4+ T cells, and it is 
hypothesized that these cells are at the root of the TH12 shift observed in survivors of severe 
sepsis. Conceptually, the shift from SIRS to CARS may result from a negative feedback loop 
whereby the proinflammatory cytokine storm results in the apoptosis of cells, resulting in 
increased TGFβ production that then leads to the development of Tregs that produce IL-10, 
which then go on to stimulate anti-inflammatory responses (i.e. IL-1ra, sTNFR & sIL-6R) 
from macrophages, and so on. This type of model may explain the mechanisms underlying 
the switch from SIRS to CARS; however, they do not fully explain the maintenance of post-
septic immunosuppression in patients for the months and years following recovery. 
Investigations into the long-term maintenance of the CARS phenotype have identified many 
cell-intrinsic defects in activation and effector function that maintain the immunsuppressive 
phenotype once the relative levels of anti-inflammatory cytokines and antagonistic factors 
have returned to baseline levels in the periphery. It is hypothesized that these cell-intrinsic 
factors may be programmed by the cytokine milleu of either SIRS or CARS; additionally, 
they may utilize modulation in gene regulation as an underlying mechanism for the 
maintenance of these defects. 

3.2 Late phase CARS: Cellular dysfunction and epigenetic reprogramming 
Sepsis-induced immunosuppression during SIRS and the early switch to CARS relies on 
active mechanisms, such as cytokine-induced apoptosis, anergy induction, suppression of 
signal transduction and modulation of bone marrow hematopoiesis. Ultimately, however, 
these mechanisms of suppression resolve as the patient recovers from the septic episode. For 
example, despite the widespread apoptosis & necrosis of immune cells observed during the 
acute phase of sepsis, immune cells are ultimately re-seeded into immune tissues and 
peripheral blood & lymph following recovery. Interestingly, the re-seeding of T 
lymphocytes to peripheral organs does not appear to favor specific T cell-receptor subtypes 
(Unsinger, Kazama, et al., 2009). This phenomenon suggests that the repopulation of 
lymphocytes is not due simply to the expansion of cells primed during the acute phase of 
septic shock. However, despite the return of the immune system to a state comparable to 
conditions pre-sepsis, both human patients and experimental animals continue to exhibit 
signs of immunosuppression. As mentioned previously, the long term survival curves of 
survivors of severe sepsis are significantly reduced as compared to the healthy age-matched 
population, and this increased morbidity and mortality is observable even in the presence of 
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co-morbidities. Additionally, self-reported quality of life measurements are significantly 
reduced in survivors of severe sepsis, indicating negative physiological outcomes even in 
the absence of secondary infection. Taken in context, these results suggest that the cellular 
immune response in post-septic individuals remains dysregulated even once the major 
mediators of CARS have subsided.  
Experimental studies aimed at identifying cell-intrinsic defects in activation and effector 
function of immune cells following severe sepsis have described numerous 
immunosuppressive phenomena that are maintained even after the resolution of SIRS and 
CARS. These deficiencies in activation and effector function are considered to be cell-
intrinsic as they manifest both in vivo and in vitro, are often preserved in adoptive transfer 
models, and are in many cases resistant to treatment with optimized culture conditions (e.g. 
polyclonal stimulus and exogenous recombinant cytokines). In “two-hit” models of post-
septic immunosuppression, these cell-intrinsic defects contribute directly to the 
susceptibility of survivors of severe sepsis to opportunistic infections, as adoptive transfer of 
immune cells from control animals can confer protect in these immunosuppressed animals. 
The current working hypothesis for this phenomenon deals with gene regulation in post-
septic cells, in particular with the expression of proinflammatory cytokines that are 
necessary for protection against secondary infection. In this model, immune cells that have 
survived septic shock are no longer able to effectively respond to secondary infectious 
stimuli due to the repression of gene expression following activation. While many disparate 
yet interrelated molecular mechanisms may be involved in this dysregulation of gene 
expression, recent studies have implicated epigenetic reprogramming of immune cells (and 
possibly hematopoietic progenitor cells) as a major player in long-term immunosuppression 
post-sepsis (W. F. Carson et al., 2011). 
Perhaps the most well-characterized immune cell deficiency following sepsis is concerning 
the activation of DCs. As mentioned previously, DCs are rapidly depleted from peripheral 
tissues following the onset of sepsis, and as DCs are critical for the antigen-specific 
activation of T cells, this loss of peripheral DCs severely restricts the activation potential of 
the adaptive immune system (Tinsley et al., 2003). Interestingly, peripheral DCs that do 
return following the resolution of SIRS and early-phase CARS continue to exhibit an 
immunosuppressive phenotype following sepsis, highlighted by a significant reduction in 
their ability to produce IL-12 in response to TLR stimulation (Wen et al., 2006). IL-12 is a 
potent pro-inflammatory cytokine that is critical for the development of TH1 responses and 
TH1-type CD4+ T cells (Watford et al., 2003). This inability to produce IL-12 results in 
susceptibility to pathogens that are normally cleared by a TH1 immune response. 
Experimentally, this response can be studied using airway challenges with Aspergillus 
fumigatus in post-septic mice – the reduction in DC-dependent IL-12 production in these 
animals restricts the development of TH1 responses, resulting in uncontrolled fungal growth 
and Aspergillus-induced mortality (Benjamim et al., 2003). When bone-marrow derived DCs 
from control animals are transferred into post-septic animals prior to airway challenge, 
resistance to fungal infection can be restored (Benjamim et al., 2005). Interestingly, this 
suppression of IL-12 production does not appear to be due to increased IL-10 production; 
while ex vivo stimulated post-septic DCs exhibit increased IL-10 production (an expected 
CARS-type cytokine response), neutralization of IL-10 in vitro with blocking antibodies fails 
to restore IL-12 production (Wen, Dou, et al., 2008). Importantly, this suppression of IL-12 
production is maintained long past the resolution of severe sepsis, with lung DCs exhibiting 
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post-sepsis (W. F. Carson et al., 2011). 
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activation of T cells, this loss of peripheral DCs severely restricts the activation potential of 
the adaptive immune system (Tinsley et al., 2003). Interestingly, peripheral DCs that do 
return following the resolution of SIRS and early-phase CARS continue to exhibit an 
immunosuppressive phenotype following sepsis, highlighted by a significant reduction in 
their ability to produce IL-12 in response to TLR stimulation (Wen et al., 2006). IL-12 is a 
potent pro-inflammatory cytokine that is critical for the development of TH1 responses and 
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susceptibility to pathogens that are normally cleared by a TH1 immune response. 
Experimentally, this response can be studied using airway challenges with Aspergillus 
fumigatus in post-septic mice – the reduction in DC-dependent IL-12 production in these 
animals restricts the development of TH1 responses, resulting in uncontrolled fungal growth 
and Aspergillus-induced mortality (Benjamim et al., 2003). When bone-marrow derived DCs 
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resistance to fungal infection can be restored (Benjamim et al., 2005). Interestingly, this 
suppression of IL-12 production does not appear to be due to increased IL-10 production; 
while ex vivo stimulated post-septic DCs exhibit increased IL-10 production (an expected 
CARS-type cytokine response), neutralization of IL-10 in vitro with blocking antibodies fails 
to restore IL-12 production (Wen, Dou, et al., 2008). Importantly, this suppression of IL-12 
production is maintained long past the resolution of severe sepsis, with lung DCs exhibiting 
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deficiencies in IL-12 production up to six weeks following the experimental onset of sepsis 
(Wen, Dou, et al., 2008). From a therapeutic standpoint, this long-term suppression of IL-12 
production is problematic, as it does not follow from the upregulation of anti-inflammatory 
cytokines that can themselves be blocked (as with in vitro inhibition of IL-10).  
DCs are critical accessory cells for the activation of T cells, through the presentation of 
antigen to T-cell receptors in the context of MHC. In addition, DCs instruct T cells to 
differentiate into one of several effector/regulatory cell lineages (characterized by distinct 
families of effector cytokines and downstream immunomodulatory functions); this 
instruction occurs both through cell-contact dependent mechanisms and the production of 
instructional cytokines (such as IL-12). As mentioned previously, post-septic immune 
responses are characterized by a generalized shift away from TH1 cytokines towards TH2 
cytokines. This phenomenon may be due at least in part to the immunomodulatory 
properties of post-septic DCs, as these cells promote TH2 cytokines such as IL-4, IL-5 and IL-
13 at the expense of TH1 cytokines such as IFNγ (Wen et al., 2006). This skewing to TH2 occurs 
in an antigen-specific fashion, and is not a result of pre-conditioning of the responder T cells 
during severe sepsis, as the responder cells used in these in vitro experiments were naïve 
and specific for an antigen that is unrelated to polymicrobial sepsis (ovalbumin). This 
reduction in TH1 polarizing capabilities may also negatively regulate innate immune system 
functions, as TH1 CD4+ T cell-derived IFNγ is critical for the activation of phagocytotic 
activity by macrophages (Kasten et al., 2010).  
In addition to DC-mediated suppression, CD4+ T cell exhibit deficiencies in activation, 
differentiation and effector function following sepsis, even in the context of polyclonal 
stimulus or nominally functioning DCs. One of the hallmarks of CD4+ T cells from septic 
patients is the development of anergy, or unresponsives to antigen stimulation (Heidecke et 
al., 1999). CD4+ T cells from septic animals also exhibit this anergic phenotype, and the 
proliferative capacity of these cells is not recovered by the addition of exogenous cytokines, 
such as the potent T cell proliferative factor IL-2 (W. F.  Carson et al., 2010). In addition, their 
gene expression is drastically altered as compared to CD4+ T cells from healthy animals. For 
example, mRNA for IFNγ, IL-4 and the TH17 cytokine IL-17 can be upregulated in naïve 
CD4+ T cells from post-septic mice following polyclonal stimulus, as compared to levels in 
cells from control animals. Concurrently, these cells downregulate mRNA for cell surface 
receptors critical for T cell activation, including CD4 and CD28. As these differences in gene 
expression are observed following optimized polyclonal stimulus in the absence of 
accessory cells such as DCs, it appears that the changes in gene expression are due to cell-
intrinsic factors (W. F.  Carson et al., 2010). 
This modulated cytokine response by post-septic CD4+ T cells becomes even more apparent 
once these cells are tasked with committing to specific T-helper lineages. When studied in 
vitro, post-septic CD4+ T cells exhibit deficiencies in their ability to properly commit to 
either the TH1 or TH2 lineage, as evidenced by cytokine production. For example, when 
expanded in an optimized TH1-promoting environment (including exogenous IL-12 and 
blocking antibodies to IL-4), post-septic CD4+ T cells produce significantly less IFNγ in 
recall responses, as compared to CD4+ T cells from control animals. If these same cells are 
expanded in a TH2 culture (exogenous IL-4 and blocking antibodies to IL-12 and IFNγ), post-
septic CD4+ T cells produce both TH1 and TH2 cytokines upon recall, whereas CD4+ T cells 
from control animals only make TH2 cytokines (W. F.  Carson et al., 2010). This modulation 
in T-helper subtype cytokine responses represents an inability of post-septic CD4+ T cells to 
properly commit to either the TH1 or TH2 effector lineage.  
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This modulated cytokine production is also apparent in vivo, when post-septic CD4+ T cells 
are transferred into lymphopenic animals (i.e. Rag2-/- mice, which lack mature peripheral 
lymphocytes). As mentioned previously, post-septic myeloid cells exhibit numerous 
deficiencies in activation and cytokine production throughout SIRS, early and late phase 
CARS; as these cells are critical for the activation of CD4+ T cells, any deficiencies observed 
in lymphocyte activation in vivo in post-septic animals may be due to myeloid deficiencies, 
and not necessarily due to CD4+ cell-intrinsic factors. Adoptive transfer experiments allow 
post-septic CD4+ T cells to be studied in the context of a functional myeloid immune cell 
response, as both macrophages and DCs develop and function normally in (genetically 
engineered) lymphopenic mice. When post-septic CD4+ T cells are challenged with in vivo 
models of TH1 or TH2 lung inflammation, a similar pattern of cytokine expression emerges. 
Histological examination of lung granuloma formation in response to embolized antigen-
coupled beads indicates that post-septic CD4+ T cells mediate smaller TH1 and TH2 type 
lesions, as expected based on the generalized shift to TH2 responses following sepsis (W. F.  
Carson et al., 2011). Interestingly, when lymph nodes from mice that received post-septic 
CD4+ T cells were restimulated with cognate antigen, they produced increased amounts of a 
wide range of T-helper cytokines, including IL-4 in a TH1 context, and IFNγ in TH2 context. 
Additionally, in both TH1 and TH2 disease models, lymph nodes from mice that received 
post-septic CD4+ T cells produced increased IL-17 as compared to those that received CD4+ 
T cells from control mice. In both cases, this inability to properly commit to a T-helper 
lineage results in measurable differences in both in vivo inflammatory processes and ex vivo 
cytokine production (W. F.  Carson et al., 2011). While it may be counter-intuitive to suggest 
that increased pro-inflammatory cytokine production is indicative of immunosuppression, it 
is important to place this increase in the context of productive inflammation. Adaptive 
immunity requires directed cytokine production to initiate proper immune responses 
directed against the specific infectious agent (i.e. TH1 responses for intracellular bacterial 
and viral infections vs. TH2 responses for helminth infections). Increases in T-helper 
cytokines can be counterproductive when they promote incorrect inflammatory responses 
(as seen with the TH1 granuloma studies) or exacerbate inflammation past the level of 
protection (as seen with the TH2 granulomas). When coupled with the shift towards TH2 
responses observed with DCs post-sepsis, this dysregulation of cytokine expression can 
ultimately result in decreased immunity to secondary infections, which normally require 
TH1 responses for clearance. 
During late phase CARS, both myeloid cells (specifically DCs) and lymphoid cells 
(specifically CD4+ T cells) exhibit deficiencies in cytokine production in response to 
stimulation with microbes, microbial products and antigens. As mentioned previously, 
following the apoptotic response during SIRS, both DCs and CD4+ T cells are re-seeded to 
the periphery, in many cases to levels similar to those found in control animals or healthy 
individuals. These results suggest that the mechanisms governing cytokine responses in 
post-septic cells are both cell-intrinsic and not reliant on exogenous factors, such as soluble 
mediators of early phase CARS (e.g. IL-10, IL-1ra, etc). Recent studies in animal models have 
identified one possible molecular pathway governing this dysregulation of gene expression 
and cytokine production, epigenetics. The study of epigenetics involves any and all 
molecular mechanisms that can modulate gene expression without changing the underlying 
genetic information present in a cell or organism. Epigenetic mechanisms include chemical 
modifications to DNA and DNA-associated histone proteins that can either activate or 
suppress gene transcription, as well as expression of small RNA species (called 
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deficiencies in IL-12 production up to six weeks following the experimental onset of sepsis 
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production is problematic, as it does not follow from the upregulation of anti-inflammatory 
cytokines that can themselves be blocked (as with in vitro inhibition of IL-10).  
DCs are critical accessory cells for the activation of T cells, through the presentation of 
antigen to T-cell receptors in the context of MHC. In addition, DCs instruct T cells to 
differentiate into one of several effector/regulatory cell lineages (characterized by distinct 
families of effector cytokines and downstream immunomodulatory functions); this 
instruction occurs both through cell-contact dependent mechanisms and the production of 
instructional cytokines (such as IL-12). As mentioned previously, post-septic immune 
responses are characterized by a generalized shift away from TH1 cytokines towards TH2 
cytokines. This phenomenon may be due at least in part to the immunomodulatory 
properties of post-septic DCs, as these cells promote TH2 cytokines such as IL-4, IL-5 and IL-
13 at the expense of TH1 cytokines such as IFNγ (Wen et al., 2006). This skewing to TH2 occurs 
in an antigen-specific fashion, and is not a result of pre-conditioning of the responder T cells 
during severe sepsis, as the responder cells used in these in vitro experiments were naïve 
and specific for an antigen that is unrelated to polymicrobial sepsis (ovalbumin). This 
reduction in TH1 polarizing capabilities may also negatively regulate innate immune system 
functions, as TH1 CD4+ T cell-derived IFNγ is critical for the activation of phagocytotic 
activity by macrophages (Kasten et al., 2010).  
In addition to DC-mediated suppression, CD4+ T cell exhibit deficiencies in activation, 
differentiation and effector function following sepsis, even in the context of polyclonal 
stimulus or nominally functioning DCs. One of the hallmarks of CD4+ T cells from septic 
patients is the development of anergy, or unresponsives to antigen stimulation (Heidecke et 
al., 1999). CD4+ T cells from septic animals also exhibit this anergic phenotype, and the 
proliferative capacity of these cells is not recovered by the addition of exogenous cytokines, 
such as the potent T cell proliferative factor IL-2 (W. F.  Carson et al., 2010). In addition, their 
gene expression is drastically altered as compared to CD4+ T cells from healthy animals. For 
example, mRNA for IFNγ, IL-4 and the TH17 cytokine IL-17 can be upregulated in naïve 
CD4+ T cells from post-septic mice following polyclonal stimulus, as compared to levels in 
cells from control animals. Concurrently, these cells downregulate mRNA for cell surface 
receptors critical for T cell activation, including CD4 and CD28. As these differences in gene 
expression are observed following optimized polyclonal stimulus in the absence of 
accessory cells such as DCs, it appears that the changes in gene expression are due to cell-
intrinsic factors (W. F.  Carson et al., 2010). 
This modulated cytokine response by post-septic CD4+ T cells becomes even more apparent 
once these cells are tasked with committing to specific T-helper lineages. When studied in 
vitro, post-septic CD4+ T cells exhibit deficiencies in their ability to properly commit to 
either the TH1 or TH2 lineage, as evidenced by cytokine production. For example, when 
expanded in an optimized TH1-promoting environment (including exogenous IL-12 and 
blocking antibodies to IL-4), post-septic CD4+ T cells produce significantly less IFNγ in 
recall responses, as compared to CD4+ T cells from control animals. If these same cells are 
expanded in a TH2 culture (exogenous IL-4 and blocking antibodies to IL-12 and IFNγ), post-
septic CD4+ T cells produce both TH1 and TH2 cytokines upon recall, whereas CD4+ T cells 
from control animals only make TH2 cytokines (W. F.  Carson et al., 2010). This modulation 
in T-helper subtype cytokine responses represents an inability of post-septic CD4+ T cells to 
properly commit to either the TH1 or TH2 effector lineage.  
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This modulated cytokine production is also apparent in vivo, when post-septic CD4+ T cells 
are transferred into lymphopenic animals (i.e. Rag2-/- mice, which lack mature peripheral 
lymphocytes). As mentioned previously, post-septic myeloid cells exhibit numerous 
deficiencies in activation and cytokine production throughout SIRS, early and late phase 
CARS; as these cells are critical for the activation of CD4+ T cells, any deficiencies observed 
in lymphocyte activation in vivo in post-septic animals may be due to myeloid deficiencies, 
and not necessarily due to CD4+ cell-intrinsic factors. Adoptive transfer experiments allow 
post-septic CD4+ T cells to be studied in the context of a functional myeloid immune cell 
response, as both macrophages and DCs develop and function normally in (genetically 
engineered) lymphopenic mice. When post-septic CD4+ T cells are challenged with in vivo 
models of TH1 or TH2 lung inflammation, a similar pattern of cytokine expression emerges. 
Histological examination of lung granuloma formation in response to embolized antigen-
coupled beads indicates that post-septic CD4+ T cells mediate smaller TH1 and TH2 type 
lesions, as expected based on the generalized shift to TH2 responses following sepsis (W. F.  
Carson et al., 2011). Interestingly, when lymph nodes from mice that received post-septic 
CD4+ T cells were restimulated with cognate antigen, they produced increased amounts of a 
wide range of T-helper cytokines, including IL-4 in a TH1 context, and IFNγ in TH2 context. 
Additionally, in both TH1 and TH2 disease models, lymph nodes from mice that received 
post-septic CD4+ T cells produced increased IL-17 as compared to those that received CD4+ 
T cells from control mice. In both cases, this inability to properly commit to a T-helper 
lineage results in measurable differences in both in vivo inflammatory processes and ex vivo 
cytokine production (W. F.  Carson et al., 2011). While it may be counter-intuitive to suggest 
that increased pro-inflammatory cytokine production is indicative of immunosuppression, it 
is important to place this increase in the context of productive inflammation. Adaptive 
immunity requires directed cytokine production to initiate proper immune responses 
directed against the specific infectious agent (i.e. TH1 responses for intracellular bacterial 
and viral infections vs. TH2 responses for helminth infections). Increases in T-helper 
cytokines can be counterproductive when they promote incorrect inflammatory responses 
(as seen with the TH1 granuloma studies) or exacerbate inflammation past the level of 
protection (as seen with the TH2 granulomas). When coupled with the shift towards TH2 
responses observed with DCs post-sepsis, this dysregulation of cytokine expression can 
ultimately result in decreased immunity to secondary infections, which normally require 
TH1 responses for clearance. 
During late phase CARS, both myeloid cells (specifically DCs) and lymphoid cells 
(specifically CD4+ T cells) exhibit deficiencies in cytokine production in response to 
stimulation with microbes, microbial products and antigens. As mentioned previously, 
following the apoptotic response during SIRS, both DCs and CD4+ T cells are re-seeded to 
the periphery, in many cases to levels similar to those found in control animals or healthy 
individuals. These results suggest that the mechanisms governing cytokine responses in 
post-septic cells are both cell-intrinsic and not reliant on exogenous factors, such as soluble 
mediators of early phase CARS (e.g. IL-10, IL-1ra, etc). Recent studies in animal models have 
identified one possible molecular pathway governing this dysregulation of gene expression 
and cytokine production, epigenetics. The study of epigenetics involves any and all 
molecular mechanisms that can modulate gene expression without changing the underlying 
genetic information present in a cell or organism. Epigenetic mechanisms include chemical 
modifications to DNA and DNA-associated histone proteins that can either activate or 
suppress gene transcription, as well as expression of small RNA species (called 
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microRNAs/miRNAs) that can post-transcriptionally regulate gene expression through the 
targeted degradation of mRNA (Delcuve et al., 2009). Epigenetics plays a critical role during 
embryogenesis and development, particularly when multipotent stem cells commit to 
defined lineages during the development of tissues and organs (Roloff & Nuber, 2005; Shafa 
et al., 2010). The differentiation process requires tight regulation of gene expression, as the 
differentiation of stem cells into cells with defined phenotypes requires not only the 
activation of essential genes, but also the suppression of genes unrelated to the function of 
the new daughter cell. In a similar fashion, the immune system relies on epigenetic 
mechanisms to guide the development of peripheral blood leukocytes from hematopoietic 
cell precursors (Bergman & Cedar, 2010; Fernandez-Morera et al., 2010). In addition, the 
activation, differentiation and effector function of peripheral immune cells also relies on 
epigenetic mechanisms. For example, modifications in the tails of histones associated with 
the promoter regions of essential gene families correlates with the decision of macrophages 
to become either classically activated (i.e. anti-microbial) or alternatively activated (i.e. 
fibrotic/wound healing) (Ishii et al., 2009). In addition, CD4+ T cells utilize similar histone 
modification processes to govern the expression of T-helper cytokines during the 
differentiation to TH1 or TH2 (Ansel et al., 2003). When these processes are disrupted in 
immune cells, disease can often result; for example, modulations in DNA methylation 
patterns (DNA methylation results in the suppression of gene expression) are often 
correlated with the development of systemic lupus erythematosus (D. R. Patel & 
Richardson, 2010). Regulation of gene expression is essential for the proper function of the 
immune system, and changes in the epigenetic landscape of an immune cell can have a 
profound effect on immune responses and subsequent disease. 
Recent studies in animal models have identified a number of epigenetic modifications in 
immune cells following severe sepsis. These modifications are often found associated with 
genes essential for immune cell effector function, such as cytokine genes or transcription 
factors, and they correlate with deficiencies in activation, differentiation and effector 
function in these cells. Additionally, these modifications are found in both myeloid and 
lymphoid cells, suggesting a common molecular mechanism for the modification of 
epigenetic marks in leukocytes following sepsis. At present, the best described epigenetic 
mechanism governing post-septic immunosuppression is via histone modification events, in 
particular changes in histone acetylation and methylation. Post-translational modifications 
of the protein tails of histone core proteins can have a direct effect on gene expression, 
depending on the type of modification and its location on the histone tail (Cosgrove & 
Wolberger, 2005). For example, acetylation of histone tails is often associated with 
transcriptional activation, regardless of the location of the modification on the histone tail. In 
contrast, the functional result of the methylation of histone tails is site specific; 
transcriptional activation or repression can occur depending on the location of the 
methylation event on the histone tail. Studies of both myeloid and lymphoid cells post-
sepsis have identified modulations in both histone acetylation and methylation following 
sepsis, in particular in the promoter regions of genes essential for mediating protective 
immune responses against secondary infections. 
In DCs, for example, modulations in histone methylation events in the promoter regions of 
IL-12 are observable following sepsis (Wen, Schaller, et al., 2008). When tissue-resident DCs 
from post-septic animals are compared to those from healthy controls, the pattern of histone 
methylation is skewed towards gene repression. This includes decreases in methylation of 
lysine 4 on the tail of histone 3 (H3K4me), which is considered an activating epigenetic 
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mark, as well as increases in methylation of lysine 27 on the tail of histone 3 (H3K27me), 
which is considered a repressive epigenetic mark. These marks are maintained for a 
significant amount of time following the resolution of severe sepsis, as tissue-resident DCs 
from post-septic animals retain these modulated methylation marks six weeks after the 
experimental onset of severe sepsis. In addition, the chromatin modifying enzymes 
responsible for the addition of these histone methylation marks is significantly altered in 
post-septic DCs, with the H3K4me machinery decreased and the H3K27me machinery 
increased in the promoter regions of both IL-12a and IL-12b . This increase in repressive 
histone methylation marks correlates with decreased IL-12 production both in vitro and in 
vivo, and provides one explanation for the observed reduction in proinflammatory cytokine 
production that is unrelated to the presence of anti-inflammatory cytokines (i.e. IL-10) (Wen, 
Dou, et al., 2008). 
While the data concerning epigenetic reprogramming in macrophages is less robust in 
regards to long-term immunosuppression, modulations in histone modifications can be 
observed in macrophages following the onset of severe sepsis, and these modulations affect 
proinflammatory responses by these cells. For example, macrophages recovered from 
experimental models of severe sepsis exhibit increased levels of methylation at lysine 9 of 
histone 3 (H3K9, repressive) at the promoter region of both IL-1β and TNFα, resulting in 
decreased production of both inflammatory mediators (Lyn-Kew et al., 2010). This increase 
in repressive histone methylation appears to be a mechanism whereby the immune system 
is attempting to limit proinflammatory cytokine production; however, as both of these 
cytokines are critical for immunity against bacteria, their decreased production by 
macrophages can leave the immune system less able to properly respond to secondary 
infections. In addition, decreases in H3K4me and increases in acetylation of the tail of 
histone 4 (AcH4) are observed both in the TNFα and iNOS promoter; reductions in iNOS 
expression severely limit the ability of the macrophage to produce nitric oxide, a critical 
component of the cytotoxic response. To date, few studies have been performed to 
determine if these aberrant histone modification events remain present in macrophages long 
after the resolution of SIRS. However, recent studies identifying an epigenetic role for the 
development of the alternatively activated macrophage (decreases in H3K27 methylation 
mediated by the histone demethylase KDM6B) may provide a mechanism for the increased 
propensity of post-septic macrophages to become alternatively activated, as the increase in 
KDM6B expression and activation is driven by TH2 cytokines that are upregulated during 
CARS, most notably IL-4 (Ishii et al., 2009).  
Epigenetic reprogramming of CD4+ T cells following sepsis is also apparent, both in regards 
to cytokine production and T-helper lineage commitment. As mentioned previously, CD4+ 
T cells from post-septic animals exhibit deficiencies in their ability to properly commit to 
either the TH1 or TH2 lineage, as evidenced by modulations in cytokine production during 
recall/re-challenge both in vivo and in vitro. These deficiencies in lineage commitment 
correlate with modulations in histone modifications, specifically increases in H3K27me 
levels in promoter regions of T-helper subtype genes. For example, post-septic CD4+ T cells 
exhibit increased levels of H3K27me in the promoter region of Ifng, correlating with the 
decreased production of IFNγ during skewing and restimulation experiments in vitro. In 
addition, these same cells exhibit increased levels of H3K27me in the promoter region of 
Gata3, a transcription factor critical for the development of TH2 T cells. This increase in 
repressive histone methylation correlates with the reduced capacity of post-septic T cells to 
fully commit to the TH2 lineage, as evidenced by the continued production of IFNγ in TH2 
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microRNAs/miRNAs) that can post-transcriptionally regulate gene expression through the 
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differentiation to TH1 or TH2 (Ansel et al., 2003). When these processes are disrupted in 
immune cells, disease can often result; for example, modulations in DNA methylation 
patterns (DNA methylation results in the suppression of gene expression) are often 
correlated with the development of systemic lupus erythematosus (D. R. Patel & 
Richardson, 2010). Regulation of gene expression is essential for the proper function of the 
immune system, and changes in the epigenetic landscape of an immune cell can have a 
profound effect on immune responses and subsequent disease. 
Recent studies in animal models have identified a number of epigenetic modifications in 
immune cells following severe sepsis. These modifications are often found associated with 
genes essential for immune cell effector function, such as cytokine genes or transcription 
factors, and they correlate with deficiencies in activation, differentiation and effector 
function in these cells. Additionally, these modifications are found in both myeloid and 
lymphoid cells, suggesting a common molecular mechanism for the modification of 
epigenetic marks in leukocytes following sepsis. At present, the best described epigenetic 
mechanism governing post-septic immunosuppression is via histone modification events, in 
particular changes in histone acetylation and methylation. Post-translational modifications 
of the protein tails of histone core proteins can have a direct effect on gene expression, 
depending on the type of modification and its location on the histone tail (Cosgrove & 
Wolberger, 2005). For example, acetylation of histone tails is often associated with 
transcriptional activation, regardless of the location of the modification on the histone tail. In 
contrast, the functional result of the methylation of histone tails is site specific; 
transcriptional activation or repression can occur depending on the location of the 
methylation event on the histone tail. Studies of both myeloid and lymphoid cells post-
sepsis have identified modulations in both histone acetylation and methylation following 
sepsis, in particular in the promoter regions of genes essential for mediating protective 
immune responses against secondary infections. 
In DCs, for example, modulations in histone methylation events in the promoter regions of 
IL-12 are observable following sepsis (Wen, Schaller, et al., 2008). When tissue-resident DCs 
from post-septic animals are compared to those from healthy controls, the pattern of histone 
methylation is skewed towards gene repression. This includes decreases in methylation of 
lysine 4 on the tail of histone 3 (H3K4me), which is considered an activating epigenetic 
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mark, as well as increases in methylation of lysine 27 on the tail of histone 3 (H3K27me), 
which is considered a repressive epigenetic mark. These marks are maintained for a 
significant amount of time following the resolution of severe sepsis, as tissue-resident DCs 
from post-septic animals retain these modulated methylation marks six weeks after the 
experimental onset of severe sepsis. In addition, the chromatin modifying enzymes 
responsible for the addition of these histone methylation marks is significantly altered in 
post-septic DCs, with the H3K4me machinery decreased and the H3K27me machinery 
increased in the promoter regions of both IL-12a and IL-12b . This increase in repressive 
histone methylation marks correlates with decreased IL-12 production both in vitro and in 
vivo, and provides one explanation for the observed reduction in proinflammatory cytokine 
production that is unrelated to the presence of anti-inflammatory cytokines (i.e. IL-10) (Wen, 
Dou, et al., 2008). 
While the data concerning epigenetic reprogramming in macrophages is less robust in 
regards to long-term immunosuppression, modulations in histone modifications can be 
observed in macrophages following the onset of severe sepsis, and these modulations affect 
proinflammatory responses by these cells. For example, macrophages recovered from 
experimental models of severe sepsis exhibit increased levels of methylation at lysine 9 of 
histone 3 (H3K9, repressive) at the promoter region of both IL-1β and TNFα, resulting in 
decreased production of both inflammatory mediators (Lyn-Kew et al., 2010). This increase 
in repressive histone methylation appears to be a mechanism whereby the immune system 
is attempting to limit proinflammatory cytokine production; however, as both of these 
cytokines are critical for immunity against bacteria, their decreased production by 
macrophages can leave the immune system less able to properly respond to secondary 
infections. In addition, decreases in H3K4me and increases in acetylation of the tail of 
histone 4 (AcH4) are observed both in the TNFα and iNOS promoter; reductions in iNOS 
expression severely limit the ability of the macrophage to produce nitric oxide, a critical 
component of the cytotoxic response. To date, few studies have been performed to 
determine if these aberrant histone modification events remain present in macrophages long 
after the resolution of SIRS. However, recent studies identifying an epigenetic role for the 
development of the alternatively activated macrophage (decreases in H3K27 methylation 
mediated by the histone demethylase KDM6B) may provide a mechanism for the increased 
propensity of post-septic macrophages to become alternatively activated, as the increase in 
KDM6B expression and activation is driven by TH2 cytokines that are upregulated during 
CARS, most notably IL-4 (Ishii et al., 2009).  
Epigenetic reprogramming of CD4+ T cells following sepsis is also apparent, both in regards 
to cytokine production and T-helper lineage commitment. As mentioned previously, CD4+ 
T cells from post-septic animals exhibit deficiencies in their ability to properly commit to 
either the TH1 or TH2 lineage, as evidenced by modulations in cytokine production during 
recall/re-challenge both in vivo and in vitro. These deficiencies in lineage commitment 
correlate with modulations in histone modifications, specifically increases in H3K27me 
levels in promoter regions of T-helper subtype genes. For example, post-septic CD4+ T cells 
exhibit increased levels of H3K27me in the promoter region of Ifng, correlating with the 
decreased production of IFNγ during skewing and restimulation experiments in vitro. In 
addition, these same cells exhibit increased levels of H3K27me in the promoter region of 
Gata3, a transcription factor critical for the development of TH2 T cells. This increase in 
repressive histone methylation correlates with the reduced capacity of post-septic T cells to 
fully commit to the TH2 lineage, as evidenced by the continued production of IFNγ in TH2 
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inflammatory contexts both in vitro and in vivo (W. F.  Carson et al., 2010; W. F.  Carson et al., 
2011). In addition to modulations in histone methylation, histone acetylation is also 
modulated in post-septic CD4+ T cells, in particular the CD4+ CD25- T cell subset that is 
thought to consist primarily of effector cells. CD4+ CD25- T cells from post-septic animals 
exhibit increases in H3K9 acetylation (H3K9ac) in the promoter region of Foxp3 (Cavassani 
et al., 2010); Foxp3 is a transcription factor considered to be a master regulator of Treg 
function, and expression of Foxp3 is essential for the suppressive activity of Tregs. In 
addition, CD4+ CD25- T cells from post-septic mice exhibit increased expression of Kat2a 
mRNA; Kat2a is the chromatin modifying enzyme responsible for the addition of the 
H3K9ac mark. The concurrent increase in both H3K9ac and Kat2a in post-septic CD4+ T 
cells correlates with the increase in both Treg numbers and functional activity in post-septic 
mice; in terms of post-septic immunosuppression, this increase in Treg results in increased 
susceptibility to solid tumor challenge. Taken together, these studies indicate that following 
severe sepsis, CD4+ T cells exhibit modulations in the epigenetic regulation of gene 
expression, via changes in histone modifications, and that these changes can have significant 
effects on the activation, differentiation and effector function of these cells at timepoints 
post-sepsis.  
Clearly, post-septic immunosuppression is a chronic condition, and can manifest itself in 
survivors of severe sepsis long after the resolution of SIRS and CARS-associated cytokine, 
chemokine and soluble mediator production. Of particular importance is the ability of post-
septic immunosuppression to manifest itself even after the resolution of active suppressive 
mechanisms, such as with the increase in peripheral IL-10 and TGFβ observed during CARS. 
Studies of leukocyte function in experimental models of severe sepsis have identified 
numerous activation deficiencies in post-septic cells, centred on dysregulated cytokine and 
transcription factor expression. One possible explanation of the maintenance of this 
immunosuppressive phenotype is via changes in gene expression due to modulations in the 
epigenetic signatures of post-septic leukocytes. However, these studies have up to now been 
limited in scope, even within the field of epigenetics, as there remains many other epigenetic 
mechanisms (such as histone phosphorylation, DNA methylation, miRNA expression, etc) 
that may also be playing a role in mediating post-septic immunosuppression. In addition, 
much work remains to be done in correlating the gene regulatory events observed during 
late-phase CARS in animals with the phenotypes of peripheral blood leukocytes in patients 
who have recovered from severe sepsis. However, studies in animal models provide 
experimental data to bolster the findings from epidemiological studies in humans – namely, 
that post-septic immunosuppression can last far beyond the resolution of CARS, and the 
long-term survival of severe sepsis patients can be adversely effected by the improper 
function of the post-septic immune system.  

4. Conclusion  
Following the onset of severe sepsis, the cellular immune system is tasked with responding 
to both the septic insult, and any subsequent secondary infections or challenges, while also 
balancing the need to restrict the same pro-inflammatory responses that are mediating 
sepsis-induced mortality. The initial molecular mechanisms intended to resolve sepsis-
induced mortality – namely, the increase in anti-inflammatory and immune-deviating 
cytokines observed during CARS – can render the cellular immune system unable to 
respond to secondary infections. In addition, apoptosis of immune cells during SIRS may 
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remove those cells from participating in the cytokine storm of severe sepsis, but it reduces 
the number of functional immune cells able to respond to opportunistic and nosocomial 
infections. Following recovery from sepsis, the cellular immune system retains many 
deficiencies in activation and effector function, resulting in persistent immunosuppression 
that can adversely affect the long-term survival of patients who have recovered from severe 
sepsis. Ultimately, the cellular immune system is faced with a seemingly unsolvable 
paradox, in that limiting cellular activation can protect the organism from sepsis-induced 
mortality, only to leave the door open for mortality based on secondary infections during 
recovery. 
Despite what is known about the nature of cellular immunosuppression following severe 
sepsis, many questions still remain to be answered. Of particular importance is the apparent 
link between the severity of the septic response (i.e. the cytokine storm) and the 
development of post-septic immunosuppression. It appears that the severity of the septic 
response, presumably as measured by the qualitative severity of the cytokine storm, is 
directly related to the development of post-septic immunosuppression. However, it is not 
clearly understood whether the development of immunosuppression is due to the increased 
level of a specific cytokine, or due to the combined presence of multiple proinflammatory 
cytokines acting in concert. Clearly, neutralization of individual cytokines during SIRS (for 
example, by utilizing mice that are genetically deficient) can have a dramatic effect on the 
sepsis-induced mortality; however, it remains to be seen whether the resulting effects on 
post-septic immunosuppression are due to the neutralization of the specific 
proinflammatory cytokine or a generalized effect of reducing the severity of the septic 
shock. In addition, much work remains to be done on the role of the cytokine storm of SIRS 
in modulating long-term immunosuppression, in particular the setting of epigenetic marks 
in post-septic leukocytes. It remains to be seen if the setting of specific epigenetic marks – 
along with the up- or down-regulation of chromatin modifying enzymes – is mechanistically 
driven by the cytokine milleu during SIRS.  
From a clinical perspective, the persistence of post-septic immunosuppression presents a 
challenge for both diagnosis and treatment. Treatments aimed at reducing the severity of the 
acute phase of severe sepsis may help reduce sepsis-induced mortality at the expense of 
exacerbating CARS-associated mortality. Modulation of epigenetic mechanisms may prove 
useful for restoring immune function post-sepsis, but the available pharmacological 
approaches against histone modifications are limited. In addition, the diagnostic tools 
available to diagnose post-septic immunosuppression remain few, as not all survivors of 
severe sepsis go on to develop immunosuppressive phenotypes. To date, there are few 
described markers useful for the diagnosis of post-septic immunosuppression, aside from 
either functional analysis of peripheral blood leukocytes or, unfortunately, the development 
of secondary, opportunistic or nosocomial infections in the patient. Ultimately, these 
challenges associated with the proper diagnosis and treatment of post-septic 
immunosuppression makes this phenomenon a significant human health concern. 
In summary, immune cell dysfunction is an important sequela of severe sepsis. This 
dysfunction manifests in three distinct phases following the onset of disease: during SIRS as 
a result of cell apoptosis and exhaustion, during the switch from SIRS to CARS as a result of 
directed immunosuppression by cells and soluble factors, and for the long term (CARS and 
beyond) due to cell-intrinsic defects in activation, differentiation and effector function. As a 
result, survivors of severe sepsis remain susceptible to secondary infections long after 
recovery from the acute phase of the inflammatory response. Despite the current 
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understanding of the mechanisms governing post-septic immunosuppression, much 
remains to be understood concerning the development of this phenomenon and the proper 
treatments and therapies to recover the proper function of the immune system in post-septic 
patients.  
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circulating microparticles express membrane antigens that suggest a platelet origin. These 
vesicles have also been implicated to play a role in inflammation, coagulation and 
diseases associated with impairment of vascular function, e.g. atherosclerosis, diabetes 
and hypertension (Tushuizen et al., 2011). Usually, microparticles release is the result of 
cell activation or apoptosis, although it is not known whether these events lead to the 
formation of similar microparticles, in terms of size, lipid and protein composition and 
pathophysiological effects. Microparticles release is an integral part of the membrane-
remodeling process in which the asymmetric distribution of constitutive phospholipids 
between the two leaflets of the cell membrane is lost, with released microparticles 
exposing phosphatidylserine in the outer membrane, which acts as a template for  
the prothrombinase complex assembly and for their role in coagulation activation (Zwaal 
& Schroit, 1997).  
 

 
Fig. 1. Microparticles (arrows) isolated from plasma of a patient 24 hours after percutaneous 
coronary angioplasty. Electron micrography depicts a heterogeneous population of vesicles 
ranging in size from 80 to 200 nm (original magnification X39000). Adapted from Azevedo 
et al., 2007 with permission. 

It is important to note, in first place, that circulating microparticles are a population of 
vesicles from different cell types and from different cellular compartment origins. As 
already discussed, the most common mechanism of microparticle release is cell activation or 
apoptosis, which induces plasma membrane budding, leading to the formation of 
membrane blebs. However, apoptosis can also induce the formation of apoptotic bodies, 
which are sometimes considered as members of microparticles’ family. Apoptotic bodies are 
cell fragments many times larger in diameter and volume than microparticles that are 
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consequence of cell fragmentation in the final stages of apoptosis, in contrast with 
microparticles, that are released in the early moments of programmed cell death. These 
apoptotic bodies also expose phosphatidylserine in the outer membrane, but unlike 
microparticles, have poor prothrombotic properties. Probably, the role of 
phosphatidylserine in these corpuscles is to recruit phagocytic cells to the site of apoptotic 
death (Janiszewski et al, 2004). 
Other type of vesicle released after cell activation that can sometimes overlap microparticle 
function is the exosome. Dissimilar to microparticles that are fragments of cell membranes, 
exosomes are vesicles produced in the endocytic-lysosomal system of several cell lines. 
Exosomes are smaller than microparticles (usually less than 0.1 µm), have different surface 
antigens and poor clotting capacity (Azevedo et al, 2007). The role of exosomes in sepsis will 
be discussed in more details below. 
Virtually all cell types subjected to activation can release microparticles after blebbing of 
plasma membrane. The most common cell types associated with microparticle release are 
platelets, endothelial cells, neutrophils, smooth muscle cells, monocytes and T lymphocytes. 
(Azevedo et al, 2007). Their ubiquity has suggested a more general role for microparticles in 
cellular regulation, possibly with functions reminiscent of their original cell. 

3. Composition of microparticles 
The membrane of microparticles, which is derived from the parental cell plasma membrane, 
consists primarily of lipids and proteins, in variable amounts. The precise content of lipids 
and proteins is dependent on the cell they originate from and the type of stimulus involved 
in their formation.  
Microparticles are surrounded by a phospholipid bilayer. During the budding process, the 
normal phospholipid asymmetry of the membrane is lost, with microparticles exposing 
negatively charged phospholipids such as phosphatidylserine (PS) and 
phosphatidylethanolamine (PE) in their outer membrane leaflet. Exposure of PS plays a role 
in the in vivo effects of microparticles, since PS is an efficient site for coagulation factor 
activation. Analysis of components of microparticles from blood of healthy donors indicates 
that phosphatidylcholine represents more than 60% of their lipid content (Weerheim et al, 
2002). Other lipids present in minor concentrations are sphingomyelin, PS and PE.  
Although these microparticles are in the vast majority derived from platelets (~75%), their 
phospholipid composition is different from parental cell. 
Protein composition in the surface of microparticles is dependent of parental cell type. These 
surface antigens are specific for the cell they originate from and can help to identify the 
origin of microparticle. However, microparticle can differ in the expression of cell surface 
molecules from their parental cells. This is particularly important when microparticles 
express molecules upregulated or translocated by cell activation or apoptosis. For example, 
IL-1 alpha-activated cultured endothelial cells can release microparticles displaying E-
selectin and endothelial cell adhesion molecule 1 in significantly higher concentrations than 
resting cultivated endothelial cells (Abid Hussein et al, 2003). There are also data depicting 
different protein composition of microparticles in response to different agonists and with 
the same parental cell stimulated with the same agonist (Hughes et al, 2000). Taken together, 
these differences indicate that shedding seems to be a well-regulated process that originates 
unique microparticle characteristics depending on the cell source, stimulus, scenario and 
pathophysiological conditions. 
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More recent data demonstrate that, besides proteins and lipid composition on the surface of 
microparticles, the inner portion of these vesicles also contain several enzymes and genetic 
material capable of interacting and producing effects on the target cell (Meziani et al, 2010). 
Subunits of enzymes with superoxide producing activity like NADPH oxidase have  
been identified on microparticles originated from platelets (Janiszewski et al, 2004). In 
addition, microparticles and exosomes from cultured cells and normal individuals have 
been demonstrated to contain mRNA and microRNA, which suggests that these vesicles 
may play a role on the cell to cell transfer of genetic contents (Hunter et al, 2008 and  
Valadi et al,  2007). 

4. Mechanisms of microparticle release 
Platelets release microparticles after activation by thrombin, ADP plus collagen, calcium 
ionophore A23187 and high shear stress. Endothelial cells, monocytes and vascular smooth 
cells can release microparticles after activation by bacterial lipopolysaccharide, 
inflammatory cytokines, complement complex C5b-9 or reactive oxygen species (Boulanger 
et al, 2006). 
The mechanisms governing plasma membrane shedding and consequent microparticle 
release are only partially understood. Usually, the shedding starts within minutes after 
addition of an agonist, by a calcium-dependent process that can be blocked by calcium 
chelators. One of the possible molecules governing this process is calpain µ, which is a 
calcium-dependent cytosolic-protease that cleaves talin and α-actin. Inhibition of calpain 
by calpeptin or calcium chelators prevents the release of microparticles (Azevedo et al, 
2007). However, molecules other than calpain may be involved in calcium-dependent 
microparticles release, since blockade by calpeptin did not induce an inhibition of 
microparticle release to the same extent as EGTA, suggesting a role for other calcium 
dependent processes. Cytosolic calcium increase may also activate kinases and inhibit 
phosphatases, which together with calpain activation, are responsible for cytoskeleton 
disruption. Membrane skeleton disruption is the result of several mechanisms, such  
as myosin light-chain phosphorylation mediated by myosin light-chain kinase (MLCK) 
upon activation or Rho-associated kinase I (ROCK-I), in apoptosis. Phosphorilation of 
myosin light chains (MLC) stimulates the contractile activity of myosin, with myosin 
ATPase activation creating movement between actin and myosin filaments (Azevedo  
et al, 2007). This movement may tensionate plasma membrane and cause detachment  
of the cytoskeleton from the membrane, with the formation of blebs and the subsequent 
release of microparticles. However, the precise interaction between cell membrane  
and cytoskeleton, which permits microparticle formation, is still unknown. Recent data 
has implicated ROCK-II (an isoform of ROCK-I) in thrombin-induced microparticle 
release from endothelial cells. These new data recently incorporated indicates that the 
knowledge on mechanisms inducing cytoskeleton rearrangement during bleb formation is 
still scarce.   
Another important feature in microparticle formation is the loss of phospholipid asymmetry 
of membranes after cell activation. Usually, PS and PE are specifically segregated in the 
inner leaflet, whereas phosphatidylcholine and sphingomyelin are enriched in the external 
one. This distribution is controlled by three enzymes: an inward-directed pump, a flippase 
(aminophospholipid translocase), specific for PS and PE; an outward-directed pump 
referred to as "floppase"; and a lipid scramblase, promoting unspecific bidirectional 
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redistribution across the bilayer. The increase in calcium content after cell activation may 
lead to collapse of the membrane asymmetry by stimulating scramblase and floppase 
activities and concomitantly inhibiting the flippase. The increase in PS exposure in the outer 
leaflet that follows microparticle formation enhances coagulative properties and facilitates 
removal of apoptotic bodies by phagocytic cells. PS also binds annexin-5, which has been 
used in several studies for microparticle quantification (Azevedo et al, 2007).   
Whether microparticles release is the result of cell membrane shedding, the release of 
exosomes from the parental cell is mainly orchestrated by the endocytic-lisossomal 
system. Endocytosis is a range of processes performed by the cell in order to internalize 
specific regions of the plasma membrane as well as small amounts of extracellular fluid. 
In this process, intracellular compartments of endocytic pathway called multivesicular 
bodies (MVB) composed of numerous vesicles are able to fuse with the plasma membrane, 
releasing these vesicles abroad. After incorporation into the cell, the absorbed material is 
accumulated in endosomes, which are major sites of entry for the captured molecules.  
The endosomes then become MVB, which are characterized by being more spherical,  
had lower intra-luminal pH and a different protein distribution. It is unclear the 
mechanism by which endosomes become MVB. In MVB, the presence of vesicular bodies 
inside is better characterized and once formed, these structures are destined for several 
processes: they can serve as storage sites; They can direct proteins to be degraded through 
their fusion with lysosomes (organelles that constitute, together with the MVB, the major 
site of protein and lipid degradation in the cell); Or they can fuse with the plasma 
membrane, thereby releasing their vesicles (exosomes) into the extracellular medium 
(Azevedo et al, 2007).  

5. Microparticles in inflammatory conditions and sepsis 
There is now emerging evidence that microparticles and exosomes participate actively in 
regulation of vascular function in several healthy and disease states. Microparticles, 
regardless their cell origin, can transfer biological information between cells, therefore 
acting as vectors of signaling molecules. Most of the exchange of information from 
microparticles takes place at the level of endothelium and contributes to their 
(patho)physiological role. Microvesicles (microparticles and exosomes) have been reported 
to be part of the disease mechanisms in several conditions, such as inflammation, 
thrombosis and vascular dysfunction, all elements that are reported to be extremely 
involved in the pathogenesis of sepsis. 
It is now demonstrated from in vitro and in vivo studies that microparticles may play a role 
in inflammatory conditions, since they display a variety of proinflammatory activities. 
Microparticles from endothelial cells, platelets and leukocytes can promote adhesion and 
rolling of leukocytes, contain proinflammatory cytokines and trigger the release of 
microparticles from several cell types in vitro (Huber at el, 2002, Forlow et al, 2000). In 
addition, oxidized phospholipids from endothelial microparticles released by oxidative 
stress may cause monocyte adherence to endothelial cells and neutrophil activation (Huber 
et al, 2002). A recent study demonstrated also that microparticles isolated from septic shock 
patients injected into rats induce the expression of inducible nitric oxide synthase, nuclear 
factor kappa B and cyclooxygenase-2 in the lungs and hearts of these animals (Mastronardi 
et al, 2011). 
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their fusion with lysosomes (organelles that constitute, together with the MVB, the major 
site of protein and lipid degradation in the cell); Or they can fuse with the plasma 
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thrombosis and vascular dysfunction, all elements that are reported to be extremely 
involved in the pathogenesis of sepsis. 
It is now demonstrated from in vitro and in vivo studies that microparticles may play a role 
in inflammatory conditions, since they display a variety of proinflammatory activities. 
Microparticles from endothelial cells, platelets and leukocytes can promote adhesion and 
rolling of leukocytes, contain proinflammatory cytokines and trigger the release of 
microparticles from several cell types in vitro (Huber at el, 2002, Forlow et al, 2000). In 
addition, oxidized phospholipids from endothelial microparticles released by oxidative 
stress may cause monocyte adherence to endothelial cells and neutrophil activation (Huber 
et al, 2002). A recent study demonstrated also that microparticles isolated from septic shock 
patients injected into rats induce the expression of inducible nitric oxide synthase, nuclear 
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Besides endothelial microparticles, other vesicles released from different cell sources may 
have a role in mediating cellular interactions in vascular milieu. Platelet-derived 
microparticles, for instance, can enhance the binding of neutrophils to other neutrophils 
under flow conditions. This effect seems to be mediated by an interaction between P-selectin 
on microparticles and P-selectin-glycoprotein ligand 1 on neutrophils, since the blockade of 
these surface molecules can reduce this binding (Forlow et al, 2000).  Microparticles derived 
from platelets can also stimulate monocyte-endothelial interactions, by delivering 
arachidonic acid to endothelial cells, which induces the upregulation of expression of 
cellular adhesion molecules (ICAM-1) on endothelium and CD11a/CD18 and CD11b/CD18 
on monocytes (Barry et al, 1998).  
Platelet-derived microparticles, as well as vesicles from other cell lines, can contribute to 
inflammation by stimulating the production of several cytokines. Microparticles derived 
from leukocytes can increase the production of IL-6, monocyte chemotactic protein 1 (MCP-
1) and Tissue Factor (TF) in endothelial cells (Mesri & Altieri, 1999). Platelet-derived 
microparticles have been associated with increased production of IL-8, IL-1beta and TNF-
alpha by a monocytic cell line (THP-1) and endothelial cells in high shear stress conditions 
(Nomura et al, 2004).  In leukocytes, endotoxin stimulation induced the shedding of 
microvesicles containing platelet-activating factor (PAF), a known inducer of inflammatory 
response (Watanabe et al, 2003). 
Evidence that microparticles participate in the genesis of inflammatory diseases is 
supported by studies that depicted increased number of microparticles in inflammatory 
conditions in vivo. Meningococcal sepsis, for instance, is associated with increased levels of 
microparticles released mainly from granulocytes and platelets (Nieuwland et al, 2000). 
These vesicles are highly procoagulant, which demonstrates the correlation among 
inflammation and coagulation in the pathogenesis of several vascular diseases. In patients 
with sepsis and multiple organ dysfunction syndrome, Joop et al found increased number of 
microparticles released from granulocytes, and diminished levels of microparticles derived 
from platelets and erythrocytes were also found. Trauma patients have also increased levels 
of leukocyte microparticles with enhanced expression of adhesion molecules on days 2 to 5 
after injury (Fujimi et al, 2003). In addition, in sepsis, circulating levels of endothelial and 
platelet microparticles were negatively correlated with unfavorable outcomes during 
multiple organ dysfunction syndrome (Soriano et al, 2005). 
Sepsis has also been associated with significant endothelial dysfunction. Many studies 
have isolated microparticles from blood of patients with disease states marked by 
vascular dysfunction, and these vesicles were associated with this impairment in isolated 
arteries (Martin et al, 2004, Tesse et al 2005). Microparticles released from T-lymphocytes 
are capable of impairing endothelial function after 12 or 24 hours of incubation, also 
decreasing eNOS expression and increasing caveolin-1 expression of endothelial cells in 
culture (Martin et al, 2004). Another investigation reported impairment of vascular 
function with microparticles released from an apoptotic T cell line in a mechanism 
associated with transcription factor NF-κB production and proinflammatory protein 
upregulation (Tesse et al, 2005). Microparticles originated from endothelial cells in culture 
induce superoxide production by aortic rings associated with impairment of 
acethylcoline-induced vasorelaxation. These microvesicles also inhibit NO production by 
aortic rings and display p22(phox), a subunit of superoxide-producing enzyme NADPH 
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oxidase, thus demonstrating an important role for oxidative stress in vascular dysfunction 
(Brodsky et al, 2004). However, there is still a lot to be discovered on the mechanisms of 
microparticles induced endothelial dysfunction.  
Another hallmark of sepsis is activation of coagulation. The most known property of 
microparticles is their ability to induce coagulation activation with subsequent thrombosis 
of vascular beds. There is substantial in vitro evidence of the involvement of microparticles 
in activation of coagulation system (Muller et al, 2003). In vivo studies depicting increased 
concentrations of microparticles in diseases associated with coagulation activation 
corroborate the in vitro data (Nieuwland et al, 2000). 
Circulating microparticles provide an additional procoagulant phospholipid surface for the 
assembly of the clotting enzymes complexes that promote thrombin generation.  The 
assembly of vitamin-K dependent tenase and prothrombinase complexes in microparticles is 
known as platelet factor 3 activity. Platelet microparticles also display activated factor V in 
their surface, which may contribute to activation of clotting. Endothelial microparticles, in 
turn, released after stimulation of endothelial cells in culture with plasminogen activator 
inhibitor-1 (PAI-1) become procoagulant with an accelerated thrombin production (Brodsky 
et al, 2002). This activation of coagulation that occurs after microparticle release culminates 
with the generation of thrombin, which consequently induces hemostasis or a 
prothrombotic state. The stimulation of clotting that follows microparticle release requires a 
tight control exerted by natural anticoagulant systems. Indeed, binding of protein S to 
microparticle surface has already been described, with subsequent binding of protein C and 
activated protein C.  
A more direct mechanism relating microparticles and initiation of coagulation was 
described when TF was reported to be present in the surface of platelet-derived 
microvesicles (Muller et al, 2003). TF has also been described in microparticles derived from 
monocytes and smooth muscle cells after apoptosis (Azevedo et al, 2007). Moreover, 
microparticles are capable of inducing TF expression on monocytes (Sturk-Maquelin et al, 
2003). Since TF mRNA has not been demonstrated in megakaryocytes, platelet-derived and 
microparticles-derived TF is likely to originate from other cell lines, incorporated in platelets 
by transcelular exchange (Scholz et al, 2002). Tissue factor production in microparticles has 
also been associated with inflammatory conditions such as meningococcal disease 
(Nieuwland et al, 2000), thus demonstrating the continuous interplay between inflammation 
and coagulation activation.  
The evidence for microparticle contribution to coagulation in vivo is circumstantial. There 
are reports of increase in microparticle numbers in several diseases associated with 
hypercoagulation such as heparin induced thrombocytopenia and acute coronary 
syndromes. Moreover, several diseases related with hypercoagulation are associated with 
production of microparticles exposing TF, such as disseminated intravascular coagulation 
((Nieuwland et al, 2000). This demonstrates a probable role of microparticles as contributors 
of vascular dysfunction in cardiovascular diseases and sepsis.  

6. Exosomes are a special type of microparticles 
Exosomes are frequently referred as a specialized category of microparticles with specific 
functions in immune response and protein sorting. They are released mainly from antigen 
presenting cells, although exosomes have been identified after platelet (Heijnen et al, 1999) 
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of vascular beds. There is substantial in vitro evidence of the involvement of microparticles 
in activation of coagulation system (Muller et al, 2003). In vivo studies depicting increased 
concentrations of microparticles in diseases associated with coagulation activation 
corroborate the in vitro data (Nieuwland et al, 2000). 
Circulating microparticles provide an additional procoagulant phospholipid surface for the 
assembly of the clotting enzymes complexes that promote thrombin generation.  The 
assembly of vitamin-K dependent tenase and prothrombinase complexes in microparticles is 
known as platelet factor 3 activity. Platelet microparticles also display activated factor V in 
their surface, which may contribute to activation of clotting. Endothelial microparticles, in 
turn, released after stimulation of endothelial cells in culture with plasminogen activator 
inhibitor-1 (PAI-1) become procoagulant with an accelerated thrombin production (Brodsky 
et al, 2002). This activation of coagulation that occurs after microparticle release culminates 
with the generation of thrombin, which consequently induces hemostasis or a 
prothrombotic state. The stimulation of clotting that follows microparticle release requires a 
tight control exerted by natural anticoagulant systems. Indeed, binding of protein S to 
microparticle surface has already been described, with subsequent binding of protein C and 
activated protein C.  
A more direct mechanism relating microparticles and initiation of coagulation was 
described when TF was reported to be present in the surface of platelet-derived 
microvesicles (Muller et al, 2003). TF has also been described in microparticles derived from 
monocytes and smooth muscle cells after apoptosis (Azevedo et al, 2007). Moreover, 
microparticles are capable of inducing TF expression on monocytes (Sturk-Maquelin et al, 
2003). Since TF mRNA has not been demonstrated in megakaryocytes, platelet-derived and 
microparticles-derived TF is likely to originate from other cell lines, incorporated in platelets 
by transcelular exchange (Scholz et al, 2002). Tissue factor production in microparticles has 
also been associated with inflammatory conditions such as meningococcal disease 
(Nieuwland et al, 2000), thus demonstrating the continuous interplay between inflammation 
and coagulation activation.  
The evidence for microparticle contribution to coagulation in vivo is circumstantial. There 
are reports of increase in microparticle numbers in several diseases associated with 
hypercoagulation such as heparin induced thrombocytopenia and acute coronary 
syndromes. Moreover, several diseases related with hypercoagulation are associated with 
production of microparticles exposing TF, such as disseminated intravascular coagulation 
((Nieuwland et al, 2000). This demonstrates a probable role of microparticles as contributors 
of vascular dysfunction in cardiovascular diseases and sepsis.  

6. Exosomes are a special type of microparticles 
Exosomes are frequently referred as a specialized category of microparticles with specific 
functions in immune response and protein sorting. They are released mainly from antigen 
presenting cells, although exosomes have been identified after platelet (Heijnen et al, 1999) 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

162 

and mast cell (Denzer et al, 2000) activation and in body fluids, such as urine (Zhou et al, 
2006) or bronchoalveolar lavage (Admyre et al, 2003).  Dissimilar to microparticles, 
exosomes are more homogeneous in size (diameters ranging from 60 to 100 nm) and 
composition, and are enriched in tetraspaning proteins (Azevedo et al, 2007). They are also 
derived from endocytic-lisosomal cellular system, whereas microparticles are fragments of 
plasmatic membrane. Platelet-derived exosomes display PS in a much less extent than 
microparticles, thus they are poor coagulation activators (Heijnen et al, 1999). However, 
they exhibit major histocompatibility complex (MHC) class I or II molecules in their surface, 
which demonstrate their role in antigen presentation (Théry et al, 2002). Common filtration 
and centrifugation processes used to separate microparticles frequently cannot eliminate 
these small particles. Thus, some of the biologic effects of microparticles observed in  
the literature may be due to the presence of exosomes in the preparation. The major 
differences between microparticles and exosomes regarding origin and composition are 
described in table 1. 
 

Property Microparticles Exosomes 
Origin Plasma Membrane Endocytic-lisosomal system 

Type of Generation Regulated Constitutive 
Mechanism of Release Shedding from plasma 

membrane 
Exocytosis of MVB 

Intracellular Storage No Yes 
Protein Composition Annexin 2, caspases CD9, CD63, cytokines, 

Integrins 
Lipid Composition Cholesterol Cheramides, cholesterol 

Table 1. Main differences between microparticles and exosomes 

The role of exosomes in sepsis remains deeply unexplored. One previous study from our 
laboratory identified in septic patients’ plasma exosomes derived predominantly from 
platelets. These vesicles have been associated with vascular dysfunction of sepsis, due to 
their effects in inducing apoptosis of endothelial cells and vascular smooth muscle cells in 
culture, in a mechanism mediated by oxidative stress (Janiszewski et al, 2004; Gambim et al, 
2007). They display components of NADPH oxidase in their membrane and are capable of 
production of reactive oxygen species per se (Janiszewski et al, 2004; Gambim et al, 2007). In 
addition, these vesicles may induce contractile dysfunction in isolated hearts as well as in 
isolated papillary muscle preparations. This dysfunction is enhanced by previous treatment 
of the animals with LPS and the mechanism associated is probably NO-mediated (Azevedo 
et al, 2007). Thus, in a condition associated with severe vascular dysfunction such as sepsis, 
exosomes may play a role in regulating cardiovascular function.  

7. Conclusions  
In this review we have assessed the current knowledge on microparticles formation, 
composition and function, as well as their role in sepsis. Accumulating data suggest that 
these microvesicles play a role in inflammation, thrombosis and vascular dysfunction, three 
pathways clearly involved in the pathogenesis of sepsis. Additional studies that clarify the 
composition of these vesicles as well as the underlying mechanisms involved in their effects 
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will probably help in the development of additional interventional strategies for prevention 
and treatment of sepsis.  
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1. Introduction 

Severe sepsis and septic shock continue to plague intensive care units, leading to significant 
morbidity and mortality (Vincent et al., 2007). During the pathogenesis of sepsis, patients 
often develop multiple organ failure (MOF), which is believed to be the main cause of death 
(Vincent et al., 2007), indicating that either treatment or prevention of MOF could have 
profound therapeutic implications. However, despite extensive research in this field, the 
mechanisms and cellular pathophysiology involved in the transition of sepsis to MOF 
remain unclear, likely due to their immense complexity and cross-talk between signalling 
pathways.  
This chapter aims to highlight the current knowledge regarding the pathophysiology of 
sepsis-induced organ dysfunction and failure, specifically outlining the current state of 
knowledge regarding septic-induced dysfunction of the lung, liver, kidney, cardiovascular 
system and brain For each of these organ systems, we will identify the major cell types 
prone to damage and briefly describe the key molecular pathways thought to contribute to 
this phenomenon, thereby ascertaining possible novel therapeutic targets. 

2. LPS-TLR4 signalling pathway 

Septic shock is initiated by a complex set of pathophysiological responses to the invasion of 
foreign microbial pathogens in the body. The most common organisms isolated during 
septic shock are gram-negative bacteria, which contain large quantities of 
lipopolysaccharide (LPS) in their cellular membranes (Legrand et al., 2010). LPS and its 
interaction with the Toll-like receptor 4 (TLR-4), is believed to be the major trigger of the 
septic signalling cascade (Salomao et al., 2008). To briefly describe this important cellular 
interaction; LPS, in association with LPS-binding protein and the receptor CD14, forms a 
complex with TLR-4 (Salomao et al., 2008). This complex then recruits the Toll-IL-1 
resistance (TIR)-domain-containing adaptor molecules to the cytosolic surface of TLR-4. The 
four known adaptor proteins include 1) myeloid differentiation factor 88 (MyD88), 2) 
MyD88 adaptor-like protein, 3) TIR-domain-containing adaptor molecule 1 (TRIF) and 4) 
TRIF-related adaptor molecule. Depending on which of these adaptor molecules are 
involved, LPS-TLR4 signalling can be categorized as either early MyD88-dependent 
responses or delayed MyD88-independent responses. Of these, the more commonly 
characterized MyD88-dependent pathway initiates the phosphorylation of various 
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signalling kinases, induces the nuclear translocation of the transcription factor NF-κB and 
ultimately the up-regulation of inflammatory cytokines and mediators (Salomao et al., 2008; 
Baumgarten et al., 2006). In general, these cytokines (including tumor necrosis factor (TNF), 
interlukin-1 (IL-1), IL-6, IL-8) and inflammatory mediators (coagulation factors, 
complement, nitric oxide, ROS) can induce cellular dysfunction and apoptosis resulting  
in tissue injury and organ failure (Baumgarten et al., 2006; Rittirsch et al., 2008; Cunningham 
et al., 2004). Other micro-organisms, such as gram-positive bacteria, viruses and fungi,  
can also induce a strong inflammatory reaction; however, this is often induced through 
modified signalling mechanisms, such as the TLR-2 pathway (Salomao et al., 2008; Legrand 
et al., 2010). 
This chapter will attempt to review the mechanisms and pathophysiology involved in the 
cellular injury and tissue dysfunction of the main organ systems affected during severe 
sepsis and septic shock. Moreover, this manuscript will highlight target molecules that are 
unique or of particular importance to the development of organ injury, to outline current 
evidence regarding the development and application of novel therapeutic targets in the 
clinical treatment of septic shock. 

3. Lung 
3.1 Pathophysiology 

The lung is often the first organ to undergo dysfunction during sepsis, due to its early 
involvement in the inflammatory process, leading to the culmination of acute lung injury 
(ALI) or acute respiratory distress syndrome  (ARDS) (Bellingan, 2002). The development of 
ARDS significantly worsens patient outcome, with associated mortality rate rising to 
between 30-60% (Ware & Matthay, 2000). This process is believed to be initiated by 
activation of resident alveolar macrophages, which produce inflammatory mediators 
causing the activated leukocytes of the circulation to be recruited towards the lung 
(Abraham & Singer, 2007). This army of phagocytes invades the pulmonary interstitium 
causing the breakdown of endothelial and epithelial barriers thereby leading to significant 
tissue edema (Bhatia & Moochhala, 2004). This plague of leukocytes both responds and 
contributes to inflammation by producing various cytokines, reactive oxygen species (ROS), 
protein kinases, and transcription factors which perpetuate the influx of more leukocytes, 
causes direct injury to lung tissue and provokes cellular apoptosis (Bhatia & Moochhala, 
2004; Abraham & Singer, 2007; Marshall, 2001). The consequence of these cellular alterations 
is the formation of hyaline membranes, fibrin deposition, surfactant alterations and 
impaired gas exchange, leading to the therapeutic requirement of mechanical ventilation 
support (Abraham & Singer, 2007). As if this damage was not enough, mechanical 
ventilation itself, while being a necessary life-saving intervention, can act as a “secondary 
hit”, causing additional injury known as ventilator-induced lung injury (VILI), which occurs 
due to excessive stretch of pulmonary alveoli (Vlahakis & Hubmayr, 2005). 

3.2 Major cell types involved 

The major cell types involved include alveolar macrophages that initiate the pulmonary 
inflammatory response, leukocytes, including neutrophils and monocytes that are recruited 
to the lung, pulmonary endothelial and epithelial cells (both type I and type II) that regulate 
the barriers of the lung, and fibroblasts that are involved in injury-repair processes. 
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3.3 Key molecular pathways and possible therapeutic targets 
3.3.1 TLR-4 and inflammation 

As described above, TLR-4 signalling plays role in the septic response of most organs, but 
has been intensely studied in the specific context of ALI and ARDS (Bhatia & Moochhala, 
2004). TLR-4 signalling is known to activate either directly or indirectly through MyD88 the 
nuclear translocation of NFκB, which in turn stimulates the production of a vast array of 
inflammatory proteases and cytokines (Salomao et al., 2008). The central role of TLR in the 
septic response is further supported by genetic studies that demonstrate that polymorphic 
variations in TLR-4 can predispose patients to gram-negative bacteremia and septic shock 
(Agnese et al., 2002; Lorenz et al., 2002). The importance of downstream NFκB signalling has 
also been emphasized by the clinical observation that in neutrophils from patients with 
septic-induced ARDS the amount of NFκB activity is associated with fewer ventilator-free 
days (Yang et al., 2003) and decreased survival (Bohrer et al., 1997). Of the cytokines 
stimulated by TLR-4, TNFα and IL-1β are believed to be the major mediators of septic shock 
(Bhatia & Moochhala, 2004). Both of these mediators are release in the very early stages of 
the inflammatory response, appearing within 30-90 minutes, and in turn activate a second 
level of the inflammatory cascade including other cytokines, lipid mediators and reactive 
oxygen species (Bhatia & Moochhala, 2004). The specific role TNFα is highlighted by several 
studies which report that the ratio of TNFα to its receptor TNFR is significantly correlated 
with increased organ dysfunction and patient mortality (Pellegrini et al., 1996), and genetic 
polymorphisms in TNF both increase the amount of circulating TNF and worsen patient 
outcome (Stuber et al., 1996). Furthermore, there is currently a prospective, randomized, 
double-blind, multi-center, phase II clinical trial underway testing the efficacy of an anti-
TNF antibody (ALT-836) versus placebo in the prevention of septic-induced ALI/ARDS, 
with the primary outcomes being patient safety and ventilator-free days (clinicaltrials.gov 
NCT00879606). In addition to TNFα and IL-1β, other cytokines and inflammatory mediators 
thought to play an important role in the pathogenesis of ARDS during septic shock include, 
but is not limited to, IL-6, IL-8, IL-10, IL-4, granulocyte colony-stimulating factor (G-CSF), 
inter-cellular adhesion molecule-1 (ICAM-1), complement component 5a (C5a) and various 
pro-coagulation molecules (Bhatia & Moochhala, 2004; Bozza et al., 2007). 

3.3.2 The RAGE axis 

The receptor for advanced glycation end-products, or RAGE, is an inflammation 
perpetuating receptor with a diverse range of ligands, for which there is compelling 
evidence for its role in the development of systemic inflammation and ALI (Creagh-Brown 
et al., 2010).  While RAGE is expressed at low levels in all cells, it has a uniquely high 
constitutive expression in the lung (Buckley & Ehrhardt, 2010), which is further up-
regulated upon activation by its various ligands (Schmidt et al., 2000), including S100 
proteins, high mobility group proteins and advanced glycation end-products. RAGE 
signalling has been described to involve NFκB, mitogen-activated protein kinases (MAPK), 
and phosphoinositide 3-kinases (PI3K) which in turn lead to increased production of 
inflammatory cytokines, proteases and oxidative stress (Creagh-Brown et al., 2010). 
Interestingly, genetic ablation or inhibition of RAGE has consistently shown to increase 
survival in several different animal models of severe sepsis and septic shock (Creagh-Brown 
et al., 2010), and has additionally been reported to decrease septic-induced lung injury even 
when blocked therapeutically up to 24hrs following the initiation of sepsis (Lutterloh et al., 
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3.3 Key molecular pathways and possible therapeutic targets 
3.3.1 TLR-4 and inflammation 
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thought to play an important role in the pathogenesis of ARDS during septic shock include, 
but is not limited to, IL-6, IL-8, IL-10, IL-4, granulocyte colony-stimulating factor (G-CSF), 
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pro-coagulation molecules (Bhatia & Moochhala, 2004; Bozza et al., 2007). 

3.3.2 The RAGE axis 

The receptor for advanced glycation end-products, or RAGE, is an inflammation 
perpetuating receptor with a diverse range of ligands, for which there is compelling 
evidence for its role in the development of systemic inflammation and ALI (Creagh-Brown 
et al., 2010).  While RAGE is expressed at low levels in all cells, it has a uniquely high 
constitutive expression in the lung (Buckley & Ehrhardt, 2010), which is further up-
regulated upon activation by its various ligands (Schmidt et al., 2000), including S100 
proteins, high mobility group proteins and advanced glycation end-products. RAGE 
signalling has been described to involve NFκB, mitogen-activated protein kinases (MAPK), 
and phosphoinositide 3-kinases (PI3K) which in turn lead to increased production of 
inflammatory cytokines, proteases and oxidative stress (Creagh-Brown et al., 2010). 
Interestingly, genetic ablation or inhibition of RAGE has consistently shown to increase 
survival in several different animal models of severe sepsis and septic shock (Creagh-Brown 
et al., 2010), and has additionally been reported to decrease septic-induced lung injury even 
when blocked therapeutically up to 24hrs following the initiation of sepsis (Lutterloh et al., 
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2007).  In accordance, similar results are found regarding the RAGE ligand HMGB1, which 
is known to be a late mediator of sepsis released from injured and stressed cells (Creagh-
Brown et al., 2010). Similar to RAGE, inhibition of HMGB1 during sepsis has also been 
shown to decrease lung injury and improve survival (Sawa et al., 2006; Yang et al., 2008). In 
clinical studies, patients with ALI have been observed to have increased soluble RAGE 
(sRAGE) in bronchioalveolar lavage fluid (BAL), and sRAGE levels correlated in severity of 
illness, ALI and mortality (Calfee et al., 2008; Uchida et al., 2006). Furthermore, ALI patients 
also display increased levels of various RAGE ligands (Creagh-Brown et al., 2010). While the 
benefits of RAGE inhibition have not been tested in the context of septic shock or ARDS, it is 
currently being assessed in the treatment of Alzheimer’s dementia (clinicaltrials.gov 
NCT00566397), which will provide valuable information regarding patient safety, which 
could assist in establishing future trails in the treatment of septic shock. 

3.3.3 Phosphoinositide 3-kinase gamma (PI3Kγ) 

Various phosphorylation molecules have been shown to significantly contribute to lung 
injury during the pathogenesis of severe sepsis and septic shock. In 2001, Yum et al. first 
showed that specific loss of PI3Kγ induced protection against acute lung injury in an 
experimental model of LPS-induced sepsis (Yum et al., 2001). While this paper was later 
challenged by a contradictory study using a model of E.coli (Ong et al., 2005), these original 
findings have since been confirmed in an extensive study by Martin et al. (Martin et al., 
2010). In this most recent study, both the genetic and pharmacological blockade of the 
kinase activity of PI3Kγ activity was shown to decrease lung inflammation, edema, and 
neutrophil invasion, and improve survival, even when pharmacological inhibition occurred 
up to 9 hours following the initiation of sepsis (Martin et al., 2010). Furthermore, this study 
demonstrated that these effects are likely due to decreased GRK2 phosphorylation and 
consequent maintenance of the receptor CXCR2 expression on neutrophils (Martin et al., 
2010). This, in turn, improves neutrophil recruitment to the origin of infection during severe 
sepsis, allowing for improved bacterial control and decreased decompartmentalization of 
the infection into the systemic circulation (Martin et al., 2010). Moreover, PI3Kγ is known to 
lie upstream to other phosphorylation molecules including Akt (or PKB), MAP kinases and 
NFκB, which have each been identified as contributors to lung injury during severe sepsis 
and septic shock (Martin & Ranieri, 2011). 

3.3.4 Fas 

Apoptosis, or programmed-cell death, occurs frequently in tissues under stress or injury as 
an attempt to limit necrosis; however in several disease pathologies including severe sepsis 
and septic shock, high levels of apoptosis can in itself be destructive (Wheeler, 2009).  
Apoptosis occurs through two distinct pathways; the intrinsic pathway involving 
mitochondrial signalling and the extrinsic pathway involving activation of cell surface death 
receptors (Wheeler, 2009). Fas is a type of death receptor for which there is compelling 
evidence for its fundamental role in pulmonary epithelial cells in the pathogenesis of septic-
induced ALI and ARDS (Chopra et al., 2009). In patients with ALI or ARDS, high levels of 
soluble Fas and its ligand (FasL) in BAL fluid correlate with increased mortality (Albertine 
et al., 2002; Matute-Bello et al., 1999). This role is supported by the fact that mice deficient in 
either Fas or FasL are protected from lung injury (Neff et al., 2005). More recent studies have 
shown that silencing the expression of Fas or the related Fas-associated death domain 
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(FADD) decreases lung apoptosis, injury and inflammation during sepsis (Perl et al., 2007; 
Matsuda et al., 2009). In addition this apoptotic pathway appears to be particularly 
dominant in this context, since silencing Fas, but not caspase-8 of the intrinsic pathway, in 
lung epithelial cells ameliorated pulmonary apoptosis, inflammation and neutrophil influx 
in a model of hemorrhage shock and sepsis (Perl et al., 2005). Moreover, in pulmonary 
epithelium, Fas can directly induce the production and release of inflammatory mediators, 
which further perpetuates the cycle of destruction (Perl et al., 2007). Together these data 
make Fas a potential therapeutic target that should be further explored in future studies. 

3.3.5 Activated protein C (APC) 

Activated protein C (APC) is a plasma serum protease that plays a central role in 
endogenous anti-coagulation. The PROWESS study, published in 2001, demonstrated the 
clinical significance of this molecule in the pathogenesis of sepsis, since administration of 
human recombinant APC (rhAPC) was found to significantly reduce mortality in patients 
with severe sepsis (Bernard et al., 2001). The specific role of APC in septic-induced ALI or 
ARDS has also been explored since protein C levels are documented to be decreased in ALI 
patients of both septic or non-septic origin, and that these reduced levels correlated with 
poor clinical outcome (Shorr et al., 2006; Matthay & Ware, 2004). These clinical finding are 
supported by studies in sheep, demonstrating that treatment with rhAPC in endotoxin or 
peritoneal-induced sepsis can reduce lung edema and injury (Waerhaug et al., 2008; Wang et 
al., 2007). Although APC is known for its anti-coagulative effects, these alone can not 
account for the improved clinical outcome in septic patients, since targeting of either 
activated factor X, anti-thrombin or tissue factor inhibitors has failed to produce a 
comparative protection (Sarangi et al., 2010). As such, APC has also been described to 
induce several cytoprotective effects which likely contribute to its success in the treatment of 
sepsis. These mechanisms include: 1) decreasing apoptosis (Mosnier et al., 2007), 2) the 
ability to bind to nuclear ribonucleoproteins, thereby facilitating the clearance of nuclear 
material from injured and necrotic tissue (Jean-Baptiste, 2007), 3) mediating the protection of 
the endothelial barrier, which prevents the destructive massive infiltration of neutrophils 
(Rittirsch et al., 2008), 4) a number anti-inflammatory effects including the decrease of tissue 
factor and thrombin, which in turn can induce inflammation, and the blockade of NFκB, 
which subsequently decreases the direct up-regulation of cytokines (Sarangi et al., 2010). 
Future studies, including the current multi-centered, phase III clinical trial PROWESS 
SHOCK (clinicaltrials.gov NCT00604214), are likely to further investigate and clarify the 
various mechanisms involved in APC-induced ALI protection during sepsis.  

4. Liver 
4.1 Pathophysiology 

The liver is the largest solid organ in the body, comprising 2-5% of the body weight of a 
normal adult. Its function is believed to play a major role in the development of multiple 
organ dysfunction syndrome due to its central control of metabolism and host defence 
mechanisms (Van Amersfoort et al., 2003); however it remains one of the most poorly 
characterized and understood organs involved in MOF. During septic shock the evolution of 
liver dysfunction can be divided in two phases. The early phase involves hepatocyte 
dysfunction induced by gut-derived norepinephrine, which activates α2-adrenoceptors, 
which stimulate Kupffer cells to enhance TNF-α release and depresses hepatocellular 
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2007).  In accordance, similar results are found regarding the RAGE ligand HMGB1, which 
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NCT00566397), which will provide valuable information regarding patient safety, which 
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showed that specific loss of PI3Kγ induced protection against acute lung injury in an 
experimental model of LPS-induced sepsis (Yum et al., 2001). While this paper was later 
challenged by a contradictory study using a model of E.coli (Ong et al., 2005), these original 
findings have since been confirmed in an extensive study by Martin et al. (Martin et al., 
2010). In this most recent study, both the genetic and pharmacological blockade of the 
kinase activity of PI3Kγ activity was shown to decrease lung inflammation, edema, and 
neutrophil invasion, and improve survival, even when pharmacological inhibition occurred 
up to 9 hours following the initiation of sepsis (Martin et al., 2010). Furthermore, this study 
demonstrated that these effects are likely due to decreased GRK2 phosphorylation and 
consequent maintenance of the receptor CXCR2 expression on neutrophils (Martin et al., 
2010). This, in turn, improves neutrophil recruitment to the origin of infection during severe 
sepsis, allowing for improved bacterial control and decreased decompartmentalization of 
the infection into the systemic circulation (Martin et al., 2010). Moreover, PI3Kγ is known to 
lie upstream to other phosphorylation molecules including Akt (or PKB), MAP kinases and 
NFκB, which have each been identified as contributors to lung injury during severe sepsis 
and septic shock (Martin & Ranieri, 2011). 

3.3.4 Fas 

Apoptosis, or programmed-cell death, occurs frequently in tissues under stress or injury as 
an attempt to limit necrosis; however in several disease pathologies including severe sepsis 
and septic shock, high levels of apoptosis can in itself be destructive (Wheeler, 2009).  
Apoptosis occurs through two distinct pathways; the intrinsic pathway involving 
mitochondrial signalling and the extrinsic pathway involving activation of cell surface death 
receptors (Wheeler, 2009). Fas is a type of death receptor for which there is compelling 
evidence for its fundamental role in pulmonary epithelial cells in the pathogenesis of septic-
induced ALI and ARDS (Chopra et al., 2009). In patients with ALI or ARDS, high levels of 
soluble Fas and its ligand (FasL) in BAL fluid correlate with increased mortality (Albertine 
et al., 2002; Matute-Bello et al., 1999). This role is supported by the fact that mice deficient in 
either Fas or FasL are protected from lung injury (Neff et al., 2005). More recent studies have 
shown that silencing the expression of Fas or the related Fas-associated death domain 
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(FADD) decreases lung apoptosis, injury and inflammation during sepsis (Perl et al., 2007; 
Matsuda et al., 2009). In addition this apoptotic pathway appears to be particularly 
dominant in this context, since silencing Fas, but not caspase-8 of the intrinsic pathway, in 
lung epithelial cells ameliorated pulmonary apoptosis, inflammation and neutrophil influx 
in a model of hemorrhage shock and sepsis (Perl et al., 2005). Moreover, in pulmonary 
epithelium, Fas can directly induce the production and release of inflammatory mediators, 
which further perpetuates the cycle of destruction (Perl et al., 2007). Together these data 
make Fas a potential therapeutic target that should be further explored in future studies. 

3.3.5 Activated protein C (APC) 

Activated protein C (APC) is a plasma serum protease that plays a central role in 
endogenous anti-coagulation. The PROWESS study, published in 2001, demonstrated the 
clinical significance of this molecule in the pathogenesis of sepsis, since administration of 
human recombinant APC (rhAPC) was found to significantly reduce mortality in patients 
with severe sepsis (Bernard et al., 2001). The specific role of APC in septic-induced ALI or 
ARDS has also been explored since protein C levels are documented to be decreased in ALI 
patients of both septic or non-septic origin, and that these reduced levels correlated with 
poor clinical outcome (Shorr et al., 2006; Matthay & Ware, 2004). These clinical finding are 
supported by studies in sheep, demonstrating that treatment with rhAPC in endotoxin or 
peritoneal-induced sepsis can reduce lung edema and injury (Waerhaug et al., 2008; Wang et 
al., 2007). Although APC is known for its anti-coagulative effects, these alone can not 
account for the improved clinical outcome in septic patients, since targeting of either 
activated factor X, anti-thrombin or tissue factor inhibitors has failed to produce a 
comparative protection (Sarangi et al., 2010). As such, APC has also been described to 
induce several cytoprotective effects which likely contribute to its success in the treatment of 
sepsis. These mechanisms include: 1) decreasing apoptosis (Mosnier et al., 2007), 2) the 
ability to bind to nuclear ribonucleoproteins, thereby facilitating the clearance of nuclear 
material from injured and necrotic tissue (Jean-Baptiste, 2007), 3) mediating the protection of 
the endothelial barrier, which prevents the destructive massive infiltration of neutrophils 
(Rittirsch et al., 2008), 4) a number anti-inflammatory effects including the decrease of tissue 
factor and thrombin, which in turn can induce inflammation, and the blockade of NFκB, 
which subsequently decreases the direct up-regulation of cytokines (Sarangi et al., 2010). 
Future studies, including the current multi-centered, phase III clinical trial PROWESS 
SHOCK (clinicaltrials.gov NCT00604214), are likely to further investigate and clarify the 
various mechanisms involved in APC-induced ALI protection during sepsis.  

4. Liver 
4.1 Pathophysiology 

The liver is the largest solid organ in the body, comprising 2-5% of the body weight of a 
normal adult. Its function is believed to play a major role in the development of multiple 
organ dysfunction syndrome due to its central control of metabolism and host defence 
mechanisms (Van Amersfoort et al., 2003); however it remains one of the most poorly 
characterized and understood organs involved in MOF. During septic shock the evolution of 
liver dysfunction can be divided in two phases. The early phase involves hepatocyte 
dysfunction induced by gut-derived norepinephrine, which activates α2-adrenoceptors, 
which stimulate Kupffer cells to enhance TNF-α release and depresses hepatocellular 
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function in the absence of hepatic blood flow alterations (Yang et al., 2001). In contrast, the 
late phase results mainly from a decreased hepatic perfusion, which mechanistically has 
been linked with increased coagulation, inflammation and derangement of endothelial nitric 
oxide synthase (eNOS) signalling (Dhainaut et al., 2001; Mookerjee, 2011). In addition, 
Kupffer cells can play either a protective or destructive role in the septic response of the 
liver, in that they are important in the removal and detoxification of LPS, while they can also 
initiate an exaggerated inflammatory response which can cause further liver damage (Van 
Amersfoort et al., 2003). Specifically, excessive inflammatory mediators can induce 
endothelial damage causing barrier breakdown and permeability, and are thought to be the 
driving force behind increased intra-hepatic resistance (Dhainaut et al., 2001; Mookerjee, 
2011). Furthermore, the development of hyperlipidemia in response to sepsis is believed to 
result from pathomorphological changes in sinusoidal endothelial cells (Cheluvappa et al., 
2010). Moreover, recent animal studies have shown that liver injury and dysfunction during 
sepsis is associated with G1 cell cycle arrest of hepatocytes and that hepatic function 
recovery was furthermore accompanied by cell cycle progression (Yang et al., 2011). Overall, 
these cellular defects result in loss of metabolic function, hypoglycaemia, lactic acidosis and 
coagulopathy. 

4.2 Major cell types involved  
In the pathogenesis of septic-induced liver dysfunction several hepatic cell types have been 
shown to be involved. This includes the parenchymal cells or hepatocytes, which are the 
main structural cell type of the liver comprising about 60% of the liver. These cells are 
highly metabolically active regulating lipids, bile and glucose. In addition, endothelial cells, 
which line the many sinusoids, and Kupffer cells, which are the resident macrophages of the 
liver, are also known to be significantly involved in the progression of sepsis to MOF. 
Moreover, circulating neutrophils which are recruited to the liver due to the high 
production of inflammatory cytokines have also been shown to contribute to this pathology.  

4.3 Key molecular pathways and possible therapeutic targets 
4.3.1 Tumor necrosis factor 

While several inflammatory cytokines including IL-6 and IL-1β have been implicated in the 
pathogenesis of liver dysfunction during sepsis, there is overwhelming evidence for a 
predominant role of TNF-α in this process.  TNF-α is produced in large quantities primarily 
by Kupffer cells during the very early phase of hepatocyte dysfunction, following α2-
adrenergic stimulation (Yang et al., 2001; Fong et al., 1990). These high levels of TNF-α are 
shown to induce a variety of effects including the production of acute phase proteins 
(APPs), which serve several physiological function of the immune response (Dhainaut et al., 
2001). However, the high up-regulation of APPs has also been associated with the 
development of liver failure (Ananian et al., 2005). Both TNF-α and their induced APPs also 
enhance pro-coagulant activity of vascular endothelial cells (Bevilacqua et al., 1986), which 
in turn can decrease hepatic perfusion, leading to further injury, as well as further ignite the 
inflammatory cascade (Dhainaut et al., 2001). TNF-α also up-regulates the expression 
adhesion molecules facilitating an excessive recruitment of activated neutrophils, which 
through the production of destructive proteases and reactive oxygen species, amplifies the 
damage to hepatocytes and endothelial cells (Zhang et al., 1994; Malmros et al., 1994; 
Holman, Jr. & Saba, 1988). 
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4.3.2 Thrombin/ anti-thrombin 

Coagulation, resulting from an imbalance between pro- and anti-thrombin in the liver, 
occurs within the early phases of sepsis and significantly contributes to patient mortality 
(Stearns-Kurosawa et al., 2011). In vivo animal studies have described that microthrombi 
develop in the hepatic microcirculation with five minutes of an endotoxin challenge (Asaka 
et al., 1996). Furthermore, if the endotoxin dose is sublethal, clot lysis occurs with a few hours 
and hepatic architecture is conserved, while if endotoxin exposure continues, there develops 
clot accumulation, hypoperfusion, coagulation necrosis and irreversible tissue injury (Asaka et 
al., 1996). In addition, many studies have demonstrated that coagulation can further activate 
the inflammatory cascade, and visa versa, leading to a positive-feedback interaction (Stearns-
Kurosawa et al., 2011; Jagneaux et al., 2004; Dhainaut et al., 2001). Novel treatments targeting 
thrombin activity during sepsis has been shown to decrease serum bilirubin concentrations 
and prevent liver dysfunction (Nitescu et al., 2007; Inthorn et al., 1997); however its overall role 
in reducing septic mortality is still unclear (Wiedermann et al., 2006).  

4.3.3 Activated protein C (APC) 

Protein C is a zymogenic protein that is produced by the liver and later converted to the 
active serine proteinase, which degrades Factors Va and VIIIa of the coagulation cascade, 
thereby preventing excessive thrombin formation (Stearns-Kurosawa et al., 2011). During 
septic shock the synthesis of protein C is significantly decreased due to hepatocyte 
dysfunction, which correlates with disease severity and poor patient prognosis (Stearns-
Kurosawa et al., 2011). Apart from coagulation, APC has also been described to possess 
several cytoprotective effects including the ability to degrade damaging histones, anti-
inflammatory and anti-apoptotic activities and stabilization of endothelial barriers (Mosnier 
et al., 2007; Xu et al., 2009), which can each limit hepatic injury. In addition, treatment of 
septic patients with rhAPC can decrease liver dysfunction (Rinaldi et al., 2008), which in 
animal experiments has been shown to result from an ability of APC to attenuate leukocyte 
trafficking into the liver (Huynh et al., 2010).  

4.3.4 Complement system 

The complement system is a family of proteins produced mainly by the liver that at normal 
physiological levels assist phagocytic cell to clear invading pathogens (Ward & Gao, 2009). 
However, during the pathogenesis of sepsis, the liver is stimulated to produce exceedingly 
high concentrations of complement factors, such as C5a, which in large quantities produce 
an array of detrimental effects (Ward & Gao, 2009). These include the up-regulation of tissue 
factor leading to intensified coagulation, the induction of neutrophil paralysis that causes 
uncontrolled bacterial expansion, as well as increased inflammation and apoptosis, which 
all contribute to the development of MOF (Ward & Gao, 2009). Furthermore, several organs, 
including the liver, increase the expression of the C5a receptor during sepsis, which if 
blocked by an antagonist has been shown to improve organ function and survival in various 
animal models (Guo & Ward, 2006; Riedemann et al., 2002).  

5. Kidney 
5.1 Pathophysiology 

Acute kidney injury (AKI), a complex disorder with clinical manifestations ranging from a 
minimal elevation in serum creatinine to anuric renal failure, and is a frequent and serious 
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function in the absence of hepatic blood flow alterations (Yang et al., 2001). In contrast, the 
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been linked with increased coagulation, inflammation and derangement of endothelial nitric 
oxide synthase (eNOS) signalling (Dhainaut et al., 2001; Mookerjee, 2011). In addition, 
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result from pathomorphological changes in sinusoidal endothelial cells (Cheluvappa et al., 
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which line the many sinusoids, and Kupffer cells, which are the resident macrophages of the 
liver, are also known to be significantly involved in the progression of sepsis to MOF. 
Moreover, circulating neutrophils which are recruited to the liver due to the high 
production of inflammatory cytokines have also been shown to contribute to this pathology.  

4.3 Key molecular pathways and possible therapeutic targets 
4.3.1 Tumor necrosis factor 

While several inflammatory cytokines including IL-6 and IL-1β have been implicated in the 
pathogenesis of liver dysfunction during sepsis, there is overwhelming evidence for a 
predominant role of TNF-α in this process.  TNF-α is produced in large quantities primarily 
by Kupffer cells during the very early phase of hepatocyte dysfunction, following α2-
adrenergic stimulation (Yang et al., 2001; Fong et al., 1990). These high levels of TNF-α are 
shown to induce a variety of effects including the production of acute phase proteins 
(APPs), which serve several physiological function of the immune response (Dhainaut et al., 
2001). However, the high up-regulation of APPs has also been associated with the 
development of liver failure (Ananian et al., 2005). Both TNF-α and their induced APPs also 
enhance pro-coagulant activity of vascular endothelial cells (Bevilacqua et al., 1986), which 
in turn can decrease hepatic perfusion, leading to further injury, as well as further ignite the 
inflammatory cascade (Dhainaut et al., 2001). TNF-α also up-regulates the expression 
adhesion molecules facilitating an excessive recruitment of activated neutrophils, which 
through the production of destructive proteases and reactive oxygen species, amplifies the 
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uncontrolled bacterial expansion, as well as increased inflammation and apoptosis, which 
all contribute to the development of MOF (Ward & Gao, 2009). Furthermore, several organs, 
including the liver, increase the expression of the C5a receptor during sepsis, which if 
blocked by an antagonist has been shown to improve organ function and survival in various 
animal models (Guo & Ward, 2006; Riedemann et al., 2002).  

5. Kidney 
5.1 Pathophysiology 

Acute kidney injury (AKI), a complex disorder with clinical manifestations ranging from a 
minimal elevation in serum creatinine to anuric renal failure, and is a frequent and serious 
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complication of sepsis in intensive care unit (ICU) patients (Lafrance & Miller, 2010). 
Moreover, there is strong evidence that septic AKI, accounting for 50% or more of cases of 
AKI in ICUs, is associated with a very high mortality (Uchino et al., 2005). Despite extensive 
research and progress in several other fields, the incidence, as well as mortality of septic 
AKI, remains at unacceptable levels (Silvester et al., 2001). A possible explanation of failure 
in the treatment of septic AKI is the relative lack of histopathologic information and reliance 
on creatinine measurements for assessment of kidney function, both leading to an 
incomplete understanding of the pathogenesis of this condition (Wan et al., 2008). AKI has 
been traditionally thought to be induced by ischemia secondary to decreased cardiac output 
and hypotension, which in turn leads to renal vasoconstriction and exacerbate the ischemia. 
Most of our understanding regarding renal blood flow (RBF) during sepsis relies on animal 
models. Across these studies, the heterogeneous nature of animals used, methods of 
inducing sepsis, and observed changes in RBF that vary from unchanged, decreased, and 
markedly increased all translate to uncertainty regarding their applicability to humans 
(Langenberg et al., 2007; Bagshaw et al., 2007). The characteristic pattern of RBF in human 
sepsis is for the most part largely unknown because RBF cannot be measured continuously 
in humans, and even its intermittent measurement requires a high level of invasiveness 
(Langenberg et al., 2007; Licari et al., 2007). Only a small study with limited patients has 
measured RBF in patients with sepsis, and reported that RBF was either preserved or 
increased in these patients (Bradley et al., 1976) However, recent findings suggest that, 
although hemodynamic factors may play a role in the loss of glomerular filtration, they do not 
necessary involve renal ischemia. In addition, other mechanisms including immunologic, toxic 
and inflammatory factors seem to affect the microvasculature and the tubular cell function. 
Apoptosis induced by LPS or cytokines, for instance, has emerged as a possible cause of loss of 
function of both endothelial and epithelial tubular cells (Humphrey et al., 1991). 

5.2 Major cell types involved 

The major cell types involved in the development of septic AKI includes all the cells forming 
the functional unit of the nephron.  Tubular epithelium, podocytes, endothelium, and 
mesangial cells have been found to be directly affected by exposure to LPS , as well as 
susceptible to the inflammatory state induced by sustained bacterial infection.   

5.3 Key molecular pathways and possible therapeutic targets 
5.3.1 Apoptosis pathway 

LPS can directly cause apoptosis of tubular cells through the Fas-mediated and caspase-
mediated pathways and increased plasma levels of soluble Fas has been described in septic 
patients (Jo et al., 2002). Additionally, experimental models of sepsis have shown that 
increased caspase activation is associated with the presence of AKI (Guo et al., 2004).  
In recent studies it has been demonstrated that plasma of septic patients can induce 
apoptosis of tubular cells and that the amount of this cell death correlates with the extent of 
proteinuria, which in turn is related with the severity of the septic process, with the 
impairment of renal function and with patient outcome (Cantaluppi et al., 2008). The 
extrinsic pathway is not the sole mechanism responsible for sepsis induced apoptosis in the 
kidney. As a matter of fact, it has been found that also the intrinsic pathway is activated  
in endothelial and tubular cells exposed to LPS (Mariano et al., 2008; Cantaluppi et al., 2008). 
This mechanism involves the oligomerization of the pro-apoptotic members of the Bcl-2 
family proteins, such as Bax, which translocates to the mitochondria and forms pores in  
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the outer mitochondrial membrane that allow the release of cytochrome C from the 
mitochondria. Cytosol cytochrome C binds to the adaptor protein apoptosis protease 
activating factor (APAF-1) and this complex binds to pro-caspase 9, forming the 
apoptosome. This in turn results in the auto-activation of caspase-9 (Mariano et al., 2008; 
Cantaluppi et al., 2008). One of the proposed mechanisms of protection induced by  
APC treatment in septic patients could also be due to its anti-apoptotic effects. Recent 
studies demonstrated that recombinant human APC directly modulates patterns of 
endothelial gene expression clustering into cell survival pathway and modulate several 
genes, including Bcl-2. Moreover, it normalizes Bax/Bcl-2 ratio and reduces caspase-3 
signalling. Also the decrease in sepsis-AKI found in patients treated with the aggressive 
insulin therapy could be due by his powerful anti-apoptotic effect. Conversely, it has been 
demonstrated that high glucose concentration induces oxidative-stress-mediated apoptosis 
in tubular cells (Allen et al., 2003). 

5.3.2 Permeability molecules 

Proteinuria found in AKI patients is usually in the nephrotic range with a mixed glomerular 
and tubular pattern (Schiavon et al., 1988), suggesting a simultaneous defect of tubular 
reabsorption and an increase of glomerular permeability. Megalin is an endocytic receptor 
that regulates the physiological reabsorption of glomerular-filtered low molecular weight 
proteins (Christensen & Birn, 2001). It has been shown that plasma derived from septic 
patients decreases the expression of megalin, suggesting that the impaired expression of this 
molecule may contribute to proteinuria resulting in a failure of tubular handling of filtered 
proteins (Mariano et al., 2008; Cantaluppi et al., 2008). Physiological tubular handling of 
electrolytes is based on the maintenance of cell polarity and on the integrity of tight junction 
protein expression (Lee et al., 2006). After challenge of tubular cells with septic plasmas, it 
has been observed a marked decrease of ZO-1 expression with a simultaneous alteration of 
trans-electrical resistance (TER) (Cantaluppi et al., 2008). These functional changes may alter 
the ability of tubular cells to maintain compositionally distinct fluid-filled compartments 
with precise electrolyte concentrations. Moreover, albumin diffusion across podocytes 
increases in the presence of septic plasma and this phenomenon is associated with decreased 
expression of nephrin, a slit diaphragm protein known to modulate glomerular permeability 
(Cantaluppi et al., 2008). Another molecule playing an important role in the correct 
organization and function of podocytes is nestin, able to stably link the intermediate 
filaments to other cytoskeleton proteins (Chen et al., 2006). The alterations in nephrin and 
cytoskeleton distribution may also account for the altered cell polarity and albumin 
transport across the podocyte monolayer observed after challenge with septic AKI plasma 
(Mariano et al., 2008; Cantaluppi et al., 2008).  

6. Cardiovascular 
6.1 Pathophysiology 

The worsening of sepsis toward septic shock is characterized by hypotension refractory to 
fluid resuscitation. An important component of this process is the development of 
progressive cardiac and hemodynamic dysfunction. Traditionally, these disturbances have 
been described in a biphasic spectrum: early hyperdynamic shock characterized by 
increased cardiac output, decreased systemic vascular resistance (SVR) and warm, perfused 
skin, followed by cold hypodynamic shock, during which SVR increases to compensate for 
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complication of sepsis in intensive care unit (ICU) patients (Lafrance & Miller, 2010). 
Moreover, there is strong evidence that septic AKI, accounting for 50% or more of cases of 
AKI in ICUs, is associated with a very high mortality (Uchino et al., 2005). Despite extensive 
research and progress in several other fields, the incidence, as well as mortality of septic 
AKI, remains at unacceptable levels (Silvester et al., 2001). A possible explanation of failure 
in the treatment of septic AKI is the relative lack of histopathologic information and reliance 
on creatinine measurements for assessment of kidney function, both leading to an 
incomplete understanding of the pathogenesis of this condition (Wan et al., 2008). AKI has 
been traditionally thought to be induced by ischemia secondary to decreased cardiac output 
and hypotension, which in turn leads to renal vasoconstriction and exacerbate the ischemia. 
Most of our understanding regarding renal blood flow (RBF) during sepsis relies on animal 
models. Across these studies, the heterogeneous nature of animals used, methods of 
inducing sepsis, and observed changes in RBF that vary from unchanged, decreased, and 
markedly increased all translate to uncertainty regarding their applicability to humans 
(Langenberg et al., 2007; Bagshaw et al., 2007). The characteristic pattern of RBF in human 
sepsis is for the most part largely unknown because RBF cannot be measured continuously 
in humans, and even its intermittent measurement requires a high level of invasiveness 
(Langenberg et al., 2007; Licari et al., 2007). Only a small study with limited patients has 
measured RBF in patients with sepsis, and reported that RBF was either preserved or 
increased in these patients (Bradley et al., 1976) However, recent findings suggest that, 
although hemodynamic factors may play a role in the loss of glomerular filtration, they do not 
necessary involve renal ischemia. In addition, other mechanisms including immunologic, toxic 
and inflammatory factors seem to affect the microvasculature and the tubular cell function. 
Apoptosis induced by LPS or cytokines, for instance, has emerged as a possible cause of loss of 
function of both endothelial and epithelial tubular cells (Humphrey et al., 1991). 

5.2 Major cell types involved 

The major cell types involved in the development of septic AKI includes all the cells forming 
the functional unit of the nephron.  Tubular epithelium, podocytes, endothelium, and 
mesangial cells have been found to be directly affected by exposure to LPS , as well as 
susceptible to the inflammatory state induced by sustained bacterial infection.   

5.3 Key molecular pathways and possible therapeutic targets 
5.3.1 Apoptosis pathway 

LPS can directly cause apoptosis of tubular cells through the Fas-mediated and caspase-
mediated pathways and increased plasma levels of soluble Fas has been described in septic 
patients (Jo et al., 2002). Additionally, experimental models of sepsis have shown that 
increased caspase activation is associated with the presence of AKI (Guo et al., 2004).  
In recent studies it has been demonstrated that plasma of septic patients can induce 
apoptosis of tubular cells and that the amount of this cell death correlates with the extent of 
proteinuria, which in turn is related with the severity of the septic process, with the 
impairment of renal function and with patient outcome (Cantaluppi et al., 2008). The 
extrinsic pathway is not the sole mechanism responsible for sepsis induced apoptosis in the 
kidney. As a matter of fact, it has been found that also the intrinsic pathway is activated  
in endothelial and tubular cells exposed to LPS (Mariano et al., 2008; Cantaluppi et al., 2008). 
This mechanism involves the oligomerization of the pro-apoptotic members of the Bcl-2 
family proteins, such as Bax, which translocates to the mitochondria and forms pores in  
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the outer mitochondrial membrane that allow the release of cytochrome C from the 
mitochondria. Cytosol cytochrome C binds to the adaptor protein apoptosis protease 
activating factor (APAF-1) and this complex binds to pro-caspase 9, forming the 
apoptosome. This in turn results in the auto-activation of caspase-9 (Mariano et al., 2008; 
Cantaluppi et al., 2008). One of the proposed mechanisms of protection induced by  
APC treatment in septic patients could also be due to its anti-apoptotic effects. Recent 
studies demonstrated that recombinant human APC directly modulates patterns of 
endothelial gene expression clustering into cell survival pathway and modulate several 
genes, including Bcl-2. Moreover, it normalizes Bax/Bcl-2 ratio and reduces caspase-3 
signalling. Also the decrease in sepsis-AKI found in patients treated with the aggressive 
insulin therapy could be due by his powerful anti-apoptotic effect. Conversely, it has been 
demonstrated that high glucose concentration induces oxidative-stress-mediated apoptosis 
in tubular cells (Allen et al., 2003). 

5.3.2 Permeability molecules 

Proteinuria found in AKI patients is usually in the nephrotic range with a mixed glomerular 
and tubular pattern (Schiavon et al., 1988), suggesting a simultaneous defect of tubular 
reabsorption and an increase of glomerular permeability. Megalin is an endocytic receptor 
that regulates the physiological reabsorption of glomerular-filtered low molecular weight 
proteins (Christensen & Birn, 2001). It has been shown that plasma derived from septic 
patients decreases the expression of megalin, suggesting that the impaired expression of this 
molecule may contribute to proteinuria resulting in a failure of tubular handling of filtered 
proteins (Mariano et al., 2008; Cantaluppi et al., 2008). Physiological tubular handling of 
electrolytes is based on the maintenance of cell polarity and on the integrity of tight junction 
protein expression (Lee et al., 2006). After challenge of tubular cells with septic plasmas, it 
has been observed a marked decrease of ZO-1 expression with a simultaneous alteration of 
trans-electrical resistance (TER) (Cantaluppi et al., 2008). These functional changes may alter 
the ability of tubular cells to maintain compositionally distinct fluid-filled compartments 
with precise electrolyte concentrations. Moreover, albumin diffusion across podocytes 
increases in the presence of septic plasma and this phenomenon is associated with decreased 
expression of nephrin, a slit diaphragm protein known to modulate glomerular permeability 
(Cantaluppi et al., 2008). Another molecule playing an important role in the correct 
organization and function of podocytes is nestin, able to stably link the intermediate 
filaments to other cytoskeleton proteins (Chen et al., 2006). The alterations in nephrin and 
cytoskeleton distribution may also account for the altered cell polarity and albumin 
transport across the podocyte monolayer observed after challenge with septic AKI plasma 
(Mariano et al., 2008; Cantaluppi et al., 2008).  

6. Cardiovascular 
6.1 Pathophysiology 

The worsening of sepsis toward septic shock is characterized by hypotension refractory to 
fluid resuscitation. An important component of this process is the development of 
progressive cardiac and hemodynamic dysfunction. Traditionally, these disturbances have 
been described in a biphasic spectrum: early hyperdynamic shock characterized by 
increased cardiac output, decreased systemic vascular resistance (SVR) and warm, perfused 
skin, followed by cold hypodynamic shock, during which SVR increases to compensate for 
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worsened cardiac output, resulting in tissue hypoperfusion, cool skin and eventual organ 
failure (Hoesel et al., 2007). However, it is now generally accepted that, after adequate 
volume resuscitation, patients develop a hyperdynamic circulatory state associated with 
high cardiac output, decreased systemic vascular resistance, and biventricular dilatation 
(Hunter & Doddi, 2010). Experimental models of sepsis showed clear evidence of 
myocardial contractile disturbance both in vivo and in vitro. These disturbances are present 
even in early hyperdynamic shock, when aggressive volume replacement and adaptive left 
ventricular dilatation can combine to preserve cardiac output (Grocott-Mason & Shah, 1998). 
What exactly triggers septic cardiomyopathy is still unknown. Cardiac dysfunction in sepsis 
is characterized by decreased contractility, impaired ventricular response to fluid therapy, 
and in some patients ventricular dilatation (Bouhemad et al., 2009). The hemodynamic 
instability is mainly due to dysfunction of vascular autoregulatory mechanisms in 
microcirculation and subsequently enhanced perfusion of large arteriovenous shunts 
(Matsuda & Hattori, 2007). 

6.2 Major cell types involved 

The pathophysiology of cardiovascular dysfunction during sepsis involves a highly 
complex, integrated response that includes activation of number of cell types, inflammatory 
mediators and the hemostatic system. Central to this process is alterations in vascular 
endothelial, smooth muscle cells and cardiomyocyte function. 

6.3 Key molecular pathways and possible therapeutic targets 
6.3.1 Nitric oxide (NO) 

NO is produced by all types of cardiac and endothelial cells and has a multitude of 
cardiovascular effects both in healthy and disease states. Effects of NO relevant to sepsis-
induced cardiovascular dysfunction include vasodilation, depression of mitochondrial 
respiration, and further release of pro-inflammatory cytokines (Massion et al., 2003). NO is 
produced from conversion of L-arginine to L-citrulline by nitric oxide synthase (NOS). In 
mammals, NOS has three isoforms: neuronal (nNOS/ NOS1), inducible (iNOS/ NOS2) and 
constitutive (cNOS/ NOS3). Current evidence suggests that early myocardial dysfunction in 
sepsis may occur through the over-production of NO and resultant cyclic guanosine 
monophosphate (cGMP) through cNOS activation in cardiac cells. Activation of iNOS and 
resultant nitric oxide may be more important in late sepsis-induced cardiovascular 
dysfunction. Peroxynitrite, a by-product of nitric oxide, has also been proposed as an 
important modulator of prolonged myocardial depression (Pacher et al., 2007). As a 
reflection of the complexity of the role of NO is in sepsis-induced myocardial depression, 
myocardial over-expression of cNOS has been shown to attenuate myocardial depression in 
sepsis models utilizing genetically modified mice (Fraccarollo et al., 2008). Unfortunately, 
initial attempts to block nitric oxide production as a therapeutic target have failed, likely 
due to vascular and other actions of NO in sepsis. 

6.3.2 Contractility pathway 

The concept of circulating myocardial depressant factors was first proposed by Parrillo et al. 
In this study the authors found myocardial depression in isolated myocytes exposed to 
serum obtained from septic patients with clinical manifestations of sepsis-induced 
myocardial dysfunction. Septic shock patients during the acute phase showed a significant 
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lower extent of shortening compared with other patient groups including septic shock 
patients in the recovery phase (Parrillo et al., 1985). There was also a correlation between in 
vitro depression of contractility and in vivo myocardial depression measured by left 
ventricular ejection fraction. Further studies have identified cytokines such as TNF-α, IL-1-β, 
and IL-6 as circulating causative factors of myocardial depression in sepsis. Lysozyme c has 
been shown to have cardiac depressant actions in animal models of sepsis (Mink et al., 
2008). Furthermore, competitive inhibition of lysozyme c in these animal models was 
observed to be protective and prevented sepsis-induced myocardial dysfunction. Early 
studies suggest a potential role for endothelin-1 (ET-1) in the development of sepsis-induced 
myocardial depression (Konrad et al., 2004; Schuetz et al., 2007). Moreover calcium is 
thought to play an important role in the myocardial depression. Current evidence suggests 
that reductions in cytosolic calcium levels during sepsis lead to reduced contractility 
(Rudiger & Singer, 2007). Calcium signalling and metabolism are linked to mitochondrial 
function, which is also altered in sepsis.  

7. Brain 
7.1 Pathophysiology 

Several studies have demonstrated that sepsis survivors present long-term cognitive 
impairment, including alteration in memory, attention, concentration and/or global loss of 
cognitive function (Heyland et al., 2000; Hopkins et al., 1999; Hough & Curtis, 2005). Most 
investigations have tried to understand the pathogenetic mechanisms of sepsis 
encephalopathy (SE) using animals or cell cultures (Jacob et al., 2011) due to obvious 
limitations in humans. Although these studies have expanded the understanding of central 
nervous system (CNS) cellular response to endotoxin or cytokines, the way in which these 
mechanisms relate to clinical brain injury remains obscure. It is important to note that the 
reciprocal interaction between the CNS and the immune response is considered one of the 
main components of the host response during sepsis. The brain mediates via the autonomic 
nervous system and neurohormones the growth and proliferation of most if not all tissues 
involved in immunity, and all immune cells have membrane or cytosolic receptors for a 
number of neuromediators. The systemic inflammatory response to infection results in brain 
activation, which subsequently generates an appropriate anti-inflammatory response. 
However, excess in pro-inflammatory mediators entering the brain can cause cerebral 
damage. In turn, dysfunction of the autonomic nervous and neuroendocrine systems may 
alter immunity in a vicious circle resulting in metabolic derangements and organ failure 
(Streck et al., 2008). 

7.2 Major cell types involved 

The anatomical substrate of the blood brain barrier (BBB) is the cerebral microvascular 
endothelium, which together with astrocytes, pericytes, neurons and the extracellular 
matrix, constitute a "neurovascular unit" that is essential for the health and function of the 
CNS. All the cell types forming the BBB are immunologically active and can be influenced 
by systemic inflammatory reactions and responses, such as those resulting from sepsis. 
Inflammatory mediators released by leukocytes in sepsis have profound effects on 
endothelial cells and astrocytes; damage to these cells results in impaired neuronal 
function. 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

176 

worsened cardiac output, resulting in tissue hypoperfusion, cool skin and eventual organ 
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instability is mainly due to dysfunction of vascular autoregulatory mechanisms in 
microcirculation and subsequently enhanced perfusion of large arteriovenous shunts 
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complex, integrated response that includes activation of number of cell types, inflammatory 
mediators and the hemostatic system. Central to this process is alterations in vascular 
endothelial, smooth muscle cells and cardiomyocyte function. 

6.3 Key molecular pathways and possible therapeutic targets 
6.3.1 Nitric oxide (NO) 

NO is produced by all types of cardiac and endothelial cells and has a multitude of 
cardiovascular effects both in healthy and disease states. Effects of NO relevant to sepsis-
induced cardiovascular dysfunction include vasodilation, depression of mitochondrial 
respiration, and further release of pro-inflammatory cytokines (Massion et al., 2003). NO is 
produced from conversion of L-arginine to L-citrulline by nitric oxide synthase (NOS). In 
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constitutive (cNOS/ NOS3). Current evidence suggests that early myocardial dysfunction in 
sepsis may occur through the over-production of NO and resultant cyclic guanosine 
monophosphate (cGMP) through cNOS activation in cardiac cells. Activation of iNOS and 
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dysfunction. Peroxynitrite, a by-product of nitric oxide, has also been proposed as an 
important modulator of prolonged myocardial depression (Pacher et al., 2007). As a 
reflection of the complexity of the role of NO is in sepsis-induced myocardial depression, 
myocardial over-expression of cNOS has been shown to attenuate myocardial depression in 
sepsis models utilizing genetically modified mice (Fraccarollo et al., 2008). Unfortunately, 
initial attempts to block nitric oxide production as a therapeutic target have failed, likely 
due to vascular and other actions of NO in sepsis. 

6.3.2 Contractility pathway 

The concept of circulating myocardial depressant factors was first proposed by Parrillo et al. 
In this study the authors found myocardial depression in isolated myocytes exposed to 
serum obtained from septic patients with clinical manifestations of sepsis-induced 
myocardial dysfunction. Septic shock patients during the acute phase showed a significant 
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lower extent of shortening compared with other patient groups including septic shock 
patients in the recovery phase (Parrillo et al., 1985). There was also a correlation between in 
vitro depression of contractility and in vivo myocardial depression measured by left 
ventricular ejection fraction. Further studies have identified cytokines such as TNF-α, IL-1-β, 
and IL-6 as circulating causative factors of myocardial depression in sepsis. Lysozyme c has 
been shown to have cardiac depressant actions in animal models of sepsis (Mink et al., 
2008). Furthermore, competitive inhibition of lysozyme c in these animal models was 
observed to be protective and prevented sepsis-induced myocardial dysfunction. Early 
studies suggest a potential role for endothelin-1 (ET-1) in the development of sepsis-induced 
myocardial depression (Konrad et al., 2004; Schuetz et al., 2007). Moreover calcium is 
thought to play an important role in the myocardial depression. Current evidence suggests 
that reductions in cytosolic calcium levels during sepsis lead to reduced contractility 
(Rudiger & Singer, 2007). Calcium signalling and metabolism are linked to mitochondrial 
function, which is also altered in sepsis.  
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7.1 Pathophysiology 

Several studies have demonstrated that sepsis survivors present long-term cognitive 
impairment, including alteration in memory, attention, concentration and/or global loss of 
cognitive function (Heyland et al., 2000; Hopkins et al., 1999; Hough & Curtis, 2005). Most 
investigations have tried to understand the pathogenetic mechanisms of sepsis 
encephalopathy (SE) using animals or cell cultures (Jacob et al., 2011) due to obvious 
limitations in humans. Although these studies have expanded the understanding of central 
nervous system (CNS) cellular response to endotoxin or cytokines, the way in which these 
mechanisms relate to clinical brain injury remains obscure. It is important to note that the 
reciprocal interaction between the CNS and the immune response is considered one of the 
main components of the host response during sepsis. The brain mediates via the autonomic 
nervous system and neurohormones the growth and proliferation of most if not all tissues 
involved in immunity, and all immune cells have membrane or cytosolic receptors for a 
number of neuromediators. The systemic inflammatory response to infection results in brain 
activation, which subsequently generates an appropriate anti-inflammatory response. 
However, excess in pro-inflammatory mediators entering the brain can cause cerebral 
damage. In turn, dysfunction of the autonomic nervous and neuroendocrine systems may 
alter immunity in a vicious circle resulting in metabolic derangements and organ failure 
(Streck et al., 2008). 

7.2 Major cell types involved 

The anatomical substrate of the blood brain barrier (BBB) is the cerebral microvascular 
endothelium, which together with astrocytes, pericytes, neurons and the extracellular 
matrix, constitute a "neurovascular unit" that is essential for the health and function of the 
CNS. All the cell types forming the BBB are immunologically active and can be influenced 
by systemic inflammatory reactions and responses, such as those resulting from sepsis. 
Inflammatory mediators released by leukocytes in sepsis have profound effects on 
endothelial cells and astrocytes; damage to these cells results in impaired neuronal 
function. 
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7.3 Key molecular pathways and possible therapeutic targets 
7.3.1 Oxidative stress 

One important factor that can lead to cognitive impairment due to SE is oxidative stress. 
Studies on oxidative stress showed cerebral damage caused by active species of oxygen in 
some regions of the brain after sepsis induced by CLP. It has been demonstrated that, 
differently from other organs involved in septic response, CNS oxidative stress is restricted 
to earlier times after sepsis induction (Barichello et al., 2006). It has also been demonstrated 
an increase in superoxide dismutase activity without a proportional increase in catalase 
activity with a consequent increase in the relation of superoxide dismutase/catalase. Based 
on this evidence, the same authors also measured oxidative stress parameters in brains of 
rats after CLP and treated with antioxidants NAC (N-acetylcysteine) and/or DFX 
(deferoxamine) in the first hours after surgery. Ten and thirty days after CLP, behavior tests 
involving step down inhibitory avoidance, continuous multiple-trials step-down inhibitory 
avoidance and habituation to an open-field were conducted. It has been found that 
antioxidant treatment could significantly attenuate late cognitive deficits in sepsis survivors 
from CLP. In addition, the combined use of antioxidants attenuated oxidative damage in the 
hippocampus in early periods after sepsis induction. These results suggested a role of early 
CNS oxidative damage in the development of long-term cognitive deficits. In addition the 
authors demonstrated a new role to antioxidant treatment in an animal model of sepsis 
(Barichello et al., 2007). 

7.3.2 Inflammation 

Inflammation is being considered an important biological event that might increase the risk 
of major depressive episodes much like more traditional psychosocial factors. In this 
context, it is possible that pro-inflammatory cytokines, which are peripherally produced 
during the septic response, could contribute to the development of long-term cognitive 
dysfunction and behavioural symptoms related to sickness behaviour. When the activation 
of the peripheral immune system continues such as during systemic infections, the immune 
signalling to the brain may lead to an exacerbation of sickness and the development of 
symptoms of depression (Dantzer et al., 2008). Many studies suggest that these phenomena 
account for increased prevalence of clinical depression in critically ill people (Dantzer et al., 
2008). Some studies also link pro-inflammatory cytokines and neuronal death. However, the 
mechanisms underlying pro-inflammatory cytokines and neuronal death are still poorly 
understood (Glass et al., 2010). 

7.3.3 Blood Brain Barrier (BBB) 

The BBB is established through specialized tight junctions of the endothelial cells, which are 
induced and maintained through interactions between astrocytes, pericytes and endothelial 
cells (Abbott et al., 2006). BBB dysfunction is found in patients and rodent models of sepsis 
and causes increased infiltration of inflammatory cells and increased exposure of the brain 
to toxins (Nishioku et al., 2009). The BBB impairment may be caused by disruption of the 
normal interaction between endothelial cells, astrocytes and pericytes leading to increased 
pineocytosis and disruption of tight junctions. Additionally, neuroinflammation with LPS 
exposure may also facilitate active directed transport of cytokines across the BBB (Nishioku 
et al., 2009). In sepsis, leukocytes are activated, adhere to the blood vessel and move into the 
tissue, a process mediated by adhesion molecules such as intercellular adhesion molecule 
(ICAM). The expression of ICAM is increased in septic encephalopathy, whereas platelet 
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endothelial cell adhesion molecule (PECAM) remains unaltered (Hofer et al., 2008). One of 
the key inflammatory mediators is TNF-α, which is also produced intrinsically in the brain 
where it regulates aquaporin 4 (AQP4) and alters transport of water into the brain resulting 
in edema (Alexander et al., 2008). 

7.3.4 Complement activation 

It has been shown that the complement cascade, especially C5a generated by complement 
activation, is an integral part of the central hub of the inflammatory response in sepsis 
(Rittirsch et al., 2008). It also induces apoptosis in the adrenomedullary cells, which are 
responsible for the bulk of endogenous catecholamines (Flierl et al., 2008). The cross talk 
between the complement cascade and coagulation, which is generally activated during 
sepsis, could further amplify complement activation in sepsis (Rittirsch et al., 2008). In 
addition to complement activation, glial activation induces the expression of Toll-like 
receptor 2 (TLR-2), IL-1β, IL-6 and indoleamine 2, 3 dioxygenase (IDO) that could be 
prevented by the microglial inhibitor minocycline, modulating sickness (Henry et al., 2008). 
Both blocking C5a or its receptor, and inhibiting the alternative complement pathway, 
attenuates neuronal death in experimental traumatic brain injury (Sewell et al., 2004; 
Leinhase et al., 2007). 

8. Conclusion 

In summary, since MOF in the late stages of septic shock is the major contributor to patient 
death, further understanding of the cellular mechanisms involved in the development and 
progression of MOF is imperative to identify novel treatment strategies.  
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to earlier times after sepsis induction (Barichello et al., 2006). It has also been demonstrated 
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activity with a consequent increase in the relation of superoxide dismutase/catalase. Based 
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endothelial cell adhesion molecule (PECAM) remains unaltered (Hofer et al., 2008). One of 
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where it regulates aquaporin 4 (AQP4) and alters transport of water into the brain resulting 
in edema (Alexander et al., 2008). 

7.3.4 Complement activation 

It has been shown that the complement cascade, especially C5a generated by complement 
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between the complement cascade and coagulation, which is generally activated during 
sepsis, could further amplify complement activation in sepsis (Rittirsch et al., 2008). In 
addition to complement activation, glial activation induces the expression of Toll-like 
receptor 2 (TLR-2), IL-1β, IL-6 and indoleamine 2, 3 dioxygenase (IDO) that could be 
prevented by the microglial inhibitor minocycline, modulating sickness (Henry et al., 2008). 
Both blocking C5a or its receptor, and inhibiting the alternative complement pathway, 
attenuates neuronal death in experimental traumatic brain injury (Sewell et al., 2004; 
Leinhase et al., 2007). 

8. Conclusion 

In summary, since MOF in the late stages of septic shock is the major contributor to patient 
death, further understanding of the cellular mechanisms involved in the development and 
progression of MOF is imperative to identify novel treatment strategies.  
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1. Introduction 

Several studies conducted in critically ill patients have demonstrated that inappropriate 
antibiotic treatment was associated with increased mortality (Niederman, 2006; Pea & Viale, 
2009; Zilberberg et al., 2008). This fact was always related to the use of the wrong 
antimicrobial agent. However, the failure of a treatment might be due to inadequate doses 
that lead to sub-therapeutic concentrations at the infection site. 
This last issue is relevant in patients with severe sepsis or septic shock as many factors can 
influence pharmacokinetic variability and consequently human drug response. Among 
these factors we can mention the pathology itself. Only the knowledge of the pathogenesis 
of sepsis can enable us to understand the variability of drug concentrations with the aim of a 
successful therapeutic outcome avoiding therapeutic failure or toxicity.  
The sudden changes observed in severe sepsis or septic shock (increase in capillary 
permeability, edema formation, vasodilation and hypotension) and the therapeutic action 
taken to revert the situation (volume resuscitation, vasopressor agents) makes antibiotics or 
other drug concentrations difficult to interpret. 
Due to the lack of stable disease conditions, and consequently marked variations in 
pharmacokinetics parameters, dose dosage in these patients is a great challenge. 
The dynamic status of sepsis in critically ill patients results in alterations in pharmacokinetic 
parameters so it is of importance drug concentration assessment in this population, different 
from healthy volunteers or less severe ill patients. 
The use of nomograms to provide estimates for dosages is not advisable as they assume 
normal pharmacokinetic parameters and due to instability of the system, pharmacokinetic 
parameters are subject to rapid changes. 
As the measurement of total drug concentration (free drug plus protein-bound drug) is 
much easier and cheaper than free drug determination, therapeutic drug monitoring is 
usually based on total plasma concentrations. However, only the free drug is capable of 
diffusing into the biophase, only the free drug is responsible for the therapeutic effect. This 
fact has to be taken into account to see if the changes provoked by sepsis itself impact on 
both total drug and free drug in the same way. If this is not the case, defining dose regimens 
only by plasma total drug concentrations could be erroneous.  
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1. Introduction 

Several studies conducted in critically ill patients have demonstrated that inappropriate 
antibiotic treatment was associated with increased mortality (Niederman, 2006; Pea & Viale, 
2009; Zilberberg et al., 2008). This fact was always related to the use of the wrong 
antimicrobial agent. However, the failure of a treatment might be due to inadequate doses 
that lead to sub-therapeutic concentrations at the infection site. 
This last issue is relevant in patients with severe sepsis or septic shock as many factors can 
influence pharmacokinetic variability and consequently human drug response. Among 
these factors we can mention the pathology itself. Only the knowledge of the pathogenesis 
of sepsis can enable us to understand the variability of drug concentrations with the aim of a 
successful therapeutic outcome avoiding therapeutic failure or toxicity.  
The sudden changes observed in severe sepsis or septic shock (increase in capillary 
permeability, edema formation, vasodilation and hypotension) and the therapeutic action 
taken to revert the situation (volume resuscitation, vasopressor agents) makes antibiotics or 
other drug concentrations difficult to interpret. 
Due to the lack of stable disease conditions, and consequently marked variations in 
pharmacokinetics parameters, dose dosage in these patients is a great challenge. 
The dynamic status of sepsis in critically ill patients results in alterations in pharmacokinetic 
parameters so it is of importance drug concentration assessment in this population, different 
from healthy volunteers or less severe ill patients. 
The use of nomograms to provide estimates for dosages is not advisable as they assume 
normal pharmacokinetic parameters and due to instability of the system, pharmacokinetic 
parameters are subject to rapid changes. 
As the measurement of total drug concentration (free drug plus protein-bound drug) is 
much easier and cheaper than free drug determination, therapeutic drug monitoring is 
usually based on total plasma concentrations. However, only the free drug is capable of 
diffusing into the biophase, only the free drug is responsible for the therapeutic effect. This 
fact has to be taken into account to see if the changes provoked by sepsis itself impact on 
both total drug and free drug in the same way. If this is not the case, defining dose regimens 
only by plasma total drug concentrations could be erroneous.  
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Measurement of the free drug in plasma is desirable but it is difficult to achieve in practice. 
Corrective algorithms (Bahn et al., 2002) have been proposed in order to predict unbound 
drug but with limitations if displacing drugs are present in the treatment. Salivary 
therapeutic drug monitoring in different populations has extensively been studied by our 
group (Maldonado et al., 2008, 2011). So, in view of this, this fluid may serve as an 
alternative to plasma free concentration in this population.   
A theoretical multi-compartmental model designed by our group (Fagiolino et al., 2011), 
was used to understand the rapid changes that occur during sepsis causing highly variable 
drug concentrations.  
The experimental results obtained with two different drugs: vancomycin and phenytoin 
used in the intensive care setting will be presented in order to study the impact of sepsis on 
their concentrations in accordance to this model. 

2. Pathophysiological characteristics in critically ill patients with severe 
sepsis or septic shock and the influence on pharmacokinetics 
Sepsis itself is characterized by an early response which implies the release of inflammatory 
mediators (tumor necrosis factor-α, interleukin 6 and chemokines) resulting in a detriment 
to the host. This constitutes the systemic inflammatory response syndrome (SIRS) 
(Dinarello, 2000). This release is counterbalanced by the opponent antiinflammatory 
molecules (interleukin 10, 4, etc) (Figure 1). This later response is referred to as the 
compensatory antiinflammatory response syndrome (CARS) (Bone, 1996). The magnitude of 
septic injury is determined by the balance of pro and antiinflammatory mediators. 
 

 
Fig. 1. Cytokines during sepsis. Figure adapted from Reddy et al., 2001. The red curve 
represents the mediators released during the systemic inflammatory response syndrome 
(SIRS). The blue curve represents the mediators released during the compensatory anti-
inflammatory response syndrome (CARS). 

At an initial stage, patients show enhanced inflammation responsible for tissue damage. The 
subsequent anti-inflammatory response makes the host more vulnerable for a secondary 
infection (Reddy et al., 2001). This first stage is the one that is going to be referred to in this 
chapter. 
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The initial mediators cause an increase in heart rate, an increased cardiac output, a decrease 
in systemic vascular resistance, an anomalous distribution of blood flow, reduced blood 
volume and tissue perfusion. 

2.1 Alterations in tissue permeability 
Endothelial damage provoked by SIRS, may result in an increase in capillary permeability 
and interstitial edema formation. This generalized increase in capillary permeability may 
lead to presence of urinary albumin (Fuster-Lluch et al., 2008).  

2.2 Glomerular hyperfiltration 
The study of the renal function in critically ill patients has always been focused on renal 
impairment. Nevertheless, glomerular filtration rate may be elevated in certain conditions 
such as sepsis (Fuster-Lluch et al., 2008). This could be due to the presence of a 
hyperdynamic circulatory situation by the increased cardiac output, indicating glomerular 
hyperfiltration and leading to an increase renal clearance of substances. 

2.3 Alterations in protein binding 
Changes in the plasma protein binding of drugs during sepsis may be caused by many factors 
such as competition of endogenous substances for binding sites, changes in the binding 
characteristics that could be the consequence of changes in pH , etc. A reduction in the level of 
serum albumin in critically ill patients is often seen due to scarce protein intake, increased 
capillary permeability, reduced hepatic synthesis, renal loss (De Paepe et al., 2002).  
The alterations observed in sepsis are of great impact on drug pharmacokinetics. The 
volume of distribution (Vd) and mainly the clearance (CL) of antimicrobials as well as of 
many others drugs suffer great variations during the disease.  These disturbances can result 
in an increase in CL for hydrophilic and moderately lipophilic drugs if renal function is not 
compromised.  
On the other hand, advanced status of sepsis is characterized by multiple organ dysfunction, 
with the kidneys and the liver involved at this stage. Kidney damage is very common and 
this will affect concentrations of renally-excreted hydrophilic drugs, resulting in higher 
concentration, total and free plasma concentrations. The effect of liver impairment  on drugs 
eliminated by hepatic metabolism is not well defined and occurred mainly at a final stage as 
the liver has functional reserve. 

3. Drug concentrations in sepsis due to the pathology itself or the medication 
used to resolve the situation 
An appropriate infection control is the priority to manage sepsis and requires an early 
adequate dose of antibiotics to achieve therapeutic concentrations at the site of infection. 
Antiobiotic therapy in critically ill septic patients usually consists of a broad-spectrum beta-
lactam combined with a glycopeptide and /or an aminoglycoside. 
Their greater efficacy occurs when antimicrobials concentrations are maintained above the 
minimum inhibitory concentration (MIC) of the pathogens responsible for the infection for 
extended periods. 
Insufficient concentrations of antibiotics in the early phase of severe sepsis or septic shock 
are commonly observed in patients with normal renal function. Many authors have 
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confirmed sub therapeutic plasma concentrations of aminoglycosides (Beckhouse et al., 
1988; Marik, 1993). So much is written in the literature about an increase in Vd in sepsis, 
which reduces in turn plasma antibiotic levels (Taccone et al., 2010a). For example for 
amikacin, the Vd is between 0.2 and 0.3 L/kg in healthy volunteers and in mild infections 
but in septic patients an increase of 60 % was found compared with normal ranges (Taccone 
et al., 2010b). But what is interesting from their studies was the fact that trough 
concentrations at steady state at the initial septic stage remain the same or were lower. Some 
authors reported lower areas under the plasma concentration -time curve (AUC) of these 
antibiotics during sepsis (Joukhadar et al., 2001). The latter observations confirm that the 
main cause of low concentrations of drugs during sepsis is mainly an increase in CL. 
Equation 1 refers to the mean steady state concentration, average steady state concentration 
(Cavss)   after multiple doses. 

Cavss=
AUC0

τ

τ =
FD τ�
CL   (1)

Being CL the total clearance, F the bioavailability factor, D the dose, τ the administration 
interval, AUC0-τ ( the AUC from zero to the last point of the administration interval). 
Since drug administration in critically ill patients is mainly by intravenous route, F=1. So, 
any change in Cavss depends on CL only. 
Due to hypoalbuminemia, highly and moderate protein-bound drugs reduce their total 
plasma concentration but their free plasma levels may also be reduced in sepsis. 
If renal or intestinal excretion clearance predominates, a significant decrease in free plasma 
levels is expected because of the increased generalized permeability at capillaries and 
increased blood flow fraction derived to these zones.  
So, an important fall in concentrations, even free concentrations in plasma, suggests an 
important increase in CL. This fact could be due to the following reasons: 
1. Increase in capillary renal permeability 
2. Increase in renal blood fraction 
3. Increase in renal cardiac output affecting mainly highly renally extracted drugs. 
This is the case of beta-lactams (penicillins, cephalosporins, carbapenems, monobactams), 
glycopeptides, aminoglycosides which are hydrophilic or moderate lipophilic drugs and can 
be extrapolated to any drug with the same characteristics. 
If hepatic metabolic clearance or hepatic excretion clearance is the main route of elimination, 
then a discrete free drug level reduction would be expected. This is because hepatic blood 
flow fraction does not change in sepsis (De Paepe et al., 2002) and the increased capillary 
permeation in the liver does not change the normal unrestricted diffusion through sinusoid 
wall.This is the case for some lipophilic antibiotics and could be the case for any other drug 
with the same behavior. 
New sepsis treatment strategies, mainly immune stimulatory therapy, have improved 
outcomes significantly (Lolis & Bucala, 2003). Nevertheless, antimicrobial therapy is still 
probably the most influential factor. So, prompt initiation of the correct antibiotic therapy is 
the cornerstone of therapy in sepsis. 
Not only the sudden changes observed in severe sepsis or septic shock (increase in capillary 
permeability, edema formation, vasodilation and hypotension) make antibiotics or other 
drug concentrations difficult to analyze, but also the therapeutic action taken to resolve the 
situation (volume resuscitation, vasopressor agents) plays an important role. 
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Patients with severe sepsis or septic shock need replacement of the fluid to keep the arterial 
blood pressure for adequate organ perfusion (Choi et al., 1999). Changes in the water 
volume caused by the administration of large volumes of fluids, will affect antibiotics that 
distribute to the extracellular space fluid.  
Administration of fluids for volume resuscitation such as crystalloids or colloids, causes an 
increase in aqueous volume leading to an increase in Vd of hydrophilic drugs. This dilution 
in drug concentrations is compensated by a slower elimination of drug. Consequently, no 
changes in CL could be observed.  
Vasopressors are usually used (Holmes et al., 2001). This may affect drug concentrations as 
well. Of note, glomerular hyperfiltration may be a consequence of inotropic agents when 
hypotension does not revert with fluid therapy. 
It is worth noting that the extent of renal and non renal excretion clearance of a drug is the 
fundamental issue to keep in mind and not how hydrophilic a drug is. Interestingly, it was 
recently shown (Pea & Viale, 2009; Thallinger et al. 2008) that a lipophilic antibiotic, linezolid, 
does not reduce significantly its free or tissue level in patients with sepsis and septic shock in 
relation with healthy volunteers. The explanation was that the intracellular depot of the agent 
restores its cleared amount. However, in our opinion, no statistical differences were found 
mainly because of the high inter-individual variability observed among individuals. 
Pharmacokinetic data reported in the literature (Slatter et al, 2001; Wagenlehner et al., 2003) 
reveal an important contribution of renal excretion in linezolid clearance (40% 
approximately). Therefore, the increased renal clearance in septic patients mentioned above 
should necessarily diminish free linezolid levels in relation with healthy volunteers. 
Comparing free plasma Cavss of healthy volunteers with septic patients results (Thallinger et 
al. 2008), a reduction in free plasma levels in sever sepsis could be observed (13.3±5.03 mg/L 
and 8.37±3.89 mg/L respectively). This could be clinically relevant and may be significant in 
the same individual. So, standard doses of this antibiotic may be inadequate to reach 
therapeutic free plasma concentrations 

4. Antibiotic administration strategies 
It should not be overlooked that bacteria can grow again when antimicrobials 
concentrations fall below the MIC no matter the antibiotics used (time-dependent or 
concentration-dependent). 
So it may be reasonable to suggest that maintenance of plasma trough concentrations above 
the MIC ought to be the goal of therapy in daily clinical practice for critically ill patient. 
Many studies with different administration strategies for antibiotics were carried out 
(Petrosillo et al., 2010). One strategy was the case of extended infusion (over 3 to 4 hours) 
(Lomaestro & Drusano, 2005). 
Continuous infusion may be the best approach to improve clinical outcomes in patients with 
severe infections (James et al., 1996; Lorente et al., 2009). The problem is the stability at room 
temperature of the drugs. Meropenem and imipenem are not good candidates. On the other 
hand, some other antibiotics are stable such as piperacillin/tazobactam; ceftazidime and 
vancomycin (Viaene et al., 2002). 
So, not only the appropriate dose, usually larger doses than standard regimen are necessary, 
but also the right mode of administration could help to resolve this clinical situation. 
It is evident that higher doses are required for optimal treatment as free plasma levels 
responsible for the pharmacological effect, decrease significantly. 
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Antimicrobials concentrations in septic patients were determined in different studies  
(Table 1) and thus pharmacokinetic data could be inferred. 
Several authors found that antibacterial concentrations of these antibiotics are easily 
achievable with continuous infusion, thus representing and effective alternative dosing 
regimen to infusion bolus.  
In a recent study (Roberts et al., 2009), continuous versus intermittent infusion of 
meropenem in critically ill patients with sepsis and without renal dysfunction was 
compared. In this study, continuous infusion was more successful in achieving the target 
concentrations despite meropenem instability.  
 

Antibiotics Suggested doses Analytical techniques 
Piperacillin-
tazobactam 
(Petrosillo et al., 
2010; Taccone et al., 
2010a) 

A loading dose of 2g, 
then 8g by continuous 

infusion over 24 h 

High performance liquid 
chromatography with diode array 

detection 

 
Meropenem 
(Taccone et al., 
2010a) 

2g every 8 hours 
High performance liquid 

chromatography with diode array 
detection

 

Ceftazidime 
(Benko et al., 1996; 
Taccone et al., 2010a) 

2 g loading dose 
followed by a 3-g  

continuous infusion 
over 24 h

High performance liquid 
chromatography with diode array 

detection 

 
Cefepime 
(Lipman et al., 1999; 
Taccone et al., 2010a) 

1g every 4 hours 
High performance liquid 

chromatography with diode array 
detection

 

Amikacin (Taccone 
et al., 2010b) 

A loading dose ≥25 
mg/kg 

Fluorescence polarization 
immunoassay (TDx, Abbott 

Laboratories, IL, USA) 
 
Gentamicin 
(Petrosillo et al., 
2010) 

7 mg /kg once daily 
Fluorescence polarization 

immunoassay (TDx, Abbott 
Laboratories, IL, USA) 

 

Vancomycin 
(Vázquez et al., 2008) 

1 g loading dose 
followed by a 3-g 

continuous infusion 
over 24 hours

Fluorescence polarization 
immunoassay (TDx, Abbott 

Laboratories, IL, USA) 

 

Teicoplanin (Brink 
et al., 2008) 

Loading doses of 6 
mg/kg every 12 hours 

for 48 h

Fluorescence polarization 
immunoassay (TDx, Abbott 

Laboratories, IL, USA) 

Table 1. Antibiotics used in critically ill patients, dose recommendations and analytical 
techniques  used to measure their levels 
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5. Background information of vancomycin and phenytoin 
Vancomycin is a glycopeptide antibiotic used to treat Gram-positive infections and in 
particular, methicillin-resistant Staphylococcal species. Therapeutic drug monitoring of 
vancomycin is commonly based on trough and peak determinations. However, a continuous 
infusion of vancomycin was reported in the literature (James et al., 1996) and it was the 
mode of administration in our patients with good outcomes and with the advantage of 
adjusting the dose easily, proving to be even safer and more effective than intermittent 
administration. 
In critical care units, intravenous phenytoin is the first - line drug in prophylaxis or 
suppression of seizures. For lipophylic drugs and non significant ionized at biological pH 
range, the total concentration of drug in saliva is equal to free drug concentration in plasma 
(Al Zaabi et al., 2003) after loading doses and therefore more reflective of drug concentration 
in the biophase. So saliva could be a better surrogate for free drug levels, becoming a more 
advantageous monitoring fluid. 
Both drugs are bound to albumin: 50% and 90% for vancomycin and phenytoin respectively. 
Vancomycin is mainly excreted by the kidneys (80%), whereas hepatic metabolism is 
predominant for phenytoin with less than 5% excreted as unchanged drug in the urine 
(Letteri et al., 1971). CYP2C9 and CYP2C19 are the main enzymes responsible for phenytoin 
elimination (Levy, 1995) and their low distribution in the gut suggests an hepatic 
metabolism for this drug (Läpple et al., 2003). Phenytoin is also a multidrug resistance 
protein (MRP2) substrate (Potschka et al., 2003) and is capable of inducing these transporters 
after multiple doses (Lombardo et al., 2008). 

6. Pharmacokinetic modelling  
The multi-compartmental model, shown in Figure 2, reflects the pharmacokinetic factors 
associated with the use of vancomycin and phenytoin in critically ill patients with sepsis. 
As it can be observed, different processes of transference of mass could take place after 
intravenous drug administration, depending on the drug considered. For instance, 
phenytoin has lower intestinal and negligible renal elimination pathways, while 
vancomycin has major renal and minor splanchnic excretion processes with practically null 
intestinal and renal reabsorption of drug. Firstly, the drug enters the body directly into the 
blood stream which is located within the Central Blood-Plasma compartment. From here the 
drug is distributed to different extravascular spaces according to the fraction of total blood 
flow destined to each organ (red arrows). Hence, the higher the blood flow fraction 
delivered to an organ is, the higher the fraction of total molecules of drug delivered to the 
corresponding tissue is. This last issue is very important to understand the impact that 
vasodilatation could have on regional drug distribution. If kidneys receive an increased 
fraction of the cardiac output, all elimination processes taking place in these organs increase. 
The same could be the case for the intestinal uptake of drug from blood compartment. At 
the liver region, the uptake by hepatocytes suffers only a little change. Since hepatic blood 
flow fraction is regulated by both portal and arterial supply, acting in a compensated way, 
then drug transference could remain unchanged. 
The most important change in sepsis is the increase in capillary permeability. This happens 
in all the vessels, and consequently there will be a generalized escape to the extravascular 
space, including the eliminating organs. For this reason, drug clearance is the main  
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Antimicrobials concentrations in septic patients were determined in different studies  
(Table 1) and thus pharmacokinetic data could be inferred. 
Several authors found that antibacterial concentrations of these antibiotics are easily 
achievable with continuous infusion, thus representing and effective alternative dosing 
regimen to infusion bolus.  
In a recent study (Roberts et al., 2009), continuous versus intermittent infusion of 
meropenem in critically ill patients with sepsis and without renal dysfunction was 
compared. In this study, continuous infusion was more successful in achieving the target 
concentrations despite meropenem instability.  
 

Antibiotics Suggested doses Analytical techniques 
Piperacillin-
tazobactam 
(Petrosillo et al., 
2010; Taccone et al., 
2010a) 

A loading dose of 2g, 
then 8g by continuous 

infusion over 24 h 

High performance liquid 
chromatography with diode array 

detection 

 
Meropenem 
(Taccone et al., 
2010a) 

2g every 8 hours 
High performance liquid 

chromatography with diode array 
detection

 

Ceftazidime 
(Benko et al., 1996; 
Taccone et al., 2010a) 

2 g loading dose 
followed by a 3-g  

continuous infusion 
over 24 h

High performance liquid 
chromatography with diode array 

detection 

 
Cefepime 
(Lipman et al., 1999; 
Taccone et al., 2010a) 

1g every 4 hours 
High performance liquid 

chromatography with diode array 
detection

 

Amikacin (Taccone 
et al., 2010b) 

A loading dose ≥25 
mg/kg 

Fluorescence polarization 
immunoassay (TDx, Abbott 

Laboratories, IL, USA) 
 
Gentamicin 
(Petrosillo et al., 
2010) 

7 mg /kg once daily 
Fluorescence polarization 

immunoassay (TDx, Abbott 
Laboratories, IL, USA) 

 

Vancomycin 
(Vázquez et al., 2008) 

1 g loading dose 
followed by a 3-g 

continuous infusion 
over 24 hours

Fluorescence polarization 
immunoassay (TDx, Abbott 

Laboratories, IL, USA) 

 

Teicoplanin (Brink 
et al., 2008) 

Loading doses of 6 
mg/kg every 12 hours 

for 48 h

Fluorescence polarization 
immunoassay (TDx, Abbott 

Laboratories, IL, USA) 

Table 1. Antibiotics used in critically ill patients, dose recommendations and analytical 
techniques  used to measure their levels 
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5. Background information of vancomycin and phenytoin 
Vancomycin is a glycopeptide antibiotic used to treat Gram-positive infections and in 
particular, methicillin-resistant Staphylococcal species. Therapeutic drug monitoring of 
vancomycin is commonly based on trough and peak determinations. However, a continuous 
infusion of vancomycin was reported in the literature (James et al., 1996) and it was the 
mode of administration in our patients with good outcomes and with the advantage of 
adjusting the dose easily, proving to be even safer and more effective than intermittent 
administration. 
In critical care units, intravenous phenytoin is the first - line drug in prophylaxis or 
suppression of seizures. For lipophylic drugs and non significant ionized at biological pH 
range, the total concentration of drug in saliva is equal to free drug concentration in plasma 
(Al Zaabi et al., 2003) after loading doses and therefore more reflective of drug concentration 
in the biophase. So saliva could be a better surrogate for free drug levels, becoming a more 
advantageous monitoring fluid. 
Both drugs are bound to albumin: 50% and 90% for vancomycin and phenytoin respectively. 
Vancomycin is mainly excreted by the kidneys (80%), whereas hepatic metabolism is 
predominant for phenytoin with less than 5% excreted as unchanged drug in the urine 
(Letteri et al., 1971). CYP2C9 and CYP2C19 are the main enzymes responsible for phenytoin 
elimination (Levy, 1995) and their low distribution in the gut suggests an hepatic 
metabolism for this drug (Läpple et al., 2003). Phenytoin is also a multidrug resistance 
protein (MRP2) substrate (Potschka et al., 2003) and is capable of inducing these transporters 
after multiple doses (Lombardo et al., 2008). 

6. Pharmacokinetic modelling  
The multi-compartmental model, shown in Figure 2, reflects the pharmacokinetic factors 
associated with the use of vancomycin and phenytoin in critically ill patients with sepsis. 
As it can be observed, different processes of transference of mass could take place after 
intravenous drug administration, depending on the drug considered. For instance, 
phenytoin has lower intestinal and negligible renal elimination pathways, while 
vancomycin has major renal and minor splanchnic excretion processes with practically null 
intestinal and renal reabsorption of drug. Firstly, the drug enters the body directly into the 
blood stream which is located within the Central Blood-Plasma compartment. From here the 
drug is distributed to different extravascular spaces according to the fraction of total blood 
flow destined to each organ (red arrows). Hence, the higher the blood flow fraction 
delivered to an organ is, the higher the fraction of total molecules of drug delivered to the 
corresponding tissue is. This last issue is very important to understand the impact that 
vasodilatation could have on regional drug distribution. If kidneys receive an increased 
fraction of the cardiac output, all elimination processes taking place in these organs increase. 
The same could be the case for the intestinal uptake of drug from blood compartment. At 
the liver region, the uptake by hepatocytes suffers only a little change. Since hepatic blood 
flow fraction is regulated by both portal and arterial supply, acting in a compensated way, 
then drug transference could remain unchanged. 
The most important change in sepsis is the increase in capillary permeability. This happens 
in all the vessels, and consequently there will be a generalized escape to the extravascular 
space, including the eliminating organs. For this reason, drug clearance is the main  



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 194 

 
Fig. 2. Multi-compartmental model to explain drug variations during sepsis.Yellow arrows 
indicate efflux pumps. Red arrows represent blood flow and blood flow fraction to the 
different zones and blue arrows drug elimination. Some organs/tissues can be represented: 
(UI) upper intestine; (LI) lower intestine; (L) liver; (K) kidney; (RT) renal tubule; (GIT) 
gastrointestinal tract; (SG) salivary gland, (S) saliva; (M) muscle; (MC) myocardium; (CNS) 
central nervous system. (D) is the dose. 

pharmacokinetic process affected by this change. Distribution into the intracellular spaces is 
not affected because both solute and solvent diffuse outside the vessels, so drug 
concentrations in plasma and in the interstitium remain unchanged. Secretions of fluid 
containing the drug increase through all secretory organs (gastrointestinal tract, kidneys) 
and consequently drug excretion increases. Fluid resuscitation does not reverse this 
phenomenon, because it just re-establishes blood pressure, but the increased clearance of 
drug persists. In the model, arrows getting mass of drug out of the blood compartment 
would increase, and those returning it back would decrease. 
Loss of plasma proteins from the body, due to the increased permeability and increased 
clearance of proteins, produces a decrease in plasma protein concentrations. So, a decreased 
capacity to retain drug in the vasculature contributes to diminish even more drug levels in 
plasma and all over the body.  
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To sum up, free drug concentration in plasma decreases during sepsis because of an 
increased clearance. Total plasma drug concentration could decrease to a greater extent 
depending on the capacity of plasma protein to bind the drug. If there is a low binding 
capacity, the decrease in total drug concentration could be significantly higher than its 
respective free level decrease. 
Since phenytoin is mainly eliminated by metabolism, and the hepatic clearance is its major 
route of elimination, a small decrease in free drug levels could be expected because of an 
increased blood flow fraction destined to both the intestine and the kidneys. However, 
saturation in plasma protein binding could be attained in hypoalbuminemic septic patients 
and then total plasma drug level may be decreased to a greater extent, even though non-
significant clinical consequences should be expected. As the figure shows, certain arrows are 
painted in yellow, denoting a process mediated by efflux carriers. Since phenytoin is a 
MRP2 substrate, and it could induce its expression after chronic administration, different 
consequences either in clearance (Fagiolino et al. 2011), or in brain distribution, or in saliva 
excretion, could be envisaged. Readers should be aware of these increases in yellow arrows 
to deduce the pharmacokinetic and the therapeutic impact, and the corresponding drug 
monitoring using free plasma or saliva concentrations. 

7. Experimental results 
During sepsis the release of inflammatory mediators during the initial stage often results in 
detrimental effects to the host. The endothelial damage provoked by leucocytes, 
prostaglandins, leukotrienes or cascade activated complement leads to a generalized 
increase in capillary permeability and interstitial edema. Abnormalities in the 
microcirculation result in vasodilation and hypotension. 

7.1 Vancomycin  
The increase in permeability provokes an increase in renal clearance, thus there is a drop in 
both total and free plasma concentrations. Due to the hydrophilic characteristics of the drug, 
the tubular reabsorption is scarce and renal excretion is the augmented elimination pathway.  
Vasodilation taking place mainly in the splanchnic and renal region would also produce an 
increase in drug clearance. In the case of critically ill patients in resting position, the blood 
flow to this area is already increased, so supplementary reduction in drug concentration is 
negligible. 
Edema and hypovolemia have no further effect on the already low total drug 
concentrations. 
Our data revealed no changes in protein binding for vancomycin . The comparison of the 
free fraction between 36 patients with sepsis and 24 patients without sepsis (all of them with 
normal renal function) showed no significant differences The values obtained (mean ± SD) 
were 34.6 ± 6.3% and 34.5 ± 5.9% respectively (Boronat, 2006). In the septic group a fall in 
free plasma concentration was observed even though daily doses were higher. 
So the fall in vancomycin concentrations, even free concentrations, is mainly due to 
increased capillary permeability. Only with the eradication of the infection this situation can 
be reverted. Meanwhile, a higher dose should be administered (Vázquez et al, 2008). 
Volume resuscitation did not have impact on free drug concentration but catecholamine 
administration reverted the slight impact that vasodilation could have on the already low 
free plasma concentrations.  
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pharmacokinetic process affected by this change. Distribution into the intracellular spaces is 
not affected because both solute and solvent diffuse outside the vessels, so drug 
concentrations in plasma and in the interstitium remain unchanged. Secretions of fluid 
containing the drug increase through all secretory organs (gastrointestinal tract, kidneys) 
and consequently drug excretion increases. Fluid resuscitation does not reverse this 
phenomenon, because it just re-establishes blood pressure, but the increased clearance of 
drug persists. In the model, arrows getting mass of drug out of the blood compartment 
would increase, and those returning it back would decrease. 
Loss of plasma proteins from the body, due to the increased permeability and increased 
clearance of proteins, produces a decrease in plasma protein concentrations. So, a decreased 
capacity to retain drug in the vasculature contributes to diminish even more drug levels in 
plasma and all over the body.  
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To sum up, free drug concentration in plasma decreases during sepsis because of an 
increased clearance. Total plasma drug concentration could decrease to a greater extent 
depending on the capacity of plasma protein to bind the drug. If there is a low binding 
capacity, the decrease in total drug concentration could be significantly higher than its 
respective free level decrease. 
Since phenytoin is mainly eliminated by metabolism, and the hepatic clearance is its major 
route of elimination, a small decrease in free drug levels could be expected because of an 
increased blood flow fraction destined to both the intestine and the kidneys. However, 
saturation in plasma protein binding could be attained in hypoalbuminemic septic patients 
and then total plasma drug level may be decreased to a greater extent, even though non-
significant clinical consequences should be expected. As the figure shows, certain arrows are 
painted in yellow, denoting a process mediated by efflux carriers. Since phenytoin is a 
MRP2 substrate, and it could induce its expression after chronic administration, different 
consequences either in clearance (Fagiolino et al. 2011), or in brain distribution, or in saliva 
excretion, could be envisaged. Readers should be aware of these increases in yellow arrows 
to deduce the pharmacokinetic and the therapeutic impact, and the corresponding drug 
monitoring using free plasma or saliva concentrations. 

7. Experimental results 
During sepsis the release of inflammatory mediators during the initial stage often results in 
detrimental effects to the host. The endothelial damage provoked by leucocytes, 
prostaglandins, leukotrienes or cascade activated complement leads to a generalized 
increase in capillary permeability and interstitial edema. Abnormalities in the 
microcirculation result in vasodilation and hypotension. 

7.1 Vancomycin  
The increase in permeability provokes an increase in renal clearance, thus there is a drop in 
both total and free plasma concentrations. Due to the hydrophilic characteristics of the drug, 
the tubular reabsorption is scarce and renal excretion is the augmented elimination pathway.  
Vasodilation taking place mainly in the splanchnic and renal region would also produce an 
increase in drug clearance. In the case of critically ill patients in resting position, the blood 
flow to this area is already increased, so supplementary reduction in drug concentration is 
negligible. 
Edema and hypovolemia have no further effect on the already low total drug 
concentrations. 
Our data revealed no changes in protein binding for vancomycin . The comparison of the 
free fraction between 36 patients with sepsis and 24 patients without sepsis (all of them with 
normal renal function) showed no significant differences The values obtained (mean ± SD) 
were 34.6 ± 6.3% and 34.5 ± 5.9% respectively (Boronat, 2006). In the septic group a fall in 
free plasma concentration was observed even though daily doses were higher. 
So the fall in vancomycin concentrations, even free concentrations, is mainly due to 
increased capillary permeability. Only with the eradication of the infection this situation can 
be reverted. Meanwhile, a higher dose should be administered (Vázquez et al, 2008). 
Volume resuscitation did not have impact on free drug concentration but catecholamine 
administration reverted the slight impact that vasodilation could have on the already low 
free plasma concentrations.  



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 196 

Importantly, with deterioration in the clinical condition of the patient, lower plasma levels 
of vancomycin were observed. Conversely, an improvement in the clinical outcome was 
associated with increases in vancomycin plasma levels.  
In this context, daily monitoring of plasma levels of this drug is mandatory to manage the 
infection.  

7.2 Phenytoin 
Due to its predominant hepatic elimination, changes in free plasma concentrations caused 
by capillary permeability modifications are not expected. 
Vasodilation in intestine and renal regions with increasing blood flow derived to these areas 
would not impact significantly on free plasma phenytoin concentration either. 
Changes in protein binding were observed in our hypoalbuminemic critically ill patients 
(Ibarra et al, 2010). For phenytoin, low total blood levels correspond mainly to an increased 
free drug fraction. Mean free phenytoin fraction in these patients was significantly higher 
(0.169 ± 0.080) in comparison to the one reported for patients with normal albumin (0.10). 
Thus, an increase in dose is not necessary and monitoring of the unbound concentration 
may be desirable.  
Limited data are available about the enzymatic functionality during sepsis. De Paepe et al. 
(2002) reported the findings that long periods under hypoxic conditions decrease 
cytochrome P450 enzymes activity, but this could not be the case in septic patients because 
of the prompt hemodynamic and ventilatory measurements taken in order to maintain 
adequate organ perfusion. Then, conclusions about this issue are not so easily reached. 
As the free drug determination is difficult and expensive to achieve in practice, salivary 
phenytoin monitoring may serve as an alternative to plasma free concentration monitoring 
in this population due to its good correlation with the effect.  
Our results showed significant correlations between saliva (S) and free plasma (P) drug 
concentrations in critically ill patients when doses were administered for short periods of 
time. In some of them, when the treatment was maintained and high doses were given, a 
slight increase in S/P ratio was observed. Despite the strong correlation found between 
salivary and free plasma concentrations, the induction of efflux transporters in different 
organs (including salivary glands) by this antiepileptic in chronic treatments could explain 
the higher S/P ratio obtained. 

8. Conclusions  
There was consistency of the pharmacokinetic model presented and the clinical data. It 
could be stated that for hydrophilic drugs both renal and non renal excretion significantly 
increase in sepsis. Physiopathology of sepsis has little influence on free drug metabolic 
clearance, which is mainly affected by cardiac output distribution changes. Changes in 
protein binding should not be taken as a major constraint for achieving the therapeutic goal 
because these changes themselves, do not affect free drug levels in plasma or in the 
biophase. So, total blood level shoul not be taken into account to guide therapeutic 
management of critically ill patients. 
In patients without renal impairment, and receiving hydrophilic antibiotics higher doses 
and continuous or extended infusions are the best approaches to improve clinical outcomes. 
In the case of vancomycin and according to our studies the recommended daily dose should 
be 3 g with later adjustments considering clinical evolution. 
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According to our experience, in neurologic critically ill patients receiving phenytoin, the 
increase in the loading dose, as a consequence of the diminished total plasma levels, more 
than a benefit, enhanced drug-related toxicities. In these cases, free plasma or saliva drug 
monitoring is advisable.  
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Importantly, with deterioration in the clinical condition of the patient, lower plasma levels 
of vancomycin were observed. Conversely, an improvement in the clinical outcome was 
associated with increases in vancomycin plasma levels.  
In this context, daily monitoring of plasma levels of this drug is mandatory to manage the 
infection.  

7.2 Phenytoin 
Due to its predominant hepatic elimination, changes in free plasma concentrations caused 
by capillary permeability modifications are not expected. 
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slight increase in S/P ratio was observed. Despite the strong correlation found between 
salivary and free plasma concentrations, the induction of efflux transporters in different 
organs (including salivary glands) by this antiepileptic in chronic treatments could explain 
the higher S/P ratio obtained. 

8. Conclusions  
There was consistency of the pharmacokinetic model presented and the clinical data. It 
could be stated that for hydrophilic drugs both renal and non renal excretion significantly 
increase in sepsis. Physiopathology of sepsis has little influence on free drug metabolic 
clearance, which is mainly affected by cardiac output distribution changes. Changes in 
protein binding should not be taken as a major constraint for achieving the therapeutic goal 
because these changes themselves, do not affect free drug levels in plasma or in the 
biophase. So, total blood level shoul not be taken into account to guide therapeutic 
management of critically ill patients. 
In patients without renal impairment, and receiving hydrophilic antibiotics higher doses 
and continuous or extended infusions are the best approaches to improve clinical outcomes. 
In the case of vancomycin and according to our studies the recommended daily dose should 
be 3 g with later adjustments considering clinical evolution. 
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According to our experience, in neurologic critically ill patients receiving phenytoin, the 
increase in the loading dose, as a consequence of the diminished total plasma levels, more 
than a benefit, enhanced drug-related toxicities. In these cases, free plasma or saliva drug 
monitoring is advisable.  
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1. Introduction 
The mortality rate of severe sepsis and septic shock has remain high and always has been 
recognized as one of the most common cause of death worldwide. On the other hand, new 
interventions has been shown to decrease the complications of this syndrome, even 
reducing the percent of deaths from over 50% to 30-40% in some studies. 
In this chapter, we will discuss some of these therapies including the most important studies 
leading to better outcomes in the treatment of the above condition. 

2. Diagnosis 
So far there is no definitive test for the diagnosis of severe sepsis or septic shock. When the 
human body is exposed to an insult, whether caused by bacteria, trauma, burn, or drug 
overdose, the individual tends to respond differently depending on their health status and 
the presence or absence of co-morbidities. Despite no specific test available, there are certain 
findings that lead us to the diagnosis. These include tachycardia, tachypnea, leukocytosis or 
leucopenia, fever or hypothermia; all of them are basically criterias defining the Systemic 
Inflammatory Response Syndrome (SIRS). In addition, the presence of altered mental status, 
hyperbilirubinemia, metabolic acidosis or respiratory alkalosis and thrombocytopenia could 
also be useful. 
Severe sepsis is known as an acute organ dysfunction secondary to infection. When 
evaluating a patient with this syndrome time becomes our worst enemy. The organism/s 
responsible for the acute illness should be identified within the first hours. Appropriate 
cultures should be obtained before antimicrobial therapy is initiated to confirm the presence 
of infection and proceed with de-escalation of antibiotic therapy after a susceptibility profile 
is available. Two quantitative blood cultures should be taken and in patients with 
indwelling catheters for more than 48 hours, at least one blood culture should be drawn 
through each lumen of the vascular access [1]. When the same organism is recovered from 
both cultures, the likelihood that the organism is causing the severe sepsis is enhanced. 
Quantitative cultures of other body sites, such as urine, cerebrospinal fluid, wounds and /or 
respiratory secretions should also be obtained if they are considered to be the source of 
infection. It is important to understand that obtaining cultures before the initiation of 
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therapy should only be done if not associated with significant delay in antibiotic 
administration.  
Imaging studies might also be necessary to identify the source of infection, especially when 
the presence of foreign body or drainage is suspected to be the cause of severe sepsis. 
However, some patients may be too unstable to undergo invasive procedures or be 
transported outside the intensive care unit. In such cases bedside ultrasound can be useful. 
The potential role of biomarkers in the diagnosis of severe sepsis remains unclear. The use 
of pro-calcitonin level has demonstrated controversial results since it can be altered in 
patients with an acute inflammatory process other than infection [2]. In the near future, it is 
expected that rapid diagnostic methods, such as polymerase chain reaction, be available for 
quicker identification of pathogens and antimicrobial resistance patterns [3]. 

3. Source control 
Source control is known as the rapid diagnosis of the specific body site of infection 
amenable to proceed with control measures such as abscess drainage, debridement of 
infected necrotic tissue and removal of a potentially infected device. Possible infectious foci 
include: intra-abdominal abscess, intestinal infarction and/or gastrointestinal perforation, 
cholangitis, pyelonephritis, empyema and septic arthritis. Identification of these sites of 
infection should be within the first six hours of presentation [4,5]. 
When source control is required minimally invasive interventions should be employed. For 
example, performing percutaneous drainage rather than surgical intervention of an abscess 
[6]. If less invasive approaches are inadequate or there is uncertainty about the diagnosis, 
then more aggressive measures should be considered. When making such decisions the 
benefits versus risks as well as the patient’s preferences and clinician’s expertise must be 
considered [7].  
When an intravascular access device has been identified as the possible cause of severe 
sepsis removal of the device should be done after other vascular access has been established 
[8,9]. Special attention should be given when the suspected source of infection is a 
peripancreatic necrosis. Definitive intervention should be delayed until adequate 
demarcation of viable and non-viable tissue has been made. In this case endoscopic rather 
than surgical drainage of biliary tree should be considered taking into consideration what 
represents the least physiologic insult for the patient [10]. 

4. Antibiotic therapy 
Administration of antibiotics is considered as important as establishing a vascular access 
and giving fluid resuscitation. Therapy should be started within the first hour of recognition 
of septic shock. In some cases this may require additional vascular access, however this 
shouldn’t represent a delay in the infusion of antibiotics since this has been associated with 
increased mortality [11, 12]. The choice of empirical antibiotics will depend on patient’s 
history, including drug intolerance, co-morbidities, the clinical syndrome and susceptibility 
patterns of pathogens in the hospital, community and those that have previously infected 
the individual. Recently used antibiotics should definitely be avoided.  
Another consideration is whether fungal infection with Candida species is the cause of 
sepsis. Risk factors for candidemia include: central venous catheters, total parenteral 
nutrition, broad- spectrum antibiotics, high APACHE scores ( Acute Physiology and 
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Chronic Health Evaluation II), acute renal failure, prior surgery ( particularly abdominal 
surgery), gastrointestinal perforations and anastomotic leaks [13, 14, 15 ]. 
Immunocompromised patients such as those with hematologic malignancies, recipients of 
solid organ or hematopoietic stem cell transplants and those receiving chemotherapy are 
also at increased risk of candidemia [16]. 
All patients with septic shock should be treated initially with broad-spectrum antibiotics to 
cover the most common or likely pathogens. It has been demonstrated that failure to initiate 
appropriate therapy against the pathogen that is later identified as the cause of infection is 
associated with increased morbidity and mortality [17, 18]. Therapy should be re-evaluated 
on a daily basis for four reasons: to optimize activity, to prevent the development of 
resistance, and, to reduce toxicity and costs. 
Combination therapy should be given to those patients with risk factors for Pseudomonas 
infection and neutropenia, defined as an absolute neutrophil count (ANC) less than 1500. 
Although clinical evidence has failed to demonstrate that combination therapy produces 
superior clinical outcome for individual pathogens in a particular patient group, 
combination therapies do produce in vitro synergy against pathogens in some models [19, 
20, 21, 22]. The rationale in administering combination therapy for suspected Pseudomonas 
infection is to increase the likelihood that at least one drug will be effective against that 
strain. This intervention has demonstrated to have a positive effect on outcome [23].  
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decrease the possibility that the patient develops superinfections with pathogens or resistant 
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faecium. Therapy should be prolonged from seven to ten days in patients with slow clinical 
response and those who are immunocompromised or have a source of infection that cannot 
be controlled. If the cause of the clinical syndrome has been confirmed to be of noninfectious 
etiology, antibiotic therapy should discontinue immediately. This will decrease the 
likelihood that the patient becomes infected with drug resistant pathogens.  

5. Hemodynamic management in severe sepsis and septic shock 
Early sepsis signs are very difficult to diagnose,usually with nonspecific presentations. 
Patient who arrives with an unapparent infection can progress to a lethal form of disease. 
In 1992 The Society of Critical Care Medicine Conference consensus defined sepsis as a 
systemic inflammatory response that includes 2 or more clinical findings: temperature, 
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Early recognition of sepsis with integrated approach screening, triggering evidence-based 
protocolized care, is anticipated to reduce sepsis morbidity and mortality [28]. The 
Surviving Sepsis Campaign (SSC) provided some of the best clinical evidence for the 
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6. Initial resuscitation 
Patients with septic shock often require early and vigorous resuscitation with an integrated 
approach directed to rapid restoring systemic oxygen delivery and improving tissue 
oxygenation.  
The first priority involves stabilization of the airway and breathing,with supplemental 
oxygen and if necessary institution of mechanical ventilation.  
Second assessment of perfusion should be done (hypotension persisting after initial fluid 
challenge, blood lactate ≥ 4mmmol/L). Once hypoperfusion is recognized, early restoration 
of perfusion is necessary to limit secondary organ dysfunction and reduce mortality. During 
the first 6 hours of resuscitation, the goals should include: Central venous pressure 8-12mm 
Hg with a Mean Arterial Pressure (MAP) over 65mmHg,a urine output ≥ 0.5ml/kg/hr and 
finally a Central venous (superior vena cava) or mixed venous oxygen saturation ≥70% or 
≥ 65% respectively. If Svo2 is less than 70%, packed of red blood cells (PRBC) are transfuse 
to achieve an hematocrit level of 30%. If central venous pressure, MAP and hematocrit were 
optimized and Svo2/ScVo2 remained below 70% dobutamine is recommended to increase 
cardiac output and oxygen delivery. 
The early goal directed therapy has been shown to improved survival for emergency 
department (ED) patients with severe sepsis and septic shock. This evidence comes from a 
randomized controlled single center trial that assigned 253 patients with severe sepsis or 
septic shock to receive protocolized early goal directed therapy during the first 6 hours in 
ED or to receive standard therapy before admission in ICU. These resuscitation goals 
reduced the in hospital mortality from 46.5% to 30.5% (P=. 009), a 28 days mortality rate 
(p=0.1) and at 60 day (p=0.3) [28]. 
In 2004 the international group experts published first internationally accepted guidelines 
[29].Eventually from 2006 to 2007 the group met again to update the guidelines using new 
evidence [30]. Central venous pressure is currently commonly used as guide for 
resuscitation, although there are recognized limitations to ventricular filling pressures 
estimated as surrogate for fluid resuscitations [31, 32]. In mechanical ventilated patient 
target CVP of 12 to 15 mmHg is recommended to account for impediment of filling due to 
increase intrathoracic pressure [33]. Other cases to consider higher CVP include increased 
abdominal pressure and diastolic dysfunction [34]. 
The MAP is the most powerful predictor of mortality, commonly used as an indicator of 
perfusion pressure [35]. Current recommended levels are between 60-65 mmHg in view of 
adequate autoregulation of blood flow to vital organs [36].  
Oxygen is delivered to the tissues as a product of cardiac output (heart rate x stroke volume) 
and oxygen content (hemoglobin oxygen saturation x hemoglobin x 1.34) + (partial pressure 
of oxygen x .003). The tissues extract a percentage of the delivered for cellular respiration 
and the remaining returns to venous circulations. This amount can be measure from 
pulmonary artery (SvO2, mixed venous oxygen saturation) or by central venous circulation 
(central oxygen saturation). ScvO2 is only measure with a pulmonary catheter. However, 
the ScvO2 can be obtained by central insertion of the superior vena cava or right atrium. 
Pulmonary artery catheter for hemodynamic monitoring and mixed venous saturation has 
not shown any difference in outcome [37, 38] but it is used in selected cases. 
The measurement of Scvo2 is 5-6% higher than Sv02, but some studies has shown excellent 
correlation [39, 40]. So basically a targeted SvO2 has demonstrated better outcome in this 
population. 
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7. Fluid therapy 
Septic shock is associated with substantial volume depletion and myocardial dysfunction. 
The ventricular filling pressure is usually low due to an increase in external loses from 
gastrointestinal or urinary tracts, bleeding, skin surface or internal loses due to exudation or 
transudation of bloody fluids. This leads to a generalized vasodilatation and peripheral 
blood pooling, consequently decreasing the intravascular volume. Adequate fluid 
resuscitation therefore is one of the cornerstones of the management of septic shock. The 
aim is the restoration of intravascular fluid volume, reestablish effective tissue perfusion, 
increase cardiac output and systemic oxygen delivery. 
The outcomes advantages between crystalloid and colloids solutions continue to remain 
unsolved. The recent sepsis campaign guidelines cannot recommend one type or another. 
The Saline versus Albumin Fluid Evaluation (SAFE),a multicenter randomized trial study 
showed no difference in 28 day all mortality cause, organ dysfunction, duration of 
mechanical ventilation, day of renal replacement, hospital or ICU length of stay [41].  
However, other study compared 10% pentastarch (a low molecular weight hydroxyethyl 
starch) with ringer’s lactate and the first therapy was associated with higher rates of renal 
replacement therapy [42].  
As the volume of distribution is much large for crystalloids than for colloids, the use of 
crystalloids for resuscitation requires more fluid and infusion periods to achieve comparable 
hemodynamic endpoints. Though less colloid is requires, volume expansion with colloid is 
more expensive.The fluid challenge in patient with suspected hypovolemia may be give at 
rate of 500-1000ml of crystalloids or 300-500ml of colloids over 30 min and repeated on 
response (blood pressure, heart rate, urine output) and tolerance (evidence of intravascular 
fluid overload). 
Since the validation of CVP measurements in patients with sepsis is widely debated, other 
methods has emerged to assess fluids responsiveness. Echocardiography can be use to 
estimate Left ventricular End Diastolic volume but it is skill operator dependant [43]. Pulse 
Pressure Variation (PPV) during pressure breath can be used to predict responsiveness 
cardiac output to change preload [44]. PPV in mechanical ventilated patient is useful for 
assessing preload responsiveness [45]. 
Other controversial topics are the fact that excessive amount of fluid may be harmful to the 
patients with septic shock. Multiple studies have correlated positive fluid balance with 
reduces survival in ARDS [46] and sepsis [47]. Other study of 87 patients in mechanical 
ventilation showed that positive fluid balance were associated with failure of spontaneous 
breathing trials [48].  
A prospective study, The Fluid and Catheter Treatment Trial (FACTT) randomized 1,001 
patients with acute lung injury or ARDS to conservative (CVP<4mm Hg or pulmonary 
artery occlusion pressure [PAOP], <8mm Hg) vs. liberal (CVP, 10 to 14 mmHg, or PAOP, 14 
to 18mm Hg) fluid management and concluded that there was no mortality difference at 60 
days, but the conservative fluid strategies improved lung function, ventilator free days and 
reduce ICU length of stay [49].  
A new retrospective study review from the Vasopressin in Septic shock trial (VASST) in which 
was analyzed the positive fluid balance and determined correlation with CVP at 12hrs and 
during subsequent days. The study found increase mortality with positive fluid balance early 
in resuscitation and cumulative for 4 days. The CVP may be use as a gauge to fluid balance 
<12hrs, but becomes an unreliable marker of fluid balance thereafter. The overall data suggest 
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the optimal survival occurred at CVP of 8mmHg and positive fluid balance of 3 l during first 
12hr; however a randomized control studies is necessary to prove this [50].  
The approach of fluid resuscitation in sepsis shock patients suggest that should be liberal in 
the first 6h of acute resuscitation, guided by Svo2 or Scvo2. Once the patient is adequately 
resuscitated, fluids should be hold without the necessity of maintenance therapy. The 
intravascular status should be continuing monitoring with physical examination with 
observation of sign of hypoperfusion, weight, input and output chart and other measures [51]. 

8. Vasoactive therapy 
When the fluid administration fails to restore an adequate arterial pressure and organ 
perfusion , a vasoactive agent should be started. The ultimate goals are to restore effective 
tissue perfusion and normalize cellular metabolism. 
In shock state, the estimation of blood pressure using a cuff may be inaccurate and the use 
of arterial catheterization provides more precise and reproducible measurements of arterial 
pressure [52].  
Most experts recommend a MAP ≥ 65 mm Hg.  

9. Norepinephrine 
Norepinephrine is the endogenous mediator of the sympathetic system having a strong α-
adrenergic activity with less β-adrenergic effects.It increases MAP by vasoconstriction, with 
small (10-15%) increase in cardiac output and stroke volume [53-58] .Filling pressure is 
either unchanged[59] or modestly increased (1-3 mm Hg) [54-57]. 
In open labels trials, norepinephrine at doses ranges 0.01 to 3.3µg/kg/min has 
demonstrated to increase MAP in patients who remained hypotensive after fluid 
resuscitation and dopamine [54-56 , 58, 60, 64-65].  
A randomized trial compared vasopressor agents in 32 resuscitated septic patients in which 
either dopamine or norepinephrine were given to keep homodynamic derangements. 
Dopamine was successful only in 31% vs. 93% treated with norepinephrine [63].  
Another larger multicenter randomized trial study, which compared dopamine vs. 
norepinephrine for treatment for any kind of shock (cardiogenic, hypovolemic, septic), 
found no significant death rate at 28 days.However, there were more arrhythmic events 
among patients treated with dopamine.Also, patients who suffered cardiogenic shock and 
were managed with dopamine had an increase mortality rate at 28 days. This and other 
studies suggested that norepinephrine is a safer drug in cardiogenic shock and myocardial 
infarction patients due to tachyphylaxis [67]. 
Other important multivariate analysis included 97 septic shock patients and was statistically 
significant for a reduced mortality by the use of the norepinephrine. The use of high use 
dopamine, epinephrinephrine or dobutamine had no significant effect [68].  
The studies of norepinephrine with splanchnic blood flow in septic patient have mixed 
results. A recent one compared norepinephrine, dopamine and epinephrine for septic shock 
and there was no significant difference between them [69].  

10. Dopamine 
Dopamine has predominantly β-adrenergic effects in low to moderate dose ranges (up to 10 
μg/kg per minute). Higher doses cause α-adrenergic predominance leading to arterial 
vasoconstriction and increase blood pressure. 
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It may be useful in patients with decrease systolic dysfunction but causes more arrhythmias 
than norepinephrine [70]. Although is has shown diuretic properties,it is not recommended for 
above purposes [71] probably due to its neuroendocrine effects,which may interfere with 
prolactin, thyroid, pituitary function and some of the immunosuppressive functions [72-73].  
Moreover, the use of Dopamine at “renal dose” has been discouraged due to ample 
evidence in meta-analysis and high quality prospective trial .An important one included 328 
criticall ill patients with early renal dysfunction and were separated in groups for low dose 
dopamine or placebo. No difference was found in the primary outcome (peak serum 
creatinine level, need for renal replacement and urine output). Other variables such as 
survival or hospital length of stay were unremarkable as well. 
Multiple recent studies has shown more detrimental effects with Dopamine.For example, 
the use of dopamine was associated with an increased mortality in patients with shock in a 
prospective multicenter observational study of 198 Europeans ICU [74].  
In conclusion, many experts have recognized that Dopamine should not be the first 
vasoactive drug in patients in shock and some of them recommended that should not be 
used anymore in patients with septic shock. 

11. Epinephrine 
Epinephrine has potent β1-β2 and α1-adrenegic activity, although the elevated MAP in 
sepsis comes mainly form an increase in cardiac output [75].The major concerns in use of 
epinephrine are: higher myocardial oxygen demand, hyperglycemia,increased lactate levels 
and a reduction in regional blood flow[76-79].  
Myburhg and colleagues performed a prospective multicenter, double blinded and 
randomized control trial in 280 ICU patients comparing epinephrine to norepinephrine 
founding no difference in the time to achieve arterial pressure goals, 28 day mortality, 90 
day mortality.However, 13% of the patients in the epinephrine group were withdrawn from 
the study because lactic acidosis or tachycardia[84]. 
Another randomized control trial conducted by Annane and colleagues compared 330 
patients with septic shock and evaluated the efficacy of norepinephrine with or without 
dobutamine against epinephrine alone [85]. They found that there was no difference in 
efficacy or safety between the two groups. For instance,epinephrine is not currently 
recommended as fist line vasopressor therapy in view of concerns about tachyarrhythmias 
and his effects on gastric perfusion. 

12. Phenylephrine 
Phenylephrine works at the α1 receptors causing increased blood pressure by 
vasoconstriction. Its use in septic shock has had controversial results but so far there has 
been only few related studies. 
In comparison with norepinephrine, phenylephrine reduces splanchnic blood flow, oxygen 
delivery and lactate uptake [86].On the other hand,it may be a good option when 
tachyarrhythmias limit therapy with other vasopressors. 

13. Vasopressin  
Arginine-vasopressin is an endogenous hormone that is release in response to decrease 
intravascular volume and increase plasma osmolality. Vasopressin constrict vascular 
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creatinine level, need for renal replacement and urine output). Other variables such as 
survival or hospital length of stay were unremarkable as well. 
Multiple recent studies has shown more detrimental effects with Dopamine.For example, 
the use of dopamine was associated with an increased mortality in patients with shock in a 
prospective multicenter observational study of 198 Europeans ICU [74].  
In conclusion, many experts have recognized that Dopamine should not be the first 
vasoactive drug in patients in shock and some of them recommended that should not be 
used anymore in patients with septic shock. 

11. Epinephrine 
Epinephrine has potent β1-β2 and α1-adrenegic activity, although the elevated MAP in 
sepsis comes mainly form an increase in cardiac output [75].The major concerns in use of 
epinephrine are: higher myocardial oxygen demand, hyperglycemia,increased lactate levels 
and a reduction in regional blood flow[76-79].  
Myburhg and colleagues performed a prospective multicenter, double blinded and 
randomized control trial in 280 ICU patients comparing epinephrine to norepinephrine 
founding no difference in the time to achieve arterial pressure goals, 28 day mortality, 90 
day mortality.However, 13% of the patients in the epinephrine group were withdrawn from 
the study because lactic acidosis or tachycardia[84]. 
Another randomized control trial conducted by Annane and colleagues compared 330 
patients with septic shock and evaluated the efficacy of norepinephrine with or without 
dobutamine against epinephrine alone [85]. They found that there was no difference in 
efficacy or safety between the two groups. For instance,epinephrine is not currently 
recommended as fist line vasopressor therapy in view of concerns about tachyarrhythmias 
and his effects on gastric perfusion. 

12. Phenylephrine 
Phenylephrine works at the α1 receptors causing increased blood pressure by 
vasoconstriction. Its use in septic shock has had controversial results but so far there has 
been only few related studies. 
In comparison with norepinephrine, phenylephrine reduces splanchnic blood flow, oxygen 
delivery and lactate uptake [86].On the other hand,it may be a good option when 
tachyarrhythmias limit therapy with other vasopressors. 

13. Vasopressin  
Arginine-vasopressin is an endogenous hormone that is release in response to decrease 
intravascular volume and increase plasma osmolality. Vasopressin constrict vascular 
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smooth muscle though V1 receptors. It also increases the responsiveness of the vascular bed 
to catecholamines [87,88] . Vasopressin may also increase blood pressure by inhibiting 
vascular smooth muscle nitric oxide [89] production and K +-ATP channels [90]. 
A newer interest has emerged as an additive vasoconstrictor in patients with septic shock 
resistant to catecholamines [90]. Vasopressin have been found to be in lower levels than 
expected in patients with septic shock, suggesting relative deficiency. Its combination with 
norepinephrine increases the splanchnic flow and urinary output [91]. Several small-
randomized studies comparing vasopressin with norepinephrine have demonstrated that 
initiation of it decreases catecholamine requirements [92]. 
A large, multicenter, randomized trial (VASST) [97] with 778 patients was done to determine 
whether norepinephrine and vasopressin decreases mortality compared with norepinephrine 
alone. No difference was found in mortality, ICU or hospital length of stay, discontinuation of 
vasopressors or organ dysfunction. The use of norepinephrine infusion was significantly lower 
in cases with vasopressin dose of 0.03U/min, but vasopressin seems to be better in less severe 
group. New retrospective analysis of the VASST suggests a beneficial effect between 
vasopressin and corticosteroid in patients with septic shock that were also treated with 
steroids. Patients with vasopressin with corticosteroids have significantly increased in plasma 
vasopressin levels. Vasopressin at 0.03u/min added to norepinephrine seems to be as safe as 
effective as norepinephrine in fluid resuscitated patients with septic shock.  

14. Dobutamine 
Is an inotrope that has variable effects on blood pressure due to β1 and β2 adrenergic 
agonist effect resulting in an increase heart rate and cardiac contractility. Dobutamine 
should be considered in patients who have low cardiac output in the presence of adequate 
ventricular filling pressures and appropriate mean arterial pressure [28-29] . 
In septic patients, it increases oxygen delivery and consumption. As part the early  
goal directed therapy dobutamine was associated with significant absolute reduction in 
mortality [28]. 
An inotrope should be considered to maintain an adequate cardiac index, mean arterial 
pressure, mixed venous oxygen content and urine output . Other available agents includes 
phosphodisterase inhibitors such as milrinone and enoximone, and calcium sensitizers such 
as levosimedan. There are currently inadequate data to recommend them in septic shock. 

15. Severe sepsis/septic shock and the use of steroids 
Sepsis syndrome is characterized by having a disequilibrium between pro- inflammatory 
and anti-inflammatory cytokines leading to overproduction of IL-1, IL-6 and TNF-α from 
the lymphocytes, macrophages and endothelial cells [100] . It is known that TNF- alfa and 
IL-6 decreases cortisol levels from the adrenal gland and ACTH production from the 
pituitary gland resulting in secondary adrenal insufficiency in approximately 16.3 to 55% of 
patients [101] . Systemic steroids might then have a beneficial role by inhibiting pro-
inflammatory cytokines, nitric oxide and phospholipase A2 [102] . They also enhance the 
activity of adrenergic receptors and increased myocardial contractility resulting in 
improvement of hemodynamics response.  
Hydrocortisone is usually the steroid of choice because it is the synthetic derivative of 
cortisol and also has intrinsic mineralocorticoid activity. After the study by Schumer, a short 
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course of high- dose corticosteroids became an accepted therapy [103] . Subsequent studies, 
however, did not confirm a survival benefit with this regimen and suggested an increase in 
superinfection-related mortality were patients went from being immunomodulated to being 
immunosupressed.  
Multiple randomized trials in patients with septic shock confirm that low-dose steroid 
therapy in these patients improves blood pressure, thereby, causing reduction in 
vasopressor support.  
In 2002 Annane demonstrated a reduced mortality (p=0.04) in a subgroup of patients that 
were non responders to an adrenocorticotropic hormone tests (ACTH test) but the mortality 
rate was increased (p=0.96) in patients without evidence of relative adrenal insufficiency 
(responders) [104] . In 2008 Russell found out a reduced mortality in a subgroup of patients 
with severe septic shock in those receiving steroids and vasopressin versus norepinephrine 
and steroids raising the concern that vasopressin may increase the levels the intrinsic 
cortisol levels [105].  
Bauer found a positive interaction of vasopressin and corticosteroids in a nonrandomized 
cohort study of patients with septic shock, all of whom received vasopressin. Patients who 
received corticosteroids and vasopressin had lower mortality rates (47.6% vs. 80.9%;  
p = 0.02) compared with patients who did not receive corticosteroids with vasopressin. 
Furthermore, a randomized, blinded, placebo-controlled trial (n =100) of vasopressin plus 
corticosteroids or placebo in human cardiac arrest found a beneficial interaction of 
vasopressin and corticosteroids . Patients who received vasopressin plus corticosteroids had 
more frequent return of spontaneous circulation (81% vs. 52%; p =.003) and higher survival 
rates (19% vs. 4%, p = .02) than patients who received vasopressin plus placebo.  
Finally a multicenter, randomized, double-blind, placebo-controlled study called 
Corticosteroid Therapy of Septic Shock (CORTICUS) study, evaluated the efficacy and 
safety of low-dose hydrocortisone therapy in a broad population of patients with septic 
shock[106] . The use of low-dose hydrocortisone had no significant effect on the rate of 
death in 251patients with septic shock versus placebo at 28 days, regardless of the patients’ 
adrenal responsiveness to corticotropin. The proportion of patients in whom reversal of 
shock was achieved was similar in the two groups, though this goal was achieved earlier in 
patients who received hydrocortisone. On the basis of these findings, hydrocortisone cannot 
be recommended as general adjuvant therapy for septic shock (vasopressor responsive), nor 
can corticotropin testing be recommended to determine which patients should receive 
hydrocortisone therapy. Hydrocortisone may have a role among patients who are treated 
early after the onset of septic shock who remain hypotensive despite the administration of 
high-dose vasopressors and adequate fluid resuscitation.  

16. Activated protein C and its role in severe sepsis/septic shock 
Sepsis is associated with alterations in the blood coagulation, fibrinolytic systems and 
inflammatory pathway. This leads to disorders of tissue perfusion that generate multiple 
organ system failure with depletion of platelets and coagulation factors along with the 
activation of natural inhibitors of coagulation. Activated protein C (APC) , an endogenous 
protein that promotes fibrinolysis and inhibits thrombosis and inflammation, is an 
important modulator of the coagulation and inflammation associated with severe 
sepsis[107] . It is converted from its inactive precursor, protein C, by thrombin coupled to 
thrombomodulin. The conversion of protein C to activated protein C may be impaired 
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smooth muscle though V1 receptors. It also increases the responsiveness of the vascular bed 
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resistant to catecholamines [90]. Vasopressin have been found to be in lower levels than 
expected in patients with septic shock, suggesting relative deficiency. Its combination with 
norepinephrine increases the splanchnic flow and urinary output [91]. Several small-
randomized studies comparing vasopressin with norepinephrine have demonstrated that 
initiation of it decreases catecholamine requirements [92]. 
A large, multicenter, randomized trial (VASST) [97] with 778 patients was done to determine 
whether norepinephrine and vasopressin decreases mortality compared with norepinephrine 
alone. No difference was found in mortality, ICU or hospital length of stay, discontinuation of 
vasopressors or organ dysfunction. The use of norepinephrine infusion was significantly lower 
in cases with vasopressin dose of 0.03U/min, but vasopressin seems to be better in less severe 
group. New retrospective analysis of the VASST suggests a beneficial effect between 
vasopressin and corticosteroid in patients with septic shock that were also treated with 
steroids. Patients with vasopressin with corticosteroids have significantly increased in plasma 
vasopressin levels. Vasopressin at 0.03u/min added to norepinephrine seems to be as safe as 
effective as norepinephrine in fluid resuscitated patients with septic shock.  

14. Dobutamine 
Is an inotrope that has variable effects on blood pressure due to β1 and β2 adrenergic 
agonist effect resulting in an increase heart rate and cardiac contractility. Dobutamine 
should be considered in patients who have low cardiac output in the presence of adequate 
ventricular filling pressures and appropriate mean arterial pressure [28-29] . 
In septic patients, it increases oxygen delivery and consumption. As part the early  
goal directed therapy dobutamine was associated with significant absolute reduction in 
mortality [28]. 
An inotrope should be considered to maintain an adequate cardiac index, mean arterial 
pressure, mixed venous oxygen content and urine output . Other available agents includes 
phosphodisterase inhibitors such as milrinone and enoximone, and calcium sensitizers such 
as levosimedan. There are currently inadequate data to recommend them in septic shock. 

15. Severe sepsis/septic shock and the use of steroids 
Sepsis syndrome is characterized by having a disequilibrium between pro- inflammatory 
and anti-inflammatory cytokines leading to overproduction of IL-1, IL-6 and TNF-α from 
the lymphocytes, macrophages and endothelial cells [100] . It is known that TNF- alfa and 
IL-6 decreases cortisol levels from the adrenal gland and ACTH production from the 
pituitary gland resulting in secondary adrenal insufficiency in approximately 16.3 to 55% of 
patients [101] . Systemic steroids might then have a beneficial role by inhibiting pro-
inflammatory cytokines, nitric oxide and phospholipase A2 [102] . They also enhance the 
activity of adrenergic receptors and increased myocardial contractility resulting in 
improvement of hemodynamics response.  
Hydrocortisone is usually the steroid of choice because it is the synthetic derivative of 
cortisol and also has intrinsic mineralocorticoid activity. After the study by Schumer, a short 
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course of high- dose corticosteroids became an accepted therapy [103] . Subsequent studies, 
however, did not confirm a survival benefit with this regimen and suggested an increase in 
superinfection-related mortality were patients went from being immunomodulated to being 
immunosupressed.  
Multiple randomized trials in patients with septic shock confirm that low-dose steroid 
therapy in these patients improves blood pressure, thereby, causing reduction in 
vasopressor support.  
In 2002 Annane demonstrated a reduced mortality (p=0.04) in a subgroup of patients that 
were non responders to an adrenocorticotropic hormone tests (ACTH test) but the mortality 
rate was increased (p=0.96) in patients without evidence of relative adrenal insufficiency 
(responders) [104] . In 2008 Russell found out a reduced mortality in a subgroup of patients 
with severe septic shock in those receiving steroids and vasopressin versus norepinephrine 
and steroids raising the concern that vasopressin may increase the levels the intrinsic 
cortisol levels [105].  
Bauer found a positive interaction of vasopressin and corticosteroids in a nonrandomized 
cohort study of patients with septic shock, all of whom received vasopressin. Patients who 
received corticosteroids and vasopressin had lower mortality rates (47.6% vs. 80.9%;  
p = 0.02) compared with patients who did not receive corticosteroids with vasopressin. 
Furthermore, a randomized, blinded, placebo-controlled trial (n =100) of vasopressin plus 
corticosteroids or placebo in human cardiac arrest found a beneficial interaction of 
vasopressin and corticosteroids . Patients who received vasopressin plus corticosteroids had 
more frequent return of spontaneous circulation (81% vs. 52%; p =.003) and higher survival 
rates (19% vs. 4%, p = .02) than patients who received vasopressin plus placebo.  
Finally a multicenter, randomized, double-blind, placebo-controlled study called 
Corticosteroid Therapy of Septic Shock (CORTICUS) study, evaluated the efficacy and 
safety of low-dose hydrocortisone therapy in a broad population of patients with septic 
shock[106] . The use of low-dose hydrocortisone had no significant effect on the rate of 
death in 251patients with septic shock versus placebo at 28 days, regardless of the patients’ 
adrenal responsiveness to corticotropin. The proportion of patients in whom reversal of 
shock was achieved was similar in the two groups, though this goal was achieved earlier in 
patients who received hydrocortisone. On the basis of these findings, hydrocortisone cannot 
be recommended as general adjuvant therapy for septic shock (vasopressor responsive), nor 
can corticotropin testing be recommended to determine which patients should receive 
hydrocortisone therapy. Hydrocortisone may have a role among patients who are treated 
early after the onset of septic shock who remain hypotensive despite the administration of 
high-dose vasopressors and adequate fluid resuscitation.  

16. Activated protein C and its role in severe sepsis/septic shock 
Sepsis is associated with alterations in the blood coagulation, fibrinolytic systems and 
inflammatory pathway. This leads to disorders of tissue perfusion that generate multiple 
organ system failure with depletion of platelets and coagulation factors along with the 
activation of natural inhibitors of coagulation. Activated protein C (APC) , an endogenous 
protein that promotes fibrinolysis and inhibits thrombosis and inflammation, is an 
important modulator of the coagulation and inflammation associated with severe 
sepsis[107] . It is converted from its inactive precursor, protein C, by thrombin coupled to 
thrombomodulin. The conversion of protein C to activated protein C may be impaired 
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during sepsis as a result of the down-regulation of thrombomodulin by inflammatory 
cytokines. Reduced levels of protein C are found in the majority of patients with sepsis and 
are associated with an increased risk of death.  
A randomized, double-blind, placebo-controlled, multicenter trial was conducted with 
recombinant human activated protein C in 1998 in 1690 patients to evaluate mortality at 28 
days [108]. The PROWESS (Protein C worldwide evaluation in severe sepsis) trial was 
completed in 2001 and statistical analysis indicated a decreased 28th mortality rate of 30.8% 
in the placebo group compared with 24.7% in the drotrecogin alfa group. The difference in 
the mortality was limited to patients with a higher risk of death, that is, APACHE II scores  
> 25. In these groups mortality was reduced from 44% in the placebo group to 31% in the 
treatment group. Efficacy was doubtful in patients with low risk for death and serious 
bleeding was higher in the APC group.  
In 2005 the ADRESS trial evaluated the efficacy of APC in patients with APACHE score < 25 
or single organ failure and there was no difference in mortality among both groups at 28 
days [109].  
There is increased risk for serious bleeding and no beneficial effect in those patients with 
low risk for death, such as those with single organ failure or an APACHE II score less than 
25 [110]. 
More recently a Cochrane database submitted their review on APC and again no difference 
in mortality was observed in approximately 4434 adults with sepsis. Increased risk for 
serious bleeding was noted and for this reason a new trial was requested by the FDA that 
should be completed at the end of 2011.  
On the basis of this findings APC is recommended for patients with severe sepsis and high 
risk for death if there is no contraindications.  

17. Glucose control in ICU 
Blood glucose control was originally investigated in the setting of diabetes because 
uncontrolled levels seemed to predisposed to multiple infections (e.g., cellulitis, 
postoperative wound infections). Although the exact pathogenesis was unknown, it was 
speculated that the increased risk of infection was related to decreased cellular immune 
function [111]. Later studies (both in animals and humans) demonstrated that the depressed 
ability to fight off infection was a result of impaired polymorphonuclear leukocyte function, 
chemotaxis, and phagocytosis.  
Extensive observational data have shown a consistent, almost linear relationship between 
blood glucose levels in hospitalized patients and adverse clinical outcomes, even in patients 
without established diabetes [112].  
Van den Berghe reported a dramatic 42% relative reduction in mortality in the surgical ICU 
when blood glucose was normalized to 80 to 110 mg per deciliter (4.4 to 6.1 mmol per liter) 
by means of insulin infusion in a prospective, randomized fashion [113]. Five years later, the 
same investigators reported findings from their medical ICU, revealing no mortality benefit 
from intensive glucose control, except in a subgroup requiring critical care for 3 or more 
days [114]. 
A parallel-group, randomized, controlled trial involving adult medical and surgical patients 
admitted to the ICUs of 42 hospitals was conducted from December 2004 through 
November 2008 to evaluate mortality in patients assigned to tight glucose control versus 
conventional glucose control (NICE SUGAR Trial)[115] . Ninety days after randomization, 
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829 of 3010 patients (27.5%) in the intensive-control group had died, as compared with 751 
of 3012 patients (24.9%) in the conventional-control group. Severe hypoglycemia was 
significantly more common with intensive glucose control. In the basis of this findings, 
glucose control with intravenous insulin should be started in patients with severe sepsis 
upon stabilization at ICU when glucose levels are above 180 (1B) with a goal blood glucose 
target in the range of 150 mg/dL (2C). The American Association of Clinical 
Endocrinologists recommends a glucose range of 140 to 180 mg/dL for most hospitalized 
persons.  

18. Mechanical ventilation in sepsis  
The strategies to ventilate patients with severe sepsis have been changing for the last 
decades. Multiple studies demonstrated that ventilating with the usual tidal volume may 
have detrimental effects causing what is now recognized as ventilator induced lung injury. 
This complication have led to new forms of ventilation called lung protective management 
in which lower volumes are provided in order to prevent alveolar overdistention. 
Sepsis itself can induce acute lung injury (ALI) in about 50% of the cases. ALI is defined as 
an acute onset insult resulting in bilateral radiographic infiltrates, pulmonary artery wedge 
pressure ≤ 18 mm Hg when measured by a pulmonary catheter, an echocardiogram 
showing no evidence of left atrial hypertension, and an arterial oxygen tension to fraction of 
inspired oxygen ratio (PaO2/FiO2) of 201 to 300 mmHg. The difference between ARDS is 
mainly the worsening of hypoxemia having above ratio less than 200 mmHg [116]. 
With conventional ventilation,patients with ARDS had higher mortality rate when used 
prior the new recommendations. Lung protective ventilation has shown a decrease 
mortality rate and ventilator-induce lung injury [117]. This intervention also know as low 
tidal volume ventilation involved an initial tidal volume of 6 ml/kilogram of predicted body 
weight (PBW) aiming for a plateau pressure of ≤ 30 cm H2O.  If plateau pressure remains > 
30 after reduction of tidal volume, it should be reduced further to as low as 4 ml/kg PBW 
[118]. In contrast to the conventional ventilation that involved a tidal volume of 12 
ml/kilogram of body weight with low positive end-expiratory pressure (PEEP), protective 
ventilation avoids alveolar overdistention and end-expiratory collapse [119]. The titration of 
the PEEP should approach a balance between lung recruitment and overdistention, 
barotrauma, and hypotension in order to maintain adequate oxygenation (arterial oxygen 
saturation over 88%). This permit lower FIO2, decreasing the risk of oxygen toxicity. High 
PEEP level may increase airway pressures and lung volumes, which could contribute to 
ventilator induced lung injury from overdistention [120]. The optimal strategy to set PEEP 
has not been established [118,120,121].  
The low tidal volume ventilation can result in respiratory acidosis which now is known as 
permissive hypercapnia. The respiratory rate is usually increased to keep adequate minute 
ventilation. The increase on carbon dioxide can cause vasodilation, increase in heart rate, 
cardiac output, blood pressure, pulmonary vascular resistance and decrease renal blood 
flow; but modest hypercapnia has been demonstrated to be safe in clinical trials. This 
ventilation is allowed in order to prevent pulmonary overdistention and consequently 
negative effect in ALI/ARDS [122].If severe respiratory acidosis, pH < 7.15, develops the 
infusion of sodium bicarbonate may be considered. These type of ventilation is 
contraindicated in patients with cerebral disorders such as cerebrovascular insults, trauma, 
or space-occupying intracranial lesions because it may increase the intracranial pressure. 
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during sepsis as a result of the down-regulation of thrombomodulin by inflammatory 
cytokines. Reduced levels of protein C are found in the majority of patients with sepsis and 
are associated with an increased risk of death.  
A randomized, double-blind, placebo-controlled, multicenter trial was conducted with 
recombinant human activated protein C in 1998 in 1690 patients to evaluate mortality at 28 
days [108]. The PROWESS (Protein C worldwide evaluation in severe sepsis) trial was 
completed in 2001 and statistical analysis indicated a decreased 28th mortality rate of 30.8% 
in the placebo group compared with 24.7% in the drotrecogin alfa group. The difference in 
the mortality was limited to patients with a higher risk of death, that is, APACHE II scores  
> 25. In these groups mortality was reduced from 44% in the placebo group to 31% in the 
treatment group. Efficacy was doubtful in patients with low risk for death and serious 
bleeding was higher in the APC group.  
In 2005 the ADRESS trial evaluated the efficacy of APC in patients with APACHE score < 25 
or single organ failure and there was no difference in mortality among both groups at 28 
days [109].  
There is increased risk for serious bleeding and no beneficial effect in those patients with 
low risk for death, such as those with single organ failure or an APACHE II score less than 
25 [110]. 
More recently a Cochrane database submitted their review on APC and again no difference 
in mortality was observed in approximately 4434 adults with sepsis. Increased risk for 
serious bleeding was noted and for this reason a new trial was requested by the FDA that 
should be completed at the end of 2011.  
On the basis of this findings APC is recommended for patients with severe sepsis and high 
risk for death if there is no contraindications.  
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Blood glucose control was originally investigated in the setting of diabetes because 
uncontrolled levels seemed to predisposed to multiple infections (e.g., cellulitis, 
postoperative wound infections). Although the exact pathogenesis was unknown, it was 
speculated that the increased risk of infection was related to decreased cellular immune 
function [111]. Later studies (both in animals and humans) demonstrated that the depressed 
ability to fight off infection was a result of impaired polymorphonuclear leukocyte function, 
chemotaxis, and phagocytosis.  
Extensive observational data have shown a consistent, almost linear relationship between 
blood glucose levels in hospitalized patients and adverse clinical outcomes, even in patients 
without established diabetes [112].  
Van den Berghe reported a dramatic 42% relative reduction in mortality in the surgical ICU 
when blood glucose was normalized to 80 to 110 mg per deciliter (4.4 to 6.1 mmol per liter) 
by means of insulin infusion in a prospective, randomized fashion [113]. Five years later, the 
same investigators reported findings from their medical ICU, revealing no mortality benefit 
from intensive glucose control, except in a subgroup requiring critical care for 3 or more 
days [114]. 
A parallel-group, randomized, controlled trial involving adult medical and surgical patients 
admitted to the ICUs of 42 hospitals was conducted from December 2004 through 
November 2008 to evaluate mortality in patients assigned to tight glucose control versus 
conventional glucose control (NICE SUGAR Trial)[115] . Ninety days after randomization, 
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829 of 3010 patients (27.5%) in the intensive-control group had died, as compared with 751 
of 3012 patients (24.9%) in the conventional-control group. Severe hypoglycemia was 
significantly more common with intensive glucose control. In the basis of this findings, 
glucose control with intravenous insulin should be started in patients with severe sepsis 
upon stabilization at ICU when glucose levels are above 180 (1B) with a goal blood glucose 
target in the range of 150 mg/dL (2C). The American Association of Clinical 
Endocrinologists recommends a glucose range of 140 to 180 mg/dL for most hospitalized 
persons.  

18. Mechanical ventilation in sepsis  
The strategies to ventilate patients with severe sepsis have been changing for the last 
decades. Multiple studies demonstrated that ventilating with the usual tidal volume may 
have detrimental effects causing what is now recognized as ventilator induced lung injury. 
This complication have led to new forms of ventilation called lung protective management 
in which lower volumes are provided in order to prevent alveolar overdistention. 
Sepsis itself can induce acute lung injury (ALI) in about 50% of the cases. ALI is defined as 
an acute onset insult resulting in bilateral radiographic infiltrates, pulmonary artery wedge 
pressure ≤ 18 mm Hg when measured by a pulmonary catheter, an echocardiogram 
showing no evidence of left atrial hypertension, and an arterial oxygen tension to fraction of 
inspired oxygen ratio (PaO2/FiO2) of 201 to 300 mmHg. The difference between ARDS is 
mainly the worsening of hypoxemia having above ratio less than 200 mmHg [116]. 
With conventional ventilation,patients with ARDS had higher mortality rate when used 
prior the new recommendations. Lung protective ventilation has shown a decrease 
mortality rate and ventilator-induce lung injury [117]. This intervention also know as low 
tidal volume ventilation involved an initial tidal volume of 6 ml/kilogram of predicted body 
weight (PBW) aiming for a plateau pressure of ≤ 30 cm H2O.  If plateau pressure remains > 
30 after reduction of tidal volume, it should be reduced further to as low as 4 ml/kg PBW 
[118]. In contrast to the conventional ventilation that involved a tidal volume of 12 
ml/kilogram of body weight with low positive end-expiratory pressure (PEEP), protective 
ventilation avoids alveolar overdistention and end-expiratory collapse [119]. The titration of 
the PEEP should approach a balance between lung recruitment and overdistention, 
barotrauma, and hypotension in order to maintain adequate oxygenation (arterial oxygen 
saturation over 88%). This permit lower FIO2, decreasing the risk of oxygen toxicity. High 
PEEP level may increase airway pressures and lung volumes, which could contribute to 
ventilator induced lung injury from overdistention [120]. The optimal strategy to set PEEP 
has not been established [118,120,121].  
The low tidal volume ventilation can result in respiratory acidosis which now is known as 
permissive hypercapnia. The respiratory rate is usually increased to keep adequate minute 
ventilation. The increase on carbon dioxide can cause vasodilation, increase in heart rate, 
cardiac output, blood pressure, pulmonary vascular resistance and decrease renal blood 
flow; but modest hypercapnia has been demonstrated to be safe in clinical trials. This 
ventilation is allowed in order to prevent pulmonary overdistention and consequently 
negative effect in ALI/ARDS [122].If severe respiratory acidosis, pH < 7.15, develops the 
infusion of sodium bicarbonate may be considered. These type of ventilation is 
contraindicated in patients with cerebral disorders such as cerebrovascular insults, trauma, 
or space-occupying intracranial lesions because it may increase the intracranial pressure. 
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In patients with refractory hypoxemia, prone position ventilation has been recommended 
despite no benefits in survival. Proper precautions should be taken to avoid complications 
like pressure sores, accidental dislodgment of the endotracheal tube and central venous 
catheters [118]. Same results has been noticed in studies with high frequency oscillatory 
ventilation and Extra Corporeal Membrane Oxygenation (ECMO). 
Noninvasive ventilation (NIV) has been suggested in patients with ALI/ARDS since it 
allows better communication, reduces incidence of infection, requirements for sedation and 
duration of intensive care unit stay [124]. Its use should be considered only in 
hemodynamically stable patients who are cooperative, able to protect the airway and 
spontaneously clear the airway of secretions; and who are anticipated to recover rapidly 
from the precipitating insult [124]. Continuous positive airway pressure (CPAP) and 
noninvasive positive pressure ventilation (NIPPV) are the most commonly used modes. In 
NIPPV, two different pressures are used: inspiratory positive airway pressure (IPAP) and 
expiratory positive airway pressure (EPAP), whereas CPAP maintains a constant positive 
airway pressure throughout the respiratory cycle. NIPPV may confer an advantage over 
CPAP by reducing the work of breathing during inspiration by providing additional 
inspiratory pressure. The main goal of NIV in patients with ALI/ARDS includes 
improvement of hypoxemia, to unload the respiratory muscles and eventually relieve 
dyspnea. A practical approach has been postulated, it should be use judiciously in selected 
patients to prevent decrease in survival if intubation is delayed [124]. 
The discontinuation of mechanical ventilation crucial and should be base on weaning 
protocol to assess readiness of successful extubation, reducing the duration and the 
complications related to it [118]. 

19. Sedation, analgesia, and neuromuscular blocked in sepsis 
Patients critically ill with sepsis usually require control of anxiety, agitation and pain, 
especially when they are with mechanical ventilation support.There are several options of 
sedative-analgesic medications including benzodiazepines,opioids and neuroleptics. The 
intention is to achieve adequate comfort and safety using protocols with a sedation goal [125].  
This accomplishment should be use according to the patient clinical condition. Several 
scoring scale has been validated, none superior to the other; Riker Sedation-Agitation Scale 
(SAS), Motor Activity Assessment Scale (MAAS), Minnesota Sedation Assessment Tool 
(MSAT), and Richmond Agitation-Sedation Scale (RASS) and Ramsay Sedation Scale [126]. 
The use of protocol-directed sedation can reduce the duration of mechanical ventilation, the 
intensive care unit and hospital lengths of stay, and the need for tracheostomy [127]. The use 
of the combination of spontaneous awakening trials (SATs), daily interruption of sedatives, 
with spontaneous breathing trials (SBTs) for the management of mechanically ventilated 
patients in intensive care results in better outcomes. It can also decrease mechanical 
ventilation, intensive care and hospital stay with survival improvement [128]. 
The pain management should be assessed frequently using a pain scale appropriate to 
patient’s condition. The numeric rating scale has been recommended in critical ill patients 
because it is easier to apply [126]. Patients who cannot communicate behavioral pain scale 
(BPS) may be used. The pain intensity is evaluated by facial expression, movement of the 
upper extremities and compliance with ventilation [129]. 
The neuromuscular blocking agents (NMBAs) are not recommended, when possible, in 
septic patients due to prolonged neuromuscular blocked following discontinuation [125]. 
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They should be use when appropriate sedation and analgesia cannot be achieved. The 
indications are to facilitate mechanical ventilation, improving chest wall compliance, 
preventing respiratory dys-synchrony, reducing peak airway pressures and decrease 
oxygen consumption by reducing work of breathing (1, 6). Patients receiving NMBAs 
should be assessed both clinically and by train-of-four monitoring, a peripheral nerve 
stimulation test, with a goal of adjusting the degree of neuromuscular blockade to achieve 
one or two twitches from a scale of 0 to 4. This may reduce clinical recovery delay from 
NMBAs [125,130]. The administration of NMBAs in early ARDS was demonstrated to 
improve outcomes, it can decrease duration of mechanical ventilation, hospital stay and 
ventilation induce lung injury. Further studies are requiring before this clinical practice can 
be adopted [131]. 
The ‘ABCDE’ bundle has been proposed combining evidence-based interventions. It consist 
of A wakening and Breathing trial coordination, Choice of sedatives and analgesics, Daily 
delirium monitoring, Early mobility and exercise to improve the management of 
mechanically ventilated patients[132]. 

20. Acute kidney injury and sepsis 
Acute kidney injury (AKI) is a common complication of sepsis and septic shock. 
Approximately 35 to 50% of the cases in the ICU can be attributed to sepsis [133 ] Patients 
with sepsis related AKI have higher hospital mortality, 74 % ,compared with a 45% due to 
other diagnosis [ 134 ]. If renal replacement therapy is required the mortality rate rises 
further to as high as 80% [ 135 ]. 
The diagnosis of acute kidney injury, previously termed acute renal failure, is based on an 
elevation in the serum creatinine (SCr) levels. Many definitions have been proposed 
throughout the years since there was no real consensus on the degree of elevation required for 
the diagnosis of AKI. Because of this variability there was the need to develop a classification 
system that could propose a uniform definition within the medical community. 
The Acute Dialysis Quality Initiative’s “RIFLE” (Risk, Injury, Failure, Loss, ESRD) criteria 
was first established and included five categories, the first three of which define AKI and its 
severity largely by percentage increases in SCr over baseline [ 136]. The Acute Kidney Injury 
Network (AKIN) criteria was then proposed and [ 137 ] includes three stages, the last two of 
which are identical to the RIFLE criteria. Both definitions also incorporate severity and 
duration of oliguria as alternative criteria. 
An improvement in urine output is a sensitive indicator of AKI, with an oliguric  
AKI associated to a poorer prognosis. Documentation of urine volume should be of general 
practice in the management of any acutely ill patient, especially those with sepsis or septic 
shock.  

21. Renal replacement therapy 
The decision to start renal replacement therapy (RRT) in patients with AKI should be based 
on the clinical aspects after careful evaluation of fluid, electrolyte and metabolic status of 
each individual patient. 
Currently there are no evidence-based guidelines to suggest an optimal time to initiate 
treatment; it continues to be a clinical decision after the diagnosis of AKI is confirmed and 
before overt complications develop. 
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scoring scale has been validated, none superior to the other; Riker Sedation-Agitation Scale 
(SAS), Motor Activity Assessment Scale (MAAS), Minnesota Sedation Assessment Tool 
(MSAT), and Richmond Agitation-Sedation Scale (RASS) and Ramsay Sedation Scale [126]. 
The use of protocol-directed sedation can reduce the duration of mechanical ventilation, the 
intensive care unit and hospital lengths of stay, and the need for tracheostomy [127]. The use 
of the combination of spontaneous awakening trials (SATs), daily interruption of sedatives, 
with spontaneous breathing trials (SBTs) for the management of mechanically ventilated 
patients in intensive care results in better outcomes. It can also decrease mechanical 
ventilation, intensive care and hospital stay with survival improvement [128]. 
The pain management should be assessed frequently using a pain scale appropriate to 
patient’s condition. The numeric rating scale has been recommended in critical ill patients 
because it is easier to apply [126]. Patients who cannot communicate behavioral pain scale 
(BPS) may be used. The pain intensity is evaluated by facial expression, movement of the 
upper extremities and compliance with ventilation [129]. 
The neuromuscular blocking agents (NMBAs) are not recommended, when possible, in 
septic patients due to prolonged neuromuscular blocked following discontinuation [125]. 
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one or two twitches from a scale of 0 to 4. This may reduce clinical recovery delay from 
NMBAs [125,130]. The administration of NMBAs in early ARDS was demonstrated to 
improve outcomes, it can decrease duration of mechanical ventilation, hospital stay and 
ventilation induce lung injury. Further studies are requiring before this clinical practice can 
be adopted [131]. 
The ‘ABCDE’ bundle has been proposed combining evidence-based interventions. It consist 
of A wakening and Breathing trial coordination, Choice of sedatives and analgesics, Daily 
delirium monitoring, Early mobility and exercise to improve the management of 
mechanically ventilated patients[132]. 
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Approximately 35 to 50% of the cases in the ICU can be attributed to sepsis [133 ] Patients 
with sepsis related AKI have higher hospital mortality, 74 % ,compared with a 45% due to 
other diagnosis [ 134 ]. If renal replacement therapy is required the mortality rate rises 
further to as high as 80% [ 135 ]. 
The diagnosis of acute kidney injury, previously termed acute renal failure, is based on an 
elevation in the serum creatinine (SCr) levels. Many definitions have been proposed 
throughout the years since there was no real consensus on the degree of elevation required for 
the diagnosis of AKI. Because of this variability there was the need to develop a classification 
system that could propose a uniform definition within the medical community. 
The Acute Dialysis Quality Initiative’s “RIFLE” (Risk, Injury, Failure, Loss, ESRD) criteria 
was first established and included five categories, the first three of which define AKI and its 
severity largely by percentage increases in SCr over baseline [ 136]. The Acute Kidney Injury 
Network (AKIN) criteria was then proposed and [ 137 ] includes three stages, the last two of 
which are identical to the RIFLE criteria. Both definitions also incorporate severity and 
duration of oliguria as alternative criteria. 
An improvement in urine output is a sensitive indicator of AKI, with an oliguric  
AKI associated to a poorer prognosis. Documentation of urine volume should be of general 
practice in the management of any acutely ill patient, especially those with sepsis or septic 
shock.  

21. Renal replacement therapy 
The decision to start renal replacement therapy (RRT) in patients with AKI should be based 
on the clinical aspects after careful evaluation of fluid, electrolyte and metabolic status of 
each individual patient. 
Currently there are no evidence-based guidelines to suggest an optimal time to initiate 
treatment; it continues to be a clinical decision after the diagnosis of AKI is confirmed and 
before overt complications develop. 
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22. Continuous Renal Replacement Therapy (CRRT) vs. Intermittent 
Hemodyalisis (IHD) 
Intermittent hemodialysis-associated hypotension is estimated to occur in approximately 
20–30% of treatments. Some of the causes are dialysis specific, such as excessive or rapid 
volume removal, changes in plasma osmolality, autonomic dysfunction, and anaphylactic 
membrane reactions [ 138 ]. CRRT is most frequently used in patients who are 
hemodynamically unstable, usually because of sepsis or severe cardiac dysfunction because 
it closely resembles normal physiologic renal function with slow correction of metabolic 
derangements and slow fluid removal. Despite this there is no clear evidence to support the 
superiority of either technique, regarding mortality in the ICU. Clinicians should choose a 
technique according to individual patient characteristics, nursing proficiency, and technical 
resources. 

23. Sodium bicarbonate replacement in sepsis 
Infusions of sodium bicarbonate long have been advocated to correct persistent metabolic 
acidosis. It was said to result in increased pH with less cellular dysfunction, improved cardiac 
contractility and the activity of vasopressor agents. However clinical studies suggest that this 
therapy should be tried as a last resort to improve the patient's clinical status.  
In a recent review [ 139 ] the data supporting sodium bicarbonate infusion were evaluated. 
It seems clear from animal data that artificially increasing the pH does not improve such 
parameters as cardiac function or weaning of vassopressor agents. Further decrease in 
serum pH levels is possible since sodium bicarbonate is converted to carbon dioxide and 
water, which can also lead to sodium and fluid overload. Sodium bicarbonate replacement 
should be considered as a last resource and is not recommended in patients with 
hypoperfusion induced lactic acidema with pH _> 7.15.  

24. Venous thromboembolic events prophylaxis 
Patients with severe sepsis have higher risk of venous thromboembolic events (VTEs) due to 
one or more risk factors, including advanced age, chronic cardiopulmonary disease, recent 

surgery, immobilization, in-dwelling vascular catheters, and previous VTE history [ 140 ]. 
Sepsis is associated with systemic activation of coagulation and frequently results in 
disseminated intravascular coagulation (DIC) [ 141 ]. Also hypoperfusion and reperfusion 
seen in patients with shock has been associated with endothelial damage. Indeed, VTE 
prophylaxis using unfractionated heparin (UFH), low molecular weight heparin (LMWH), 
and/or mechanical methods has become standard of care in most institutions [ 142 ]. 

25. Stress ulcer prophylaxis 
Stress ulcers are a common complication in ICU admissions and more importantly in those 
related to sepsis. A clear etiology has not been established but ischemia and reperfusion are 
thought to cause the mucosal defenses to break down, resulting in mucosal injury and 
ulceration [ 143 ]. During sepsis and septic shock, reduced blood flow, hypoperfusion, and 
reperfusion injury may be seen secondary to hypotension or hypovolemia. These are the 
most common risk factors contributing to mucosal injury, hence leading to development of 
stress ulcers. 
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Treatment options include H2 receptor antagonists (H2Ras) which act by decreasing gastric 
acid secretion through reversible, competitive inhibition of histamine-stimulated acid 
secretion and are effective in reducing basal acid production. However, because gastrin and 
acetylcholine provide alternative pathways to the stimulation of acid secretion, acid 
suppression with H2RAs is incomplete. 
Proton pump inhibitors (PPIs) inhibit the final step in acid production, the generation of 
gastric hydrogen ions via hydrogen potassium adenosinetriphosphatase; they provide long-
lasting suppression of acid secretion. 
Both H2Ras and PPIs have been proved effective for prevention of stress ulcers and 
superiority of one treatment option over the other has not been clearly established in clinical 
trials. Careful considerations must be taken on greater incidence of ventilator associated 
pneumonias on patients with sepsis already placed on mechanical ventilation, due to an 
increase in stomach pH. Physicians most weight individual risk over benefits, especially in 
those patients at greater risks of developing gastrointestinal bleeding. 
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technique according to individual patient characteristics, nursing proficiency, and technical 
resources. 
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therapy should be tried as a last resort to improve the patient's clinical status.  
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Treatment options include H2 receptor antagonists (H2Ras) which act by decreasing gastric 
acid secretion through reversible, competitive inhibition of histamine-stimulated acid 
secretion and are effective in reducing basal acid production. However, because gastrin and 
acetylcholine provide alternative pathways to the stimulation of acid secretion, acid 
suppression with H2RAs is incomplete. 
Proton pump inhibitors (PPIs) inhibit the final step in acid production, the generation of 
gastric hydrogen ions via hydrogen potassium adenosinetriphosphatase; they provide long-
lasting suppression of acid secretion. 
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those patients at greater risks of developing gastrointestinal bleeding. 
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1. Introduction 
Severe sepsis (systemic inflammation secondary to infection combined with acute organ 
dysfunction) and septic shock (severe sepsis combined with hypotension not rectified by 
fluid resuscitation) are complex multifactorial medical conditions with significant associated 
morbidity and mortality, and are among the leading causes of death in the intensive care 
unit (ICU). Even with aggressive treatment, the mortality has been shown to be around 40 
percent (Bernard et al., 1997) and in some studies has been reported to be as high as 71.9 
percent (Sasse et al., 1995). 
In 2001, Angus et al conducted a study of the incidence, cost, and outcome of severe sepsis 
in the United States of America; the results showed an incidence of 3 cases per 1,000 
population, a mortality rate of 28.6 percent, and a cost of $22,100 per case, giving an annual 
cost of $16.7 billion (Angus et al., 2001). The same study showed that the number of deaths 
per year associated with severe sepsis is equal to that of acute myocardial infarction, yet 
myocardial infarction has attracted far more attention and funding in terms of treatment 
and management research, leaving sepsis a relatively unacknowledged problem. With 
severe sepsis having such a high incidence, high and increasing mortality rate, and high 
annual cost, it is becoming a prime target for research into improving diagnosis, 
management, and survival.  
Reducing morbidity and mortality in severe sepsis and septic shock has been the primary 
goal of the Surviving Sepsis Campaign (SSC) – a global initiative developed by the 
European Society of Intensive Care Medicine (ESICM), the International Sepsis Forum (ISF), 
and the Society of Critical Care Medicine (SCCM) to raise awareness of sepsis among 
healthcare professionals and to improve and standardize the early diagnosis and treatment 
of sepsis (Welcome To The Surviving Sepsis Campaign Website,n.d.). Containing a number 
of the world’s experts on sepsis, this campaign attempts to tackle various challenges in the 
diagnosis and management of sepsis. Some of the challenges lie in the complexity of the 
condition and the variability in the presentation and course of sepsis, with many of the 
symptoms being of a general nature and easily attributable to a number of other conditions 
and etiologies. This makes it quite difficult to create a standard clinical definition of sepsis. 
This lack of definitive criteria for a diagnosis of sepsis makes it easily misdiagnosed, and 
consequently improperly treated. If, however, a diagnosis of sepsis is made, it is often still 
made late and treatment is less effective if delayed. As is discussed later in this chapter, 
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Disorder Criteria 

Systemic 
Inflammatory 

Response Syndrome 
(SIRS) 

At least two of the following: 
• Body temperature >38.5°C or <35.0°C 
• Heart rate >90 beats per minute 
• Respiratory rate >20 breaths per minute or PaCO2<32 

mmHg or a need for mechanical ventilation 
• White blood cell count >12,000/mm3 or <4,000/mm3 or 

immature forms >10 percent 

Sepsis 

SIRS PLUS: documented infection based on either of the 
following: 

• Culture or Gram stain of blood, sputum, urine, or 
normally sterile body fluid positive for pathogenic 
microorganism  

• Focus of infection identified by visual inspection (e.g. a 
ruptured bowel with free air or bowel contents found in 
abdomen at surgery, or a wound with purulent 
discharge) 

Severe Sepsis 

Sepsis PLUS at least one of the following signs of organ 
hypoperfusion or organ dysfunction: 

• Areas of mottled skin  
• Capillary refill time ≥3s  
• Urinary output <0.5mL/kg for at least 1 hour or renal 

replacement therapy  
• Lactic acid levels >2mmol/L  
• Abrupt change in mental status or abnormal 

electroencephalogram (EEG) 
• Platelet counts <100,000/mL or disseminated 

intravascular coagulation (DIC) 
• Acute lung injury (ALI) or acute respiratory distress 

syndrome (ARDS)  
• Cardiac dysfunction (echocardiography) 

Septic Shock 

Severe sepsis PLUS at least one of the following:  
• Systemic mean blood pressure<60mmHg(<80mmHg if 

previous hypertension) after 20–30 mL/kg starch or 40–
60 mL/kg serum saline, or pulmonary capillary wedge 
pressure between 12 and 20 mm Hg 

• Need for dopamine >5 μg/kg per minute or 
norepinephrine or epinephrine<0.25μg/kg per minute 
to maintain mean blood pressure above 60 mm Hg (80 
mm Hg if previous hypertension) 

Table 1. Definitions of diseases relevant to sepsis (adapted from Annane et al., 2005) 

early diagnosis and early treatment are key to reducing morbidity and mortality in sepsis; 
and as such, it is advised to begin treatment while a diagnosis is being confirmed.  
In 2004, the first set of SSC guidelines was published, providing clinicians with an 
internationally recognized bedside tool for diagnosing and treating sepsis. In 2008, an 
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update to these guidelines was published, adding 33 new recommendations to the original 
52 published in 2004 (Vincent, 2008). The updated recommendations were based on the 
results of a new method of assessing the quality of evidence and the strength of 
recommendations based on that evidence (Dellinger et al., 2008). The guidelines, however, 
are strictly guidelines, and as sepsis is so variable in etiology and presentation, these 
guidelines should not be seen to supersede the clinician’s opinions or decisions when the 
entire patient’s condition is taken into account.  

2. Bundle treatment 
The idea of bundled care has found its place in the management of severe sepsis and septic 
shock. Bundles are evidence-based collections of interventions that result in more favorable 
outcomes when administered together rather than separately. In severe sepsis and septic 
shock, two bundles are recommended by the SSC – a Sepsis Resuscitation Bundle 
(containing five elements) and a Sepsis Management Bundle (containing four elements) the 
first of which are intended to be completed 100 percent within the first six hours of 
treatment and the second is to be completed within the first 24 hours (Severe Sepsis 
Bundles, n.d.). The aim of the SSC to reduce mortality by 25 percent by 2009 has not been 
achieved but initial publications suggest significant improvements in mortality with 
increasing bundle compliance (Severe Sepsis Bundles, n.d.; Levy et al., 2010). 

2.1 Sepsis resuscitation bundle 
This bundle has 5 elements:  
1. Measure Serum Lactate 
2. Obtain blood cultures prior to antibiotic administration 
3. Administer broad-spectrum antibiotic within 3 hours of Emergency Department (ED) 

admission and within 1 hour of non-ED admission 
4. Treat hypotension and/or elevated lactate with fluids, and apply vasopressors for 

ongoing hypotension 
5. Maintain adequate central venous pressure (CVP) and central venous oxygen saturation 

(ScvO2) 
(Severe Sepsis Bundles, n.d.) 
Each element is discussed in this chapter. 

2.2 Sepsis management bundle 
This bundle has 4 elements:  
1. Administer low-dose steroids for septic shock 
2. Administer recombinant human activated protein C (rhAPC) 
3. Maintain glucose control with a goal blood glucose approximating 150 mg/dl with a 

recommendation against intravenous insulin therapy titrated to keep blood glucose in 
the normal range (80-110 mg/dl) in patients with severe sepsis. Clinicians should 
consider initiating insulin therapy when blood glucose levels exceed 180 mg/dL  

4. Maintain a median inspiratory plateau pressure (IPP) <30 cm H20 for mechanically 
ventilated patients  

(Severe Sepsis Bundles, n.d.) 
Each element is discussed in this chapter. 
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Disorder Criteria 

Systemic 
Inflammatory 

Response Syndrome 
(SIRS) 

At least two of the following: 
• Body temperature >38.5°C or <35.0°C 
• Heart rate >90 beats per minute 
• Respiratory rate >20 breaths per minute or PaCO2<32 

mmHg or a need for mechanical ventilation 
• White blood cell count >12,000/mm3 or <4,000/mm3 or 

immature forms >10 percent 

Sepsis 

SIRS PLUS: documented infection based on either of the 
following: 

• Culture or Gram stain of blood, sputum, urine, or 
normally sterile body fluid positive for pathogenic 
microorganism  

• Focus of infection identified by visual inspection (e.g. a 
ruptured bowel with free air or bowel contents found in 
abdomen at surgery, or a wound with purulent 
discharge) 

Severe Sepsis 

Sepsis PLUS at least one of the following signs of organ 
hypoperfusion or organ dysfunction: 

• Areas of mottled skin  
• Capillary refill time ≥3s  
• Urinary output <0.5mL/kg for at least 1 hour or renal 

replacement therapy  
• Lactic acid levels >2mmol/L  
• Abrupt change in mental status or abnormal 

electroencephalogram (EEG) 
• Platelet counts <100,000/mL or disseminated 

intravascular coagulation (DIC) 
• Acute lung injury (ALI) or acute respiratory distress 

syndrome (ARDS)  
• Cardiac dysfunction (echocardiography) 

Septic Shock 

Severe sepsis PLUS at least one of the following:  
• Systemic mean blood pressure<60mmHg(<80mmHg if 

previous hypertension) after 20–30 mL/kg starch or 40–
60 mL/kg serum saline, or pulmonary capillary wedge 
pressure between 12 and 20 mm Hg 

• Need for dopamine >5 μg/kg per minute or 
norepinephrine or epinephrine<0.25μg/kg per minute 
to maintain mean blood pressure above 60 mm Hg (80 
mm Hg if previous hypertension) 

Table 1. Definitions of diseases relevant to sepsis (adapted from Annane et al., 2005) 

early diagnosis and early treatment are key to reducing morbidity and mortality in sepsis; 
and as such, it is advised to begin treatment while a diagnosis is being confirmed.  
In 2004, the first set of SSC guidelines was published, providing clinicians with an 
internationally recognized bedside tool for diagnosing and treating sepsis. In 2008, an 
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update to these guidelines was published, adding 33 new recommendations to the original 
52 published in 2004 (Vincent, 2008). The updated recommendations were based on the 
results of a new method of assessing the quality of evidence and the strength of 
recommendations based on that evidence (Dellinger et al., 2008). The guidelines, however, 
are strictly guidelines, and as sepsis is so variable in etiology and presentation, these 
guidelines should not be seen to supersede the clinician’s opinions or decisions when the 
entire patient’s condition is taken into account.  

2. Bundle treatment 
The idea of bundled care has found its place in the management of severe sepsis and septic 
shock. Bundles are evidence-based collections of interventions that result in more favorable 
outcomes when administered together rather than separately. In severe sepsis and septic 
shock, two bundles are recommended by the SSC – a Sepsis Resuscitation Bundle 
(containing five elements) and a Sepsis Management Bundle (containing four elements) the 
first of which are intended to be completed 100 percent within the first six hours of 
treatment and the second is to be completed within the first 24 hours (Severe Sepsis 
Bundles, n.d.). The aim of the SSC to reduce mortality by 25 percent by 2009 has not been 
achieved but initial publications suggest significant improvements in mortality with 
increasing bundle compliance (Severe Sepsis Bundles, n.d.; Levy et al., 2010). 

2.1 Sepsis resuscitation bundle 
This bundle has 5 elements:  
1. Measure Serum Lactate 
2. Obtain blood cultures prior to antibiotic administration 
3. Administer broad-spectrum antibiotic within 3 hours of Emergency Department (ED) 

admission and within 1 hour of non-ED admission 
4. Treat hypotension and/or elevated lactate with fluids, and apply vasopressors for 

ongoing hypotension 
5. Maintain adequate central venous pressure (CVP) and central venous oxygen saturation 

(ScvO2) 
(Severe Sepsis Bundles, n.d.) 
Each element is discussed in this chapter. 

2.2 Sepsis management bundle 
This bundle has 4 elements:  
1. Administer low-dose steroids for septic shock 
2. Administer recombinant human activated protein C (rhAPC) 
3. Maintain glucose control with a goal blood glucose approximating 150 mg/dl with a 

recommendation against intravenous insulin therapy titrated to keep blood glucose in 
the normal range (80-110 mg/dl) in patients with severe sepsis. Clinicians should 
consider initiating insulin therapy when blood glucose levels exceed 180 mg/dL  

4. Maintain a median inspiratory plateau pressure (IPP) <30 cm H20 for mechanically 
ventilated patients  

(Severe Sepsis Bundles, n.d.) 
Each element is discussed in this chapter. 
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3. Primary management of sepsis 
Morbidity and mortality can be greatly reduced with prompt recognition, diagnosis, and 
treatment of severe sepsis and septic shock(Dellinger et al., 2008; Sessler et al., 2004). There 
is strong evidence that will be further discussed in detail, indicating that the onset of 
treatment has a direct affect on the outcome of disease. The initial goals are to stabilize any 
respiratory dysfunction and then to promptly assess and address deficits in tissue and organ 
perfusion in order to avoid or minimize multiple organ damage.  

3.1 Stabilize respiration (mechanical ventilation) 
As with any emergency, it is crucial to ensure there is sufficient respiration before 
addressing other issues. Oxygen should be administered early to patients with severe sepsis 
or septic shock, and it is often necessary to intubate and ventilate patients in the presence of 
significant CNS depression. 
Investigations for acute lung injury (ALI) or acute respiratory distress syndrome (ARDS) 
should be performed once respiratory stabilization is established. In patients with ALI or 
ARDS, it is suggested that positive end-expiratory pressure ventilation be used to prevent 
lung collapse at end-expiration although evidence from randomized controlled trials (RCTs) 
for this recommendation is lacking (Villar et al., 2006).  
During mechanical ventilation of patients with ARDS, traditional tidal volume targets (10 ml 
per kilogram of body weight to 15 ml per kilogram of body weight) have been implicated in 
potential stretch-induced lung injury, while targeting low tidal volumes has been shown to 
prevent further injury to the lungs (Acute Respiratory Distress Syndrome Network, 2000). The 
Acute Respiratory Distress Syndrome Network coordinated a large multicenter trial indicating 
that low tidal volume mechanical ventilation used in the presence of acute lung injury reduced 
mortality rates from 39.8 percent in the standard tidal volume group to 31 percent in the low 
tidal volume mechanical ventilation group (relative reduction in mortality rate of 22.1 percent; 
95 percent CI for the absolute difference between groups 2.4 percent to 15.3 percent) (Acute 
Respiratory Distress Syndrome Network, 2000). This trial involved randomly allocating 
patients with acute lung injury into one of two groups:  low mechanical ventilation tidal 
volumes (6 ml per kilogram of predicted body weight) or standard mechanical ventilation 
tidal volumes (12 ml per kilogram of predicted body weight). In the low tidal volume group, 
plateau airway pressures measured at the end of inspiration were kept to ≤30 cm of water, 
whereas the standard tidal volume group, airway plateau pressures were restricted to ≤50 cm 
of water (Acute Respiratory Distress Syndrome Network, 2000). 

3.2 Assessment of perfusion 
Hypoperfusion is a major contributing factor to the overall progression to multiple organ 
failure in septic shock (Casserly et al., 2009); therefore assessing perfusion is critical in 
management of severe sepsis and septic shock. Hypoperfusion often presents with cool 
extremities, oliguria, reduced pulse pressure, altered mental status, tachycardia, and high 
blood urea nitrogen to creatinine ratio; however these signs can be influenced by drugs 
and/or coincident disease, so their absence should not preclude perfusion assessment. In 
terms of assessment, blood pressure (BP) is a commonly used indicator of perfusion, 
however the sphygmomanometer has been shown to be potentially unreliable in 
hypotensive patients, and as such, arterial catheterization is recommended for assessment of 
perfusion (Hanna, 2003; Finnie et al., 1984; Cohn, 1967).  
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3.3 Restoration of perfusion 
The inflammatory response associated with severe sepsis and septic shock is characterized 
by increased capillary permeability (resulting in leakage of plasma into the interstitial space) 
and decreased vasomotor tone, leading to decreased venous return to the heart (Snell and 
Parrillo, 1991) and ultimately a decreased cardiac output (Parrillo, 1993; Barochia et al., 
2010). The consequence is hypoperfusion of organs and tissues. Typically, there is a 
sympathetic response – inducing tachycardia and increased arterial vasomotor tone; 
however, in severe sepsis and septic shock, there is often an attenuated vascular response 
(Parrillo, 1993). Since organ dysfunction or failure resulting from hypoperfusion is a major 
contributor to morbidity and mortality in severe sepsis and septic shock, prompt correction 
of hypoperfusion, once identified, is essential. The SSC guidelines “recommend… the 
protocolized resuscitation of a patient with sepsis-induced shock, defined as tissue 
hypoperfusion (hypotension persisting after initial fluid challenge or blood lactate 
concentration ≥4 mmol/L)… as soon as [it] is recognized” (Dellinger et al., 2008).  

3.3.1 Central or mixed venous oxyhemoglobin saturation 
Central or mixed venous oxyhemoglobin saturation (ScvO2 and SvO2, respectively) can be 
used as a measure to gauge perfusion restoration. Low mixed venous oxyhemoglobin 
saturation has linked to undesirable outcomes in patients with septic shock (Edwards, 1991). 
In 2004, Reinhart et al conducted a prospective descriptive study during which they 
compared the values of central and mixed venous oxygen saturations in critically ill 
patients. Their results showed that ScvO2 and ScO2 paralleled each other quite reliably, 
with ScvO2 measuring consistently about 7 saturation percent higher (Reinhart et al., 2004). 
Since SvO2 measurement requires the insertion of a Swan-Ganz catheter it is therefore a 
more invasive measurement than ScvO2. Therefore the fact that, in most cases of severe 
sepsis, these values change in parallel is a welcome discovery (Bauer et al., 2008). The SSC 
guidelines recommend an ScvO2 or ScO2 of ≥70 percent or ≥65 percent, respectively 
(Dellinger et al., 2008). Additionally, they recommend targeting a mean arterial pressure 
(MAP) of ≥65mm Hg and a urine output of ≥0.5 mL·kg-1·hr-1 (Dellinger et al., 2008). 
In 2001, Rivers et al conducted a randomized controlled study of 263 patients to evaluate the 
efficacy, in terms of mortality reduction, of early goal-directed therapy (EGDT) 
administered prior to admission to the ICU. The aim of the study was to determine whether 
targeting a ScvO2 or SvO2 of ≥70 percent or ≥65 percent, respectively, in the first six hours 
post-admission would reduce mortality in patients presenting with severe sepsis and septic 
shock (Rivers et al., 2001). The results of this study showed a 30.5 percent in-hospital 
mortality in the early goal-directed therapy group as compared to an in-hospital mortality of 
46.5 percent in the standard therapy group (Rivers et al., 2001), a 16 percent mortality 
reduction. In the time following the therapy up to three days post-presentation, the EGDT 
patients had a “higher mean (+/-SD) central venous oxygen saturation… lower lactate 
concentration… lower base deficit… and a higher pH” than the patients in the standard 
therapy group” (Rivers et al., 2001), indicating that the EGDT is significantly beneficial in 
the treatment of patients presenting with severe sepsis or septic shock. 
As noted by Perel et al, many of the results obtained by Rivers at al, in their 2001 study, may 
not apply to patients in less severe sepsis. Perel states that “compared with other populations 
of septic patients, the patients of Rivers and colleagues had a higher incidence of severe 
comorbidities, a more severe hemodynamic status on admission (excessively low central 
venous oxygen saturation [ScvO2], low central venous pressure [CVP], and high lactate), and 
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blood urea nitrogen to creatinine ratio; however these signs can be influenced by drugs 
and/or coincident disease, so their absence should not preclude perfusion assessment. In 
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however the sphygmomanometer has been shown to be potentially unreliable in 
hypotensive patients, and as such, arterial catheterization is recommended for assessment of 
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Parrillo, 1991) and ultimately a decreased cardiac output (Parrillo, 1993; Barochia et al., 
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contributor to morbidity and mortality in severe sepsis and septic shock, prompt correction 
of hypoperfusion, once identified, is essential. The SSC guidelines “recommend… the 
protocolized resuscitation of a patient with sepsis-induced shock, defined as tissue 
hypoperfusion (hypotension persisting after initial fluid challenge or blood lactate 
concentration ≥4 mmol/L)… as soon as [it] is recognized” (Dellinger et al., 2008).  
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Central or mixed venous oxyhemoglobin saturation (ScvO2 and SvO2, respectively) can be 
used as a measure to gauge perfusion restoration. Low mixed venous oxyhemoglobin 
saturation has linked to undesirable outcomes in patients with septic shock (Edwards, 1991). 
In 2004, Reinhart et al conducted a prospective descriptive study during which they 
compared the values of central and mixed venous oxygen saturations in critically ill 
patients. Their results showed that ScvO2 and ScO2 paralleled each other quite reliably, 
with ScvO2 measuring consistently about 7 saturation percent higher (Reinhart et al., 2004). 
Since SvO2 measurement requires the insertion of a Swan-Ganz catheter it is therefore a 
more invasive measurement than ScvO2. Therefore the fact that, in most cases of severe 
sepsis, these values change in parallel is a welcome discovery (Bauer et al., 2008). The SSC 
guidelines recommend an ScvO2 or ScO2 of ≥70 percent or ≥65 percent, respectively 
(Dellinger et al., 2008). Additionally, they recommend targeting a mean arterial pressure 
(MAP) of ≥65mm Hg and a urine output of ≥0.5 mL·kg-1·hr-1 (Dellinger et al., 2008). 
In 2001, Rivers et al conducted a randomized controlled study of 263 patients to evaluate the 
efficacy, in terms of mortality reduction, of early goal-directed therapy (EGDT) 
administered prior to admission to the ICU. The aim of the study was to determine whether 
targeting a ScvO2 or SvO2 of ≥70 percent or ≥65 percent, respectively, in the first six hours 
post-admission would reduce mortality in patients presenting with severe sepsis and septic 
shock (Rivers et al., 2001). The results of this study showed a 30.5 percent in-hospital 
mortality in the early goal-directed therapy group as compared to an in-hospital mortality of 
46.5 percent in the standard therapy group (Rivers et al., 2001), a 16 percent mortality 
reduction. In the time following the therapy up to three days post-presentation, the EGDT 
patients had a “higher mean (+/-SD) central venous oxygen saturation… lower lactate 
concentration… lower base deficit… and a higher pH” than the patients in the standard 
therapy group” (Rivers et al., 2001), indicating that the EGDT is significantly beneficial in 
the treatment of patients presenting with severe sepsis or septic shock. 
As noted by Perel et al, many of the results obtained by Rivers at al, in their 2001 study, may 
not apply to patients in less severe sepsis. Perel states that “compared with other populations 
of septic patients, the patients of Rivers and colleagues had a higher incidence of severe 
comorbidities, a more severe hemodynamic status on admission (excessively low central 
venous oxygen saturation [ScvO2], low central venous pressure [CVP], and high lactate), and 
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higher mortality rates” (Perel, 2008). Also, in sepsis, it has been shown that SvO2 may be 
raised even in the presence of tissue hypoxia. This implies that the ScvO2 may sometimes be 
unreliable in targeted resuscitation (Perel, 2008; Bellomo et al., 2008). Another concern, 
proposed by Reinhart and Bloos, is the reversal of the physiologic difference between ScvO2 
and SvO2 that can be observed in the state of cardiocirculatory shock resulting from reduced 
mesenteric blood flow followed by an increase of O2 extraction in these organs. Consequently, 
this lowers venous saturation in the mesenteric circulation and, subsequently, the inferior vena 
cava. In healthy humans, the oxygen saturation in the inferior vena cava is higher than in the 
superior vena cava. But, in shock, when blood is diverted from the gut to other vital organs the 
oxygen saturation in the inferior vena may be substantially reduced. Since the pulmonary 
artery contains a mixture of blood from both the superior as well as the inferior vena cava, 
SvO2 is normally greater than the oxygen saturation in the superior vena cava but this can be 
reversed during shock due to venous desaturation in the mesenteric circulation and the 
inferior vena cava (Reinhart and Bloos, 2005).  

3.3.2 Lactic acid clearance 
Using lactic acid clearance has been proposed as an alternative to measuring ScvO2 and 
SvO2 for assessing restoration of perfusion where ScvO2/SvO2 monitoring may be 
unavailable; however, there is evidence that using both ScvO2/SvO2 and lactic acid 
clearance may be appropriate (Arnold et al., 2009). During sepsis, tissue hypoxia causes an 
increase in cellular lactic acid production that diffuses into the blood (Arnold et al., 2009). It 
has been shown that a rise in lactic acid levels in the blood is associated with increased 
morbidity and mortality, and a decrease in blood lactic acid is associated with better, in 
patients with septic shock (Bakker et al., 1991). 
A recent multicenter randomized non-inferiority study by Jones et al was conducted to 
evaluate whether using lactic acid clearance as an EGDT target was as efficacious as using 
ScvO2. This study looked at 300 patients, where one randomly selected group was 
administered EGDT targeting a lactic acid clearance of 10 percent and the other was given 
EGDT targeting an ScvO2 of 70 percent (Jones et al., 2010). Both groups were resuscitated to 
normalize both CVP and MAP (Jones et al., 2010). The results showed the in-hospital 
mortality of the “ScvO2” group to be 23 % (95 % Confidence Interval [CI], 17 % - 30 %) and 
the “lactic acid clearance” group to be 17 percent (95 % CI, 11 % - 24 %) (Jones et al., 2010). 
This supported the non-inferiority hypothesis, as there was no significant difference in in-
hospital mortality between the two groups.  
In a 2004 prospective observational study by Nguyen et al, the clinical utility of lactic acid 
clearance was assessed. The researches observed the lactic acid clearance over the initial 6 
hours of treatment and predicted that a high lactic acid clearance would correlate with higher 
in-hospital survival. They showed that “there was an approximately 11 percent decrease 
likelihood of mortality for each 10 percent increase in lactate clearance” (Nguyen et al., 2004). 
A more recent study by Arnold et al investigated the association between early lactate 
clearance and severe sepsis patient survival (Arnold et al., 2009). Of the 166 patients, lactic 
acid non-clearance was evident in 15. The mortality rate for those 15 was 60 percent, 
whereas the mortality rate for the lactic acid clearance patients was 19 percent. Interestingly, 
this same study showed “discordance between ScvO2 optimization and lactate clearance; 79 
percent of lactate non-clearance had concomitant ScvO2 of 70 percent or greater” (Arnold et 
al., 2009). They concluded that failing to clear lactic acid was associated with a high risk of 
death, and that attaining an ScvO2 of 70 percent or greater did not rule out lactic acid non-
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clearance, indicating that ScvO2 optimization alone may not be a sufficient target to reduce 
mortality in the early stages of severe sepsis and septic shock (Arnold et al., 2009).  

3.3.3 Central venous pressure (CVP) 
Central venous pressure has long been used as a determinant of central venous blood 
volume or right ventricular preload in critically ill patients requiring hemodynamic 
monitoring. The validity of these correlations, however, has been brought to question. In 
2004, Kumar et al conducted a prospective, nonrandomized, non-blinded interventional 
study evaluating the correlation between pulmonary artery occlusion pressure (Ppao) and 
left ventricular preload and between CVP and right ventricular preload; the results of this 
study indicate that “neither central venous pressure nor pulmonary artery occlusion 
pressure appears to be a useful predictor of ventricular preload with respect to optimizing 
cardiac performance” (Kumar et al., 2004). The SSC guidelines, however, still recommend 
targeting resuscitation to a CVP of 8-12mm Hg (Dellinger et al., 2008). 

3.3.4 Intravenous fluids 
Hypovolemia is a commonly present in systemic inflammation, and is defined as an 
insufficient blood plasma volume. It is associated with tachycardia, hypotension, and 
hypoperfusion, and can further complicate severe sepsis and septic shock. Early and 
aggressive fluid resuscitation has been shown to greatly reduce morbidity and mortality in 
sepsis, and the evidence produced by Rivers et al in 2001 indicates that the administration of 
approximately 1.5L more fluids than standard treatments in the first 6 hours may confer 
benefit in the form of reduction of morbidity or mortality (Rivers et al., 2001). It is 
recommended that specific goals and endpoints bet set, treatment be titrated to these 
targets, and ongoing evaluations of the results be made by assessing perfusion (Hollenberg 
et al., 2004; Hollenberg, 2009). Worthy of note, is that CVP is not a good predictor of 
responsiveness to fluid resuscitation, and should not be used to guide treatment (Marik et 
al., 2008; Perel, 2008). Fluid resuscitation should be continued until hypotension and 
hypoperfusion are resolved, but should be discontinued or adjusted at the onset of 
pulmonary edema. 
In term of the particular type of fluid used in resuscitation, a systematic review by Choi et al 
indicates that although resuscitation with crystalloids is associated with an overall lower 
mortality in trauma patients, there is no significant difference between crystalloid and 
colloid resuscitation in other patients (Choi et al., 1999). Also, in a multicenter, randomized, 
double blind trial comparing fluid resuscitation with albumin versus saline on patients in 
the ICU, Finfer et al found no difference in mortality (Finfer et al., 2004). In 2001, Wilkes and 
Navickis conducted a meta-analysis of randomized controlled trials to determine if human 
albumin administration was associated with increased mortality. Their findings were that 
there was no affect on mortality with the use of albumin, and therefor conclude that 
albumin use is safe (Wilkes et al., 2001). One recent multicenter two-by-two factorial trial 
evaluated the safety of pentastarch, a low-molecular-weight hydroxyethyl starch, in the 
fluid resuscitation of severe sepsis patients. Treatment of either pentastarch (a colloid) or 
Ringer’s lactate (a crystalloid) was given to patients as fluid for resuscitation. In the HES 
group, there was a higher incidence of renal failure and a higher rate of renal-replacement 
therapy than in the group resuscitate with Ringer’s lactate (Brunkhorst et al., 2008). So with 
the exception of pentastarch, it seems that thus far the choice of fluids, whether crystalloid 
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clearance, indicating that ScvO2 optimization alone may not be a sufficient target to reduce 
mortality in the early stages of severe sepsis and septic shock (Arnold et al., 2009).  
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Central venous pressure has long been used as a determinant of central venous blood 
volume or right ventricular preload in critically ill patients requiring hemodynamic 
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targeting resuscitation to a CVP of 8-12mm Hg (Dellinger et al., 2008). 
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or colloid is insignificant as far as safety and efficacy is concerned, and as far as fluid 
resuscitation is concerned, early and aggressive treatment is the key to reducing morbidity 
and mortality in severe sepsis and septic shock. 

3.3.5 Vasopressors 
Occasionally, fluid resuscitation does not sufficiently reverse the hemodynamic and 
metabolic abnormalities associated with septic shock, and intravenous vasopressor therapy 
can be used to augment treatment effectively. When the MAP falls low enough, auto-
regulation can fail causing tissues to rely strictly on pressure for perfusion (Dellinger et al., 
2008). Maintaining a minimum MAP of 65 mmHg has been shown to provide sufficient 
tissue perfusion (LeDoux et al., 2000). Ideally, ‘fluid resuscitation’ alone is favorable over 
‘fluid resuscitation plus vasopressor therapy’, so vasopressors should be utilized as second-line 
tools and used only when necessary. A true consensus has not been reached as to which 
specific vasopressor is most effective, and research into vasopressor therapy in severe sepsis 
and septic shock is ongoing (Hollenberg, 2009). As shown in Table 2, the various 
vasopressive agents have differing adrenergic affects (Schmidt, 2011b), and each case of 
severe sepsis or septic shock has its own characterisitics, it is difficult to determine which 
drug is most appropriate (Myburgh et al., 2008); however, De Backer et al, in a recent 
multicenter randomized trial, showed that norepinephrine and dopamine were equivalent 
in reducing mortality in patients suffering from shock, but treatment with dopamine was 
associated with a significantly increased incidence of cardiac arrhythmias (De Backer et al., 
2010), hypercalcemia, and decreased splanchnic circulation (Agrawal et al., 2010). Russell et 
al performed a multicenter randomized double-blind trial to determine the value of 
treatment with vasopressin in septic shock as compared to treatment with norepinephrine. 
The results indicated that there was no difference in the 28-day post-initiation mortality 
 

Drug Effect on 
Heart Rate 

Effect on 
Contractility 

Effects on 
Arterial 

Constriction 
Dobutamine + +++ - (dilates) 
Dopamine ++ ++ ++ 
Epinephrine +++ +++ ++ 
Norepinephrine ++ ++ +++ 
Phenylephrine 0 0 +++ 
Amrinone + +++ -- (dilates) 

Table 2. Vasopressors used in the treatment of septic shock (adapted from Schmidt, 2011b) 

or the 90-day post-initiation mortality between the two groups (Russell et al., 2008). Also, 
there was no statistically significant difference in the incidence of adverse events (Russell et 
al., 2008). It is recommend in the SSC guidelines that the MAP is maintained at a minimum 
of 65 mmHg and either intravenous norepinephrine or intravenous dopamine be 
administered as the initial vasopressor to combat hypotension in patients with septic shock– 
with epinephrine being the first choice alternative vasopressive agent in patients who do not 
respond to norepinephrine or dopamine (Dellinger et al., 2008). In a recent animal study by 
Boyd et al, however, it was shown that treatment with vasopressin could decrease sepsis-
induced pulmonary inflammation. They showed that with the intraperitoneal introduction 
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of lipopolysaccharide (LPS) there was consequent systemic and pulmonary inflammation – 
indicated by significant rises in both lung and serum interleukin-6 (IL-6; an inflammatory 
mediator) (Boyd et al., 2008). Two test groups were created – the test groups was treated 
with LPS and vasopressin, and the control group was treated with LPS and saline. With 
intraperitoneal LPS and vasopressin, the levels of both lung and serum IL-6 were reduced, 
whereas in the LPS and saline group, the LPS levels were raised as expected (Boyd et al., 
2008). Pretreatment of the LPS and vasopressin group with V2R antagonists (agents which 
block the vasopressin receptor responsible for this protective effect) lead to similar rises in 
IL-6, as seen in the saline-treated mice (Boyd et al., 2008), indicating that vasopressin exerted 
its protective effects via the V2R receptor. These results suggest that vasopressin could  
have a potential future role as first line vasopressor in treating severe sepsis with acute  
lung injury.  

3.3.6 Additional strategies 
If all efforts with fluid resuscitation and vasopressor therapy fail to maintain a sufficient 
ScvO2, other strategies, such as inotrope therapy and transfusion of blood products, can be 
employed to attempt to reach acceptable pressure and perfusion targets. The SSC guidelines 
indicate that if the ScvO2 has not reached ≥70 percent (65 percent for SvO2) with fluid 
resuscitation to the CVP target, they recommend the administration of a dobutamine 
infusion and/or the transfusion of packed red blood cells to achieve a hematocrit of ≥30 
percent to reach an acceptable ScvO2 or SvO2 (Dellinger, 2008). 
3.3.6.1 Inotropes 
Reserved for those patients not responding sufficiently to the above-mentioned 
interventions (attaining a ScvO2 of ≥70 mmHg via fluid resuscitation and vasopressor 
therapy), inotropes can be used to increase the force of cardiac contraction and consequently 
increase cardiac output, blood pressure, and tissue and organ perfusion. Dobutamine is the 
recommended inotrope for patients in septic shock with coexistent myocardial dysfunction 
(Dellinger et al., 2008). Dobutamine is a drug that was developed by modifying the structure 
of isoproterenol, another inotrope, to reduce its chronotropic, arrhythmogenic, and vascular 
side effects while maintaining its inotropic effects(Tuttle and Mills, 1975). It is often used in 
cardiogenic shock, acting on β1 and β2 adrenergic receptors, but minimally on α1 receptors. 
This profile accounts for its inotropic effects (β1 activity), its reduction of afterload (β2 
activity), and its ‘lack of vasoconstriction’ or even ‘mild vasodilation’ effects (minimal α1 
activity) allowing it to enhance flow and the distribution of flow (Shoemaker et al., 1991). 
Occasionally, at low doses, dobutamine can cause a drop in blood pressure due to the 
vasodilation, however increasing cardiac output at higher dobutamine doses tends to 
override the drop in vascular resistance and blood pressure rises.  
In a trial performed by Gattinoni et al, it was shown that targeting a cardiac index of 
supranormal levels did not confer a lower mortality rate among patients (Gattinoni et al., 
1995), and therefor it is advised against pursuing such targets (Dellinger et al., 2008). Further 
supporting this recommendation are the results from a randomized trial performed by 
Hayes et al to determine whether dobutamine infusion, targeting a cardiac index greater 
than 4.5 liters per minute per square meter of body-surface area, an oxygen delivery rate 
above 600 ml per minute per square meter of body-surface area, and an oxygen 
consumption rate of above 170 ml per minute per square meter of body-surface area, would 
be associated with improved outcome for a group of critically ill patients (Hayes et al., 1994). 
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of lipopolysaccharide (LPS) there was consequent systemic and pulmonary inflammation – 
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block the vasopressin receptor responsible for this protective effect) lead to similar rises in 
IL-6, as seen in the saline-treated mice (Boyd et al., 2008), indicating that vasopressin exerted 
its protective effects via the V2R receptor. These results suggest that vasopressin could  
have a potential future role as first line vasopressor in treating severe sepsis with acute  
lung injury.  

3.3.6 Additional strategies 
If all efforts with fluid resuscitation and vasopressor therapy fail to maintain a sufficient 
ScvO2, other strategies, such as inotrope therapy and transfusion of blood products, can be 
employed to attempt to reach acceptable pressure and perfusion targets. The SSC guidelines 
indicate that if the ScvO2 has not reached ≥70 percent (65 percent for SvO2) with fluid 
resuscitation to the CVP target, they recommend the administration of a dobutamine 
infusion and/or the transfusion of packed red blood cells to achieve a hematocrit of ≥30 
percent to reach an acceptable ScvO2 or SvO2 (Dellinger, 2008). 
3.3.6.1 Inotropes 
Reserved for those patients not responding sufficiently to the above-mentioned 
interventions (attaining a ScvO2 of ≥70 mmHg via fluid resuscitation and vasopressor 
therapy), inotropes can be used to increase the force of cardiac contraction and consequently 
increase cardiac output, blood pressure, and tissue and organ perfusion. Dobutamine is the 
recommended inotrope for patients in septic shock with coexistent myocardial dysfunction 
(Dellinger et al., 2008). Dobutamine is a drug that was developed by modifying the structure 
of isoproterenol, another inotrope, to reduce its chronotropic, arrhythmogenic, and vascular 
side effects while maintaining its inotropic effects(Tuttle and Mills, 1975). It is often used in 
cardiogenic shock, acting on β1 and β2 adrenergic receptors, but minimally on α1 receptors. 
This profile accounts for its inotropic effects (β1 activity), its reduction of afterload (β2 
activity), and its ‘lack of vasoconstriction’ or even ‘mild vasodilation’ effects (minimal α1 
activity) allowing it to enhance flow and the distribution of flow (Shoemaker et al., 1991). 
Occasionally, at low doses, dobutamine can cause a drop in blood pressure due to the 
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Hayes et al to determine whether dobutamine infusion, targeting a cardiac index greater 
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In this study, the results indicated that boosting the cardiac index and systemic oxygen 
delivery with a dobutamine infusion was, in some cases, actually detrimental to the patients, 
based on the in-hospital mortality rate being 34 percent in the control group and 54 percent 
in the treatment group (an absolute mortality increase of 20 percent) (Hayes et al., 1994). 
3.3.6.2 Blood product transfusions 
There are conflicting data regarding the use of packed red blood cell transfusions used to 
raise the ScvO2 in septic shock (Vincent et al., 2008; Rivers et al., 2001; Fuller et al., 2010). 
The SSC guidelines recommend treatment with packed red blood cell transfusion and/or 
intravenous dobutamine to treat patients whose ScvO2 levels are inadequately responsive to 
fluid resuscitation and vasopressor therapy (Dellinger et al., 2008). This is based on the fact 
that the combination of fluid resuscitation, packed red blood cells, and intravenous 
dobutamine was associated with improved outcomes in severe sepsis and septic shock. It 
has been suggested, however, that the improved outcomes may be the result of the fluid 
resuscitation, dobutamine therapy, or other interventions included in the EGDT, and may 
have no link to the packed red blood cell transfusion itself. 
In 2007, Sakr et al performed a prospective observational study to determine whether 
microvascular alterations participated in the development of multi-organ failure in severe 
sepsis. They set out to investigate the effect that red blood cell transfusions had on the 
microvascular perfusion of organs, using sublingual perfusion as their model. Their results 
showed that red blood cell transfusion had no significant effect on sublingual 
microcirculation in patients with severe sepsis, except for those with an altered baseline 
capillary perfusion (Sakr et al., 2007). 
Recently, in a retrospective cohort study by Fuller et al, further evidence supports caution in 
the use of blood product transfusion in severe sepsis or septic shock. In this study, two 
groups were retrospectively compared – one treated with packed red blood cells and one 
treated without (Fuller et al., 2010). The pack red blood cell group produced a higher 
mortality (41.2 percent as compared to 33.9 percent in the group treated without red cells – 
an absolute mortality increase of 7.3 percent with red cell treatment) (Fuller et al., 2010). 
They also required more than double the mechanical ventilation days, more than double the 
hospital length of stay, and more than triple the ICU length of stay (Fuller et al., 2010). 

4. Control of the septic focus 
SSC recommends properly obtaining at least two sets of blood cultures, from two different 
sites, drawn prior to beginning antimicrobial therapy in order to aid treatment and to 
narrow antibiotic coverage (Dellinger et al., 2004; Dellinger et al., 2008). Cultures should also 
be taken from any other potential source of infection including body fluids, tissues, and 
indwelling catheters. 

4.1 Identification of the septic focus 
Cultures should be drawn prior to antimicrobial therapy so that to narrow antibiotic 
coverage and aid treatment. The SSC recommends proper identification of a pathogen, 
obtaining a least two sets of blood cultures from two different sites, as well as other 
potential source of infection (catheters, tissues, and body fluids). Patients presenting with 
severe sepsis should always be evaluated for the presence of a focus of infection, specifically 
the debridement of infected necrotic tissue, the drainage of an abscess or local focus of 
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infection, the removal of a potentially infected device, or the definitive control of a source of 
ongoing microbial contamination (Jimenez and Marshall, 2001). 

4.2 Eradication of infection 
Since the infection is the main triggering event of sepsis, early identification and successful 
eradication of the responsible organism should be a prime focus. 

4.2.1 Source control 
Built on an understanding of the biology of inflammation and the natural history of 
infectious processes, a clinician can provide an adequate set of management options. Source 
control includes physical measures used to control a focus of invasive infection and to 
restore the optimal function of the affected area and quality of life. Table 3 illustrates many 
options for source control including debridement, drainage, device removal or more 
invasive steps. Studies supporting the various options for source control in reducing 
mortality would be difficult to conduce. Therefore, factors such as the current condition of 
the patient and past surgical and medical history should be taken into consideration when 
tailoring therapeutic and management options for source control to the individual patient 
(Houck et al., 2004). The present SSC guidelines recommend making a diagnosis in a septic 
patient requiring source control within six hours of presentation (Dellinger et al., 2008). 
 

Source Treatment
Sinusitis Surgical decompression of the sinuses
Pneumonia Chest physiotherapy, suctioning
Empyema thoracis Drainage, decortication
Mediastinitis Drainage, debridement, diversion

Peritonitis 
Resection, repair, or diversion of ongoing sources 
of contamination, drainage of abscesses, 
debridement of necrotic tissue

Cholangitis Bile duct decompression
Pancreatic infection Drainage or debridement

Urinary tract Drainage of abscesses, relief of obstruction, removal 
or changing of infected catheters

Catheter-related bacteremia Removal of catheter
Endocarditis Valve replacement
Septic arthritis Joint drainage and debridement

Soft tissue infection Debridement of necrotic tissue and drainage of 
discrete abscesses

Prosthetic device infection Device removal

Table 3. Methods of source control for common ICU infections (adapted from Schmidt, 
2011a) 

4.2.2 Antimicrobial regimen 
A retrospective study, of over 18,000 patient admitted with community acquired 
pneumonia, concluded that if antibiotics were given within 4 hours of arrival at the hospital, 
a significant reduction in in-hospital and 30 day mortality occurred (Houck et al., 2004). 
Another large multi-center retrospective cohort study reached the conclusion that in 2,731 
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patients with persistent or refractory hypotension, each hour of delay in the administration of 
appropriate antibiotics was associated with a 7.6 % mean decrease in survival. The same study 
found that if antibiotics were administered within 30 minutes of the first occurrence of 
hypotension, survival rate was 83 % but declined to 42 % when antibiotics were not 
administered until the sixth hour after first documentation of hypotension (Kumar et al., 2006). 
The relationship between the timing of administration of antibiotics, was further supported by 
Gaieski and colleagues who found that there was a 13.7 % decrease in mortality in 261 septic 
patients presenting to a single urban academic medical department, when appropriate 
antibiotics were given to septic patient within one hour of triage compared with more then 1 
hour of triage (Gaieski et al., 2010;Zubert et al., 2010; Dellinger et al., 2008). 
Appropriate initial choice of antibiotic coverage is an independent predictor of survival in 
patients with sepsis. Gaieski and Colleagues, used a recent retrospective cohort study to 
demonstrate that patients who received appropriate antibiotics, as prescribed by an institution 
specific antibiotic nomogram, compared to those who did not receive appropriate antibiotics, 
had a reduction of 17.5 % in mortality rates (Gaieski et al., 2010; Zubert et al., 2010). Other 
studies found a significantly increased relative risk of death of 2.18 if patients originally 
received inadequate antibiotic coverage in the UCU for bloodstream infections (Ibrahim et al., 
2000). Another challenge to the appropriate and well-times administration of antimicrobial is 
the increasing drug resistant pathogens. In a 760 patients retrospective study, Micek et al 
found that patients who received initial combination therapy involving gram-negative bacteria 
had a significantly lower rates (36 %) as opposed to patients that did not (52 %) (Micek et al., 
2010). Almost all evidence for timely and appropriate antibiotic use stem from cohort studies, 
it is therefore possible that the relationship with regards to mortality, timely and appropriate 
antibiotics management might be indirect and represent a surrogate marker for other 
components of quality care. The SSC recommends timely and appropriate empiric antibiotic 
therapy that has known susceptibility for all possible pathogens (Dellinger et al., 2008). 

5. Additional therapies 
Based on the personalized needs of the patient, several additional therapies, when 
appropriate, are considered for the management and treatment of a septic patient. These 
include therapies such as recombinant human activated protein C, steroids, nutrition and 
intensive insulin therapy. Strong evidence, discussed below, show benefits in improving 
patient outcomes and quality of life. 

5.1 Recombinant human activated protein C (rhAPC) 
Administration of Recombinant Human activated Protein C (rhAPC) has been linked to a 
significant reduction in mortality in patients with a relatively high likelihood of death 
(Fourrier, 2004). Produced by the liver and activated in the circulation, Protein C acts by 
cleavage and inhibition of factors Va and VIIIa therefore functioning as a natural 
anticoagulant. Activated protein C (APC) plays an essential role in inflammation by 
inhibiting thrombin generation and maintaining the permeability of blood vessel walls. 
Conversely, endogenous levels of activated protein C are markedly reduced in sepsis and 
are associated with poor outcome (Shorr et al., 2006; He et al., 2007; Fisher and Yan, 2000). 
The PROWESS study, where 1690 patients with severe sepsis were randomized to rhAPC 
infusion for 96 hours or placebo had to be aborted early for efficacy after an absolute risk 
reduction of death of 6.1 percent with the administration of rhAPC was demonstrated 
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(Bernard et al., 2001). Later sub-group analysis of the PROWESS study found that the 
highest reduction in mortality rate with the administration of rhAPC was in patients with 
multi-system organ failure or very high risk of death defined by Acute Physiology and 
Chronic Health Evaluation (APACHE) II score of 25 or greater (Beutler, 2004). Another 
safety study (ENHANCE) found a very similar reduction in mortality rate and that 
administration within the first twenty-four hours was indeed associated with a higher 
reduction in mortality (Levy et al., 2005). ADDRESS, another open-label safety study of 2640 
patient with sepsis and a low risk of death were randomized to rhAPC or placebo. It was 
concluded that there were no reduction in mortality in patients with severe sepsis with a 
low likelihood of death (Abraham et al., 2005). A non-randomized propensity-matched 
analysis of 33,749 patients with severe sepsis, found a significant reduction in hospital 
mortality with the administration of rhAPC (Lindenauer et al., 2010). These findings led to 
the current recommendation from the SSC guidelines to use rhAPC for patients with sepsis 
with high risk of death if there are no contraindications (Dellinger et al., 2008). Although 
these are still the current SSC guidelines, recombinant human activated protein C has 
recently been withdrawn from the market due to lack of efficacy. 

5.2 Steroids 
Adrenal insufficiency is a common feature of sepsis. Adrenal dysfunction is found in about 
30 percent of all critically ill patients, and this percentage rises to 50 to 60 percent in septic 
shock (Annane and Bellissant, 2000). The presence of adrenal insufficiency in septic shock 
patient has been associated with higher mortality rates (Annane and Bellissant, 2000). 
Nevertheless, the benefit of administering exogenous steroids in septic shock remains a 
controversy. Good evidence has shown that administration of high dose corticosteroids 
(>300 mg hydrocortisone per day) has no mortality benefit and in fact might even lead to 
increased mortality (Bone et al., 1987; Minneci et al., 2004). The utility of low dose 
corticosteroid in reducing mortality is however less controversial (<300 mg hydrocortisone 
per day). Annanne and colleagues randomized 300 septic patients in 19 French ICUs 
unresponsive to vasopressor therapy with a positive cosytropin stimulation test to low-dose 
hydrocortisone and fludrocotisone or placebo. They concluded that patients initially 
unresponsive to vasopressors with a positive cosytropin stimulation test randomized to 
low-dose hydrocortisone and fludrocotisone had a significantly lower mortality rate 
(Annane et al., 2002). According to the Corticosteroid Therapy for Septic Shock (CORTICUS) 
study, a subsequent multi-country trial of 499 patients showed no reduction in mortality in 
the group that received hydrocortisone compared to placebo. It is difficult to compare these 
two trials as the CORTICUS study included patients with septic shock irrespective of 
whether their blood pressure responded initially to vasopressors(Sprung et al., 2008). A 
recent randomized control trial found that adding fludrocotisone, when hydrocortisone is 
administered to patients with severe sepsis, showed no improvement in in-hospital 
mortality (Annane and Bellissant, 2000). Similarly, two recent systematic reviews found no 
overall survival benefit by administering low dose steroids (Annane et al., 2009; Sligl et al., 
2009). The current SSC guidelines recommend using low dose hydrocortisone only when 
there is a poor initial response to vasopressors (Dellinger et al., 2008). 

5.3 Nutrition 
The primary aim of nutritional support is to supply the substrates essential to meet the 
metabolic needs of critically ill patients. The acute phase is characterized by catabolism 
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patients with persistent or refractory hypotension, each hour of delay in the administration of 
appropriate antibiotics was associated with a 7.6 % mean decrease in survival. The same study 
found that if antibiotics were administered within 30 minutes of the first occurrence of 
hypotension, survival rate was 83 % but declined to 42 % when antibiotics were not 
administered until the sixth hour after first documentation of hypotension (Kumar et al., 2006). 
The relationship between the timing of administration of antibiotics, was further supported by 
Gaieski and colleagues who found that there was a 13.7 % decrease in mortality in 261 septic 
patients presenting to a single urban academic medical department, when appropriate 
antibiotics were given to septic patient within one hour of triage compared with more then 1 
hour of triage (Gaieski et al., 2010;Zubert et al., 2010; Dellinger et al., 2008). 
Appropriate initial choice of antibiotic coverage is an independent predictor of survival in 
patients with sepsis. Gaieski and Colleagues, used a recent retrospective cohort study to 
demonstrate that patients who received appropriate antibiotics, as prescribed by an institution 
specific antibiotic nomogram, compared to those who did not receive appropriate antibiotics, 
had a reduction of 17.5 % in mortality rates (Gaieski et al., 2010; Zubert et al., 2010). Other 
studies found a significantly increased relative risk of death of 2.18 if patients originally 
received inadequate antibiotic coverage in the UCU for bloodstream infections (Ibrahim et al., 
2000). Another challenge to the appropriate and well-times administration of antimicrobial is 
the increasing drug resistant pathogens. In a 760 patients retrospective study, Micek et al 
found that patients who received initial combination therapy involving gram-negative bacteria 
had a significantly lower rates (36 %) as opposed to patients that did not (52 %) (Micek et al., 
2010). Almost all evidence for timely and appropriate antibiotic use stem from cohort studies, 
it is therefore possible that the relationship with regards to mortality, timely and appropriate 
antibiotics management might be indirect and represent a surrogate marker for other 
components of quality care. The SSC recommends timely and appropriate empiric antibiotic 
therapy that has known susceptibility for all possible pathogens (Dellinger et al., 2008). 

5. Additional therapies 
Based on the personalized needs of the patient, several additional therapies, when 
appropriate, are considered for the management and treatment of a septic patient. These 
include therapies such as recombinant human activated protein C, steroids, nutrition and 
intensive insulin therapy. Strong evidence, discussed below, show benefits in improving 
patient outcomes and quality of life. 

5.1 Recombinant human activated protein C (rhAPC) 
Administration of Recombinant Human activated Protein C (rhAPC) has been linked to a 
significant reduction in mortality in patients with a relatively high likelihood of death 
(Fourrier, 2004). Produced by the liver and activated in the circulation, Protein C acts by 
cleavage and inhibition of factors Va and VIIIa therefore functioning as a natural 
anticoagulant. Activated protein C (APC) plays an essential role in inflammation by 
inhibiting thrombin generation and maintaining the permeability of blood vessel walls. 
Conversely, endogenous levels of activated protein C are markedly reduced in sepsis and 
are associated with poor outcome (Shorr et al., 2006; He et al., 2007; Fisher and Yan, 2000). 
The PROWESS study, where 1690 patients with severe sepsis were randomized to rhAPC 
infusion for 96 hours or placebo had to be aborted early for efficacy after an absolute risk 
reduction of death of 6.1 percent with the administration of rhAPC was demonstrated 
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(Bernard et al., 2001). Later sub-group analysis of the PROWESS study found that the 
highest reduction in mortality rate with the administration of rhAPC was in patients with 
multi-system organ failure or very high risk of death defined by Acute Physiology and 
Chronic Health Evaluation (APACHE) II score of 25 or greater (Beutler, 2004). Another 
safety study (ENHANCE) found a very similar reduction in mortality rate and that 
administration within the first twenty-four hours was indeed associated with a higher 
reduction in mortality (Levy et al., 2005). ADDRESS, another open-label safety study of 2640 
patient with sepsis and a low risk of death were randomized to rhAPC or placebo. It was 
concluded that there were no reduction in mortality in patients with severe sepsis with a 
low likelihood of death (Abraham et al., 2005). A non-randomized propensity-matched 
analysis of 33,749 patients with severe sepsis, found a significant reduction in hospital 
mortality with the administration of rhAPC (Lindenauer et al., 2010). These findings led to 
the current recommendation from the SSC guidelines to use rhAPC for patients with sepsis 
with high risk of death if there are no contraindications (Dellinger et al., 2008). Although 
these are still the current SSC guidelines, recombinant human activated protein C has 
recently been withdrawn from the market due to lack of efficacy. 

5.2 Steroids 
Adrenal insufficiency is a common feature of sepsis. Adrenal dysfunction is found in about 
30 percent of all critically ill patients, and this percentage rises to 50 to 60 percent in septic 
shock (Annane and Bellissant, 2000). The presence of adrenal insufficiency in septic shock 
patient has been associated with higher mortality rates (Annane and Bellissant, 2000). 
Nevertheless, the benefit of administering exogenous steroids in septic shock remains a 
controversy. Good evidence has shown that administration of high dose corticosteroids 
(>300 mg hydrocortisone per day) has no mortality benefit and in fact might even lead to 
increased mortality (Bone et al., 1987; Minneci et al., 2004). The utility of low dose 
corticosteroid in reducing mortality is however less controversial (<300 mg hydrocortisone 
per day). Annanne and colleagues randomized 300 septic patients in 19 French ICUs 
unresponsive to vasopressor therapy with a positive cosytropin stimulation test to low-dose 
hydrocortisone and fludrocotisone or placebo. They concluded that patients initially 
unresponsive to vasopressors with a positive cosytropin stimulation test randomized to 
low-dose hydrocortisone and fludrocotisone had a significantly lower mortality rate 
(Annane et al., 2002). According to the Corticosteroid Therapy for Septic Shock (CORTICUS) 
study, a subsequent multi-country trial of 499 patients showed no reduction in mortality in 
the group that received hydrocortisone compared to placebo. It is difficult to compare these 
two trials as the CORTICUS study included patients with septic shock irrespective of 
whether their blood pressure responded initially to vasopressors(Sprung et al., 2008). A 
recent randomized control trial found that adding fludrocotisone, when hydrocortisone is 
administered to patients with severe sepsis, showed no improvement in in-hospital 
mortality (Annane and Bellissant, 2000). Similarly, two recent systematic reviews found no 
overall survival benefit by administering low dose steroids (Annane et al., 2009; Sligl et al., 
2009). The current SSC guidelines recommend using low dose hydrocortisone only when 
there is a poor initial response to vasopressors (Dellinger et al., 2008). 

5.3 Nutrition 
The primary aim of nutritional support is to supply the substrates essential to meet the 
metabolic needs of critically ill patients. The acute phase is characterized by catabolism 
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exceeding anabolism where carbohydrates are used as the preferred energy source, since fat 
mobilization is impaired. Nutritional support would provide the necessary carbohydrates to 
meet this demand and therefore alleviate the usual metabolic response of an inflammatory 
state to break down muscle proteins into amino acids that will eventually serve as a 
substrate of gluconeogenesis. The recovery phase would shift the dominant response 
towards anabolism, in which the body corrects the hypoproteinemia, replenishes other 
nutritional stores, and repairs muscle loss (Dvir et al., 2006). Conflicting data with regards to 
route of delivery exist. Enteral nutrition, compared with parenteral nutrition, results in 
poorer achievement of nutritional goals but may be associated with fewer infections.  
The mechanisms by which enteral nutrition decreases infectious complications are 
unknown. However, preservation of gut immune function and reduction of inflammation 
have been proposed (Alverdy et al., 2003; Clave and Heyland, 2009). It is uncertain whether 
nutritional support directly improves important clinical outcomes (e.g. duration of 
mechanical ventilation, length of stay, mortality), or when nutritional support should be 
initiated.  
The goal of nutrition support has been to deliver 100% of nutrient requirements, calculated 
for the specific metabolic condition, and in the shortest time possible. Recently, clinical 
experts in intensive care medicine and nutrition, published studies that determined that for 
critically ill patients, administering nutrients at quantities less than the calculated metabolic 
expenditure may significantly improve outcomes (Dickerson et al., 2002). Conversely, in a 
prospective cohort study from Johns Hopkins Medical Center, ICU patients were divided 
into groups that received 0%-32% (group one) of recommended intake, groups that received 
33%-65% (group two) and groups that received 66%-100% (group three) of caloric 
recommendations. Patients in group two showed the highest survival rate and experienced 
more sepsis free days as opposed to patients in group three who experienced the worst 
outcomes (Dickerson et al., 2002). In another retrospective analysis of obese critically ill 
patients, Dickerson et al. reported that patients receiving less than 20 kcal/kg adjusted 
weight/day compared with patients receiving greater than 20 kcal/kg adjusted weight/day 
experienced fewer days in the ICU, fewer days on mechanical ventilation, and fewer days of 
antibiotic use (Krishnan et al., 2003). However, definitive evidence for the optimal amount 
of nutritional support and the mode of delivery has yet to be determined in severe sepsis.  

5.4 Intensive insulin therapy 
Tight glucose control has showed early hopes of reducing mortality of critically ill patients. 
Indeed, Van den Berghe and colleagues studied 1548 cardiac surgery ICU patients who were 
randomized either to very tight glucose control (80-110mg per deciliter) through intensive 
insulin therapy (IIT) or to conventional treatment (280 to 200 mg per deciliter) (Van Den 
Berghe et al., 2001). The study showed a significant 3.4 percent absolute mortality reduction 
among all patients and a 9.6 percent absolute risk reduction in mortality for patients who 
remained in the ICU for greater than five days. However, the same authors showed that 
there was no reduction in mortality when the same procedure was applied in a medical ICU 
(Van den Berghe et al., 2006). Furthermore, accumulation of evidence through out recent 
years from RCTs show that tight glucose control in non-surgical ICU has no significant 
correlation in mortality benefit and could, in fact, be harmful. A meta-analysis of 29 
randomized controlled trials involving 8432 patients found no reduction in mortality with 
IIT compared to standard treatment (Wiener et al., 2008). In one study, involving 532 
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patients with severe sepsis randomized to IIT or conventional insulin therapy (180 to 200 mg 
per deciliter) and various combinations of crystalloids or colloids, showed no difference in 
mortality with IIT or conventional therapy but a significant increase in severe hypoglycemia 
in the IIT group. The study had to be stopped earlier than predicted due to increased 
significant hypoglycemic events in the IIT group(Brunkhorst et al., 2008). The 
Normoglycemia in Intensive Care Evaluation-Survival Using Glucose Algorithm Regulation 
(NICE-SUGAR) study randomized 6104 medical and surgical patients within 24 hours of 
ICU admission to IIT or conventional therapy (180 mg per deciliter or less). A significant 
increased risk of death(odds ratio 1.14) was shown in both medical and surgical group of 
patients who received IIT. (Finfer et al., 2009). Current SSC guidelines recommend a glucose 
target of <180 mg/dl for patients with severe sepsis and septic shock (Dellinger et al., 2008). 

6. Summary of SSC recommendations 
The 2008 Surviving Sepsis Campaign Guidelines (Dellinger et al., 2008) contain 3 tables that 
are very useful in summarizing their recommendations for the management of severe sepsis 
and septic shock. The following recommendations are adapted from those three tables with 
the very kind permission of Dr. Phil Dellinger (chair of 2008 Surviving Sepsis Campaign 
Committee).  

6.1 Initial resuscitation and infection issues (Dellinger, 2008) 
Regular text represents “Strongly Recommended” and italicized text represents “Suggested”. 

6.1.1 Initial resuscitation (first 6 hours) 
• Begin resuscitation immediately in patients with hypotension or elevated serum lactate 

>4 mmol/L; do not delay pending ICU admission 
• Resuscitation goals  

• CVP 8–12 mm Hg (A higher target CVP of 12–15 mm Hg is recommended in the 
presence of mechanical ventilation or preexisting decreased ventricular 
compliance.)  

• Mean arterial pressure ≥ 65 mm Hg  
• Urine output ≥0.5 mLkg-1hr-1 
• Central venous (superior vena cava) oxygen saturation ≥70 percent or mixed 

venous ≥65 percent 
• If venous oxygen saturation target is not achieved  

• Consider further fluid Transfuse packed red blood cells if required to hematocrit of ≥30 
percent and/or  

• Start dobutamine infusion, maximum 20 μgkg-1min-1 

6.1.2 Diagnosis  
• Obtain appropriate cultures before starting antibiotics provided this does not 

significantly delay antimicrobial administration 
• Obtain two or more blood cultures 
• One or more blood cultures should be percutaneous 
• One blood culture from each vascular access device in place >48 hours 
• Culture other sites as clinically indicated 
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exceeding anabolism where carbohydrates are used as the preferred energy source, since fat 
mobilization is impaired. Nutritional support would provide the necessary carbohydrates to 
meet this demand and therefore alleviate the usual metabolic response of an inflammatory 
state to break down muscle proteins into amino acids that will eventually serve as a 
substrate of gluconeogenesis. The recovery phase would shift the dominant response 
towards anabolism, in which the body corrects the hypoproteinemia, replenishes other 
nutritional stores, and repairs muscle loss (Dvir et al., 2006). Conflicting data with regards to 
route of delivery exist. Enteral nutrition, compared with parenteral nutrition, results in 
poorer achievement of nutritional goals but may be associated with fewer infections.  
The mechanisms by which enteral nutrition decreases infectious complications are 
unknown. However, preservation of gut immune function and reduction of inflammation 
have been proposed (Alverdy et al., 2003; Clave and Heyland, 2009). It is uncertain whether 
nutritional support directly improves important clinical outcomes (e.g. duration of 
mechanical ventilation, length of stay, mortality), or when nutritional support should be 
initiated.  
The goal of nutrition support has been to deliver 100% of nutrient requirements, calculated 
for the specific metabolic condition, and in the shortest time possible. Recently, clinical 
experts in intensive care medicine and nutrition, published studies that determined that for 
critically ill patients, administering nutrients at quantities less than the calculated metabolic 
expenditure may significantly improve outcomes (Dickerson et al., 2002). Conversely, in a 
prospective cohort study from Johns Hopkins Medical Center, ICU patients were divided 
into groups that received 0%-32% (group one) of recommended intake, groups that received 
33%-65% (group two) and groups that received 66%-100% (group three) of caloric 
recommendations. Patients in group two showed the highest survival rate and experienced 
more sepsis free days as opposed to patients in group three who experienced the worst 
outcomes (Dickerson et al., 2002). In another retrospective analysis of obese critically ill 
patients, Dickerson et al. reported that patients receiving less than 20 kcal/kg adjusted 
weight/day compared with patients receiving greater than 20 kcal/kg adjusted weight/day 
experienced fewer days in the ICU, fewer days on mechanical ventilation, and fewer days of 
antibiotic use (Krishnan et al., 2003). However, definitive evidence for the optimal amount 
of nutritional support and the mode of delivery has yet to be determined in severe sepsis.  

5.4 Intensive insulin therapy 
Tight glucose control has showed early hopes of reducing mortality of critically ill patients. 
Indeed, Van den Berghe and colleagues studied 1548 cardiac surgery ICU patients who were 
randomized either to very tight glucose control (80-110mg per deciliter) through intensive 
insulin therapy (IIT) or to conventional treatment (280 to 200 mg per deciliter) (Van Den 
Berghe et al., 2001). The study showed a significant 3.4 percent absolute mortality reduction 
among all patients and a 9.6 percent absolute risk reduction in mortality for patients who 
remained in the ICU for greater than five days. However, the same authors showed that 
there was no reduction in mortality when the same procedure was applied in a medical ICU 
(Van den Berghe et al., 2006). Furthermore, accumulation of evidence through out recent 
years from RCTs show that tight glucose control in non-surgical ICU has no significant 
correlation in mortality benefit and could, in fact, be harmful. A meta-analysis of 29 
randomized controlled trials involving 8432 patients found no reduction in mortality with 
IIT compared to standard treatment (Wiener et al., 2008). In one study, involving 532 
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patients with severe sepsis randomized to IIT or conventional insulin therapy (180 to 200 mg 
per deciliter) and various combinations of crystalloids or colloids, showed no difference in 
mortality with IIT or conventional therapy but a significant increase in severe hypoglycemia 
in the IIT group. The study had to be stopped earlier than predicted due to increased 
significant hypoglycemic events in the IIT group(Brunkhorst et al., 2008). The 
Normoglycemia in Intensive Care Evaluation-Survival Using Glucose Algorithm Regulation 
(NICE-SUGAR) study randomized 6104 medical and surgical patients within 24 hours of 
ICU admission to IIT or conventional therapy (180 mg per deciliter or less). A significant 
increased risk of death(odds ratio 1.14) was shown in both medical and surgical group of 
patients who received IIT. (Finfer et al., 2009). Current SSC guidelines recommend a glucose 
target of <180 mg/dl for patients with severe sepsis and septic shock (Dellinger et al., 2008). 

6. Summary of SSC recommendations 
The 2008 Surviving Sepsis Campaign Guidelines (Dellinger et al., 2008) contain 3 tables that 
are very useful in summarizing their recommendations for the management of severe sepsis 
and septic shock. The following recommendations are adapted from those three tables with 
the very kind permission of Dr. Phil Dellinger (chair of 2008 Surviving Sepsis Campaign 
Committee).  

6.1 Initial resuscitation and infection issues (Dellinger, 2008) 
Regular text represents “Strongly Recommended” and italicized text represents “Suggested”. 

6.1.1 Initial resuscitation (first 6 hours) 
• Begin resuscitation immediately in patients with hypotension or elevated serum lactate 

>4 mmol/L; do not delay pending ICU admission 
• Resuscitation goals  

• CVP 8–12 mm Hg (A higher target CVP of 12–15 mm Hg is recommended in the 
presence of mechanical ventilation or preexisting decreased ventricular 
compliance.)  

• Mean arterial pressure ≥ 65 mm Hg  
• Urine output ≥0.5 mLkg-1hr-1 
• Central venous (superior vena cava) oxygen saturation ≥70 percent or mixed 

venous ≥65 percent 
• If venous oxygen saturation target is not achieved  

• Consider further fluid Transfuse packed red blood cells if required to hematocrit of ≥30 
percent and/or  

• Start dobutamine infusion, maximum 20 μgkg-1min-1 

6.1.2 Diagnosis  
• Obtain appropriate cultures before starting antibiotics provided this does not 

significantly delay antimicrobial administration 
• Obtain two or more blood cultures 
• One or more blood cultures should be percutaneous 
• One blood culture from each vascular access device in place >48 hours 
• Culture other sites as clinically indicated 
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• Perform imaging studies promptly to confirm and sample any source of infection, if 
safe to do so 

6.1.3 Antibiotic therapy 
• Begin intravenous antibiotics as early as possible and always within the first hour of 

recognizing severe sepsis and septic shock 
• Broad-spectrum: one or more agents active against likely bacterial/fungal pathogens 

and with good penetration into presumed source 
• Reassess antimicrobial regimen daily to optimize efficacy, prevent resistance, avoid 

toxicity, and minimize costs 
• Consider combination therapy in Pseudomonas infections 
• Consider combination empiric therapy in neutropenic patients 
• Combination therapy ≤3–5 days and de-escalation following susceptibilities 
• Duration of therapy typically limited to 7–10 days; longer if response is slow or there 

are undrainable foci of infection or immunologic deficiencies 
• Stop antimicrobial therapy if cause is found to be noninfectious 

6.1.4 Source identification and control 
• A specific anatomic site of infection should be established as rapidly as possible and 

within first 6 hours of presentation 
• Formally evaluate patient for a focus of infection amenable to source control measures 

(e.g. abscess drainage, tissue debridement) 
• Implement source control measures as soon as possible following successful initial 

resuscitation (exception: infected pancreatic necrosis, where surgical intervention is best 
delayed) 

• Choose source control measure with maximum efficacy and minimal physiologic upset 
• Remove intravascular access devices if potentially infected 

6.2 Hemodynamic support and adjunctive therapy (Dellinger, 2008) 
Regular text represents “Strongly Recommended” and italicized text represents “Suggested”. 

6.2.1 Fluid therapy 
• Fluid-resuscitate using crystalloids or colloids  
• Target a CVP of ≥8 mm Hg (≥12 mm Hg if mechanically ventilated)  
• Use a fluid challenge technique while associated with a hemodynamic improvement  
• Give fluid challenges of 1,000 mL of crystalloids or 300–500 mL of colloids over 30 

minutes. More rapid and larger volumes may be required in sepsis-induced tissue 
hypoperfusion 

• Rate of fluid administration should be reduced if cardiac filling pressures increase 
without concurrent hemodynamic improvement 

6.2.2 Vasopressors 
• Maintain MAP ≥65 mm Hg 
• Norepinephrine and dopamine centrally administered are the initial vasopressors of 

choice 
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• Epinephrine, phenylephrine, or vasopressin should not be administered as the initial vasopressor 
in septic shock. Vasopressin 0.03 units/minute may be subsequently added to norepinephrine 
with anticipation of an effect equivalent to norepinephrine alone 

• Use epinephrine as the first alternative agent in septic shock when blood pressure is poorly 
responsive to norepinephrine or dopamine. 

• Do not use low-dose dopamine for renal protection 
• In patients requiring vasopressors, insert an arterial catheter as soon as practical 

6.2.3 Inotropic therapy 
• Use dobutamine in patients with myocardial dysfunction as supported by elevated 

cardiac filling pressures and low cardiac output 
• Do not increase cardiac index to predetermined supranormal levels 

6.2.4 Steroids 
• Consider intravenous hydrocortisone for adult septic shock when hypotension responds poorly to 

adequate fluid resuscitation and vasopressors 
• ACTH stimulation test is not recommended to identify the subset of adults with septic shock 

who should receive hydrocortisone 
• Hydrocortisone is preferred to dexamethasone 
• Fludrocortisone (50 μg orally once a day) may be included if an alternative to hydrocortisone is 

being used that lacks significant mineralocorticoid activity. Fludrocortisone is optional if 
hydrocortisone is used 

• Steroid therapy may be weaned once vasopressors are no longer required 
• Hydrocortisone dose should be ≤300 mg/day 
• Do not use corticosteroids to treat sepsis in the absence of shock unless the patient’s 

endocrine or corticosteroid history warrants it 

6.2.5 Recombinant human activated protein C (rhAPC) 
• Consider rhAPC in adult patients with sepsis-induced organ dysfunction with clinical 

assessment of high risk of death (typically APACHE II ≥25 or multiple organ failure) if there are 
no contraindications. 

• Adult patients with severe sepsis and low risk of death (typically, APACHE II <20 or 
one organ failure) should not receive rhAPC 

6.3 Other supportive therapy of severe sepsis (Dellinger, 2008) 

Regular text represents “Strongly Recommended” and italicized text represents “Suggested”. 

6.3.1 Blood product administration 
• Give red blood cells when hemoglobin decreases to <7.0 g/dL (<70 g/L) to target a 

hemoglobin concentration of 7.0–9.0 g/dL in adults. A higher hemoglobin level may be 
required in special circumstances (e.g., myocardial ischemia, severe hypoxemia, acute 
hemorrhage, cyanotic heart disease, or lactic acidosis) 

• Do not use erythropoietin to treat sepsis-related anemia. Erythropoietin may be used 
for other accepted reasons 

• Do not use fresh frozen plasma to correct laboratory clotting abnormalities unless there is 
bleeding or planned invasive procedures 
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• Perform imaging studies promptly to confirm and sample any source of infection, if 
safe to do so 

6.1.3 Antibiotic therapy 
• Begin intravenous antibiotics as early as possible and always within the first hour of 

recognizing severe sepsis and septic shock 
• Broad-spectrum: one or more agents active against likely bacterial/fungal pathogens 

and with good penetration into presumed source 
• Reassess antimicrobial regimen daily to optimize efficacy, prevent resistance, avoid 

toxicity, and minimize costs 
• Consider combination therapy in Pseudomonas infections 
• Consider combination empiric therapy in neutropenic patients 
• Combination therapy ≤3–5 days and de-escalation following susceptibilities 
• Duration of therapy typically limited to 7–10 days; longer if response is slow or there 

are undrainable foci of infection or immunologic deficiencies 
• Stop antimicrobial therapy if cause is found to be noninfectious 

6.1.4 Source identification and control 
• A specific anatomic site of infection should be established as rapidly as possible and 

within first 6 hours of presentation 
• Formally evaluate patient for a focus of infection amenable to source control measures 

(e.g. abscess drainage, tissue debridement) 
• Implement source control measures as soon as possible following successful initial 

resuscitation (exception: infected pancreatic necrosis, where surgical intervention is best 
delayed) 

• Choose source control measure with maximum efficacy and minimal physiologic upset 
• Remove intravascular access devices if potentially infected 

6.2 Hemodynamic support and adjunctive therapy (Dellinger, 2008) 
Regular text represents “Strongly Recommended” and italicized text represents “Suggested”. 

6.2.1 Fluid therapy 
• Fluid-resuscitate using crystalloids or colloids  
• Target a CVP of ≥8 mm Hg (≥12 mm Hg if mechanically ventilated)  
• Use a fluid challenge technique while associated with a hemodynamic improvement  
• Give fluid challenges of 1,000 mL of crystalloids or 300–500 mL of colloids over 30 

minutes. More rapid and larger volumes may be required in sepsis-induced tissue 
hypoperfusion 

• Rate of fluid administration should be reduced if cardiac filling pressures increase 
without concurrent hemodynamic improvement 

6.2.2 Vasopressors 
• Maintain MAP ≥65 mm Hg 
• Norepinephrine and dopamine centrally administered are the initial vasopressors of 

choice 
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• Epinephrine, phenylephrine, or vasopressin should not be administered as the initial vasopressor 
in septic shock. Vasopressin 0.03 units/minute may be subsequently added to norepinephrine 
with anticipation of an effect equivalent to norepinephrine alone 

• Use epinephrine as the first alternative agent in septic shock when blood pressure is poorly 
responsive to norepinephrine or dopamine. 

• Do not use low-dose dopamine for renal protection 
• In patients requiring vasopressors, insert an arterial catheter as soon as practical 

6.2.3 Inotropic therapy 
• Use dobutamine in patients with myocardial dysfunction as supported by elevated 

cardiac filling pressures and low cardiac output 
• Do not increase cardiac index to predetermined supranormal levels 

6.2.4 Steroids 
• Consider intravenous hydrocortisone for adult septic shock when hypotension responds poorly to 

adequate fluid resuscitation and vasopressors 
• ACTH stimulation test is not recommended to identify the subset of adults with septic shock 

who should receive hydrocortisone 
• Hydrocortisone is preferred to dexamethasone 
• Fludrocortisone (50 μg orally once a day) may be included if an alternative to hydrocortisone is 

being used that lacks significant mineralocorticoid activity. Fludrocortisone is optional if 
hydrocortisone is used 

• Steroid therapy may be weaned once vasopressors are no longer required 
• Hydrocortisone dose should be ≤300 mg/day 
• Do not use corticosteroids to treat sepsis in the absence of shock unless the patient’s 

endocrine or corticosteroid history warrants it 

6.2.5 Recombinant human activated protein C (rhAPC) 
• Consider rhAPC in adult patients with sepsis-induced organ dysfunction with clinical 

assessment of high risk of death (typically APACHE II ≥25 or multiple organ failure) if there are 
no contraindications. 

• Adult patients with severe sepsis and low risk of death (typically, APACHE II <20 or 
one organ failure) should not receive rhAPC 

6.3 Other supportive therapy of severe sepsis (Dellinger, 2008) 

Regular text represents “Strongly Recommended” and italicized text represents “Suggested”. 

6.3.1 Blood product administration 
• Give red blood cells when hemoglobin decreases to <7.0 g/dL (<70 g/L) to target a 

hemoglobin concentration of 7.0–9.0 g/dL in adults. A higher hemoglobin level may be 
required in special circumstances (e.g., myocardial ischemia, severe hypoxemia, acute 
hemorrhage, cyanotic heart disease, or lactic acidosis) 

• Do not use erythropoietin to treat sepsis-related anemia. Erythropoietin may be used 
for other accepted reasons 

• Do not use fresh frozen plasma to correct laboratory clotting abnormalities unless there is 
bleeding or planned invasive procedures 
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• Do not use antithrombin therapy 
• Administer platelets when 

• Counts are <5,000/mm3 (5109/L) regardless of bleeding  
• Counts are 5,000–30,000/mm3 (5–30109/L) and there is significant bleeding risk  
• Higher platelet counts (≥50,000/mm3 [50109/L]) are required for surgery or invasive 

procedures 

6.3.2 Mechanical ventilation of sepsis-induced ALI/ARDS 
• Target a tidal volume of 6 mL/kg (predicted) body weight in patients with ALI/ARDS 
• Target an initial upper limit plateau pressure ≤30 cm H2O. Consider chest wall 

compliance when assessing plateau pressure 
• Allow PaCO2 to increase above normal, if needed, to minimize plateau pressures and 

tidal volumes 
• Set PEEP to avoid extensive lung collapse at end-expiration 
• Consider using the prone position for ARDS patients requiring potentially injurious levels of 

FIO2 or plateau pressure, provided they are not put at risk from positional changes 
• Maintain mechanically ventilated patients in a semirecumbent position (head of the bed 

raised to 45°) unless contraindicated, between 30° and 45° 
• Noninvasive ventilation may be considered in the minority of ALI/ARDS patients with mild to 

moderate hypoxemic respiratory failure. The patients need to be hemodynamically stable, 
comfortable, easily arousable, able to protect/clear their airway, and expected to recover rapidly 

• Use a weaning protocol and an SBT regularly to evaluate the potential for discontinuing 
mechanical ventilation 
• SBT options include a low level of pressure support with continuous positive 

airway pressure 5 cm H2O or a T piece 
• Before the SBT, patients should: 

• Be arousable 
• Be hemodynamically stable without vasopressors  
• Have no new potentially serious conditions  
• Have low ventilatory and end-expiratory pressure requirement  
• Require FIO2 levels that can be safely delivered with a face mask or nasal 

cannula 
• Do not use a pulmonary artery catheter for the routine monitoring of patients with 

ALI/ARDS 
• Use a conservative fluid strategy for patients with established ALI who do not have 

evidence of tissue hypoperfusion 

6.3.3 Sedation, analgesia, and neuromuscular blockade in sepsis 
• Use sedation protocols with a sedation goal for critically ill mechanically ventilated 

patients 
• Use either intermittent bolus sedation or continuous infusion sedation to 

predetermined end points (sedation scales), with daily interruption/lightening to 
produce awakening. Re-titrate if necessary 
• Avoid neuromuscular blockers where possible. Monitor depth of block with train-

of-four when using continuous infusions 
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6.3.4 Glucose control 
• Use intravenous insulin to control hyperglycemia in patients with severe sepsis 

following stabilization in the ICU 
• Aim to keep blood glucose <150 mg/dL (8.3 mmol/L) using a validated protocol for insulin dose 

adjustment 
• Provide a glucose calorie source and monitor blood glucose values every 1–2 hours (4 

hours when stable) in patients receiving intravenous insulin 
• Interpret with caution low glucose levels obtained with point of care testing, as these 

techniques may overestimate arterial blood or plasma glucose values 

6.3.5 Renal replacement 
• Intermittent hemodialysis and CVVH are considered equivalent 
• CVVH offers easier management in hemodynamically unstable patients 

6.3.6 Bicarbonate therapy 
• Do not use bicarbonate therapy for the purpose of improving hemodynamics or 

reducing vasopressor requirements when treating hypoperfusion- induced lactic 
acidemia with pH ≥7.15 

6.3.7 Deep vein thrombosis prophylaxis 
• Use either low-dose unfractionated heparin (UFH) or low molecular weight heparin 

(LMWH), unless contraindicated 
• Use a mechanical prophylactic device, such as compression stockings or an intermittent 

compression device, when heparin is contraindicated 
• Use a combination of pharmacologic and mechanical therapy for patients who are at very high 

risk for deep vein thrombosis 
• In patients at very high risk, LMWH should be used rather than UFH 

6.3.8 Stress ulcer prophylaxis 
• Provide stress ulcer prophylaxis using H2 blocker or proton pump inhibitor. Benefits of 

prevention of upper gastrointestinal bleed must be weighed against the potential for 
development of ventilator-acquired pneumonia 

6.3.9 Consideration for limitation of support 
• Discuss advance care planning with patients and families. Describe likely outcomes and 

set realistic expectations 

7. Novel and ongoing research 
Severe sepsis and septic shock management is an evolving and still controversial subject. 
New research is ongoing, and various therapies are being proposed and investigated.  

7.1 Recombinant Human Milk Fat Globule Epidermal Growth Factor 8 (rhMFG-E8) 
A U.S. study is currently underway, and set for completion in on August 31st, 2012, 
investigating the benefits of rhMFG-E8 on the clearance of apoptotic cells in severe sepsis 
and septic shock. Apoptosis is an import any player in the pathobiology of sepsis, and the 
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lack of clearance of apoptotic cells is partially responsible for some of the pathology. The 
basis of this study is that in a rat model, they demonstrated that down-regulating the MFG-
E8 gene expression was associated with reduced apoptotic cell clearance during sepsis. The 
MFG-E8 protein acts as an opsonin, targeting apoptotic cells phagocytosis, and without this 
opsonization, proper cell clearance does not occur. They have created recombinant human 
MFG-E8 and propose to use it as an adjunctive treatment for sepsis with the goal of 
improving cardiovascular function, attenuating tissue injury and inflammation, and 
reducing mortality (2011a). 

7.2 Magnesium sulphate does not improve microcirculatory alterations 
It is well known that microcirculatory dysfunction is contributory to the pathology 
associated with severe sepsis and septic shock. Since magnesium sulphate has both 
endothelium-dependent and non-endothelium-dependent vasodilatory pathways, it has 
been proposed as a potential therapy for sepsis. Andrius et al conducted a single center 
open label clinical trial to assess the microcirculatory changes induced by infusion of 
magnesium sulphate. This trial failed to demonstrate any microcirculatory improvement 
with magnesium sulphate infusion (Pranskunas et al., 2011). 

7.3 Targeting CCR2: A novel therapeutic strategy for septic shock 
Since sepsis is an inflammation-mediated disease, and neutrophils are among the first cells 
recruited in the inflammatory process, Souto et al proposed that hyper-activation of 
neutrophils may contribute to tissue damage in sepsis. They studied the role of the 
chemokine receptor CCR2 in inappropriate neutrophil recruitment and tissue damage in 
remote organs of septic patients. CCR2 is a receptor for a chemotactic factor ‘monocyte 
chemotattractant protein-1’ (CCR2 chemokine (C-C motif) receptor 2 [ Homo sapiens ], 
2011b). The receptor-ligand interaction mediates monocyte chemotaxis and monocyte 
infiltration in inflammation. In this study, the expression and responsiveness of CCR2 was 
induced in circulating neutrophils during induced sepsis in mice(Souto et al., 2011). 
Mortality was prevented in both genetically and pharmacologically CCR2-inhibited mice. 
Neutrophil infiltration into the lungs, heart, and kidneys was reduced in both models, and 
serum biochemical markers of organ injury and dysfunction were also reduced (Souto et al., 
2011). These results implicate CCR2 as a potential target for antagonist pharmaceutical 
therapy in severe sepsis and septic shock to prevent ‘multiple organ dysfunction syndrome’. 

7.4 Targeting LPS to impair induction of inflammation 
Lipopolysaccharide (LPS), a surface molecule of gram-negative bacteria, interacts with the 
Toll-like receptor 4 (TLR-4) in the induction of the inflammatory response, and the 
associated signal transduction pathway has been associated with the pathogenesis of sepsis. 
Neutralizing LPS before it can interact with TLR-4 has been proposed as an adjunctive 
therapy for sepsis (Wheeler et al., 2009). Lipid-binding protein (LBP) is a molecule that 
directs LPS to the TLR-4 receptor (Wheeler et al., 2009). Analogues of this molecule can 
block LPS-LBP interactions and inhibit LPS-induced inflammation. This may prove to be a 
promising novel therapy for sepsis. 

8. Conclusion 
It is evident that there is a great deal of research still needed to resolve many of the 
controversies around the management of sepsis and to discover the best management 
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strategies for severe sepsis and septic shock. Sepsis management recommendations are 
clearly improving with each study performed, and efforts towards the standardization and 
universalization of protocols, is a great step in the right direction. The 2008 Surviving Sepsis 
Campaign guidelines are, pending an update, the most up-to-date complete set of evidence-
based guidelines on the management of severe sepsis and septic shock that we have found. 
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1. Introduction 
Volume management is an important aspect of caring for patients with sepsis. Multiple 
factors contribute to the challenge of resuscitating septic patients, including volume 
depletion, a decrease in vascular tone and myocardial depression. Goal directed therapy 
incorporates the use of physiologic targets to guide fluid resuscitation in this population, 
taking into account the changes in physiology of a patient with sepsis. Further, evolving 
technology and knowledge is allowing for a better understanding of endpoints when 
managing fluids in this critically ill patient group. 
Patient’s presenting with hypo-perfusion secondary to septic shock benefit from early, 
aggressive resuscitation in a protocolized manner (Rivers, 2001). The goals of initial 
resuscitation, to be achieved within 6 hours of presentation, include a central venous 
pressure of 8 – 12 mmHg, mean arterial pressure (MAP) of ≥ 65 mmHg, urine output ≥ 0.5 
mL/kg/hr and a central venous (ScvO2) or mixed venous oxygen saturation ≥ 70% or 65%, 
respectively (Rivers 2001, Dellinger, 2008). This concept is known as early goal directed 
therapy (EGDT) (Rivers, 2001).  

1.1 Oxygen delivery 
The ultimate goal of early resuscitation is to achieve adequate oxygen delivery so the 
balance between supply and demand to vital organs is maintained. A critical level of oxygen 
delivery (DO2) exists for septic patients and increasing the DO2 above that level does not 
further increase oxygen consumption. (Ronco, 1993; Shibutani, 1983;, Danek, 1980; Nelson, 
1987, 1988)  When below critical DO2, oxygen utilization is dependent upon DO2 (Figure 1), 
compensation via increased oxygen extraction is no longer sufficient, oxygen debt develops 
and anaerobic metabolism ensues. (Pieracci, 2011) One accepted method to measure 
whether DO2 is above this threshold involves determining the oxygen saturation of venous 
blood returning to the heart (McGee & Jodka, 2002; Krafft, 1993). ScvO2 as a proxy for SVO2 
is reasonable (Lee, 1972; Reinhart, 2004; Ladakis, 2001) and reflects the oxygen saturation of 
SVC blood. As the saturation of venous blood (Figure 2) declines, oxygen consumption is 
increasing for a constant value of oxygen delivery, or oxygen delivery itself may be 
declining. In either circumstance assessment of ScVO2 represents the balance between 
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further increase oxygen consumption. (Ronco, 1993; Shibutani, 1983;, Danek, 1980; Nelson, 
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blood returning to the heart (McGee & Jodka, 2002; Krafft, 1993). ScvO2 as a proxy for SVO2 
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delivery and consumption simultaneously and can be measured continuously alerting the 
clinician to reassess the components of both delivery and consumption. Critical imbalances 
often require acute intervention to assure survival and prevent organ dysfunction. Lower 
values are the result of increased oxygen extraction at the tissue level typically due to 
decreased oxygen delivery (DO2) and values <70% suggest tissue hypoperfusion. If the 
ScVO2 drops below 50% there is an increased risk of developing anaerobic metabolism and 
lactic acidosis. (Simmons, 1978) Low or declining ScVO2 indicates further manipulation of 
DO2 or less commonly VO2 may be necessary to assure adequate cellular oxygenation. 
(Rivers, 2001; Lee, 1972; Kasnitz, 1976; Reinhart, 1989) 
 

 
Fig. 1. 

1.2 Therapeutic targets 
Multiple studies demonstrated the survivors of high stress situations induced by surgery, 
sepsis, trauma or cardiac insults achieved a higher cardiac index, oxygen delivery (DO2) 
and oxygen consumption (VO2) as compared to non-survivors (Heyland, 1996; Shoemaker, 
1993, Bishop, 1993; Shoemaker, 1993; Edwards, 1989; Gilbert, 1986; Shoemaker, 1993; 
Creamer, 1990; Hankein, 1991; Hayes, 1993; Kankein, 1987; Cryer, 1989). As a result of these 
findings, efforts were made to target these variables in an effort to improve outcomes of the 
critically ill. The first randomized, controlled trial (Shoemaker, 1988) implemented protocols 
to generate supraphysiologic values as therapeutic goals in high risk surgical patients. 
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Patients with oxygen transport maximized by a PA catheter protocol had a lower mortality, 
reduced duration of mechanical ventilation and ICU stay. Study limitations in baseline 
characteristics of the various groups along with an unblinded design raise the question of 
bias versus an actual treatment impact (Shoemaker, 1988; Heyland, 1996).  
 

 
Fig. 2. 

Hayes et al (Hayes, 1994) randomly assigned patients failing to reach established 
therapeutic goals following volume resuscitation alone to continue with standard care or 
receive dobutamine to increase cardiac index, oxygen delivery and oxygen consumption. 
The treatment group had a higher mortality, suggesting efforts to achieve supranormal 
physiologic targets may result in more risk than benefit. In addition, Gattinoni et al 
(Gattinoni, 1995) failed to demonstrate a favorable impact on morbidity or mortality when 
targeting hemodynamic therapy to achieve supranormal values for cardiac index or normal 
values for mixed venous oxygen saturation. 
In 2001, Rivers et al (Rivers, 2001) published the results of a randomized trial of EGDT in the 
treatment of patients with severe sepsis and septic shock. By instituting a multi-faceted 
protocol targeted to increase oxygen delivery they were able to demonstrate significant 
benefits to outcome in this patient population. The main components of this approach 
included continuous monitoring of central venous oxygen saturation (ScvO2), treatment in a 
dedicated area of the emergency department for the first six hours and fluid boluses to 
achieve a central venous pressure (CVP) of 8 to 12 mmHg. If the MAP remained < 65 mmHg 
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following fluid resuscitation to a CVP of 8 – 12 mmHg, vasopressor therapy began, red 
blood cells were transfused to achieve a hematocrit of at least 30% if the ScvO2 was less than 
70% and dobutamine administration titrated to achieve an ScvO2 of at least 70% despite the 
other interventions. (Rivers, 2001) The intervention group was more likely to achieve the 
ScvO2, CVP, MAP and urine output goals along with an improvement in mortality. 46.5% in 
those receiving standard therapy died compared to 30.5% in the EGDT cohort (p=0.009). The 
EGDT group also received significantly more fluid (4981 mL vs. 3499 mL), red blood cells 
(64.1% transfused vs. 18.5%), and inotropic support (13.7% vs. 0.8%) during the first 6 hours. 
The difference in fluid balance did not persist at 72 hours (13,443 mL in EGDT vs. 13,358 in 
standard therapy) emphasizing the importance of rapid volume optimization for septic 
shock. (Rivers, 2001) This study demonstrated for the first time the importance of an 
aggressive, early, protocolized, goal directed treatment regimen in caring for patients with 
severe sepsis and septic shock. This protocol has been adopted in multiple guidelines as the 
standard of care for treating septic patients (Dellinger, 2008). Table 1 summarizes the 
findings of the above trials.  
 

Study Intervention Results 
Shoemaker, 1988 Supraphysiologic values as 

therapeutic goals in high risk surgical 
patients 

Oxygen transport 
maximized by a PA 
catheter protocol lead to 
lower mortality, reduced 
duration of mechanical 
ventilation and shorter ICU 
stay 

Hayes, 1994 Dobutamine to increase cardiac 
index, oxygen delivery and oxygen 
consumption 

Higher mortality in 
patients treated with 
dobutamine compared to 
standard care 

Gattinoni, 1995 Achieving supranormal values for 
cardiac index or normal values for 
mixed venous oxygen saturation 

No improvement on 
morbidity or mortality 

Rivers, 2001 Early goal directed therapy with CVP 
of 8 – 12 mmHg, vasopressors if MAP 
< 65 mmHg following fluid 
resuscitation, ScvO2 ≥ 70%, 
dobutamine and red blood cells to 
keep hematocrit at least 30% if ScvO2 
< 70% 

Improved mortality with 
intervention compared to 
standard care. More fluid, 
red blood cells and 
inotropic support during 
first 6 hours in intervention 
group. 

Table 1. Summary of Studies on Goal Directed Therapy 

1.3 Physiological derangements 
Aggressive fluid resuscitation is a mainstay of therapy for septic patients as this population 
tends to be severely hypovolemic related to multiple mechanisms, venodilation from altered 
vascular tone leads to pooling of blood in the capacitance vessels. (McGee & Jodka. 2002; 
Kumar, 2009, Teule 1984) Septic patients also have extravasation of fluid into the 
interstitium related to increased permeability of the capillary endothelium (Rivers 2008; 
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Pieracci 2011). These phenomena result in decreased preload, cardiac output and inadequate 
oxygen delivery. It remains essential to restore volume status and improve cardiac 
performance. Additionally, the body’s inflammatory response is further modulated by 
cellular hypoxia brought about by the decline in bulk oxygen delivery (Rivers, 2007) may 
compound the physiologic derangement. 
Concurrent with the needs to restore adequate preload and circulating blood volume, septic 
patients often demonstrate myocardial depression. This dysfunction is related to the 
presence of myocardial depressant factors early in the septic process, not decreased 
myocardial perfusion, and include cytokines, tumor necrosis factor alpha (TNF-α) and 
interleukin one beta (IL-1β) acting synergistically. (Court, 2002; Pathan, 2002) Additionally, 
nitric oxide generation, interstitial myocarditis, calcium trafficking, endothelin receptor 
antagonists and apoptosis likely all contribute to the ongoing process of myocardial 
depression. (Fernandes, 2008). This is manifest as a low cardiac output concurrent with a 
decrease in ejection fraction and oxygen delivery despite adequate filling pressures. 
Ventricular interdependence and impairment of left ventricular filling may be an important 
concern especially with concomitant ARDS and RV dysfunction/dilatation.  (Michard, 2010; 
von Ballmoos, 2010) 
The use of echocardiogram plays an important role in quantifying the degree of dysfunction 
as it is used to assess biventricular contractility and identifies hemodynamically unstable 
patients who will benefit from either inotropic support or further volume expansion 
(Griffee, 2010; Beaulieu, 2007).  Dobutamine is a typical first line inotropic agent when 
myocardial depression of sepsis is confirmed and the goal is to establish adequate oxygen 
delivery or tissue perfusion as measured by ScvO2. No benefit is seen using inotropes to 
create a supra-physiologic state though studies achieving this did not have echocardiogram 
data to determine what proportion of subjects had impaired contractility (Hayes, 1994; 
Gattinoni, 1995). Sepsis induced myocardial depression usually resolves completely over the 
course of the illness for survivors. (Griffee, 2010; Parker, 1984). 

1.4 Role of red blood cells 
Controversy exists as to the ideal hemoglobin concentration for septic patients undergoing 
EGDT as the risks of transfusion often outweigh the benefits. (Hebert, 1999; Marik, 2008; 
Fuller, 2010) The goal of transfusion of red blood cells is to improve DO2. There is no impact 
on the sublingual microcirculation as detected by an orthogonal polarization spectral device 
in septic patients receiving a red blood cell transfusion (Sakr, 2007). Further, transfusing 
anemic, septic patients does not improve either regional or global oxygen utilization as 
determined by either the Fick equation or indirect calorimetry and may increase pulmonary 
vascular resistance, further hindering right ventricular function. (Fernandes, 2001; Bone, 
1993) At this time unless there is active myocardial ischemia, it is difficult to define exact 
triggers for transfusion of red blood cells in septic patients undergoing active resuscitation. 
(Pieracci, 2011) 

1.5 Avoiding volume overload 
An aggressive, early intervention targeted at improving hemodynamic performance in 
septic patients improves outcomes and is now recognized as the standard of care. The 
trigger to transfuse red blood cells during the early resuscitation of septic patients remains 
controversial and is a major criticism of EGDT, especially given the known complications of 
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providing transfusions to critically ill patients. Critical care practitioners need to recognize 
both the importance of implementing EGDT and avoiding the deleterious effects of fluid 
overload. When septic patients have a more positive fluid balance both early in the 
resuscitation process and cumulatively over 4 days there is an associated increased risk of 
mortality (Boyd, 2011). The importance of carefully managing fluids is further illustrated in 
patients with acute lung injury or ARDS as those with a lower cumulative fluid balance 
demonstrate improved outcomes. (Murphy, 2009; the NHLBI ARDSNet, 2006) When 
complicated by acute kidney injury, fluid overload further impacts mortality in critically ill 
patients (Payen, 2008; Bouchard, 2009) 

2. Applied physiology for the management of severe sepsis/septic shock 
The foundation of all resuscitation strategies for severe sepsis and septic shock is volume 
therapy. Early goal directed therapy is complicated by the requirement for central venous 
access which is not always available especially during the initial patient evaluation, and 
the use of a CVP target which has been called in to question as a meaningful measure of 
preload responsiveness. (Michard, 2002; Marik, 2008;Osman, 2007) Additionally although 
rapid resuscitation is important excess volume that does not improve cardiac performance 
is potentially contributing to complications; excess length of stay (Wiedemann, 2006) and 
mortality (Murphy, 2009). Generally as the goal of any volume therapy in the critically ill 
is to improve cardiac performance, we propose physiology based hemodynamic therapy 
for the severely septic patient that considers the pathophysiology already described.  

2.1 Physiologic optimization program for sepsis resuscitation, dynamic variables of 
volume responsiveness 
Utilizing dynamic variables of volume responsiveness to guide resuscitation allows precise 
titration of preload with clear endpoints for fluid resuscitation to minimize the risk of 
inappropriate fluid overload. Dynamic variables of volume responsiveness, stroke volume 
variation (SVV) and pulse pressure variations (PPV) exploit the physiology of the 
heart/lung interaction during positive pressure ventilation that relates the variation of 
stroke volume or pulse pressure to the degree of volume responsiveness. The respirophasic 
change in blood pressure (commonly observed in the arterial pressure tracing) of 
hypovolemic patients is a well known example. (McGee, 2009) (Figure 3). 
The available devices quantify the variability and display the variation as a primary output. 
This variation is highly correlated with the degree of volume responsiveness, i.e., the greater 
the variation, the greater the expected response to a volume challenge. (Figure 4). 
This approach is available only for patients with controlled positive pressure ventilation 
without a significant dysrhythmia as the utility of SVV or PPV to assess volume 
responsiveness is not valid beyond these conditions. The use of the dynamic variables SVV 
and PPV, especially during early resuscitation prior to intubation is generally not possible. 
Resuscitation of these patients, however, is straight forward and relies on titration of 
volume against cardiac performance measured by SV and CO. This approach provides 
assurance that preload optimization has occurred prior to implementation of 
pharmacotherapy. Our preference is to use the indexed values in an attempt to normalize 
targets across variability in body surface area. This may be problematic in the super obese 
(McGee, 2006). (Figure 5). 
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Fig. 3. The phasic change in blood pressure and its timing to the ventilatory cycle is 
illustrated with four positive pressure breaths and the simultaneously displayed arterial 
waveform directly below it. Blood pressure goes up during the inspiratory phase of 
mechanical ventilation and decreases during expiration. The swings in blood pressure 
(pulse pressure variation, PPV) are generated by the change in stroke volume SV (stroke 
volume variation, SVV) effected by positive pressure ventilation. The variability is 
respirophasic as this figure illustrates. The impact on right (RV) and left ventricular (LV) pre 
and afterload induced by positive pressure ventilation is shown. 

In those clinical settings where SVV or PPV does not predict volume responsiveness how 
can this be determined? As long as stroke volume can be measured this question can be 
answered. This represents a huge advantage of the technologies that allow measurement of 
stroke volume and cardiac output, FloTrac/Vigileo, PICCO, and LiDCO, over those that 
simply provide pulse pressure variation, which is now readily available on bedside 
monitors that display an arterial waveform (IntelliVue MP90, 2006). This physiology also 
explains why this literature has been primarily developed in the operating room where ideal 
conditions often exist for the measurement and application of dynamic parameters, namely 
controlled mechanical ventilation with a large enough tidal volume to induce a significant 
change in pleural pressure to impact venous return. A threshold value for tidal volume of 8 
cc per kilogram ideal body weight has been determined in several studies that evaluated the 
tidal volume necessary to meaningfully impact venous return. (Feissel, 2001; Tavernier, 
1998; Michard, 2000; Perel, 1987) Across a heterogeneous population, this may be true, 
although there will be specific examples depending on the patient’s lung compliance and 
intravascular volume status where it may not be.  
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Fig. 4. Legend: A and B represent different locations on the Starling Curve. The change in 
preload induced by the ventilator is identical. The impact on SV is not. The change in SV 
induced by one positive pressure breath is proportional to SVV. SVV determines the 
magnitude of preload dependency. Patients with higher SVV are more volume responsive 
(A – preload dependent) functioning on the steeper portion of the Frank Starling curve. SVV 
decreases as preload dependent LV function is optimized (B – preload independent). In 
these patients (B) volume can be safely removed as cardiac performance is not influenced by 
changes in preload. SVV/SVI pairs allow individual discrimination of a patient’s Starling 
curve that can determine when volume is required to improve cardiac performance and 
conversely when volume can be safely removed. SV (stroke volume) SVV (stroke volume 
variation) 

At lower tidal volumes, false negatives where stroke volume variation is low, and the 
patient is still significantly volume responsive occur. Extreme examples of this were 
encountered during the H1N1 flu epidemic in the fall of 2009, where many patients were 
being oscillated at very high frequencies but with minimal tidal volume and hence pleural 
pressure change. These patients could be significantly volume responsive with essentially 
no stroke volume or pulse pressure variation because of the very small change in pleural 
pressure induced with this strategy of ventilation. Similarly, patients being ventilated using 
a low tidal volume strategy for ALI/ARDS may manifest a similar phenomenon. In those 
patients, teasing out volume responsiveness utilizing physiology is fairly simple. Listed 
below are three possible strategies to ascertain volume responsiveness when SVV is unable 
to provide direction: (DeBacker, 2005) 
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Fig. 5. The goal of volume therapy during resuscitation is to optimize the use of preload 
augmentation of cardiac function. Stroke volume variation is a very useful parameter to 
allow rapid safe resuscitation. When this parameter is not useful (dysrhythmia, small tidal 
volume, spontaneous breathing), simply targeting the maximum stroke volume index (SVI), 
is another means to guide volume therapy. Independent of which Frank-Starling Curve the 
patient is on ,the goal of volume therapy is always the same during resuscitation; to obtain 
the most benefit from the preload dependent portion of the Frank-Starling Curve. These 
techniques have the additional benefit of more precisely targeting the “sweet spot” of the 
Frank-Starling Curve without excessive volume overload. 

2.2 Stroke volume index targeted resuscitation: Obtaining the sweet spot on the 
Frank-Starling curve (figure 5) 
1. Recruitable stroke volume: 
Increase the tidal volume to at least 8-10 cc/kg and look for the change in SVV.  For volume 
responsive patients, once beyond a threshold value for tidal volume, volume responsiveness 
becomes apparent as the SVV will increase to greater than 10-13%, a reliable cutoff above 
which patients are generally volume responsive. The time responsiveness of these 
technologies is fairly rapid and tidal volume needs to be increased for only a short period of 
time, typically less than 5 minutes. Physician presence at the bedside during this maneuver 
is important to: 
a. View the change; and 
b. Assure that the pressure encountered with the ventilation change is not harmful to the 

patients. If this change in tidal volume results in SVV becoming greater than 10-13%, a 
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fluid bolus is then given after the patient has been returned to the initial ventilator 
settings. 

Two additional strategies are also useful for non-ventilated patients or those with significant 
dysrhythmias. 
2. The passive leg raising maneuver (PLR) ((Cavallaro, 2010, Monnet, 2006) (Figure 6.) 

 

Passive Leg Raising

Baseline PLR

Data recorded after 
120s

Patients who respond to the PLR maneuver will also 
respond to a fluid bolus. Response described in text.

 
Fig. 6. 

The patient is placed flat and the legs are elevated to 45 degrees and the change in stroke 
volume and cardiac output is recorded. Those patients that have a positive response usually 
defined as greater than 12-15% increase in cardiac output are then given a fluid challenge, 
typically 250-500 cc of colloid or crystalloid. This can be done numerous times until the 
indicator of volume responsiveness disappears or an adequate stroke volume/cardiac 
output is reached. Although the change in SV using aortic flow is fully apparent within 30 
seconds, the increase in venous return that this maneuver induces in cardiac performance 
requires the legs be elevated for roughly 120 seconds to allow for the time constraints of the 
pulse contour technology. (Teboul, 2009; Biais, 2009) In numerous studies, this has been 
shown to be essentially a perfect test as a measure of volume responsiveness as long as the 
improvement in stroke volume/cardiac output is the cardiac performance parameter of 
interest. (Cavallaro, 2010) Simply looking at the change in blood pressure is not helpful. 
(Monnet, 2006) This technique works well especially in those patients who are either 
spontaneously breathing or have a significant dysrhythmia. This reversible volume 
challenge is most useful in patients with acute lung injury or ARDS or those with either 
acute or chronic renal failure, where giving a volume challenge that does not result in 
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improvement in cardiac performance may in fact be detrimental to the patient. (Cavallaro, 
2010; McGee, 2009) 
3. Volume challenges: As long as there is a cardiac performance measure, stroke volume 

or cardiac output, simply giving a fluid bolus and assessing its impact on cardiac 
performance is a reasonable way to assess volume responsiveness for patients where 
we suspect that additional volume will not be injurious, i.e. clear lungs and without 
renal failure. If cardiac performance does not improve, volume is not the correct 
therapy (Figure 5). 

It is important to recognize when the patient is on the flat part of the Frank-Starling  
Curve and not responding to volume. Excess volume therapy has been associated with 
increased length of stay, increased time on mechanical ventilation, and mortality.  
(Boyd, 2011; Murphy, 2009; the NHLBI ARDSNet, 2006; Payen, 2008;Bouchard, 2009; 
Maitland, 2011) The major impact of using these technologies well is that we now have  
the ability for precise titration of volume management in the majority of critically  
ill patients. The simple premise underlying volume therapy in the ICU or OR is to affect  
a change in cardiac performance. This simply is not possible without a cardiac 
performance measure.  

2.3 Physiologic optimization program (figure 7) 
Figure 7 illustrates the use of dynamic parameters of volume responsiveness for the 
hemodynamic management of patients with severe sepsis or septic shock. Volume 
responsive patients SVV > 13% receive volume therapy titrated against both SVV and SVI. 
For non-volume responsive patients, the physiology is interrogated at the level of cardiac 
performance on a beat to beat basis. Ultimately and with this approach rapidly a majority 
of patients will develop a SVI > normal (pathway 1). This represents resuscitated septic 
shock and these patients may be safely placed on a vasopressor, knowing that volume 
resuscitation has been accomplished. Precise volume titration can be maintained but once 
SVI is supraphysiologic (pathway 3) volume therapy is stopped and diuretics might be 
warranted for that population who go on to develop ALI/ARDS typically after the initial 
resuscitation phase. Approaches to the patient in pathway 2 will be discussed in the text 
(McGee, 2009). 

2.4 Assessment of oxygen delivery 
Non-volume responsive patients (SVV < 13%) with low SVI or CO are a particularly 
challenging population. DO2 adequacy must be determined on an individual basis. This 
will also apply to some patients with normal SVI or CO. O2 extraction is particularly 
useful in this regard facilitating determination of the adequacy of bulk oxygen transport. 
When extraction is low or normal (<33%) augmentation of DO2 has not been shown to be 
helpful. (Gattinoni, 1995, Hayes 1994) Alternatively, high extraction (>40%) usually 
precipitates some attempt at DO2 optimization, although this approach has not been 
rigorously evaluated, it remains the basis of all resuscitation strategies. It is clear that as 
O2 extraction increases, physiologic reserve is compromised, lactic acidosis ensues, and 
mortality results. Using O2 extraction as an endpoint further refines hemodynamic care of 
this severely ill group of patients and is the physiologic foundation of early goal directed 
therapy. 
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we suspect that additional volume will not be injurious, i.e. clear lungs and without 
renal failure. If cardiac performance does not improve, volume is not the correct 
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responsive patients SVV > 13% receive volume therapy titrated against both SVV and SVI. 
For non-volume responsive patients, the physiology is interrogated at the level of cardiac 
performance on a beat to beat basis. Ultimately and with this approach rapidly a majority 
of patients will develop a SVI > normal (pathway 1). This represents resuscitated septic 
shock and these patients may be safely placed on a vasopressor, knowing that volume 
resuscitation has been accomplished. Precise volume titration can be maintained but once 
SVI is supraphysiologic (pathway 3) volume therapy is stopped and diuretics might be 
warranted for that population who go on to develop ALI/ARDS typically after the initial 
resuscitation phase. Approaches to the patient in pathway 2 will be discussed in the text 
(McGee, 2009). 
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Non-volume responsive patients (SVV < 13%) with low SVI or CO are a particularly 
challenging population. DO2 adequacy must be determined on an individual basis. This 
will also apply to some patients with normal SVI or CO. O2 extraction is particularly 
useful in this regard facilitating determination of the adequacy of bulk oxygen transport. 
When extraction is low or normal (<33%) augmentation of DO2 has not been shown to be 
helpful. (Gattinoni, 1995, Hayes 1994) Alternatively, high extraction (>40%) usually 
precipitates some attempt at DO2 optimization, although this approach has not been 
rigorously evaluated, it remains the basis of all resuscitation strategies. It is clear that as 
O2 extraction increases, physiologic reserve is compromised, lactic acidosis ensues, and 
mortality results. Using O2 extraction as an endpoint further refines hemodynamic care of 
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For those patients with extraction greater than normal but not excessively elevated (>33% to 
< 40%). Best clinical management remains unclear. DO2 should be determined as a first step. 
Clinical assessment of physiology as it relates to the individual patient along with frequent 
reassessment of other clinical parameters would typically lead to a watchful waiting 
approach or more aggressive resuscitation. (Figure 8) 
O2 extraction data helps assess the adequacy of O2 delivery. If adequate (extraction <33%) a 
vasopressor depending on the blood pressure or no further therapy is generally appropriate. 
Other possible interventions are shown in Figure 8, all titrated against a change in 
SVI/cardiac output and ultimately oxygen delivery.  
In applying these algorithms at the bedside, the use of sound physiologic principles guides 
management in a group of patients in whom advanced hemodynamic monitoring can be 
easily and safely obtained (McGee, 2009). 

2.5 Total physiologic assessment for septic shock 
When possible but especially for those patients in whom we desire a more complete picture 
of cardiac performance typically those with normal or decreased stroke volume/cardiac 
output; echocardiography with assessment of biventricular function and ventricular 
interdependence along with pulmonary artery pressure allows for a complete description of 
cardiac performance and suggests possible therapies for augmentation if necessary. 
Inotropes for pure left ventricular failure or diagnosis and treatment of impairment of left 
ventricular filling from right ventricular distension as two common examples of how this 
additional cardiac functional anatomic data refines clinical care. Numerous other etiologies 
are possible and beyond the scope of this manuscript, but functional biventricular 
assessment is perhaps the final piece to a complete hemodynamic assessment of the 
critically ill septic shock patient. Flow (SV/CO and DO2), preload responsiveness 
(SVV/PPV), perfusion (ScVO2 and calculation of O2 extraction) along with biventricular 
function (echo) can all be obtained reasonably safely for a majority of critically ill patients 
who routinely have arterial and central venous catheters and often have echocardiography 
performed. 
Goal directed therapy saves lives of patients with severe sepsis. Application of physiology 
based volume management for the care of these patients further refines therapy while 
providing assurance that preload optimization is accomplished while minimizing the 
impact of excess volume. Titrated hemodynamic management using applied physiology has 
further potential to improve outcomes over more traditional approaches to the management 
of severe sepsis and septic shock. 

3. References 
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1. Introduction 
Paediatric septic shock is a frequently occurring disease condition that is associated with 
high morbidity and mortality (Watson et al, 2003). Shock is an acute, complex state of 
circulatory dysfunction resulting in failure to deliver oxygen (DO2) and nutrients to meet 
metabolic demands (VO2) which are usually increased during shock. If left untreated, 
multiple organ failure and ultimately death will occur (Smith et al, 2006). This strongly 
points out the importance of early recognition and aggressive treatment of children with 
shock. Comparable to adults, such an approach – termed early-goal directed therapy 
(EGDT) – has been shown to significantly reduce mortality in paediatric septic shock. 
Paediatric studies have pointed out that the risk of death showed a two-fold increase with 
each hour delay in the reversal of shock (Carcillo et al, 2009; Han et al, 2003; Inwald et al, 
2009; Rivers et al, 2001).  
Hypovolaemic shock and septic shock are the most common forms of shock in children. 
Hypovolaemic shock is characterized by a decrease in intravascular blood volume to such 
an extent that effective tissue perfusion cannot be maintained. In children hypovolaemic 
shock is mainly caused by fluid and electrolyte loss due to vomiting and diarrhea or acute 
haemorrhage. Septic shock is actually a combination of distributive shock (i.e. a decreased 
total vascular resistance and maldistribution of blood flow in the microcirculation) and 
relative as well as a absolute hypovolaemia. Furthermore, impairment of myocardial fuction 
may occur with symptoms of cardiogenic shock. 
The great majority of children with septic shock will not be presented in hospitals  
with PICU facilities. Furthermore, from a pathophysiologic perspective paediatric shock 
does not resemble adult septic shock. This strongly suggests that every physician that could 
be faced with these children needs to understand how to recognize paediatric shock and 
have basic knowledge of the principles of primary management. This chapter summarizes 
the pathophysiology, clinical manifestations and primary management of paediatric septic 
shock.  

2. Pathophysiology of paediatric shock 
The balance between DO2 and VO2 is the key factor in the pathophysiology of shock. DO2 is 
also in children determined by the cardiac output (CO) and arterial oxygen content (CaO2) 
according to the formula 
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 DO2 = CO * (Haemoglobin * 1.36 * SaO2) + (0.003 * PaO2) (1) 

The CO is determined by the heart rate (HR) and stroke volume (SV), the latter is 
determined by the pre-load, afterload and contractility of the heart. 
The VO2 is increased in septic shock. Hence, the body will try to compensate for this by 
increasing the DO2 through various mechanisms including increasing the HR and the 
venous vascular tone to optimize cardiac pre-load. Tachycardia is one of the earliest 
compensatory mechanisms. If this compensation is inadequate to meet cellular oxygen 
demands, the systemic vascular resistance (SVR) will be increased allowing perfusion of 
vital organs such as the heart and brain. In addition, oxygen extraction will be increased. Of 
importance, children are able to maintain normal blood pressure. This phase of shock is 
termed compensated shock.  
Oxygen debt will occur if these mechanisms fail when the shock is not reversed. Under 
normal conditions oxygen debt will occur when the ratio DO2 : VO2 is 3 : 1. However, as a 
result of the increase in VO2 during septic shock oxygen debt will occur already at DO2 : 
VO2 2 : 1. Microvascular perfusion becomes marginal and cellular function deteriorates, 
affecting all organ systems (uncompensated shock). If not adequately managed, irreversible 
shock will occur. Vital organs will be damaged to such an extent that death is inevitable.  
There are considerable differences in the pathophyiology of septic shock between children 
and adults. Vasomotor paralysis is the predominant cause of mortality in adults (Parker et 
al, 1987). Myocardial dysfunction in adult septic shock manifests mainly as decreased 
ejection fraction with either normal or increased CO. This is because adults are capable of 
increasing their CO by tachycardia in combination with ventricular dilatation allowing an 
increase in SV (Parker et al, 1984). In contrast, paediatric septic shock is mainly characterized 
by severe hypovolaemia; the decrease in CO and not SVR is associated with mortality 
(Carcillo et al, 2002). This is because especially younger children have higher baseline HR’s 
compared to adults; hence they cannot increase their HR without impairing CO. 
Furthermore, children are not capable of increasing their SV (Feltes et al, 1994). This means 
that children need to be resuscitated with fluids aggressively. Nevertheless, the 
haemodynamic response of fluid-resuscitated children is different from adults. Ceneviva 
and co-workers evaluated 50 children with fluid-refractory, dopamine resistant septic shock 
(Ceneviva et al, 1998). The majority had low CO in combination with high SVR, but 22% had 
low CO and low SVR. Furthermore, haemodynamic profiles changed frequently during the 
first 48 hours.  
Another interesting difference between children and adults relates to the VO2. The VO2 is 
mainly determined by oxygen extraction in adults, whereas in children is it mainly 
determined by the DO2 (Carcillo et al, 1989). This indicates that all efforts must be made to 
maintain adequate DO2.  

3. Symptoms of paediatric shock 
The early diagnosis of paediatric shock warrants a high index of suspicion and knowledge 
of disease conditions that predispose children to shock. It is imperative to understand the 
reference values for vital parameters in children. 
Early signs of septic shock may be subtle and easily missed. Tachycardia is the earliest 
presenting symptom. Blood pressure will be normal during compensated shock, but the 
pulse pressure is widened. Children will have plethora, warm extremities and bounding 
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pulses (“warm shock”. If the shock is not reversed, signs of failure of the compensatory 
mechanisms can be noted including cold extremities and prolonged capillary refill time 
(“cold shock”). Of note, the capillary refill time has little discriminative value in paediatric 
shock. Hypovolaemic children may still have a capillary refill time that is within the normal 
limit (2 seconds).  
 

Age Heart rate /min 
(95th percentile) 

Respiratory rate /min 
(95th percentile) 

Systolic blood 
pressure mmHg 
(5th percentile) 

0 – 7 days 180 50 59 
8 – 28 days 180 40 69 
1 – 12 months 180 34 74 
1 – 5 years 140 22 75 
6 – 12 years 130 18 83 
13 – 18 years 110 14 90 

Table 1. Age-related reference values for vital parameters in children (derived from 
reference values by age, height and weight). Values above the 95th percentile (for heart rate 
and respiratory rate), and below the 5th percentile (for systolic blood pressure) are abnormal. 
Adapted from (Anonymous, 2004). 
 

Symptoms of septic shock 
General symptoms 
 Tachycardia 
 Hypothermia or fever 
 Decreased consciousness 
 Decreased urinary output 
“Warm shock” 
 Shortened capillary refill time 
 Bounding pulses 
 Widened blood pressure 
“Cold shock” 
 Capillary refill time > 2 secons 
 Weak pulses 
 Cold extremities, mottled skin 
 Hypotension (not necessarily) 

Table 2. Symptoms of paediatric septic shock 

Many children with fever have tachycardia and warm extremities on physical examination. 
Not all of these children are in shock. For early recognition of shock it is then absolute 
necessary to evaluate the mental state of the child. In general, children in shock are lethargic 
and have decreased consciousness, but the opposite (i.e. agitation, restless, anxious) also 
occurs. Underlying mechanisms include most likely a combination of cerebral 
hypoperfusion, metabolic alterations and production of cytotoxic substances. 
Oxygen debt will occur when the shock is not recognized and thus not treated properly. 
Clinically, the child suffers from depressed consciousness, poor skin perfusion, decreased 
urinary output and hyperventilation to compensate for the metabolic acidosis.  
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pulses (“warm shock”. If the shock is not reversed, signs of failure of the compensatory 
mechanisms can be noted including cold extremities and prolonged capillary refill time 
(“cold shock”). Of note, the capillary refill time has little discriminative value in paediatric 
shock. Hypovolaemic children may still have a capillary refill time that is within the normal 
limit (2 seconds).  
 

Age Heart rate /min 
(95th percentile) 

Respiratory rate /min 
(95th percentile) 

Systolic blood 
pressure mmHg 
(5th percentile) 

0 – 7 days 180 50 59 
8 – 28 days 180 40 69 
1 – 12 months 180 34 74 
1 – 5 years 140 22 75 
6 – 12 years 130 18 83 
13 – 18 years 110 14 90 

Table 1. Age-related reference values for vital parameters in children (derived from 
reference values by age, height and weight). Values above the 95th percentile (for heart rate 
and respiratory rate), and below the 5th percentile (for systolic blood pressure) are abnormal. 
Adapted from (Anonymous, 2004). 
 

Symptoms of septic shock 
General symptoms 
 Tachycardia 
 Hypothermia or fever 
 Decreased consciousness 
 Decreased urinary output 
“Warm shock” 
 Shortened capillary refill time 
 Bounding pulses 
 Widened blood pressure 
“Cold shock” 
 Capillary refill time > 2 secons 
 Weak pulses 
 Cold extremities, mottled skin 
 Hypotension (not necessarily) 

Table 2. Symptoms of paediatric septic shock 

Many children with fever have tachycardia and warm extremities on physical examination. 
Not all of these children are in shock. For early recognition of shock it is then absolute 
necessary to evaluate the mental state of the child. In general, children in shock are lethargic 
and have decreased consciousness, but the opposite (i.e. agitation, restless, anxious) also 
occurs. Underlying mechanisms include most likely a combination of cerebral 
hypoperfusion, metabolic alterations and production of cytotoxic substances. 
Oxygen debt will occur when the shock is not recognized and thus not treated properly. 
Clinically, the child suffers from depressed consciousness, poor skin perfusion, decreased 
urinary output and hyperventilation to compensate for the metabolic acidosis.  
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The contribution of laboratory tests is limited. In contrast with adult septic shock, blood 
gasses and serum lactate levels are not diagnostic for paediatric shock but may be used for 
monitoring the effectiveness of treatment (Brierley et al, 2009). Repeated evaluation and 
monitoring of the patient remains the most effective physiologic monitor. 

4. Management of paediatric shock 
The American College of Critical Care Medicine (ACCM) has published clinical guidelines 
for the haemodynamic support of neonates and children with septic shock in 2002 and 
revised them in 2009 (Brierley et al, 2009; Carcillo et al, 2002). These guidelines advocate 
amongst others early recognition, adequate fluid resuscitation and timely and appropriate 
antibiotic therapy. Notwithstanding the fact that the efficacy of these guidelines has not 
been confirmed in a randomized clinical trial, data strongly suggests that adherence to these 
guidelines results in improved survival (de Oliveira et al, 2008; Dellinger et al, 2008; Han et 
al, 2003). Han and co-workers evaluated 91 patients with septic shock who were referred to 
their PICU (Han et al, 2003). Shock reversal within 75 minutes and adherence with the 
ACCM guidelines was associated with > 90% survival. Worrisome however was that 
adherence to these guidelines was only achieved in < 30% of all patients. A study of 200 
children with severe sepsis in the United Kingdom showed a drop from 25% to 6% in 
mortality when shock was reversed, although only 8% of patients were managed according 
to the ACCM guidelines (Inwald et al, 2009). 
The primary goal of the primary management of paediatric shock is to prevent organ failure 
caused by oxygen debt through optimalisation of and balancing DO2 and VO2. This means 
that is important to maintain blood pressure above the critical point which below flow 
cannot be effectively maintained. Thus, shock should be clinically diagnosed before 
hypotension occurs. Clinical targets include age-appropriate HR and blood pressure, 
normalisation of the capillary refill time, normal consciousness and adequate urinary output 
(> 1 mL/kg/hour) (Figure 1) (Brierley et al, 2009). After each intervention it is evaluated 
whether or not these clinical targets have been achieved. 

4.1 Recognition and management during the first 15 minutes 
Within the first five minutes the child is evaluated according to the Paediatric Advanced 
Life Support approach – i.e. a structural approach examining Airway, Breathing and 
Circulation (Figure 1). The diagnosis septic shock is confirmed when tachycardia, fever and 
symptoms of inadequate tissue perfusion are present. These symptoms include altered 
consciousness, as well as shortened capillary refill time, bounding pulses and widened pulse 
pressure (in case of “warm shock”) or prolonged capillary refill time, weak pulses, mottled 
skin and decreased urinary output (in case of “cold shock”).  
The next step then is to administer 100% oxygen via a non-rebreathing mask (flow 10 – 15 
L/min) and to insert two peripheral lines. Blood is drawn for haematological, biochemical 
studies and blood culture. Subsequently, aggressive fluid resuscitation is mandated 
(Carcillo et al, 1991). This means that within 15 minutes three fluid boluses of 20 mL/kg 
(max 500 mL) are administered. Crystalloid fluids are the first choice. After each bolus the 
child is evaluated if the clinical targets have been met. Rapid and sufficient fluid 
administration is significantly associated with improved survival (Ceneviva et al, 1998).  
Of importance, antibiotics must be administered within the first 15 minutes. Although not 
confirmed in paediatric studies, adult data indicated that mortality doubled for each hour 
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delay in administration of antibiotic treatment (Kumar et al, 2006). Electrolyte disturbances 
or hypoglycaemia is corrected in this first phase of primary management. 

4.2 Management after the first 15 minutes 
After 15 minutes it is evaluated if the clinical targets have been met. If not, the shock is 
classified as “fluid-resistant”. The next step then would be to refer the patient to a PICU 
facility. It now depends upon the haemodynamic profile of the child what the next 
therapeutic intervention would be. If the child has a haemodynamic profile that is 
compatible with “cold shock”, fluid administration is continued and dopamine 10 
microgram/kg/minute is started via a peripheral line while in the mean time a central 
venous line is inserted. If the child has a haemodynamic profile that is compatible with 
“warm shock”, fluid administration is continued and norepinephrine 0.1 
microgram/kg/minute is started. Fluid administration will be continued until the liver 
becomes palpable enlarged or crackles are noted at pulmonary auscultation. Nevertheless, 
cumulative fluid administration up to 200 mL/kg may be necessary (Maar, 2004). Fluid 
administration should not be discontinued because of assumed possible development of 
pulmonary oedema, acute respiratory distress syndrome (ARDS) or cerebral oedema 
(Brierley et al, 2009). As an alternative to crystalloids, colloids such as albumin may be 
considered at this stage (Boluyt et al, 2006).  
Also, endotracheal intubation and initiation of mechanical ventilation should be strongly 
considered in order to optimize DO2. As discussed, in paediatric shock VO2 is dependent 
upon DO2. Furthermore, especially small children have a small functional residual capacity 
(FRC) that is easily compromised by pulmonary capillary leakage or if the child gets 
fatigued. Also, VO2 may rise with 15 – 30% due to increased work of breathing during septic 
shock (Butt, 2001; Carcillo et al, 1989). Last, but not less important, sedation and mechanical 
ventilation may be needed to facilitate invasive procedures such as insertion of central lines. 
Also, increased intrathoracic pressure reduces left ventricular afterload that may be 
beneficial when there is a low CI/high SVR state. Nevertheless, early intubation may still be 
subject of debate. One of the arguments often used is the vasodilatory effect of agents used 
for induction. This effect may further compromise DO2 in the septic child. We advocate the 
use of ketamine as induction agent (Yamamoto, 2000). Ketamine is a centrally acting N-
methyl-D-aspartate (NMDA) receptor antagonist allowing cardiovascular stability. We 
would also advocate refraining from the use of etomidate because of its negative effects on 
adrenal gland function (Brierley et al, 2009). 
The use of corticosteroids and sodium bicarbonate during the first hour of primary 
management of paediatric shock is also subject of heavy scientific debate. Corticosteroids 
are definitely indicated for children with purpura fulminans, or children with a recent 
history of prolonged corticosteroid use of proven abnormalities in the hypothalamic-
pituitary-adrenal gland axis (Langer et al, 2006). In addition, the use of corticosteroids may 
be considered when children do not respond to infusion of vaso-active drugs 
(“catecholamine-resistant shock”) (Brierley et al, 2009).  Sodium bicarbonate is usually 
administered to correct metabolic acidosis as it is presumed that vaso-active drugs function 
less well in an acidic environment (Tabbutt, 2001). However, the metabolic acidosis is 
caused by insufficient tissue perfusion. This indicates that is necessary to optimize tissue 
perfusion rather than correcting the acidosis with sodium bicarbonate (Dellinger et al, 2008). 
Also, two studies performed in critically ill adults with septic shock and pH ≥ 7.15 have 
shown no beneficial effect on haemodynamic variables when patients were treated with  
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delay in administration of antibiotic treatment (Kumar et al, 2006). Electrolyte disturbances 
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venous line is inserted. If the child has a haemodynamic profile that is compatible with 
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becomes palpable enlarged or crackles are noted at pulmonary auscultation. Nevertheless, 
cumulative fluid administration up to 200 mL/kg may be necessary (Maar, 2004). Fluid 
administration should not be discontinued because of assumed possible development of 
pulmonary oedema, acute respiratory distress syndrome (ARDS) or cerebral oedema 
(Brierley et al, 2009). As an alternative to crystalloids, colloids such as albumin may be 
considered at this stage (Boluyt et al, 2006).  
Also, endotracheal intubation and initiation of mechanical ventilation should be strongly 
considered in order to optimize DO2. As discussed, in paediatric shock VO2 is dependent 
upon DO2. Furthermore, especially small children have a small functional residual capacity 
(FRC) that is easily compromised by pulmonary capillary leakage or if the child gets 
fatigued. Also, VO2 may rise with 15 – 30% due to increased work of breathing during septic 
shock (Butt, 2001; Carcillo et al, 1989). Last, but not less important, sedation and mechanical 
ventilation may be needed to facilitate invasive procedures such as insertion of central lines. 
Also, increased intrathoracic pressure reduces left ventricular afterload that may be 
beneficial when there is a low CI/high SVR state. Nevertheless, early intubation may still be 
subject of debate. One of the arguments often used is the vasodilatory effect of agents used 
for induction. This effect may further compromise DO2 in the septic child. We advocate the 
use of ketamine as induction agent (Yamamoto, 2000). Ketamine is a centrally acting N-
methyl-D-aspartate (NMDA) receptor antagonist allowing cardiovascular stability. We 
would also advocate refraining from the use of etomidate because of its negative effects on 
adrenal gland function (Brierley et al, 2009). 
The use of corticosteroids and sodium bicarbonate during the first hour of primary 
management of paediatric shock is also subject of heavy scientific debate. Corticosteroids 
are definitely indicated for children with purpura fulminans, or children with a recent 
history of prolonged corticosteroid use of proven abnormalities in the hypothalamic-
pituitary-adrenal gland axis (Langer et al, 2006). In addition, the use of corticosteroids may 
be considered when children do not respond to infusion of vaso-active drugs 
(“catecholamine-resistant shock”) (Brierley et al, 2009).  Sodium bicarbonate is usually 
administered to correct metabolic acidosis as it is presumed that vaso-active drugs function 
less well in an acidic environment (Tabbutt, 2001). However, the metabolic acidosis is 
caused by insufficient tissue perfusion. This indicates that is necessary to optimize tissue 
perfusion rather than correcting the acidosis with sodium bicarbonate (Dellinger et al, 2008). 
Also, two studies performed in critically ill adults with septic shock and pH ≥ 7.15 have 
shown no beneficial effect on haemodynamic variables when patients were treated with  
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sodium bicarbonate. Recent adult recommendations indicate to use sodium bicarbonate 
when pH < 7.00 (Boyd et al, 2008). 
It is unclear if optimizing haemoglobin (Hb) levels through transfusion of red blood cells 
(RBC) is beneficial. One group of investigators could not confirm a beneficial effect on VO2 
despite optimalisation of CaO2 in paediatric shock (Mink et al, 1990). Nevertheless, it is 
currently recommended to maintain Hb > 10 g/dL (Brierley et al, 2009). Fresh Frozen 
Plasma (FFP) is indicated for active haemorrhage or a prolonged activated partial 
thromboplastin time (APTT); in clinical practice usually twice the age-dependent reference 
value (Brierley et al, 2009).  

4.3 Management after the first hour 
One hour after presentation it is determined whether or not the shock has been reversed. If 
not, then the patient is recognized as having a fluid refractory dopamine-resistant shock. 
The patient is managed in the PICU. Treatment goals in this phase are similar to the golden 
hour (i.e. age-appropriate HR and blood pressure, normalisation of the capillary refill time, 
normal consciousness and urinary output > 1 mL/kg/hour), but now also include 
maintainance of age-appropriate perfusion pressure (mean airway pressure minus central 
venous pressure), cardiac index (CI) between 3.3 and 6.0 L/min/m2, central venous oxygen 
saturation (SvO2) > 70%, normal anion gap and normal lactate. Fluid replacement should be 
continued and directed at these endpoints. 
The type of haemodynamic support depends upon the haemodyamic profile of the child (i.e. 
low CO/high SVR, high CO/low SVR, or low CO/low SVR) (Figure 2). It seems therefore 
rational to use haemodynamic monitoring devices such as pulse contour analysis or 
Doppler ultrasound to assess the haemodynamic profile especially since frequently change. 
Irrespective of haemodynamic profile, support should be targeted at a CI between 3.3 and 
6.0 L/min/m2. Pollack and co-workers have shown that a CI within this range was 
associated with the best outcome in paediatric shock (Pollack et al, 1985). Also, SvO2 should 
be maintained > 70%. The SvO2 can be used as a surrogate marker of the CO. Oliveira and 
co-workers randomized 102 children with septic shock to be managed using the ACCM 
guidelines with or without monitoring the SvO2 (de Oliveira et al, 2008). Their SvO2 goal-
directed therapy resulted in less mortality (28-day mortality 11.8% vs. 39.2%, p = 0.002), and 
fewer new organ dysfunctions (p = 0.03). However, this strategy was associated with more 
crystalloid (28 (20-40) vs. 5 (0-20 ml/kg, p<0.0001), blood transfusion (45.1% vs. 15.7%,  
p =0.002) and inotropic (29.4% vs. 7.8%, p = 0.01) support in the first 6 hours of admission.  
For patients with low CI, normal blood pressure and high SVR (i.e. “cold shock” with 
normal blood pressure), it is recommended to reduce ventricular afterload. This can be 
achieved using either epinephrine or dobutamine. Some have argued to additionally use a 
short-acting vasodilator such as nitroprusside or nitroglycerin to recruit the 
microcirculation. Alternatively, the use of type III phosphor-diesterase inhibitors such as 
milrinone may be considered (Barton et al, 1996). These agents have a synergistic effect with 
beta-adrenergic agents because they stimule intracellular cyclic adenosine monophosphate. 
Patients with low CI, low blood pressure and low SVR (i.e. “cold shock with low blood 
pressure) it is recommended to titrate vasopressor therapy. In general, dopamine is the first-
line vasopressor therapy. At high infusion rates, the alpha-adrenergic effects of dopamine 
predominate. Alternatively, norepinephrine or high dosage epinephrine may be considered. 
Once adequate blood pressure is achieved, a vasodilator can be added to improve the SvO2 
by recruiting the microcirculation. 
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Finally, patients with persisting high CI and low SVR despite fluid administration and 
norepinephrine may benefit of agents such as vasopressin or phenylephrine. Of importance, 
CO may be reduced when these agents are used so close monitoring of the CO and/or SvO2 
is mandated. 
When the shock cannot be reversed and co-morbidities that fuel the shock (such as 
pericardial effusion, pneumothorax, hypoadrenalism, ongoing blood loss, increased intra-
abdominal pressure, or necrotic tissue)  high-flow veno-arterial extra-corporeal membrane 
oxygenation (ECMO) or high-flux continues renal replacement therapy (CRRT) with flows > 
35 mL/kg/hour may be considered. Yet, these modalities may be qualified as last resort and 
their effects on final outcome need to be established. 

5. Conclusion 
Early recognition and aggressive primary management of paediatric septic shock is 
significantly associated with improved patient survival. Tachycardia, fever and altered 
consciousness are the first clinical manifestations of paediatric septic shock. Primary 
management includes aggressive fluid resuscitation, adequate oxygen delivery through 
early intubation and mechanical ventilation, and early referral to a paediatric intensive care 
unit. Future research should be directed towards obtaining stronger scientific evidence to 
confirm the components of the ACCM guidelines. 
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1. Introduction 
Every year 1.6 million of newborn infants die from sepsis (Lawn et al 2000). The prevalence 
of sepsis, meningitis, and other confirmed bacterial infections has been estimated to range 
between 1 to 5/1000 live births. Preterm infants are 20 times more likely to get infection than 
term infants with a prevalence of 1/230 (Haque KN 2003). Very low birth weight infants, 
evaluated and treated for infections are around 50% of all admissions to neonatal intensive 
care (Stoll et al 2003).  
Sepsis is responsible for 30–80% increased risk of neuro-developmental impairment and  
30–100% increase in odds for poor head growth and long term morbidity (Stoll et al 2004). 
45% of late deaths in the Neonatal Intensive Care Unit (NICU) are caused by an infectiouse 
disease (Ince 2005). Despite assistance progress, mortality rates from sepsis have not 
declined over the last three decades (Haque 2003).  
While the incidence of sepsis is known, the true incidence of septic shock in neonates has 
not been well documented. It is estimated to be around 1–5% of all infants with proven 
severe sepsis (Haque 2004). Kermorvant-Duchemin E. et al.(2008) reported septic shock in 
1.3% of extremely low birth weight newborns with an associated mortality peaking at 71%.  

2. Definition and risk factors 
Infection, far from being a homogeneous condition, reflects a continuum from fetal 
inflammatory response syndrome to sepsis, severe sepsis, septic shock, multiorgan failure, 
and death. The difficulty for the clinician is to define precisely the phase in which his/her 
patient is at any given moment as the patient may move from one phase to another 
imperceptibly (Haque 2007).  
Definition of sepsis derives from the international consensus definitions that have been 
adapted for pediatric and neonatal use, including term neonates (0-7 days) and newborns (1 
week to 1 month) (Carcillo et al 2002, Goldestein et al 2005) (tab 1 and 2). Sepsis is a complex 
entity, with wide variations in clinical, laboratory parameters and outcome. Septic shock is a 
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condition of inadequate tissue perfusion secondary to cardiovascular dysfunction occurring 
in the course of suspected or certain systemic infection, requiring fluid resuscitation or 
inotropic support (Goldstein et al 2005, Haque 2007). This definition, valid for newborns 
born > 37 weeks gestation, is problematic for preterms due to immaturity of organ systems 
and transitional physiology (Jones 2008). For these reasons, the hemodynamic response to 
septic shock and optimum clinical interventions in preterm neonates are not well 
understood.  
Risk factors for a neonate to develop septic shock have not been described in detail, but they 
overlap those for sepsis. Prenatal risk factors include maternal intrapartum fever, 
chorioamnionitis or prolonged rupture of membranes, treatment with steroids, group B 
Streptoccocci recto-vaginal colonization. A few days after aspiration of infected amniotic 
fluid during the birth, the neonate may manifest with signs and symptoms of neonatal 
shock. Gram-positive germs as group B Streptococci are those most frequently described as 
causative agents in early neonatal sepsis, even if, more recently, some gram-negative agents 
have been frequently described (Escherichia coli, Klebsiella spp., Enterobacter spp.). This 
probably is due to the intrapartum use of antibiotics directed against gram-positive 
pathogens that allows gram-negative flora’s outbreak (Schrag et al 2007). Other microbes 
include Listeria monocytogenes, coagulase-negative staphylococci (ConS) (22%) and nonpyogenic 
streptococci (9%) (Muller-Pebody et al. 2011).  
Post-natal risk factors include: male gender, birth weight less than 1000 g, 
hypogammaglobulinemia, parenteral nutrition, central venous catheters, steroids or drugs 
that decrease gastric acidity, prolonged duration of mechanical ventilation, hand 
contamination of health care personnel, mother and other family members, aspiration of 
feeds, and disruption of skin integrity. Staphylococcus aureus is the most frequent germ in late 
sepsis. Gram negative and ConS, almost half the isolates (45%), are the predominant 
pathogens associated with late severe sepsis or septic shock ((Muller-Pebody et al. 2011).). 
Also viruses (herpes simplex, enteroviruses) or fungi (candida albicans) have been associated 
with fulminant neonatal sepsis. Compared with ConS, Gram-negative infections are 
associated with a higher mortality: one-fifth of those infected by gram negatives die. (Stoll et 
al 2002, Gordon et al 2006).  

3. Pathophysiology  
The development of septic shock is associated with elevated levels of proinflammatory 
cytokines including IL-1β, IL-6, IL-8 and TNFα (Lynch et al 2008). The inflammatory 
cytokine response to sepsis in neonates is more pronounced and faster than in adults and 
associated with an increase in early mortality (<48 hours), while the compensatory anti-
inflammatory response system appears to be immature, with both term and preterm infants 
demonstrating profoundly decreased IL-10 production and a lower amount of transforming 
growth factor beta-positive lymphocytes, than do adults, after lipopolysaccharide (LPS) 
stimulation (Langer et al 2006). In addition, in the neonate eosinophils, macrophages and 
polymorphonuclear neutrophils have reduced surface binding components and have 
defective opsonization, phagocytosis and antigen-processing capabilities, leading to a 
generally less robust response to pathogen exposure (Urlichs et al 2006, Marodi et al 2006). 
Several studies indicate that the mechanisms of sepsis include excessive activation of the 
coagulation cascade, inhibition of endogenous natural anticoagulants, and impaired 
fibrinolysis (Short 2004). Within the microcirculation, this leads to fibrin deposition, 
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contributing to hypoperfusion that eventually results in tissue damage and organ 
dysfunction. On the other hand, consumption of coagulation factors and platelets promotes 
a bleeding tendency that may clinically manifest as petechiae, ecchymoses, and sometimes 
hemorrhages, all of which are associated to increased mortality. (Fourrier et al 1992, Kenet et 
l 2008, Levi 2010). The immune system and coagulation are closely related. Cytokines 
mediating neutrophils activation and migration to the tissues and extravascular 
compartment, generate the thrombin and fibrin deposit formation, triggering tissue factor, 
that is considered the main both septic shock and diffuse tissue injury mediator. That’s why, 
disseminated intravascular coagulation (DIC) is not so rare in septic shock, resulting from 
the sustained thrombin generation. Thrombin, in turn, stimulates more inflammatory 
mediators’ formation. Fibrin formation stabilizes platelet plugs, in addition to its important 
role in pathogens’ adhesion to the leukocyte surface, facilitating phagocytosis (Levi et 2010).  
The Toll-like receptors (TLRs), found in immune system cells, have a fundamental role in 
the septic shock pathophysiology. They can interfere with the cardiovascular system 
depending on the systemic inflammatory response to pathogen. They are able to detect 
pathogens-associated molecular patterns (PAMPs), causing the induction of pro-
inflammatory and anti-inflammatory mediators, particularly cytokines.(Gao et al 2008Gao et 
al 2005, Fleer et al 2007). TLRs, present in endothelial cells, alveolar epithelium cells, and 
cardiomyocytes, may induced TNFα and IL-1β production, responsible for the early 
myocardial dysfunction in gram-negative (TLR4) and gram-positive (TLR2) germs severe 
sepsis.(Zhang et al 2007). Unlike in adults, TLRs genetic polymorphisms and signaling pro-
teins (MYD88) regulating the host response to infection and different septic shock patterns, 
are less characterized in neonates. (Zhang et al 2007, Cornell et al 2010).  
In septic shock the action of inflammatory mediators leads to damage of the capillary 
wall with loss of vascular tone, resulting in vasodilatation and reduction of systemic vascular 
resistance with low to normal blood pressure and increased systemic blood flow. Thanks to 
the compensatory heart rate increase, skin is well perfused and warm (warm shock). In the late 
phase of shock there is a reduction of myocardial contractility that leads to vasoconstriction, 
decreased systemic blood flow, decreased pulse volume, cold periphery, prolonged capillary 
refill time, and increased vascular tone in an attempt to centralize the circulation (cold shock). 
Shock, that is not recognized and treated, progresses from early to late stages, referred to as 
compensated, uncompensated, and irreversible shock. (Jones et al 2008).  
The hemodynamic response to sepsis of a newborn is markedly different from that of an 
adults or an older child with relevant difference between the preterm and the term newborn 
owing to the different anatomical structure, the functional activity and excitation–
contraction (Brierley et al 2008). 
In the neonates, the absence of hypotension does not precludes shock that is mainly related 
with blood flow rather than blood pressure as the mean blood pressure may be in the 
normal range due to compensatory mechanisms (Cayabyab et al 2009).  
In the evaluation of blood pressure, the physiological variability with age and gestational 
age should be taken in account (Silveira et al 2010). Despite this, 30 mmHg should be 
considered the absolute minimum tolerable of in the extremely premature infants. (Munro et 
al 2004). Furthermore in critically ill prematures, refractory hypotension may be related to 
patent ductus arteriosus, intraventricular hemorrhage and poor prognosis. (Carcillo et al 
2002). While in healthy prematures lower mean blood pressure levels may be accepted being 
associated with appropriate cerebral perfusion and normal cardiac output (30), in septic 
shock hypotension is not permissive and need a therapeutical intervent.  
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hemorrhages, all of which are associated to increased mortality. (Fourrier et al 1992, Kenet et 
l 2008, Levi 2010). The immune system and coagulation are closely related. Cytokines 
mediating neutrophils activation and migration to the tissues and extravascular 
compartment, generate the thrombin and fibrin deposit formation, triggering tissue factor, 
that is considered the main both septic shock and diffuse tissue injury mediator. That’s why, 
disseminated intravascular coagulation (DIC) is not so rare in septic shock, resulting from 
the sustained thrombin generation. Thrombin, in turn, stimulates more inflammatory 
mediators’ formation. Fibrin formation stabilizes platelet plugs, in addition to its important 
role in pathogens’ adhesion to the leukocyte surface, facilitating phagocytosis (Levi et 2010).  
The Toll-like receptors (TLRs), found in immune system cells, have a fundamental role in 
the septic shock pathophysiology. They can interfere with the cardiovascular system 
depending on the systemic inflammatory response to pathogen. They are able to detect 
pathogens-associated molecular patterns (PAMPs), causing the induction of pro-
inflammatory and anti-inflammatory mediators, particularly cytokines.(Gao et al 2008Gao et 
al 2005, Fleer et al 2007). TLRs, present in endothelial cells, alveolar epithelium cells, and 
cardiomyocytes, may induced TNFα and IL-1β production, responsible for the early 
myocardial dysfunction in gram-negative (TLR4) and gram-positive (TLR2) germs severe 
sepsis.(Zhang et al 2007). Unlike in adults, TLRs genetic polymorphisms and signaling pro-
teins (MYD88) regulating the host response to infection and different septic shock patterns, 
are less characterized in neonates. (Zhang et al 2007, Cornell et al 2010).  
In septic shock the action of inflammatory mediators leads to damage of the capillary 
wall with loss of vascular tone, resulting in vasodilatation and reduction of systemic vascular 
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the compensatory heart rate increase, skin is well perfused and warm (warm shock). In the late 
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The hemodynamic response to sepsis of a newborn is markedly different from that of an 
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owing to the different anatomical structure, the functional activity and excitation–
contraction (Brierley et al 2008). 
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with blood flow rather than blood pressure as the mean blood pressure may be in the 
normal range due to compensatory mechanisms (Cayabyab et al 2009).  
In the evaluation of blood pressure, the physiological variability with age and gestational 
age should be taken in account (Silveira et al 2010). Despite this, 30 mmHg should be 
considered the absolute minimum tolerable of in the extremely premature infants. (Munro et 
al 2004). Furthermore in critically ill prematures, refractory hypotension may be related to 
patent ductus arteriosus, intraventricular hemorrhage and poor prognosis. (Carcillo et al 
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associated with appropriate cerebral perfusion and normal cardiac output (30), in septic 
shock hypotension is not permissive and need a therapeutical intervent.  
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The neonate is enable to increase the stroke volume or myocardial contractility in case of 
sepsis, due to different physiologic abnormalities: a relatively decreased left ventricular 
muscle mass (Joyce et al 2004), an impaired left ventricular diastolic function and alterations 
in mid-wall left ventricular fractional shortening (Kozak-Barany et al 2001). These 
differences may be mediated by alterations in calcium channel expression and activity, in 
ATP-sensitive potassium channel function and in β-receptor coupling (Huang et al 2006, 
Morrissey et al 2005).  
These developmental alterations make the neonates critically dependent on increasing the 
heart rate to generate increased cardiac output, but unable to compensate in this manner 
because of their relatively higher baseline heart rate (Carcillo et al 2009).  
The development of cardiovascular disfunction and septic shock make newborn infants 
susceptible to sudden cardiac deterioration, also because left ventricular sistolic 
performance is highly dependent on afterload. So the reopening of a patent ductus 
arteriosus and the development of persistent pulmonary hypertension (Carcillo et al 2002) 
may complicate the cardiovascular response to sepsis.  

4. Clinical features 
Septic shock should be suspected in any newborn with tachycardia, respiratory distress, 
poor feeding, poor tone, poor color, tachypnea, diarrhea or reduced perfusion particularly 
in the presence of prenatal risk factors like chorionamnionitis or prolonged rupture of 
membranes. (Kisson et al 2010) 
The predominant clinical sign is circulatory failure that can coexist with multiple organ 
damage, severe coagulopathy, metabolic acidosis and electrolyte alterations. During the 
compensated stage blood pressure remains normal and cardiac output is maintained. 
Clinical signs are pallor, increased capillary refill time (refill> 2’’), tachycardia, decreased 
urine output, mild agitation and confusion, signs of cerebral hypoperfusion. When 
compensatory mechanisms fail, cardiac output falls resulting in a reduction of oxygenation 
and increase of anaerobic metabolic mechanisms. The toe/core temperature gap widens, 
and the peripheries become cool and mottled, the pulse becomes small and weak, oliguria 
worsens to the point of anuria. The further deterioration of cerebral perfusion leads to 
irritability, sleepiness and impairment of conscious state. Despite intense peripheral 
vasoconstriction, hypotension occurs. In the meantime, the clinical condition of the newborn 
becomes critical. The lack of adequate resuscitation leads to a state of irreversible 
shock which causes the death of the baby. Furthermore, in newborn babies septic shock may 
be complicated by the physiological transition from fetal to neonatal circulation. Newborn 
septic shock is tipically accompanied by, acidosis and hypoxia that can lead to an increase in 
pulmonary resistance and persistence of the patent ductus Botallo, resulting in persistent 
fetal circulation which will result in right ventricle failure with right to left shunting at the 
atrial and ductus arteriosus levels causing cyanosis, hepatomegaly and tricuspid 
regurgitation. (Brierley et al 2009)  

5. Diagnosis 
Early recognition of neonatal shock allows to establish an adequate therapy and save lives 
(Han et al 2003). Ideally shock should be clinically diagnosed before hypotension occurs. 
Laboratory diagnosis is mainly based on controlling the blood gases, complete blood 
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count with differential, glucose, electrolytes, albumin, creatinine, urea, lactate, blood 
pyruvate, coagulationparameters, serum and urine osmolarity, cultures with susceptibility 
testing (blood culture, urine culture, culture catheters or drainage).  
Research offers an increasing number of biological markers for early detection of sepsis, but 
many of them failed to differentiate between sepsis and other non septic critical illness. The 
most commonly available and used markers are shown in table 3 (Haque 2005). 
Procalcitonine (PCT) revealed superior to C reactive protein (CRP) to differentiate children 
with sepsis from those with septic shock (Simon et al 2006), mainly at admission and 12 h 
later (Fioretto et al 2010). Baruti Garufi et al. (2010) found that the increase of PCT levels was 
related to the severity, course and prognosis of disease. Procalcitonin values were 
significantly increased in neonates with septic shock (92.5 ng/mL) compared to those with 
systemic inflammatory response syndrome- SIRS (41 ng/mL), neonatal sepsis (10,26 
ng/mL) and purulent meningitis (9,80 ng/mL). CRP was increased without statistical 
differences in all stages. Casado-Flores et al. (2006) observed a stronger correlation between 
PCT and PRISM score in septic shock than RCP, possibly due to the kinetics of this mediator 
that after an approximately 2 h latency period from initial stimulus, rises to a plateau within 
12–48 h and then slowly declines.  
Serum lactate level is considered an important biomarker to distinguish sepsis from septic 
shock. Normally a small amount of lactate is produced and all healthy tissue have the 
capacity to convert it, in aerobic condition, to pyruvate, used for cellular metabolism. When 
sepsis-associated multisystem organ failure occurs, this metabolic capacity, in anaerobic 
condition, is decreased and lactate levels rise. In the past the lactate levels were used to 
distinguish between state of adeguate perfusion and poor oxygen delivery. At present, as 
has been that lactate could be increased by others factors like adrenergic stimuli and lung 
injury, it became important to consider the increase lactate levels in the general clinical 
context while a reduction of serum lactate is still advocated as a target for treatment (Arnold 
et al 2009, Jones et al 2010). 
Among imaging techniques: chest X-ray, ECG, ultrasound scans of brain, heart and kidney 
are proposed.  
Minimally invasive monitoring like central vein access and arterial presuure monitoring, 
and non invasive tools like echocardiography are considered necessary in septic neonates.  
Hemodynamic variables including (perfusion pressure mean arterial pressure [MAP], minus 
central venous pressure [CVP]), and cardiac output (CO) should guide resuscitation 
treatment.  
The systemic circulation is represented by CO = (MAP - CVP)/SVR (systemic vascular 
resistance). This relationship is important for organ perfusion.  
Measurement of urine output and creatinine clearance can be also used as an indicator of 
adequate blood flow and perfusion pressure. Because blood pressure does not necessarily 
reflect CO, it is recommended that normal CO and/or SVC (superior vena cava) flow, 
measured by Doppler echocardiography, be a primary goal as well. (Carcillo et al 2002, 
Brieley et al 2009, Kluckow 2001, Kluckow et al 2000, Kluckow et al 2000 )  
Measurement of CO and O2 consumption were proposed as being of benefit in patients with 
persistent shock because a cardiac index (CI) between 3.3 and 6.0 L/min/m2 and O2 
consumption >200 mL/min/m2 are associated with improved survival (Pollack et al 1985). 
Because low CO is associated with increased O2 extraction, ScvO2 saturation can be used as 
an indirect indicator of whether CO is adequate to meet tissue metabolic demand. If tissue 
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count with differential, glucose, electrolytes, albumin, creatinine, urea, lactate, blood 
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testing (blood culture, urine culture, culture catheters or drainage).  
Research offers an increasing number of biological markers for early detection of sepsis, but 
many of them failed to differentiate between sepsis and other non septic critical illness. The 
most commonly available and used markers are shown in table 3 (Haque 2005). 
Procalcitonine (PCT) revealed superior to C reactive protein (CRP) to differentiate children 
with sepsis from those with septic shock (Simon et al 2006), mainly at admission and 12 h 
later (Fioretto et al 2010). Baruti Garufi et al. (2010) found that the increase of PCT levels was 
related to the severity, course and prognosis of disease. Procalcitonin values were 
significantly increased in neonates with septic shock (92.5 ng/mL) compared to those with 
systemic inflammatory response syndrome- SIRS (41 ng/mL), neonatal sepsis (10,26 
ng/mL) and purulent meningitis (9,80 ng/mL). CRP was increased without statistical 
differences in all stages. Casado-Flores et al. (2006) observed a stronger correlation between 
PCT and PRISM score in septic shock than RCP, possibly due to the kinetics of this mediator 
that after an approximately 2 h latency period from initial stimulus, rises to a plateau within 
12–48 h and then slowly declines.  
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condition, is decreased and lactate levels rise. In the past the lactate levels were used to 
distinguish between state of adeguate perfusion and poor oxygen delivery. At present, as 
has been that lactate could be increased by others factors like adrenergic stimuli and lung 
injury, it became important to consider the increase lactate levels in the general clinical 
context while a reduction of serum lactate is still advocated as a target for treatment (Arnold 
et al 2009, Jones et al 2010). 
Among imaging techniques: chest X-ray, ECG, ultrasound scans of brain, heart and kidney 
are proposed.  
Minimally invasive monitoring like central vein access and arterial presuure monitoring, 
and non invasive tools like echocardiography are considered necessary in septic neonates.  
Hemodynamic variables including (perfusion pressure mean arterial pressure [MAP], minus 
central venous pressure [CVP]), and cardiac output (CO) should guide resuscitation 
treatment.  
The systemic circulation is represented by CO = (MAP - CVP)/SVR (systemic vascular 
resistance). This relationship is important for organ perfusion.  
Measurement of urine output and creatinine clearance can be also used as an indicator of 
adequate blood flow and perfusion pressure. Because blood pressure does not necessarily 
reflect CO, it is recommended that normal CO and/or SVC (superior vena cava) flow, 
measured by Doppler echocardiography, be a primary goal as well. (Carcillo et al 2002, 
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Measurement of CO and O2 consumption were proposed as being of benefit in patients with 
persistent shock because a cardiac index (CI) between 3.3 and 6.0 L/min/m2 and O2 
consumption >200 mL/min/m2 are associated with improved survival (Pollack et al 1985). 
Because low CO is associated with increased O2 extraction, ScvO2 saturation can be used as 
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oxygen delivery is adequate, then assuming a normal arterial oxygen saturation of 100%, 
mixed venous saturation is >70% .  
In VLBW infants, SVC blood flow measurement was reportedly useful in assessing the 
effectiveness of shock therapies and prognostic value because approximates blood flow 
from the brain. It has been observed that a value > 40 mL/kg/min is associated with 
improved neurologic outcome and survival. ScvO2 saturation can be used in low birth 
weight infants, but may be misleading in the presence of left to right shunting through the 
patent ductus arteriosus. (Kluckow 2001, Kluckow et al 2000, Kluckow et al 2000) 
Shock should be diagnosed before blood pressure decrease by clinical signs like 
hypothermia, hyperthermia, vascular alterations, tachycardia, bradycardia. Blood pressure 
should not be used as a marker of systemic blood flow in neonates because oxygen delivery 
to cells is dependent upon cardiac output and systemic blood flow than on blood pressure 
and a neonate may be hypotenisve but still have adequate oxygen delivery.  
E-selectin, a protein expressed by the endothelium after activation at sites of acute 
inflammation, taking part in the first step of the adhesion cascade, shows plasma levels higher 
in nonsurvivors than in survivors (P= .01) and in patients with hemodynamic dysfunction 
than in those without hemodynamic dysfunction (P _.001). (El Sayed Zaki et al 2009) 

6. Management 
In spite there are extensively studied multiple organ dysfunction scores and well-defined 
algorhythmic guidelines for treatment, there is a large amount of practice variability in 
neonatal septic shock.  
In the onset of septic shock an early and aggressive management of septic shock is needed 
because for each hour of delay the risk of death increases by 2 times. The immediate 
objective is to optimize the perfusion and delivery of oxygen and nutrients to tissues.  
According to the guidelines of the American College of Critical Care Medicine, 60 min is the 
average time needed to provide adequate circulatory support and block the development of 
shock. (Brierley et al 2009). Recognize decreased perfusion, cyanosis and respiratory distress 
syndrome (RDS), establishing an airway for adequate ventilation and oxygenation and 
obtaining rapid peripheral or central venous access or intraosseus access are the first steps in 
managing a newborn in shock (0-5 min) (7).  
It is important to rember that all babies with shock and hepatomegaly, cyanosis or pressure 
gap between upper and lower limbs should begin treatment with prostaglandin within 10 
min, until congenital heart disease is excluded (Carcillo et al 2002, Brieley et al 2009). 
A key element in the therapeutic management of septic shock is the early recognition of 
infection. One of the most important factors in progression from infection to septic shock is 
the use of inappropriate or delayed antibiotic therapy (Kumar et al 2006).  

6.1 Antibiotics 
After appropriate blood cultures, tests for biomarkers of sepsis, glucose and ionized calcium 
are made, the empirical antibiotic therapy must be established. 
A term neonate or a late pre-term infant ≤7 days of age with sepsis should be treated with 
ampicillin and gentamicin within 60 min. from the suspected diagnosis (Rao et al 2006). 
Many NICU use Cefotaxime, as a first-line agent, but neonates treated with ampicillin/ 
cefotaxime were more likely to die, and less likely to be discharged to home as compared to 
neonates treated with ampicillin/gentamicin (Clark et al 2006).  
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The empiric therapy for late onset sepsis (LOS) in term or late preterm infants admitted 
from the community after 7 days, is a combination of ampicillin and gentamicin too. In case 
of meningitis, cefotaxime is administered every 8 h instead of gentamicin. If there is history 
of prolonged hospitalization or the newborn infant has a central venous catheter (CVC) 
vancomycin is preferable to ampicillin. In this case, vancomycin and gentamicin/cefotaxime 
is preferable empiric coverage because provides additional coverage for S. aureus and 
CONS. Clindamycin is now recommended for susceptible MRSA isolates in term infants 
(Aneja et al 2011). 
Afetrwards, once the causative organism has been identified, antibiotics can be targeted 
only against that organism. As Herpes simplex virus Type I is one of the causes of 
intractable ‘shock’, anti-viral (acyclovir) medication, should be initiated, even in the absence 
of history of maternal infection with herpes virus, in infants who either does not respond. to 
standard therapy or has persistent signs and symptoms of infection with negative bacterial 
or fungal cultures or present in septic shock. (Haque 2007).  
Therapeutic plasma levels should be monitored because renal and hepatic dysfunction may 
lead to abnormal volumes and levels of distribution of drugs. The duration of antibiotic 
therapy is debatable. Serial measurements of CRP or preferably IL-6 or IL-8 are desiderable 
to minimize resistance, super-infection, and other complications from prolonged use of 
antibiotics. The decision to continue or stop antibiotic therapy must be based on clinical 
signs plus biomarkers of sepsis and not only on negative blood culture results, that are 
frequently negative. Intravascular access devices potential source of severe sepsis or septic 
shock should be promptly removed after establishing other vascular access.  

6.2 Mechanical ventilation 
Respiratory failure in severe sepsis and septic shock, due to low functional residual capacity 
may require elective intubation and ventilation to garantee oxygenation and tissue 
perfusion, trying to avoid hyperoxemia and over distention of alveoli, which is a potent 
inducer of IL-6 release.  

6.3 Hypoglycemia and hypocalcemia  
Correction of hypoglycemia and hypocalcemia should be done if needed. Hypoglicemia can 
cause neurological damage, if non corrected. Hyperglycemia, particularly cortisol-induced 
hyperglycemia, is immunosuppressive and prothrombotic. Being due to insulin resistance, 
which prevents glucose entering into the Krebs cycle, early institution of insulin therapy in 
hyperglycemic states ensures that glucose is delivered into the Krebs cycle, in particular to 
the cardiac muscles.  
There is no consensus as to what is the ideal blood glucose level, anyhow there is consensus 
that it should not be lower than 30 mg/dl. Similarly, there is no agreement as to what is the 
upper limit of blood sugar when insulin therapy should be initiated. In pediatric patients, a 
glucose level of 178 mg/dL or more was associated with a 2.59 increased risk of mortality 
(Branco et al 2005). Other researchers noted a similar outcome in extremely low-birth-
weight-infants who had glucose levels greater than 150 mg/dL. 
Solutions containing 10% dextrose as maintenance fluid are adequate to provide energy 
(glucose 4 to 8 mg/kg/minute).  
In septic shock strict glycemic controls are needed to avoid marked blood glucose levels 
changes, therefore it is advisable to prevent rapid fluctuation in blood glucose levels by 
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oxygen delivery is adequate, then assuming a normal arterial oxygen saturation of 100%, 
mixed venous saturation is >70% .  
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infection. One of the most important factors in progression from infection to septic shock is 
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of meningitis, cefotaxime is administered every 8 h instead of gentamicin. If there is history 
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is preferable empiric coverage because provides additional coverage for S. aureus and 
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signs plus biomarkers of sepsis and not only on negative blood culture results, that are 
frequently negative. Intravascular access devices potential source of severe sepsis or septic 
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Respiratory failure in severe sepsis and septic shock, due to low functional residual capacity 
may require elective intubation and ventilation to garantee oxygenation and tissue 
perfusion, trying to avoid hyperoxemia and over distention of alveoli, which is a potent 
inducer of IL-6 release.  

6.3 Hypoglycemia and hypocalcemia  
Correction of hypoglycemia and hypocalcemia should be done if needed. Hypoglicemia can 
cause neurological damage, if non corrected. Hyperglycemia, particularly cortisol-induced 
hyperglycemia, is immunosuppressive and prothrombotic. Being due to insulin resistance, 
which prevents glucose entering into the Krebs cycle, early institution of insulin therapy in 
hyperglycemic states ensures that glucose is delivered into the Krebs cycle, in particular to 
the cardiac muscles.  
There is no consensus as to what is the ideal blood glucose level, anyhow there is consensus 
that it should not be lower than 30 mg/dl. Similarly, there is no agreement as to what is the 
upper limit of blood sugar when insulin therapy should be initiated. In pediatric patients, a 
glucose level of 178 mg/dL or more was associated with a 2.59 increased risk of mortality 
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giving boluses or high concentration glucose infusion. Hyperglycemia peaks appear to be 
related with the disease severity.  
Since insulin hyperglycemia control in parenteral nutrition preterms has been responsible 
for hypoglycemic episodes effects,( Beardsall et al 2008) until better evidence is available, 
insulin is indicated in the newborn only when marked hyperglycemia is seen (> 180 
mg/dL), in refractory shock and unfavorable response newborns. (Vlasselaers et al 2009) 
Normalization of ionized calcium concentration should be the goal of calcium replacement, 
because hypocalcemia may be a reversible cause of cardiac disfunction.  

6.4 Bicarbonate therapy  
There is no evidence to support the use of bicarbonate therapy in the treatment of 
hypoperfusion induced acidemia, during sepsis. Bicarbonate solutions are very 
hyperosmolar even when diluted and if infused rapidly may increase the risk of ventricular 
hemorrhage in the newborn, particularly the preterm infants.  

6.5 Volume replacement 
Septic prematures microcirculation evaluation shows that changes are already detectable 24 
hours before the systemic sepsis parameters are apparent. (Weidlich et al 2009). The damage 
of vascular endothelium, caused by inflammatory mediators, results in vasodilation and 
fluid shifts into the interstitial space resulting in intravascular volume decrease. So neonates 
in shock often require volume replacement to maintain and/or restore adequate tissue 
perfusion. A significant reduction in mortality has been obtained if hemodynamic function 
is optimized in a few time (Rivers et al 2001). The underlying importance is the maintenance 
of preload and tissue perfusion.  
Volume expansion could be carried with crystalloids, colloid or blood products, if 
hemorrhage. Actually there is a lack of consensus in the literature regarding which product 
is most effective than the other. In clinical practice, crystalloids have been used more 
extensively because they are inexpensive and fluid retention and the incidence of adverse 
effects (eg, intraventricular hemorrhage and infection transmission) may be lower (Lynch et 
al 2008, Oca et al 2003). Normal saline and lactated ringers are 2 examples of crystalloid 
solutions used for volume expansion. Colloid solutions contain minerals and electrolytes. 
They increase oncotic pressure, do not easily cross semipermeable membranes, may remain 
in the intravascular space longer than crystalloids and allow to use small volumes with less 
incidence of pulmonary edema. The colloid most commonly used for volume expansion is 
5% albumin.  
In term infants or older preterm infants, aggressive volume expansion (push boluses of  
10–40 mL/kg up to 60mL/kg over 20 to 30 minutes should be considered (Carcillo et al 
2002). To prevent reperfusion injury it is preferable to increase the total volume and rate of 
fluid infusion rather than give repeated boluses of fluids.  
Those infants who after adequate fluid resuscitation do not self-diurese may need diuretics 
to prevent fluid overload. For very preterm neonates there is insufficient evidence to 
support early volume expansion because of a significant risk of intracranial hemorrhage 
associated with rapid volume expansion from fluctuations in cerebral perfusion and 
developing heart failure and/or pulmonary overcirculation from resultant left to right flow 
through a patent ductus arteriosus, specially in case of anemia. In the septic shock, when 
hemoglobin levels are below 12 g/dL (Hb < 12 g/dL), packed red blood cells transfusion is 
recommended. 
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6.6 Cardiovascular agents 
Inotropes are indicated when myocardial contractility remains compromised despite adequate 
volume replacement (Irazuzta et al 2007). They should be administered through a peripheral 
or intraosseous line before central access is available. A delay in administration of inotropes 
was associated with a 20-fold increased mortality risk (Kisson et al 2010). Medications in this 
group include dopamine, dobutamine, epinephrine, and norepinephrine. During neonatal 
sepsis can be established a hypodynamic state with vasoconstriction that may respond better 
to inotrope and vasodilator therapy than adults. Both dopamine and epinephrine were found 
to be efficacious in improving the mean arterial blood pressure but epinephrine was associated 
with more short-term adverse effects such as enhanced chronotropic response, hyperglycemia 
requiring insulin treatment, increased plasma lactate levels and inadequate gastric mucosa 
perfusion (Valverde et al 2006, Levy et al 2011). Recently, a randomized controlled trial 
showed that dobutamine increased systemic blood flow more effectively than dopamine 
(Osborn et al 2002). Anyhow Dopamine remains the first-line agent in neonates, and 
epinephrine may be used in dopamine-resistant septic shock (Carcillo et al 2002). Dopamine: is 
a natural precursor of both epinephrine and norepinephrine, stimulates the dopaminergic re-
ceptors β and α, in this order, with increasing dose. The initial dose of 5-10 mcg/kg/min is 
recommended and incremented by 2.5 mcg/kg/min steps every 10-15 minutes (Pellicer et al 
2009). The prematures may be resistant to its action due to deficient deposit of norepinephrine. 
A dose ≥ 10 mcg/kg/min dopamine may reduce TSH release, making difficult 
hypothyroidism diagnosis and producing relevant adverse effects such as tachycardia, 
arrhythmias, bradycardia, nausea and vomiting. If low cardiac output and high systemic 
vascular resistance persist, dobutamine and/or a type III phosphodiesterase inhibitor may be 
indicated. Dobutamine is frequently associated to dopamine in the newborn septic shock; 
Trough β-adrenergic effects determines vasodilation, through α-adrenergic myocardial recep-
tors stimulation, increases heart contractility and frequency. As reduces after-load, it is 
particularly useful for septic shock characterized by myocardial dysfunction and high 
peripheral resistance. In the premature, improves the systemic blood flow, however is not 
superior to dopamine for septic shock hypotension reversion. Dobutamine may reduce 
pulmonary vascular resistance, with additional benefit for PPH. Caution is advised when 
using dobutamine for LV flow obstruction patients. It may cause hypotension if the infant 
remains hypovolemic, and in higher doses causes tachyarrhythmia.( Dempsey et al 2009) . In 
the term or near-to-term newborn, once assured previous losses replacement and started 
volume resuscitation, β-adrenergic (inotropic) dose dopamine is indicated between 5-9 
mcg/kg/min associated with dobutamine 2.5-10 mcg/kg/min, already during the first man-
agement hour (Brierley et al 2009, Pellicer et al 2009). If the patient does not adequately 
respond to these interventions, then epinephrine (0.05– 0.3 µg/kg/min) can be infused. For 
extreme premature transition period shock, the best starting vasoactive drugs schedule was 
not yet established.(Noori et al 2009) It is very important to have service procedures 
standardized to control for the results. Dopamine use is safe in these patients. A combination 
of dopamine at low dosage and dobutamine is initially recommended. Epinephrine At a low 
dose < 0.03 mg/kg/min acts as a potent inotrope (β1), chronotrope (α1), and both systemic 
and pulmonary vasodilatator (β2). At higher doses, has systemic and pulmonary circulation 
vasopressor effect (α-adrenergic). The use of Norepinephrine is limited in neonatal shock. It is 
indicated for “warm” shock (doses 0.05 to 0.5 mcg/kg/min), an uncommon condition in the 
newborn. Tourneux et al.obtained improved blood pressure and PPH-related hemodynamic 
values and positive effects on the heart and cerebral flow (Tourneux et al 2008).  
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giving boluses or high concentration glucose infusion. Hyperglycemia peaks appear to be 
related with the disease severity.  
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hemorrhage. Actually there is a lack of consensus in the literature regarding which product 
is most effective than the other. In clinical practice, crystalloids have been used more 
extensively because they are inexpensive and fluid retention and the incidence of adverse 
effects (eg, intraventricular hemorrhage and infection transmission) may be lower (Lynch et 
al 2008, Oca et al 2003). Normal saline and lactated ringers are 2 examples of crystalloid 
solutions used for volume expansion. Colloid solutions contain minerals and electrolytes. 
They increase oncotic pressure, do not easily cross semipermeable membranes, may remain 
in the intravascular space longer than crystalloids and allow to use small volumes with less 
incidence of pulmonary edema. The colloid most commonly used for volume expansion is 
5% albumin.  
In term infants or older preterm infants, aggressive volume expansion (push boluses of  
10–40 mL/kg up to 60mL/kg over 20 to 30 minutes should be considered (Carcillo et al 
2002). To prevent reperfusion injury it is preferable to increase the total volume and rate of 
fluid infusion rather than give repeated boluses of fluids.  
Those infants who after adequate fluid resuscitation do not self-diurese may need diuretics 
to prevent fluid overload. For very preterm neonates there is insufficient evidence to 
support early volume expansion because of a significant risk of intracranial hemorrhage 
associated with rapid volume expansion from fluctuations in cerebral perfusion and 
developing heart failure and/or pulmonary overcirculation from resultant left to right flow 
through a patent ductus arteriosus, specially in case of anemia. In the septic shock, when 
hemoglobin levels are below 12 g/dL (Hb < 12 g/dL), packed red blood cells transfusion is 
recommended. 
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6.7 Corticosteroids  
Corticosteroids are often used to treat shock when volume expansion and inotropes are 
ineffective to raise blood pressure. They may act by improving the vessel wall sensitivity to 
circulating cathecolamines or to exogenous vasoactive drugs, inhibiting the nitric oxide 
synthase enzyme expression, or suppressing immune responses. Additionally, septic 
newborns may develop relative adrenal insufficiency, manifested by low stress cortisol 
levels.(Fernandez et al 2008) Despite this, the use of corticosteroids remains relatively 
untested. A recent large cohort study of steroid administration to children and infants with 
severe sepsis showed no improvement in outcome and an increase in mortality in a subset 
of patients (Markovitz et al 2005).  
Hydrocotisone and dexamethasone are the most used steroids. There are no specific 
recommendations for neonates regarding the use of dexametasone, conversely 
Hydrocotison is life saving and should be reserved for refractory shock patients, or in 
services missing inodilators (milrinone), in epinephrine-resistant shock, when adrenal 
insufficiency is suspected (Vincent 2008). The dose of hydrocortisone ranged from the 
“stress-dose” used in adrenal insufficiency of 1–2 mg/kg to the empirical shock dose of 50 
mg/kg. (Parker et al 2004). Higher mean arterial blood pressures and less vasopressor 
support and volume expanders use were observed in neonates treated with low-dose 
hydrocortisone (NG et al 2006).  

6.8 Nutrition 
Severe illness causes a catabolic process, increases an infant’s metabolic requirements, 
specially in preterm infants owing to poor muscle mass and energy reserves. Appropriate 
quantities of energy, minerals, and vitamins can be provided rather by enteral feedings to 
reduce bacterial translocation from the gut mucosa into the circulation and preserve gut 
mucosal function. 

7. Adjuntive treatments 
7.1 Nitric oxide (iNO) 
Infants with sepsis and persistent pulmonary hypertension (PPHN) may require iNO to 
reduce pulmonary vascular resistance and off-load the right ventricle (Roberts et al 
1997). The dose of NO with the best results is generally 20 ppm.  

7.2 Triiodothyronine 
Is an effective inotrope in newborns in case of thyroid insufficiency (Carcillo et al 2002, 
Carcillo et al 2009).  

7.3 Phosphodiesterase inhibitors 
Phosphodiesterase inhibitors are indicated if cardiac output does not improve and high 
systemic vascular resistance persists. 

7.4 Milrinone 
Milrinone is an inodilator (inotrope/vasodilator) that exerting the selective phosphodiesterase 
type III inhibition, improves myocardial contractility and relaxation by effects on calcium 
influx, efflux, and myofilament calcium binding. In the vasculature relaxes arterial and venous 
smooth muscle. These properties have led to increased use of Milrinone in shocked newborns 
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with high peripheral vascular resistance (“cold” shock), ventricular dysfunction and normal 
pressure, specially with PPH, epinephrine-resistant shock with the aim to increase cardiac 
contractility and cardiac output (Paradisis et al 2006, Paradisis et al 2007). Milrinone due to its 
sistemic and pulmonary vasodilatator effects may need volume expansion or inotropic 
support during the therapy. The recommended dose is 0.75 mcg/kg/min for 3 hours, followed 
by 0.2 mcg/kg/min. Limited data are available about the use of milrinone in preterm infants. 
Milrinone failed to show significant effects in extreme low systemic flow prematures within 
their first 24 hours of life. In these subjects it should be used under hemodynamic control. It is 
also important to consider that this subjects have a glomerular filtration rate riduced by half 
compared to term infants in the first 2 weeks of life and that the velocity of improvement over 
the first several weeks of life is riduced. (Paradisis et al 2009). These differences among varying 
gestational age newborns make that dosing should be often renally adjusted. Lindsay et al 
used a loading doses of 75 g/kg and a start infusion rates of 0.75 to 1.0 g/kg/min for patients 
with normal renal function. The authors recommanded for every increase of 0.25 g/kg/min, a 
25 g/kg bolus dose be given. Because the median half-life is 1.47 hours, immediate 
hemodynamic effects may not be seen unless appropriate loading doses and infusion 
adjustments are made. (Lindasy et al 1998) 

7.5 Arginine-vasopressin (AVP)  
AVP and TP are 2 forms of vasopressin indicated for rescue therapy in neonates and 
pediatric patients in case of catecholamine-refractory shock, able to determine an increase 
in arterial pressure within 1 hour after administration. The meta-analysis conducted by 
Meyer et al. did not demonstrate a clear advantage of one drug over the other (Vincent.et 
al 2006, Meyer et al 2008).  
Endogenous AVP, released in response to hypovolemia and hypotension, shows a biphasic 
response in septic shock, with initial high levels followed by inappropriately low levels, that 
more likely occurs after 36 hours from the onset of shock in approximately one third of late 
septic shock patients.(Sharshar et al 2008) This justifies exogenous administration to correct 
hypotension in vasodilatory shock in children and also in extremely-low-birth weight infants.  
The best dosages of vasopressin remain controversial. Dosages of 0.067 IU/min seem to be 
more effective to reverse cardiovascular failure in vasodilatory shock requiring high 
norepinephrine dosages than 0.033 IU/min. (Luckner et al 2007) 
Low-dose vasopressin (0.04 IU/min) infusion has been shown to be effective in reversing 
catecholamine-resistant hypotension in adult septic shock patients. (Klinzing et al 2007). 
However, one should keep in mind that the pressor activity of vasopressin in the absence of 
shock, is minimal.  
A study suggested that vasopressin is more efficient to increase urine output than 
norepinephrine. (Patel et al 2002). However, use of vasopressin instead of norepinephrine 
cannot be recommended.  

7.6 Terlipressin (TP) 
A synthetic AVP analogue with prolonged action and a higher affinity for vascular receptors 
than vasopressin. Recently resulted effective in rescue treatment of refractory vasodilatory 
septic shock, although few data are available. Its use has been promoted because vasopressin 
is not available in most European countries. It is considered as a last resort when septic 
patients remain hypotensive despite fluid resuscitation and high doses of cathecolamine.  
As a prodrug, TP is continuously converted by endopeptidases to vasoactive lysine-
vasopressin with a peak level approximately 10 minutes after intravenous administration. 
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with high peripheral vascular resistance (“cold” shock), ventricular dysfunction and normal 
pressure, specially with PPH, epinephrine-resistant shock with the aim to increase cardiac 
contractility and cardiac output (Paradisis et al 2006, Paradisis et al 2007). Milrinone due to its 
sistemic and pulmonary vasodilatator effects may need volume expansion or inotropic 
support during the therapy. The recommended dose is 0.75 mcg/kg/min for 3 hours, followed 
by 0.2 mcg/kg/min. Limited data are available about the use of milrinone in preterm infants. 
Milrinone failed to show significant effects in extreme low systemic flow prematures within 
their first 24 hours of life. In these subjects it should be used under hemodynamic control. It is 
also important to consider that this subjects have a glomerular filtration rate riduced by half 
compared to term infants in the first 2 weeks of life and that the velocity of improvement over 
the first several weeks of life is riduced. (Paradisis et al 2009). These differences among varying 
gestational age newborns make that dosing should be often renally adjusted. Lindsay et al 
used a loading doses of 75 g/kg and a start infusion rates of 0.75 to 1.0 g/kg/min for patients 
with normal renal function. The authors recommanded for every increase of 0.25 g/kg/min, a 
25 g/kg bolus dose be given. Because the median half-life is 1.47 hours, immediate 
hemodynamic effects may not be seen unless appropriate loading doses and infusion 
adjustments are made. (Lindasy et al 1998) 

7.5 Arginine-vasopressin (AVP)  
AVP and TP are 2 forms of vasopressin indicated for rescue therapy in neonates and 
pediatric patients in case of catecholamine-refractory shock, able to determine an increase 
in arterial pressure within 1 hour after administration. The meta-analysis conducted by 
Meyer et al. did not demonstrate a clear advantage of one drug over the other (Vincent.et 
al 2006, Meyer et al 2008).  
Endogenous AVP, released in response to hypovolemia and hypotension, shows a biphasic 
response in septic shock, with initial high levels followed by inappropriately low levels, that 
more likely occurs after 36 hours from the onset of shock in approximately one third of late 
septic shock patients.(Sharshar et al 2008) This justifies exogenous administration to correct 
hypotension in vasodilatory shock in children and also in extremely-low-birth weight infants.  
The best dosages of vasopressin remain controversial. Dosages of 0.067 IU/min seem to be 
more effective to reverse cardiovascular failure in vasodilatory shock requiring high 
norepinephrine dosages than 0.033 IU/min. (Luckner et al 2007) 
Low-dose vasopressin (0.04 IU/min) infusion has been shown to be effective in reversing 
catecholamine-resistant hypotension in adult septic shock patients. (Klinzing et al 2007). 
However, one should keep in mind that the pressor activity of vasopressin in the absence of 
shock, is minimal.  
A study suggested that vasopressin is more efficient to increase urine output than 
norepinephrine. (Patel et al 2002). However, use of vasopressin instead of norepinephrine 
cannot be recommended.  

7.6 Terlipressin (TP) 
A synthetic AVP analogue with prolonged action and a higher affinity for vascular receptors 
than vasopressin. Recently resulted effective in rescue treatment of refractory vasodilatory 
septic shock, although few data are available. Its use has been promoted because vasopressin 
is not available in most European countries. It is considered as a last resort when septic 
patients remain hypotensive despite fluid resuscitation and high doses of cathecolamine.  
As a prodrug, TP is continuously converted by endopeptidases to vasoactive lysine-
vasopressin with a peak level approximately 10 minutes after intravenous administration. 
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Accordingly, despite low plasma levels it has a prolonged action. In fact, half-life is 6 h for 
TP versus 6 min for VP and duration of action is 2–10 h versus 30–60 min, respectively (Kam 
et al 2004). This allows TP intermittent administration without hypotension rebound at drug 
withdrawal. An intermittent intravenous dosing schedule of approximately every 4 to 6 
hours would be appropriate (Pesaturo et al 2006). Matok et al administered TP in an 8-day-
old neonate with refractory septic shock to dopamine, milrinone and adrenaline, as rescue 
therapy (0.07 mg/kg twice a day). Rapid BP improvement and tissue perfusion without side 
effects, followed (Matok et al 2004). Similarly Filippi et al. used TP because of refractory 
hypotension in a shocked but not septic neonate, at dose of (0.02 mg/kg every 4 h) with a 
maximum duration of therapy of 60h. BP dramatically increased 30 min after the first bolus 
and diuresis was promptly re-established, indicating improvement of tissue perfusion. MAP 
rapidly increased so that adrenaline and norepinephrine, dopamine and dobutamine were 
reduced and stopped so TP was administered as the only vasopressor. No rebound 
hypotension occurred (Filippi et al 2008).  
No evidence exists at present on the appropriate timing of TP initiation. Some data suggest 
that in infants TP should be administered when norepinephrine need is 0.5-2.5  μg/kg/min, 
probably a precocious administration may be beneficial in order to avoid episodes of severe 
hypotension (Filippi et al 2008, Zeballos et al 2006, Rodríguez-Núñez et al 2010). In adult 
preliminary clinical data on ultra low dose terlipressin infusion as first line agent, suggest 
that ‘‘the earlier may be the better’’ (Morelli et al 2008). However, the level of evidence 
based on the data available in the literature is very low. 
Low-dose continuous infusion has also been described. (Leone et al 2008). Nunez et al 
obtained an increase of median MAP 30 minutes after administration and a norepinephrine 
infusion reduction through continuous terlipressin infusion in pediatric refractory septic 
shock. After a loading dose of (20 μg/kg) was administered a continuous infusion at a rate 
of 4–20 μg/kg/h (Rodr´guez-Nu´n˜ez et al 2008).  
Terlipressin experimental studies showed a protective effect from capillary leakage, less 
rebound hypotension during weaning (Westphal Westphal et al 2009, Rehberg et al 2009, 
Morelli et al 2009).  
Ischaemic adverse effects secondary to local vasoconstriction, as in the skin and gut were 
reported in children above all if TP was administered as intermittent bolus. A fact that 
promoted in adults the TERLIVAP study based on TP continuous infusion and significantly 
lower dose (1.3 μg/kg/h) to limit this adverse effects (Morelli et al 2009).  

7.7 Levosimendan  
Levosimendan is an extensively investigated inodilator showing cardioprotective and 
antiinflammatory effects. Levosimendan is a calcium-sensitizing agent acting by binding to 
myocardial troponin C in a calcium-dependant manner, causing a configuration change in 
tropomyosin. This exposes actin and myosin elements, allowing more efficient contraction. 
In peripheral vascular beds, levosimendan opens adenosine triphosphate–sensitive vascular 
potassium channels, causing hyperpolarization and vascular relaxation. This effect reduces 
cardiac afterload and promotes coronary vasodilation. In adults has been demonstrated 
benefits in low cardiac output states (Moiseyev et al 2002, Slawsky et al 2000).  
Levosimendan potential utility is due to a number of reasons; it can be used with 
conventional inotropic agents, has a simple dosing regimen, and does not worsen the 
diastolic dysfunction often present in structural heart disease. Levosimendan has received 
little attention in the pediatric field other than 2 case reports. In both case with clinical 
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improvement (Luther et al 2004, Braun et al 2004). Egan et al (2006) in their experience with 
19 cardiac surgical infants and children documented the improvement of myocardial 
contractility and perfusion, particularly when used early in the evolution of the low cardiac 
output syndrome, without increasing myocardial oxygen consumption and negative events. 
Recently Hasslacher et al (2011) showed that levosimendan reduces oxidative burst activity of 
PMN both in vitro and in patients with acute heart failure or septic shock with septic 
myocardial depression. This may contribute to the anticipated cardioprotective effects of the 
drug. It has a half life of 1 hour and a duration of action of 4 days. The recommended dose is 6-
12 mcg over 60 min, followed by continuous infusion at 0.05 to 1 mcg / kg / min for 24 hours.  

7.8 Granulocyte and granulocyte-macrophage colony stimulating factors  
(G-CSF, GM-CSF)  
The use of G-CSF, GM-CSF has been shown to increase the number of circulating white cells 
but don’t reduce mortality from neonatal sepsis or septic shock (Carr et al 2003).  

7.9 Pentoxifylline  
Pentoxifylline is a carbonic anhydrase inhibitor that has been shown to improve white cell 
function. In one randomized controlled trial in prematures infants, was shown to 
significantly reduce the development of multiorgan failure, mortality and coagulopathy 
with improvement of blood pressure (Lauterbach et al 1999). This is currently a promising 
option for refractory shock dosed at 5 mg/kg/hour for 6 hours for next 5 days. 

7.10 Intravenous immunoglobulin (IVIG)  
Polyclonal and IgM-enriched IVIG have been shown to reduce mortality from sepsis in 
newborn infants. The activity of Tumour necrosis factor (TNF), a major pro-inflammatory 
cytokine, can be blocked by various antagonists. In a search was designed a single-domain 
monoclonal antibody (VHH), which recognizes TNF biologically active in vivo. Therefore, 
therapeutic application of TNF-VHH-ELP fusion protein was tested in humanized TNF mice 
and was shown to be effective in preventing death caused by septic shock. 
Immunomodulator agents have shown frustrating results in newborn septic shock 
management. (Conrad et al 2011) 

7.11 Protein C (PC) 
The strong activation of coagulation occurring during sepsis may cause the depletion of PC, 
a vitamin K dependent natural anticoagulant, which exerts a crucial role in the modulation 
of  coagulation, fibrinolysis, and inflammation. Low PC plasma activity correlates with 
adverse outcomes, such as multiple organ failure and mortality. It has been considered a 
useful predictor of organ failure in severe sepsis and an important factor of high diagnostic 
and negative prognostic significance. (Shaw et al 2011, Lauterbach et al 2006, Venkataseshan 
et al 2007).  
Recently in an animal newborn model, was demonstrated impairment of intestinal 
microcirculation early after induction of endotoxic shock, and its prevention through to 
continuous infusion of 24 μg/kg/h activated PC (aPC). This underlines that the use of PC 
results in an improvement of sepsis-induced microcirculatory dysfunction. (Fischer et al 
2009) and underlines the warrants of its supplementation. Whereas several studies, in adults 
and children, has shown some significant reduction in septic shock mortality thanks to aPC 
supplementation, a large clinical trial was stopped early, due the finding of an increased 
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Accordingly, despite low plasma levels it has a prolonged action. In fact, half-life is 6 h for 
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maximum duration of therapy of 60h. BP dramatically increased 30 min after the first bolus 
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improvement (Luther et al 2004, Braun et al 2004). Egan et al (2006) in their experience with 
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with improvement of blood pressure (Lauterbach et al 1999). This is currently a promising 
option for refractory shock dosed at 5 mg/kg/hour for 6 hours for next 5 days. 
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Polyclonal and IgM-enriched IVIG have been shown to reduce mortality from sepsis in 
newborn infants. The activity of Tumour necrosis factor (TNF), a major pro-inflammatory 
cytokine, can be blocked by various antagonists. In a search was designed a single-domain 
monoclonal antibody (VHH), which recognizes TNF biologically active in vivo. Therefore, 
therapeutic application of TNF-VHH-ELP fusion protein was tested in humanized TNF mice 
and was shown to be effective in preventing death caused by septic shock. 
Immunomodulator agents have shown frustrating results in newborn septic shock 
management. (Conrad et al 2011) 

7.11 Protein C (PC) 
The strong activation of coagulation occurring during sepsis may cause the depletion of PC, 
a vitamin K dependent natural anticoagulant, which exerts a crucial role in the modulation 
of  coagulation, fibrinolysis, and inflammation. Low PC plasma activity correlates with 
adverse outcomes, such as multiple organ failure and mortality. It has been considered a 
useful predictor of organ failure in severe sepsis and an important factor of high diagnostic 
and negative prognostic significance. (Shaw et al 2011, Lauterbach et al 2006, Venkataseshan 
et al 2007).  
Recently in an animal newborn model, was demonstrated impairment of intestinal 
microcirculation early after induction of endotoxic shock, and its prevention through to 
continuous infusion of 24 μg/kg/h activated PC (aPC). This underlines that the use of PC 
results in an improvement of sepsis-induced microcirculatory dysfunction. (Fischer et al 
2009) and underlines the warrants of its supplementation. Whereas several studies, in adults 
and children, has shown some significant reduction in septic shock mortality thanks to aPC 
supplementation, a large clinical trial was stopped early, due the finding of an increased 
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incidence of intracranial bleeding in children younger than 60 days (Nadel et al 2007). In 
addition, the efficacy of aPC may also be different in neonates due to underlying 
developmental differences in the coagulation pathway. The anticoagulant effect of aPC has 
been shown to be decreased in neonatal cord plasma, which is due, in part, to the lower 
levels of tissue factor pathway inhibitor, antithrombin and protein S in neonatal versus 
adult plasma (Bernard et al 2001, Cvirn et al 2005). In contrast, non-activated plasma-
derived human protein concentrate (PCConc) has been successfully used in paediatric, 
neonatal and adult patients at high-risk of haemorrhage, especially in those suffering from 
meningococcal septic Shock (de Kleijn et al 2003). PCConc has been successfully used in 
term neonates and preterms at high-risk of haemorrhage with sepsis-induced coagulopathy 
(Fischer et al 2009, Decembrino et al 2010). Supplementation was followed by micro- and 
macrocirculatory, haemodinamic parameters and coagulation, improvement, increased 
levels of PC activity. PCConc was given intravenously as bolus administration of 200 IU  kg 
/day or 100 IU  kg/day followed by a daily bolus administration of 50 IU  kg every 6 h for 
72 h. No adverse events were observed. 
When enough prothromotic factors are consumed, spontaneous bleeding occurs. It is 
important, therefore, to determine early whether the infant is in a prothrombotic or 
fibrinolytic phase. Appropriate coagulation studies should be undertaken. If the baby has a 
prolonged prothrombin time/partial thromboplastin time and low fibrinogen then it is 
likely to be DIC. If, however, fibrinogen levels are normal or high then it is likely to be 
thrombotic thrombocytopenic purpura. Even if routine use of fresh frozen plasma to correct 
laboratory clotting abnormalities is not recommended, some professional bodies find it 
useful. The transfusion of platelets is recommended when platelets are between 5000 and 
30,000 × 109/l. 

8. Septic shock in preterms 
The therapeutic approach of very low birth weight is affected by specific hemodynamic 
response and multiple factors. The echocardiographic evidence of a reduction of the right 
and left ventricular function, leads to the use of volume expanders and inotropic to improve 
cardiac output, contractility and blood pressure. Parathyroid, adrenal and thyroid hormone 
deficit may require therapy with thyroid hormones, calcium or hydrocortisone. Immaturity 
of thermogenic mechanisms needs special heating measures.  
During the first three days of life the extremely very low birth weight (BW < 1,000 g) 
frequently with maternal chorioamnionitis history, metabolic acidosis and altered perfusion 
in the first 24 hours of life, often present progressive respiratory worsening, tachycardia, 
silent ductus arteriousus. In this case, a rapid infusion of fluid above 30 mL/kg during the 
first 48 hours of life is responsible for left-right shunt, congestive heart failure and 
ventricular overload and increased mortality (Ewer et al 2003, Hamrick et al 2010) The 
failure to close the patent ductus is associated with increased mortality, intraventricular 
hemorrhage, and poor neurodevelopmental outcome.(Noori et al 2009). Ultrasonography 
techniques to estimate superior vena cava flow and heart output are effective to replace 
MBP as an evaluation tool, although not widely available. 
The optimal shock oxygenation for extreme prematures it is not yet determined. If under too 
restricted saturation control (between 83% - 89%), they have increased patent ductus 
arteriosus incidence. (Noori et al 2009) On the other hand, the harmful hyperoxia effects on 
ischemic tissues reperfusion are also feared. In extreme prematures, saturation > 94% should 
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be avoided. PaO2 should not be kept in supra-systemic levels. (Hamrick et al 2010, 
Weindling et al 2007) 

9. Conclusion 
Despite major improvements in the management of severe sepsis, neonates can develop 
septic shock, a critical condition associated with high morbidity and mortality. For these 
reasons neonatal septic shock requires emergency treatment with antibiotics, appropriate 
fluid resuscitation and vasoactive drugs. Knowledge of risk factors will help to identify 
those neonates at greatest risk for development of septic shock. In the future genomic and 
proteomic approaches may be helpful in early diagnosis. Although at present antimicrobial 
therapy and supportive care remain the foundation of treatment, it is desirable that future 
agents may improve outcomes, specially for particularly vulnerable premature neonates. It 
is estimated that intra-uterine infection, a risk factor for developing severe infection, is 
present in up to 35% of preterm deliveries [2]. 
 

SIRS: presence of at least 2 of the following 4 criteria, 1 of which must be abnormal 
temperature or leukocyte count: 
• Core temperature of >38.5°C or <36°C 
• Tachycardia, defined as a mean heart rate >2SD more than normal for age in the 

absence of external stimulus, chronic drugs, or painful stimuli; or otherwise 
unexplained persistent increase in a 0.5- to 4-h time period OR for children <1 y old: 
bradycardia, defined as a mean heart rate <10th percentile for age in the absence of 
external vagal stimulus, b-blocker drugs, or congenital heart disease; or otherwise 
unexplained persistent depression in a 0.5-h time period 

• Mean respiratory rate >2SD more than normal for age or mechanical ventilation for 
an acute process not related to underlying neuromuscular disease or the receipt of 
general anesthesia 

• Leukocyte count increased or decreased for age (not secondary to chemotherapy-
induced leukopenia) or >10% immature neutrophils 

Infection: a suspected or proven (by positive culture, tissue stain, or polymerase chain 
reaction test) infection caused by any pathogen OR a clinical syndrome associated with a 
high probability of infection. Evidence of infection includes positive findings on clinical 
examination, imaging, or laboratory tests (eg, white blood cells in a normally sterile body 
fluid, perforated viscus, chest radiograph consistent with pneumonia, petechial or 
purpuric rash, or purpura fulminans). 
Sepsis: SIRS in the presence of or as a result of suspected or proven infection. 
Severe sepsis: sepsis plus 1 of the following: cardiovascular organ dysfunction OR ARDS 
OR 2 or more other organ dysfunctions. 
Septic shock: sepsis and cardiovascular organ dysfunction. 

From Goldstein B, Giroir B, Randolph A. International pediatric sepsis consensus conference: 
definitions for sepsis and organ dysfunction in pediatrics. Pediatr Crit Care Med 2005;6(1):2–8. 
Fleer A, Krediet TG. Innate immunity: toll-like receptors and some more. A brief history, basic 
organization and relevance for the human newborn. Neonatology. 2007;92(3):145-57. 

Table 1. Definition of systemic inflammatory response syndrome (SIRS), infection, sepsis, 
severe sepsis, septic shock  
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incidence of intracranial bleeding in children younger than 60 days (Nadel et al 2007). In 
addition, the efficacy of aPC may also be different in neonates due to underlying 
developmental differences in the coagulation pathway. The anticoagulant effect of aPC has 
been shown to be decreased in neonatal cord plasma, which is due, in part, to the lower 
levels of tissue factor pathway inhibitor, antithrombin and protein S in neonatal versus 
adult plasma (Bernard et al 2001, Cvirn et al 2005). In contrast, non-activated plasma-
derived human protein concentrate (PCConc) has been successfully used in paediatric, 
neonatal and adult patients at high-risk of haemorrhage, especially in those suffering from 
meningococcal septic Shock (de Kleijn et al 2003). PCConc has been successfully used in 
term neonates and preterms at high-risk of haemorrhage with sepsis-induced coagulopathy 
(Fischer et al 2009, Decembrino et al 2010). Supplementation was followed by micro- and 
macrocirculatory, haemodinamic parameters and coagulation, improvement, increased 
levels of PC activity. PCConc was given intravenously as bolus administration of 200 IU  kg 
/day or 100 IU  kg/day followed by a daily bolus administration of 50 IU  kg every 6 h for 
72 h. No adverse events were observed. 
When enough prothromotic factors are consumed, spontaneous bleeding occurs. It is 
important, therefore, to determine early whether the infant is in a prothrombotic or 
fibrinolytic phase. Appropriate coagulation studies should be undertaken. If the baby has a 
prolonged prothrombin time/partial thromboplastin time and low fibrinogen then it is 
likely to be DIC. If, however, fibrinogen levels are normal or high then it is likely to be 
thrombotic thrombocytopenic purpura. Even if routine use of fresh frozen plasma to correct 
laboratory clotting abnormalities is not recommended, some professional bodies find it 
useful. The transfusion of platelets is recommended when platelets are between 5000 and 
30,000 × 109/l. 

8. Septic shock in preterms 
The therapeutic approach of very low birth weight is affected by specific hemodynamic 
response and multiple factors. The echocardiographic evidence of a reduction of the right 
and left ventricular function, leads to the use of volume expanders and inotropic to improve 
cardiac output, contractility and blood pressure. Parathyroid, adrenal and thyroid hormone 
deficit may require therapy with thyroid hormones, calcium or hydrocortisone. Immaturity 
of thermogenic mechanisms needs special heating measures.  
During the first three days of life the extremely very low birth weight (BW < 1,000 g) 
frequently with maternal chorioamnionitis history, metabolic acidosis and altered perfusion 
in the first 24 hours of life, often present progressive respiratory worsening, tachycardia, 
silent ductus arteriousus. In this case, a rapid infusion of fluid above 30 mL/kg during the 
first 48 hours of life is responsible for left-right shunt, congestive heart failure and 
ventricular overload and increased mortality (Ewer et al 2003, Hamrick et al 2010) The 
failure to close the patent ductus is associated with increased mortality, intraventricular 
hemorrhage, and poor neurodevelopmental outcome.(Noori et al 2009). Ultrasonography 
techniques to estimate superior vena cava flow and heart output are effective to replace 
MBP as an evaluation tool, although not widely available. 
The optimal shock oxygenation for extreme prematures it is not yet determined. If under too 
restricted saturation control (between 83% - 89%), they have increased patent ductus 
arteriosus incidence. (Noori et al 2009) On the other hand, the harmful hyperoxia effects on 
ischemic tissues reperfusion are also feared. In extreme prematures, saturation > 94% should 
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be avoided. PaO2 should not be kept in supra-systemic levels. (Hamrick et al 2010, 
Weindling et al 2007) 

9. Conclusion 
Despite major improvements in the management of severe sepsis, neonates can develop 
septic shock, a critical condition associated with high morbidity and mortality. For these 
reasons neonatal septic shock requires emergency treatment with antibiotics, appropriate 
fluid resuscitation and vasoactive drugs. Knowledge of risk factors will help to identify 
those neonates at greatest risk for development of septic shock. In the future genomic and 
proteomic approaches may be helpful in early diagnosis. Although at present antimicrobial 
therapy and supportive care remain the foundation of treatment, it is desirable that future 
agents may improve outcomes, specially for particularly vulnerable premature neonates. It 
is estimated that intra-uterine infection, a risk factor for developing severe infection, is 
present in up to 35% of preterm deliveries [2]. 
 

SIRS: presence of at least 2 of the following 4 criteria, 1 of which must be abnormal 
temperature or leukocyte count: 
• Core temperature of >38.5°C or <36°C 
• Tachycardia, defined as a mean heart rate >2SD more than normal for age in the 

absence of external stimulus, chronic drugs, or painful stimuli; or otherwise 
unexplained persistent increase in a 0.5- to 4-h time period OR for children <1 y old: 
bradycardia, defined as a mean heart rate <10th percentile for age in the absence of 
external vagal stimulus, b-blocker drugs, or congenital heart disease; or otherwise 
unexplained persistent depression in a 0.5-h time period 

• Mean respiratory rate >2SD more than normal for age or mechanical ventilation for 
an acute process not related to underlying neuromuscular disease or the receipt of 
general anesthesia 

• Leukocyte count increased or decreased for age (not secondary to chemotherapy-
induced leukopenia) or >10% immature neutrophils 

Infection: a suspected or proven (by positive culture, tissue stain, or polymerase chain 
reaction test) infection caused by any pathogen OR a clinical syndrome associated with a 
high probability of infection. Evidence of infection includes positive findings on clinical 
examination, imaging, or laboratory tests (eg, white blood cells in a normally sterile body 
fluid, perforated viscus, chest radiograph consistent with pneumonia, petechial or 
purpuric rash, or purpura fulminans). 
Sepsis: SIRS in the presence of or as a result of suspected or proven infection. 
Severe sepsis: sepsis plus 1 of the following: cardiovascular organ dysfunction OR ARDS 
OR 2 or more other organ dysfunctions. 
Septic shock: sepsis and cardiovascular organ dysfunction. 

From Goldstein B, Giroir B, Randolph A. International pediatric sepsis consensus conference: 
definitions for sepsis and organ dysfunction in pediatrics. Pediatr Crit Care Med 2005;6(1):2–8. 
Fleer A, Krediet TG. Innate immunity: toll-like receptors and some more. A brief history, basic 
organization and relevance for the human newborn. Neonatology. 2007;92(3):145-57. 

Table 1. Definition of systemic inflammatory response syndrome (SIRS), infection, sepsis, 
severe sepsis, septic shock  
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Cardiovascular dysfunction: 
Despite administration of isotonic intravenous fluid bolus >40 mL/kg in 1h 
• Decrease in BP (hypotension) <5th percentile for age or systolic BP >2SD less than 

normal for age 
OR 
• Need for vasoactive drug to maintain BP in normal range (dopamine >5 mg/kg/min 

or dobutamine, epinephrine, or norepinephrine at any dose) 
OR 
• Two of the following: 
Unexplained metabolic acidosis: base deficit >5.0 mEq/L 
Increased arterial lactate >2 times upper limit of normal 
Oliguria: urine output <0.5 mL/kg/h 
Prolonged capillary refill >5 s 
Core to peripheral temperature gap >3°C 
Pulmonary: 
• PaO2/FIO2 <300 in absence of cyanotic heart disease or preexisting lung disease 
OR 
• PaCO2 >65 torr or 20 mm Hg more than baseline PaCO2 
OR 
• Proven need for >50% FIO2 to maintain saturation >92% 
OR 
• Need for nonelective invasive or noninvasive mechanical ventilation 
Neurologic: 
• Glasgow Coma Score >11 
OR 
• Acute change in mental status with a decrease in Glasgow Coma Score >3 points 

from abnormal baseline 
Hematologic: 
• Platelet count <80,000/mm3 or a decline of 50% in platelet count from highest value 

recorded in the past 3 days (for chronic hematology/oncology patients) 
OR 
• International normalized ratio >2 
Renal: 
• Serum creatinine >2 times upper limit of normal for age or 2-fold increase in baseline 

creatinine 
Hepatic: 
• Total bilirubin >4 mg/dL (not applicable for newborn) 
OR 
• ALT 2 times upper limit of normal for age 

From Goldstein B, Giroir B, Randolph A. International pediatric sepsis consensus conference: 
definitions for sepsis and organ dysfunction in pediatrics. Pediatr Crit Care Med 2005;6(1):2–8. 
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• Infant 72 hours or less in age. 
• Tachypnea (Respiratory rate > 60 bpm) plus either grunting/retraction or 

desaturations. 
• Temperature instability ( <36°C or > 37-9 °C) 
• Capillary refill time > 3 seconds 
• WBC count ( ‹ 4000 × 109/L or 8 34,000 × 109/l) 
• CRP > 10 mg/dl 
• IL-6 or IL-8 > 70 pg/ml 
• 16S rRNA gene PCR: Positive. 
• WBC: white blood cell; CRP: C-reactive protein; IL: interlukin; rRNA: recombinant 

RNA; PCR: polymerase chain reaction. 
From Haque KN (2005) Definitions of blood stream infection in the newborn. Pediatr Crit Care Med 6 
(Suppl):545–549 

Table 3. Two or more of the following are required to diagnose the fetal inflammatory 
response syndrome (FIRS) 

10. References 
Aneja RK, Varughese-Aneja R, Vetterly CG. Et al. (2011) Antibiotic therapy in neonatal and 

pediatric septic shock. Curr Infect Dis Rep. Published online 6 July  
Arnold RC, Shapiro NI, Jones AF et al.(2009) Multicenter study of early lactate clearance as a 

determinant of survival in patients with presumed sepsis. Shock; 32 (1): 35 – 39. 
Baruti Gafurri Z, Pacarizi H, Zhubi B et al. (2010) The importance of determining 

procalcitonin and C reactive protein in different stages of sepsis Bosnian J Basic 
Medical Scences. 10 (1): 6. 

Beardsall K, Vanhaesebrouck S, Ogilvy-Stuart AL, et al. (2008) Early insulin therapy in very-
low-birth-weight infants. N Engl J Med. 359(18):1873-84 

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 

Branco RG, Garcia PC, Piva JP, et al. (2005) Glucose level and risk of mortality in pediatric 
septic shock. Pediatr Crit Care Med. 6(4):470-2. 

Brierley J, Peters MJ. (2008) Distinct hemodynamic patterns of septic shock at presentation to 
pediatric intensive care. Pediatrics.122(4):752-9. 

Brierley J, Carcillo JA, Choong K et al. (2009) Clinical practice parameters for hemodynamic 
support of pediatric and neonatal septic shock: 2007 update from the American 
College of Critical Care Medicine. Crit Care Med; 37: 2. 

Braun JP, Schneider M, Kastrup M, et al. (2004) Treatment of acute heart failure in an infant 
after cardiac surgery using levosimendan. Eur J Cardiothorac Surg. 26: 228-230.  

Carcillo JA, Fields AI (2002): Clinical practice parameters for hemodynamic support of 
pediatric and neonatal patients in septic shock. Crit Care Med; 30:1365-1378. 

Carcillo JA, Kuch BA, Han YY, et al. (2009)Mortality and functional morbidity after use of 
PALS/APLS by community physicians. Pediatrics. 124 (2): 500 – 508. 

Carr, R, Modi N (2003) G-CSF and GM-CSF for treating or preventing neonatal infections. 
Cochrane Database Syst Rev CD003066 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

300 
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• Decrease in BP (hypotension) <5th percentile for age or systolic BP >2SD less than 

normal for age 
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• Need for vasoactive drug to maintain BP in normal range (dopamine >5 mg/kg/min 

or dobutamine, epinephrine, or norepinephrine at any dose) 
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• Two of the following: 
Unexplained metabolic acidosis: base deficit >5.0 mEq/L 
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Pulmonary: 
• PaO2/FIO2 <300 in absence of cyanotic heart disease or preexisting lung disease 
OR 
• PaCO2 >65 torr or 20 mm Hg more than baseline PaCO2 
OR 
• Proven need for >50% FIO2 to maintain saturation >92% 
OR 
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Neurologic: 
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• Acute change in mental status with a decrease in Glasgow Coma Score >3 points 
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• Infant 72 hours or less in age. 
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1. Introduction 
Septic shock is a life-threatening clinical syndrome caused by decreased tissue perfusion 
and oxygen delivery, as a result of severe infection and sepsis. The insertion of bacteria or 
viruses into the blood stream produces a condition called bacteremia or viremia. Sepsis is 
the systemic inflammatory response due to bacteremia. When sepsis worsen to the point 
where blood pressure cannot be maintained with intravenous fluid alone, then the condition 
is called septic shock and may be accompanied with multiple organ dysfunction (liver, 
kidney, heart, brain). The mortality rate remains high, range between 25 and 50%1. Septic 
shock is the first cause of deaths in intensive care units patients2.  

1.1 Causes of septic shock 
Most episodes of septic shock are caused by gram negative and gram positive organisms. 
Bacteremia is not necessary to develop sepsis, since patients with septic shock have a 
positive blood culture only in 40% to 70% of the cases3. A number of organisms may 
produce exotoxins or endotoxins that also initiate a systemic response. Gram negative 
bacteria contain endotoxin, a complex lipopolysaccharide, in the cell membrane. Lysis of 
them leads to the release of endotoxin. Some gram positive organisms produce also an 
exotoxin and “toxic shock syndrome” toxin; their release produces a similar response to 
lipopolysaccharides. Most cases of septic shock (approximately 70%) are caused by 
endotoxin-producing Gram negative bacteria. However, 5% to 10% have a fungal cause, and 
15% to 20% are polymicrobial4. In emergency patients and the increased use of arterial and 
venous catheters, Gram positive cocci are implicated, as well.  
Invasion of the microorganism into soft tissue leads in a complex cascade of events 
involving monocyte, macrophage and neutrophil recognition, activation, and initial release 
of inflammatory mediators. This constitutes a hyper-inflammatory state5,6. The release of 
inflammatory cytokines, chemokines, prostanoids, reactive oxygen, and nitrogen species 
leads to endothelial dysfunction and increased vascular permeability, myocardial 
suppression, and activation of the coagulation cascade. Patient’s survival correlates with the 
recovery of the inflammatory responses7. 
The response to a microorganism depends on its virulence, size of the inoculum, co-morbid 
conditions, age, nutritional status and genetic polymorphisms in immune related genes6. 
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Early recognition, prompt diagnostic workup and immediate initiation of therapy improve 
the prognosis of patients with septic shock syndrome. 
Shock associated with sepsis can be caused by a variety of pathologic phenomena. It needs 
to be recalled that other mechanisms can be responsible. Hypovolemic shock can occur 
under conditions of sepsis due to massive fluid accumulation at the local site of infection. 
Other non-immunogenic causes of shock during sepsis that require consideration are 
cardiogenic causes. 

1.2 Differential diagnosis of septic shock 
Septic shock must be differentiated between systemic inflammatory response syndrome, 
sepsis, severe sepsis, hypotension, and multiple organ dysfunction syndrome as definitions 
were set in 1991 by the American College of Chest Physicians and the Society of Critical 
Care Medicine8,9.  
The phrase “systemic inflammatory response syndrome” describes the inflammatory 
process that can be generated by infection or by noninfectious causes such as pancreatitis, 
burns, and trauma. The response is manifested by two or more of the following conditions: 
1) temperature greater than 38oC or less than 36oC, 2) heart rate greater than 90 beats per 
minute, 3) respiratory rate greater than 20 breaths per minute or arterial carbon dioxide 
pressure less than 32 mmHg, and 4) white blood cell count greater than 12000/mm3 or less 
than 4000/ mm3 or greater than 10% band forms. Sepsis as was described above is systemic 
inflammatory response syndrome due to infection. Severe sepsis is sepsis associated with 
organ dysfunction, hypoperfusion, or hypotension. Hypotension is defined as a systolic 
blood pressure <90 mmHg or a reduction of greater than or equal to 40 mmHg from 
baseline. Finally multiple organ dysfunction syndrome is the presence of altered organ 
function in an acutely ill patient such that homeostasis cannot be maintained without 
intervention. 

2. Incidence of sepsis and septic shock 
An accurate estimation of the incidence of sepsis and septic shock is hampered by the lack of 
reliable case definition. Inconsistent application of sepsis definition criteria contributes to 
confusion and variability in the literature10. The Centers for Disease Control estimated an 
incidence of 73.6 per 100,000 population in 1979, rising to 175.9 per 100,000 in 198911. The 
rates have been probably increased because of more immuno-suppressed patients, new 
immunomodulating therapy, increased use of invasive devices (e.g., central venous 
catheters), and an increase in antibiotic resistance5,6,12. A review of discharge data on 
approximately 750 million hospitalizations in U.S.A. over a 22-year period (1979-2000) 
identified 10,319,418 cases of sepsis5. Sepsis was more common among men than among 
women (mean annual relative risk, 1.28; 95% CI: 1.24-1.32) and among non-white persons 
(mean annual relative risk 1.90; 95%CI: 1.81-2.00)5. However, these data is hampered due to 
the broad definition of sepsis and may be overestimate the accurate incidence of sepsis and 
septic shock since include all the ICD-9-CM* codes for definition of sepsis (038 [septicemia], 
020.0 [septicemic], 790.7 [bacteremia], 117.9 [disseminated fungal infection], 112.5 
[disseminated candida infection], and 112.81 [disseminated fungal endocarditis]. Organ 

                                                 
* ICD-9 CM denotes International Classification of Diseases, Ninth Revision, Clinical Modification 
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failure was defined by a combination of ICD-9 CM and CPT† codes. In general, there are few 
population-based prospective cohort studies that allow us to accurately delineate the 
incidence of sepsis and septic shock.  
The mortality rate from sepsis is approximately 40% in adults, and 25% in children. It is 
significantly greater when sepsis left untreated for more than seven days13. 

3. Sepsis and septic shock during pregnancy 
3.1 Prevalence and mortality rate in pregnancy 
Septic shock in obstetric patients is rare because pregnant women are younger and have less 
co-morbid conditions. The common area of infection is the pelvis and the responsible 
microorganisms are sensitive in most of the broad spectrum antibiotics. Specific data on 
serious acute maternal morbidity due to sepsis are scarce, partly because of lack of a 
uniform definition of sepsis, but reported incidences in western countries vary from 0.1 to 
0.6 per 1000 deliveries14. Although the incidence of septic shock in obstetric patients is low 
and has been decreased throughout the years it remains a significant factor of maternal 
morbidity and mortality related with pregnancy. Sepsis continues to account for 
approximately 7.6% of maternal deaths in the United States15.  
WHO defines puerperal sepsis as infection of the genital tract occurring at any time between 
the onset of the rupture of membranes or labour and the 42nd day postpartum in which 
fever and one or more of the following are present: pelvic pain, abnormal vaginal discharge, 
abnormal odour of discharge, and delay in the rate of reduction of size of the uterus16. It is 
estimated that puerperal sepsis causes at least 75,000 maternal deaths every year, mostly in 
low-income countries17. Studies from high-income countries report incidence of maternal 
morbidity due to sepsis of 0.1-0.6 per 1000 deliveries17.  

3.2 Are pregnant women more prone to infections and sepsis? 
The concept that pregnancy is associated with immune suppression has created a myth of 
pregnancy as a state of immunological weakness and therefore, of increased susceptibility 
to infectious disease. Pregnancy represents the most important period for the 
conservation of the species, thus, it is fundamental to strengthen all the means to protect 
the mother and the fetus. The maternal immune system is characterized by a reinforced 
network of recognition, communication, trafficking and repair, in order to maintain the 
well-being of the mother and the fetus18. The fetus provides a developing active immune 
system that will modify the way the mother responds to antigens18. Therefore, it is 
appropriate to refer to pregnancy as a unique immune condition that is modulated but 
not suppressed19.  
Pregnancy has three distinct immunological phases that are characterized by distinct 
biological processes20,21. The first stage of implantation is a pro-inflammatory condition that 
the blastocyst has to invade the endometrial tissue in order to implant; the endometrium has 
to be replaced by trophoblast and new vessels in order to secure an adequate placental-fetal 
blood supply22. The placentation phase of pregnancy characterized by an anti-inflammatory 
state, where, the mother, the placenta, and the fetus are symbiotic18. Finally, during the last 
immunological phase, the mother needs to deliver the baby, and this can only be achieved 
through renewed inflammation. Parturition is characterized by an influx of immune cells 
                                                 
† CPT Current Procedural Terminology 
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reliable case definition. Inconsistent application of sepsis definition criteria contributes to 
confusion and variability in the literature10. The Centers for Disease Control estimated an 
incidence of 73.6 per 100,000 population in 1979, rising to 175.9 per 100,000 in 198911. The 
rates have been probably increased because of more immuno-suppressed patients, new 
immunomodulating therapy, increased use of invasive devices (e.g., central venous 
catheters), and an increase in antibiotic resistance5,6,12. A review of discharge data on 
approximately 750 million hospitalizations in U.S.A. over a 22-year period (1979-2000) 
identified 10,319,418 cases of sepsis5. Sepsis was more common among men than among 
women (mean annual relative risk, 1.28; 95% CI: 1.24-1.32) and among non-white persons 
(mean annual relative risk 1.90; 95%CI: 1.81-2.00)5. However, these data is hampered due to 
the broad definition of sepsis and may be overestimate the accurate incidence of sepsis and 
septic shock since include all the ICD-9-CM* codes for definition of sepsis (038 [septicemia], 
020.0 [septicemic], 790.7 [bacteremia], 117.9 [disseminated fungal infection], 112.5 
[disseminated candida infection], and 112.81 [disseminated fungal endocarditis]. Organ 
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failure was defined by a combination of ICD-9 CM and CPT† codes. In general, there are few 
population-based prospective cohort studies that allow us to accurately delineate the 
incidence of sepsis and septic shock.  
The mortality rate from sepsis is approximately 40% in adults, and 25% in children. It is 
significantly greater when sepsis left untreated for more than seven days13. 

3. Sepsis and septic shock during pregnancy 
3.1 Prevalence and mortality rate in pregnancy 
Septic shock in obstetric patients is rare because pregnant women are younger and have less 
co-morbid conditions. The common area of infection is the pelvis and the responsible 
microorganisms are sensitive in most of the broad spectrum antibiotics. Specific data on 
serious acute maternal morbidity due to sepsis are scarce, partly because of lack of a 
uniform definition of sepsis, but reported incidences in western countries vary from 0.1 to 
0.6 per 1000 deliveries14. Although the incidence of septic shock in obstetric patients is low 
and has been decreased throughout the years it remains a significant factor of maternal 
morbidity and mortality related with pregnancy. Sepsis continues to account for 
approximately 7.6% of maternal deaths in the United States15.  
WHO defines puerperal sepsis as infection of the genital tract occurring at any time between 
the onset of the rupture of membranes or labour and the 42nd day postpartum in which 
fever and one or more of the following are present: pelvic pain, abnormal vaginal discharge, 
abnormal odour of discharge, and delay in the rate of reduction of size of the uterus16. It is 
estimated that puerperal sepsis causes at least 75,000 maternal deaths every year, mostly in 
low-income countries17. Studies from high-income countries report incidence of maternal 
morbidity due to sepsis of 0.1-0.6 per 1000 deliveries17.  

3.2 Are pregnant women more prone to infections and sepsis? 
The concept that pregnancy is associated with immune suppression has created a myth of 
pregnancy as a state of immunological weakness and therefore, of increased susceptibility 
to infectious disease. Pregnancy represents the most important period for the 
conservation of the species, thus, it is fundamental to strengthen all the means to protect 
the mother and the fetus. The maternal immune system is characterized by a reinforced 
network of recognition, communication, trafficking and repair, in order to maintain the 
well-being of the mother and the fetus18. The fetus provides a developing active immune 
system that will modify the way the mother responds to antigens18. Therefore, it is 
appropriate to refer to pregnancy as a unique immune condition that is modulated but 
not suppressed19.  
Pregnancy has three distinct immunological phases that are characterized by distinct 
biological processes20,21. The first stage of implantation is a pro-inflammatory condition that 
the blastocyst has to invade the endometrial tissue in order to implant; the endometrium has 
to be replaced by trophoblast and new vessels in order to secure an adequate placental-fetal 
blood supply22. The placentation phase of pregnancy characterized by an anti-inflammatory 
state, where, the mother, the placenta, and the fetus are symbiotic18. Finally, during the last 
immunological phase, the mother needs to deliver the baby, and this can only be achieved 
through renewed inflammation. Parturition is characterized by an influx of immune cells 
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into the myometrium in order to promote recrudescense of an inflammatory process23,24. A 
recent longitudinal study during uncomplicated pregnancies revealed a general trend 
toward enhanced counter-regulatory cytokine expression (IL-10), and an overall decrease of 
pro-inflammatory (Th1; TNFa, IL-1β, and IL-6) cytokines expression25. Pregnancy itself does 
not impair the woman’s immunological system and other risk factors have to be 
implemented to develop infections in pregnant women. 

3.3 Risk factors and routes of infection in pregnancy  
Sepsis during pregnancy usually is the result of invasion of the uterine cavity with bacterial 
pathogens. Although transplacental spread of infection can occur in women with bacteremia 
that doesn’t correlate with pregnancy, the most common route is an ascending infection 
from bacteria colonize the vagina and/or the cervix15. Pelvic infections in pregnant women 
have their microbiologic origin in one of three sources: the endogenous vaginal microflora, 
the intestinal microflora, and sexual transmission26. The infection occurs via migration of  
the organisms from the vagina through the endocervix into the uterus. Some organisms may 
traverse the columnar epithelium, as is the case with infection caused by Neisseria 
gonorrhoeae and Chlamydia trachomatis26. Bacteria such as Streptococcus agalactiae  
may gain entrance to the uterus and fallopian tubes via the lymphatics26. A third route  
of migration is by ascending into the pregnant uterus and colonizing amniotic fluid.  
Then bacteria are able to reproduce and reach numbers in excess of 105 per milliliter of 
amniotic fluid27.  
Risk factors for the development of maternal sepsis include home birth in unhygienic 
conditions, low socioeconomic status, poor nutrition, primiparity, anaemia, prolonged 
rupture of membranes, prolonged labour, multiple vaginal examinations in labour (more 
than five), caesarean section, multiple pregnancy, artificial reproductive techniques, 
overweight and obstetrical manoeuvres14,28. 

3.4 Reasons for infection and sepsis during pregnancy 
Physiologic changes in the lower genital tract, such as a decreased in pH and increased 
glycogen in the vaginal epithelium, place the pregnant woman at risk for intra-amniotic 
infection. Pregnant women, with the enlargement of uterus, especially during the 3rd 
trimester, may cause stricture or even obstruction of the ureter, predisposing for the 
development of pyelonephritis. In addition, normal pregnancy is characterized by 
numerous changes in the hemostatic system, creating the hypercoagulable state which 
increases the risk of venous thromboembolic event occurrence29. An elevated leukocyte 
count, associated with a slightly increased c-reacting protein, and increased heart rate of 15-
20 bpm, may mask early signs and symptoms of infection favouring the dissemination of 
bacteria into the blood-stream. Conditions that predispose pregnant women to septic shock 
syndrome can be intra-amniotic infection, septic abortion, septic pelvis thrombophlebitis, 
postpartum endometritis, pyelonephritis, wound infection, necrotizing fasciitis, appendiceal 
abscess, cholecystitis and invasive procedures like amniocentesis, chorionic villus sampling, 
and cervical cerclage placement. 
Moreover, septic shock in pregnancy can be due to reasons that don’t correlate with 
pregnancy. Non-obstetric septic shock can be caused by pneumonia and peritonitis with 
origin in colon, gastro-duodenum, post-duodenal small bowel, biliary tract and appendix. 
(Table 1) 
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Obstetrics Non-obstetrics 
Intra-amniotic infections Pyelonephritis 
Chorioamnionitis Septic pelvic thrombophlebitis 
Septic abortion Abscess of the appendix 
Invasive procedures for prenatal diagnosis 
(amniocentesis, chorionic villous sampling) 

Cholecystitis 

Cervical cerclage placement Pneumonia 
Post-partum endometritis Peritonitis (colon, small bowel, gastro-

duodenum, biliary tract) 
Wound infection  
Necrotizing fasciitis  

Table 1. Conditions that predispose women to sepsis and septic shock syndrome during 
pregnancy 

3.5 Chorioamnionitis and intra-amniotic infection 
Intra-amniotic infections before 1970 was a major cause of maternal mortality because of 
patient delays in seeking treatment, unavailability of intensive care, and the absence of 
broad spectrum antibiotics30. Nowadays, the association of intraamniotic infections with 
septic shock, coagulopathy, and adult respiratory syndrome (ARDS) is rare, accounting for 
less than 1% in cases of intraamniotic infections30,31.  
It is important to note that intraamniotic infections in pregnancy usually are polymicrobial 
in nature. The most common route is an ascending infection from one or more of the 
endogenous flora of the cervix or vagina. The most frequent causative pathogens are 
Aerobic Bacteria (group B β-hemolitic Streptoccocus, Enteroccocus, other Streptoccocus species, 
Escherichia coli, Hemophilus Influenzae, Pseudomonas species, Staphylococcus aureus, Klebsiella-
Enterobacter species, Proteus species), Anaerobic Bacteria (Peptococcus species, 
Peptostreptococcus species, Clostridium species, Bacteroides species, Fusobacterium species) and 
other (Gardnerella vaginalis, Mycoplasme Hominis, Ureaplasma Urealyticum, Chlamydia 
Trachomatis) (Table 2). It is important to note when group B β-Streptococcus or Escherichia 
coli are the causative pathogens, the incidence of bacteremia is higher (18% and 15%, 
respectively)30.  
As a consequence of intraamniotic infection is the spontaneous rupture of membranes by 
weakening the membranes, either by a direct effect of microorganisms on the membranes or 
indirectly by activation of the host defense mechanisms. However, there is not an absolute 
and exclusive correlation between intra-amniotic infection and spontaneous rupture of 
membranes. Rupture of membranes predispose but not secure the development of intra-
amniotic infection. This is especially true, after the administration of broad spectrum 
antibiotics.  
An estimated 5-10% of women with intraamniotic infections have bacteremia30. Almost half 
of the patients with bacteremia will demonstrate signs and symptoms of sepsis32. 
Approximately 40% of patients with sepsis have the condition progress to septic shock33. 
Progression from intraamniotic infections to bacteremia, sepsis, and septic shock can occur 
in a few days or several hours. Typical clinical manifestations of septic shock appeared 
additionally to the signs of intraamniotic infections and include altered mental status, 
peripheral vasodilation, tachypnea, tachycardia, temperature instability, hypotension, 
increased cardiac output, and decreased peripheral resistance31,34. If the condition is not 
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into the myometrium in order to promote recrudescense of an inflammatory process23,24. A 
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not impair the woman’s immunological system and other risk factors have to be 
implemented to develop infections in pregnant women. 
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Sepsis during pregnancy usually is the result of invasion of the uterine cavity with bacterial 
pathogens. Although transplacental spread of infection can occur in women with bacteremia 
that doesn’t correlate with pregnancy, the most common route is an ascending infection 
from bacteria colonize the vagina and/or the cervix15. Pelvic infections in pregnant women 
have their microbiologic origin in one of three sources: the endogenous vaginal microflora, 
the intestinal microflora, and sexual transmission26. The infection occurs via migration of  
the organisms from the vagina through the endocervix into the uterus. Some organisms may 
traverse the columnar epithelium, as is the case with infection caused by Neisseria 
gonorrhoeae and Chlamydia trachomatis26. Bacteria such as Streptococcus agalactiae  
may gain entrance to the uterus and fallopian tubes via the lymphatics26. A third route  
of migration is by ascending into the pregnant uterus and colonizing amniotic fluid.  
Then bacteria are able to reproduce and reach numbers in excess of 105 per milliliter of 
amniotic fluid27.  
Risk factors for the development of maternal sepsis include home birth in unhygienic 
conditions, low socioeconomic status, poor nutrition, primiparity, anaemia, prolonged 
rupture of membranes, prolonged labour, multiple vaginal examinations in labour (more 
than five), caesarean section, multiple pregnancy, artificial reproductive techniques, 
overweight and obstetrical manoeuvres14,28. 

3.4 Reasons for infection and sepsis during pregnancy 
Physiologic changes in the lower genital tract, such as a decreased in pH and increased 
glycogen in the vaginal epithelium, place the pregnant woman at risk for intra-amniotic 
infection. Pregnant women, with the enlargement of uterus, especially during the 3rd 
trimester, may cause stricture or even obstruction of the ureter, predisposing for the 
development of pyelonephritis. In addition, normal pregnancy is characterized by 
numerous changes in the hemostatic system, creating the hypercoagulable state which 
increases the risk of venous thromboembolic event occurrence29. An elevated leukocyte 
count, associated with a slightly increased c-reacting protein, and increased heart rate of 15-
20 bpm, may mask early signs and symptoms of infection favouring the dissemination of 
bacteria into the blood-stream. Conditions that predispose pregnant women to septic shock 
syndrome can be intra-amniotic infection, septic abortion, septic pelvis thrombophlebitis, 
postpartum endometritis, pyelonephritis, wound infection, necrotizing fasciitis, appendiceal 
abscess, cholecystitis and invasive procedures like amniocentesis, chorionic villus sampling, 
and cervical cerclage placement. 
Moreover, septic shock in pregnancy can be due to reasons that don’t correlate with 
pregnancy. Non-obstetric septic shock can be caused by pneumonia and peritonitis with 
origin in colon, gastro-duodenum, post-duodenal small bowel, biliary tract and appendix. 
(Table 1) 
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Obstetrics Non-obstetrics 
Intra-amniotic infections Pyelonephritis 
Chorioamnionitis Septic pelvic thrombophlebitis 
Septic abortion Abscess of the appendix 
Invasive procedures for prenatal diagnosis 
(amniocentesis, chorionic villous sampling) 

Cholecystitis 

Cervical cerclage placement Pneumonia 
Post-partum endometritis Peritonitis (colon, small bowel, gastro-

duodenum, biliary tract) 
Wound infection  
Necrotizing fasciitis  

Table 1. Conditions that predispose women to sepsis and septic shock syndrome during 
pregnancy 

3.5 Chorioamnionitis and intra-amniotic infection 
Intra-amniotic infections before 1970 was a major cause of maternal mortality because of 
patient delays in seeking treatment, unavailability of intensive care, and the absence of 
broad spectrum antibiotics30. Nowadays, the association of intraamniotic infections with 
septic shock, coagulopathy, and adult respiratory syndrome (ARDS) is rare, accounting for 
less than 1% in cases of intraamniotic infections30,31.  
It is important to note that intraamniotic infections in pregnancy usually are polymicrobial 
in nature. The most common route is an ascending infection from one or more of the 
endogenous flora of the cervix or vagina. The most frequent causative pathogens are 
Aerobic Bacteria (group B β-hemolitic Streptoccocus, Enteroccocus, other Streptoccocus species, 
Escherichia coli, Hemophilus Influenzae, Pseudomonas species, Staphylococcus aureus, Klebsiella-
Enterobacter species, Proteus species), Anaerobic Bacteria (Peptococcus species, 
Peptostreptococcus species, Clostridium species, Bacteroides species, Fusobacterium species) and 
other (Gardnerella vaginalis, Mycoplasme Hominis, Ureaplasma Urealyticum, Chlamydia 
Trachomatis) (Table 2). It is important to note when group B β-Streptococcus or Escherichia 
coli are the causative pathogens, the incidence of bacteremia is higher (18% and 15%, 
respectively)30.  
As a consequence of intraamniotic infection is the spontaneous rupture of membranes by 
weakening the membranes, either by a direct effect of microorganisms on the membranes or 
indirectly by activation of the host defense mechanisms. However, there is not an absolute 
and exclusive correlation between intra-amniotic infection and spontaneous rupture of 
membranes. Rupture of membranes predispose but not secure the development of intra-
amniotic infection. This is especially true, after the administration of broad spectrum 
antibiotics.  
An estimated 5-10% of women with intraamniotic infections have bacteremia30. Almost half 
of the patients with bacteremia will demonstrate signs and symptoms of sepsis32. 
Approximately 40% of patients with sepsis have the condition progress to septic shock33. 
Progression from intraamniotic infections to bacteremia, sepsis, and septic shock can occur 
in a few days or several hours. Typical clinical manifestations of septic shock appeared 
additionally to the signs of intraamniotic infections and include altered mental status, 
peripheral vasodilation, tachypnea, tachycardia, temperature instability, hypotension, 
increased cardiac output, and decreased peripheral resistance31,34. If the condition is not 
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promptly identified and aggressively treated, progressive symptoms of peripheral 
vasoconstriction, oliguria, cyanosis, ARDS, disseminated intravascular coagulation, 
decreased cardiac output, and decreased peripheral resistance may occur34. 
 

Aerobic bacteria 
 Group B β-hemolytic Streptococcus 
 Streptococcus species 
 Enterococcus 
 Escherichia coli 
 Haemophilus influenza 
 Staphylococcus aureus 
 Pseudomonas species 
 Klebsiella species 
 Proteus species 
 Enterobacter species 
Anaerobic bacteria 
 Peptococcus species 
 Peptostreptococcus species 
 Clostridium species 
 Bacteroides species 
 Fusobacterium species 
Other 
 Gardnerella vaginalis 
 Mycoplasma Hominis 
 Ureaplasma urealyticum 
 Chlamydia trachomatis 

Table 2. Common causative pathogens of ascending infection in pregnant women. 

Chorioamnionitis is an acute inflammation of the membranes and chorion of the placenta. 
Typically is the result of ascending polymicrobial bacterial infection in the setting of 
membrane rupture. It can also occurs with intact membranes after infection with Ureaplasma 
species and Mycoplasma hominis, found in the lower genital tract35. Only rarely is 
hematogenous spread implicated in chorioamnionitis, as occurs with Listeria 
monocytogenes36.Overall, 1-4% of all births in the U.S.A. are complicated by 
chorioamnionitis36; however, the frequency varies markedly by diagnostic criteria, specific 
risk factors, and gestational age37,38. The key clinical findings include fever, uterine fundal 
tenderness, maternal tachycardia (>100/min), fetal tachycardia (>160/min), and purulent or 
foul amniotic fluid36,39. The most common organisms isolated in up to 47% and 30% 
respectively, in cases of culture confirmed chorioamnionitis are Ureaplasma urealyticum and 
Mycoplasma hominis40,41. 
Chrorioamnionitis leads to a 2 to 3-fold increased risk for caesarean delivery and to 2 to 4-
fold increase in endomyometritis, would infection, pelvic abscess, bacteremia, and post-
partum hemorrhage42-44. Women with chorioamnionitis in 10% have positive blood cultures 
(bacteremia)36. Fortunately, septic shock, disseminated intravascular coagulation, adult 
respiratory distress syndrome, and maternal death are only rarely encountered44,45. In 
contrast, fetal exposure to infection may lead to fetal death, neonatal sepsis, and septic 
shock. In one study, neonatal pneumonia, sepsis, and perinatal death occurred respectively, 
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in 4%, 8%, and 2% of term deliveries associated with chorioamnionitis46. The frequency of 
neonatal sepsis is reduced by 80% with intrapartum antibiotic treatment47. 
Prompt initiation of antibiotic therapy is essential to prevent both maternal and fetal 
complications in the setting of clinical chorioamnionitis44. Time-to-delivery after institution 
of antibiotic therapy has been shown to not affect morbidities; therefore caesarean section to 
expedite delivery is not indicated for chorioamnionitis unless there are other obstetric 
indications44,48. 

3.6 Does the mode of delivery affect the incidence of sepsis and septic shock? 
Nowadays, rates of caesarean section (CS) are progressively increasing in many parts of the 
world. There has been an increasing tendency for pregnant women without justifiable 
medical indications for CS to ask for this procedure. Despite the World Health 
Organization’s estimate that CS rates should not be >15%, in the developed world, CS rates 
are already above 30%49,50. Following CS, maternal mortality and morbidity may result from 
a number of infections including endometritis, urinary tract infection and surgical site 
infection, which if deep rather than superficial, increase hospital stay and cost per case51-53. 
The most common infection-related complication following CS is endometritis53. A major 
risk factor for post-CS infection is emergency CS (compared with elective).  
The rate of infection following CS is 1.1–25% compared with 0.2–5.5% following vaginal 
birth54-56. In antepartum patients the most common infection is asymptomatic bacteriuria 
with an incidence estimated at 4-7%. However, with the use of prophylactic antibiotic 
treatment is extremely rare these infections to become sepsis and septic shock, regardless of 
the mode of delivery. Recent evidence suggests that pre-incision broad spectrum antibiotics 
are more effective in preventing post-CS infections than post-clamping of the cord narrow-
range antibiotics, without prejudice to neonatal infectious morbidity57. Prophylactic 
antibiotics can reduce the incidence of endometritis following CS by two thirds to three 
quarters53.  
Data from Europe for the years 2003–2004 showed a range of maternal mortality ratio from 
2/100,000 live births in Sweden, to 29.6/100,000 in Estonia58. Direct maternal mortality 
associated with CS was about 0.06‰59. However, very few women are dying from primary 
infection and sepsis. Haemorrhage is the main cause of death following by 
thromboembolism and preeclampsia. Even though the majority of women are dying during 
puerperium (60%), the infection mostly started during pregnancy or delivery and only in 
rare cases after delivery and subsequently was not correlated with the mode of delivery. 
Collectively, we can suggest that CS affects the incidence of infection and hospitalization of 
women but is not correlated with severe sepsis and septic shock.  

3.7 Amniocentesis, chorionic villous sampling (CVS): Routine procedures  
but invasive? 
Although amniocentesis and CVS are routine procedures in prenatal diagnosis and are 
nowadays performed in most clinics under continuous ultrasonographic vision and aseptic 
conditions, they are invasive procedures carrying potential risks of serious complications for 
both the mother and the fetus. Intrauterine infection is a rare event after invasive prenatal 
diagnostic procedures60. According to data from large studies, the incidence of 
chorioamnionitis is 5 per 1,000 cases after CVS; 3.7 per 1,000 cases after amniocentesis; and 
8.8 per 1000 cases after cordocentesis, compared with 3 per 1,000 cases in non-exposed 
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promptly identified and aggressively treated, progressive symptoms of peripheral 
vasoconstriction, oliguria, cyanosis, ARDS, disseminated intravascular coagulation, 
decreased cardiac output, and decreased peripheral resistance may occur34. 
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 Chlamydia trachomatis 

Table 2. Common causative pathogens of ascending infection in pregnant women. 
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membrane rupture. It can also occurs with intact membranes after infection with Ureaplasma 
species and Mycoplasma hominis, found in the lower genital tract35. Only rarely is 
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risk factors, and gestational age37,38. The key clinical findings include fever, uterine fundal 
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foul amniotic fluid36,39. The most common organisms isolated in up to 47% and 30% 
respectively, in cases of culture confirmed chorioamnionitis are Ureaplasma urealyticum and 
Mycoplasma hominis40,41. 
Chrorioamnionitis leads to a 2 to 3-fold increased risk for caesarean delivery and to 2 to 4-
fold increase in endomyometritis, would infection, pelvic abscess, bacteremia, and post-
partum hemorrhage42-44. Women with chorioamnionitis in 10% have positive blood cultures 
(bacteremia)36. Fortunately, septic shock, disseminated intravascular coagulation, adult 
respiratory distress syndrome, and maternal death are only rarely encountered44,45. In 
contrast, fetal exposure to infection may lead to fetal death, neonatal sepsis, and septic 
shock. In one study, neonatal pneumonia, sepsis, and perinatal death occurred respectively, 
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complications in the setting of clinical chorioamnionitis44. Time-to-delivery after institution 
of antibiotic therapy has been shown to not affect morbidities; therefore caesarean section to 
expedite delivery is not indicated for chorioamnionitis unless there are other obstetric 
indications44,48. 

3.6 Does the mode of delivery affect the incidence of sepsis and septic shock? 
Nowadays, rates of caesarean section (CS) are progressively increasing in many parts of the 
world. There has been an increasing tendency for pregnant women without justifiable 
medical indications for CS to ask for this procedure. Despite the World Health 
Organization’s estimate that CS rates should not be >15%, in the developed world, CS rates 
are already above 30%49,50. Following CS, maternal mortality and morbidity may result from 
a number of infections including endometritis, urinary tract infection and surgical site 
infection, which if deep rather than superficial, increase hospital stay and cost per case51-53. 
The most common infection-related complication following CS is endometritis53. A major 
risk factor for post-CS infection is emergency CS (compared with elective).  
The rate of infection following CS is 1.1–25% compared with 0.2–5.5% following vaginal 
birth54-56. In antepartum patients the most common infection is asymptomatic bacteriuria 
with an incidence estimated at 4-7%. However, with the use of prophylactic antibiotic 
treatment is extremely rare these infections to become sepsis and septic shock, regardless of 
the mode of delivery. Recent evidence suggests that pre-incision broad spectrum antibiotics 
are more effective in preventing post-CS infections than post-clamping of the cord narrow-
range antibiotics, without prejudice to neonatal infectious morbidity57. Prophylactic 
antibiotics can reduce the incidence of endometritis following CS by two thirds to three 
quarters53.  
Data from Europe for the years 2003–2004 showed a range of maternal mortality ratio from 
2/100,000 live births in Sweden, to 29.6/100,000 in Estonia58. Direct maternal mortality 
associated with CS was about 0.06‰59. However, very few women are dying from primary 
infection and sepsis. Haemorrhage is the main cause of death following by 
thromboembolism and preeclampsia. Even though the majority of women are dying during 
puerperium (60%), the infection mostly started during pregnancy or delivery and only in 
rare cases after delivery and subsequently was not correlated with the mode of delivery. 
Collectively, we can suggest that CS affects the incidence of infection and hospitalization of 
women but is not correlated with severe sepsis and septic shock.  

3.7 Amniocentesis, chorionic villous sampling (CVS): Routine procedures  
but invasive? 
Although amniocentesis and CVS are routine procedures in prenatal diagnosis and are 
nowadays performed in most clinics under continuous ultrasonographic vision and aseptic 
conditions, they are invasive procedures carrying potential risks of serious complications for 
both the mother and the fetus. Intrauterine infection is a rare event after invasive prenatal 
diagnostic procedures60. According to data from large studies, the incidence of 
chorioamnionitis is 5 per 1,000 cases after CVS; 3.7 per 1,000 cases after amniocentesis; and 
8.8 per 1000 cases after cordocentesis, compared with 3 per 1,000 cases in non-exposed 
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women61,62. Infection is usually mild to moderate. There are, however, sporadic reports in 
the literature describing cases of post-procedure sepsis with devastating results60. 
Deterioration to septic shock may develop in 0.03% to 0.19% of intra-amniotic infection 
cases63. 
Contamination of the uterine cavity after amniocentesis or CVS may occur through 
ascending infection, direct inoculation of intestinal germs, and rarely, after use of deficiently 
sterilized equipment and direct spread of the infection from the vagina to the blood stream, 
by-passing the uterus64. Direct inoculation of vaginal or cervical pathogens into the uterine 
cavity may underlie the development of sepsis after trans-cervical CVS65-67. The reported 
rate of transient post-procedure bacteremia is 4.1% for transcervical CVS and nearly zero for 
transabdominal procedure64,68. Inoculation of intestinal germs has been implicated in cases 
of sepsis after transabdominal procedures. In such cases, peritoneal signs are expected to 
predominate69. 
Incubation time is usually short, and the onset of symptoms is usually manifested within 24 
hours after the procedure. The onset can be insidious, but the clinical and laboratory 
indicators deteriorate quickly, and the progress can be fulminant60. Clostridium perfrigens, 
together with Escherihia coli, are the most common pathogens encountered in cases of sepsis 
after prenatal diagnosis and they are associated with severe and serious complications. Other 
pathogens isolated from endometrial remnants or blood cultures after amniocentesis or CVS 
include Klebsiella pneumoniae, Enterobacter, Staphylococcus aureus, Serratia rubidaea, Citrobacter, 
Clostridium welchii, group B β-hemolytic streptococcus, and Candida albicans (Table 3). 
Administration of prophylactic antibiosis is not recommended since most retrospective 
studies failed to prove a direct association between needle insertion and maternal or fetal 
complications70-72. Prospective, double-blind studies in this topic are lacking. In cases of 
sepsis, evacuation of the uterine cavity and suction curettage can be performed. In severe 
cases prompt hysterectomy with the dead fetus in situ may be advisable if there is evidence 
of sepsis with hemolysis, multiple organ failure and rapid progress of infection. However, 
the decision to perform hysterectomy is difficult, especially in a case of a young nulliparous 
woman or a woman with an affected child and should be performed only in cases where 
woman’s life is at risk. Although very rare, potentially fatal sepsis can occur after invasive 
prenatal diagnostic procedures. Sepsis can begin with very subtle clinical signs and 
symptoms, but quickly develop complications, which can become irreversible if intervention 
is delayed.   

3.8 Septic abortion 
Septic abortion, an abortion related with infection and complicated by fever, endometritis, 
and parametritis, remains one of the most serious threats to the health of women throughout 
the world85. More than 95% of the septic abortion and septic shock cases are synonymous 
with illegal, criminal or non-medical abortions86. The most important effect of the 
legalization of abortion on public health in the U.S.A. was the almost elimination of deaths 
due to infection from illegal abortion87,88. The mortality rate after septic abortion has been 
decreased dramatically after the introduction of broad spectrum antibiotics. In the U.S.A., is 
0.4 cases per 100,000 legal abortions, whereas, in Europe is 1 case per 100,000 legal 
abortions89,90. Abortion remains a primary cause of maternal death in Third World countries. 
W.H.O. estimates that 25-50% of the 500,000 maternal deaths that occurs every year result 
from illegal abortion91. Abortion-related deaths result primarily from sepsis92. 
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Author Procedure Management Complications Outcome Culture 
Wurster et al.63 Amniocentesis Hysterectomy NA Recovery C. welchii 
Fray et al.73 Amniocentesis Hysterectomy NA Recovery Clostridium+S. 

rubidaea+Citrobacte
r 

Muggah et al.74 CVS Hysterectomy DIC-ARDS Recovery E. coli 
Hovav et al.75 Amniocentesis D&C ARDS-ARF Recovery C. perfrigens+E.coli 
Ayadi et al.76 Amniocentesis D&C DIC-ARDS-

cardiac arrest 
Deceased C. perfrigens+E.coli 

Thabet et al.77 Amniocentesis Expulsion DIC-MOF Recovery Klebsiella+Enteroba
cter 

Winer et al. (2 
cases)78 

Amniocentesis Induction of 
abortion 

DIC-
cardiorespirator
y arrest 

Recovery E.coli 

Lau Tze Kin et 
al.79 

Amniocentesis Abortion+antibi
otic 

DIC-hypoxemia Recovery E. coli 

Paz et al.80 CVS Antibiotic -  Candida albicans 
Hamanishi et al.69 Amniocentesis Abortion+hyster

ectomy 
DIC-MOF Recovery E.coli 

Li Kim Mui et 
al.81 

Cordocentesis Abortion - Recovery C. perfrigens+S. 
aureus 

Plachouras et al.60 Amniocentesis+
Cordocentesis 

Hysterectomy DIC-MOF Recovery C. perfrigens 

Oron et al.64 CVS Antibiotic - Recovery Group B β-
hemolytic 
Streptococcus 

Kye Hun Kim et 
al.82 

Amniocentesis Conservative DIC-AMI Recovery E.coli 

Thorp et al.83 Amniocentesis Conservative DIC Deceased E.coli 
Elchalal et al. (2 
cases)84 

Amniocentesis Antibiotic+D&C DIC-MOF Deceased E.coli 

NA: not available; CVS: chorionic villous sampling; DIC: disseminated intravascular coagulation; 
ARDS: adult respiratory distress syndrome; D&C: dilation and curettage; ARF: acute renal failure; 
MOF: multiple organ failure; AMI: acute myocardial infarction 

Table 3. Case report of sepsis after invasive prenatal diagnosis 

The risk of sepsis from abortion rises from the first trimester of pregnancy to the second89. In 
the first trimester, abortion is readily performed by vacuum curettage, usually in an 
outpatient setting. Incomplete abortions produced by incompetent physicians represent 
another risk factor. Insertion of rigid foreign objects into the uterus or cervix increases the 
risk of perforation and infection93. Intrauterine instillation of soap solution containing cresol 
and phenol has been abandoned, due to the risk of uterine necrosis, renal failure, toxicity to 
the central nervous system, cardiac depression, and respiratory arrest94.  
The bacteria associated with septic abortion are usually polymicrobial, derived from the 
normal flora of the vagina and endocervix, with the important addition of sexually 
transmitted pathogens95,96. Septic shock complicates approximately 0.7% of septic abortions 
and the offending organisms are Gram-negative bacteria (Escherichia coli, Aerobacter 
aerogenes, Proteus mirabilis or vulgaris and Pseudomonas aeruginosa) which produce an 
endotoxin86. However, Gram-positive bacteria (Clostridium welchii or perfrigens, Neisseria 
gonorrhoae, Staphylococcus epidermisis, Streptococcus agalactiae), anaerobic bacteria and 
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women61,62. Infection is usually mild to moderate. There are, however, sporadic reports in 
the literature describing cases of post-procedure sepsis with devastating results60. 
Deterioration to septic shock may develop in 0.03% to 0.19% of intra-amniotic infection 
cases63. 
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ascending infection, direct inoculation of intestinal germs, and rarely, after use of deficiently 
sterilized equipment and direct spread of the infection from the vagina to the blood stream, 
by-passing the uterus64. Direct inoculation of vaginal or cervical pathogens into the uterine 
cavity may underlie the development of sepsis after trans-cervical CVS65-67. The reported 
rate of transient post-procedure bacteremia is 4.1% for transcervical CVS and nearly zero for 
transabdominal procedure64,68. Inoculation of intestinal germs has been implicated in cases 
of sepsis after transabdominal procedures. In such cases, peritoneal signs are expected to 
predominate69. 
Incubation time is usually short, and the onset of symptoms is usually manifested within 24 
hours after the procedure. The onset can be insidious, but the clinical and laboratory 
indicators deteriorate quickly, and the progress can be fulminant60. Clostridium perfrigens, 
together with Escherihia coli, are the most common pathogens encountered in cases of sepsis 
after prenatal diagnosis and they are associated with severe and serious complications. Other 
pathogens isolated from endometrial remnants or blood cultures after amniocentesis or CVS 
include Klebsiella pneumoniae, Enterobacter, Staphylococcus aureus, Serratia rubidaea, Citrobacter, 
Clostridium welchii, group B β-hemolytic streptococcus, and Candida albicans (Table 3). 
Administration of prophylactic antibiosis is not recommended since most retrospective 
studies failed to prove a direct association between needle insertion and maternal or fetal 
complications70-72. Prospective, double-blind studies in this topic are lacking. In cases of 
sepsis, evacuation of the uterine cavity and suction curettage can be performed. In severe 
cases prompt hysterectomy with the dead fetus in situ may be advisable if there is evidence 
of sepsis with hemolysis, multiple organ failure and rapid progress of infection. However, 
the decision to perform hysterectomy is difficult, especially in a case of a young nulliparous 
woman or a woman with an affected child and should be performed only in cases where 
woman’s life is at risk. Although very rare, potentially fatal sepsis can occur after invasive 
prenatal diagnostic procedures. Sepsis can begin with very subtle clinical signs and 
symptoms, but quickly develop complications, which can become irreversible if intervention 
is delayed.   

3.8 Septic abortion 
Septic abortion, an abortion related with infection and complicated by fever, endometritis, 
and parametritis, remains one of the most serious threats to the health of women throughout 
the world85. More than 95% of the septic abortion and septic shock cases are synonymous 
with illegal, criminal or non-medical abortions86. The most important effect of the 
legalization of abortion on public health in the U.S.A. was the almost elimination of deaths 
due to infection from illegal abortion87,88. The mortality rate after septic abortion has been 
decreased dramatically after the introduction of broad spectrum antibiotics. In the U.S.A., is 
0.4 cases per 100,000 legal abortions, whereas, in Europe is 1 case per 100,000 legal 
abortions89,90. Abortion remains a primary cause of maternal death in Third World countries. 
W.H.O. estimates that 25-50% of the 500,000 maternal deaths that occurs every year result 
from illegal abortion91. Abortion-related deaths result primarily from sepsis92. 
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Muggah et al.74 CVS Hysterectomy DIC-ARDS Recovery E. coli 
Hovav et al.75 Amniocentesis D&C ARDS-ARF Recovery C. perfrigens+E.coli 
Ayadi et al.76 Amniocentesis D&C DIC-ARDS-

cardiac arrest 
Deceased C. perfrigens+E.coli 
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Winer et al. (2 
cases)78 

Amniocentesis Induction of 
abortion 

DIC-
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Recovery E.coli 

Lau Tze Kin et 
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DIC-MOF Recovery E.coli 
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Thorp et al.83 Amniocentesis Conservative DIC Deceased E.coli 
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NA: not available; CVS: chorionic villous sampling; DIC: disseminated intravascular coagulation; 
ARDS: adult respiratory distress syndrome; D&C: dilation and curettage; ARF: acute renal failure; 
MOF: multiple organ failure; AMI: acute myocardial infarction 

Table 3. Case report of sepsis after invasive prenatal diagnosis 

The risk of sepsis from abortion rises from the first trimester of pregnancy to the second89. In 
the first trimester, abortion is readily performed by vacuum curettage, usually in an 
outpatient setting. Incomplete abortions produced by incompetent physicians represent 
another risk factor. Insertion of rigid foreign objects into the uterus or cervix increases the 
risk of perforation and infection93. Intrauterine instillation of soap solution containing cresol 
and phenol has been abandoned, due to the risk of uterine necrosis, renal failure, toxicity to 
the central nervous system, cardiac depression, and respiratory arrest94.  
The bacteria associated with septic abortion are usually polymicrobial, derived from the 
normal flora of the vagina and endocervix, with the important addition of sexually 
transmitted pathogens95,96. Septic shock complicates approximately 0.7% of septic abortions 
and the offending organisms are Gram-negative bacteria (Escherichia coli, Aerobacter 
aerogenes, Proteus mirabilis or vulgaris and Pseudomonas aeruginosa) which produce an 
endotoxin86. However, Gram-positive bacteria (Clostridium welchii or perfrigens, Neisseria 
gonorrhoae, Staphylococcus epidermisis, Streptococcus agalactiae), anaerobic bacteria and 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

320 

Chlamydia trachomatis are all possible pathogens86, 97. Because of the variety of bacterial 
agents that can be associated with septic abortion, no-one antibiotic agent is ideal. The 
regimens recommended for outpatient management of pelvic inflammatory disease (PID) 
are appropriate for early post-abortion infection limited to the uterine cavity95.  
The diagnosis of septic abortion must be considered when any woman of reproductive age 
presents with vaginal bleeding, lower abdominal pain, and fever. If the woman has had 
symptoms for several days, a generalized, serious illness may be present. Bacteremia, which 
is more common with septic abortion than with other pelvic infection, may result in septic 
shock and the adult respiratory distress syndrome98. Management of severe sepsis requires 
eradication of the infection and supportive care for the cardiovascular system and other 
involved organ systems. Any tissue remaining from the pregnancy must be evacuated 
without delay as soon as antibiotic therapy and fluid resuscitation have been started. In 
critically ill women with severe sepsis, a hysterectomy will probably be needed. Other 
indications of laparotomy are uterine perforation with a suspected bowel injury, a pelvic 
abscess, and clostridial myometritis98.  
Cervical dilation with laminaria placement has been also associated rarely, with septic 
abortion and septic shock99. Laminarias are sea plant with hydroscopic properties that 
enable their expansion up to five times in diameter over 12-24 hours, thereby gradually 
dilating the cervix. The potential of laminarias to harbor pathogens led some investigators to 
speculate that colonization of laminaria tents may lead to post-abortion infection. However, 
with modern sterilization techniques, the associated infection rates are similar to those 
achieved with standard methods for cervical dilation99. 
Nowadays, medical termination of pregnancy using mifepristone and/or misoprostol 
doesn’t require admission to the hospital or anesthesia and is alternative to surgical 
termination100. The incidence of uterine infection after medical termination of pregnancy is 
very low. However, severe and fatal infections have been reported in certain cases; most of 
them were associated with Clostridium infections and development of toxic shock 
syndrome101-103. Klebsiella pneumoniae has also been reported as the cause of septic shock 
after medical termination of pregnancy with misoprostol-only regimen100. Although a direct 
association of these drugs and septic shock has established, it was postulated that 
mifepristone blocks both progesterone and glucocorticoid receptors and affects the innate 
immune system104. However, most of these severe and occasionally fatal complications are 
the result from inappropriate usage of drugs without any medical monitoring and 
consultation.  

3.9 Non-obstetric causes of septic shock 
Septic shock in the pregnant woman usually results from an infection in the urinary or 
genital tract. Pyelonephritis is the most frequent cause of bacterial shock associated with 
pregnancy105. Enlargement of the uterus during the 2nd and 3rd trimester of pregnancy may 
cause stricture and/or obstruction of the ureters, a condition that predisposes to urinary 
infections and pyelonephritis. Escherichia coli is responsible for most of the cases. Klebsiella 
pneumoniae, Proteus species, and Enterobacter-Citrobacter are less common pathogens.  
All pregnant women should be screened for the presence of bacteriuria at their first prenatal 
visit. Failure to treat bacteriuria during pregnancy may result in as many as 25% of women 
experiencing acute pyelonephritis106. Acute pyelonephritis has an incidence of 
approximately 0.1-1% in pregnancy; most occurs at second trimester107. It is associated with 
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multiple complications, including fetal growth restriction, preterm labour, cerebral palsy 
and septicemia, although the underlying mechanisms are poorly understood108. One 
mechanism could be the alteration in the profile of angiogenic and anti-angiogenic factors 
(increased expression of vascular endothelial growth factor [VEGF], decreased expression of 
PIGF and sVEGFR-2) observed in cases with acute pyelonephritis that resembles the one 
observed in sepsis109. In most reports of acute pyelonephritis the incidence of bacteremia is 
not stated. However, 20% of women with severe pyelonephritis will develop complications 
that include septic shock syndrome or its presumed variants110. These latter include renal 
dysfunction, hemolysis and thrombocytopenia, and pulmonary capillary injury. In another 
series of 55,621 pregnant women with acute pyelonephritis, the incidence of septic shock in 
pregnancy was 3.77%111. The first fatal case of gestational interstitial tubulonephritis and 
chronic pyelitis caused by Escherichia coli has been recently described 112. In the great 
majority of cases, continued fluid and antimicrobial therapy result in a salutary outcome, 
but there is still an occasional maternal morbidity.  
Post-partum endometritis (PE) can also result to septic shock. Patients with PE may show a 
delayed response to antibiotic treatment because of the development of septic pelvic vein 
thrombosis26. In these cases heparin should be administered. Patients who do not respond 
to antibiotics and heparin should be considered to have thrombosis of the vasculature of the 
uterus or an abscess26. Decreased perfusion of the myometrium does not permit adequate 
antibiotic levels to be established in the myometrium and uterine necrosis could be 
observed. In such occasions, hysterectomy should be performed.  
Various other conditions have been reported to predispose the pregnant woman to sepsis 
and septic shock including pelvic abscess, wound infection, necrotizing fasciitis, 
appendiceal abscess, acute cholecystitis, septic pelvic vein thrombosis, pneumonia, 
pancreatitis, and lupus.  

4. Septic shock in gynecologic patients 
In Gynecology, incidence of sepsis have been increased during the last 15 years, presumably 
due to an aging population, an increase in the number of invasive procedures performed, 
and possibly due to a resistance to the current antibiotic treatment appeared in the infecting 
pathogens. Sepsis-related situations in Gynecology can be found, in women using intra 
uterine devices (IUD), after untreated pelvic inflammatory disease (PID), after toxic shock 
syndrome provoked mainly by the use of tampons during menstrual period, and in patients 
with gynecological cancer. The above causes will be discussed explicitly, thereafter. 

4.1 Toxic shock syndrome 
Toxic shock syndrome (TSS), is a rare, life-threatening, multiorgan illness that is caused by 
toxins that circulate in the bloodstream. Development of TSS involves three distinct stages: 
local proliferation of toxin-producing bacteria at the site of infection, production of toxin, 
and exposure of this toxin to the immune system with resultant immune response113,114. 
Toxic shock syndrome was initially identified as a pediatric infection in 1978115. Subsequent 
reports identified an association with tampon use by menstruating women.116-118.  Menstrual 
TSS is more likely in women using highly absorbent tampons, using tampons for more days of 
their cycle, and keeping a single tampon in place for a longer period of time. Over the past two 
decades, the number of cases of menstrual TSS (1 case per 100,000) has steadily declined; this is 
thought to be due to the withdrawal of highly absorbent tampons from the market116. 
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Chlamydia trachomatis are all possible pathogens86, 97. Because of the variety of bacterial 
agents that can be associated with septic abortion, no-one antibiotic agent is ideal. The 
regimens recommended for outpatient management of pelvic inflammatory disease (PID) 
are appropriate for early post-abortion infection limited to the uterine cavity95.  
The diagnosis of septic abortion must be considered when any woman of reproductive age 
presents with vaginal bleeding, lower abdominal pain, and fever. If the woman has had 
symptoms for several days, a generalized, serious illness may be present. Bacteremia, which 
is more common with septic abortion than with other pelvic infection, may result in septic 
shock and the adult respiratory distress syndrome98. Management of severe sepsis requires 
eradication of the infection and supportive care for the cardiovascular system and other 
involved organ systems. Any tissue remaining from the pregnancy must be evacuated 
without delay as soon as antibiotic therapy and fluid resuscitation have been started. In 
critically ill women with severe sepsis, a hysterectomy will probably be needed. Other 
indications of laparotomy are uterine perforation with a suspected bowel injury, a pelvic 
abscess, and clostridial myometritis98.  
Cervical dilation with laminaria placement has been also associated rarely, with septic 
abortion and septic shock99. Laminarias are sea plant with hydroscopic properties that 
enable their expansion up to five times in diameter over 12-24 hours, thereby gradually 
dilating the cervix. The potential of laminarias to harbor pathogens led some investigators to 
speculate that colonization of laminaria tents may lead to post-abortion infection. However, 
with modern sterilization techniques, the associated infection rates are similar to those 
achieved with standard methods for cervical dilation99. 
Nowadays, medical termination of pregnancy using mifepristone and/or misoprostol 
doesn’t require admission to the hospital or anesthesia and is alternative to surgical 
termination100. The incidence of uterine infection after medical termination of pregnancy is 
very low. However, severe and fatal infections have been reported in certain cases; most of 
them were associated with Clostridium infections and development of toxic shock 
syndrome101-103. Klebsiella pneumoniae has also been reported as the cause of septic shock 
after medical termination of pregnancy with misoprostol-only regimen100. Although a direct 
association of these drugs and septic shock has established, it was postulated that 
mifepristone blocks both progesterone and glucocorticoid receptors and affects the innate 
immune system104. However, most of these severe and occasionally fatal complications are 
the result from inappropriate usage of drugs without any medical monitoring and 
consultation.  

3.9 Non-obstetric causes of septic shock 
Septic shock in the pregnant woman usually results from an infection in the urinary or 
genital tract. Pyelonephritis is the most frequent cause of bacterial shock associated with 
pregnancy105. Enlargement of the uterus during the 2nd and 3rd trimester of pregnancy may 
cause stricture and/or obstruction of the ureters, a condition that predisposes to urinary 
infections and pyelonephritis. Escherichia coli is responsible for most of the cases. Klebsiella 
pneumoniae, Proteus species, and Enterobacter-Citrobacter are less common pathogens.  
All pregnant women should be screened for the presence of bacteriuria at their first prenatal 
visit. Failure to treat bacteriuria during pregnancy may result in as many as 25% of women 
experiencing acute pyelonephritis106. Acute pyelonephritis has an incidence of 
approximately 0.1-1% in pregnancy; most occurs at second trimester107. It is associated with 
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multiple complications, including fetal growth restriction, preterm labour, cerebral palsy 
and septicemia, although the underlying mechanisms are poorly understood108. One 
mechanism could be the alteration in the profile of angiogenic and anti-angiogenic factors 
(increased expression of vascular endothelial growth factor [VEGF], decreased expression of 
PIGF and sVEGFR-2) observed in cases with acute pyelonephritis that resembles the one 
observed in sepsis109. In most reports of acute pyelonephritis the incidence of bacteremia is 
not stated. However, 20% of women with severe pyelonephritis will develop complications 
that include septic shock syndrome or its presumed variants110. These latter include renal 
dysfunction, hemolysis and thrombocytopenia, and pulmonary capillary injury. In another 
series of 55,621 pregnant women with acute pyelonephritis, the incidence of septic shock in 
pregnancy was 3.77%111. The first fatal case of gestational interstitial tubulonephritis and 
chronic pyelitis caused by Escherichia coli has been recently described 112. In the great 
majority of cases, continued fluid and antimicrobial therapy result in a salutary outcome, 
but there is still an occasional maternal morbidity.  
Post-partum endometritis (PE) can also result to septic shock. Patients with PE may show a 
delayed response to antibiotic treatment because of the development of septic pelvic vein 
thrombosis26. In these cases heparin should be administered. Patients who do not respond 
to antibiotics and heparin should be considered to have thrombosis of the vasculature of the 
uterus or an abscess26. Decreased perfusion of the myometrium does not permit adequate 
antibiotic levels to be established in the myometrium and uterine necrosis could be 
observed. In such occasions, hysterectomy should be performed.  
Various other conditions have been reported to predispose the pregnant woman to sepsis 
and septic shock including pelvic abscess, wound infection, necrotizing fasciitis, 
appendiceal abscess, acute cholecystitis, septic pelvic vein thrombosis, pneumonia, 
pancreatitis, and lupus.  

4. Septic shock in gynecologic patients 
In Gynecology, incidence of sepsis have been increased during the last 15 years, presumably 
due to an aging population, an increase in the number of invasive procedures performed, 
and possibly due to a resistance to the current antibiotic treatment appeared in the infecting 
pathogens. Sepsis-related situations in Gynecology can be found, in women using intra 
uterine devices (IUD), after untreated pelvic inflammatory disease (PID), after toxic shock 
syndrome provoked mainly by the use of tampons during menstrual period, and in patients 
with gynecological cancer. The above causes will be discussed explicitly, thereafter. 

4.1 Toxic shock syndrome 
Toxic shock syndrome (TSS), is a rare, life-threatening, multiorgan illness that is caused by 
toxins that circulate in the bloodstream. Development of TSS involves three distinct stages: 
local proliferation of toxin-producing bacteria at the site of infection, production of toxin, 
and exposure of this toxin to the immune system with resultant immune response113,114. 
Toxic shock syndrome was initially identified as a pediatric infection in 1978115. Subsequent 
reports identified an association with tampon use by menstruating women.116-118.  Menstrual 
TSS is more likely in women using highly absorbent tampons, using tampons for more days of 
their cycle, and keeping a single tampon in place for a longer period of time. Over the past two 
decades, the number of cases of menstrual TSS (1 case per 100,000) has steadily declined; this is 
thought to be due to the withdrawal of highly absorbent tampons from the market116. 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

322 

In the most typical form of toxic shock syndrome, the bacteria, most commonly, group A 
Streptococcus, Staphylococcus aureus and Clostridium sordellii produce an enterotoxin that 
transfers into the bloodstream, provoking the overstimulation of the immune system. This, 
in turn, causes the severe symptoms of TSS, such as: fever, rash, myalgias, diarrhea, 
vomiting, headache, sore throat, vaginal discharge, rigors, desquamation (typically of the 
palms and soles), hypotension, and multi-organ failure (involving at least 3 or more organ 
systems116,119,120. The mortality rate of toxic shock syndrome is approximately 5-15%, and 
recurrences have been reported in as many as 30-40% of cases121,122. 
The role of tampons in the pathogenesis of TSS is incompletely understood. Although 
tampons are not a source for toxigenic S.aureus and do not appear to increase the S. aureus 
cell density vaginally, studies have shown that tampons used during menstruation often 
colonized with this pathogen123,124. Vaginal conditions during menses and tampon use, 
contribute to the proliferation of toxin-producing S.aureus. An elevated vaginal temperature 
and neutral pH, both of which occur during menses are enhanced by tampon use, allowing 
bacterial proliferation125. Endometrial blood can serve as a medium for bacterial growth; 
persistence of this blood in the cervical and vaginal canal with tampon use has been also 
shown to increase the proliferation of S.aureus126. In addition, synthetic fibers are thought to 
alter the availability of certain substrates to lactobacilli, a normal vaginal colonist that limits 
the proliferation of S.aureus. The same conditions also aid in the production of TSS Toxin-1. 
Menses and tampon use increase the partial pressure of both oxygen and carbon dioxide, 
which also stimulate toxin production127. In addition, tampons obstruct the flow of 
endometrial blood and may even cause the reflux of blood and bacteria into the uterus. 
Toxic shock syndrome is the typical example of a systemic inflammatory response 
syndrome, with virtually all of the effects derived from immune mediators rather than as a 
direct result of infection. The diagnosis of TSS should be considered in a patient who 
presents with septic shock but without any obvious source of infection. The case fatality 
rates for menstrual-related STSS have declined from 5.5% in 1980 to 1.8% in 1996121,122. 
Organ supportive therapy remains the standard of care with antibiotics used to prevent 
recurrence, although newer immune-based therapies are being developed that may help in 
the treatment of TSS and other inflammatory syndromes in the future. 

4.2 Pelvic inflammatory disease (PID) 
Pelvic inflammatory disease (PID) refers to acute infection of the upper genital tract 
structures in women, involving any or all of the cervix, uterus, fallopian tubes, ovaries and 
surrounding structures. By definition, PID is a community-acquired infection, initiated by a 
sexually transmitted agent, distinguishing it from pelvic infections due to medical 
procedures, pregnancy and other primary abdominal processes. Pelvic inflammatory 
disease in the United States annually accounts for about 2,5 million outpatient visits, 200,000 
hospitalizations and 100,000 surgical procedures128. It is the most frequent gynecologic cause 
for emergency department visits (350,000/year)128,129. 
PID is most frequently caused by bacteria that are transmitted through sexual contact and 
other bodily secretions. Bacteria that cause gonorrhea and additionally the Chlamydia 
trachomatis cause more than half of cases. Many studies suggest that a number of patients 
with PID and other sexually transmitted diseases are often infected with two or more 
infectious agents and commonly these are Chlamydia trachomatis, Neisseria gonorrhoeae and 
Mycoplasma genitalium130. Sexually active adolescent females and women younger than 25 

 
Septic Shock in Obstetrics and Gynecology 

 

323 

years are at greatest risk, although PID can occur at any age. Abdominal pain (usually 
lower) or tenderness, fever, nausea, vomiting, back pain, unusual or heavy vaginal 
discharge, abdominal uterine bleeding, painful urination, painful sexual intercourse are 
some of the symptoms of PID131. 
The vaginal flora of most normal, healthy women includes a variety of potentially 
pathogenic bacteria132. Among these are species of streptococci, staphylococci, 
Enterobacteriaceae (most commonly, Klebsiella spp, Escherichia coli, and Proteus spp), and a 
variety of anaerobes. Compared with the dominant hydrogen peroxide-producing 
Lactobacillus, these organisms are present in low numbers, and ebb and flow under the 
influence of hormonal changes, contraceptive method, sexual activity, and other as yet 
unknown forces. Complete disruption of the vaginal ecosystem can occur, in which 
anaerobic bacteria assume predominance over the desirable strains of lactobacilli133. Then an 
ascending infection occurs causing: cervicitis, endometritis, salpingitis or hydro-, pyo-
salpinx. In tubes and ovaries, salpingo-oophoritis (acute, subacute and chronic) or a tubo-
ovarian abscess may also occur. In the peritoneal cavity spreading of the infection causes 
pelvic and/or generalized peritonitis or a pelvic abscess. Infection may be also spread 
through the uterine wall into broad ligaments to cause pelvic cellulitis (parametritis), a 
broad ligament abscess or septic thrombophlebitis of the ovarian or uterine veins, leading to 
septicemia with few local signs134.  
Bacteremia is an unusual condition and is not correlated with PID. Blood cultures for 
women hospitalized with acute PID showed negative results in 97% of the cases135. The 
results of blood culture are not affect the clinical management of PID and routine specimens 
may not be needed from patients hospitalized for acute PID135. However, if diagnosis and 
treatment are not performed in a timely manner, PID may cause sepsis, septic shock and 
even death. Even if they survive, as many as 15% to 20% of these women experience long-
term sequelae of PID, such as ectopic pregnancy, tubo-ovarian abscess, infertility, 
dyspareunia and chronic pelvic pain. The best treatments for PID are interventions that lead 
to prevention and early detection136.   

4.3 Intrauterine devices (IUD)  
Intrauterine contraceptive devices (IUDs) are highly effective, long-term methods of 
contraception. It is also one of the most cost-effective method available, providing long-term 
protection137. Most modern IUDs are medicated; they contain either copper or a progestin to 
enhance the contraceptive action of the device. The total number of current IUD users is 
estimated at over 150 million women worldwide138. Infection risk is a relative 
contraindication to fitting any woman with an IUD, it is only present for a few weeks after 
insertion and probably arises from an undiagnosed cervical infection at the time of insertion.  
Although evidence of a direct association between IUD use and PID is scarce, concerns 
about PID related to IUDs use has limited their use throughout the world. On the other 
hand, bacteriologic cultures of removed IUDs have shown that the bacterial flora of the 
removed IUDs consisted of common aerobic and anaerobic microorganisms that do not 
account for PID139. In a study with 200 subjects, the most common bacteria identified from 
removed IUDs were Staphylococcus coagulase negative, Esherichia coli, and Enterococcus 
faecalis139. The authors concluded that culture of the removed IUDs and therapeutic 
management of women with positive cultures are not recommended when women are 
asymptomatic for PID139. A systematic review reported the risks of PID with insertion of an 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

322 

In the most typical form of toxic shock syndrome, the bacteria, most commonly, group A 
Streptococcus, Staphylococcus aureus and Clostridium sordellii produce an enterotoxin that 
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IUD in the presence of existing infection. With IUD insertion in the presence of Chlamydia 
infection or gonorrhoea, subsequent PID rates were 0-5%, compared to insertion in the 
absence of infection (0-2%)140. Although trial results do not indicate the need to screen for 
and treat sexually transmitted diseases before inserting and IUD141, it is rationale to suggest 
that the insertion of an IUD is indicated only in women with negative vaginal cultures 
(Table 4)142.  
 

NOT contraindicated Contraindicated 
Increased risk of STI or HIV Current PID 
Continuation after STI diagnosed Current purulent cervicitis 
Past PID Chlamydial infection 
Past ectopic pregnancy Gonorrheal infection 
HIV or AIDS Pelvic tuberculosis 
Diabetes Puerperal sepsis 
Menorrhagia Septic abortion 
Fibroids  
Age<20  

STI: sexually transmitted infection; PID: pelvic inflammatory disease 

Table 4. Conditions in which intrauterine contraception is and is NOT contraindicated 
(WHO, 2004) 

In cases of vaginal infection, it is possible that the insertion of an IUD carries bacteria into 
the uterus and traumatizing the endometrium causes several infections. Cases of vaginitis143, 
transfer of actinomyces into the uterine cavity144, PID145, and even toxic shock syndrome146, 
and sepsis147, have occasionally been reported. Three cases of streptococcal toxic shock 
syndrome following insertion of an IUD have been reported, recently146,148,149. This pathogen 
is not normally found in the vaginal flora or after an intrauterine device is inserted150. 
However, an association between the use of IUD and the risk for infection and sepsis does 
not exist. Conditions which represent an unacceptable health risk if an IUD is inserted are: 
current PID, current purulent cervicitis, chlamydial or gonorrheal infection, as well as, 
pelvic tuberculosis, puerperal sepsis, and septic abortion (Table 4)151.  

4.4 Gynecologic cancer 
Sepsis and septic shock are not directly associated with gynecologic cancer. The female 
cancer patient is a vulnerable patient. Usually after having undergone a difficult operation, 
followed up by several chemotherapy cycles, has reduced defenses against infection due to: 
a) reduced antibody formation; b) deficient cell immunity; c) reduced or abnormal 
granulocytes; d) damaged mucocutaneous barriers, such as, ulceration of the oropharynx 
due to methotrexate toxicity; e) obstruction of biliary and urinary tracts. Thus, 
myelosuppression may also give rise to an acute septic problem associated with 
neutropenia, granulocytopenia. In these patients, any infection may have an acute form 
leading to rapid septicemia and severe shock developing rapidly. 
The frequency of patients with gynecologic cancer and septic shock is not seen very often. In 
a recent study, the mortality rate was 33% (of 6 reported cases, 2 died)152. Sepsis can occur 
independently of the optimal management of cancer. Among 74 women with gynecologic 
cancer, there was one death due to the development of septic shock in a patient with 

 
Septic Shock in Obstetrics and Gynecology 

 

325 

optimal cytoreductive operation153. Toxic shock syndrome has been developed in a patient 
with a metastatic cervical cancer154. In advanced operations (pelvic exenterosis) where a 
colostomy has been performed, there is also a possibility of sepsis due to spillage of stool 
upon maturing the colostomy155. When operations for gynecologic cancer involve the 
intestine there is increased possibility for sepsis. In a series of 113 patients three died due to 
sepsis post-operatively156. Early diagnosis, careful monitoring, prompt removal of septic 
foci, and appropriate antibiotic and supportive treatment are the most important factors 
influencing prognosis in these patients.  

5. Conclusion 
Sepsis and septic shock are not specifically correlated with obstetrics or gynecologic 
conditions. Risk factors that may predispose an Ob/Gyn patient to infectious agents are 
essentially the same risk factors that place any patient in harm’s way. In Obstetrics, a prior 
history of peripatum infection, prolonged rupture of membranes, or genitourinary 
instrumentation associated with cardiovascular instability and fever should raise the 
possibility of septic shock.  
Patients with obstetrics or gynecologic problems are not different in the management of 
septic shock with other patients that sepsis results from other organs. Management of a 
patient with septic shock requires simultaneous administration of agents to reverse 
the pathophysiologic processes set in motion. It is important to treat patients with sepsis 
early and vigorously. Volume expansion and correction of hypovolemia are critical. 
Understanding the pathways, mediators, feedback loops and interactions involved in the 
pathogenesis of sepsis and organ failure has advanced profoundly, giving us the 
opportunity to treat sepsis-related multiple organ failure, and therefore, improve both 
survival rates and quality of life of women patients. 
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1. Introduction 
Severe sepsis and septic shock are major concerns within our health care system, accounting 
for 2.26 cases per 100 hospital discharges (Angus et al., 2001). The incidence of sepsis has 
increased by 9% each year (Martin et al., 2003), and mortality ranges from 17.9% to 70% 
depending on severity of disease and factors such as age, sex, ethnic origin, and 
comorbidities (Angus et al., 2001; Martin et al., 2003; Alberti et al., 2002). The annual 
economic burden of severe sepsis in the United States is $17 billion (Angus et al., 2001).  
Early goal-directed therapy is a stepwise approach to treatment of severe sepsis and septic 
shock and includes fluid resuscitation, optimizing hemodynamic parameters, early and 
appropriate antibiotic administration, and source identification and control (Figure 1). The 
appropriate use of EGDT has shown to significantly reduce mortality, demonstrating an 
absolute risk reduction in mortality of 16% compared to physician-driven treatment (Rivers 
et al., 2001). Beyond these recommendations, there are several adjunctive therapies which  
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(i.e. dobutamine, 
milrinone)
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Cultures Antimicrobial 
Agents
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therapy

 
Adapted from the Surviving Sepsis Campaign guidelines for management of severe sepsis and septic 
shock (Dellinger et al., 2008). 

Fig. 1. Early Goal-Directed Therapy. 
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have been studied; their use, however, is highly dependent upon severity of illness, 
response to EGTD, and patient-specific characteristics. The use of these adjunctive therapies 
is also limited by their evidence in the literature compared to other approaches such as fluid 
resuscitation and early and appropriate antibiotic administration. 
The goal of this chapter is to discuss alternative pharmacologic therapies for the treatment of 
septic shock following the initiation and optimization of EGDT. The therapies discussed in 
this chapter are as follows: corticosteroids, activated protein C, immunoglobulin, statins, 
and toll-like receptor inhibitors. 

2. Pathophysiology of sepsis 
The rationale for use of targeted therapies in sepsis is based on pathophysiologic processes. 
As discussed in other chapters, sepsis results from the complex interaction between an 
infecting pathogen and host responses, including inflammation, coagulation and the 
immune system (Russel, 2006).  The immune system, which consists of mucosal defences to 
prevent host tissue invasion, is comprised of endogenous bacterial flora and structural 
barriers, an early response mounted by the innate immune system, and a delayed response 
via the adaptive immune system (Nduka & Parrillo, 2009). The key concept in the 
development and progression from infection to sepsis to severe sepsis and septic shock is 
the disparity between the host response and the invading organism’s virulence.  

3. Corticosteroids 
3.1 Mechanism of action 
Adrenal insufficiency is a common finding in patients with severe sepsis and septic shock 
(Annetta et al., 2009).  Previous literature has demonstrated that elevated baseline cortisol 
levels or inadequate response to stimulation via a corticotropin test are associated with 
higher mortality (Annane et al., 2000). 
Secretion of cortisol is controlled by the hypothalamic-pituitary-adrenal (HPA) axis and 
stimulated by fevers, pain, hypoxia, hypoglycemia and alterations in blood pressure. 
Stimulation of the HPA axis causes the hypothalamus to release corticotropin-releasing 
hormone (CRH), which in turn stimulates the pituitary to release adrenocorticotropic 
hormone (ACTH) (Figure 2) (Schimmer & Funder, 2011). Release of ACTH causes the zona 
fasciculata of the adrenal cortex to release glucocorticoids, primarily cortisol. Cortisol then 
inhibits further release of CRH and ACTH via a negative feedback mechanism (Annetta  
et al., 2009). 
Glucocorticoids have various effects on the body, mediating cardiovascular, metabolic, 
immunologic and inflammatory systems. Glucocorticoids are required for normal reactivity 
to α-mediated endogenous catecholamines (i.e norepinephrine, epinephrine) and 
angiotensin II (Chrousos, 2009). Not only do they stimulate the production of 
catecholamines, but they potentiate their actions through up-regulation of α-adrenergic 
receptors. Glucocorticoids also lead to inhibition of nitric oxide and prostaglandin synthesis, 
resulting in modulation of vascular permeability (Annetta et al., 2009; Marik et al., 2008). 
Metabolic effects of glucocorticoids include stimulation of gluconeogenesis and 
glycogenolysis resulting in increased blood glucose concentrations. Glucocorticoids activate 
proteinolysis in muscle and inhibit protein synthesis, resulting in increased free amino acid 
substrate for gluconeogenesis. Hyperglycemia is beneficial in stressful states such as sepsis 
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due to increased energy requirements (Pilkis & Granner, 1992).  Glucocorticoids inhibit 
osteoblasts and activate osteoclasts, resulting in bone destruction. They also decrease 
calcium stores through inhibition of intestinal calcium uptake and increased urinary 
secretion by decreasing renal reabsorption (Annetta et al., 2009). Glucocorticoids have potent 
anti-inflammatory and immune-modulating effects. They decrease the amount and function 
of several immune cells, including T and B lymphocytes, macrophages, neutrophils, 
eosinophils, and monocytes. They also modulate the activity and production of cytokines 
[i.e interleukin-1 (IL-1), IL-2, IL-6 and tumor necrosis factor alpha (TNF-α)], chemokines and 
other inflammatory mediators, such as histamine and bradykinin. Lastly, glucocorticoids 
have anti-inflammatory effects via propagation of the release of anti-inflammatory factors 
(IL-10, IL-1 receptor antagonist and soluble TNF receptor) (Annetta et al., 2009; Marik et al., 
2008; Fahey & Guyre, 1981). 
Severe illness and stress activate the HPA axis. Once activated, serum levels of cortisol-
binding globulin levels fall up to 50%, resulting in a significant increase in the amount of 
free cortisol (Ho et al., 2006). In critically ill patients this pathway may be impaired, 
resulting in adrenal insufficiency. Prevalence of adrenal insufficiency in septic shock has 
been reported in up to 60% of patients (Annane et al., 2006). The mechanism of action of 
HPA axis dysfunction is poorly-understood, but may include decreased production of  
CRH, ACTH, cortisol, and the dysfunction of their receptors.  Accord to the American 
College of Critical Care Medicine guidelines, HPA axis dysfunction in the setting of critical 
illness is best-described as critical illness-related corticosteroid insufficiency (CIRCI) (Marik 
et al., 2008).  

3.2 Pharmacology 
Many synthetic corticosteroids (e.g. dexamethasone, prednisone, etc.) have been developed 
to address pharmacological and therapeutic concerns, such as bioavailability and variable 
glucocorticoid and mineralocorticoid potencies (See Table 1). These agents are primarily 
used for their anti-inflammatory effects in disorders of various organ systems 
(Hydrocortisone prescribing information, 2010; Chrousos, 2008). 
Hydrocortisone is the pharmaceutical product equivalent to cortisol; therefore, it is used as 
replacement therapy in adrenocortical deficiency states (Hydrocortisone prescribing 
information, 2010; Chrousos, 2008).  
Hydrocortisone is available intravenously as the highly water-soluble hydrocortisone sodium 
succinate, which permits the immediate intravenous or intramuscular administration of high 
doses of hydrocortisone in a small volume of diluent.  Following the intravenous injection of 
hydrocortisone sodium succinate, demonstrable effects are evident within one hour and 
persist for a variable period. Hydrocortisone is primarily bound to corticosteroid-binding 
globulin.  Only 5% to 10% is unbound and biologically active. It is metabolized in the liver to 
inactive metabolites. Renal excretion of the administered dose is nearly complete within 12 
hours (Hydrocortisone prescribing information, 2010; Schimmer, 2011).  
Fludrocortisone is a synthetic corticosteroid with both glucocorticoid and mineralocorticoid 
activity; however, it has a much higher mineralocorticoid potency, producing marked 
sodium retention and increased urinary potassium excretion (Fludrocortisone prescribing 
information, 2009; Chrousos, 2008). 
Following oral administration, 100% of fludrocortisone is detected in the serum, half of 
which is bound to plasma proteins. It is metabolized in the liver and excreted renally with a 
half-life of 3.5 hours (Fludrocortisone prescribing information, 2009). 
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2008; Fahey & Guyre, 1981). 
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binding globulin levels fall up to 50%, resulting in a significant increase in the amount of 
free cortisol (Ho et al., 2006). In critically ill patients this pathway may be impaired, 
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(Hydrocortisone prescribing information, 2010; Chrousos, 2008). 
Hydrocortisone is the pharmaceutical product equivalent to cortisol; therefore, it is used as 
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hours (Hydrocortisone prescribing information, 2010; Schimmer, 2011).  
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activity; however, it has a much higher mineralocorticoid potency, producing marked 
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Following oral administration, 100% of fludrocortisone is detected in the serum, half of 
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Fig. 2. Corticosteroid mechanism of action. 
 

Relative potency to 
Hydrocortisone Pharmacokinetics

Equivalent 
Glucocorticoid

Dose (mg)
Glucocorticoid Mineralocorticoid Plasma half-life 

(minutes)
Duration of 

Action (hours)

Short Acting
Hydrocortisone 

(Cortisol) 20 1 1 90 8-12

Intermediate Acting

Prednisone 5 4 0.8 60 12-36

Prednisolone 5 4 0.8 200 12-36

Methylprednisolon
e 4 5 0.5 180 12-36

Long Acting

Dexamethasone 0.75 30 0 200 36-54

Mineralocorticoid

Fludrocortisone 0 15 150 240 24-36

Aldosterone 0 0 400+ 20 --

Reference: Adrenal Cortical Steroids. Drug Facts and Comparisons. 5th ed. St. Louis, Facts and Comparisons, Inc.:122-128, 1997  
Table 1. Corticosteroid Dosing and Equivalence 
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3.3 Clinical trials 
Several clinical trials have been conducted assessing the use of steroid therapy in sepsis.  
In the last decade, four meta-analyses have been conducted to evaluate the benefit of 
corticosteroids in sepsis. The first two meta-analyses demonstrated high-dose corticosteroid 
use in sepsis and septic shock did not improve survival rates. (Cronin et al., 1995; Lefering & 
Neugebauer, 1995). The next two demonstrated long courses of low-dose corticosteroids to aid 
in earlier reversal of shock as well as a mortality benefit (Annane et al., 2004; Minneci et  
al., 2004). 
The first landmark trial in recent years assessing the use of corticosteroids in septic shock was 
a randomized, placebo-controlled, double-blind, multicenter study assessing hydrocortisone 
50 mg intravenous every 6 hours and fludrocortisone 50 µg by mouth daily for 7 days versus 
placebo in 300 patients with vasopressor-unresponsive septic shock (Annane et al., 2002).  
This study demonstrated significant shock reversal and a reduction in mortality in patients 
with relative adrenal insufficiency (non-responders to a corticotropin test). Adverse  
effects were similar between the two groups. The authors concluded that treatment with low 
doses of hydrocortisone and fludrocortisone significantly reduced the risk of death in patients 
with septic shock and relative adrenal insufficiency without increasing adverse events 
(Annane et al., 2002). 
The second clinical trial in recent years (the CORTICUS trial)  was a randomized, placebo-
controlled, double-blind, multicenter study assessing 251 patients that received hydrocortisone 
50 mg intravenous every 6 hours for 5 days versus 248 patients that received placebo (Sprung 
et al., 2008). This study failed to show a mortality benefit with steroid therapy for patients in 
septic shock with relative adrenal insufficiency (non-responders to a corticotropin test).  In the 
hydrocortisone group, shock was reversed earlier than in the placebo group; however, there 
were more episodes of superinfection, including new sepsis and septic shock.  (Sprung et al., 
2008). The external validity of this trial may be limited due to the inclusion of patients, 
regardless of their blood pressure response to vasopressors. This is an issue as patients with 
patients with blood pressures responsive to vasopressor therapy would likely not be 
candidates for steroid therapy. 

3.4 Place in therapy 
Based on the results of the aforementioned studies, there is much discord in regards to the 
optimal time to initiate corticosteroids for septic shock. Corticosteroids appear to reverse 
shock more rapidly, but effects on mortality are unclear and many adverse effects have been 
reported. Consensus guidelines suggest that intravenous hydrocortisone (200-300 mg daily 
in divided doses) be given only to adult septic shock patients unresponsive to fluid 
resuscitation and vasopressor therapy. The addition of oral fludrocortisone (50 µg daily) to 
corticosteroid therapy is considered optional if hydrocortisone is used (Dellinger et al., 2008; 
Marik et al., 2008). 

3.5 Adverse effects 
Complications associated with the use of corticosteroids are dependent upon dosage and 
duration of therapy. In critically ill patients, the most important adverse effects include 
immune suppression with an increased risk of infections (both typical and opportunistic), 
impaired wound healing, hyperglycemia, myopathies, hypokalemia, psychosis, HPA axis 
and GR suppression (Annetta et al., 2009). 
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3.3 Clinical trials 
Several clinical trials have been conducted assessing the use of steroid therapy in sepsis.  
In the last decade, four meta-analyses have been conducted to evaluate the benefit of 
corticosteroids in sepsis. The first two meta-analyses demonstrated high-dose corticosteroid 
use in sepsis and septic shock did not improve survival rates. (Cronin et al., 1995; Lefering & 
Neugebauer, 1995). The next two demonstrated long courses of low-dose corticosteroids to aid 
in earlier reversal of shock as well as a mortality benefit (Annane et al., 2004; Minneci et  
al., 2004). 
The first landmark trial in recent years assessing the use of corticosteroids in septic shock was 
a randomized, placebo-controlled, double-blind, multicenter study assessing hydrocortisone 
50 mg intravenous every 6 hours and fludrocortisone 50 µg by mouth daily for 7 days versus 
placebo in 300 patients with vasopressor-unresponsive septic shock (Annane et al., 2002).  
This study demonstrated significant shock reversal and a reduction in mortality in patients 
with relative adrenal insufficiency (non-responders to a corticotropin test). Adverse  
effects were similar between the two groups. The authors concluded that treatment with low 
doses of hydrocortisone and fludrocortisone significantly reduced the risk of death in patients 
with septic shock and relative adrenal insufficiency without increasing adverse events 
(Annane et al., 2002). 
The second clinical trial in recent years (the CORTICUS trial)  was a randomized, placebo-
controlled, double-blind, multicenter study assessing 251 patients that received hydrocortisone 
50 mg intravenous every 6 hours for 5 days versus 248 patients that received placebo (Sprung 
et al., 2008). This study failed to show a mortality benefit with steroid therapy for patients in 
septic shock with relative adrenal insufficiency (non-responders to a corticotropin test).  In the 
hydrocortisone group, shock was reversed earlier than in the placebo group; however, there 
were more episodes of superinfection, including new sepsis and septic shock.  (Sprung et al., 
2008). The external validity of this trial may be limited due to the inclusion of patients, 
regardless of their blood pressure response to vasopressors. This is an issue as patients with 
patients with blood pressures responsive to vasopressor therapy would likely not be 
candidates for steroid therapy. 

3.4 Place in therapy 
Based on the results of the aforementioned studies, there is much discord in regards to the 
optimal time to initiate corticosteroids for septic shock. Corticosteroids appear to reverse 
shock more rapidly, but effects on mortality are unclear and many adverse effects have been 
reported. Consensus guidelines suggest that intravenous hydrocortisone (200-300 mg daily 
in divided doses) be given only to adult septic shock patients unresponsive to fluid 
resuscitation and vasopressor therapy. The addition of oral fludrocortisone (50 µg daily) to 
corticosteroid therapy is considered optional if hydrocortisone is used (Dellinger et al., 2008; 
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3.5 Adverse effects 
Complications associated with the use of corticosteroids are dependent upon dosage and 
duration of therapy. In critically ill patients, the most important adverse effects include 
immune suppression with an increased risk of infections (both typical and opportunistic), 
impaired wound healing, hyperglycemia, myopathies, hypokalemia, psychosis, HPA axis 
and GR suppression (Annetta et al., 2009). 
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4. Activated protein C 
4.1 Mechanism of action 
In sepsis, toxins and inflammatory cytokines (i.e. TNF-α and IL-1) cause direct activation of 
coagulation via up-regulation of tissue factor (TF) from monocytes and endothelial cells 
(Figure 3) (Bernard et al., 2001). TF leads to thrombin formation and fibrin clot. In addition 
inflammatory cytokines and thrombin can impair the endogenous fibrinolysis by stimulating 
the release of plasminogen-activator inhibitor 1 (PAI-1) from platelets and endothelial cells. 
PAI-1 is a potent inhibitor of tissue plasminogen activator, which lyses clots. Thrombin further 
potentiates the prothrombotic state when it activates thrombin-activatable fibrinolysis 
inhibitor (TAFI) (Toussaint & Gerlach, 2009; Dellinger, 2003; Bernard et al., 2001).  
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Actions of activated protein C: 1, Inhibit the production of inflammatory cytokines (TNF-α, IL-1, IL-
6); 2, inactivation of factors VIIIa and Va, limiting the production of thrombin; therefore, TAFI’s actions 
are also prevented; 3, inhibition of PAI-1; 4, reduce rolling of neutrophils and monocytes on injured 
endothelium by binding selectins. 
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Fig. 3. Mechanisms of action of Activated Protein C  

Protein C is activated when thrombin binds to thrombomodulin, which is impaired by  
the inflammatory response. Endothelial injury and pro-inflammatory cytokines decrease 
thrombomodulin levels resulting in activation of the coagulation cascade (Bernard et  
al., 2001). Coagulation in sepsis can lead to microvascular thrombosis, organ ischemia, 
multiorgan dysfunction, and death. Activated protein C is an anticoagulant and  
pro-fibrinolytic that exerts its effect through inactivation of clotting factors Va, VIIIa,  
and PAI-1, limiting the production of thrombin. A reduction in thrombin results in 
decreased activation of the coagulation cascade and also modulation of the systemic 
inflammatory response associated with sepsis (Toussaint & Gerlach, 2009; Dellinger, 2003; 
Bernard et al., 2001). 

4.2 Pharmacology 
Activated protein C is available pharmacologically as drotrecogin alfa. Following 
continuous intravenous administration of drotrecogin alfa at doses between 12 
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µg/kilograms (kg)/hour (hr) to 30 µg/kg/hr, steady state concentrations are reached within 
two hours. Drotrecogin alfa and endogenous activated protein C are inactivated  
by endogenous plasma protease inhibitors; therefore, no dosing adjustments are  
necessary for renal or hepatic dysfunction. The initial phase has a half-life of 13  
minutes and the second phase half-life is 1.6 hours (Drotrecogin alpha prescribing 
information, 2008).  

4.3 Clinical trials 
Two major clinical trials have explored the mortality benefit of drotrecogin alfa in patients 
with severe sepsis and septic shock. The first, the PROWESS study, was a randomized, 
double-blind, placebo-controlled, multicenter trial that enrolled 1690 patients with 
systemic inflammation and organ failure due to acute infection (Bernard et al., 2001). 
Patients received an intravenous infusion of either placebo or drotrecogin alfa at 24 
μg/kg/hr for 96 hours. This study was terminated early due to an absolute reduction in 
mortality of 6.1% in the treatment group (P=0.005). The incidence of serious bleeding was 
significantly higher in the drotrecogin alfa group than in the placebo group. A limitation 
of this study is the inclusion of prospectively-defined subgroup analyses performed for 
various baseline characteristics [i.e Acute Physiology and Chronic Health Evaluation 
(APACHE II) score, age, sex, protein C deficiency].  Although the authors stated there 
were consistent treatment effects between these groups, this may be misleading as 
subgroup analyses, in general, lack an intent to treat group as well as have the potential 
for sampling bias and sample error.   
In the recently –completed PROWESS-SHOCK trial, drotrecogin alpha failed to demonstrate 
a survival benefit. Preliminary analysis showed a 28-day all cause mortality rate of 26.4%  
in drotrecogin alpha group compared to 24.2% in placebo-treated patients (P=0.31). As a 
result, the manufacturer has announced a worldwide voluntary market withdrawal of 
drotrecogin alpha. 

4.4 Place in therapy 
Based on the results of the PROWESS trial, the Food and Drug Administration (FDA) 
approved drotrecogin alfa, but required a second study be conducted to evaluate its efficacy 
in patients with severe sepsis with a low risk of death. The ADDRESS study enrolled 2640 
patients with severe sepsis and an APACHE II score <25 or single organ failure to receive 
the same intervention as above (Abraham et al., 2005).  This trial was terminated early due 
to an increased risk of bleeding with no significant reduction in 28-day mortality (Abraham 
et al., 2005).  

4.5 Adverse effects 
As observed in clinical trials, bleeding is the significant adverse effect associated with 
administration of activated protein C (Bernard et al., 2001; Abraham et al., 2005). 

5. Immunoglobulin 
5.1 Mechanism of action 
Intravenous immunoglobulin G (IVIG) contains IgG antibodies produced by B 
lymphocyte cells pooled from several thousands of blood donors. IVIG generates high 
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multiorgan dysfunction, and death. Activated protein C is an anticoagulant and  
pro-fibrinolytic that exerts its effect through inactivation of clotting factors Va, VIIIa,  
and PAI-1, limiting the production of thrombin. A reduction in thrombin results in 
decreased activation of the coagulation cascade and also modulation of the systemic 
inflammatory response associated with sepsis (Toussaint & Gerlach, 2009; Dellinger, 2003; 
Bernard et al., 2001). 

4.2 Pharmacology 
Activated protein C is available pharmacologically as drotrecogin alfa. Following 
continuous intravenous administration of drotrecogin alfa at doses between 12 
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µg/kilograms (kg)/hour (hr) to 30 µg/kg/hr, steady state concentrations are reached within 
two hours. Drotrecogin alfa and endogenous activated protein C are inactivated  
by endogenous plasma protease inhibitors; therefore, no dosing adjustments are  
necessary for renal or hepatic dysfunction. The initial phase has a half-life of 13  
minutes and the second phase half-life is 1.6 hours (Drotrecogin alpha prescribing 
information, 2008).  

4.3 Clinical trials 
Two major clinical trials have explored the mortality benefit of drotrecogin alfa in patients 
with severe sepsis and septic shock. The first, the PROWESS study, was a randomized, 
double-blind, placebo-controlled, multicenter trial that enrolled 1690 patients with 
systemic inflammation and organ failure due to acute infection (Bernard et al., 2001). 
Patients received an intravenous infusion of either placebo or drotrecogin alfa at 24 
μg/kg/hr for 96 hours. This study was terminated early due to an absolute reduction in 
mortality of 6.1% in the treatment group (P=0.005). The incidence of serious bleeding was 
significantly higher in the drotrecogin alfa group than in the placebo group. A limitation 
of this study is the inclusion of prospectively-defined subgroup analyses performed for 
various baseline characteristics [i.e Acute Physiology and Chronic Health Evaluation 
(APACHE II) score, age, sex, protein C deficiency].  Although the authors stated there 
were consistent treatment effects between these groups, this may be misleading as 
subgroup analyses, in general, lack an intent to treat group as well as have the potential 
for sampling bias and sample error.   
In the recently –completed PROWESS-SHOCK trial, drotrecogin alpha failed to demonstrate 
a survival benefit. Preliminary analysis showed a 28-day all cause mortality rate of 26.4%  
in drotrecogin alpha group compared to 24.2% in placebo-treated patients (P=0.31). As a 
result, the manufacturer has announced a worldwide voluntary market withdrawal of 
drotrecogin alpha. 

4.4 Place in therapy 
Based on the results of the PROWESS trial, the Food and Drug Administration (FDA) 
approved drotrecogin alfa, but required a second study be conducted to evaluate its efficacy 
in patients with severe sepsis with a low risk of death. The ADDRESS study enrolled 2640 
patients with severe sepsis and an APACHE II score <25 or single organ failure to receive 
the same intervention as above (Abraham et al., 2005).  This trial was terminated early due 
to an increased risk of bleeding with no significant reduction in 28-day mortality (Abraham 
et al., 2005).  

4.5 Adverse effects 
As observed in clinical trials, bleeding is the significant adverse effect associated with 
administration of activated protein C (Bernard et al., 2001; Abraham et al., 2005). 

5. Immunoglobulin 
5.1 Mechanism of action 
Intravenous immunoglobulin G (IVIG) contains IgG antibodies produced by B 
lymphocyte cells pooled from several thousands of blood donors. IVIG generates high 
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polyspecificity against bacterial, viral, parasitic and mycoplasma antigens and their 
toxins. It has been shown to be efficacious in various autoimmune and immunodeficiency 
diseases (Norrby-Teglund & Stevens, 1998). There are four subclasses of IgG (IgG1, IgG2, 
IgG3, and IgG4), of which IgG1 is the major component in IVIG preparations. IgA and 
IgM are also found in preparations of immunoglobulin; however quantities are minuscule 
compared to IgG.  IgG1 has several functions within the immune system, including 
complement activation, tissue protection and virus inactivation. IgG1 also opsonizes 
bacteria, marking these cells for ingestion and phagocytosis (Knapp & Colburn, 1990).  
Superantigens are a class of antigens that cause non-specific activation of T-cells, resulting in 
massive cytokine release. Patients infected with these antigens develop severe and rapidly-
progressing sepsis (Ryan & Ray, 2010).  Due to its ability to neutralize a broad range of 
superantigens and facilitate opsonization of streptococci (Norrby-Teglund & Stevens, 1998), 
IVIG therapy has been implicated in the treatment of septic shock secondary to group A 
Streptococci (GAS) infections, including necrotizing fasciitis and streptococcal toxic shock 
syndrome (STSS) (Darenberg et al., 2003). Both of these manifestations of GAS are severe, 
invasive infections with mortality rates up to 80% despite early and appropriate 
antimicrobial therapy (Davies et al., 1996).  

5.2 Pharmacology 
Immunoglobulin is available in subcutaneous and intravenous formulations. The 
bioavailability of subcutaneous immunoglobulin is approximately 73% compared to IVIG.  
After administration of IVIG (0.1–2 g/kg), serum concentrations rise, then fall rapidly in the 
first 1 to 7 days due to diffusion into lymph and extracellular fluid compartments 
(Immunoglobulin prescribing information, 2010). IVIG catabolism occurs slowly thereafter. 
The half-life of IgG is dependent on the half-lives of the IgG subclasses (Knapp & Colburn, 
1990). There are several commercial preparations of IVIG available that contain varying 
amounts of IgG subclasses. Therefore, the half-life is dependent upon the product used, 
which report half-lives ranging between 25-48 days (Bonilla, 2008).  

5.3 Clinical trials 
There is a preponderance of literature available on the use of IVIG for treatment of severe 
sepsis and septic shock. However, many of these studies are observational in nature and 
limited in the number of participants and statistical power.  
In order to assess the overall mortality benefit of IVIG therapy in severe sepsis and septic 
shock, a meta-analysis of 14 randomized controlled trials between 1988 and 2006 was 
conducted (Laupland et al., 2007). Most of these studies were small, ranging from 21 to 653 
participants, comprised primarily of surgical intensive care unit patients with gram-negative 
infections. The median dose of IVIG was 0.92g/kg, with an interquartile range (IQR) from 
0.75 to 1.0 g/kg, and half of the studies used preparations of IVIG that where enriched with 
IgA and/or IgM. Overall, there was a significant mortality benefit associated with use of 
IVIG in adults with sepsis. However, this effect was lost when only the high-quality studies 
where included in the analysis. High quality studies were considered those with adequate 
blinding, allocation concealment, and those that used intention-to-treat analysis. The 
authors concluded that further research is needed to determine the mortality benefit of IVIG 
in severe sepsis and septic shock (Laupland et al., 2007). 
One study included in the above meta-analysis focused specifically on patients with STSS. This 
was a randomized, placebo-controlled, double-blind, multicenter study of 21 patients, of 
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whom 10 received IVIG and 11 received placebo (Darenberg et al., 2003). This study was 
terminated prematurely due to slow patient recruitment, which was thought to be secondary 
to a low incidence of STSS in the participating centers. A dose of 1 g/kg on day 1 and 0.5 g/kg 
on days 2 and 3 was used. Though not statistically significant, the primary endpoint of 
mortality at 28 days was found to be 3.6-fold higher in placebo group (1 patient, IVIG vs. 4 
patients, placebo). Patients in the treatment group also had a significant decrease in the sepsis-
related organ failure assessment (SOFA) score at days 2 and 3. This study is limited by the 
number of patients enrolled; however it demonstrates that further research should be 
conducted to determine the benefit of IVIG therapy in STSS. 

5.4 Place in therapy 
The sepsis guidelines recommend that IVIG be used in children with sepsis and septic 
shock; however, there are no formal recommendation for the use of IVIG in adults.  
(Dellinger et al., 2008) The aforementioned meta-analysis demonstrated a mortality benefit 
with IVIG therapy as an adjuvant to standard of care.  However, at this time further research 
is needed to determine which patients would benefit most from IVIG therapy.  Though high 
quality studies are limited, there may be a mortality benefit in using IVIG in patients with 
STSS. The theoretical benefit of IVIG in septic patients infected with superantigen-
generating pathogens is supported by one small study; however, larger, well-designed 
studies are needed.  At present IVIG should be considered in patients with rapidly 
progressing sepsis due to confirmed or suspected GAS. 

5.5 Adverse effects 
The most common adverse reactions observed in ≥5% of the patients were headache, 
pyrexia, fatigue, rigors, nausea, chills, dizziness, vomiting, migraines, pain in extremities, 
urticaria, and cough. Hypersensitivity reactions have also been observed, so epinephrine 
should be readily available when administering.  IVIG can induce a severe fall in blood 
pressure with anaphylactic reaction, even in patients who have tolerated previous treatment 
with IVIG (Immunoglobulin prescribing information, 2010). 
Caution should be used in patients with acute or chronic renal failure, as over 100 cases of 
renal failure associated with IVIG have been reported.  Patients predisposed to acute renal 
failure include those with any degree of preexisting renal insufficiency, diabetes mellitus, 
age greater than 65, volume depletion, sepsis, paraproteinemia, or patients receiving known 
nephrotoxic drugs. Especially in such patients, IGIV products should be administered at the 
minimum concentration available and the minimum rate of infusion feasible (Bonilla et al., 
2008; Immunoglobulin prescribing information, 2010).  
Aseptic meningitis has also been associated with IVIG use.  There appears to be an increased 
risk of aseptic meningitis in patients with a history of migraines.  Possible inciting factors 
include the IgG itself, various stabilizing products within each of the preparations, cytokine 
release triggered by the therapy, or cerebrovascular sensitivity (Sekul et al., 1994).  

6. Statins 
6.1 Mechanism of action 
Statins are a class of lipid-lowering agents which inhibit the enzyme 3-hydroxyl-3-
methylglutaryl-coenzyme A (HMG-CoA) reductase. Traditionally, they have been indicated 
for primary and secondary prevention of cardiovascular disease due their effects on 
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polyspecificity against bacterial, viral, parasitic and mycoplasma antigens and their 
toxins. It has been shown to be efficacious in various autoimmune and immunodeficiency 
diseases (Norrby-Teglund & Stevens, 1998). There are four subclasses of IgG (IgG1, IgG2, 
IgG3, and IgG4), of which IgG1 is the major component in IVIG preparations. IgA and 
IgM are also found in preparations of immunoglobulin; however quantities are minuscule 
compared to IgG.  IgG1 has several functions within the immune system, including 
complement activation, tissue protection and virus inactivation. IgG1 also opsonizes 
bacteria, marking these cells for ingestion and phagocytosis (Knapp & Colburn, 1990).  
Superantigens are a class of antigens that cause non-specific activation of T-cells, resulting in 
massive cytokine release. Patients infected with these antigens develop severe and rapidly-
progressing sepsis (Ryan & Ray, 2010).  Due to its ability to neutralize a broad range of 
superantigens and facilitate opsonization of streptococci (Norrby-Teglund & Stevens, 1998), 
IVIG therapy has been implicated in the treatment of septic shock secondary to group A 
Streptococci (GAS) infections, including necrotizing fasciitis and streptococcal toxic shock 
syndrome (STSS) (Darenberg et al., 2003). Both of these manifestations of GAS are severe, 
invasive infections with mortality rates up to 80% despite early and appropriate 
antimicrobial therapy (Davies et al., 1996).  

5.2 Pharmacology 
Immunoglobulin is available in subcutaneous and intravenous formulations. The 
bioavailability of subcutaneous immunoglobulin is approximately 73% compared to IVIG.  
After administration of IVIG (0.1–2 g/kg), serum concentrations rise, then fall rapidly in the 
first 1 to 7 days due to diffusion into lymph and extracellular fluid compartments 
(Immunoglobulin prescribing information, 2010). IVIG catabolism occurs slowly thereafter. 
The half-life of IgG is dependent on the half-lives of the IgG subclasses (Knapp & Colburn, 
1990). There are several commercial preparations of IVIG available that contain varying 
amounts of IgG subclasses. Therefore, the half-life is dependent upon the product used, 
which report half-lives ranging between 25-48 days (Bonilla, 2008).  

5.3 Clinical trials 
There is a preponderance of literature available on the use of IVIG for treatment of severe 
sepsis and septic shock. However, many of these studies are observational in nature and 
limited in the number of participants and statistical power.  
In order to assess the overall mortality benefit of IVIG therapy in severe sepsis and septic 
shock, a meta-analysis of 14 randomized controlled trials between 1988 and 2006 was 
conducted (Laupland et al., 2007). Most of these studies were small, ranging from 21 to 653 
participants, comprised primarily of surgical intensive care unit patients with gram-negative 
infections. The median dose of IVIG was 0.92g/kg, with an interquartile range (IQR) from 
0.75 to 1.0 g/kg, and half of the studies used preparations of IVIG that where enriched with 
IgA and/or IgM. Overall, there was a significant mortality benefit associated with use of 
IVIG in adults with sepsis. However, this effect was lost when only the high-quality studies 
where included in the analysis. High quality studies were considered those with adequate 
blinding, allocation concealment, and those that used intention-to-treat analysis. The 
authors concluded that further research is needed to determine the mortality benefit of IVIG 
in severe sepsis and septic shock (Laupland et al., 2007). 
One study included in the above meta-analysis focused specifically on patients with STSS. This 
was a randomized, placebo-controlled, double-blind, multicenter study of 21 patients, of 
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whom 10 received IVIG and 11 received placebo (Darenberg et al., 2003). This study was 
terminated prematurely due to slow patient recruitment, which was thought to be secondary 
to a low incidence of STSS in the participating centers. A dose of 1 g/kg on day 1 and 0.5 g/kg 
on days 2 and 3 was used. Though not statistically significant, the primary endpoint of 
mortality at 28 days was found to be 3.6-fold higher in placebo group (1 patient, IVIG vs. 4 
patients, placebo). Patients in the treatment group also had a significant decrease in the sepsis-
related organ failure assessment (SOFA) score at days 2 and 3. This study is limited by the 
number of patients enrolled; however it demonstrates that further research should be 
conducted to determine the benefit of IVIG therapy in STSS. 

5.4 Place in therapy 
The sepsis guidelines recommend that IVIG be used in children with sepsis and septic 
shock; however, there are no formal recommendation for the use of IVIG in adults.  
(Dellinger et al., 2008) The aforementioned meta-analysis demonstrated a mortality benefit 
with IVIG therapy as an adjuvant to standard of care.  However, at this time further research 
is needed to determine which patients would benefit most from IVIG therapy.  Though high 
quality studies are limited, there may be a mortality benefit in using IVIG in patients with 
STSS. The theoretical benefit of IVIG in septic patients infected with superantigen-
generating pathogens is supported by one small study; however, larger, well-designed 
studies are needed.  At present IVIG should be considered in patients with rapidly 
progressing sepsis due to confirmed or suspected GAS. 

5.5 Adverse effects 
The most common adverse reactions observed in ≥5% of the patients were headache, 
pyrexia, fatigue, rigors, nausea, chills, dizziness, vomiting, migraines, pain in extremities, 
urticaria, and cough. Hypersensitivity reactions have also been observed, so epinephrine 
should be readily available when administering.  IVIG can induce a severe fall in blood 
pressure with anaphylactic reaction, even in patients who have tolerated previous treatment 
with IVIG (Immunoglobulin prescribing information, 2010). 
Caution should be used in patients with acute or chronic renal failure, as over 100 cases of 
renal failure associated with IVIG have been reported.  Patients predisposed to acute renal 
failure include those with any degree of preexisting renal insufficiency, diabetes mellitus, 
age greater than 65, volume depletion, sepsis, paraproteinemia, or patients receiving known 
nephrotoxic drugs. Especially in such patients, IGIV products should be administered at the 
minimum concentration available and the minimum rate of infusion feasible (Bonilla et al., 
2008; Immunoglobulin prescribing information, 2010).  
Aseptic meningitis has also been associated with IVIG use.  There appears to be an increased 
risk of aseptic meningitis in patients with a history of migraines.  Possible inciting factors 
include the IgG itself, various stabilizing products within each of the preparations, cytokine 
release triggered by the therapy, or cerebrovascular sensitivity (Sekul et al., 1994).  

6. Statins 
6.1 Mechanism of action 
Statins are a class of lipid-lowering agents which inhibit the enzyme 3-hydroxyl-3-
methylglutaryl-coenzyme A (HMG-CoA) reductase. Traditionally, they have been indicated 
for primary and secondary prevention of cardiovascular disease due their effects on 
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reducing atherosclerosis.  Endogenous cholesterol production starts from the precursor 
acetyl-CoA, which then is converted to hydroxymethylglutaryl-CoA (HMG-CoA). HMG-
CoA reductase catalyzes the conversion of HMG-CoA to mevalonate in the rate-limiting 
step of cholesterol synthesis.  Mevalonate is then converted to cholesterol through several 
steps. Inhibition of HMG-CoA reductase has been shown to reduce total cholesterol, low-
density lipoprotein (LDL) cholesterol, apolipoprotein B, triglycerides, and increase high-
density lipoprotein (HDL) cholesterol (Goa et al., 2008; Terblanche et al., 2006).  
Independent from their lipid-lowering effects, statins exert various pleiotropic effects. They 
play a role in immune modulation, resulting in attenuation of the immune response. In 
animal models, statins have been shown to reduce leukocyte recruitment, adherence, and 
transmigration in a time-dependent manner (Goa et al., 2008; Diomede et al., 2001). Statins 
also cause a significant reduction of leucocytes adhesion to endothelium by down-
regulation endothelial cell adhesion molecules on the cell surface (Goa et al., 2008; Pruefer et 
al., 2002). Finally, statins affect monocyte function. In a double-blind, placebo-controlled 
study of 20 healthy male volunteers, simvastatin was shown to attenuate up-regulation of 
toll-like receptors (TLR) 2 and 4 on the surface of monocytes by more than half after a 
lipopolysaccharide challenge. Blocking TLR expression was associated with decreased 
concentrations immune cytokines, such as TNF-a and monocyte chemoattractant protein-1 
(Goa et al., 2008; Niessner et al., 2006).  
Statins also inhibit pro-inflammatory markers, decreasing response to activation of the 
inflammatory cascade. In animal studies, statins were shown to reduce exudate production 
of interleukin-6 (IL-6) and monocyte chemotactic proteins (Diomede et al., 2001), as well as 
TNF-a, IL-8 and other inflammatory mediators involved in sepsis (Grip et al., 2002).  Statins, 
particularly atorvastatin (Goa et al., 2008), have been shown to reduce serum concentrations 
of C-reactive protein (CRP), which is a major acute phase reactant in humans. CRP is 
produced mainly in the liver in response to IL-6. Statins decrease IL-6-induced CRP 
production through inhibition of protein geranylgeranylation within the hepatocytes 
(Arnaud et al., 2005).  
Statins also modulate the coagulation cascade. They reduce monocyte tissue factor (TF) 
expression, decrease concentrations of von Willebrand factor, increase the expression and 
functional activity of thrombomodulin which in turn binds to thrombin to activate protein 
C, reduce levels of plasminogen activator inhibitor-1 (PAI-1) and increase tissue-type 
plasminogen activator (tPA), and reduce platelet aggregation, and reduce conversion of 
prothrombin to thrombin leading to a decrease in levels of fibrinogen. (Goa et al., 2008; 
Steiner et al.,2005; Bickel et al., 2002; Terblanche et al., 2006; Shi et al., 2003; Bourcier & 
Libby, 2000). 
Endothelial cell dysfunction is central to the development of sepsis. Statins prevent this by 
increasing expression of endothelial nitric oxide synthase (eNOS), in conjunction with 
down-regulation of inducible nitric oxide synthase (iNOS). eNOS is activated to produce 
endothelium-derived NO for controlling vasomotor activity. This decreases occurrence of 
hypotension and attenuates resistance to vasoactive agents in patients with septic shock 
(Goa et al., 2008; McGown & Brookes, 2007).  

6.2 Pharmacology 
There are six different pharmacologic preparations of statins, each with varying dosing and 
relative potency (Table 2) (Goa et al., 2008; Pharmacist’s Letter, 2009). Lovastatin, pravastatin 
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sodium, and simvastatin are fungal-derived agents, whereas atorvastatin calcium, fluvastatin 
sodium and rosuvastatin are fully synthetic compounds (Goa et al., 2008). Statins are only 
available orally; therefore these agents cannot be administered to patients that do not have oral 
or enteral access for medication administration. Following absorption, statins undergo 
extensive first-pass extraction in the liver, thus the availability of drug in systemic circulation is 
variable. Most of the agents are metabolized in the liver through the cytochrome P450 (CYP 
450) system; therefore, careful examination for drug interactions is warranted. Pravastatin is 
metabolized hepatically via sulfation; therefore, it may be considered over other agents for 
patients on concomitant substrates or inhibitors of CYP3A4 or CYP2C9.  Statins have variable 
renal elimination. (Goa et al., 2008; Simvastatin prescribing information, 2011; Lovastatin 
prescribing information, 2010; Pravastain prescribing information, 2011).   
 

Statins*

Drug Dose 
(mg)

Equivalent 
Dose (mg)

Bioavailability 
(%)

Protein 
Binding (%)

Metabolism Half-life (hr)

Atorvastatin 10-80 20 12 98 CYP3A4 13-16

Fluvastatin 20-80 -- 24 98 CYP2C9 1-3

Lovastatin 20-80 80 5 >95 CYP3A4 2-3

Pitavastain 1-4 -- 80 96 UGT1A3,
UGT2B7

11

Pravastatin 10-40 80 20 43-67 sulfation 2-3

Rosuvastatin 10-40 5 20 90 CYP2C9 19

Simvastain 10-80** 40 5 95-98 CYP3A4 1-3

* Goa,2008; Pharmacist’s Letter, 2009
**Simvastain 80 mg is no longer recommended by the FDA unless previously maintained on this dose of > 1 year  

Table 2. Statin Dosing and Equivalence 

Though statins undergo hepatic metabolism, patients with renal dysfunction should exercise 
caution when using statins. They are also contraindicated in patients with active liver 
disease, including unexplained persistent elevations in hepatic transaminases (Simvastatin 
prescribing information, 2011). 
All statins are pregnancy category X, meaning that they are contraindicated in women who 
are or may become pregnant. Cholesterol and cholesterol derivatives are needed for normal 
fetal development, and congenital abnormalities have been reported (Simvastatin 
prescribing information, 2011). 

6.3 Clinical trials 
There is much literature demonstrating the lipid-lowering properties of statins, but 
randomized, controlled trials examining their pleiotropic effects for treatment of severe 
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reducing atherosclerosis.  Endogenous cholesterol production starts from the precursor 
acetyl-CoA, which then is converted to hydroxymethylglutaryl-CoA (HMG-CoA). HMG-
CoA reductase catalyzes the conversion of HMG-CoA to mevalonate in the rate-limiting 
step of cholesterol synthesis.  Mevalonate is then converted to cholesterol through several 
steps. Inhibition of HMG-CoA reductase has been shown to reduce total cholesterol, low-
density lipoprotein (LDL) cholesterol, apolipoprotein B, triglycerides, and increase high-
density lipoprotein (HDL) cholesterol (Goa et al., 2008; Terblanche et al., 2006).  
Independent from their lipid-lowering effects, statins exert various pleiotropic effects. They 
play a role in immune modulation, resulting in attenuation of the immune response. In 
animal models, statins have been shown to reduce leukocyte recruitment, adherence, and 
transmigration in a time-dependent manner (Goa et al., 2008; Diomede et al., 2001). Statins 
also cause a significant reduction of leucocytes adhesion to endothelium by down-
regulation endothelial cell adhesion molecules on the cell surface (Goa et al., 2008; Pruefer et 
al., 2002). Finally, statins affect monocyte function. In a double-blind, placebo-controlled 
study of 20 healthy male volunteers, simvastatin was shown to attenuate up-regulation of 
toll-like receptors (TLR) 2 and 4 on the surface of monocytes by more than half after a 
lipopolysaccharide challenge. Blocking TLR expression was associated with decreased 
concentrations immune cytokines, such as TNF-a and monocyte chemoattractant protein-1 
(Goa et al., 2008; Niessner et al., 2006).  
Statins also inhibit pro-inflammatory markers, decreasing response to activation of the 
inflammatory cascade. In animal studies, statins were shown to reduce exudate production 
of interleukin-6 (IL-6) and monocyte chemotactic proteins (Diomede et al., 2001), as well as 
TNF-a, IL-8 and other inflammatory mediators involved in sepsis (Grip et al., 2002).  Statins, 
particularly atorvastatin (Goa et al., 2008), have been shown to reduce serum concentrations 
of C-reactive protein (CRP), which is a major acute phase reactant in humans. CRP is 
produced mainly in the liver in response to IL-6. Statins decrease IL-6-induced CRP 
production through inhibition of protein geranylgeranylation within the hepatocytes 
(Arnaud et al., 2005).  
Statins also modulate the coagulation cascade. They reduce monocyte tissue factor (TF) 
expression, decrease concentrations of von Willebrand factor, increase the expression and 
functional activity of thrombomodulin which in turn binds to thrombin to activate protein 
C, reduce levels of plasminogen activator inhibitor-1 (PAI-1) and increase tissue-type 
plasminogen activator (tPA), and reduce platelet aggregation, and reduce conversion of 
prothrombin to thrombin leading to a decrease in levels of fibrinogen. (Goa et al., 2008; 
Steiner et al.,2005; Bickel et al., 2002; Terblanche et al., 2006; Shi et al., 2003; Bourcier & 
Libby, 2000). 
Endothelial cell dysfunction is central to the development of sepsis. Statins prevent this by 
increasing expression of endothelial nitric oxide synthase (eNOS), in conjunction with 
down-regulation of inducible nitric oxide synthase (iNOS). eNOS is activated to produce 
endothelium-derived NO for controlling vasomotor activity. This decreases occurrence of 
hypotension and attenuates resistance to vasoactive agents in patients with septic shock 
(Goa et al., 2008; McGown & Brookes, 2007).  

6.2 Pharmacology 
There are six different pharmacologic preparations of statins, each with varying dosing and 
relative potency (Table 2) (Goa et al., 2008; Pharmacist’s Letter, 2009). Lovastatin, pravastatin 
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sodium, and simvastatin are fungal-derived agents, whereas atorvastatin calcium, fluvastatin 
sodium and rosuvastatin are fully synthetic compounds (Goa et al., 2008). Statins are only 
available orally; therefore these agents cannot be administered to patients that do not have oral 
or enteral access for medication administration. Following absorption, statins undergo 
extensive first-pass extraction in the liver, thus the availability of drug in systemic circulation is 
variable. Most of the agents are metabolized in the liver through the cytochrome P450 (CYP 
450) system; therefore, careful examination for drug interactions is warranted. Pravastatin is 
metabolized hepatically via sulfation; therefore, it may be considered over other agents for 
patients on concomitant substrates or inhibitors of CYP3A4 or CYP2C9.  Statins have variable 
renal elimination. (Goa et al., 2008; Simvastatin prescribing information, 2011; Lovastatin 
prescribing information, 2010; Pravastain prescribing information, 2011).   
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Drug Dose 
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Equivalent 
Dose (mg)

Bioavailability 
(%)

Protein 
Binding (%)

Metabolism Half-life (hr)

Atorvastatin 10-80 20 12 98 CYP3A4 13-16
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Table 2. Statin Dosing and Equivalence 

Though statins undergo hepatic metabolism, patients with renal dysfunction should exercise 
caution when using statins. They are also contraindicated in patients with active liver 
disease, including unexplained persistent elevations in hepatic transaminases (Simvastatin 
prescribing information, 2011). 
All statins are pregnancy category X, meaning that they are contraindicated in women who 
are or may become pregnant. Cholesterol and cholesterol derivatives are needed for normal 
fetal development, and congenital abnormalities have been reported (Simvastatin 
prescribing information, 2011). 

6.3 Clinical trials 
There is much literature demonstrating the lipid-lowering properties of statins, but 
randomized, controlled trials examining their pleiotropic effects for treatment of severe 
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sepsis and septic shock are limited. Several retrospective and prospective observational 
studies have been conducting to explore infection-related mortality and incidence of 
hospitalization from sepsis in patients receiving statins. These studies have yielded mixed 
results (Almog et al., 2007; Gupta et al., 2007; Majumdar et al., 2006).  
In order to clarify the effects of statin use in patients with sepsis, a recent meta-analysis was 
conducted. Twenty studies were included in the analysis, of which 18 were cohort studies, 1 
matched cohort study with 2 case-control studies, and 1 randomized control trial (Janda et 
al., 2010). Meta-analysis for various infection-related outcomes favored use of statins for 30-
day mortality, in-hospital mortality, pneumonia-related mortality, bacteremia-related 
mortality, sepsis-related mortality, and mixed infection-related mortality. The analysis was 
limited by the cohort design of the selected studies and the degree of heterogeneity among 
them, necessitating further randomized controlled studies (Janda et al., 2010).  
One prospective, randomized, double-blind, placebo-controlled trial of 150 patients on 
preexisting statin therapy requiring hospitalization for infection compared atorvastatin 20 
milligrams (mg) to placebo ((Kruger et al., 2011). No difference was found in progression of 
sepsis during hospitalization. The rate of decline of severe sepsis was similar between the 
groups. There was also no difference in mortality between the two groups; however, most of 
the study patients were not critically ill. Investigators concluded that this study does not 
support a beneficial role of continuing pre-existing statin therapy in patients with sepsis.  
Cessation of statin therapy was not associated with adverse effects secondary to rebound 
inflammation (Kruger et al., 2011). 

6.4 Place in therapy 
Currently sepsis consensus guidelines make no mention of statins as an adjunctive therapy 
for treatment of severe sepsis and septic shock. Conflicting data precludes a definitive 
recommendation for continuing pre-existing statin therapy in patients admitted with severe 
sepsis or septic shock. In patients with patent oral or parenteral access for medications, 
continuing statin therapy may be considered.   

6.5 Adverse effects 
Statins are safe in the majority of patients receiving them; however, in recent years attention 
has been drawn to their ability to cause myopathies progressing to rhabodomyolysis and 
liver dysfunction. These adverse effects are of particular concern in patients that develop 
sepsis because liver failure is a common complication of sepsis and drugs used in treating 
sepsis, such as steroids and neuromuscular blocking agents, can also cause myopathies (Goa 
et al., 2008; Pasternak et al., 2002).    
Elevated liver transaminases occur in 0.5 to 2% of patients taking statins and are dose-
dependent; however, progression to liver failure due to statins is very rare. Reversal of 
elevated transaminases frequently occurs with reduction in dose, and elevations do not 
often recur with either re-challenge or selection of another statin. Cholestasis and active liver 
disease are contraindications to statin use, but exacerbation of liver disease by statins has 
not been shown (Pasternak et al., 2002).    
Myopathies are characterized by non-specific muscle aches or joint pain, usually without 
elevations in creatinine kinase (CK). Rarely, patients on statins may develop muscle aches 
and pains associated with elevated CK, generally >10 times the upper limit of normal 
(ULN).  Failure to discontinue statin therapy can lead to rhabdomyolysis, myoglobinuria, 
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and acute renal necrosis. In 2001, cerivastatin was withdrawn from the market due to 
reports of serious myopathy, including 31 reports of death from rhabdomyolysis in the 
United States (Pasternak et al., 2002). More recently, the Food and Drug Administration 
(FDA) has put out a recommendation to limit the use of simvastain 80 mg due to risk of 
muscle injury (FDA Consumer Health Information, 2011).  
In 2002, the American College of Cardiology/American Heart Association/National Heart, 
Lung and Blood Institute issued a clinical advisory on the use and safety of statins. It 
recommends that all patients initiated on a statin should have liver transaminases checked 
after 12 weeks of therapy, then annually. CK should be monitored at baseline, and then 
muscle symptoms should be evaluated 6 to 12 weeks after initiation. If symptoms are 
present, a CK should be obtained. This statement also highlighted patients at risk for 
developing myopathies, including patients >80 years, small body frame and frailty, 
multisystem disease, multiple medications, post-operative period, and specific concomitant 
medications (i.e. fibrates, azoles, macrolides, cyclosporine, protease inhibitors, verapamil 
and amiodarone) (Pasternak et al., 2002).     

7. Toll-like receptor inhibitors 
7.1 Mechanism of action 
Key components of the innate immune system are pattern recognition receptors (PRRs), 
such as toll-like receptors (TLRs). These agents act as sentinels against damage-associated 
molecular pattern molecules (DAMPs), alarmins, and invading organisms carrying 
pathogen-associated molecular patterns (PAMPs) (Zhu & Mohan, 2010). PAMPs are a 
diverse set of microbial molecules which contain different recognizable biochemical 
features that alert the organism to intruding pathogens. Alarmins are non-infectious 
endogenous molecules that signal tissue and cell damage. Both alarmins and PAMPs are a 
subgroup of DAMPs (Bianchi, 2007). Once TLRs sense DAMPs, the innate immune 
response and antigen-specific adaptive immune response are activated. An intracellular 
cascade of signaling molecules occurs that ultimately activates the transcription factors, 
nuclear factor- κB (NF-κB) and interferon regulatory factors (IRFs). These transcription 
factors lead to expression of various inflammatory cytokines, interferons, and chemokines 
(Zhu & Mohan, 2010). 
There are at least 10 types of TLRs that have been identified in humans. Bacterial flagellin 
and Toxoplasma profilin are recognized by TLR5, TLR11 and TLR12. Bacterial lipopeptides 
are recognized by TLR1, TLR2 and TLR6. Lipopolysaccharide (LPS), found in the outer 
membrane of gram-negative bacteria, and endotoxin are recognized by TLR4 (Zhu & 
Mohan, 2010). Pharmacologic agents targeting individual TLRs are being developed in order 
to prevent activation of the immune response associated with DAMP binding. Of particular 
interest in sepsis are TLR2 and TLR4 because expression of these PRRs is increased on 
monocytes in healthy volunteers undergoing an LPS challenge (Wittbole et al., 2005), and in 
patients with sepsis (Harter et al., 2004).  
TLR4 binds with MD2, an extracellular accessory protein, which form a complex that 
interacts with LPS (Figure 4) (Wittebole, et al., 2010). Eritoran is a LPS antagonist that  
binds to the TLR4-MD-2 complex, rendering it unable to illicit the immune response. 
Resatorvid is another agent that inhibits TLR4 signaling by binding directly to a specific 
amino acid in the TLR4-intracellular domain, thus is a TRL4 antagonist (Wittebole,  
et al., 2010).  
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sepsis and septic shock are limited. Several retrospective and prospective observational 
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diverse set of microbial molecules which contain different recognizable biochemical 
features that alert the organism to intruding pathogens. Alarmins are non-infectious 
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Mohan, 2010). Pharmacologic agents targeting individual TLRs are being developed in order 
to prevent activation of the immune response associated with DAMP binding. Of particular 
interest in sepsis are TLR2 and TLR4 because expression of these PRRs is increased on 
monocytes in healthy volunteers undergoing an LPS challenge (Wittbole et al., 2005), and in 
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TLR4 binds with MD2, an extracellular accessory protein, which form a complex that 
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et al., 2010).  



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

350 

Other medications that are currently marketed for other indications have been found to 
interact with TLRs in animal studies. Agents such as chloroquine, ketamine, nicotine and 
statins have various immunologic properties through their interactions with TLRs 
(Wittebole, et al., 2010), but few studies exist to determine the clinical relevance of these 
interactions in humans. 
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LPS=Lipopolysaccharide, LBP=Lipopolysaccharide-binding protein, TLR-4=toll-like receptor 4, 
MD2=myb regulated gene, MyD88=myeloid differentiation primary response gene, IRAK-
1=interleukin-1 receptor associated kinase, TRAF-6=TNFa receptor associated factor, IkB=inhibitory 
kappa B proteins, NFkB=nuclear factor kappa B, DNA=deoxyribonucleic acid 

Fig. 4. Toll-like receptor 4 mechanism of action 

7.2 Pharmacology 
Eritoran has been studied as an intravenous infusion in a phase I study. Following 
administration, it has a relatively low volume of distribution and a long half-life, up to  
62.7 hours. Eritoran is highly bound to lipoproteins and is cleared hepatically (Rossignol  
et al., 2004). 

7.3 Clinical trials 
Of all of the agents that have TLR-modulating properties, eritoran has been studied the 
most extensively. In a laboratory study, eritoran caused a dose-dependent inhibitory 
effect on IL-6 and TNF-α production in LPS-stimulated human monocytes from healthy 
volunteers (Czeslick et al., 2006). Another group of healthy volunteers were challenged 
with 4 ng/kg of LPS. All eritoran doses, from 50 mcg to 250 mcg, achieved statistically 
significant reductions in elevated temperature, heart rate, C-reactive protein levels, white 
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blood cell count, TNF-α and IL-6 levels compared to placebo. In doses >100 mcg/kg, 
eritoran ameliorated LPS-induced fever, chills, headache, myalgia, and tachycardia (Lynn 
et al., 2003).  
A recent prospective, randomized, double-blind, placebo-controlled, multicenter, ascending-
dose phase II trial was conducted in 293 patients who were randomized either eritoran high 
dose (105 mg), eritoran small dose (45 mg) or placebo. A trend towards a lower mortality 
rate was observed in patients at highest risk of mortality by APACHE II score quartile in the 
eritoran 105 mg group. A trend toward a higher mortality rate was observed in subjects in 
the lowest APACHE II score quartile for the eritoran 105 mg group. Number of adverse 
events was similar among all treatment groups (Tidswell et al., 2010).  
A phase III study comparing eritoran 105 mg to placebo in patients with severe sepsis was 
conducted; however, due to fact that the study did not meet its primary endpoint of 
reduction of 28-day all-cause mortality Eisai Inc. will not submit marketing authorization 
applications. The pharmaceutical company will continue an analysis of the data and 
determine next steps. 
Resatorvid was studied in a randomized, double-blind, placebo-controlled study of patients 
with severe sepsis and related respiratory or cardiovascular failure. Unfortunately,  
this study was ended prematurely due to insufficient cytokine suppression (Wittebole et  
al., 2010).  

7.4 Place in therapy 
Though eritoran and resatorvid are not currently marketed and are still under investigation 
for use in severe sepsis and septic shock, pharmacologic agents targeting TLR2 and TLR4 
remain promising interventions. 

7.5 Adverse effects 
Eritoran was well tolerated in clinical trials. Anemia, diarrhea, insomnia, acute renal failure, 
phlebitis and rash were observed more frequently in the group receiving eritoran compared 
to the group receiving placebo. Serious adverse events included cardiac arrest, hepatobiliary 
events, multiorgan failure, sepsis, atrial fibrillation, respiratory failure and deep vein 
thrombosis (Tidswell et al., 2010). 

8. Conclusion 
Despite initiation of EGDT, severe sepsis and septic shock remain a major cause of mortality 
and economic burden in the United States. Each of the therapies discussed above can  
be considered after optimization of EGDT once the etiology and severity of sepsis is 
determined.  
Though the use of corticosteroid remains controversial, hydrocortisone can be considered in 
patients that are hemodynamically unstable despite adequate fluid resuscitation and 
vasopressor therapy. It is unclear at this time if there is a role for IVIG in all patients with 
severe sepsis and septic shock. Because IVIG neutralizes superantigens and opsonizes 
streptococci, patients with confirmed or suspected group GAS infections may benefit from 
therapy. Continuation of pre-existing statin therapy can be considered in patients with 
severe sepsis and septic shock with intact oral or enteral access. Finally, while there are 
currently no available toll-like receptor inhibitors marketed in the United States, 
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blood cell count, TNF-α and IL-6 levels compared to placebo. In doses >100 mcg/kg, 
eritoran ameliorated LPS-induced fever, chills, headache, myalgia, and tachycardia (Lynn 
et al., 2003).  
A recent prospective, randomized, double-blind, placebo-controlled, multicenter, ascending-
dose phase II trial was conducted in 293 patients who were randomized either eritoran high 
dose (105 mg), eritoran small dose (45 mg) or placebo. A trend towards a lower mortality 
rate was observed in patients at highest risk of mortality by APACHE II score quartile in the 
eritoran 105 mg group. A trend toward a higher mortality rate was observed in subjects in 
the lowest APACHE II score quartile for the eritoran 105 mg group. Number of adverse 
events was similar among all treatment groups (Tidswell et al., 2010).  
A phase III study comparing eritoran 105 mg to placebo in patients with severe sepsis was 
conducted; however, due to fact that the study did not meet its primary endpoint of 
reduction of 28-day all-cause mortality Eisai Inc. will not submit marketing authorization 
applications. The pharmaceutical company will continue an analysis of the data and 
determine next steps. 
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with severe sepsis and related respiratory or cardiovascular failure. Unfortunately,  
this study was ended prematurely due to insufficient cytokine suppression (Wittebole et  
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interventions at the cellular level in sepsis are still in their infancy of investigation and 
present promising adjunctive therapies.  
 

Drug Mechanism Dose Adverse Effects

Corticosteroids

Metabolic, 
cardiovascular, 

immunologic and anti-
inflammatory properties

Hydrocortisone 
200-300 mg/day 

divided in 3-4 
doses

Immune suppression, increased 
risk of infections, impaired 

wound healing, hyperglycemia, 
myopathies, hypokalemia, 

psychosis, HPA axis and GR 
suppression

Activated Protein C Anticoagulant and pro-
fibrinolytic

24 mcg/kg/hr 
infusions for 96 

hours
Bleeding

IVIG

IgG antibodies; 
neutralize 

superantigens, opsonize
streptococci

Doses vary;
For STSS – 1 

g/kg on day 1, 0.5 
g/kg on day 2 &3

Headache, pyrexia, fatigue, 
rigors, nausea, chills, dizziness, 

vomiting, pain in extremity, 
urticaria, cough, hypersensitivity 
reactions, renal failure, aseptic 

meningitis

Statins
Immunologic, anti-
inflammatory, and 

anticoagulant properties 

Vary depending 
on agent (see 

table 2)

Myositis, rhabdomyolysis, 
elevated liver transaminases

TLR modulators Direct or indirect TLR 
inihibition

Eritoran 105 mg 
intravenous

Anemia, diarrhea, insomnia, 
acute renal failure, phlebitis and 

rash, cardiac arrest,atrial
fibrillation, respiratory failure,

deep vein thrombosis

 
Table 3. Summary of Interventions 

Sepsis is a complex physiologic process that involves activation of the inflammatory system 
and coagulation cascade, thereby creating multiple outlets for possible therapeutic 
intervention. At this time, more research is warranted to determine the most optimal 
therapeutic regimen based on individual patient factors, such as etiology, severity of illness 
and comorbid conditions.   
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Sepsis is a complex physiologic process that involves activation of the inflammatory system 
and coagulation cascade, thereby creating multiple outlets for possible therapeutic 
intervention. At this time, more research is warranted to determine the most optimal 
therapeutic regimen based on individual patient factors, such as etiology, severity of illness 
and comorbid conditions.   
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1. Introduction 
Endocrine dysfunction is common in severe sepsis and is associated with increased 
morbidity and mortality risk. Clinical detection of this heterogenous disorder is challenging, 
and the accuracy of laboratory diagnosis is complicated by the limitations in methods of 
hormonal assays and the variable definitions used in its diagnosis. This chapter will review 
the pathophysiology of neuroendocrine dysfunction during sepsis, the current evidence for 
hormone supplementation, and the use of hormonal markers and predictors of outcome 
following severe sepsis. The three hormones that have been most extensively researched 
and therefore most commonly considered for use in septic shock are corticosteroids, 
vasopressin, and insulin. We will describe the rationale, explore the controversies and 
provide recommendations for their use based on the available evidence. We present current 
recommendations for hormone therapy in adults and children, but caution that further 
research is needed to better understand the dynamic and complex endocrine responses 
during septic shock, and to develop improved methods for diagnosis and monitoring of 
patient response, so that we can determine not only which therapies to use, but how, when, 
and in which patients.  

2. Neuroendocrine dysfunction in severe sepsis 
Severe sepsis is characterized by a complex cascade involving widespread inflammation, 
enhanced coagulation, diminished fibrinolysis, immunomodulation, and release of stress 
hormones including adrenocorticotropic hormone, cortisol, vasopressin, glucagon and 
growth hormone[1]. Endocrine dysfunction plays an important role in the pathogenesis of 
multiple organ dysfunction that occurs in septic shock, and several studies have correlated 
the degree of neuroendocrine dysfunction with severity of illness[2]. Neuroendocrine 
dysfunction is common during critically illness, and can affect multiple neurohormonal 
pathways in an individual patient[3]. The hypothalamic-pituitary-adrenal (HPA) axis is a 
key coordinator of the stress response, and involves a series of complex central and 
peripheral adaptations essential for survival. The HPA axis is functionally related to the 
sympathoadrenal system, which is responsible for endogenous catecholamine secretion and 
inflammatory cytokine activation, as well as the neurohypophyseal system, which is 
responsible for vasopressin release; all pivotal integrative components in the stress response. 
The response of the anterior pituitary during severe sepsis consists of two distinct phases - 
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an acute phase, which is likely adaptive and beneficial, and a more prolonged or chronic 
phase characterized by suppression of the neuroendocrine axes resulting in hypoactivity or 
hyporesponsiveness of target hormones, which may no longer be beneficial[4]. Disruption of 
these axes, as we will discuss subsequently, compromises the adaptive response, and 
potentially survival. Differentiation between beneficial and harmful endocrine responses to 
septic shock is difficult. Nevertheless, the association between endocrine dysfunction and 
increased morbidity and mortality risk has fueled investigators to examine the role of 
hormonal therapy during sepsis. There are numerous adult studies in this area, some of 
which have revealed conflicting results. Pediatric data is much more limited. The results of 
these studies have arguably sparked more debate than provided definitive conclusions in 
the current management of sepsis.  

3. Hormonal therapies in severe sepsis 
3.1 Corticosteroids  
The normal response of the HPA axis to the stress of illness results in the release of cortisol 
from the adrenal cortex[5, 6]. This activation is crucial for the general adaptation to illness 
and the physiological response of multiple organs. The mechanism for HPA axis 
dysfunction in severe sepsis are complex and multifactorial, but can result in decreased 
production of corticotropin-releasing hormone, adrenocorticotropic hormone (ACTH), and 
cortisol, as well as dysfunction of their receptors even in the presence of “adequate” 
measured serum hormone levels. Inhibition of hormone production by cytokines and other 
peptides derived from blood cells (known as corticostatins) may compete with corticotropin 
and its receptor[7]. Septicemia itself and the medications used in its treatment may result in 
decreased corticosteroid production and increased metabolism, interfere with receptor 
signaling, as well as enzymatic and mitochondrial function that are critical in 
steroidogenesis. Furthermore, hypothalamic, pituitary or adrenal destruction by 
hemorrhage or ischemia, and the accumulation of nitric oxide, superoxide, or central 
neuropeptides can contribute to receptor down regulation of HPA hormones in patients 
with severe sepsis and septic shock[8]. The end-result of this disruption in the HPA axis is a 
syndrome of adrenal insufficiency. 
It has been suggested by the expert panels and consensus from the American College of 
Critical Care Medicine International Task Force, that the terms absolute or relative adrenal 
insufficiency be replaced by “critical illness-related corticosteroid insufficiency” (CIRCI)[5]. 
CIRCI has been defined as inadequate glucocorticoid activity in relation to the severity of 
the patient’s illness and has been most prominently investigated in cases of sepsis and septic 
shock[9-11]. It is a heterogeneous disorder that can occur as a result of dysfunction at any 
point in the HPA axis. CIRCI has been recognized in both adult and pediatric patients with 
severe sepsis, with an incidence as wide ranging from 10% up to 70% depending on the 
definition used and the study[3, 12-14]. The diagnosis of CIRCI carries with it prognostic 
implications. These patients are more likely to require vasopressor support, be refractory to 
fluid and catecholamine therapy, and are more likely to die[15]. There are several proposed 
definitions for CIRCI, but the most widely accepted definition in adults and pediatrics is an 
increment in cortisol of less than 9 µg/dL (250 nmol/L), 30-60 minutes after a 1µg ACTH 
stimulation test[5, 14]. The traditional dose of 250 µg of ACTH is a very large, 
supraphysiologic adrenal stimulus, and it is suggested that a low dose (1µg) ACTH 
stimulation is more appropriate and sensitive in distinguishing primary vs. secondary 
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adrenal failure[14, 16]. The diagnosis of CIRCI in severe sepsis is challenging for the 
following reasons: firstly, there is debate with respect to the ACTH stimulation test itself. 
While there is more evidence on the use of the 250µg stimulation test, expert panels agree 
that the 1µg stimulation test may be more physiologic, although they concede that there is a 
moderate grade of evidence supporting this recommendation[5, 17]. Secondly, confounding 
factors such as variability in sampling and cortisol assays need to be considered. 
Commercially available assays measure total cortisol, not the biologically active free fraction 
of the hormone[18]. Circulating cortisol is 90% bound to albumin and cortisol binding 
globulin, which may be decreased in severe sepsis. Hypoabuminemic septic patients may 
therefore have subnormal total cortisol levels but normal free cortisol levels[19]. Defining 
normal adrenal function can therefore be extremely challenging in the setting of severe 
sepsis and septic shock, as it needs to consider numerous variables such as the physiologic 
variation among individuals, the performance of commercially available cortisol assays, 
levels of free versus bound cortisol, and medications that may interfere with cortisol 
secretion or regulation. 

3.1.1 The evidence for corticosteroid supplementation in severe sepsis 
Corticosteroids have been studied extensively as an adjunctive therapy in septic patients for 
over 40 years and has been a subject of controversy for decades. As corticosteroid 
insufficiency can occur in severe sepsis, the rationale for steroid use in this setting is to 
attenuate the exaggerated systemic inflammatory response and cytokine activation, improve 
hemodynamic function, and reverse the HPA axis suppression and subsequent adrenal 
insufficiency. Corticosteroids have been shown to improve the vascular response to 
exogenous catecholamines in the septic state through its up-regulation of adrenergic 
receptors, and inhibition of vasodilatory stimulants such as nitric oxide synthase, 
prostaglandin E1 and prostacyclin[20]. Corticosteroids may also reverse vascular 
hyporesponsiveness to vasopressin[21]. 
Clinical trials of corticosteroids date back as far as 1963, and although it may now be 
recognized that CIRCI is common in septic shock, consensus on how best to treat this 
phenomenon is yet to be reached. This stems from several challenges – the difficulties in 
establishing its diagnosis as described above, the controversies on appropriate dosing of 
corticosteroids and contradictory results from numerous trials on the efficacy of steroid 
replacement in this setting, and finally, the identification of CIRCI is not predictive of a 
favourable response to corticosteroids. Nevertheless, meta-analyses, reviews and guidelines 
have advocated the use of low-dose hydrocortisone in patients with septic shock[9-11, 22]. 
Arguments in favor of steroid replacement are that CIRCI is common in this population, 
steroids may results in a more rapid shock reversal and therefore improve survival, and 
steroids may be have additional advantages when septic shock is complicated by acute 
respiratory distress syndrome. Arguments against its use include the increased risk of 
adverse effects such as superinfection, critical illness myopathy, hyperglycemia and 
ultimately increased mortality[11, 23]. Hence, there are multiple questions with respect to 
CIRCI that pertain not only to should we treat, but who to treat and how to treat. 
The earlier sepsis trials of the 1980’s evaluated high-dose corticosteroids and found no 
mortality reduction, but a trend towards harm[24]. Further analyses suggested an inverse 
relationship with steroid dose and survival - the higher the dose the lower the survival rate. 
Subsequent trials performed in the 1990’s in which lower, more physiologic doses of 
glucocorticoids were administered for longer courses demonstrated improved shock 
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reversal, but a more heterogenous beneficial effect on mortality[22]. The largest of these 
trials, conducted by Annane et al. demonstrated improved survival with 7 days of 200 mg 
hydrocortisone and 50 mg fludrocortisone per day when compared to placebo, in patients 
with evidence of CIRCI (ACTH nonresponders)[25]. There was no significant difference in 
mortality between groups amongst responders. A criticism of this trial is that 72 of 229 
nonresponders received etomidate, an inhibitor of 11 β-hydroxylase and hence cortisol 
production[26]. 94% of the etomidate treated patients in the Annane trial demonstrated 
CIRCI. This limitation in generalizability of this study coupled with concerns regarding side 
effects tempered the initial enthusiasm for steroid use in septic shock. Meta-analyses 
published in 2004 demonstrated improved shock reversal with steroids at lower doses, dose 
related adverse effects, but no impact on overall mortality[11, 22].  
There have been at least seven prospective randomized controlled trials published since 
2004. The largest of these, the multi-center CORTICUS trial, anticipated enrolling 800 
patients but recruitment was stopped at 499 patients because of slow enrolment and other 
logistical reasons[27]. Twenty-eight day mortality was similar between the hydrocortisone 
(34%) and the placebo groups (31%), however mortality was insignificantly higher in non-
responders. Interestingly, steroid treatment accelerated shock reversal more so in 
responders, but was associated with an increased incidence of nosocomial infection, 
superinfection, and hyperglycemia. The investigators concluded that routine hydrocortisone 
should not be routinely used in adults with septic shock, and the ACTH stimulation test 
does not identify patients who might benefit from hydrocortisone therapy[28]. The 
discrepant findings of the CORTICUS and the Annane trial have sparked debate as to why 
their findings differ. Possible contributing factors are that CORTICUS enrolled patients later 
(up to 72 hours in septic shock), with lower disease severity, as opposed to targeting 
patients early in their disease (3-8 h) who are poorly responsive to vasopressors, which was 
the Annane protocol. An updated meta-analysis combining all trials published after 1997 
concluded that low-dose corticosteroids consistently improves shock reversal, but decreases 
mortality only patients with more severe septic shock who are at the highest risk of 
death[29]. Low-dose steroids appear to increase mortality or have no effect in less severely 
ill patients with sepsis. 
In contrast to the adult literature, there are very few clinical trials of corticosteroid use in 
pediatric septic shock, the majority of which have been conducted in the setting of Dengue 
shock, and have lead to conflicting conclusions. Min et al in a double-blinded randomized 
controlled trial (RCT) reported a lower case fatality rate following 3 days of adjunctive 
hydrocortisone (19%), compared to placebo (44%, p=0.005)[30]. However in a subsequent trial 
by Sumarmo et al, while underpowered (n=97), found no benefit following a single dose 50 
mg/kg of hydrocortisone within 6 hours of randomization[31]. A Cochrane systematic review 
evaluated 4 trials that enrolled a total of 284 subjects, and concluded that there was no benefit 
from adjunctive corticosteroid therapy in children with Dengue shock[32]. The have been two 
RCTs in the preterm population both of which demonstrated a short term beneficial 
hemodynamic effect of steroids in the setting of refractory hypotension of unspecified etiology, 
however no differences in clinical outcomes have been demonstrated.[33, 34] A large 
retrospective cohort study utilizing the Pediatric Health Information System administrative 
database (n=6693) suggested that adjunctive corticosteroid therapy for pediatric severe sepsis 
was associated with a variety of worse outcomes (mortality rate of 30% in children who 
received steroids compared to 18% in those who did not), however the study was criticized for 
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its lack of severity of illness data in the study population.[35] A post-hoc analysis of the 
RESOLVE (REsearching severe Sepsis and Organ dysfunction in children: a gLobal perspective 
F1K-MC-EVBP) trial of activated protein C for pediatric severe sepsis, which is the largest 
prospective pediatric sepsis clinical trial to date, found no difference in outcomes (mortality, 
days requiring vasoactive infusion or mechanical ventilation, organ failure resolution) 
amongst those who received corticosteroids and those who did not[36]. The evidence in 
pediatrics is far from conclusive, and further prospective, RCT data evaluating corticosteroids 
use specifically in pediatric and neonatal septic shock is very much needed. 

3.1.2 Recommendations for corticosteroid use in sepsis 
The effects of corticosteroids in sepsis are dependent on both the dose used and severity of 
illness. High-dose steroids during sepsis are harmful, while low-dose steroids improves shock 
reversal, and may have a mortality benefit in the sickest patients with refractory septic shock. 
Until further definitive data are available on the population most likely to benefit from 
therapy, the decision to administer low-dose steroids during sepsis should be individualized, 
and considered in relation to the patient’s severity of illness, and risk factors from their 
endocrine or corticosteroid history. ACTH stimulation test is not routinely recommended for 
the purposes of identifying patients who may benefit from steroid therapy. Having considered 
the controversies and nuances of the current evidence, the 2008 Surviving Sepsis Campaign 
International Guidelines made the following recommendations, using the Grades of 
Recommendation Assessment, Development and Evaluation (GRADE) criteria to indicate the 
strength of the evidence and recommendations[10]: the use of low dose steroids (e.g. < 300 
mg/day of hydrocortisone) should be considered for in septic adults (and children) who 
remain hypotensive despite adequate fluid and vasopressors (Grade 2C); the current ACTH 
simulation test that assesses total serum cortisol is not recommended to identify the subset of 
adults with septic shock who might benefit from hydrocortisone (Grade 2B); hydrocortisone is 
preferred over dexamethasone (Grade 2B); oral fludrocortisone for added mineralocorticoid 
activity may be considered (Grade 2C); corticosteroid therapy may be weaned once vasoactive 
support is no longer required (Grade 2D); and the use of corticosteroid supplementation 
should not be used to treat sepsis in subjects whose shock reverses after fluid and pressors, or 
in the absence of septic shock unless indicated by the patient’s endocrine history(Grade 1D). 
Despite the lack of evidence supporting the use of short-term steroid therapy in pediatric 
patients with septic shock, it appears that approximately 50% of pediatric intensivist would 
empirically treat their septic patients with steroids[13]. Until further data is available, given 
that CIRCI in pediatric septic shock is associated with a poor prognosis, the guidelines 
recommend that stress dose steroids (hydrocortisone 50 mg/m2/day) be considered in 
children with fluid and catecholamine resistant septic shock who have suspected or proven 
risk factors for corticosteroid insufficiency (purpura fulminans, chronic steroid therapy, 
pituitary or adrenal abnormalities). These drugs should be weaned off as soon as the 
hemodynamic status of the patients allows, particularly when vasopressors are no longer 
required. Potential inhibitors of cortisol secretion such as etomidate or ketoconazole should be 
avoided in patients with sepsis. 

3.2 Insulin 
Hyperglycemia is common during severe sepsis and septic shock, due to the presence of 
circulating counter-regulatory hormones, medications such as catecholamines and 
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reversal, but a more heterogenous beneficial effect on mortality[22]. The largest of these 
trials, conducted by Annane et al. demonstrated improved survival with 7 days of 200 mg 
hydrocortisone and 50 mg fludrocortisone per day when compared to placebo, in patients 
with evidence of CIRCI (ACTH nonresponders)[25]. There was no significant difference in 
mortality between groups amongst responders. A criticism of this trial is that 72 of 229 
nonresponders received etomidate, an inhibitor of 11 β-hydroxylase and hence cortisol 
production[26]. 94% of the etomidate treated patients in the Annane trial demonstrated 
CIRCI. This limitation in generalizability of this study coupled with concerns regarding side 
effects tempered the initial enthusiasm for steroid use in septic shock. Meta-analyses 
published in 2004 demonstrated improved shock reversal with steroids at lower doses, dose 
related adverse effects, but no impact on overall mortality[11, 22].  
There have been at least seven prospective randomized controlled trials published since 
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superinfection, and hyperglycemia. The investigators concluded that routine hydrocortisone 
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was associated with a variety of worse outcomes (mortality rate of 30% in children who 
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its lack of severity of illness data in the study population.[35] A post-hoc analysis of the 
RESOLVE (REsearching severe Sepsis and Organ dysfunction in children: a gLobal perspective 
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prospective pediatric sepsis clinical trial to date, found no difference in outcomes (mortality, 
days requiring vasoactive infusion or mechanical ventilation, organ failure resolution) 
amongst those who received corticosteroids and those who did not[36]. The evidence in 
pediatrics is far from conclusive, and further prospective, RCT data evaluating corticosteroids 
use specifically in pediatric and neonatal septic shock is very much needed. 
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therapy, the decision to administer low-dose steroids during sepsis should be individualized, 
and considered in relation to the patient’s severity of illness, and risk factors from their 
endocrine or corticosteroid history. ACTH stimulation test is not routinely recommended for 
the purposes of identifying patients who may benefit from steroid therapy. Having considered 
the controversies and nuances of the current evidence, the 2008 Surviving Sepsis Campaign 
International Guidelines made the following recommendations, using the Grades of 
Recommendation Assessment, Development and Evaluation (GRADE) criteria to indicate the 
strength of the evidence and recommendations[10]: the use of low dose steroids (e.g. < 300 
mg/day of hydrocortisone) should be considered for in septic adults (and children) who 
remain hypotensive despite adequate fluid and vasopressors (Grade 2C); the current ACTH 
simulation test that assesses total serum cortisol is not recommended to identify the subset of 
adults with septic shock who might benefit from hydrocortisone (Grade 2B); hydrocortisone is 
preferred over dexamethasone (Grade 2B); oral fludrocortisone for added mineralocorticoid 
activity may be considered (Grade 2C); corticosteroid therapy may be weaned once vasoactive 
support is no longer required (Grade 2D); and the use of corticosteroid supplementation 
should not be used to treat sepsis in subjects whose shock reverses after fluid and pressors, or 
in the absence of septic shock unless indicated by the patient’s endocrine history(Grade 1D). 
Despite the lack of evidence supporting the use of short-term steroid therapy in pediatric 
patients with septic shock, it appears that approximately 50% of pediatric intensivist would 
empirically treat their septic patients with steroids[13]. Until further data is available, given 
that CIRCI in pediatric septic shock is associated with a poor prognosis, the guidelines 
recommend that stress dose steroids (hydrocortisone 50 mg/m2/day) be considered in 
children with fluid and catecholamine resistant septic shock who have suspected or proven 
risk factors for corticosteroid insufficiency (purpura fulminans, chronic steroid therapy, 
pituitary or adrenal abnormalities). These drugs should be weaned off as soon as the 
hemodynamic status of the patients allows, particularly when vasopressors are no longer 
required. Potential inhibitors of cortisol secretion such as etomidate or ketoconazole should be 
avoided in patients with sepsis. 

3.2 Insulin 
Hyperglycemia is common during severe sepsis and septic shock, due to the presence of 
circulating counter-regulatory hormones, medications such as catecholamines and 
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glucocorticoids, and the activation of metabolic pathways such as hepatic glycogenolysis 
and gluconeogenesis, decreased hepatic glucose utilization, impaired insulin mediated 
glucose uptake, and cytokine related insulin resistance[37]. The prevalence of 
hyperglycemia in critically ill patients can be as high as 50% to 75%, depending on the 
definition used[38]. Historically, moderate hyperglycemia was considered at best to be an 
adaptive response to critical illness, and at worst, a marker of severity of disease. However, 
several studies have clearly demonstrated an association between hyperglycemia and 
mortality in both adult and pediatric non-diabetic critically ill patients[39]. Hyperglycemia 
has also been associated with an increased risk of sepsis, critical illness polyneuropathy, 
duration of mechanical ventilation, length of hospital stay[40]. Proposed mechanisms by 
which hyperglycemia increases morbidity and mortality include pro-inflammatory effects 
by stimulating reactive oxygen species and interleukin-8, prothrombotic effects, impaired 
innate immunity, and increased oxidative stress. Reversal of hyperglycemia and its sequelae 
with insulin therapy therefore has scientific rationale. Insulin in itself may have additional 
beneficial effects including partial correction of dyslipidemia, prevention of excessive 
inflammation, and attenuation of the cortisol response to critical illness[41]. 

3.2.1 The evidence for insulin therapy  
The landmark RCT by Van den Berge et al. provided the first clinical evidence that 
maintaining strict glycemic control with intensive insulin therapy (IIT) in an adult postsurgical 
intensive care unit (ICU) (target glucose range 80 to 110 mg/dL) provided a mortality, and in 
some instances, a morbidity benefit, with the greatest mortality reduction of the subgroup of 
patients with an ICU stay of > 5 days[42]. The IIT group also experienced reductions in 
duration of mechanical ventilation, ICU stay and critical illness-associated polyneuropathy. 
This study was criticized for its lack of generalizability as it was conducted in a single center, 
and participants were mainly cardiothoracic surgical patients, many of whom were receiving 
total parenteral nutrition. In a subsequent study conducted in adult medical ICU patients by 
Van den Berghe, IIT did not reduce mortality, but resulted in reductions in length of ICU and 
hospital stay, duration of mechanical ventilation, and incidence of new renal injury, 
particularly in the group of patients with an ICU stay of 3 or more days[43]. In fact, mortality 
was actually greater among those receiving IIT with ICU stay less than 3 days. Since the 
original Van den Berghe trials, IIT has not been shown to improve outcomes in subsequent 
multicenter studies involving patients with severe sepsis or in a general ICU population[44, 
45]. Two large multi-center trials (VISEP and GLUCONTROL) were both stopped early for 
safety reasons because of adverse events related to hypoglycemia in the IIT arm, and no 
mortality difference[44, 46]. In the VISEP study, IIT increased the rate of severe hypoglycemia 
(17.0% vs. 4.1%) and serious adverse events (10.9% vs. 5.2%, p = 0.01) in critically ill adults with 
sepsis[44]. In the GLUCONTROL trial, treating to achieve a moderately hyperglycemic goal 
(140-180 mg/dL) yielded similar survival, length of stay with fewer hypoglycemic reactions 
compared with IIT[46]. The authors of both studies concluded that tight glycemic control with 
IIT offered no apparent benefits, but increased the risk of hypoglycemia.   
The Normoglycemia in Intensive Care Evaluation – Survival Using Glucose Algorithm 
Regulation (NICE-SUGAR), and international multicenter trial involving 6104 patients, is 
the largest trial of intensive insulin therapy to date[45]. This trial compared conventional 
glucose control (≤ 10.0 mmol/L or 180 mg/dL) to intensive glucose control (4.5 to 6.0 
mmol/L or 81 to 108 mg/dL) in critically ill patients, and concluded that using insulin to 
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achieve a conventional glucose control resulted in lower 90 day all cause mortality. 
However, the subgroup analysis did not reveal a significant difference in treatment effect in 
the subgroup of patients with severe sepsis (21% of patients). Subsequent meta-analyses 
incorporating the results of all trials of this nature reveal that IIT significantly increases the 
risk of hypoglycemia while conferring no overall mortality among critically ill patients, 
compared to conventional insulin therapy. However, there may be benefits of IIT in the 
subset of patients treated in surgical ICU’s[47, 48]. As corticosteroid therapy induces 
potentially detrimental hyperglycemia in septic shock, the benefit of intensive insulin 
therapy in patients treated with hydrocortisone was evaluated (COIITSS Study), but did not 
improve mortality in patients with septic shock when compared to conventional insulin 
therapy[49]. 
As expected, the data in pediatrics is limited. While a relationship between hyperglycemia 
and poor outcomes have also been identified in this population, hypoglycemia in the 
absence of insulin therapy, and increased glucose variability in particular appear to have an 
even stronger association with mortality and length of stay[38, 50]. To date, there is only one 
prospective randomized controlled trial to date by Vlasselaers et al, published in 2009.[98] 
This trial randomized 700 critically ill children (317 infants aged 1 year,  and 383 children 
aged ≥ 1 year) to an age-adjusted intensive insulin group (i.e. target glucose range of 2.8-4.4 
mmol/L in infants, and 3.9-5.6 mmol/L in children), or  a conventional group where insulin 
was initiated only when blood glucose exceeded 11.9 mmol/L. The investigators found that 
intensive insulin therapy in this trial of predominantly cardiac surgical patients, resulted in 
a significant decrease in PICU stay, reduced mortality and an attenuated inflammatory 
response on day 5, as indicated by lower C-reactive protein values. The risk of secondary 
infections was also significantly lower in the intensive insulin group. The risk of 
hypoglycemia however, was significantly higher in the intensive insulin group. They also 
observed that patients who developed hypoglycemia had a higher risk of death than those 
who were not hypoglycemic, although this difference was not statistically significant. It has 
been suggested that glucose reperfusion after hypoglycemia may trigger neuronal death, 
rather than hypoglycemia itself.[99] As the excess neurological deaths in this trial occurred 
in the conventional and not the intensive insulin arm, the authors conclude that the short-
term benefits of preventing hyperglycemia in critically ill children may outweigh those of 
hypoglycemia, provided that hypoglycemia is recognized and treated promptly. 

3.2.2 Limitations of insulin therapy in sepsis  
The limitations of insulin therapy for glucose control in critically ill patients with sepsis are 
primarily three-fold. Firstly, blood glucose variability, especially in children, may be a more 
important marker of poor outcome than isolated blood glucose levels per se[51]. Secondly, 
blood glucose monitoring in critically ill patients is notoriously inaccurate by nature of 
intermittent testing as opposed to real-time results, and the variable methods of 
measurement and levels of quality control[52]. Furthermore, symptomatic monitoring is also 
hindered as counter-regulatory responses in critically ill septic patients are often impaired, 
and ICU therapies like sedation may mask symptoms of severe hypoglycemia. The third 
and most obvious limitation is the risk of hypoglycemia, which has been clearly identified in 
the multiple large adult RCTs, as well as the pediatric observational studies. In fact, the rate 
of hypoglycemia is highest in children with sepsis (28.6%), in the absence of insulin 
therapy[50]. While there may be subgroups of adult patients who may benefit from IIT[48], 
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glucocorticoids, and the activation of metabolic pathways such as hepatic glycogenolysis 
and gluconeogenesis, decreased hepatic glucose utilization, impaired insulin mediated 
glucose uptake, and cytokine related insulin resistance[37]. The prevalence of 
hyperglycemia in critically ill patients can be as high as 50% to 75%, depending on the 
definition used[38]. Historically, moderate hyperglycemia was considered at best to be an 
adaptive response to critical illness, and at worst, a marker of severity of disease. However, 
several studies have clearly demonstrated an association between hyperglycemia and 
mortality in both adult and pediatric non-diabetic critically ill patients[39]. Hyperglycemia 
has also been associated with an increased risk of sepsis, critical illness polyneuropathy, 
duration of mechanical ventilation, length of hospital stay[40]. Proposed mechanisms by 
which hyperglycemia increases morbidity and mortality include pro-inflammatory effects 
by stimulating reactive oxygen species and interleukin-8, prothrombotic effects, impaired 
innate immunity, and increased oxidative stress. Reversal of hyperglycemia and its sequelae 
with insulin therapy therefore has scientific rationale. Insulin in itself may have additional 
beneficial effects including partial correction of dyslipidemia, prevention of excessive 
inflammation, and attenuation of the cortisol response to critical illness[41]. 

3.2.1 The evidence for insulin therapy  
The landmark RCT by Van den Berge et al. provided the first clinical evidence that 
maintaining strict glycemic control with intensive insulin therapy (IIT) in an adult postsurgical 
intensive care unit (ICU) (target glucose range 80 to 110 mg/dL) provided a mortality, and in 
some instances, a morbidity benefit, with the greatest mortality reduction of the subgroup of 
patients with an ICU stay of > 5 days[42]. The IIT group also experienced reductions in 
duration of mechanical ventilation, ICU stay and critical illness-associated polyneuropathy. 
This study was criticized for its lack of generalizability as it was conducted in a single center, 
and participants were mainly cardiothoracic surgical patients, many of whom were receiving 
total parenteral nutrition. In a subsequent study conducted in adult medical ICU patients by 
Van den Berghe, IIT did not reduce mortality, but resulted in reductions in length of ICU and 
hospital stay, duration of mechanical ventilation, and incidence of new renal injury, 
particularly in the group of patients with an ICU stay of 3 or more days[43]. In fact, mortality 
was actually greater among those receiving IIT with ICU stay less than 3 days. Since the 
original Van den Berghe trials, IIT has not been shown to improve outcomes in subsequent 
multicenter studies involving patients with severe sepsis or in a general ICU population[44, 
45]. Two large multi-center trials (VISEP and GLUCONTROL) were both stopped early for 
safety reasons because of adverse events related to hypoglycemia in the IIT arm, and no 
mortality difference[44, 46]. In the VISEP study, IIT increased the rate of severe hypoglycemia 
(17.0% vs. 4.1%) and serious adverse events (10.9% vs. 5.2%, p = 0.01) in critically ill adults with 
sepsis[44]. In the GLUCONTROL trial, treating to achieve a moderately hyperglycemic goal 
(140-180 mg/dL) yielded similar survival, length of stay with fewer hypoglycemic reactions 
compared with IIT[46]. The authors of both studies concluded that tight glycemic control with 
IIT offered no apparent benefits, but increased the risk of hypoglycemia.   
The Normoglycemia in Intensive Care Evaluation – Survival Using Glucose Algorithm 
Regulation (NICE-SUGAR), and international multicenter trial involving 6104 patients, is 
the largest trial of intensive insulin therapy to date[45]. This trial compared conventional 
glucose control (≤ 10.0 mmol/L or 180 mg/dL) to intensive glucose control (4.5 to 6.0 
mmol/L or 81 to 108 mg/dL) in critically ill patients, and concluded that using insulin to 
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achieve a conventional glucose control resulted in lower 90 day all cause mortality. 
However, the subgroup analysis did not reveal a significant difference in treatment effect in 
the subgroup of patients with severe sepsis (21% of patients). Subsequent meta-analyses 
incorporating the results of all trials of this nature reveal that IIT significantly increases the 
risk of hypoglycemia while conferring no overall mortality among critically ill patients, 
compared to conventional insulin therapy. However, there may be benefits of IIT in the 
subset of patients treated in surgical ICU’s[47, 48]. As corticosteroid therapy induces 
potentially detrimental hyperglycemia in septic shock, the benefit of intensive insulin 
therapy in patients treated with hydrocortisone was evaluated (COIITSS Study), but did not 
improve mortality in patients with septic shock when compared to conventional insulin 
therapy[49]. 
As expected, the data in pediatrics is limited. While a relationship between hyperglycemia 
and poor outcomes have also been identified in this population, hypoglycemia in the 
absence of insulin therapy, and increased glucose variability in particular appear to have an 
even stronger association with mortality and length of stay[38, 50]. To date, there is only one 
prospective randomized controlled trial to date by Vlasselaers et al, published in 2009.[98] 
This trial randomized 700 critically ill children (317 infants aged 1 year,  and 383 children 
aged ≥ 1 year) to an age-adjusted intensive insulin group (i.e. target glucose range of 2.8-4.4 
mmol/L in infants, and 3.9-5.6 mmol/L in children), or  a conventional group where insulin 
was initiated only when blood glucose exceeded 11.9 mmol/L. The investigators found that 
intensive insulin therapy in this trial of predominantly cardiac surgical patients, resulted in 
a significant decrease in PICU stay, reduced mortality and an attenuated inflammatory 
response on day 5, as indicated by lower C-reactive protein values. The risk of secondary 
infections was also significantly lower in the intensive insulin group. The risk of 
hypoglycemia however, was significantly higher in the intensive insulin group. They also 
observed that patients who developed hypoglycemia had a higher risk of death than those 
who were not hypoglycemic, although this difference was not statistically significant. It has 
been suggested that glucose reperfusion after hypoglycemia may trigger neuronal death, 
rather than hypoglycemia itself.[99] As the excess neurological deaths in this trial occurred 
in the conventional and not the intensive insulin arm, the authors conclude that the short-
term benefits of preventing hyperglycemia in critically ill children may outweigh those of 
hypoglycemia, provided that hypoglycemia is recognized and treated promptly. 

3.2.2 Limitations of insulin therapy in sepsis  
The limitations of insulin therapy for glucose control in critically ill patients with sepsis are 
primarily three-fold. Firstly, blood glucose variability, especially in children, may be a more 
important marker of poor outcome than isolated blood glucose levels per se[51]. Secondly, 
blood glucose monitoring in critically ill patients is notoriously inaccurate by nature of 
intermittent testing as opposed to real-time results, and the variable methods of 
measurement and levels of quality control[52]. Furthermore, symptomatic monitoring is also 
hindered as counter-regulatory responses in critically ill septic patients are often impaired, 
and ICU therapies like sedation may mask symptoms of severe hypoglycemia. The third 
and most obvious limitation is the risk of hypoglycemia, which has been clearly identified in 
the multiple large adult RCTs, as well as the pediatric observational studies. In fact, the rate 
of hypoglycemia is highest in children with sepsis (28.6%), in the absence of insulin 
therapy[50]. While there may be subgroups of adult patients who may benefit from IIT[48], 
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there is clear evidence that children are more susceptible to developing hypoglycemia, and 
the risks of mortality, morbidity, and irreversible neurological sequelae of hypoglycemia in 
the developing brain is greater[38]. 

3.2.3 Recommendations for insulin and glycemic control in sepsis 
Although current guidelines from the American Diabetes Association, the American 
Association of Clinical Endocrinologists and other organizations such as the Surviving 
Sepsis Campaign currently recommend tight glycemic control with insulin therapy, more 
recent meta-analyses of the largest trials to date suggest that these recommendations should 
be revised for septic patients who are critically ill[48]. Less restrictive target glucose values 
in the range of 140-180 mg/dL appear safer than 80-100 mg/dL in critically ill adults, 
although it is unclear whether there may be specific subgroups of adult patients who may 
benefit from IIT and be at lower risk of hypoglycemic events. We recommend that 
hypoglycemic and variable glucose episodes should be avoided in all patients with sepsis. 
The risk-benefit ratio for insulin therapy in critically ill children with sepsis remains unclear. 
While there is a suggestion from the pediatric literature that glycemic control may be 
beneficial in reducing morbidity and mortality, the optimum blood glucose targets in 
children remain uncertain. Until further prospective data is available specifically in this 
population, it is reasonable to target blood a glucose control of ≤ 10 mmol/L as defined by 
the definitive adult trial. However, further research on this subject in critically ill children is 
needed, and the long-term sequelae of both hypo- and hyperglycemia in this population 
should be further investigated. Well-developed, detailed and user-friendly protocols and 
extensive education of caregivers are essential to any insulin therapy and glucose 
monitoring protocol. Until a more accurate and reliable continuous blood sensor is 
available, the most reliable method of blood glucose measurement (i.e. arterial point-of-care) 
is recommended, particularly in the patient at risk, and capillary blood samples should be 
interpreted with caution. 

3.3 Vasopressin 
Vasopressin is a neurohypophyseal peptide hormone that is an attractive adjunctive agent 
in vasodilatory septic shock for the following reasons: 
1. Vasopressin inactivates the key mechanisms responsible for the pathogenesis of 

vasodilatation and catecholamine resistance[53].  
2. Although it is a potent systemic vasoconstrictor, vasopressin demonstrates organ 

specific vasodilator effects in the pulmonary, cerebral and coronary circulations, 
potentially preserving vital organ perfusion. It also has been shown to increase urine 
output and creatinine clearance in patients with septic shock, when compared to 
norepinephrine[54].   

3. Vasopressin influences multiple other hormone responses including ACTH, and 
consequently cortisol release, important considerations in the setting of HPA axis 
dysfunction during septic shock[54, 55]. Vasopressin also stimulates prolactin secretion, 
an important mediator of cellular immune response during sepsis[56]. 

4. Vasopressin insufficiency, either absolute - as a result of depletion or impaired release 
from neurohypophyseal stores; or functional - as a result of cytokine mediated receptor 
down regulation, has been demonstrated in both adults and perhaps children with 
septic shock[57]. 
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3.3.1 Assessing the vasopressin axis 
There is a surge in endogenous vasopressin levels during sepsis, however inappropriately 
low levels to the order of 3-10 pg/mL have been identified in septic shock. The detection of 
endogenous deficiency by measuring circulating vasopressin levels is limited by the fact that 
the mature hormone is unstable, has a short half-life, and circulates largely attached to 
platelets. Copeptin, a stable vasopressin precursor, has recently been identified as a stable 
and sensitive surrogate marker for vasopressin release, and has been proposed as a more 
sensitive and potential prognostic biomarker in sepsis[58]. Others have suggested that the 
ratio of vasopressin to norepinephrine levels should be considered a reflection of adequacy 
of vasopressin homeostasis relative to adrenocorticoid homeostasis. The vasopressin/ 
norepinephrine ratios in sepsis and severe sepsis are similar (1/175) while they are much 
lower when shock ensues (1/1000)[21]. 

3.3.2 The evidence for vasopressin supplementation in severe sepsis  
Numerous adult trials suggest short term benefits of vasopressin, the Vasopressin and Septic 
Shock Trial (VASST) conducted by Russell et al. evaluated the effect of low dose arginine 
vasopressin (0.01-0.03 U/min) as an adjunctive agent compared to norepinephrine alone, on 
mortality in 779 adult patients in septic shock[59]. There was no difference in 28-day mortality 
between groups (35.4% vs. 39.3%, p = 0.26). Although the authors had predicted that based on 
its vasoconstrictor potency, vasopressin would be more efficacious in the stratum of patients 
with more severe septic shock (baseline requirement of ≥ 15 µg/kg/min norepinephrine), they 
observed a significant reduction in mortality in the subgroup of patients with less severe septic 
shock (baseline of 5-14 µg/kg/min norepinephrine). While the authors conclude that these 
subgroup findings should be hypothesis generating only, it has sparked further debate as to 
whether higher doses of vasopressin should be used in patients with more severe shock, and 
should be thus evaluated in future studies. A post hoc analysis of the VASST trial suggested 
that combined vasopressin and corticosteroid therapy was associated with decreased mortality 
and organ dysfunction than norepinephrine and corticosteroids[60]. A subsequent open-label 
trial by Torgersen and colleagues demonstrated that higher doses of vasopressin (0.067 
IU/min) resulted in improved hemodynamic control without increased adverse effects, 
compared to lower doses of 0.033 IU/min in patients with vasodilatory septic shock[61]. 
There are at present at least 18 published observational studies reporting on a collective total 
of only 145 children, that arginine vasopressin and its longer lasting synthetic analogue, 
terlipressin increase systemic blood pressure, decreases inotrope or vasopressor 
requirement, and increases urine output in children with catecholamine-resistant shock[57, 
62]. The doses used in these studies varied substantively, ranging from 0.00002 U/kg/min 
to 0.002 U/kg/min of vasopressin, and terlipressin dosing administered anywhere from 
every four hourly, to continuous infusion. The Vasopressin in Pediatric Vasodilatory Shock 
trial which evaluated the safety and efficacy of low dose vasopressin as an adjunctive agent 
found no difference in the time to hemodynamic stability, organ free failure days or 
magnitude of vasoactive agent use between the vasopressin and placebo groups[63]. While 
there was no statistical difference in the adverse event rates, there was a trend towards 
increased mortality in the vasopressin group. 

3.3.3 Adverse effects of exogenous vasopressin 
Because of its potent vasoconstrictor action, potential adverse effects of low dose 
vasopressin include increase in myocardial after-load, reductions in oxygen delivery, 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

366 

there is clear evidence that children are more susceptible to developing hypoglycemia, and 
the risks of mortality, morbidity, and irreversible neurological sequelae of hypoglycemia in 
the developing brain is greater[38]. 

3.2.3 Recommendations for insulin and glycemic control in sepsis 
Although current guidelines from the American Diabetes Association, the American 
Association of Clinical Endocrinologists and other organizations such as the Surviving 
Sepsis Campaign currently recommend tight glycemic control with insulin therapy, more 
recent meta-analyses of the largest trials to date suggest that these recommendations should 
be revised for septic patients who are critically ill[48]. Less restrictive target glucose values 
in the range of 140-180 mg/dL appear safer than 80-100 mg/dL in critically ill adults, 
although it is unclear whether there may be specific subgroups of adult patients who may 
benefit from IIT and be at lower risk of hypoglycemic events. We recommend that 
hypoglycemic and variable glucose episodes should be avoided in all patients with sepsis. 
The risk-benefit ratio for insulin therapy in critically ill children with sepsis remains unclear. 
While there is a suggestion from the pediatric literature that glycemic control may be 
beneficial in reducing morbidity and mortality, the optimum blood glucose targets in 
children remain uncertain. Until further prospective data is available specifically in this 
population, it is reasonable to target blood a glucose control of ≤ 10 mmol/L as defined by 
the definitive adult trial. However, further research on this subject in critically ill children is 
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3.3 Vasopressin 
Vasopressin is a neurohypophyseal peptide hormone that is an attractive adjunctive agent 
in vasodilatory septic shock for the following reasons: 
1. Vasopressin inactivates the key mechanisms responsible for the pathogenesis of 

vasodilatation and catecholamine resistance[53].  
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specific vasodilator effects in the pulmonary, cerebral and coronary circulations, 
potentially preserving vital organ perfusion. It also has been shown to increase urine 
output and creatinine clearance in patients with septic shock, when compared to 
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3. Vasopressin influences multiple other hormone responses including ACTH, and 
consequently cortisol release, important considerations in the setting of HPA axis 
dysfunction during septic shock[54, 55]. Vasopressin also stimulates prolactin secretion, 
an important mediator of cellular immune response during sepsis[56]. 

4. Vasopressin insufficiency, either absolute - as a result of depletion or impaired release 
from neurohypophyseal stores; or functional - as a result of cytokine mediated receptor 
down regulation, has been demonstrated in both adults and perhaps children with 
septic shock[57]. 
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3.3.1 Assessing the vasopressin axis 
There is a surge in endogenous vasopressin levels during sepsis, however inappropriately 
low levels to the order of 3-10 pg/mL have been identified in septic shock. The detection of 
endogenous deficiency by measuring circulating vasopressin levels is limited by the fact that 
the mature hormone is unstable, has a short half-life, and circulates largely attached to 
platelets. Copeptin, a stable vasopressin precursor, has recently been identified as a stable 
and sensitive surrogate marker for vasopressin release, and has been proposed as a more 
sensitive and potential prognostic biomarker in sepsis[58]. Others have suggested that the 
ratio of vasopressin to norepinephrine levels should be considered a reflection of adequacy 
of vasopressin homeostasis relative to adrenocorticoid homeostasis. The vasopressin/ 
norepinephrine ratios in sepsis and severe sepsis are similar (1/175) while they are much 
lower when shock ensues (1/1000)[21]. 

3.3.2 The evidence for vasopressin supplementation in severe sepsis  
Numerous adult trials suggest short term benefits of vasopressin, the Vasopressin and Septic 
Shock Trial (VASST) conducted by Russell et al. evaluated the effect of low dose arginine 
vasopressin (0.01-0.03 U/min) as an adjunctive agent compared to norepinephrine alone, on 
mortality in 779 adult patients in septic shock[59]. There was no difference in 28-day mortality 
between groups (35.4% vs. 39.3%, p = 0.26). Although the authors had predicted that based on 
its vasoconstrictor potency, vasopressin would be more efficacious in the stratum of patients 
with more severe septic shock (baseline requirement of ≥ 15 µg/kg/min norepinephrine), they 
observed a significant reduction in mortality in the subgroup of patients with less severe septic 
shock (baseline of 5-14 µg/kg/min norepinephrine). While the authors conclude that these 
subgroup findings should be hypothesis generating only, it has sparked further debate as to 
whether higher doses of vasopressin should be used in patients with more severe shock, and 
should be thus evaluated in future studies. A post hoc analysis of the VASST trial suggested 
that combined vasopressin and corticosteroid therapy was associated with decreased mortality 
and organ dysfunction than norepinephrine and corticosteroids[60]. A subsequent open-label 
trial by Torgersen and colleagues demonstrated that higher doses of vasopressin (0.067 
IU/min) resulted in improved hemodynamic control without increased adverse effects, 
compared to lower doses of 0.033 IU/min in patients with vasodilatory septic shock[61]. 
There are at present at least 18 published observational studies reporting on a collective total 
of only 145 children, that arginine vasopressin and its longer lasting synthetic analogue, 
terlipressin increase systemic blood pressure, decreases inotrope or vasopressor 
requirement, and increases urine output in children with catecholamine-resistant shock[57, 
62]. The doses used in these studies varied substantively, ranging from 0.00002 U/kg/min 
to 0.002 U/kg/min of vasopressin, and terlipressin dosing administered anywhere from 
every four hourly, to continuous infusion. The Vasopressin in Pediatric Vasodilatory Shock 
trial which evaluated the safety and efficacy of low dose vasopressin as an adjunctive agent 
found no difference in the time to hemodynamic stability, organ free failure days or 
magnitude of vasoactive agent use between the vasopressin and placebo groups[63]. While 
there was no statistical difference in the adverse event rates, there was a trend towards 
increased mortality in the vasopressin group. 

3.3.3 Adverse effects of exogenous vasopressin 
Because of its potent vasoconstrictor action, potential adverse effects of low dose 
vasopressin include increase in myocardial after-load, reductions in oxygen delivery, 
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impaired tissues perfusion and ischemic tissue injury. Thrombocytopenia and increases in 
aminotransferases activity and bilirubin concentrations have also been reported. These 
adverse effects appear to be dose-dependent, and more commonly noted with doses of 
greater than 0.04 U/min of vasopressin or 2 µg/kg/h of terlipressin[21]. However, some of 
the data is conflicting, and it is yet unclear whether the hemodynamic alterations represent 
adaptive response to stabilized blood pressure, or the impaired tissue perfusion is an 
epiphenomenon of the severity of underlying disease rather than a specific side effect of 
vasopressin or concurrent catecholamine pressor administration.[64] Both the VASST and 
Vasopressin in Pediatric Vasodilatory Shock trials reported no significant difference in 
adverse event rates between the vasopressin and control groups[59, 63]. 

3.3.4 Recommendations for vasopressin use in sepsis 
There are currently no recommendations for routine testing for endogenous vasopressin 
levels in the setting of sepsis.  Catecholamine infusions remain the first line vasopressor 
agents of choice in adults with septic shock[10]. Based on the results of VASST, low dose 
vasopressin infusion may be considered as an adjunctive agent, however, with the 
anticipation of an effect equivalent to that of norepinephrine alone. Higher doses of 
vasopressin may have short-term beneficial hemodynamic effects in septic shock refractory 
to traditional vasopressor therapy, however its effect on clinically important patient 
outcomes is unknown. As with any vasopressor therapy, close monitoring of end-organ 
perfusion, awareness of potential side effects, and measurement of tissue flow where 
possible are essential. Pediatric recommendations are based on limited evidence and one 
should be aware that children more commonly present with low cardiac output, high 
systemic vascular resistance during septic shock, and commonly evolve from one 
hemodynamic state to another[65]. Vasoactive therapy should therefore be tailored 
according to the patient’s clinical status. There is no evidence that adjunctive vasopressin 
therapy is beneficial in pediatric sepsis at the present time. 

4. Hormonal markers and predictors of outcome in sepsis 
The clinical diagnosis of sepsis is made in the presence of a systemic inflammatory response 
syndrome (SIRS) and a proven or suspected source of sepsis. Our ability to accurately and 
promptly diagnose sepsis is limited due to the lack of a definitive test in this setting. Positive 
cultures may account for only 10% of all blood culture results reported, of which up to 50% 
may be due to contamination. This in turn has significant potential financial and healthcare 
costs to the patient and the healthcare system[66, 67]. Despite the expanding research on 
treatment modalities in this field, the mortality rate in sepsis remains unacceptably high, 
often due to delayed diagnosis and treatment. According to United States data, the 
incidence of sepsis and number of sepsis-related deaths continue to rise, although there is a 
slight decrease in the age-adjusted mortality rate among patients with sepsis in recent 
years[68]. In view of this diagnostic and therapeutic dilemma, the search of an unequivocal 
and rapid confirmatory test to distinguish septic from non-septic causes of SIRS is 
paramount. There have been enormous attempts to identify prognostic markers of early 
sepsis and accurate risk prediction that may better direct therapy and diagnosis and thus 
improve mortality and morbidity in septic patients. In this context, several endocrine 
markers and mediators of sepsis have been investigated as potential early indicators and 
potential predictors of outcome in sepsis. Many of these hormonal assays are still under 
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investigation and are not commercially available. We discuss some of the current research 
on hormonal markers of sepsis in the remaining section of this chapter. 

4.1 Procalcitonin 
Procalcitonin is a 116 amino acid peptide with a sequence identical to that of prohormone 
calcitonin but devoid of hormonal activity. During sepsis, circulating levels of procalcitonin, 
increase several-fold to several thousand-fold. Procalcitonin is released into the circulation 
within 3 hours of endotoxin injection, plateaus at 6 hours, and remains elevated for 24 
hours, making it an attractive and sensitive hormonal marker of early sepsis[69]. 
Procalcitonin measurement was first described by Assicot et al to differentiate between 
bacterial and non-bacterial causes of sepsis, and while it is now increasingly used as an early 
marker of bacterial infection, procalcitonin can be increased in noninfectious conditions, and 
remain low in certain bacterial infections, such as bacterial pulmonary aspiration[70-72]. 
Procalcitonin appears to offer better specificity over other biomarkers such as C-Reactive 
Protein, in differentiating between viral and bacterial causes of fever, and in distinguishing 
invasive from noninvasive infections[73, 74]. More recently, procalcitonin has been 
advocated as a clinical tool to guide antimicrobial therapy in patients with suspected 
infections. Several randomized controlled trials have reported a significant reduction in 
antibiotic exposure and duration based on serial procalcitonin measurements, compared to a 
standard approach[75-77]. An association between decreasing levels of procalcitonin and 
favourable outcomes has been suggested by several investigators, however further 
validation studies are required before any firm conclusions can be made[72, 78]. 

4.2 Thyroid 
Thyroid hormones play an important role in the adaptation of metabolic function to stress 
and critical illness. Thyroid function abnormalities are often observed during critical illness 
but are transient and may not represent underlying thyroid disease. There is evidence that 
lower baseline thyroid hormone values, including triiodothyronine (T3), thyroxine (T4), and 
thyroid stimulating hormone (TSH) can be substantially lower in septic compared to non-
septic patients of similar critical illness severity, and that these abnormalities are associated 
with a worse outcome in patients with sepsis or septic shock[79]. Low T3 can be attributed to 
increased de-iodination of T4 to reverse T3 (rT3), rather than T3, and increased catabolism of 
T3 to 3,3-diiodothyronine. Low total and free T4 and low TSH levels can be observed in 
severe sepsis and septic shock due to decrease in plasma T4-binding globulin or 
transthyretin as well as accumulation of substances that lower the plasma thyroid hormone-
binding capacity[80]. However, the pattern of abnormal thyroid profiles are not consistently 
observed between studies, with more pediatric studies reporting thyroid function 
abnormalities. Reasons for discordant findings may be attributed to age related hormonal 
differences - plasma thyroid hormone levels are higher than older children and adults in the 
first few months of life, due to the TSH surge that occurs in the immediate postnatal period, 
and elevated TBG levels secondary to maternal estrogen. Other reasons for variable findings 
may be attributed to differences in the hemodynamic response to septic shock in children, 
and thus the type of vasoactive support; dopamine can suppress the pituitary release of TSH 
and thus potentially the production of T3, while norepinephrine is believed to stimulate the 
secretion of TSH. It is however, generally accepted that alterations in thyroid hormone 
observed during septic shock constitute part of an adaptive metabolic response, and that the 
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impaired tissues perfusion and ischemic tissue injury. Thrombocytopenia and increases in 
aminotransferases activity and bilirubin concentrations have also been reported. These 
adverse effects appear to be dose-dependent, and more commonly noted with doses of 
greater than 0.04 U/min of vasopressin or 2 µg/kg/h of terlipressin[21]. However, some of 
the data is conflicting, and it is yet unclear whether the hemodynamic alterations represent 
adaptive response to stabilized blood pressure, or the impaired tissue perfusion is an 
epiphenomenon of the severity of underlying disease rather than a specific side effect of 
vasopressin or concurrent catecholamine pressor administration.[64] Both the VASST and 
Vasopressin in Pediatric Vasodilatory Shock trials reported no significant difference in 
adverse event rates between the vasopressin and control groups[59, 63]. 

3.3.4 Recommendations for vasopressin use in sepsis 
There are currently no recommendations for routine testing for endogenous vasopressin 
levels in the setting of sepsis.  Catecholamine infusions remain the first line vasopressor 
agents of choice in adults with septic shock[10]. Based on the results of VASST, low dose 
vasopressin infusion may be considered as an adjunctive agent, however, with the 
anticipation of an effect equivalent to that of norepinephrine alone. Higher doses of 
vasopressin may have short-term beneficial hemodynamic effects in septic shock refractory 
to traditional vasopressor therapy, however its effect on clinically important patient 
outcomes is unknown. As with any vasopressor therapy, close monitoring of end-organ 
perfusion, awareness of potential side effects, and measurement of tissue flow where 
possible are essential. Pediatric recommendations are based on limited evidence and one 
should be aware that children more commonly present with low cardiac output, high 
systemic vascular resistance during septic shock, and commonly evolve from one 
hemodynamic state to another[65]. Vasoactive therapy should therefore be tailored 
according to the patient’s clinical status. There is no evidence that adjunctive vasopressin 
therapy is beneficial in pediatric sepsis at the present time. 

4. Hormonal markers and predictors of outcome in sepsis 
The clinical diagnosis of sepsis is made in the presence of a systemic inflammatory response 
syndrome (SIRS) and a proven or suspected source of sepsis. Our ability to accurately and 
promptly diagnose sepsis is limited due to the lack of a definitive test in this setting. Positive 
cultures may account for only 10% of all blood culture results reported, of which up to 50% 
may be due to contamination. This in turn has significant potential financial and healthcare 
costs to the patient and the healthcare system[66, 67]. Despite the expanding research on 
treatment modalities in this field, the mortality rate in sepsis remains unacceptably high, 
often due to delayed diagnosis and treatment. According to United States data, the 
incidence of sepsis and number of sepsis-related deaths continue to rise, although there is a 
slight decrease in the age-adjusted mortality rate among patients with sepsis in recent 
years[68]. In view of this diagnostic and therapeutic dilemma, the search of an unequivocal 
and rapid confirmatory test to distinguish septic from non-septic causes of SIRS is 
paramount. There have been enormous attempts to identify prognostic markers of early 
sepsis and accurate risk prediction that may better direct therapy and diagnosis and thus 
improve mortality and morbidity in septic patients. In this context, several endocrine 
markers and mediators of sepsis have been investigated as potential early indicators and 
potential predictors of outcome in sepsis. Many of these hormonal assays are still under 

 
Hormonal Therapies in Severe Sepsis 

 

369 

investigation and are not commercially available. We discuss some of the current research 
on hormonal markers of sepsis in the remaining section of this chapter. 

4.1 Procalcitonin 
Procalcitonin is a 116 amino acid peptide with a sequence identical to that of prohormone 
calcitonin but devoid of hormonal activity. During sepsis, circulating levels of procalcitonin, 
increase several-fold to several thousand-fold. Procalcitonin is released into the circulation 
within 3 hours of endotoxin injection, plateaus at 6 hours, and remains elevated for 24 
hours, making it an attractive and sensitive hormonal marker of early sepsis[69]. 
Procalcitonin measurement was first described by Assicot et al to differentiate between 
bacterial and non-bacterial causes of sepsis, and while it is now increasingly used as an early 
marker of bacterial infection, procalcitonin can be increased in noninfectious conditions, and 
remain low in certain bacterial infections, such as bacterial pulmonary aspiration[70-72]. 
Procalcitonin appears to offer better specificity over other biomarkers such as C-Reactive 
Protein, in differentiating between viral and bacterial causes of fever, and in distinguishing 
invasive from noninvasive infections[73, 74]. More recently, procalcitonin has been 
advocated as a clinical tool to guide antimicrobial therapy in patients with suspected 
infections. Several randomized controlled trials have reported a significant reduction in 
antibiotic exposure and duration based on serial procalcitonin measurements, compared to a 
standard approach[75-77]. An association between decreasing levels of procalcitonin and 
favourable outcomes has been suggested by several investigators, however further 
validation studies are required before any firm conclusions can be made[72, 78]. 

4.2 Thyroid 
Thyroid hormones play an important role in the adaptation of metabolic function to stress 
and critical illness. Thyroid function abnormalities are often observed during critical illness 
but are transient and may not represent underlying thyroid disease. There is evidence that 
lower baseline thyroid hormone values, including triiodothyronine (T3), thyroxine (T4), and 
thyroid stimulating hormone (TSH) can be substantially lower in septic compared to non-
septic patients of similar critical illness severity, and that these abnormalities are associated 
with a worse outcome in patients with sepsis or septic shock[79]. Low T3 can be attributed to 
increased de-iodination of T4 to reverse T3 (rT3), rather than T3, and increased catabolism of 
T3 to 3,3-diiodothyronine. Low total and free T4 and low TSH levels can be observed in 
severe sepsis and septic shock due to decrease in plasma T4-binding globulin or 
transthyretin as well as accumulation of substances that lower the plasma thyroid hormone-
binding capacity[80]. However, the pattern of abnormal thyroid profiles are not consistently 
observed between studies, with more pediatric studies reporting thyroid function 
abnormalities. Reasons for discordant findings may be attributed to age related hormonal 
differences - plasma thyroid hormone levels are higher than older children and adults in the 
first few months of life, due to the TSH surge that occurs in the immediate postnatal period, 
and elevated TBG levels secondary to maternal estrogen. Other reasons for variable findings 
may be attributed to differences in the hemodynamic response to septic shock in children, 
and thus the type of vasoactive support; dopamine can suppress the pituitary release of TSH 
and thus potentially the production of T3, while norepinephrine is believed to stimulate the 
secretion of TSH. It is however, generally accepted that alterations in thyroid hormone 
observed during septic shock constitute part of an adaptive metabolic response, and that the 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

370 

majority of patients recover normal thyroid function once their critical illness subsides[81]. 
Nevertheless, thyroid disorders are relatively common in the general population, with an 
estimated prevalence of 1% to 10%, and hence a subset of patients with septic shock can 
have true underlying hypothyroidism. High TSH or reduced rT3 may be suggestive of such 
a diagnosis. 
The hypothesis of relative thyroid insufficiency and its association with a worse outcome 
has led to several studies on thyroid supplementation during sepsis. However, despite early 
animal studies showing beneficial effects of thyroid supplementation particularly on lung 
mechanics and vasoactive requirements during sepsis[82], human studies have failed to 
demonstrate a beneficial effect from thyroid hormone replacement in this setting[79]. 
Thyroid hormone supplementation during sepsis can lead to a reciprocal decrease in TSH, 
which in turn can adversely effect the adaptive immune response. 
In summary, thyroid hormone abnormalities are very common in septic patients and hence 
future studies are required to establish the strength of this association, or if a causal 
relationship exists between thyroid hypofunction and adverse outcome. The role of thyroid 
hormone abnormalities as an adjunctive predictor of outcome warrants further evaluation 
Follow-up thyroid function tests are recommended if abnormal levels are measured during 
severe sepsis, as the majority of these abnormalities are transient. 

4.3 Growth hormone 
Activation of the HPA axis in critical illness results in an alteration in pulsatile release of 
growth hormone (GH) from the somatotropes. Down regulation of insulin-like growth 
factor 1 (IGF1) and GH binding proteins result in an acquired peripheral GH resistance 
during severe sepsis which in turn promotes protein catabolism and negative nitrogen 
balance[83]. There is evidence that GH resistance and the resultant increase in circulating 
GH concentrations have deleterious effects in critically ill patients. Increased GH levels has 
been shown to correlate with poor outcome in children with menincococcal sepsis and septic 
shock[84]. Increased GH has also been found to correlate with severity of disease and 
appears to be an independent predictor for mortality in critically ill adults but does not 
discriminate between septic and non-septic patients[85]. It is also unclear how GH is 
influenced by difference metabolic factors such as glucose control, insulin administration, 
and nutrition. Unfortunately, trials with recombinant GH targeted at overcoming the GH 
resistance induced catabolism have not been promising but in fact have demonstrated 
potential harm due to emergence of uncontrolled infections and the development of 
multiple organ failure[86]. At this point in time, the potential benefits of GH measurements 
in sepsis remain unclear and is therefor not recommended. 

4.4 Copeptin 
As discussed earlier, measuring circulating vasopressin levels is challenging as the mature 
hormone is unstable, has a short half-life and is largely attached to platelets. Copeptin, a 
stable peptide of the vasopressin precursor, is secreted in an equimolar ratio and thus 
mirrors the production of vasopressin[87]. Copeptin measurements have been shown to be 
much more stable and easy to determine than vasopressin, and has therefor been proposed 
as a sensitive and potential prognostic marker in patients with sepsis. Copeptin levels do 
appear to be increasingly elevated according to severity of illness from patients with sepsis, 
to severe sepsis and septic shock, however the optimal cut-off level has a sensitivity of 61.5% 
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and a specificity of 83.8%[88]. Copeptin is not specific to sepsis, and increased levels are also 
a marker of heart disease and ischemic stroke. Furthermore, copeptin levels may be affected 
by exogenous corticosteroid therapy, and in renal insufficiency[88]. 

4.5 Leptin 
Leptin is an adipose-derived hormone known for its contribution to energy metabolism and 
satiety signaling in the hypothalamus. Elevated baseline levels of leptin are found in obese 
patients, and obesity appears to be an independent, “dose-dependent” risk factor for sepsis 
morbidity and mortality[89]. There is evidence that leptin is also involved in cell-mediated 
immunity and cytokine crosstalk. Human septic patients have evidence of increased 
circulating leptin concentrations which correlate with severity of illness, and hence it has 
been postulated that leptin may play a critical role in the pathogenesis of sepsis-associated 
multi-organ dysfunction[90]. It has also been suggested that elevated leptin levels may aid 
in distinguishing between sepsis and non-infectious SIRS[91]. However, research in this area 
is in its infancy, and further studies are required to determine the pathogenic mechanisms of 
leptin, and the diagnostic and therapeutic potential of leptin family molecules in human 
sepsis. 

4.6 Age and sex hormone related phenomena during sepsis  
Differences in hormonal profiles have been suggested as the cause of gender-based 
differences in the incidence and outcomes from severe sepsis. The incidence of sepsis 
appears to be 15% to 28% higher in males than in females in both the pediatric and adult 
populations[68, 92]. Among septic patients, even microbes may have a predilection for 
certain sexes. In a large cohort study of septic patients admitted to US hospitals, men were 
more likely than women to be infected with Gram-positive organisms after controlling for 
source of infection[93]. Whether gender related differences in sepsis translates into a higher 
mortality risk remains unclear[68, 94]. Sex hormones or sex-related gene polymorphisms 
may protect women against sepsis and death from sepsis. Estrogens and prolactin may 
confer some protection in women however there are additional non-hormonal based factors 
such as a differential immune response, sociocultural, racial background, economic or 
personal health-related behaviours between men and women, that account for the gender-
related differences in incidence and outcomes from sepsis[94]. 
Neuroendocrine dysfunction appears to differ significantly between children and adults and 
hence it is suggested that age related differences may contribute to variations in disease 
course, physiologic response and clinical outcomes in these populations[95]. Mortality from 
pediatric septic shock is significantly lower than in adults[96]. The hemodynamic profile 
during severe sepsis in children more commonly presents as cardiogenic dysfunction as 
opposed to the vascular failure seen in adults[97]. As a result, children with fluid-refractory 
septic shock are frequently hypodynamic and respond to inotrope and vasodilator therapy, 
while vasopressor therapy is recommended as the first line agent in adult patients[10, 97]. 
These differences in physiologic response therefore call for a diagnostic and therapeutic 
approach that is tailored dependent on the patient’s age. 

5. Conclusion 
Severe sepsis and septic shock remains one of the most challenging problems in medicine 
today, and in our search for potential therapies to reverse end-organ sequelae of infection, 
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majority of patients recover normal thyroid function once their critical illness subsides[81]. 
Nevertheless, thyroid disorders are relatively common in the general population, with an 
estimated prevalence of 1% to 10%, and hence a subset of patients with septic shock can 
have true underlying hypothyroidism. High TSH or reduced rT3 may be suggestive of such 
a diagnosis. 
The hypothesis of relative thyroid insufficiency and its association with a worse outcome 
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animal studies showing beneficial effects of thyroid supplementation particularly on lung 
mechanics and vasoactive requirements during sepsis[82], human studies have failed to 
demonstrate a beneficial effect from thyroid hormone replacement in this setting[79]. 
Thyroid hormone supplementation during sepsis can lead to a reciprocal decrease in TSH, 
which in turn can adversely effect the adaptive immune response. 
In summary, thyroid hormone abnormalities are very common in septic patients and hence 
future studies are required to establish the strength of this association, or if a causal 
relationship exists between thyroid hypofunction and adverse outcome. The role of thyroid 
hormone abnormalities as an adjunctive predictor of outcome warrants further evaluation 
Follow-up thyroid function tests are recommended if abnormal levels are measured during 
severe sepsis, as the majority of these abnormalities are transient. 

4.3 Growth hormone 
Activation of the HPA axis in critical illness results in an alteration in pulsatile release of 
growth hormone (GH) from the somatotropes. Down regulation of insulin-like growth 
factor 1 (IGF1) and GH binding proteins result in an acquired peripheral GH resistance 
during severe sepsis which in turn promotes protein catabolism and negative nitrogen 
balance[83]. There is evidence that GH resistance and the resultant increase in circulating 
GH concentrations have deleterious effects in critically ill patients. Increased GH levels has 
been shown to correlate with poor outcome in children with menincococcal sepsis and septic 
shock[84]. Increased GH has also been found to correlate with severity of disease and 
appears to be an independent predictor for mortality in critically ill adults but does not 
discriminate between septic and non-septic patients[85]. It is also unclear how GH is 
influenced by difference metabolic factors such as glucose control, insulin administration, 
and nutrition. Unfortunately, trials with recombinant GH targeted at overcoming the GH 
resistance induced catabolism have not been promising but in fact have demonstrated 
potential harm due to emergence of uncontrolled infections and the development of 
multiple organ failure[86]. At this point in time, the potential benefits of GH measurements 
in sepsis remain unclear and is therefor not recommended. 
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As discussed earlier, measuring circulating vasopressin levels is challenging as the mature 
hormone is unstable, has a short half-life and is largely attached to platelets. Copeptin, a 
stable peptide of the vasopressin precursor, is secreted in an equimolar ratio and thus 
mirrors the production of vasopressin[87]. Copeptin measurements have been shown to be 
much more stable and easy to determine than vasopressin, and has therefor been proposed 
as a sensitive and potential prognostic marker in patients with sepsis. Copeptin levels do 
appear to be increasingly elevated according to severity of illness from patients with sepsis, 
to severe sepsis and septic shock, however the optimal cut-off level has a sensitivity of 61.5% 
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and a specificity of 83.8%[88]. Copeptin is not specific to sepsis, and increased levels are also 
a marker of heart disease and ischemic stroke. Furthermore, copeptin levels may be affected 
by exogenous corticosteroid therapy, and in renal insufficiency[88]. 

4.5 Leptin 
Leptin is an adipose-derived hormone known for its contribution to energy metabolism and 
satiety signaling in the hypothalamus. Elevated baseline levels of leptin are found in obese 
patients, and obesity appears to be an independent, “dose-dependent” risk factor for sepsis 
morbidity and mortality[89]. There is evidence that leptin is also involved in cell-mediated 
immunity and cytokine crosstalk. Human septic patients have evidence of increased 
circulating leptin concentrations which correlate with severity of illness, and hence it has 
been postulated that leptin may play a critical role in the pathogenesis of sepsis-associated 
multi-organ dysfunction[90]. It has also been suggested that elevated leptin levels may aid 
in distinguishing between sepsis and non-infectious SIRS[91]. However, research in this area 
is in its infancy, and further studies are required to determine the pathogenic mechanisms of 
leptin, and the diagnostic and therapeutic potential of leptin family molecules in human 
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4.6 Age and sex hormone related phenomena during sepsis  
Differences in hormonal profiles have been suggested as the cause of gender-based 
differences in the incidence and outcomes from severe sepsis. The incidence of sepsis 
appears to be 15% to 28% higher in males than in females in both the pediatric and adult 
populations[68, 92]. Among septic patients, even microbes may have a predilection for 
certain sexes. In a large cohort study of septic patients admitted to US hospitals, men were 
more likely than women to be infected with Gram-positive organisms after controlling for 
source of infection[93]. Whether gender related differences in sepsis translates into a higher 
mortality risk remains unclear[68, 94]. Sex hormones or sex-related gene polymorphisms 
may protect women against sepsis and death from sepsis. Estrogens and prolactin may 
confer some protection in women however there are additional non-hormonal based factors 
such as a differential immune response, sociocultural, racial background, economic or 
personal health-related behaviours between men and women, that account for the gender-
related differences in incidence and outcomes from sepsis[94]. 
Neuroendocrine dysfunction appears to differ significantly between children and adults and 
hence it is suggested that age related differences may contribute to variations in disease 
course, physiologic response and clinical outcomes in these populations[95]. Mortality from 
pediatric septic shock is significantly lower than in adults[96]. The hemodynamic profile 
during severe sepsis in children more commonly presents as cardiogenic dysfunction as 
opposed to the vascular failure seen in adults[97]. As a result, children with fluid-refractory 
septic shock are frequently hypodynamic and respond to inotrope and vasodilator therapy, 
while vasopressor therapy is recommended as the first line agent in adult patients[10, 97]. 
These differences in physiologic response therefore call for a diagnostic and therapeutic 
approach that is tailored dependent on the patient’s age. 

5. Conclusion 
Severe sepsis and septic shock remains one of the most challenging problems in medicine 
today, and in our search for potential therapies to reverse end-organ sequelae of infection, 
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we are eager to embrace the concept of endocrine support to supplement the antimicrobial 
and cardiorespiratory support during the management of the sickest of these patients. 
While hormonal therapy may play an important role in the management of severe sepsis 
for hormone therapy in sepsis, we have yet to fully understand the dynamic 
compensatory mechanisms, signaling pathways and complex interdependence of multiple 
hormonal responses, such that replacement therapy with exogenous hormone with the 
rationale of restoring normal or “physiologic” values, or to reverse target organ receptor 
resistance, may be too simplistic a therapeutic approach. We have yet to fully understand 
the precise mechanisms by which these hormones participate in sepsis and non-infectious 
SIRS, and the complex role each may play in modulating the inflammatory and immune 
responses during severe infection, and whether these responses are adaptive or 
maladaptive. Limitations in predicting who may respond and potentially benefit from 
such therapies, together with how to define or diagnose dysfunction within a hormonal 
axis, add further challenges. There are many stress hormones that mirror the severity of 
illness during sepsis, however with the possible exception of procalcitonin, none are 
specific enough to consistently discriminate between infectious and non-infectious causes 
of SIRS such that one can currently be recommended for routine use as an early diagnostic 
and independent prognostic marker. Nevertheless based on emerging research, it is likely 
that hormonal assays may become adjunctive to the predictive capacity of validated 
prognostic scoring tools in the future. There is evidence that corticosteroid and insulin 
therapy in specific subgroups of critically ill septic patients can be beneficial. The many 
controversies and ongoing debates ensure that this area of research will continue to 
evolve, which will hopefully enhance our ability to not only detect hormone dysfunction, 
but also predict outcome, and ultimately refine our diagnostic, therapeutic and prognostic 
approaches in septic patients. 
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1. Introduction   
A tight regulation of the immune/inflammatory system is crucial for maintaining the 
balance between protective and tissue-damaging responses. Systemic inflammatory 
response syndrome (SIRS) and sepsis are characterized by a loss of control over 
inflammatory responses, which can be provoked by a variety of causative agents and severe 
clinical insults. Sepsis is the most common cause of death in intensive care units worldwide 
and despite the extensive research we do not fully understand the cellular and molecular 
mechanisms that are involved in triggering and propagation of septic injury. A number of 
different approaches have been investigated to try to treat and/or prevent septic shock 
associated with infections caused by Gram-negative bacteria. Antibiotics constitute a 
necessary part of the treatment of sepsis, but antibiotics alone, even used optimally, are not 
sufficient to dramatically reduce the mortality of septic patient, because antibiotics cannot 
control the complex systemic inflammation and dysregulated host responses. For this 
reason, considerable efforts have been expended in developing non-antibiotic forms of 
treatment. 
A wide variety of dietary plants including grains, berries, legumes, tea, beer, grape/wine, 
olive oil, chocolate/cocoa, coffee, walnuts, peanuts, spices, fruits, vegetables etc. contain 
polyphenols (Bravo, 1998). Polyphenols, with 8000 structural variants, are characterized by 
the presence of aromatic rings bearing one or more hydroxyl moieties, which have a pivotal 
role in mediating of its antioxidant properties. As antioxidants, polyphenols are normally 
produced by plants for their antibiotic and antifungal features (Leiro et al., 2004). 
Polyphenols are generally divided into six major groups: hydroxybenzoic acids, phenolic 
alcohols, hydroxycinnamic acids, lignans, flavonoids and stilbenes (e.g. resveratrol) 
(D’Archivio et al., 2007). Recently, a number of natural products or ingredients of traditional 
medicines and healthy foods such as resveratrol, curcumin, and catechins were extensively 
investigated and subjected to clinical trials as anti-inflammatory agents (Hatcher et al., 
2008). Although the knowledge of absorption, bioavailability and metabolism of 
polyphenols is not entirely known, it appears that some polyphenols are bioactive and are 
absorbed in their native or modified form. After the metabolization of polyphenols by the 
microflora of the intestines, their absorbed forms may be detected in plasma in nanomolar 
concentration (Rahman et al., 2006). 
The active components of dietary phytochemicals (e.g. curcumin, resveratrol, capsaicin, 
catechins, vitamins, beta carotene and dietary fiber) are believed to suppress the 
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1. Introduction   
A tight regulation of the immune/inflammatory system is crucial for maintaining the 
balance between protective and tissue-damaging responses. Systemic inflammatory 
response syndrome (SIRS) and sepsis are characterized by a loss of control over 
inflammatory responses, which can be provoked by a variety of causative agents and severe 
clinical insults. Sepsis is the most common cause of death in intensive care units worldwide 
and despite the extensive research we do not fully understand the cellular and molecular 
mechanisms that are involved in triggering and propagation of septic injury. A number of 
different approaches have been investigated to try to treat and/or prevent septic shock 
associated with infections caused by Gram-negative bacteria. Antibiotics constitute a 
necessary part of the treatment of sepsis, but antibiotics alone, even used optimally, are not 
sufficient to dramatically reduce the mortality of septic patient, because antibiotics cannot 
control the complex systemic inflammation and dysregulated host responses. For this 
reason, considerable efforts have been expended in developing non-antibiotic forms of 
treatment. 
A wide variety of dietary plants including grains, berries, legumes, tea, beer, grape/wine, 
olive oil, chocolate/cocoa, coffee, walnuts, peanuts, spices, fruits, vegetables etc. contain 
polyphenols (Bravo, 1998). Polyphenols, with 8000 structural variants, are characterized by 
the presence of aromatic rings bearing one or more hydroxyl moieties, which have a pivotal 
role in mediating of its antioxidant properties. As antioxidants, polyphenols are normally 
produced by plants for their antibiotic and antifungal features (Leiro et al., 2004). 
Polyphenols are generally divided into six major groups: hydroxybenzoic acids, phenolic 
alcohols, hydroxycinnamic acids, lignans, flavonoids and stilbenes (e.g. resveratrol) 
(D’Archivio et al., 2007). Recently, a number of natural products or ingredients of traditional 
medicines and healthy foods such as resveratrol, curcumin, and catechins were extensively 
investigated and subjected to clinical trials as anti-inflammatory agents (Hatcher et al., 
2008). Although the knowledge of absorption, bioavailability and metabolism of 
polyphenols is not entirely known, it appears that some polyphenols are bioactive and are 
absorbed in their native or modified form. After the metabolization of polyphenols by the 
microflora of the intestines, their absorbed forms may be detected in plasma in nanomolar 
concentration (Rahman et al., 2006). 
The active components of dietary phytochemicals (e.g. curcumin, resveratrol, capsaicin, 
catechins, vitamins, beta carotene and dietary fiber) are believed to suppress the 
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inflammatory processes, moderate cell signaling pathways, proliferation, apoptosis, redox 
balance and most often appear to be protective against cancer, neurodegenerative disorders 
and cardiovascular diseases (Aggarwal & Shishodia, 2006; Rahman et al., 2006). Polyphenols 
can exert their anti-inflammatorical properties at multiple levels, through the modulation of 
MAPK, Akt and NF-κB signaling pathways, inhibition the production of inflammatory 
cytokines and chemokines, suppressing the activity of COX and iNOS and decreasing the 
production of ROS/RNS. MAPKs which play critical roles in inflammation are inhibited by 
catechins in macrophages (Ichikawa et al., 2004). Other dietary phytochemicals, namely 
curcumin, resveratrol and green tea polyphenols  have been shown to modulate the MAP 
kinases and it was dependent on cell type and on the polyphenol used. Akt plays crucial 
roles in mammalian cell survival signalling and has been shown to be activated in various 
cancers (Chang et al., 2003). Activated Akt promotes cell survival by activating NF-κB 
signalling pathway (Romashkova & Makarov, 1999). Several phytochemicals including 
genistein (Li & Sarkar, 2002), curcuminoids (Aggarwal et al., 2006) and catechins (Tang et 
al., 2003) are known to suppress the activation of Akt, in this way inhibit cancer cell growth. 
Almost all cell types, when exposed to TNF-α, LPS or other stimuli, activate NF-κB and AP-
1 transcription factors, leading to the expression of inflammatory genes, such as COX-2, 
iNOS, cell adhesion molecules, inflammatory cytokines and chemokines. Thus, all the 
dietary agents that can suppress these transcription factors have the potential of inhibiting 
the expression of COX-2, iNOS, cell adhesion molecules, TNF-α and interleukins. Several 
dietary components including green tea catechins (Gerhäuser et al., 2003), curcumin 
(Plummer et al., 1999), and resveratrol (Subbaramaiah et al., 1998) have been shown to 
suppress COX-2 and in this way to decrease the production of reactive oxygen species. 
iNOS, which is responsible for the release of free radical nitric oxide, was suppressed by 
several phytochemicals and dietary agents in RAW 264.7 macrophage cell line, stimulated 
with LPS and interferon-γ (IFN-γ) (Kim et al., 1998). Other sources of the antioxidant 
properties of polyphenols is their free radicals scavenger features, which is based on their 
structure (Joe & Lokesh, 1994, Babu & Liu, 2008). Furthermore, several polyphenols 
suppress lipid peroxidation through to maintain the cellular status of antioxidant 
enzymes like superoxide dismutase, catalase and glutathione peroxidase (Labinskyy et al., 
2006; Reddy & Lokesh, 1992). Due to the NF-κB suppressing effect of polyphenols, some 
of them (e.g. curcumin, resveratrol, quercetin and green tee polyphenols) have been 
shown to decrease the expression of chemokines and cytokines (Hidaka et al., 2002, 
Kowalski et al., 2005). 
Recently, the anti-inflammatory properties of natural products or ingredients of 
traditional medicines and healthy foods were extensively investigated, but the solubility 
of these compounds is limited. Because of it, it is questionable whether their 
bioavailability could account for their pharmacological effect. Recent publications show 
that polyphenols in healthy foods or drinks such as chocolate, red wine, or beer are 
readily metabolized to phenolic acids and aldehydes by the microflora of the intestines, 
raising the possibility that these metabolites, rather than the original natural products or 
food ingredients, are responsible for their anti-inflammatory properties (Gonthier et al., 
2003; Rios et al., 2003). 
In the present chapter we summarize our recent knowledge about the effect of natural 
polyphenols in systemic inflammatory conditions focusing on their metabolites and 
degradation products. These compounds could represent new potential clinical approaches 
in the therapeutic intervention of severe sepsis and septic shock. 
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2. Polyphenols 
A wide variety of dietary plants including grains, fruits, vegetables, cereals, olive, dry 
legumes, chocolate and beverages, such as tea, coffee and red wine contain polyphenols 
(Bravo, 1998). Polyphenols, with 8000 structural variants, are characterized by the presence 
of aromatic rings bearing one or more hydroxyl moieties, which have a pivotal role in 
mediating of its antioxidant properties. As antioxidants, polyphenols are normally 
produced by plants for their antibiotic and antifungal features (Leiro et al., 2004). Although 
the absorption, bioavailability and metabolism of polyphenols are not entirely known, it 
appears that some polyphenols are bioactive and are absorbed in their native or modified 
form. The active components of dietary phytochemicals (e.g. curcumin, resveratrol, 
capsaicin, catechins, vitamins, beta carotene and dietary fiber) are believed to suppress the 
inflammatory processes, moderate cell signalling pathways, proliferation, apoptosis, redox 
balance and most often appear to be protective against cancer, neurodegenerative disorders 
and cardiovascular diseases (Aggarwal & Shishodia, 2006, Rahman et al., 2006). Polyphenols 
can exert their anti-inflammatory properties at multiple levels, through the modulation of 
mitogen-activated protein kinases (MAPK) signalling pathways (Kong et al., 2000; Wiseman 
et al., 2001) and NF-κB and AP-1 transcription factors (Manna et al., 2000), inhibition of the 
production of inflammatory cytokines and chemokines, suppressing the activity of 
cyclooxygenase (COX) (O’Leary et al., 2004) and inducible nitric oxide synthase (iNOS) 
(Donnelly et al., 2004) and thereby decreasing the production of reactive oxygen and 
nitrogen species (ROS/RNS).  
In this chapter we discuss the anti-inflammatory properties of some selected polyphenols 
where the selection is based on the occurrence and importance of these compounds in the 
literature.  

2.1 Resveratrol  
One of the most investigated and potent polyphenolic compound that is found in highest 
concentration in the skin of grapes and regulate the inflammation is a stilbene, called 
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inflammatory processes, moderate cell signaling pathways, proliferation, apoptosis, redox 
balance and most often appear to be protective against cancer, neurodegenerative disorders 
and cardiovascular diseases (Aggarwal & Shishodia, 2006; Rahman et al., 2006). Polyphenols 
can exert their anti-inflammatorical properties at multiple levels, through the modulation of 
MAPK, Akt and NF-κB signaling pathways, inhibition the production of inflammatory 
cytokines and chemokines, suppressing the activity of COX and iNOS and decreasing the 
production of ROS/RNS. MAPKs which play critical roles in inflammation are inhibited by 
catechins in macrophages (Ichikawa et al., 2004). Other dietary phytochemicals, namely 
curcumin, resveratrol and green tea polyphenols  have been shown to modulate the MAP 
kinases and it was dependent on cell type and on the polyphenol used. Akt plays crucial 
roles in mammalian cell survival signalling and has been shown to be activated in various 
cancers (Chang et al., 2003). Activated Akt promotes cell survival by activating NF-κB 
signalling pathway (Romashkova & Makarov, 1999). Several phytochemicals including 
genistein (Li & Sarkar, 2002), curcuminoids (Aggarwal et al., 2006) and catechins (Tang et 
al., 2003) are known to suppress the activation of Akt, in this way inhibit cancer cell growth. 
Almost all cell types, when exposed to TNF-α, LPS or other stimuli, activate NF-κB and AP-
1 transcription factors, leading to the expression of inflammatory genes, such as COX-2, 
iNOS, cell adhesion molecules, inflammatory cytokines and chemokines. Thus, all the 
dietary agents that can suppress these transcription factors have the potential of inhibiting 
the expression of COX-2, iNOS, cell adhesion molecules, TNF-α and interleukins. Several 
dietary components including green tea catechins (Gerhäuser et al., 2003), curcumin 
(Plummer et al., 1999), and resveratrol (Subbaramaiah et al., 1998) have been shown to 
suppress COX-2 and in this way to decrease the production of reactive oxygen species. 
iNOS, which is responsible for the release of free radical nitric oxide, was suppressed by 
several phytochemicals and dietary agents in RAW 264.7 macrophage cell line, stimulated 
with LPS and interferon-γ (IFN-γ) (Kim et al., 1998). Other sources of the antioxidant 
properties of polyphenols is their free radicals scavenger features, which is based on their 
structure (Joe & Lokesh, 1994, Babu & Liu, 2008). Furthermore, several polyphenols 
suppress lipid peroxidation through to maintain the cellular status of antioxidant 
enzymes like superoxide dismutase, catalase and glutathione peroxidase (Labinskyy et al., 
2006; Reddy & Lokesh, 1992). Due to the NF-κB suppressing effect of polyphenols, some 
of them (e.g. curcumin, resveratrol, quercetin and green tee polyphenols) have been 
shown to decrease the expression of chemokines and cytokines (Hidaka et al., 2002, 
Kowalski et al., 2005). 
Recently, the anti-inflammatory properties of natural products or ingredients of 
traditional medicines and healthy foods were extensively investigated, but the solubility 
of these compounds is limited. Because of it, it is questionable whether their 
bioavailability could account for their pharmacological effect. Recent publications show 
that polyphenols in healthy foods or drinks such as chocolate, red wine, or beer are 
readily metabolized to phenolic acids and aldehydes by the microflora of the intestines, 
raising the possibility that these metabolites, rather than the original natural products or 
food ingredients, are responsible for their anti-inflammatory properties (Gonthier et al., 
2003; Rios et al., 2003). 
In the present chapter we summarize our recent knowledge about the effect of natural 
polyphenols in systemic inflammatory conditions focusing on their metabolites and 
degradation products. These compounds could represent new potential clinical approaches 
in the therapeutic intervention of severe sepsis and septic shock. 
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2. Polyphenols 
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Bioavailability and metabolism of resveratrol have been widely studied and its efficacy 
depends on its absorption and metabolism. In mice, rats and humans resveratrol has been 
detected in body fluids (urine, bile, and plasma) as well as in kidneys, stomach, intestine, 
and liver, following oral administration and this wide tissue targeting suggests an efficient 
absorption (Boocock et al., 2007; Jang et al., 1997; Vitrac et al., 2003; Wenzel & Somoza, 2005; 
Wenzel et al., 2005;). 

2.2 Quercetin  
The flavonoid quercetin (Figure 2) is a potent dietary polyphenol that can exert anti-
inflammatory, anti-proliferative and anti-oxidative effects (Bischoff, 2008; Boots et al., 2008).  
 

 
Fig. 2. Structure of quercetin 

Foods rich in quercetin include black and green tea, capers, lovage, apples, red grapes and a 
number of berries (Häkkinen et al., 1999). Dietary quercetin is mostly present as its 
glycoside form and it is absorbed from the intestinal lumen is mostly converted to 
conjugated metabolites before entering circulation. A recent study regarding the tissue 
distribution observed that quercetin concentrated in lungs, testes, kidneys, thymus,  
heart and liver in rats and in pigs (de Boer et al., 2005). After absorption quercetin can 
undergo microbial degradation in the colon to phenolic acids and CO2, which is exhaled  
in the breath. 

2.3 Curcumin  
Curcumin (diferuloylmethane) (Figure 3), an orange-yellow component of turmeric or curry 
powder, is a polyphenol natural product isolated from the rhizome of the plant Curcuma 
longa.  
 

 
Fig. 3. Structure of curcumin 
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Since its first use as a drug in 1937 curcumin’s therapeutic potential has been explored  
in inflammatory diseases, neoplastic disease, cardiovascular and neurodegenerative disease, 
diabetes, cystic fibrosis and other disorders (Egan et al., 2004; Hsu & Cheng, 2007; Miriyala 
et al., 2007; Weisberg et al., 2008). However, curcumin, a highly pleiotropic molecule with  
an excellent safety profile targeting multiple diseases with strong evidence on the molecular 
level, could not achieve its optimum therapeutic outcome in past clinical trials, largely  
due to its low solubility and poor bioavailability. Animal and human studies have shown 
that curcumin is rapidly metabolized and conjugated in the liver, and then excreted, 
therefore having limited systemic bioavailability (Cheng et al., 2001; Ireson et al., 2001; 
Sharma et al., 2004). 

2.4 Epigallocatechin gallate  
Epigallocatechin gallate (EGCG), a principal antioxidant derived from green tea, is one of 
the most extensively investigated chemopreventive phytochemicals (Figure 4).  
 

 
Fig. 4. Structure of epigallocatechin gallate  

Recently, green tea has attracted attention for its health benefits, particularly with respect to 
its potential for preventing and treating cancer, cardiovascular diseases, inflammatory 
diseases, and neurodegenerative diseases in humans (Tedeschi et al., 2004; Weisburger & 
Chung, 2002; Yang et al., 1998). The metabolism of green tea catechins has been studied in 
various animals and in human subjects (Lee et al., 1995; Pietta et al., 2008). Orally 
administrated catechin to humans is absorbed, metabolized, and excreted within 24 hours 
(Harada et al., 1999) and green tea consumption increased the plasma levels of EGCG in a 
dose-dependent manner (Nakagawa et al., 1997). Furthermore, Suganuma et al. 
demonstrated that after direct administration of labelled EGCG into the stomachs 
radioactivity appeared in a wide range of target organs in mice, including the digestive 
tract, liver, lung, pancreas, mammary gland and skin, brain, kidney, uterus and ovary and 
testes (Suganuma et al., 1998). 

2.5 Phenolic acids and aldehydes  
Natural phenolic compounds are secondary plant metabolites and the most abundant 
antioxidant resources. They are widely distributed in plants and present in considerable 
amounts in the human diet. Phenolic acids are hydroxylated derivatives of benzoic and 
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cinnamic acids. The most common hydroxycinnamic acid derivatives are p-coumaric, 
caffeic, and ferulic acids which frequently occur in foods as simple esters with quinic acid or 
glucose. Phenolic acids have received considerable attention due to their various biological 
activities, including antioxidant, anti-apoptotic and anti-inflammatory capacities (Manach et 
al., 2004). 
Caffeic acid (Figure 5) is a widespread phenolic acid that occurs naturally in many 
agricultural products such as fruits, vegetables, wine, olive oil, and coffee (Mattila & 
Kumpulainen, 2002).  
 

 
Fig. 5. Structure of caffeic acid  

It is a potent antioxidant, metal chelating (Psotova et al., 2003), anti-inflammatory (Chao et 
al., 2010), free radical scavenger (Gulcin, 2006) and antidiabetic agent. Caffeic acid has been 
shown to be an inhibitor of the lipoxygenase enzyme and its conjugates such as chlorogenic 
and caftaric acids were demonstrated to be more powerful antioxidants in a number of 
different systems (Fukumoto & Mazza, 2000). Caffeic acid and its derivatives are good 
substrates of polyphenol oxidases, and under certain conditions may undergo oxidation in 
plant tissues or products of plant origin (Kerry & Rice-Evans, 1998). 
Ferulic acid (4-hydroxy-3-methoxy cinnamic acid) is a product of the phenylalanine and 
tyrosine metabolism, and it is produced by the shikimate pathway in plants (Figure 6). It  
is commonly found in fruits like orange and in vegetables, such as tomato, carrot, sweet 
corn and rice bran. The wide spectrum of beneficial effects of ferulic acid for human health 
due to its antibacterial, anti-inflammatory, hepatoprotective, anticancer, antidiabetic, 
neuroprotective, anti-atherogenic and antioxidant activity (Srinivasan et al., 2007). Partially, 
because of its antioxidant and anti-inflammatory activity, ferulic acid is considered as a 
potential therapeutic agent (together with other natural phenolic compounds) against 
various diseases like cancer, diabetes, cardiovascular dysfunction, inflammatory diseases 
and neurodegenerative diseases (Soobrattee et al., 2005). Ferulic acid and ferulaldehyde are 
potential end-products of dietary polyphenol degradation since they were found at a high 
concentration in human urine after red wine and chocolate consumption (Gonthier, 2003; 
Rios et al., 2003).  
Furthermore, ferulic acid was reported to stay in the blood longer than other antioxidants 
such as vitamin C, and have higher bioavailability than that of other dietary flavonoids and 
monophenolics studied so far (Beecher et al., 1998). The structural characteristic of ferulic 
acid and its reduced form, ferulaldehyde mainly resembles, the difference is one functional 
group (Figure 6). Due to this structural similarity and the presence of the reactive aldehyde 
group (which can be easily oxidized to carboxylic group), ferulaldehyde is thought to have 
very similar or maybe better biological activity as ferulic acid (Radnai et al, 2009; Tucsek et 
al., 2011). 
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Fig. 6. Structure of ferulic acid and ferulaldehyde 

3. Pathomechanism of sepsis 
3.1 Reactive oxygen and nitrogen species  
Oxidative stress is involved in the pathomechanism of sepsis and reactive oxygen and 
nitrogen species are important mediators of cellular injury during endotoxemia (Cadenas  & 
Cadenas, 2002). Oxidative damage caused by ROS and RNS will lead, among others, to 
DNA lesions, function loss of enzymes, increased cell permeability, disturbed signalling 
over the cell and eventually even cell death via necrosis or apoptosis. Consequently, ROS 
play a key role in enhancing the inflammation through sustained production of various 
cytokines, activation and phosphorylation of MAP kinases and redox-sensitive transcription 
factors, such as NF-κB and AP-1 in various inflammatory diseases. ROS also alters nuclear 
histone acetylation and deacetylation (chromatin remodelling) leading to increased gene 
expression of proinflammatory mediators (Rahman et al., 2004). ROS are generated during 
normal cellular metabolism. The respiratory chain in mitochondria is the major source of 
oxygen radicals. In inflammatory processes, beside the mitochondrial ROS production there 
are other possible sources of ROS such as metabolic cascade of arachidonic acid (via COX-2), 
protease-mediated enzyme xanthine-oxidase and membrane-bound enzyme complex 
NADPH oxidase (Victor et al., 2005). ROS and RNS cause peroxidation of membrane 
phospholipids, oxidation of proteins and DNA damage (Pattanaik & Prasad 1996). iNOS is 
expressed and continuously active during inflammation, where it is involved in host-
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defence against pathogens. iNOS generates NO which can be converted to its stable 
products, nitrite and nitrate (Gomez-Jimenez et al., 1995). 
Many studies reconfirmed the fact that resveratrol is a potent free radical scavenger and also 
a potent antioxidant (Soleas et al., 1997). Peripheral blood mononuclear cells play a critical 
role as the first defence line during endotoxemia. Activation of these cells by different 
physiological and non physiological agents causes a massive respiratory burst followed by 
an increase in oxygen consumption accompanied by the generation of ROS including 
superoxide, hydrogen peroxide, and hydroxy radicals. The release of ROS is of major 
importance for host defence but can also induce tissue damage. Resveratrol has been 
reported to have a strong inhibitory effect on multiple reactive oxygen species produced by 
polymorphonuclear leukocytes stimulated with formyl methionyl leucyl phenylalanine a 
chemotactic peptide (Rotondo et al., 1998). Zymosan is a carbohydrate-rich cell wall 
preparation derived from the yeast Saccharomyces cerevisiae could activate leukocytes to 
release ROS and resveratrol was shown as a potent inhibitor of ROS production in both 
unopsonized zymosan-stimulated RAW 264.7 cells and human monocytes and neutrophils 
(Jang et al., 1999). It was reported that resveratrol exerted a strong inhibitory effect on 
superoxide radical and hydrogen peroxide produced by macrophages stimulated by 
lipopolysaccharides (LPS) or phorbol esters (Martinez & Moreno, 2000). 
Quercetin has been shown to be an excellent in vitro antioxidant. Within the flavonoid 
family, quercetin is the most potent scavenger of ROS, including superoxide (Hanasaki et 
al., 1994; Cushnie & Lamb, 2005), and RNS like NO (van Acker et al., 1995) and peroxynitrite 
(Haenen et al., 1997; Heijnen et al., 2001) and it also contributes to the total plasma 
antioxidant capacity (Arts et al., 2004). On the other hand, it is known that during its 
antioxidative activities, quercetin becomes oxidized into various oxidation products and 
these products like semiquinone radicals and quinones display various toxic effects, such as 
increased membrane permeability, due to their ability of arylating protein thiols 
(Kalyanaraman et al., 1987; Monks & Lau, 1992; Metodiewa et al., 1999). However, quercetin 
quinone-induced toxicity has been shown in various in vitro studies and has recently been 
defined as the quercetin paradox (Boots et al., 2007), its in vivo formation and possible 
toxicity has not been demonstrated yet. 
Free radicals such as superoxide anion, hydrogen peroxide, and nitric oxide have been 
reported to be scavenged by curcumin (in the micro to millimolar range) both in vitro and in 
vivo (Aggarwal et al., 2003). The antioxidant properties of curcumin are evident from its 
ability to lower lipid peroxidation and maintain the activity status of various antioxidant 
enzymes. Findings of Biswas et al. indicate that curcumin could scavenge ROS, as 
determined by electron paramagnetic resonance spectroscopy and it was found to be much 
faster in terms of quenching ROS when compared to resveratrol and quercetin. Curcumin 
has also been demonstrated to induce antioxidant defences through increases in glutathione 
production via Nrf2 activation and induction of glutamate cysteine ligase transcription and 
interacting directly with superoxide anion and hydroxyl radical (Biswas et al., 2005). In 
addition, curcumin had an effective scavenging activity in various in vitro antioxidant 
assays, including DPPH radical, ABTS radical, DMPD radical, superoxide anion radical and 
hydrogen peroxide; ferric ions (Fe3+) reducing power and ferrous ions (Fe2+) chelating 
activities (Ak & Gülçin, 2008). This suggests that curcumin has multiple anti-inflammatory 
properties: as an oxygen radical scavenger and as an antioxidant through modulation of 
glutathione levels. 
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Tea polyphenols have been reported to be potent scavengers (more efficient than vitamin E 
and C) (Nanjo et al., 1996; Pannala et al., 1997) of free radicals such as singlet oxygen, 
superoxide anions, hydroxyl radicals, and peroxy radicals in a number of in vitro systems 
(Salah et al., 1995; Morel et al., 1999) and EGCG was found to be the strongest antioxidant 
among tea catechins (Khokhar & Magnusdottir, 2002). EGCG attenuated 3-
hydroxykynurenine, a potential neurotoxin in several neurodegenerative disorders, induced 
cell viability reduction and the increase in the concentration of ROS and caspase-3 activity in 
neuronal culture were also attenuated, presumably via its antioxidant activity (Jeong et al., 
2004). In rat brain tissue, green tea and black tea extracts were shown to inhibit lipid 
peroxidation promoted by iron ascorbate in homogenates of brain mitochondrial 
membranes (Levites et al., 2002). A similar effect was also reported using brain 
synaptosomes, in which the four major polyphenol catechins of green tea were shown to 
inhibit iron-induced lipid peroxidation (Guo et al., 1996). The ability of green tea 
polyphenols and catechins, in particular, to chelate metal ions such as iron and copper may 
contribute to their antioxidant activity by inhibiting transition metal-catalyzed free radical 
formation. Furthermore, EGCG treatment inhibited the enzyme iNOS (Lin & Lin, 1997; Lin 
et al., 1999) in activated macrophages. On the other hand, EGCG was found to elevate the 
activity of two major antioxidant enzymes, superoxide dismutase (SOD) and catalase in 
mice striatum (Levites et al., 2001). Taken together, the inhibition of enzymes, whose activity 
may promote oxidative stress and an increase in antioxidant enzyme activities by tea 
polyphenols might have a beneficial significance to anti-inflammatory processes.  
Phenolic acids and aldehydes have been reported to exert antioxidant and anti-
inflammatory effects. Phenolic compounds can trap the free radicals directly or scavenge 
them through a series of coupled reactions with antioxidant enzymes. Caffeic acid has been 
shown to protect tissues from ROS-mediated oxidative stress and inhibit lipoxygenase 
activity resulting in suppressed lipid peroxidation (Yilmaz et al., 2004). It was demonstrated 
that administration of caffeic acid reduced oxidative stress by increasing antioxidant 
activities and decreasing oxidant status and lipid peroxidation in the intestine of rats in an 
experimental model of necrotizing enterocolitis (Tayman et al., 2011). Administration of 
caffeic acid has been also shown to completely block both the production of ROS from 
activated neutrophils and the XO system (Ma et al., 2006; Yildiz et al., 2009) and to protect 
intestinal tissues from ROS-mediated oxidative stress and reduce lipid peroxidation (Ek et 
al., 2008; Koltuksuz et al., 1999). Treatment of rats orally with caffeic acid resulted in a 
significant decrease in iron nitrilotriacetate-induced xanthine oxidase, lipid peroxidation, c-
glutamyl transpeptidase, and H2O2 and there was a dose dependent and significant 
recovery of renal glutathione content and antioxidant enzymes (Rehman & Sultana, 2011). 
Caffeic acid has also been shown to be an inhibitor of the lipoxygenase enzyme in several 
experimental systems (Okutan et al., 2005). In addition, caffeic acid is an effective ABTS 
radical scavenging, DPPH radical scavenging, superoxide anion radical scavenging and it 
has total reducing power and metal chelating on ferrous ions activities (Gulcin, 2006). 
In wheat grain ferulic acid is the most abundant phenolic compounds and a correlation 
between changes in the plasma ferulic acid concentration and changes in the plasma 
antioxidant capacity was reported in a human ex vivo study (Mateo Anson et al., 2011). The 
antioxidant potential of ferulic acid can usually be attributed to its structural characteristic. 
Three distinctive motifs (3-methoxy and 4-hydroxy groups on the benzene ring, and the 
carboxylic acid group) of ferulic acid are responsible for its free radical scavenging 
capability. It has been also reported that ferulic acid or related ester derivatives inhibited the 
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defence against pathogens. iNOS generates NO which can be converted to its stable 
products, nitrite and nitrate (Gomez-Jimenez et al., 1995). 
Many studies reconfirmed the fact that resveratrol is a potent free radical scavenger and also 
a potent antioxidant (Soleas et al., 1997). Peripheral blood mononuclear cells play a critical 
role as the first defence line during endotoxemia. Activation of these cells by different 
physiological and non physiological agents causes a massive respiratory burst followed by 
an increase in oxygen consumption accompanied by the generation of ROS including 
superoxide, hydrogen peroxide, and hydroxy radicals. The release of ROS is of major 
importance for host defence but can also induce tissue damage. Resveratrol has been 
reported to have a strong inhibitory effect on multiple reactive oxygen species produced by 
polymorphonuclear leukocytes stimulated with formyl methionyl leucyl phenylalanine a 
chemotactic peptide (Rotondo et al., 1998). Zymosan is a carbohydrate-rich cell wall 
preparation derived from the yeast Saccharomyces cerevisiae could activate leukocytes to 
release ROS and resveratrol was shown as a potent inhibitor of ROS production in both 
unopsonized zymosan-stimulated RAW 264.7 cells and human monocytes and neutrophils 
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superoxide radical and hydrogen peroxide produced by macrophages stimulated by 
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determined by electron paramagnetic resonance spectroscopy and it was found to be much 
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addition, curcumin had an effective scavenging activity in various in vitro antioxidant 
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properties: as an oxygen radical scavenger and as an antioxidant through modulation of 
glutathione levels. 
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Tea polyphenols have been reported to be potent scavengers (more efficient than vitamin E 
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shown to protect tissues from ROS-mediated oxidative stress and inhibit lipoxygenase 
activity resulting in suppressed lipid peroxidation (Yilmaz et al., 2004). It was demonstrated 
that administration of caffeic acid reduced oxidative stress by increasing antioxidant 
activities and decreasing oxidant status and lipid peroxidation in the intestine of rats in an 
experimental model of necrotizing enterocolitis (Tayman et al., 2011). Administration of 
caffeic acid has been also shown to completely block both the production of ROS from 
activated neutrophils and the XO system (Ma et al., 2006; Yildiz et al., 2009) and to protect 
intestinal tissues from ROS-mediated oxidative stress and reduce lipid peroxidation (Ek et 
al., 2008; Koltuksuz et al., 1999). Treatment of rats orally with caffeic acid resulted in a 
significant decrease in iron nitrilotriacetate-induced xanthine oxidase, lipid peroxidation, c-
glutamyl transpeptidase, and H2O2 and there was a dose dependent and significant 
recovery of renal glutathione content and antioxidant enzymes (Rehman & Sultana, 2011). 
Caffeic acid has also been shown to be an inhibitor of the lipoxygenase enzyme in several 
experimental systems (Okutan et al., 2005). In addition, caffeic acid is an effective ABTS 
radical scavenging, DPPH radical scavenging, superoxide anion radical scavenging and it 
has total reducing power and metal chelating on ferrous ions activities (Gulcin, 2006). 
In wheat grain ferulic acid is the most abundant phenolic compounds and a correlation 
between changes in the plasma ferulic acid concentration and changes in the plasma 
antioxidant capacity was reported in a human ex vivo study (Mateo Anson et al., 2011). The 
antioxidant potential of ferulic acid can usually be attributed to its structural characteristic. 
Three distinctive motifs (3-methoxy and 4-hydroxy groups on the benzene ring, and the 
carboxylic acid group) of ferulic acid are responsible for its free radical scavenging 
capability. It has been also reported that ferulic acid or related ester derivatives inhibited the 
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release of ROS and RNS via suppression of iNOS (Jiang et al., 2009) and COX-2 (Hirata et al., 
2005, Ronchetti et al., 2009) in LPS-stimulated macrophages. Its reduced form, ferulaldehyde 
possesses the same structural characteristic and main molecular motifs as ferulic acid up to 
the aldehyde group. Ferulaldehyde was reported to inhibit LPS-induced iNOS expression 
and NO synthesis in murine macrophage-like RAW 264.7 cells (Kim et al., 1999) and to have 
a good antioxidant activity in about the same degree as ferulic acid (Nenadis et al., 2003). 
Furthermore, ferulaldehyde decreased free radical and nitrite production in a concentration-
dependent manner in LPS plus interferon-gamma-treated primary mouse hepatocytes and 
in LPS-induced RAW 264.7 macrophage cells (Radnai et al., 2009; Tucsek et al., 2011). 
Taken together these studies have shown that polyphenols are more effective in inhibiting 
the oxidative damage than the conventional antioxidants and has also been shown to 
scavenge free radicals such as nitric oxide, lipid hydroperoxyl, hydroxyl, and superoxide 
anion radicals. Since reactive oxygen and nitrogen species have been implicated in the 
pathogenesis of various chronic and inflammatory conditions, polyphenols therefore have 
the potential to control these diseases through their potent antioxidant activity. 

3.2 Inflammatory cytokines  
The immune system produces cytokines and other humoral factors to protect the host when 
threatened by inflammatory agents, microbial invasion, or injury. The pathogenesis of sepsis 
is characterized by an overwhelming production of proinflammatory cytokines, such as 
tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6, IL-8 and high mobility group box 
(HMGB)-1. In some cases these cytokines trigger a beneficial inflammatory response that 
restores normal homeostasis promoting local coagulation to control tissue damage. 
However, the overproduction of immunoregulatory mediators can be even more dangerous 
than the original stimulus, overcoming the normal regulation of the immune response and 
producing pathological inflammatory disorders (Dinarello, 1994; Hotchkiss & Karl, 2003; 
Tracey & Cerami, 1993; Tracey & Cerami, 1994; Van der Poll & Lowry, 1995). In severe 
sepsis the excessive production of proinflammatory cytokines causes capillary leakage, 
tissue injury, multiple organ failure, coma and death. TNF-α, a polypeptide cytokine 
produced during infection, injury, or invasion, has proved pivotal in triggering the lethal 
effects of septic shock syndrome and other systemic manifestations of disease. If the 
infection spreads, however, excessive TNF-α production and release into the circulation may 
be catastrophic and trigger a state of lethal shock via cardiovascular collapse. These toxic 
effects occur by direct action of TNF-α on host cells and by the interaction with a cascade of 
other endogenous mediators including IL-1, IL-6 and interferon-gamma (Tracey & Cerami, 
1993; Tracey & Cerami, 1994). Similar to TNF-α and HMGB1, several proinflammatory 
cytokines and factors, such as IL-1 (Dinarello, 1994), IL-6, IL-8 (Calandra et al., 1990; 
Hotchkiss et al., 2000) macrophage migration inhibitory factor (Parrish et al., 2008) and 
lysophosphatidylcholine (Kabarowski et al., 2001), contribute to the pathogenesis and 
progression of sepsis. Sepsis is characterized by a surge of the pro-inflammatory cytokines 
TNF-α and IL-1 at the early stage. However, as the disease progresses, this early stage 
coverts to the anti-inflammatory state, marked by decreased levels of TNF-α and increased 
levels of IL-10 (Scumpia & Moldawer, 2005). The increased production of IL-10 in the late 
phase of sepsis is believed to contribute to ‘immunosuppression’. In contrast with early 
cytokines, such as TNF-α and IL-1, which are produced within minutes after infection, 
HMGB-1 is a late mediator of sepsis that might be a potential therapeutic target to treat 
‘established’ sepsis. The effects on the balance between pro- and anti-inflammatory cytokine 
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expressions have been shown to be specific for specific cytokines and influenced by the 
structures of polyphenols indicating the complex action exerted by these compounds. Since 
cytokine-based strategies against septic shock and severe sepsis have produced modest 
effects in clinical trials (Abraham et al., 2001; Fisher et al., 1994) novel therapeutic 
approaches are needed and polyphenols are perfect candidates for this role. 
The release of various cytokines after various stimuli from macrophages and lymphocytes, 
such as IL-6 (Feng et al., 2002; Zhong et al., 1999), IFNγ, IL-2, TNF-α, and IL-12 (Gao et al., 
2001), has been shown to be inhibited by resveratrol. Resveratrol was also reported to 
suppress the activity of T- and B-cells, and macrophages the major cell types responsible for 
producing cytokines by decreasing the production of proinflammatory proteins, (Sharma et 
al., 2007) and it was able to reduce TNF-α, IL-1β, IL-6, and COX-2 gene expression and to 
reduce the secretion of IL-6 and PGE2 in TNF-α-stimulated adipocytes (Gonzales & 
Orlando, 2008). In an age-related diseases study, mice treated with resveratrol had 
decreased expression of the inflammatory markers TNF-α, IL-1β, IL-6, intercellular adhesion 
molecule (ICAM)-1 and iNOS (Pearson et al., 2008). In a mouse model of chronic colitis, 
resveratrol treatment resulted in significant decreases in the inflammatory cytokines TNF-α 
and IL-1β, as well as COX-2 and iNOS activity and an increase in the anti-inflammatory, 
immune-regulatory cytokine, IL-10 (Sánchez-Fidalgo et al., 2010). Resveratrol administration 
following trauma-hemorrhage decreased IL-6 cytokine production and protected against 
lung injury and inflammation in rats (Wu et al., 2008). In a rodent model of LPS-induced 
airway inflammation resveratrol caused a dose-related inhibition of TNF-α, IL-1β, MPO, 
and CINC-1 levels in the lung tissue (Birrell et al., 2005) and in a human study resveratrol 
inhibited the release of inflammatory cytokines IL-8 and granulocyte-macrophage colony-
stimulating factor from alveolar macrophages in chronic obstructive pulmonary disease 
(Culpitt et al., 2003). However, it is interesting to mention that many of the pro-
inflammatory genes inhibited by resveratrol in several different vitro studies, are not 
impacted on in vivo models indicating the host and tissue specificity of this polyphenol 
(Birrell et al., 2005). 
Several in vitro studies using different cell lines have shown that quercetin is also capable 
of inhibiting LPS-induced cytokine production. For instance, quercetin inhibits LPS-
induced TNF-α production in macrophages (Manjeet & Ghosh, 1999) and LPS-induced IL-
8 production in lung cells (Geraets et al., 2007). Moreover, in glial cells it was shown that 
quercetin can inhibit LPS-induced mRNA levels of two cytokines, i.e. TNF-α and IL-1α 
(Bureau et al., 2008). It has already been shown that quercetin can inhibit the production 
as well as the gene expression of TNF-α via modulation of NF-κB in human peripheral 
blood mononuclear cells (Nair et al., 2006). Results indicate that TNF-α and IL-6 
accumulations were significantly reduced by quercetin treatment, in murine RAW 264.7 
macrophages treated with LPS (Jung & Sung, 2004). Cho and colleagues reported that in 
the same cell line pretreatment of quercetin inhibited iNOS mRNA, iNOS protein, NO 
production, TNF-α, IL-1β and IL-6 (Cho et al., 2003). Quercetin has also been reported to 
inhibit IgE-mediated release of histamine, tryptase and production and gene expression of 
inflammatory cytokines, such as TNF-α, IL-1β, IL-6 and IL-8 in phorbol 12-myristate 13-
acetate and calcium ionophore-stimulated cultured human mast cells (Kempuraj et al., 
2005; Min et al., 2007). These results are consistent with studies reporting that quercetin 
inhibits NO and TNF-α release from LPS-stimulated rat Kupffer cells (Kawada et al., 1998) 
and inhibits iNOS mRNA and NO production in LPS/IFN-γ-activated macrophage cells 
(Kobuchi et al., 1997). 
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release of ROS and RNS via suppression of iNOS (Jiang et al., 2009) and COX-2 (Hirata et al., 
2005, Ronchetti et al., 2009) in LPS-stimulated macrophages. Its reduced form, ferulaldehyde 
possesses the same structural characteristic and main molecular motifs as ferulic acid up to 
the aldehyde group. Ferulaldehyde was reported to inhibit LPS-induced iNOS expression 
and NO synthesis in murine macrophage-like RAW 264.7 cells (Kim et al., 1999) and to have 
a good antioxidant activity in about the same degree as ferulic acid (Nenadis et al., 2003). 
Furthermore, ferulaldehyde decreased free radical and nitrite production in a concentration-
dependent manner in LPS plus interferon-gamma-treated primary mouse hepatocytes and 
in LPS-induced RAW 264.7 macrophage cells (Radnai et al., 2009; Tucsek et al., 2011). 
Taken together these studies have shown that polyphenols are more effective in inhibiting 
the oxidative damage than the conventional antioxidants and has also been shown to 
scavenge free radicals such as nitric oxide, lipid hydroperoxyl, hydroxyl, and superoxide 
anion radicals. Since reactive oxygen and nitrogen species have been implicated in the 
pathogenesis of various chronic and inflammatory conditions, polyphenols therefore have 
the potential to control these diseases through their potent antioxidant activity. 

3.2 Inflammatory cytokines  
The immune system produces cytokines and other humoral factors to protect the host when 
threatened by inflammatory agents, microbial invasion, or injury. The pathogenesis of sepsis 
is characterized by an overwhelming production of proinflammatory cytokines, such as 
tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6, IL-8 and high mobility group box 
(HMGB)-1. In some cases these cytokines trigger a beneficial inflammatory response that 
restores normal homeostasis promoting local coagulation to control tissue damage. 
However, the overproduction of immunoregulatory mediators can be even more dangerous 
than the original stimulus, overcoming the normal regulation of the immune response and 
producing pathological inflammatory disorders (Dinarello, 1994; Hotchkiss & Karl, 2003; 
Tracey & Cerami, 1993; Tracey & Cerami, 1994; Van der Poll & Lowry, 1995). In severe 
sepsis the excessive production of proinflammatory cytokines causes capillary leakage, 
tissue injury, multiple organ failure, coma and death. TNF-α, a polypeptide cytokine 
produced during infection, injury, or invasion, has proved pivotal in triggering the lethal 
effects of septic shock syndrome and other systemic manifestations of disease. If the 
infection spreads, however, excessive TNF-α production and release into the circulation may 
be catastrophic and trigger a state of lethal shock via cardiovascular collapse. These toxic 
effects occur by direct action of TNF-α on host cells and by the interaction with a cascade of 
other endogenous mediators including IL-1, IL-6 and interferon-gamma (Tracey & Cerami, 
1993; Tracey & Cerami, 1994). Similar to TNF-α and HMGB1, several proinflammatory 
cytokines and factors, such as IL-1 (Dinarello, 1994), IL-6, IL-8 (Calandra et al., 1990; 
Hotchkiss et al., 2000) macrophage migration inhibitory factor (Parrish et al., 2008) and 
lysophosphatidylcholine (Kabarowski et al., 2001), contribute to the pathogenesis and 
progression of sepsis. Sepsis is characterized by a surge of the pro-inflammatory cytokines 
TNF-α and IL-1 at the early stage. However, as the disease progresses, this early stage 
coverts to the anti-inflammatory state, marked by decreased levels of TNF-α and increased 
levels of IL-10 (Scumpia & Moldawer, 2005). The increased production of IL-10 in the late 
phase of sepsis is believed to contribute to ‘immunosuppression’. In contrast with early 
cytokines, such as TNF-α and IL-1, which are produced within minutes after infection, 
HMGB-1 is a late mediator of sepsis that might be a potential therapeutic target to treat 
‘established’ sepsis. The effects on the balance between pro- and anti-inflammatory cytokine 
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expressions have been shown to be specific for specific cytokines and influenced by the 
structures of polyphenols indicating the complex action exerted by these compounds. Since 
cytokine-based strategies against septic shock and severe sepsis have produced modest 
effects in clinical trials (Abraham et al., 2001; Fisher et al., 1994) novel therapeutic 
approaches are needed and polyphenols are perfect candidates for this role. 
The release of various cytokines after various stimuli from macrophages and lymphocytes, 
such as IL-6 (Feng et al., 2002; Zhong et al., 1999), IFNγ, IL-2, TNF-α, and IL-12 (Gao et al., 
2001), has been shown to be inhibited by resveratrol. Resveratrol was also reported to 
suppress the activity of T- and B-cells, and macrophages the major cell types responsible for 
producing cytokines by decreasing the production of proinflammatory proteins, (Sharma et 
al., 2007) and it was able to reduce TNF-α, IL-1β, IL-6, and COX-2 gene expression and to 
reduce the secretion of IL-6 and PGE2 in TNF-α-stimulated adipocytes (Gonzales & 
Orlando, 2008). In an age-related diseases study, mice treated with resveratrol had 
decreased expression of the inflammatory markers TNF-α, IL-1β, IL-6, intercellular adhesion 
molecule (ICAM)-1 and iNOS (Pearson et al., 2008). In a mouse model of chronic colitis, 
resveratrol treatment resulted in significant decreases in the inflammatory cytokines TNF-α 
and IL-1β, as well as COX-2 and iNOS activity and an increase in the anti-inflammatory, 
immune-regulatory cytokine, IL-10 (Sánchez-Fidalgo et al., 2010). Resveratrol administration 
following trauma-hemorrhage decreased IL-6 cytokine production and protected against 
lung injury and inflammation in rats (Wu et al., 2008). In a rodent model of LPS-induced 
airway inflammation resveratrol caused a dose-related inhibition of TNF-α, IL-1β, MPO, 
and CINC-1 levels in the lung tissue (Birrell et al., 2005) and in a human study resveratrol 
inhibited the release of inflammatory cytokines IL-8 and granulocyte-macrophage colony-
stimulating factor from alveolar macrophages in chronic obstructive pulmonary disease 
(Culpitt et al., 2003). However, it is interesting to mention that many of the pro-
inflammatory genes inhibited by resveratrol in several different vitro studies, are not 
impacted on in vivo models indicating the host and tissue specificity of this polyphenol 
(Birrell et al., 2005). 
Several in vitro studies using different cell lines have shown that quercetin is also capable 
of inhibiting LPS-induced cytokine production. For instance, quercetin inhibits LPS-
induced TNF-α production in macrophages (Manjeet & Ghosh, 1999) and LPS-induced IL-
8 production in lung cells (Geraets et al., 2007). Moreover, in glial cells it was shown that 
quercetin can inhibit LPS-induced mRNA levels of two cytokines, i.e. TNF-α and IL-1α 
(Bureau et al., 2008). It has already been shown that quercetin can inhibit the production 
as well as the gene expression of TNF-α via modulation of NF-κB in human peripheral 
blood mononuclear cells (Nair et al., 2006). Results indicate that TNF-α and IL-6 
accumulations were significantly reduced by quercetin treatment, in murine RAW 264.7 
macrophages treated with LPS (Jung & Sung, 2004). Cho and colleagues reported that in 
the same cell line pretreatment of quercetin inhibited iNOS mRNA, iNOS protein, NO 
production, TNF-α, IL-1β and IL-6 (Cho et al., 2003). Quercetin has also been reported to 
inhibit IgE-mediated release of histamine, tryptase and production and gene expression of 
inflammatory cytokines, such as TNF-α, IL-1β, IL-6 and IL-8 in phorbol 12-myristate 13-
acetate and calcium ionophore-stimulated cultured human mast cells (Kempuraj et al., 
2005; Min et al., 2007). These results are consistent with studies reporting that quercetin 
inhibits NO and TNF-α release from LPS-stimulated rat Kupffer cells (Kawada et al., 1998) 
and inhibits iNOS mRNA and NO production in LPS/IFN-γ-activated macrophage cells 
(Kobuchi et al., 1997). 
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In 1995 it was demonstrated by Chan that curcumin inhibits LPS-induced production of 
TNF-α and interleukin IL-1β in human monocytic macrophage cell line, Mono Mac 6 and it 
reduced the biological activity of TNF in L929 fibroblast lytic assay (Chan, 1995). Since this 
original work, several line of evidence appeared about curcumin’s inhibitory effect on 
inflammatory cytokines. In LPS-stimulated BV2 microglia cells curcumin significantly 
inhibited the release of pro-inflammatory cytokines in a dose-dependent manner (Jin et al., 
2007). Moreover, decreased expression of inflammatory cytokines such as IL-1β, IL-6, and 
TNF-α was reported in different cancer cell lines (Cho et al., 2007). In other studies, 
curcumin inhibited the production of IL-8, MIP-1α, MCP-1, IL-1β and TNF-α by PMA- or 
LPS-stimulated human monocytes and alveolar macrophages in a concentration- and a time-
dependent manner (Abe et al., 1999; Chan, 1995). The in vivo effects of curcumin on 
cytokine production are also demonstrated in different model systems. In two rat models of 
experimentally-induced pancreatitis, curcumin decreased inflammation by markedly 
inhibiting mRNA induction of IL-6, TNF-α and iNOS in the pancreas (Gukovsky et al., 
2003). Curcumin decreased the levels of TNF-α and interleukin-6 in mouse plasma after 
endotoxin-induced hepatic dysfunction and oxidative stress (Kaur et al., 2006) and also 
inhibited the increase of both IL-1β and TNF-α in a chronic model of inflammation in rats 
(Banerjee et al., 2003). Systemic pretreatment with curcumin abrogates the rise in circulating 
proinflammatory cytokines and body temperature (Lee et al., 2003) and prevents the onset 
of disseminated intravascular coagulation (Chen et al., 2007). 
The effects of EGCG on the inflammatory cytokine production are thought to be cell type-
dependent. EGCG was reported to inhibit TNF-α and MIP-2 production from the RAW 
264.7 cells treated with LPS (Yang et al., 1998). Okabe et al reported, that EGCG effectively 
prevented TNF-α release in BALB/3T3 cells stimulated with okadaic acid (Okabe et al., 
2001). EGCG, recapitulated HMGB1-inhibiting activities of green tea, and dose-dependently 
inhibited LPS-induced HMGB1 release in macrophage/monocytes cultures, partially 
attenuated LPS-induced TNF secretion. EGCG prevents HMGB1-mediated cytokine 
production–potentially by interfering with HMGB1-induced ligand/receptor clustering (Li 
et al., 2007). Experimental data suggest that EGCG selectively inhibits LPS-induced release 
of HMGB1, TNF, IL-6, IL-12, and chemokines, including MIP-1a, MIP-1c, MIP-2, RANTES, 
KC, MCP1 and CXCL16. EGCG did not affect circulating levels of TNF at late stage of sepsis, 
but specifically attenuated systemic accumulation of HMGB1, as well as IL-6 and KC-two 
most reliable surrogate markers of lethal sepsis (Osuchowski et al., 2006; Heuer et al., 2004). 
Effects of EGCG on the production of IL-8, human homolog of murine CXC-chemokines, 
have also been reported in selected cell lines. It was shown that EGCG inhibited IL-8 
production in HMC-1 cells (Shin et al., 2007), A549 bronchial epithelial cells (Kim et al., 
2006), HT29, T84 (Porath et al., 2005) and gastrointestinal epithelial cell line Caco-2 cells 
(Netsch et al., 2006). In vivo, EGCG attenuated the production of TNF-α and MIP-2 in the 
lungs of mice administered with LPS intratracheally (Bae et al., 2010). Li et al provided both 
evidence of a lifesaving potential and a mechanism of action for an EGCG therapeutic 
regimen in mice subjected to cecal ligation and puncture (CLP). EGCG reduced the 
mortality rate and concentrations of IL-6, keratinocyte-derived chemokine (a mouse IL-8 
homologue), and HMGB-1, but not those of TNF-α, were significantly reduced. Exposure of 
monocytes and macrophages to EGCG in vitro reduced HMGB-1 release following LPS 
stimulation and IL-6 production and EGCG inhibited HMGB-1 aggregation on the 
macrophage cell surface. HMGB-1 antagonism was evident even when EGCG treatment of 
stimulated cells was delayed by 6 h. Potential therapeutic uses of EGCG is further 
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strengthened by the fact that EGCG treatment is operative even when it is initiated after the 
onset of full-blown sepsis (Li et al., 2007). 
Phenolic acids are clinically important inhibitors of inflammatory cytokine production in 
vitro and in vivo. Caffeic acid phenethyl ester (CAPE) is a potent inhibitor of early and late 
events in T-cell receptor-mediated T-cell activation. Moreover, it was found that CAPE 
specifically inhibited both IL-2 gene transcription and IL-2 synthesis in stimulated T-cells 
(Márquez et al., 2004). In activated human whole blood cultures, caffeic acid decreased the 
production of IL-1β without affecting IL-6 concentration (Miles et al., 2005) suggesting the 
specificity of this phenolic compound on interleukin production. In CLP-induced sepsis and 
lung injury model in rats, similarly to EGCG, CAPE was found to decrease IL-1, IL-6, IL-10, 
and TNF-α levels of blood samples even when it was administered after the onset of sepsis. 
(Fidan et al., 2007). In another in vivo study, CAPE rescued C57BL/6 mice from lethal LPS-
induced septic shock, while decreasing serum levels of TNF-α and IL-1β (Jung et al., 2008). 
The other large family of phenolic acids: ferulic acid and its derivatives were also attributed 
as potent inhibitors of inflammatory mediators. Indeed, ferulic acid decreased the levels of 
inflammatory cytokines, e.g., TNF-α (Han et al., 2007) in LPS-stimulated macrophages and 
lowered pro-:anti-inflammatory cytokine ratios (IL-6:IL-10 and IL-1β:IL-10) in the ex vivo 
LPS-stimulated blood (Mateo Anson et al., 2011). Ferulaldehyde decreased the levels of early 
pro-inflammatory cytokines such as TNF-α, IL-1β and increased the anti-inflammatory IL-10 
in the sera of the LPS-treated mice (Radnai et al., 2009; Tucsek et al, 2011) supporting further 
the importance of these compounds as potential anti-inflammatory agents. 

3.3 Signaling pathways  
Polyphenols can work as modifiers of signal transduction pathways to elicit their beneficial 
effects. The anti-inflammatory effect of these natural compounds based on the modulation 
of pro-inflammatory gene expression such as cyclooxygenase, lipoxygenase, nitric oxide 
synthases and several inflammatory cytokines, mainly by acting through NF-κB and MAPK 
signalling (Yoon & Baek, 2005). MAPKs and NF-κB have important activities as mediators of 
cellular responses to extracellular signals. Some of the MAPKs are important to mammalian 
cells include extracellular signal regulated kinase (ERK), c-jun N-terminal kinase (JNK), and 
p38 and are thought to play an important role in the regulation of pro-inflammatory 
molecules on cellular responses (Azzolina et al., 2003; Baldassare et al., 1999). Because of 
their essential role in intracellular signalling network, MAPK pathways and the connected 
transcription factors are appropriate targets for pharmacological treatment of inflammatory 
disorders (Lewis et al., 1998) and polyphenols are extensively investigated as possible 
regulatory molecules in this process. 
Inflammation involves a cross-talk between several transcription factors, kinases and 
intracellular and intercellular cytokines involving NF-κB, MAPKs, PKC, PI-3-kinases etc. 
There has been considerable amount of evidence confirming that resveratrol takes active 
part in the modulation of these cell signalling molecules. Although resveratrol has been 
shown to target various intracellular signaling molecules in cultured cell lines, the molecular 
mechanisms underlying anti-inflammatory activity of resveratrol in vivo remain largely 
unresolved. Since NF-κB activation is critically linked to inflammatory responses and other 
chronic diseases associated with ROS and RNS production (Karin et al., 2004) the effect of 
resveratrol on NF-κB has been studied intensively in the last decade (Holmes-McNary & 
Baldwin, 2000; Manna et al., 2000) Indeed, resveratrol is a potent inhibitor of wide variety of 
inflammatory agents-induced activation of NF-κB, and this inhibition is not cell type 
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In 1995 it was demonstrated by Chan that curcumin inhibits LPS-induced production of 
TNF-α and interleukin IL-1β in human monocytic macrophage cell line, Mono Mac 6 and it 
reduced the biological activity of TNF in L929 fibroblast lytic assay (Chan, 1995). Since this 
original work, several line of evidence appeared about curcumin’s inhibitory effect on 
inflammatory cytokines. In LPS-stimulated BV2 microglia cells curcumin significantly 
inhibited the release of pro-inflammatory cytokines in a dose-dependent manner (Jin et al., 
2007). Moreover, decreased expression of inflammatory cytokines such as IL-1β, IL-6, and 
TNF-α was reported in different cancer cell lines (Cho et al., 2007). In other studies, 
curcumin inhibited the production of IL-8, MIP-1α, MCP-1, IL-1β and TNF-α by PMA- or 
LPS-stimulated human monocytes and alveolar macrophages in a concentration- and a time-
dependent manner (Abe et al., 1999; Chan, 1995). The in vivo effects of curcumin on 
cytokine production are also demonstrated in different model systems. In two rat models of 
experimentally-induced pancreatitis, curcumin decreased inflammation by markedly 
inhibiting mRNA induction of IL-6, TNF-α and iNOS in the pancreas (Gukovsky et al., 
2003). Curcumin decreased the levels of TNF-α and interleukin-6 in mouse plasma after 
endotoxin-induced hepatic dysfunction and oxidative stress (Kaur et al., 2006) and also 
inhibited the increase of both IL-1β and TNF-α in a chronic model of inflammation in rats 
(Banerjee et al., 2003). Systemic pretreatment with curcumin abrogates the rise in circulating 
proinflammatory cytokines and body temperature (Lee et al., 2003) and prevents the onset 
of disseminated intravascular coagulation (Chen et al., 2007). 
The effects of EGCG on the inflammatory cytokine production are thought to be cell type-
dependent. EGCG was reported to inhibit TNF-α and MIP-2 production from the RAW 
264.7 cells treated with LPS (Yang et al., 1998). Okabe et al reported, that EGCG effectively 
prevented TNF-α release in BALB/3T3 cells stimulated with okadaic acid (Okabe et al., 
2001). EGCG, recapitulated HMGB1-inhibiting activities of green tea, and dose-dependently 
inhibited LPS-induced HMGB1 release in macrophage/monocytes cultures, partially 
attenuated LPS-induced TNF secretion. EGCG prevents HMGB1-mediated cytokine 
production–potentially by interfering with HMGB1-induced ligand/receptor clustering (Li 
et al., 2007). Experimental data suggest that EGCG selectively inhibits LPS-induced release 
of HMGB1, TNF, IL-6, IL-12, and chemokines, including MIP-1a, MIP-1c, MIP-2, RANTES, 
KC, MCP1 and CXCL16. EGCG did not affect circulating levels of TNF at late stage of sepsis, 
but specifically attenuated systemic accumulation of HMGB1, as well as IL-6 and KC-two 
most reliable surrogate markers of lethal sepsis (Osuchowski et al., 2006; Heuer et al., 2004). 
Effects of EGCG on the production of IL-8, human homolog of murine CXC-chemokines, 
have also been reported in selected cell lines. It was shown that EGCG inhibited IL-8 
production in HMC-1 cells (Shin et al., 2007), A549 bronchial epithelial cells (Kim et al., 
2006), HT29, T84 (Porath et al., 2005) and gastrointestinal epithelial cell line Caco-2 cells 
(Netsch et al., 2006). In vivo, EGCG attenuated the production of TNF-α and MIP-2 in the 
lungs of mice administered with LPS intratracheally (Bae et al., 2010). Li et al provided both 
evidence of a lifesaving potential and a mechanism of action for an EGCG therapeutic 
regimen in mice subjected to cecal ligation and puncture (CLP). EGCG reduced the 
mortality rate and concentrations of IL-6, keratinocyte-derived chemokine (a mouse IL-8 
homologue), and HMGB-1, but not those of TNF-α, were significantly reduced. Exposure of 
monocytes and macrophages to EGCG in vitro reduced HMGB-1 release following LPS 
stimulation and IL-6 production and EGCG inhibited HMGB-1 aggregation on the 
macrophage cell surface. HMGB-1 antagonism was evident even when EGCG treatment of 
stimulated cells was delayed by 6 h. Potential therapeutic uses of EGCG is further 
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strengthened by the fact that EGCG treatment is operative even when it is initiated after the 
onset of full-blown sepsis (Li et al., 2007). 
Phenolic acids are clinically important inhibitors of inflammatory cytokine production in 
vitro and in vivo. Caffeic acid phenethyl ester (CAPE) is a potent inhibitor of early and late 
events in T-cell receptor-mediated T-cell activation. Moreover, it was found that CAPE 
specifically inhibited both IL-2 gene transcription and IL-2 synthesis in stimulated T-cells 
(Márquez et al., 2004). In activated human whole blood cultures, caffeic acid decreased the 
production of IL-1β without affecting IL-6 concentration (Miles et al., 2005) suggesting the 
specificity of this phenolic compound on interleukin production. In CLP-induced sepsis and 
lung injury model in rats, similarly to EGCG, CAPE was found to decrease IL-1, IL-6, IL-10, 
and TNF-α levels of blood samples even when it was administered after the onset of sepsis. 
(Fidan et al., 2007). In another in vivo study, CAPE rescued C57BL/6 mice from lethal LPS-
induced septic shock, while decreasing serum levels of TNF-α and IL-1β (Jung et al., 2008). 
The other large family of phenolic acids: ferulic acid and its derivatives were also attributed 
as potent inhibitors of inflammatory mediators. Indeed, ferulic acid decreased the levels of 
inflammatory cytokines, e.g., TNF-α (Han et al., 2007) in LPS-stimulated macrophages and 
lowered pro-:anti-inflammatory cytokine ratios (IL-6:IL-10 and IL-1β:IL-10) in the ex vivo 
LPS-stimulated blood (Mateo Anson et al., 2011). Ferulaldehyde decreased the levels of early 
pro-inflammatory cytokines such as TNF-α, IL-1β and increased the anti-inflammatory IL-10 
in the sera of the LPS-treated mice (Radnai et al., 2009; Tucsek et al, 2011) supporting further 
the importance of these compounds as potential anti-inflammatory agents. 

3.3 Signaling pathways  
Polyphenols can work as modifiers of signal transduction pathways to elicit their beneficial 
effects. The anti-inflammatory effect of these natural compounds based on the modulation 
of pro-inflammatory gene expression such as cyclooxygenase, lipoxygenase, nitric oxide 
synthases and several inflammatory cytokines, mainly by acting through NF-κB and MAPK 
signalling (Yoon & Baek, 2005). MAPKs and NF-κB have important activities as mediators of 
cellular responses to extracellular signals. Some of the MAPKs are important to mammalian 
cells include extracellular signal regulated kinase (ERK), c-jun N-terminal kinase (JNK), and 
p38 and are thought to play an important role in the regulation of pro-inflammatory 
molecules on cellular responses (Azzolina et al., 2003; Baldassare et al., 1999). Because of 
their essential role in intracellular signalling network, MAPK pathways and the connected 
transcription factors are appropriate targets for pharmacological treatment of inflammatory 
disorders (Lewis et al., 1998) and polyphenols are extensively investigated as possible 
regulatory molecules in this process. 
Inflammation involves a cross-talk between several transcription factors, kinases and 
intracellular and intercellular cytokines involving NF-κB, MAPKs, PKC, PI-3-kinases etc. 
There has been considerable amount of evidence confirming that resveratrol takes active 
part in the modulation of these cell signalling molecules. Although resveratrol has been 
shown to target various intracellular signaling molecules in cultured cell lines, the molecular 
mechanisms underlying anti-inflammatory activity of resveratrol in vivo remain largely 
unresolved. Since NF-κB activation is critically linked to inflammatory responses and other 
chronic diseases associated with ROS and RNS production (Karin et al., 2004) the effect of 
resveratrol on NF-κB has been studied intensively in the last decade (Holmes-McNary & 
Baldwin, 2000; Manna et al., 2000) Indeed, resveratrol is a potent inhibitor of wide variety of 
inflammatory agents-induced activation of NF-κB, and this inhibition is not cell type 
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specific. Some molecular targets of resveratrol are identified in toll-like receptor (TLR)-
mediated signalling pathways. It has been reported that resveratrol acts on NF-κB by the 
inhibition of IκB kinase, leading to the inhibition of LPS-induced IκBα degradation, which 
results in the prevention of translocation of NF-κB into the nucleus (Holmes-McNary & 
Baldwin, 2000). It was suggested that IκBα degradation induced by TLR4-TRIF pathway is 
mediated through the interaction between TRIF and tumor necrosis factor receptor-
associated factor 6 (TRAF6) because TRAF6 was shown to associate with the N-terminal part 
of TRIF (Sato et al., 2003; Jiang et al., 2004). Resveratrol was also shown to inhibit MyD88-
independent signaling pathways and target expression (Youn et al., 2005). One of the major 
target molecules subjected to NF-κB-driven transactivation is cyclooxygenase-2, which is the 
enzyme of the rate-limiting step of the pathway that produces mediators of inflammation. 
Anti-inflammatory activity of resveratrol and some of its proposed mechanisms of action 
were attributed mostly in inhibition of COX activity (Das & Das, 2007; Kundu et al., 2006). 
Resveratrol also interferes with the pro-inflammatory signalling of thrombin resulting in the 
inhibition of adenosine nucleotide secretion from activated platelets and decreased 
neutrophil functions via inhibition of PAP and P2-receptor signalling through MAPK and 
cJun and JNK (Kaneider et al., 2004). However there is amply evidence about the 
modulatory effect of resveratrol on MAPK pathways, the data are so cell type and 
experimental system specific that it is hard to conclude and draw a coherent picture.  
It has already been shown that quercetin can inhibit the production as well as the gene 
expression of TNF-α via modulation of NF-κB in human peripheral blood mononuclear cells 
(Nair et al., 2006). A possible mechanism behind this modulation was reported to be the 
inhibition of the degradation of the inhibitory part (IκBα) of this transcription factor (Peet & 
Li, 1999). In addition, quercetin treatment inhibited NF-κB activation through stabilization 
of the NF-κB/IκB complex leading to inhibition of IκB degradation and proinflammatory 
cytokines and NO/iNOS expression in RAW 264.7 macrophages (Cho et al., 2003). NF-
κB/DNA binding activity induced by PMA and calcium ionophore was also markedly 
suppressed by quercetin without altering the binding activity of AP-1 in human mast cells 
(Min et al., 2007). In the same model quercetin attenuated the PMA and A23187-induced 
phosphorylation of p38 MAPK but not JNK or ERK. However, in an LPS-induced 
macrophage model quercetin strongly reduced activation of phosphorylated ERK kinase 
and p38 MAP kinase but not JNK MAP kinase (Cho et al., 2003). Moreover, TNF-α secretion 
in LPS-stimulated RAW macrophages was also shown to be inhibited by quercetin through 
interfering with the phosphorylation and activation of JNK and its downstream substrates c-
Jun and ATF-2, and ERK1/2 and p38 MAPK (Wadsworth et al., 2001). Although NF-κB 
inhibition by quercetin in general is supported by several line of evidence the signalling 
events leading to the blockade of this transcription factor differ from cell to cell and model 
to model.  
Curcumin has been shown to suppress the activation of NF-κB induced by various pro-
inflammatory stimuli, presumably through inhibition of IKK kinase activity or DNA 
binding of p65. It is likely that curcumin also interferes with NF-κB activation at other points 
along this pathway, such as downstream to the various receptors that signal to this 
transcription factor. However, inhibition of IKK by curcumin plays a central role in this 
mechanism since the lack of phosphorylation of NF-κB suppresses binding of NF-κB to 
DNA sequences and as a consequence expression of genes described in vitro in 
inflammatory and vascular cells stimulated with LPS, staphylococcal enterotoxin A, TNF-α, 
or IL-1β, and in vivo in models of inflammatory diseases (Chan, 1995; Hatcher et al., 2008; 
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Jobin et al., 1999; Joe et al., 2004; Pan et al., 2000; Singh & Aggarwal, 1995). Regarding the 
LPS/NF-κB pathway, curcumin competes in vitro with LPS for binding to the TLR-
4/myeloid differentiation factor–2 complex (Gradisar et al., 2007) and prevents TLR-4 
homodimerization (Youn et al., 2006), events necessary for MyD88-dependent signalling. 
Further studies indicated that curcumin which contains unsaturated carbonyl group, but not 
resveratrol (with no unsaturated carbonyl group), inhibits TLR4 activation by interfering 
with receptor dimerization. This conclusion was further supported by the finding that 
curcumin inhibits ligand-independent dimerization of constitutively active TLR4. Inhibition 
of receptor dimerization of TLR4 suggests that curcumin could modify the free sulfhydryl 
groups of cysteine residues in TLR4, leading to interference of disulfide formation. 
Curcumin also induces intracellular heat-shock protein 70 (Dunsmore et al., 2001; Shen et 
al., 2007), a protein chaperone that protects IKK from proteasomal degradation, thus 
inhibiting NF-κB translocation to the nucleus. Downstream to NF-κB curcumin was found to 
significantly down-regulate the TNF-α-induced increase in MMP-13 mRNA and protein 
expression in primary human chondrocytes and in human bone chondrosarcoma cells by a 
mechanism involving the inhibition of c-Jun and JNK (Liacini et al., 2003). Interestingly, a 
study on experimental colitis in which NF-κB–dependent gene expression, inflammation, 
and tissue injury were significantly attenuated by curcumin an increase in the intestinal 
level of PPAR-γ was observed (Zhang et al., 2006) indicating a strong connection between 
the two transcription factor. In conclusion, inactivation of the NF-κB pathway by curcumin 
appears to occur at multiple levels and to ameliorate the various stages of sepsis-associated 
inflammation. 
EGCG is known to inhibit NF-κB activation induced by many pro-inflammatory stimuli 
such as UV, LPS, TNF-α and IL-1β (Barthelman et al., 1998; Yang et al., 1998; Yang et al., 
2001; Wheeler et al., 2004;) resulting in the decrease in the expression of inflammatory gene 
products including lipoxygenase (Yang & Koo, 2000), COX (Soriani et al., 1998), NOS (Chan 
et al., 1997; Lin & Lin, 1997), and TNF-α (Yang et al., 1998). It has been shown that the 
activation of NF-κB was suppressed by EGCG possibly mediated through the suppression 
of the kinase activity of IκB kinase in macrophages and the intestinal epithelial cell line (IEC-
6) (Pan et al., 2000; Yang et al., 2001). EGCG was shown to inhibit the activity of IKKβ which 
is the key kinase in the canonical pathway for NF-κB activation in MyD88-dependent 
pathway of TLRs. Moreover, EGCG inhibited the activation of IFN regulatory factor 3 (IRF3) 
induced by LPS, poly[I:C], or the overexpression of TRIF. The inhibition of IRF3 activation 
by EGCG was mediated through the suppression of the kinase activity of TANK-binding 
kinase 1 in TRIF-dependent signalling pathways of TLR3 and TLR4 (Youn et al., 2006). 
These data indicate that green tea flavonoids, without the structural motif conferring 
Michael addition, did not inhibit TLR4 dimerization however; they can modulate both 
MyD88- and TRIF-dependent signalling pathways of TLRs and subsequent inflammatory 
target gene expression. In addition, Abboud et al demonstrated that EGCG may be 
beneficial in colitis, which was induced by rectal administration of trinitrobenzene sulfonic 
acid in C57/BL6 mice, through selective immunomodulatory effects, which may be 
mediated, at least in part, by inhibition of NF-κB and AP-1 (Abboud et al., 2008). The effects 
of EGCG on the cellular kinase cascade are rather diversified. In RAW 264.7 cells stimulated 
with LPS EGCG inhibited the production of TNF-α and MIP-2, and attenuated 
phosphorylation levels of ERK1/2 and JNK, but not p38. Also, EGCG attenuated the 
production of TNF-α and MIP-2, and the phosphorylation of ERK1/2 and JNK in the lungs 
of mice administered with LPS intratracheally (Bae et al., 2010). Recently, Yun, et al. showed 
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specific. Some molecular targets of resveratrol are identified in toll-like receptor (TLR)-
mediated signalling pathways. It has been reported that resveratrol acts on NF-κB by the 
inhibition of IκB kinase, leading to the inhibition of LPS-induced IκBα degradation, which 
results in the prevention of translocation of NF-κB into the nucleus (Holmes-McNary & 
Baldwin, 2000). It was suggested that IκBα degradation induced by TLR4-TRIF pathway is 
mediated through the interaction between TRIF and tumor necrosis factor receptor-
associated factor 6 (TRAF6) because TRAF6 was shown to associate with the N-terminal part 
of TRIF (Sato et al., 2003; Jiang et al., 2004). Resveratrol was also shown to inhibit MyD88-
independent signaling pathways and target expression (Youn et al., 2005). One of the major 
target molecules subjected to NF-κB-driven transactivation is cyclooxygenase-2, which is the 
enzyme of the rate-limiting step of the pathway that produces mediators of inflammation. 
Anti-inflammatory activity of resveratrol and some of its proposed mechanisms of action 
were attributed mostly in inhibition of COX activity (Das & Das, 2007; Kundu et al., 2006). 
Resveratrol also interferes with the pro-inflammatory signalling of thrombin resulting in the 
inhibition of adenosine nucleotide secretion from activated platelets and decreased 
neutrophil functions via inhibition of PAP and P2-receptor signalling through MAPK and 
cJun and JNK (Kaneider et al., 2004). However there is amply evidence about the 
modulatory effect of resveratrol on MAPK pathways, the data are so cell type and 
experimental system specific that it is hard to conclude and draw a coherent picture.  
It has already been shown that quercetin can inhibit the production as well as the gene 
expression of TNF-α via modulation of NF-κB in human peripheral blood mononuclear cells 
(Nair et al., 2006). A possible mechanism behind this modulation was reported to be the 
inhibition of the degradation of the inhibitory part (IκBα) of this transcription factor (Peet & 
Li, 1999). In addition, quercetin treatment inhibited NF-κB activation through stabilization 
of the NF-κB/IκB complex leading to inhibition of IκB degradation and proinflammatory 
cytokines and NO/iNOS expression in RAW 264.7 macrophages (Cho et al., 2003). NF-
κB/DNA binding activity induced by PMA and calcium ionophore was also markedly 
suppressed by quercetin without altering the binding activity of AP-1 in human mast cells 
(Min et al., 2007). In the same model quercetin attenuated the PMA and A23187-induced 
phosphorylation of p38 MAPK but not JNK or ERK. However, in an LPS-induced 
macrophage model quercetin strongly reduced activation of phosphorylated ERK kinase 
and p38 MAP kinase but not JNK MAP kinase (Cho et al., 2003). Moreover, TNF-α secretion 
in LPS-stimulated RAW macrophages was also shown to be inhibited by quercetin through 
interfering with the phosphorylation and activation of JNK and its downstream substrates c-
Jun and ATF-2, and ERK1/2 and p38 MAPK (Wadsworth et al., 2001). Although NF-κB 
inhibition by quercetin in general is supported by several line of evidence the signalling 
events leading to the blockade of this transcription factor differ from cell to cell and model 
to model.  
Curcumin has been shown to suppress the activation of NF-κB induced by various pro-
inflammatory stimuli, presumably through inhibition of IKK kinase activity or DNA 
binding of p65. It is likely that curcumin also interferes with NF-κB activation at other points 
along this pathway, such as downstream to the various receptors that signal to this 
transcription factor. However, inhibition of IKK by curcumin plays a central role in this 
mechanism since the lack of phosphorylation of NF-κB suppresses binding of NF-κB to 
DNA sequences and as a consequence expression of genes described in vitro in 
inflammatory and vascular cells stimulated with LPS, staphylococcal enterotoxin A, TNF-α, 
or IL-1β, and in vivo in models of inflammatory diseases (Chan, 1995; Hatcher et al., 2008; 
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Jobin et al., 1999; Joe et al., 2004; Pan et al., 2000; Singh & Aggarwal, 1995). Regarding the 
LPS/NF-κB pathway, curcumin competes in vitro with LPS for binding to the TLR-
4/myeloid differentiation factor–2 complex (Gradisar et al., 2007) and prevents TLR-4 
homodimerization (Youn et al., 2006), events necessary for MyD88-dependent signalling. 
Further studies indicated that curcumin which contains unsaturated carbonyl group, but not 
resveratrol (with no unsaturated carbonyl group), inhibits TLR4 activation by interfering 
with receptor dimerization. This conclusion was further supported by the finding that 
curcumin inhibits ligand-independent dimerization of constitutively active TLR4. Inhibition 
of receptor dimerization of TLR4 suggests that curcumin could modify the free sulfhydryl 
groups of cysteine residues in TLR4, leading to interference of disulfide formation. 
Curcumin also induces intracellular heat-shock protein 70 (Dunsmore et al., 2001; Shen et 
al., 2007), a protein chaperone that protects IKK from proteasomal degradation, thus 
inhibiting NF-κB translocation to the nucleus. Downstream to NF-κB curcumin was found to 
significantly down-regulate the TNF-α-induced increase in MMP-13 mRNA and protein 
expression in primary human chondrocytes and in human bone chondrosarcoma cells by a 
mechanism involving the inhibition of c-Jun and JNK (Liacini et al., 2003). Interestingly, a 
study on experimental colitis in which NF-κB–dependent gene expression, inflammation, 
and tissue injury were significantly attenuated by curcumin an increase in the intestinal 
level of PPAR-γ was observed (Zhang et al., 2006) indicating a strong connection between 
the two transcription factor. In conclusion, inactivation of the NF-κB pathway by curcumin 
appears to occur at multiple levels and to ameliorate the various stages of sepsis-associated 
inflammation. 
EGCG is known to inhibit NF-κB activation induced by many pro-inflammatory stimuli 
such as UV, LPS, TNF-α and IL-1β (Barthelman et al., 1998; Yang et al., 1998; Yang et al., 
2001; Wheeler et al., 2004;) resulting in the decrease in the expression of inflammatory gene 
products including lipoxygenase (Yang & Koo, 2000), COX (Soriani et al., 1998), NOS (Chan 
et al., 1997; Lin & Lin, 1997), and TNF-α (Yang et al., 1998). It has been shown that the 
activation of NF-κB was suppressed by EGCG possibly mediated through the suppression 
of the kinase activity of IκB kinase in macrophages and the intestinal epithelial cell line (IEC-
6) (Pan et al., 2000; Yang et al., 2001). EGCG was shown to inhibit the activity of IKKβ which 
is the key kinase in the canonical pathway for NF-κB activation in MyD88-dependent 
pathway of TLRs. Moreover, EGCG inhibited the activation of IFN regulatory factor 3 (IRF3) 
induced by LPS, poly[I:C], or the overexpression of TRIF. The inhibition of IRF3 activation 
by EGCG was mediated through the suppression of the kinase activity of TANK-binding 
kinase 1 in TRIF-dependent signalling pathways of TLR3 and TLR4 (Youn et al., 2006). 
These data indicate that green tea flavonoids, without the structural motif conferring 
Michael addition, did not inhibit TLR4 dimerization however; they can modulate both 
MyD88- and TRIF-dependent signalling pathways of TLRs and subsequent inflammatory 
target gene expression. In addition, Abboud et al demonstrated that EGCG may be 
beneficial in colitis, which was induced by rectal administration of trinitrobenzene sulfonic 
acid in C57/BL6 mice, through selective immunomodulatory effects, which may be 
mediated, at least in part, by inhibition of NF-κB and AP-1 (Abboud et al., 2008). The effects 
of EGCG on the cellular kinase cascade are rather diversified. In RAW 264.7 cells stimulated 
with LPS EGCG inhibited the production of TNF-α and MIP-2, and attenuated 
phosphorylation levels of ERK1/2 and JNK, but not p38. Also, EGCG attenuated the 
production of TNF-α and MIP-2, and the phosphorylation of ERK1/2 and JNK in the lungs 
of mice administered with LPS intratracheally (Bae et al., 2010). Recently, Yun, et al. showed 
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that EGCG inhibited TNF-α induced phosphorylation of MAPKs family, such as ERK1/2, 
p38 and JNK in synovial fibroblast (Yun et al., 2008), while others showed that EGCG 
inhibited LPS-induced activation of p38, but augmented phosphorylation of ERK1/2 in 
J774.1 macrophage cells (Ichikawa et al., 2004). Inhibition of protein tyrosine kinase activity, 
reducing c-jun mRNA expression and inhibition of JNK1 activation by EGCG were reported 
by Yokozawa et al. (Yokozawa & Dong, 1997). Moreover, green tea polyphenols inhibit 
p44/42 MAP kinase expression (Lu et al., 1998) and induce the death of smooth muscle cells 
in a p53- and NF-κB-dependent manner (Ouyang et al., 2004). Taken together, the effects of 
EGCG on MAPKs phosphorylation are thought to be highly cell type-dependent.  
It has been demonstrated that CAPE is a potent and specific inhibitor of NF-κB activation 
(Natarajan et al., 1996). CAPE inhibits LPS-induced nitric oxide and prostaglandin E2 
production in a concentration-dependent manner and inhibits iNOS and COX-2 in RAW 
264.7 cells, without significant cytotoxicity. CAPE treatment significantly reduced NF-κB 
translocation and DNA-binding in LPS-stimulated RAW264.7 cells. This effect was mediated 
through the inhibition of the degradation of IκB and by inhibition of both p38 mitogen-
activated protein kinase and ERK phosphorylation, at least in part by inhibiting the 
generation of reactive oxygen species (Jung et al., 2008). This biological activity of CAPE 
could also explain by the finding that this phenolic compound prevented the binding to 
DNA of the p50/p65 NF-κB in vitro and in vivo (Natarajan et al., 1996). In addition to NF-
κB, CAPE also targets the nuclear factor of activated T-cells (NFAT) signaling pathway that 
is known to play a critical role in the immune response. CAPE is a potent inhibitor of the 
NFAT pathway, and the results of Marquez et al. suggest that the calcineurin phosphatase 
can represent one of the major targets for CAPE, since this compound inhibits NFAT 
dephosphorylation and nuclear binding to DNA (Márquez et al., 2004). Other phenolic acids 
(gallic, caffeic, protocatechic, paracoumaric, sinapic, and ferulic acids) were reported to 
inhibit the activity of AP-1 transcription factor on MCF-7 cells after stimulation by phorbol 
12-myristate 13-acetate and NF-κB activity on LPS/IFN-gamma-stimulated RAW 264.7 cells 
(Chao et al., 2010; Maggi-Capeyron et al., 2001). Similarly to phenolic acids ferulaldehyde 
also inhibited the activation and nuclear translocation of NF-κB in the liver of LPS-treated 
mice. In the same model ferulaldehyde significantly prevented the activation of JNK and 
Akt, but failed to attenuate LPS-induced activation of ERK1/2 (Radnai et al., 2009). 
Suppressing both LPS-induced JNK and Akt activation, ferulaldehyde inhibited the most 
important pathways leading to NF-κB activation, namely the LPS/TLR4/JNK and LPS/ 
PI-3K/Akt pathways. The observation that FA did not show any effect on the LPS-induced 
activation of ERK1/2 and p38 MAP kinase pathways indicates that FA’s inhibitory target(s) 
is necessarily downstream of the TLR4 receptors. However, unlike the in vivo model, 
ferulaldehyde attenuated LPS-induced activation of all three MAP kinases suggesting a 
uniform regulation of MAPK activation in LPS-stimulated macrophages. These results may 
arise from the differences of the inflammatory models used, and cell- and tissue-specificity 
of the LPS-induced processes (Veres et al., 2004). MAP kinase phosphatases (MKP), 
responsible for dephosphorylation and deactivation of MAP kinases, have a central role in 
the restraint of innate immune response and the prevention of septic shock syndrome 
during pathogenic microbial infection (Zhao et al., 2006). It is known that MAPK activation 
is followed by increased MKP-1 expression probably as a compensatory regulatory 
mechanism. In line with this evidence Tucsek et al found in an in vitro experimental model 
that ferulaldehyde shifted increased expression of MKP-1 forward in time which in turn 
attenuated activation of MAP kinases (Tucsek et al., 2011).  
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4. Conclusion 
A number of different approaches have been investigated to try to treat and/or prevent 
septic shock and sepsis. Despite advances in elucidating its pathophysiology, severe sepsis 
remains a leading cause of death in the critically ill. It has been widely shown that many 
plant-derived compounds present anti-inflammatory effects. Polyphenols and their 
degradation products can exert their anti-inflammatory properties at multiple levels, 
through the modulation of MAPK, Akt and NF-κB signalling pathways, inhibition the 
production of inflammatory cytokines and chemokines, suppressing the activity of COX and 
iNOS and decreasing the production of ROS/RNS. Importantly, efficacy is maintained in 
some cases even when treatment is initiated hours after the onset of sepsis. These agents 
would be useful not only for the treatment of inflammatory disorders, but also for the 
control of some other diseases which present an inflammatory origin. However, the majority 
of the anti-inflammatory studies on plant-derived compounds have been carried out in vitro 
the polyphenols reviewed in this chapter appear to be safe and to exert anti-inflammatory 
effects in in vivo studies and even in humans. Thus, polyphenols and their degradation 
products represent a new, effective family of anti-inflammatory drugs that may help to 
prevent and treat sepsis. 
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264.7 cells, without significant cytotoxicity. CAPE treatment significantly reduced NF-κB 
translocation and DNA-binding in LPS-stimulated RAW264.7 cells. This effect was mediated 
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dephosphorylation and nuclear binding to DNA (Márquez et al., 2004). Other phenolic acids 
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inhibit the activity of AP-1 transcription factor on MCF-7 cells after stimulation by phorbol 
12-myristate 13-acetate and NF-κB activity on LPS/IFN-gamma-stimulated RAW 264.7 cells 
(Chao et al., 2010; Maggi-Capeyron et al., 2001). Similarly to phenolic acids ferulaldehyde 
also inhibited the activation and nuclear translocation of NF-κB in the liver of LPS-treated 
mice. In the same model ferulaldehyde significantly prevented the activation of JNK and 
Akt, but failed to attenuate LPS-induced activation of ERK1/2 (Radnai et al., 2009). 
Suppressing both LPS-induced JNK and Akt activation, ferulaldehyde inhibited the most 
important pathways leading to NF-κB activation, namely the LPS/TLR4/JNK and LPS/ 
PI-3K/Akt pathways. The observation that FA did not show any effect on the LPS-induced 
activation of ERK1/2 and p38 MAP kinase pathways indicates that FA’s inhibitory target(s) 
is necessarily downstream of the TLR4 receptors. However, unlike the in vivo model, 
ferulaldehyde attenuated LPS-induced activation of all three MAP kinases suggesting a 
uniform regulation of MAPK activation in LPS-stimulated macrophages. These results may 
arise from the differences of the inflammatory models used, and cell- and tissue-specificity 
of the LPS-induced processes (Veres et al., 2004). MAP kinase phosphatases (MKP), 
responsible for dephosphorylation and deactivation of MAP kinases, have a central role in 
the restraint of innate immune response and the prevention of septic shock syndrome 
during pathogenic microbial infection (Zhao et al., 2006). It is known that MAPK activation 
is followed by increased MKP-1 expression probably as a compensatory regulatory 
mechanism. In line with this evidence Tucsek et al found in an in vitro experimental model 
that ferulaldehyde shifted increased expression of MKP-1 forward in time which in turn 
attenuated activation of MAP kinases (Tucsek et al., 2011).  
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1. Introduction 

Sepsis can be defined as a generalized inflammatory response that occurs during infection 
(Bone et al. 1992) and it seems that a defective host immune system response to a 
microbiological challenge is pivotal in the pathogenesis of septic shock. The pathogenesis of 
sepsis is a result of a complex network of events involving inflammatory and anti-
inflammatory processes, molecular and cellular reactions and circulatory abnormalities 
(Hotchkiss & Karl 2003). Signs and symptoms of sepsis are non-specific for the diagnosis of 
sepsis, but early and appropriate intervention is critical for morbidity and mortality (Levy et 
al. 2005;Rivers et al. 2001). There is a need to find early markers of infection in patients with 
systemic inflammatory response syndrome (SIRS), and also to establish procedures for a 
more accurate risk assessment, predicting patients’ outcome, guiding antibiotic therapy or 
predicting the development of different organ dysfunctions. 
A biomarker is defined as “a characteristic that is objectively measured and evaluated as an 
indicator of normal biological processes, pathogenic processes or pharmacologic responses 
to a therapeutic intervention”(Biomarkers 2001). Countless biomarkers of septic shock have 
been proposed but few or none are currently used in clinical practice or studies. This lack of 
clinical application of research findings is due to several reasons: the lack of “gold standard” 
for the diagnosis, the complex pathophysiology of sepsis, which involves many processes as 
inflammation, immunity, coagulation, etc. Thus, we studied the prognostic value of surface 
molecule expression on lymphocytes and serum levels of the main cytokines, chemokines 
and adhesion molecules to classify the survival of the patients with septic shock. 
First, we demonstrated a severe redistribution of T lymphocyte subsets in patients with 
septic shock. A different kinetic pattern of T cell subset involvement is observed in 
surviving and nonsurviving patients, with lower numbers of circulating CD3+CD8+CD28+ 
and CD3+CD8+CD62L+ cells being associated with a better disease outcome (Monserrat et al. 
2009b). Second, we have also studied the predictive value for outcome of combining 
different T-cell, B-cell and NK-cell markers in septic shock patients. We have found a set of 
five immunophenotypic variables CD3+CD8+CD28+, CD3+CD8+CD45RA+CD45RO-, 
CD19+CD80+, CD56+CD69+, CD3+CD11a br+CD11b+ cells blood counts that improve the 
prediction for outcome in septic shock patients to a sensitivity of 94% and a specificity of 
100% (Monserrat et al. 2009a).  
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In another study of prognostic value of serum mediators, we determined by sandwich 
ELISA the serum levels of proinflammatory cytokines (TNFα, IL-1β, IFNγ, and IL-6) and 
soluble cytokine antagonists (sTNF-RI, sTNF-RII, and IL-1Ra) in 52 patients with septic 
shock and in 36 healthy controls at ICU admission and 3, 7, 14, and 28 days later. We 
demonstrated that serum levels of most of the pro- and anti-inflammatory molecules 
examined (TNFα, IL-6, sTNF-RI, sTNF-RII, and IL-1Ra) were significantly increased upon 
admission and during the 28-day observation period in septic patients when compared to 
controls. Remarkably, the serum levels of anti-inflammatory mediators sTNF-RI, sTNF-RII, 
and IL-1Ra were better predictors of mortality than the levels of proinflammatory cytokines 
(de Pablo et al. 2011). We also measured soluble VCAM-1, ICAM-1, ICAM-2 and PECAM-1 
levels and we demonstrated that they were significantly higher in septic shock patients at 
ICU admission and during the follow-up than in healthy controls. Serum soluble ICAM-1 
was the best biomarker for separating patients with infection from those with non-infectious 
SIRS. On the other hand, soluble E-Selectin found to be a sensitive marker of endothelial 
damage, which may result in multiple organ dysfunction syndrome and death. 

2. Role of peripheral blood lymphocytes in septic shock outcome 
The role of the lymphocytes in the septic shock it’s not clear and it has been studied 
extensively in the last decades (Holub et al. 2000;Holub et al. 2003;Lin et al. 1993;Menges et 
al. 1999;Nishijima et al. 1986). However, there are not many authors that have proposed to 
use lymphocytes as biomarkers for the outcome of these patients (Keane et al. 
1983;Monserrat et al. 2009a). Thus, we decided study the role of the T, B and Natural Killer 
(NK) lymphocytes such as biomarkers in the prediction of the outcome of septic shock 
patients. 
The T cell compartment plays a critical role in regulating the effector stage of the immune 
response. CD3+CD4+ T cells are mainly involved in the regulation of the immune response 
while CD3+CD8+ T cells are critical in the cytotoxic response (Ochoa & Makarenkova 2005). 
Several molecules, mainly the T cell receptor/CD3 complex and other co-receptors 
including CD28, contribute to the activation of T lymphocytes. The expression patterns of 
other molecules, such as the CD45 isoforms RA and RO, vary during the different T cell 
activation effector stages (Hermiston et al. 2003). Activated T lymphocytes show several 
profiles (proinflammatory or anti-inflammatory) of cytokine production (Curfs et al. 1997). 
Other molecules, such as CD62L, participate in the immune response by regulating the 
tissue distribution of the T lymphocytes (Sallusto et al. 1999). Therefore, a role for T 
lymphocytes in severe systemic bacterial infections has been described in several studies, 
and the findings of other investigations have supported the notion that T lymphocytes are 
involved in the pathogenesis of septic shock (Holub et al. 2000;Holub et al. 2003;Kabisch et 
al. 1990;Lin et al. 1993;Nishijima et al. 1986). 
The NK compartment is characterized as CD3-CD56+ cells that can be cytotoxic (CD16+ 
Bright) or produce high amount of cytokines such as IFNγ (CD16+ Dim) (Romagnani et al. 
2007). NK cells are also engaged in crosstalks with other immune cells, such a dendritic cells, 
monocytes, macrophages (Bellora et al. 2010) and neutrophils (Costantini & Cassatella 2011). 
Several lines of evidence suggest that NK cells might be involved in key functions during 
sepsis. During the early stage of septic shock, NK cells may play a key role in the promotion 
of the systemic inflammation as suggested in mice models, but at later stage, NK cells-
acquired dysfunction could favor nosocomial infections and mortality (Chiche et al. 2011). 
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Defects in T and NK lymphocytes are accompanied by alterations in the humoral response. 
The functional consequences of these humoral immune defects are an impaired ability to 
respond to antigens with a rapid and appropriate immune response to microbial antigens 
(Opal et al. 2005). The role of B cells in septic shock is unclear and weakly studied. 
In this first study, we have further characterized the abnormalities of the T cell compartment 
in septic shock and explore its clinical significance. During the first 28 days of follow up 
circulating T lymphocytes of 52 patients with septic shock admitted to the intensive care 
unit (ICU) were analysed and 36 healthy subjects were analysed in parallel. We determined 
the counts and distributions of the main T cell subsets, as well as their stage of activation 
(CD3, CD4, CD8, CD28, 45RA, 45RO and 62L antigens).  

2.1 Patients and methodology 
2.1.1 Patients and study design 
Fifty-two consecutive patients admitted to the ICU of the University Hospital “Príncipe de 
Asturias”, Madrid, Spain, with septic shock, diagnosed according to the criteria of the 
American College of Chest Physicians/Society of Critical Care Medicine (Bone et al. 1992), 
were enrolled in the study. A further requirement was the demonstration of an infectious 
aetiology through microbiological (Gram stain and/or culture) and/or radiological 
techniques, or direct observation of the infection focus. The study protocol did not call for a 
standardised approach to critical care. Exclusion criteria were: anything causing primary or 
acquired immunodeficiency, previous immunosuppressive or immunomodulation 
treatment, cancer, or autoimmune or allergic disease. The study was conducted according to 
the guidelines of the 1975 Declaration of Helsinki, after obtaining the Hospital Universitario 
Príncipe de Asturias Ethics Committee approval. Written informed consent was obtained 
from each subject included in the study or surrogate legal representatives. Thirty-six age-
matched and sex-matched healthy blood donors were studied in parallel with the patients (0 
and 28 days of the follow up). They were studied to control the adequacy of the cytometric 
techniques as well as to characterise the normal range of the T cell compartment parameters 
analysed. 
Blood was collected from these patients at baseline (ICU admission) and at 3, 7, 14 and  
28 days of follow up, and at baseline and at 28 days in healthy controls. White blood  
cell differential counts were conducted in a COULTER®LH instrument (Beckman- 
Coulter Inc). 

2.1.2 Cell separation and surface immunofluorescence 
Peripheral blood mononuclear cells (PBMC) were obtained from heparinised venous blood 
by Ficoll-Hypaque (Lymphoprep Nyegaard) density gradient centrifugation. Cells were 
resuspended (1 x 106 cells/ml) in RPMI-1640 (Biowhittaker Inc.) supplemented with 10% 
heat-inactivated FBS (Cangera International), 25 mM Hepes (Biochrom KG) and 1% 
penicillin streptomycin (Difco Lab). 
T cells were phenotypically analysed in PBMC by four-colour flow cytometry in  
a FACScalibur cytometer using CellQuest software (Becton-Dickinson). PBMC were 
incubated with combinations of fluorescein isothiocyanate (FITC), phycoerythrin (PE), 
peridinin chlorophyll protein (PerCP) and allophycocyanin (APC)-labelled monoclonal 
antibodies. The monoclonal antibodies were CD3-PerCP, CD3-FITC, CD8-PerCP, CD45RA-
FITC, CD56-PE, CD28-PE, CD62L-PE (Becton-Dickinson), CD8-APC, CD45RO-PE (Caltag 
Laboratories). 
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2.1.3 Blood lymphocyte count calculation 
Blood lymphocyte counts of T lymphocyte subsets were calculated according to standard 
flow cytometry criteria for lymphocyte subset identification and the lymphocytes counts 
obtained in conventional haemogram. First, we calculated the percentage of cells expressing 
CD3 in the total lymphocytes gate defined by forward and side scatter in PBMC. Blood 
lymphocyte count of circulatory T lymphocytes was calculated by the percentage of CD3+ 
cells in peripheral blood lymphocytes multiplied by the total number of lymphocytes per 
microlitre measured by a Coulter®. Next, we obtained the absolute number of CD4+ and 
CD8+ T lymphocytes by multiplying the total number of T lymphocytes previously 
calculated by the percentage of positive cells for each one of both antigens in CD3+ T cells. 
We simultaneously stained PBMC with CD3, CD4 and CD8 antibodies to obtain this data. 
Finally, we calculated the absolute number of the CD3+CD4+ and CD3+CD8+ T cells subsets 
defined by the expression of CD45 isoforms CD45RA+CD45RO-, CD45RO+CD45RA-, 
CD45RA+CD45RO+ and the expression of the antigens CD28+ and CD62L+. To calculate 
these numbers, we multiplied the percentage obtained of each subset in the parents’ 
CD3+CD4+ or CD3+CD8+ populations by the absolute count of CD3+CD4+ and CD3+CD8+ T 
cells, respectively. All lymphocyte counts are expressed as cells/μl. 

2.2 Septic shock patients with different outcomes show different patterns of 
circulating T cell subsets 
Blood counts and distributions of the main circulating T lymphocyte subsets were 
systematically examined in 52 patients with septic shock at admission to the ICU and at 3, 7, 
14 and 28 days of follow up in the ICU. Patients were classified as survivors or nonsurvivors 
according to their clinical outcome of sepsis during the four weeks of follow up. Thirty-six 
healthy blood donors who were age-matched and sex-matched (60 ± 3.4 years, 25 men and 
11 women) were studied in parallel with the patients as controls. 
Blood lymphocyte count was 2095±93, 1048±192 and 1235±178 cells/μl in controls, survivors 
and non-survivors respectively. Both, surviving and nonsurviving patients, showed 
significantly lower absolute CD3+ T lymphocyte counts than controls on admission and 
during the first 14 days of follow up. In survivors, CD3+ counts had significantly returned to 
normal by day 28 (Figure 1A). The CD3+CD4+ T cell subset was also reduced in surviving 
and nonsurviving patients with respect to healthy controls at baseline and during the first 
week of follow up. However, this severely decreased CD3+CD4+ T lymphocyte count had 
normalised in survivors by day 14 (Figure 1B). On admission, CD3+CD8+ T lymphocytes 
were also lower in survivors and nonsurvivors than in controls. In survivors, this T cell 
subset showed a further drop on day 3 of follow up, followed by a gradual recovery, 
although numbers failed to reach the count recorded in healthy controls. In addition, 
CD3+CD8+ T lymphocyte count in survivors was significantly diminished with respect to 
nonsurvivors on day 3 (Figure 1C). 
The activation stage of the CD3+CD4+ and CD3+CD8+ T lymphocytes was determined by 
examining the expression of the CD45 RA and RO isoforms. The retraction in circulating 
CD3+CD4+ and CD3+CD8+ T lymphocytes observed in the patients could be mainly 
explained by a decrease in the noneffector CD45RA+CD45RO- subset (Figures 2a,d). 
Interestingly, CD3+CD4+CD45RA+CD45RO- and CD3+CD8+CD45RA+CD45RO- T 
lymphocytes remained low in survivors at the end of follow up. We detected a significant 
decrease in CD3+CD4+CD45RA+CD45RO- T cells on day 3 with respect to the nonsurviving 
patients. CD3+CD4+CD45RA-CD45RO+ T cell counts varied over time from a significant 
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reduction during the first week of follow up to elevated numbers in survivors during the 
last two weeks of the study (Figures 2a,c). The analysis of effector subsets, characterised by 
being double positive (CD45RA+CD45RO+) (Hermiston et al. 2003;Najera et al. 2001), 
showed that were significantly reduced in both CD4+ and CD8+ T lymphocyte subsets at 
baseline, 3 and 7 days in both groups of patients compared with controls and in survivors 
compared with nonsurvivors at 3 days. From day 7 of follow up onwards, these values 
normalised in the surviving patients (Figures 2b,e). 
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Fig. 1. Kinetic of peripheral blood counts of CD3+, CD3+CD4+ and CD3+CD8+ lymphocyte 
subsets in patients with septic shock during their stay in the ICU. Symbol represents: ( ) 
Controls line base, ( ) Survivors and ( ) Nonsurvivors. All values are expressed as 
the mean of cells/μl ± S.E.M. *p<0.05 for survivors or nonsurvivors versus controls; † p<0.05 
for survivors versus nonsurvivors; ‡ p< 0.05 for each follow up time versus admission. 

We also analysed the expression of CD28 and CD62L antigens on CD3+CD4+ and CD3+CD8+ 
T cells. When CD3+CD8+ T cells are activated, CD28 expression is lost (Fiorentini et al. 
2001;Labalette et al. 1999). Number of circulating CD3+CD8+CD28+ T cells was significantly 
and constantly reduced in patients with septic shock compared with the healthy subjects 
and in survivors compared with nonsurvivors during the first three days of follow up 
(Figures 3A, 4). Similar behaviour was shown by CD3+CD8+CD62L+ T cells (Figures 3B, 4). 
Numbers of circulating CD3+CD8+CD28- T cells were normal in both groups of patients. 
A prediction receptor operative curve (ROC) was then used to estimate the value of 
CD3+CD8+CD28+ and CD3+CD8+CD62L+ T cell counts for predicting death in the patients 
with septic shock at admission and days 3 and 7. We found that a cutoff value of 136 
CD3+CD8+CD28+ T cells/ml on admission to the ICU of a patient with septic shock showed 
a sensitivity of 70% and 100% specificity for predicting the risk of death, and the area under 
the ROC curve was 0.84. For the CD3+CD8+CD62L+ T cells, the cut off on admission was 141 
cells/ml, with a 60% sensitivity and 100% specificity for predicting the risk of death and an 
area under the curve of 0.75. The sensitivity and specificity of the data obtained at days 3 
and 7 were worse than those found at admission. 
The number of circulating CD3+CD4+CD28+ T cells was significantly lower in surviving and 
nonsurviving patients with septic shock compared with healthy controls on admission and 
on day 3 of follow-up (Figure 5a). In survivors, this was followed by a gradual recovery of 
CD3+CD4+CD28+ T cell numbers during the course of follow up. CD3+CD4+CD62L+ T cells 
showed a similar pattern of behaviour (Figure 5b). In the parallel study performed in 
healthy blood donors (at 0 and 28 days of the follow up), no significant variations in the 
absolute counts and distribution of the different subsets of T cells analysed were detected. 
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2.1.3 Blood lymphocyte count calculation 
Blood lymphocyte counts of T lymphocyte subsets were calculated according to standard 
flow cytometry criteria for lymphocyte subset identification and the lymphocytes counts 
obtained in conventional haemogram. First, we calculated the percentage of cells expressing 
CD3 in the total lymphocytes gate defined by forward and side scatter in PBMC. Blood 
lymphocyte count of circulatory T lymphocytes was calculated by the percentage of CD3+ 
cells in peripheral blood lymphocytes multiplied by the total number of lymphocytes per 
microlitre measured by a Coulter®. Next, we obtained the absolute number of CD4+ and 
CD8+ T lymphocytes by multiplying the total number of T lymphocytes previously 
calculated by the percentage of positive cells for each one of both antigens in CD3+ T cells. 
We simultaneously stained PBMC with CD3, CD4 and CD8 antibodies to obtain this data. 
Finally, we calculated the absolute number of the CD3+CD4+ and CD3+CD8+ T cells subsets 
defined by the expression of CD45 isoforms CD45RA+CD45RO-, CD45RO+CD45RA-, 
CD45RA+CD45RO+ and the expression of the antigens CD28+ and CD62L+. To calculate 
these numbers, we multiplied the percentage obtained of each subset in the parents’ 
CD3+CD4+ or CD3+CD8+ populations by the absolute count of CD3+CD4+ and CD3+CD8+ T 
cells, respectively. All lymphocyte counts are expressed as cells/μl. 

2.2 Septic shock patients with different outcomes show different patterns of 
circulating T cell subsets 
Blood counts and distributions of the main circulating T lymphocyte subsets were 
systematically examined in 52 patients with septic shock at admission to the ICU and at 3, 7, 
14 and 28 days of follow up in the ICU. Patients were classified as survivors or nonsurvivors 
according to their clinical outcome of sepsis during the four weeks of follow up. Thirty-six 
healthy blood donors who were age-matched and sex-matched (60 ± 3.4 years, 25 men and 
11 women) were studied in parallel with the patients as controls. 
Blood lymphocyte count was 2095±93, 1048±192 and 1235±178 cells/μl in controls, survivors 
and non-survivors respectively. Both, surviving and nonsurviving patients, showed 
significantly lower absolute CD3+ T lymphocyte counts than controls on admission and 
during the first 14 days of follow up. In survivors, CD3+ counts had significantly returned to 
normal by day 28 (Figure 1A). The CD3+CD4+ T cell subset was also reduced in surviving 
and nonsurviving patients with respect to healthy controls at baseline and during the first 
week of follow up. However, this severely decreased CD3+CD4+ T lymphocyte count had 
normalised in survivors by day 14 (Figure 1B). On admission, CD3+CD8+ T lymphocytes 
were also lower in survivors and nonsurvivors than in controls. In survivors, this T cell 
subset showed a further drop on day 3 of follow up, followed by a gradual recovery, 
although numbers failed to reach the count recorded in healthy controls. In addition, 
CD3+CD8+ T lymphocyte count in survivors was significantly diminished with respect to 
nonsurvivors on day 3 (Figure 1C). 
The activation stage of the CD3+CD4+ and CD3+CD8+ T lymphocytes was determined by 
examining the expression of the CD45 RA and RO isoforms. The retraction in circulating 
CD3+CD4+ and CD3+CD8+ T lymphocytes observed in the patients could be mainly 
explained by a decrease in the noneffector CD45RA+CD45RO- subset (Figures 2a,d). 
Interestingly, CD3+CD4+CD45RA+CD45RO- and CD3+CD8+CD45RA+CD45RO- T 
lymphocytes remained low in survivors at the end of follow up. We detected a significant 
decrease in CD3+CD4+CD45RA+CD45RO- T cells on day 3 with respect to the nonsurviving 
patients. CD3+CD4+CD45RA-CD45RO+ T cell counts varied over time from a significant 
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reduction during the first week of follow up to elevated numbers in survivors during the 
last two weeks of the study (Figures 2a,c). The analysis of effector subsets, characterised by 
being double positive (CD45RA+CD45RO+) (Hermiston et al. 2003;Najera et al. 2001), 
showed that were significantly reduced in both CD4+ and CD8+ T lymphocyte subsets at 
baseline, 3 and 7 days in both groups of patients compared with controls and in survivors 
compared with nonsurvivors at 3 days. From day 7 of follow up onwards, these values 
normalised in the surviving patients (Figures 2b,e). 
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Fig. 1. Kinetic of peripheral blood counts of CD3+, CD3+CD4+ and CD3+CD8+ lymphocyte 
subsets in patients with septic shock during their stay in the ICU. Symbol represents: ( ) 
Controls line base, ( ) Survivors and ( ) Nonsurvivors. All values are expressed as 
the mean of cells/μl ± S.E.M. *p<0.05 for survivors or nonsurvivors versus controls; † p<0.05 
for survivors versus nonsurvivors; ‡ p< 0.05 for each follow up time versus admission. 

We also analysed the expression of CD28 and CD62L antigens on CD3+CD4+ and CD3+CD8+ 
T cells. When CD3+CD8+ T cells are activated, CD28 expression is lost (Fiorentini et al. 
2001;Labalette et al. 1999). Number of circulating CD3+CD8+CD28+ T cells was significantly 
and constantly reduced in patients with septic shock compared with the healthy subjects 
and in survivors compared with nonsurvivors during the first three days of follow up 
(Figures 3A, 4). Similar behaviour was shown by CD3+CD8+CD62L+ T cells (Figures 3B, 4). 
Numbers of circulating CD3+CD8+CD28- T cells were normal in both groups of patients. 
A prediction receptor operative curve (ROC) was then used to estimate the value of 
CD3+CD8+CD28+ and CD3+CD8+CD62L+ T cell counts for predicting death in the patients 
with septic shock at admission and days 3 and 7. We found that a cutoff value of 136 
CD3+CD8+CD28+ T cells/ml on admission to the ICU of a patient with septic shock showed 
a sensitivity of 70% and 100% specificity for predicting the risk of death, and the area under 
the ROC curve was 0.84. For the CD3+CD8+CD62L+ T cells, the cut off on admission was 141 
cells/ml, with a 60% sensitivity and 100% specificity for predicting the risk of death and an 
area under the curve of 0.75. The sensitivity and specificity of the data obtained at days 3 
and 7 were worse than those found at admission. 
The number of circulating CD3+CD4+CD28+ T cells was significantly lower in surviving and 
nonsurviving patients with septic shock compared with healthy controls on admission and 
on day 3 of follow-up (Figure 5a). In survivors, this was followed by a gradual recovery of 
CD3+CD4+CD28+ T cell numbers during the course of follow up. CD3+CD4+CD62L+ T cells 
showed a similar pattern of behaviour (Figure 5b). In the parallel study performed in 
healthy blood donors (at 0 and 28 days of the follow up), no significant variations in the 
absolute counts and distribution of the different subsets of T cells analysed were detected. 
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Fig. 2. Kinetic of peripheral blood counts of CD45RA+ and CD45RO+ T lymphocyte subsets 
in patients with septic shock during their stay in the ICU. Symbol represents: ( ) 
Controls line base, ( ) Survivors and ( ) Nonsurvivors. All values are expressed as 
the mean of cells/μl ± S.E.M. *p<0.05 for survivors or nonsurvivors versus controls; † p<0.05 
for survivors versus nonsurvivors; ‡ p< 0.05 for each follow up time versus admission. 

 
 

TIME (days)
0 3 7 14 28

C
D

3+
C

D
8+

C
D

28
+ 

(c
el

ls
/ μ

l)

0

100

200

300

400

* *

*

*

**
*

*
†

† ‡

A

                
TIME (days)

0 3 7 14 28

C
D

3+
C

D
8+

C
D

62
L+

 (c
el

ls
/ μ

l)

0

100

200

300

400

* *

**
*

*
‡

*
*‡† †

B

 
Fig. 3. Kinetic of peripheral blood counts of CD3+CD8+CD62L+ and CD3+CD8+CD62L+ 
lymphocyte subsets in patients with septic shock. Symbol represents: ( ) Controls line 
base, ( ) Survivors and ( ) Nonsurvivors. All values are expressed as the mean of 
cells/μl ± S.E.M. *p<0.05 for survivors or nonsurvivors versus controls; † p<0.05 for 
survivors versus nonsurvivors; ‡ p< 0.05 for each follow up time versus admission. 
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A. Healthy Control                                        CD28                                     CD62L 

 
 
 
 
B. Non Survivor Patient                              CD28                                    CD62L 

 
 
 
 
C. Survivor Patient                                     CD28                                      CD62L 

 

 
Fig. 4. Flow cytometry data analysis of the CD28 and CD62L surface expression in 
CD3+CD8+ T lymphocytes from peripheral blood of septic shock patients 
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Fig. 2. Kinetic of peripheral blood counts of CD45RA+ and CD45RO+ T lymphocyte subsets 
in patients with septic shock during their stay in the ICU. Symbol represents: ( ) 
Controls line base, ( ) Survivors and ( ) Nonsurvivors. All values are expressed as 
the mean of cells/μl ± S.E.M. *p<0.05 for survivors or nonsurvivors versus controls; † p<0.05 
for survivors versus nonsurvivors; ‡ p< 0.05 for each follow up time versus admission. 
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Fig. 3. Kinetic of peripheral blood counts of CD3+CD8+CD62L+ and CD3+CD8+CD62L+ 
lymphocyte subsets in patients with septic shock. Symbol represents: ( ) Controls line 
base, ( ) Survivors and ( ) Nonsurvivors. All values are expressed as the mean of 
cells/μl ± S.E.M. *p<0.05 for survivors or nonsurvivors versus controls; † p<0.05 for 
survivors versus nonsurvivors; ‡ p< 0.05 for each follow up time versus admission. 
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A. Healthy Control                                        CD28                                     CD62L 
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Fig. 4. Flow cytometry data analysis of the CD28 and CD62L surface expression in 
CD3+CD8+ T lymphocytes from peripheral blood of septic shock patients 
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Fig. 5. Kinetic of peripheral blood counts of CD3+CD8+CD62L+ and CD3+CD8+CD62L+ 
lymphocyte subsets in patients with septic shock. Symbol represents: ( ) Controls line 
base, ( ) Survivors and ( ) Nonsurvivors. All values are expressed as the mean of 
cells/μl ± S.E.M. *p<0.05 for survivors or nonsurvivors versus controls; † p<0.05 for 
survivors versus nonsurvivors; ‡ p< 0.05 for each follow up time versus admission. 

2.3 Interpretation of blood lymphocyte count alterations in patients with septic shock 
In this study, we show that surviving and nonsurviving patients with septic shock have 
different patterns of involvement in circulating T lymphocyte compartment. A drop in 
circulating CD3+CD4+ and CD3+CD8+ T cells has been described in patients with severe 
sepsis or septic shock at admission to the ICU (Holub et al. 2000;Holub et al. 2003;Kabisch et 
al. 1990;Lin et al. 1993;Nishijima et al. 1986). In our kinetic study, we also observed that this 
T lymphopenia persists during the first week of follow up and is independent of the 
outcome. Moreover, by the end of the second week of follow up, the absolute number of 
circulating CD3+CD4+ T cells had clearly normalised. In contrast, after four weeks of follow 
up, there was still no return to normal circulating numbers of CD3+CD8+ T cells.  
In a mouse sepsis model of caecal ligation and puncture, the depletion of CD3+CD8+ T and 
natural killer cells was associated with a survival benefit with decreased blood bacterial 
concentrations, improved physiological function and an attenuated proinflammatory 
response (Sherwood et al. 2004). It has been reported that mice infected with Plasmodium 
berghei develop a syndrome similar to septic shock and the depletion of CD3+CD8+ T cells 
also significantly ameliorates the complications that induce shock (Chang et al. 2001). In 
addition, in patients with trauma and multiple organ failure (MOF), nonsurvivors showed 
CD3+CD8+ T cell numbers that were two-folds higher than those recorded in survivors 
(Menges et al. 1999). In agreement with these experimental and clinical findings, we 
observed significantly lower CD3+CD8+ T cell counts in survivors compared with 
nonsurvivors on day three of follow up. Thus, diminished circulating CD3+CD8+T cells 
might have a protective pathogenic role in the outcome of septic shock.  
The expression patterns of the RA and RO isoforms of CD45 by T lymphocytes serve to 
identify subsets associated with different stages of T cell activation. When noneffector 
CD45RA+CD45RO- T lymphocytes are activated by inflammatory agents, such as bacterial 
infection, CD45RO is up-regulated and CD45RA down-regulated (Hermiston et al. 2003). 
Thus, our patients showed a persistent reduction in circulating noneffector CD4+CD45RA+ 
CD45RO- and CD8+CD45RA+ CD45RO- T cells. In contrast, numbers of CD8+CD45RA-

CD45RO+ T cells remained normal and CD4+CD45RA-CD45RO+ T cell counts initially fell 
yet had returned to normal by the second week of follow up in surviving patients. An 
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increased percentage of CD3+ cells expressing CD45RO has been reported in patients with 
sepsis (Roth et al. 2003). Our findings could be the consequence of abnormal polyclonal 
activation of circulating T lymphocytes. It has been proposed that the switch of T cells from 
a CD45RA+CD45RO- to a CD45RA-CD45RO+ phenotype may have a functional effect in 
halting the sustained immune response in an effort to avoid tissue injury (Hermiston et al. 
2003). Thus, the expansion of CD4+CD45RA-CD45RO+ T lymphocytes observed here during 
the follow up of surviving patients might be considered a compensatory anti-inflammatory 
mechanism that develops in these patients with septic shock. 
CD28 is a costimulatory molecule that plays a key role in regulating the activation and 
survival of T lymphocytes (Sansom & Walker 2006). Activation of CD3+CD8+ T lymphocytes 
has been related to the loss of CD28 expression (Fiorentini et al. 2001;Labalette et al. 1999). In 
effect, it has been reported that patients with severe sepsis showed a significant reduction in 
T lymphocyte CD28 expression (Manjuck et al. 2000). Our data indicate diminished 
circulating CD3+CD8+CD28+ T cell numbers in patients with septic shock with respect to 
healthy subjects on admission to the ICU and at least during the first 28 days of follow up. 
Interestingly, a reduced CD3+CD8+CD28+ T cell count during the first three days of 
admission to the ICU was of prognostic value for predicting the survival of a patient. 
Conversely, an elevated number of circulating CD3+CD8+CD28+ T cells was associated with 
a worse prognosis for the patient. Recently, it has been reported that the stimulation of 
CD28 by a monoclonal antibody in healthy volunteers is followed by severe multiple 
cytokine-release syndrome (Suntharalingam et al. 2006). Our results support a relevant role 
for CD3+CD8+CD28+ T cells in the pathogenesis of septic shock. Future studies should 
address the potential clinical relevance of this cell variable. 
The migration of circulating T lymphocytes to peripheral lymph nodes depends on the 
expression of the CD62L homing receptor (Tang et al. 1998). We found here that the down-
regulation of L-selectin expression on CD3+CD8+ cells in patients with septic shock was 
associated with a better outcome. Hence, the rapid migration of CD8+ T cells to peripheral 
lymph nodes may be a mechanism contributing to patient survival. 
Our T lymphocyte phenotype data show a time difference, or shift, in the recirculation of T 
lymphocytes between patients who survive septic shock and those who do not. Taken 
together and analysing the phenotype of the circulating T cells according to the activation 
criteria (CD45RA+ and CD45RO+) related to CD28 (activation and co-stimulation) and 
CD62L (activation and migration) expression point to a slower migration of naive and 
effector cells in nonsurviving patients. This different T lymphocyte kinetics would mean a 
delayed tissue response that could determine the failure of the immune system and the fatal 
prognosis of the patient. In particular, the delay in the disappearance of CD45RA+, 
CD45RA+CD45RO+, CD28+, CD62L+, T CD4+ and CD8+ lymphocytes observed between 
days 3 and 7 of follow up in the nonsurvivors appears to be crucial to the final outcome. 
Accordingly, in surviving patients, effectors cells would migrate more rapidly to tissues and 
this would in turn trigger the quick action of the immune system in combating the infection 
and thus determine the survival of the patient. It is known that cellular immune responses 
play a critical role in the defense against viral infections and strong T-cell responses have 
been reported in patients who clear infection (Sarobe et al. 2006a). If the immune response is 
late or less efficient against microorganism viral epitopes, the outcome of the disease 
worsens(Hermiston et al. 2003;Lim et al. 2006;Sarobe et al. 2006b). Not surprisingly, the 
survivor group had lower APACHE II, MODS and SOFA scores than nonsurvivors. An 
increasing APACHE II score reflects an increasing severity of illness and escalating risk of 
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Fig. 5. Kinetic of peripheral blood counts of CD3+CD8+CD62L+ and CD3+CD8+CD62L+ 
lymphocyte subsets in patients with septic shock. Symbol represents: ( ) Controls line 
base, ( ) Survivors and ( ) Nonsurvivors. All values are expressed as the mean of 
cells/μl ± S.E.M. *p<0.05 for survivors or nonsurvivors versus controls; † p<0.05 for 
survivors versus nonsurvivors; ‡ p< 0.05 for each follow up time versus admission. 

2.3 Interpretation of blood lymphocyte count alterations in patients with septic shock 
In this study, we show that surviving and nonsurviving patients with septic shock have 
different patterns of involvement in circulating T lymphocyte compartment. A drop in 
circulating CD3+CD4+ and CD3+CD8+ T cells has been described in patients with severe 
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natural killer cells was associated with a survival benefit with decreased blood bacterial 
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CD45RO+ T cells remained normal and CD4+CD45RA-CD45RO+ T cell counts initially fell 
yet had returned to normal by the second week of follow up in surviving patients. An 
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increased percentage of CD3+ cells expressing CD45RO has been reported in patients with 
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a worse prognosis for the patient. Recently, it has been reported that the stimulation of 
CD28 by a monoclonal antibody in healthy volunteers is followed by severe multiple 
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for CD3+CD8+CD28+ T cells in the pathogenesis of septic shock. Future studies should 
address the potential clinical relevance of this cell variable. 
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expression of the CD62L homing receptor (Tang et al. 1998). We found here that the down-
regulation of L-selectin expression on CD3+CD8+ cells in patients with septic shock was 
associated with a better outcome. Hence, the rapid migration of CD8+ T cells to peripheral 
lymph nodes may be a mechanism contributing to patient survival. 
Our T lymphocyte phenotype data show a time difference, or shift, in the recirculation of T 
lymphocytes between patients who survive septic shock and those who do not. Taken 
together and analysing the phenotype of the circulating T cells according to the activation 
criteria (CD45RA+ and CD45RO+) related to CD28 (activation and co-stimulation) and 
CD62L (activation and migration) expression point to a slower migration of naive and 
effector cells in nonsurviving patients. This different T lymphocyte kinetics would mean a 
delayed tissue response that could determine the failure of the immune system and the fatal 
prognosis of the patient. In particular, the delay in the disappearance of CD45RA+, 
CD45RA+CD45RO+, CD28+, CD62L+, T CD4+ and CD8+ lymphocytes observed between 
days 3 and 7 of follow up in the nonsurvivors appears to be crucial to the final outcome. 
Accordingly, in surviving patients, effectors cells would migrate more rapidly to tissues and 
this would in turn trigger the quick action of the immune system in combating the infection 
and thus determine the survival of the patient. It is known that cellular immune responses 
play a critical role in the defense against viral infections and strong T-cell responses have 
been reported in patients who clear infection (Sarobe et al. 2006a). If the immune response is 
late or less efficient against microorganism viral epitopes, the outcome of the disease 
worsens(Hermiston et al. 2003;Lim et al. 2006;Sarobe et al. 2006b). Not surprisingly, the 
survivor group had lower APACHE II, MODS and SOFA scores than nonsurvivors. An 
increasing APACHE II score reflects an increasing severity of illness and escalating risk of 
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hospital death for multidiagnostic ICU patient groups. However, an APACHE II score 
cannot be directly equated with a specific risk of lower mortality than the same score for a 
patients with septic shock (Wagner et al. 1986). In this group of patients, we found that a 
cut-off value of 136 cells/ml for CD3+CD8+CD28+ T cells and 141 cells/ml for 
CD3+CD8+CD62L+ T cells on ICU admission showed high specificity for predicting the risk 
of death. However, it is known that the positive predictive value for APACHE II for the 
validation study population was only 69.6% and the negative predictive value was 87.9% 
(Joseph E.Parrila & Roger C.Bone 1995). Moreover, SOFA, MODS and APACHE II scores 
require at least 24 hours of monitoring to be performed and lymphocyte phenotyping can be 
performed in a short time, approximately 2 hours. It is not possible to replace clinical score 
in septic shock patients by immunological markers. However, these analytical parameters may 
help to make clinical decisions in these patients and to establish new potential therapeutic 
targets. Future studies will need to study in more depth the mechanisms involved in the 
severe abnormality found on the T cell compartment in patients with septic shock. 

2.4 Cytomics: In the future of the study of cellular biomarkers 
Advances in the knowledge of the immune system has demonstrated the great complexity 
of the T, B and Natural Killer (NK) lymphocyte subsets (Appay et al. 2008). T cell subsets 
display defined immunophenotypic markers at different stages of activation and when they 
have different patterns of tissue migration (Lanzavecchia & Sallusto 2005;Sallusto et al. 
2004). Several pathologic conditions have been associated to different alterations of T cell 
subset distribution (Appay et al. 2008;Wong et al. 2008). In critically ill patients, global T-cell 
responsiveness is typically reduced, reflected in the inability to respond to recall antigens in 
vivo or decreased (Christou et al. 1995) and in impaired lymphocyte proliferation to 
mitogens in vitro (Keane et al. 1983). However, the response to a T-cell-independent 
antigens is preserved or even enhanced (Nohr et al. 1986). Abnormal redistribution of NK 
and B lymphocytes subsets have also been found to be involved in the pathogenesis of other 
diseases (Cerwenka & Lanier 2001;Sanz et al. 2008) but the evidence reported in critical 
illness is less compelling. 
The simultaneous study of different cell subsets distribution can help to translate basic 
knowledge on immune system alterations into clinically and therapeutically relevant 
markers. Our study demonstrates that deeptly characterizing abnormalities on T cell subsets 
can have clinical significance in septic shock (Monserrat et al. 2009b). Thus, we hypothesized 
that the combination of the simultaneous analysis of different immune system cell subsets 
would improve the prediction of outcome in septic shock patients. In addition to the results 
described previously in our work and following a cytomics analysis, we have also studied 
the predicting value for outcome of combining different T, B and NK cell markers in the 52 
septic shock patients reported in our article (Monserrat et al. 2009b). 
 Cytomics is an innovative mathematic and statistic bioinformatics analysis procedure 
(similar to data mining studies) of multiple cellular variables obtained from a population of 
patients (Valet G.V. et al. 1998;Valet et al. 1993;Valet 2002). Cytomics allows to select a set of 
multiple quantitative biological variables able to improve the accuracy of patient prognosis 
and/or establish a predictive value of response to an optional treatment (Valet & Tarnok 
2003). Cytomics studies have been previously applied to different fields in medicine: 
intensive care (Rothe et al. 1990;Valet G.V. et al. 1998), oncology/hematology (Valet et al. 
2003;Valet & Hoeffkes 2004), or autoimmune diseases (Jacobi et al. 2003); moreover a human 
cytome project is underway (Valet et al. 2004;Valet & Valet 2005). 
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Following the methods and flow cytometry technique described previously (section 2.1.2-
2.1.3), we quantified the absolute number of circulating CD3+, CD4+, CD8+, CD19+ and 
CD56+ lymphocytes and their subsets defined by the co-expression of one, two or three of 
the following antigens: CD69+, HLA-DR+, CD25+, CD26+, CD38+, CD45RA+, CD45RO+, 
CD71+, CD23+, CD57+ as activation markers, CD80+, CD86+, CD40L+ and CD40+ as co-
stimulation markers and CD11a+, CD11b+, CD11c+, CD31+, CD62L+,CD29+ as adhesion 
markers and CD95+ as apoptosis marker. This cellular quantification was performed in each 
patient at ICU admission and the clinical outcome was analyzed over a 28-day period. The 
absolute numbers of the different lymphocyte subsets obtained in each patient were 
introduced in a database. Symmetrical upper and lower threshold percentile values (low 
percentile 33 and high percentile 67) were selected according to the mortality in our series of 
patients. These thresholds were used to re-express individual data-base values into +, 0 or – 
according to their position above, within or below the respective reference percentile 
thresholds as described (Valet G.V. et al. 1998;Valet et al. 1993). Receiver operating 
characteristics (ROC) curves were built for each phenotypic variable. The sensitivity  
and specificity of each variable to predict the real outcome was thus obtained (McNeil & 
Hanley 1984;Metz 1978). The variables with higher sensitivity values were selected and 
combined to create multiple variable combinations or masks. The mask with the highest 
sensitivity and specificity prediction ability for outcome was selected to define the 
combinations of cut-off values for each variable. According to this methodology we have 
found a set of five variables and their cut off values (showed in table 1) that are able  
to improve the prediction for outcome on septic shock patients to a sensitivity of 94 per cent 
and a specificity of 100 per cent. 
 

MASK SUBSET Nº/μl 
CD56+CD69+ >114 

CD3+CD8+CD45RA+CD45RO- >114 
CD3+CD8+CD28+ >163 

CD19+CD80+ >67 
CD3+CD11A BR+CD11B+ >250 

Table 1. Final Mask results after a cytomics study: represent the cut off count of lymphocytes 
subsets by microlitter that can be able to predict the fatal outcome of the shock septic 
patients. 

These results support the notion that the immune phenotypical analysis of different 
circulating lymphocyte subsets in septic shock patients has a relevant prognostic value. 
Leukocyte phenotyping might also have predictive value for the development of immune-
supportive or immuno-stimulatory therapies in the management of septic shock patients. 
The analysis of the abnormalities in the distribution of the T cell compartment in critical 
patients outside septic shock could also be of great interest (McDunn et al. 2009). We have 
applied in parallel the immunophotypical T lymphocyte protocol described here to severe 
acute pancreatitis and ischemic myocardial infarct patients. Our results showed that the 
patterns of alteration of the distribution and activation stage of T cell subsets are not 
homogenous in these different acute severe diseases. Thus, the potential involvement of T 
cell compartment in the pathogenesis of septic shock requires further research and raises the 
development of innovative diagnostic and therapeutic strategies in these patients. 
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that the combination of the simultaneous analysis of different immune system cell subsets 
would improve the prediction of outcome in septic shock patients. In addition to the results 
described previously in our work and following a cytomics analysis, we have also studied 
the predicting value for outcome of combining different T, B and NK cell markers in the 52 
septic shock patients reported in our article (Monserrat et al. 2009b). 
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intensive care (Rothe et al. 1990;Valet G.V. et al. 1998), oncology/hematology (Valet et al. 
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homogenous in these different acute severe diseases. Thus, the potential involvement of T 
cell compartment in the pathogenesis of septic shock requires further research and raises the 
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3. Role of the serum molecules in septic shock 
3.1 Diagnosis of sepsis 
Numerous putative markers of sepsis have been studied: microbial products, physiologic 
parameters, hematopoietic cells, cell surface markers, soluble receptors, cytokines, acute 
phase reactants, mediators of coagulation, cellular processes and others like procalcitonin 
(Marshall et al. 2003). Probably, procalcitonin is the most extensive laboratory marker used 
for the discrimination of sepsis in patients with SIRS. In 2001, the 
SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions Conference included 
plasma procalcitonin above 2SD of the normal value into the diagnostic criteria for sepsis 
(Levy et al. 2003). They also included plasma C-reactive protein as a criterium for sepsis, but 
most studies found procalcitonin to be superior to C-reactive protein (Uzzan et al. 2006). We 
also found these findings and we demonstrate that procalcitonin in combination with 
Sequential Organ Failure Assessment (SOFA Score) (Vincent et al. 1998) was useful to 
diagnose infection (Ruiz-Alvarez et al. 2009). However, in newborns, immunosuppressed or 
elderly patients, procalcitonin had not been shown to be a great asset in the diagnosis of 
sepsis. Moreover, little is known about serum procalcitonin levels in renal failure and 
evidence suggests that it is dialyzed (Dahaba et al. 2003). 
The release of inflammatory cytokines, such TNFα, IL-1β, IL-6, IL-8 and IFNγ in response to 
infection leads to SIRS and MOF. Probably, the cytokine that longer has been investigated as 
a marker of infection is IL-6. IL-6 can be measured reliably in the blood after insult to the 
host, but it is relatively nonspecific of infection and is elevated in other inflammatory states. 
When serum IL-6 levels were measured to assess the diagnostic value of infection in patients 
with SIRS, procalcitonin was superior to IL-6 (Harbarth et al. 2001). 
Vascular endothelium injury is widely recognized to play a critical role in many systemic 
inflammatory diseases as sepsis. However, the ability of the measurement of soluble 
adhesion molecules to distinguish infection in SIRS patients has been poorly investigated. 
Bold et al. demonstrated that trauma patients showed lower plasma levels of circulating 
adhesion molecules than did sepsis patients indicating more pronounced endothelial 
activation or damage in sepsis (Boldt et al. 1996). Cummings et al. reported that soluble E-
selectin levels are higher in serum of patients with microbiologically documented sepsis 
than in other critically ill patients (Cummings et al. 1997). Recently, we also studied 
circulating soluble adhesion molecules levels in 92 patients with SIRS and demonstrated 
that sICAM-1 was a better biomarker of infection than sE-Selectin, sVCAM-1 and sICAM-2. 
An acute-phase proteins has been defined as one whose plasma concentrations increases or 
decreases by at least 25% during inflammatory disorders (Gabay & Kushner 1999). 
Lipopolysaccharide-binding protein (LBP) is considered an acute-phase protein. It is 
synthesized by hepatocytes and intestinal epithelial cells and its concentrations rising up 
after induction of an acute-phase response. A very interesting issue by Albillos et al. 
analyzed the risk factors associated with a first episode of severe bacterial infection in 84 
ascitic cirrhotics. Increased LBP was the only factor independently associated with severe 
bacterial infection in a multivariate analysis (relative risk 4.49, 95% CI 1.42-14.1). The 
authors suggested that monitoring of serum LBP could, therefore, help to target cirrhotic 
patients with ascites for antibiotic prophylaxis (Albillos et al. 2004). However, LBP 
measurements in ICU patients with SIRS and sepsis have not been found any benefit 
(Prucha et al. 2003), except in selected patient populations as heart surgery, neonates or 
neutropenic patients (Pavcnik-Arnol et al. 2004;Sablotzki et al. 2001).  
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Phagocytic cells are the primary mediators of the innate immune response to bacterial and 
fungal infections. Triggering receptor expressed on myeloid cells-1 (TREM-1) is a member of 
the immunoglobulin family and is upregulated in response to infection acting 
synergistically with Toll-like receptor-4 to augment the immune response. TREM-1 may be 
not upregulated in noninfectious inflammatory disorders. A soluble form of TREM-1 
(sTREM-1) is shed from the membranes of activated phagocytic cells and can be quantified. 
Studies conducted in ICUs indicated that sTREM-1 is more specific and sensitive than either 
procalcitonin or C-reactive protein (Bouchon et al. 2001;Gibot et al. 2005). However, in a 
recent study in patients admitted in a surgical ICU, measurement of sTREM-1 did not 
distinguish between patients with SIRS, severe sepsis, or septic shock (Bopp et al. 2009). 
Finally, a recent study only 10 biomarkers have been assessed for their ability to distinguish 
septic from non-septic patients with SIRS, but no biomarker was clearly identified as being 
able to differentiate infection in SIRS from other causes (Pierrakos & Vincent 2010).  

3.2 Risk assessment and severity 
A severity marker provides information about whether a patient with sepsis will experience 
an adverse outcome. Classical illness scores, such as Acute Physiology and Chronic Health 
Evaluation (APACHE) and Simplified Acute Physiology Score (SAPS), can predict the 
severity and outcome of sepsis. Relatively few biomarkers have been evaluated to establish 
risk assessment and severity in sepsis. Plasma procalcitonin concentrations correlated to 
sepsis-related organ failure scores and may be useful in risk assessment (Meisner et al. 1999). 
In 2007, the FDA approved the use of procalcitonin in conjunction with other laboratory 
findings and clinical assessments to aid in the risk assessment of critically ill patients on their 
first day of ICU admission for progression to severe sepsis and septic shock. 
On the other hand, it has been reported that IL-2 and IL-8 increased in parallel with disease 
severity (Balcl et al. 2003) and anti-inflammatory cytokines as IL-4, IL-10 and IL-13 have 
higher concentrations in patients with sepsis than in patients with septic shock (Collighan et 
al. 2004;Heper et al. 2006). It is important to remark that the production of anti-
inflammatory cytokines during septic shock correlates positively with the intensity of the 
inflammatory response and, as we will describe later, with fatal outcome. 
The severity of septic reaction varies a lot in course and outcome depending on host 
predisposing factors, the infection characteristics, the intensity of host response and, 
finally, the number of organs failing. The PIRO staging model based on these factors 
could better predict outcomes of patients with sepsis (Rubulotta et al. 2009). The risk of 
dying from an infectious disease is much more depend on genetic than on environmental 
factors (Sorensen et al. 1988). Genetic polymorphisms in innate immunity result in 
significant interindividual variability in response to infection. In the last years, more than 
30 genes have had their respective polymorphisms studied for relations to sepsis and 
critical infection or inflammation (Namath & Patterson 2009). Sepsis-related 
polymorphism studies have most commonly focused on one or more polymorphisms for 
specific genes whose protein products are implicated in sepsis. Current studies include 
genome-wide approaches, which analyze large representative sets of genetic markers 
derived from the human haplo-type map in search of those markers associated with a 
chosen phenotype. New techniques enable detection of thousands of single nucleotide 
polymorphisms in a single patient, which promise new insights into genetics variations 
(Marshall & Reinhart 2009).  
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3. Role of the serum molecules in septic shock 
3.1 Diagnosis of sepsis 
Numerous putative markers of sepsis have been studied: microbial products, physiologic 
parameters, hematopoietic cells, cell surface markers, soluble receptors, cytokines, acute 
phase reactants, mediators of coagulation, cellular processes and others like procalcitonin 
(Marshall et al. 2003). Probably, procalcitonin is the most extensive laboratory marker used 
for the discrimination of sepsis in patients with SIRS. In 2001, the 
SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions Conference included 
plasma procalcitonin above 2SD of the normal value into the diagnostic criteria for sepsis 
(Levy et al. 2003). They also included plasma C-reactive protein as a criterium for sepsis, but 
most studies found procalcitonin to be superior to C-reactive protein (Uzzan et al. 2006). We 
also found these findings and we demonstrate that procalcitonin in combination with 
Sequential Organ Failure Assessment (SOFA Score) (Vincent et al. 1998) was useful to 
diagnose infection (Ruiz-Alvarez et al. 2009). However, in newborns, immunosuppressed or 
elderly patients, procalcitonin had not been shown to be a great asset in the diagnosis of 
sepsis. Moreover, little is known about serum procalcitonin levels in renal failure and 
evidence suggests that it is dialyzed (Dahaba et al. 2003). 
The release of inflammatory cytokines, such TNFα, IL-1β, IL-6, IL-8 and IFNγ in response to 
infection leads to SIRS and MOF. Probably, the cytokine that longer has been investigated as 
a marker of infection is IL-6. IL-6 can be measured reliably in the blood after insult to the 
host, but it is relatively nonspecific of infection and is elevated in other inflammatory states. 
When serum IL-6 levels were measured to assess the diagnostic value of infection in patients 
with SIRS, procalcitonin was superior to IL-6 (Harbarth et al. 2001). 
Vascular endothelium injury is widely recognized to play a critical role in many systemic 
inflammatory diseases as sepsis. However, the ability of the measurement of soluble 
adhesion molecules to distinguish infection in SIRS patients has been poorly investigated. 
Bold et al. demonstrated that trauma patients showed lower plasma levels of circulating 
adhesion molecules than did sepsis patients indicating more pronounced endothelial 
activation or damage in sepsis (Boldt et al. 1996). Cummings et al. reported that soluble E-
selectin levels are higher in serum of patients with microbiologically documented sepsis 
than in other critically ill patients (Cummings et al. 1997). Recently, we also studied 
circulating soluble adhesion molecules levels in 92 patients with SIRS and demonstrated 
that sICAM-1 was a better biomarker of infection than sE-Selectin, sVCAM-1 and sICAM-2. 
An acute-phase proteins has been defined as one whose plasma concentrations increases or 
decreases by at least 25% during inflammatory disorders (Gabay & Kushner 1999). 
Lipopolysaccharide-binding protein (LBP) is considered an acute-phase protein. It is 
synthesized by hepatocytes and intestinal epithelial cells and its concentrations rising up 
after induction of an acute-phase response. A very interesting issue by Albillos et al. 
analyzed the risk factors associated with a first episode of severe bacterial infection in 84 
ascitic cirrhotics. Increased LBP was the only factor independently associated with severe 
bacterial infection in a multivariate analysis (relative risk 4.49, 95% CI 1.42-14.1). The 
authors suggested that monitoring of serum LBP could, therefore, help to target cirrhotic 
patients with ascites for antibiotic prophylaxis (Albillos et al. 2004). However, LBP 
measurements in ICU patients with SIRS and sepsis have not been found any benefit 
(Prucha et al. 2003), except in selected patient populations as heart surgery, neonates or 
neutropenic patients (Pavcnik-Arnol et al. 2004;Sablotzki et al. 2001).  
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Phagocytic cells are the primary mediators of the innate immune response to bacterial and 
fungal infections. Triggering receptor expressed on myeloid cells-1 (TREM-1) is a member of 
the immunoglobulin family and is upregulated in response to infection acting 
synergistically with Toll-like receptor-4 to augment the immune response. TREM-1 may be 
not upregulated in noninfectious inflammatory disorders. A soluble form of TREM-1 
(sTREM-1) is shed from the membranes of activated phagocytic cells and can be quantified. 
Studies conducted in ICUs indicated that sTREM-1 is more specific and sensitive than either 
procalcitonin or C-reactive protein (Bouchon et al. 2001;Gibot et al. 2005). However, in a 
recent study in patients admitted in a surgical ICU, measurement of sTREM-1 did not 
distinguish between patients with SIRS, severe sepsis, or septic shock (Bopp et al. 2009). 
Finally, a recent study only 10 biomarkers have been assessed for their ability to distinguish 
septic from non-septic patients with SIRS, but no biomarker was clearly identified as being 
able to differentiate infection in SIRS from other causes (Pierrakos & Vincent 2010).  

3.2 Risk assessment and severity 
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Evaluation (APACHE) and Simplified Acute Physiology Score (SAPS), can predict the 
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higher concentrations in patients with sepsis than in patients with septic shock (Collighan et 
al. 2004;Heper et al. 2006). It is important to remark that the production of anti-
inflammatory cytokines during septic shock correlates positively with the intensity of the 
inflammatory response and, as we will describe later, with fatal outcome. 
The severity of septic reaction varies a lot in course and outcome depending on host 
predisposing factors, the infection characteristics, the intensity of host response and, 
finally, the number of organs failing. The PIRO staging model based on these factors 
could better predict outcomes of patients with sepsis (Rubulotta et al. 2009). The risk of 
dying from an infectious disease is much more depend on genetic than on environmental 
factors (Sorensen et al. 1988). Genetic polymorphisms in innate immunity result in 
significant interindividual variability in response to infection. In the last years, more than 
30 genes have had their respective polymorphisms studied for relations to sepsis and 
critical infection or inflammation (Namath & Patterson 2009). Sepsis-related 
polymorphism studies have most commonly focused on one or more polymorphisms for 
specific genes whose protein products are implicated in sepsis. Current studies include 
genome-wide approaches, which analyze large representative sets of genetic markers 
derived from the human haplo-type map in search of those markers associated with a 
chosen phenotype. New techniques enable detection of thousands of single nucleotide 
polymorphisms in a single patient, which promise new insights into genetics variations 
(Marshall & Reinhart 2009).  
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3.3 Guide of therapy 
A biomarker may also aid to guide therapy. First, we need a reliable diagnostic laboratory 
test that indicates that a clinical syndrome of systemic inflammatory response is likely due 
to a bacterial or fungal infection. Prompt appropriate empirical antibiotic therapy, searching 
and controlling infection source, hemodynamic and adjuvant therapy must be initiate as 
soon as possible for improving survival in patients with sepsis. Conversely, if infection is 
unlikely to be present permits the clinician to discontinue antibiotics and therefore a 
minimization of the adverse events. Second, a biomarker may help us to administer 
therapies to the right patients at the right time. A biomarker whose levels changes during 
ICU stay may provide information to monitor the response to treatment. In patients with 
sepsis, an increase or decrease in one marker levels may reflect that the patients responds or 
fails to respond. Third, critically ill patients with SIRS are a heterogeneous population of 
patients. A biomarker may also aid to distinguish patterns of a homogeneous group of 
patients, in whom the benefit of a therapy is known or could be investigated. Fourth, rapid 
diagnosis of reduced levels of a critical factor or elevated levels of a specific target may be of 
interest for the rational use of therapies (Cohen et al. 2001). 
There are many more potential biomarkers for sepsis than are currently used in clinical 
studies. IL-6 levels of more than 1000 ng/ml were reported to be highly predictive of sepsis-
related death (Harbarth et al. 2001). This finding was used to identify patients more severe 
who would benefit from adjuvant treatments. However, the results from a large multicenter 
study randomized patients with severe sepsis to treatment with antibody against TNF or 
placebo, stratifying patients on the basis of baseline levels of IL-6 have proven disappointing 
(Panacek et al. 2004).  
Several studies have investigated the use of procalcitonin as a marker of treatment 
strategies. Recently, a meta-analysis which included seven randomized controlling studies 
reporting on antibiotic use and clinical outcomes of 1131 ICU patients managed with a 
procalcitonin-guided algorithm or according to routine practice has been published. The 
main results are: 1) decreased antibiotic exposure; 2) similar mortality rates and ICU or 
hospital length of stay; and 3) comparable rates of superinfection and persistent or relapsed 
infection. 
C-reactive protein is often reported as inferior compared with procalcitonin as a marker, but 
it is frequently used in clinical practice because of its greater availability. Serial monitoring 
of C-reactive protein levels may have some value in predicting infection and response to 
antibiotics in the ICU (Povoa et al. 2006;Schmit & Vincent 2008). 

3.4 Predicting development of organ dysfunction 
It is known that the severity of organ failure has significant impact on the prognosis of 
patients with sepsis. Numerous biomarkers were assessed for their ability to predict the 
development of MOF. We focused our investigation on the possible association between 
different organ failures and serum concentrations of soluble cytokines and their soluble 
receptors in patients with septic shock (de Pablo et al. 2011). The overall prevalence of organ 
dysfunction at ICU admission was 46% for acute respiratory distress syndrome (ARDS), 
36% for acute renal failure (ARF) and 19% for coagulation failure (DIC). Circulating IL-10, 
sTNF-RI, sTNF-RII, IL-1Ra concentrations were significantly higher in patients with ARDS, 
ARF and DIC at the time of patients’ entry in the study. Serum TNFα levels were found 
higher in sepsis-induced ARF or DIC. IL-6 was higher in ARDS patients than in patients 
with septic shock without ARDS. However, there were no significant differences in serum 
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levels of IL-1β, IFNγ or TGF-β than septic patients without these organ failures. TGF-β is a 
cytokine that plays a pivotal role mainly in the tissue repair reaction subsequent to 
inflammatory response. It is interesting to remark that in patients with septic shock and 
persistent ARDS, TGF-β levels are increased. These high concentrations at day 7 of follow-
up are related to MOF and death (Figure 6)(de Pablo et al. 2006c). 
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Fig. 6. Serum TGF-β levels in septic shock patients.* p<0.05 between patients with or without 
ARDS, † p<0.05 between survivors and nonsurvivors. Data are expressed as mean ± S.E.M. 

When the patients had failure in two or more organ system, they were considered as 
multiple organ dysfunction syndrome (MODS). Once again, anti-inflammatory molecules 
such as IL-6, IL-10, sTNF-RI, sTNF-RII, IL-1Ra and sIL-2R were elevated in patients with 
MODS, but not pro-inflammatory cytokines: TNFα, IL-1β, IFNγ or chemokines: IL-8, MCP-1, 
MIP-1α or RANTES (table 2). 
 

 With MODS Without MODS  With MODS Without MODS 
IFNγ 9.17±3.01 15.13±5.59 IL-10 5.57±1.98 35.95±20.42* 
TNFα 14.42±2.97 36.12±10.83 IL-2R 4584±235 5724±417* 
IL-1β 2.10±0.84 2.15±0.80 TGF-β 40.06±6.67 31.04±4.18 
IL-6 1267±672 2737±663* IL-8 206±157 339±116 

sTNF-RI 3673±500 5042±617* MCP-1 2797±1049 2997±572 
sTNF-RII 4984±558 6373±724* MIP-1α 61.94±15.50 66.42±13.90 

IL-1 ra 7099±1464 11052±2030* RANTES 20177±3831 15325±2140 

Table 2. Serum cytokines and chemokines levels in septic shock patients with or without 
MODS at ICU admission.* p<0.05 between patients with or without MODS. Data are 
expressed as mean ± S.E.M. 

3.5 Prognosis 
Sepsis, severe sepsis and septic shock are the leading cause of death in critically ill patients 
(Hotchkiss & Karl 2003). The ICU mortality rates increase with the severity of the syndrome: 
27% for sepsis, 32% for severe sepsis and 54% for septic shock (Vincent et al. 2006). Outcome 
from sepsis in terms of mortality is not only associated with the amount of organ 
dysfunction developed (Alberti et al. 2003). Other variables as age, genetic backgrounds, 
comorbidities, reasons for ICU admission, and related to infection (acquisition, extension, 
site and agent) were observed in outcome of patients with sepsis (Gustot 2011). PIRO system 
emerged from the Fifth Toronto Sepsis Roundtable. It includes Predisposition, Injury, 
Response and Organ Dysfunction (Marshall et al. 2003). However, this approach remained 
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levels of IL-1β, IFNγ or TGF-β than septic patients without these organ failures. TGF-β is a 
cytokine that plays a pivotal role mainly in the tissue repair reaction subsequent to 
inflammatory response. It is interesting to remark that in patients with septic shock and 
persistent ARDS, TGF-β levels are increased. These high concentrations at day 7 of follow-
up are related to MOF and death (Figure 6)(de Pablo et al. 2006c). 
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Fig. 6. Serum TGF-β levels in septic shock patients.* p<0.05 between patients with or without 
ARDS, † p<0.05 between survivors and nonsurvivors. Data are expressed as mean ± S.E.M. 

When the patients had failure in two or more organ system, they were considered as 
multiple organ dysfunction syndrome (MODS). Once again, anti-inflammatory molecules 
such as IL-6, IL-10, sTNF-RI, sTNF-RII, IL-1Ra and sIL-2R were elevated in patients with 
MODS, but not pro-inflammatory cytokines: TNFα, IL-1β, IFNγ or chemokines: IL-8, MCP-1, 
MIP-1α or RANTES (table 2). 
 

 With MODS Without MODS  With MODS Without MODS 
IFNγ 9.17±3.01 15.13±5.59 IL-10 5.57±1.98 35.95±20.42* 
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Table 2. Serum cytokines and chemokines levels in septic shock patients with or without 
MODS at ICU admission.* p<0.05 between patients with or without MODS. Data are 
expressed as mean ± S.E.M. 

3.5 Prognosis 
Sepsis, severe sepsis and septic shock are the leading cause of death in critically ill patients 
(Hotchkiss & Karl 2003). The ICU mortality rates increase with the severity of the syndrome: 
27% for sepsis, 32% for severe sepsis and 54% for septic shock (Vincent et al. 2006). Outcome 
from sepsis in terms of mortality is not only associated with the amount of organ 
dysfunction developed (Alberti et al. 2003). Other variables as age, genetic backgrounds, 
comorbidities, reasons for ICU admission, and related to infection (acquisition, extension, 
site and agent) were observed in outcome of patients with sepsis (Gustot 2011). PIRO system 
emerged from the Fifth Toronto Sepsis Roundtable. It includes Predisposition, Injury, 
Response and Organ Dysfunction (Marshall et al. 2003). However, this approach remained 



 
Severe Sepsis and Septic Shock – Understanding a Serious Killer 

 

428 

up to now virtually conceptual and other research groups empirically developed in cohorts 
of patients a scale for predicting mortality in sepsis (Moreno et al. 2008). 
Sepsis biomarkers may contribute to this model of classification. However, at this moment 
the majority of the biomarkers have been evaluated as prognosis markers and in our search, 
we assessed the ability of a biomarker to differentiate patients likely to survive from those 
likely to die. We studied by sandwich ELISA serum levels of pro-inflammatory cytokines 
(TNFα, IL-1β, IL-6 and IFNγ), anti-inflammatory cytokines (IL-10 and TGFβ) and soluble 
cytokine antagonist (sTNF-RI, sTNF-RII and IL-1Ra) during the first 28 days of ICU 
admission in 52 patients with septic shock. We found that serum an early response to 
continuously elevated soluble sTNF-RI, sTNF-RII and IL-1Ra serum levels was associated 
with an enhanced risk of fatal outcome (table 3). ROC analysis revealed that sTNF-receptor I 
or sTNF receptor II concentrations over 2767 or 4619 pg/ml, respectively, determinate a 
high risk of death. The sensitivity-specificity for sTNF-RI was 100%-57% and for sTNF-RII 
was 100%-71%. IL-1Ra concentrations below 7033 pg/ml determined a high probability of 
survival (sensitivity-specificity of 60-100%). 
 

 Survivors Nonsurvivors  Survivors Nonsurvivors 
IFNγ 16.59±5.90 7.16±2.07 IL-10 7.38±3.43 57.39±35.71* 
TNFα 23.81±7.42 40.42±17.91 IL-2R 4830±183 6177±661 
IL-1β 1.78±0.51 2.75±1.38 TGF-β 33.74±4.06 33.38±5.57 
IL-6 1960±609 2811±931 IL-8 265±113 356.7±167.7 

sTNF-RI 3910±396 6050±1043* MCP-1 3020±670 2774±771.7 
sTNF-RII 4862±430 8005±1074* MIP-1α 67.7±12.9 59.3±18.6 

IL-1 ra 7331±1351 3819±2880* RANTES 14758±2105 20714±3624 

Table 3. Serum cytokines and chemokines levels in septic shock patients at ICU admission. 
*p<0.05 between survivors and nonsurvivors. Data are expressed as mean ± S.E.M. 

Serum levels of TNFα, IL-1β, IL-6 were significantly elevated on admission and during the 
28 days of follow-up in septic patients when compared with healthy controls, but were not 
predictors of mortality (table 3). Interestingly, IFNγ levels were significantly higher in 
survivors than in controls during the initial two weeks of observation (de Pablo et al. 2011). 
Serum IL-10 concentrations were elevated in the first 3 days in non-survival patients. TGFβ, 
an anti-inflammatory cytokine capable of converting an active site of inflammation into one 
dominated by resolution and repair (Letterio & Roberts 1997), discriminated patients with 
fatal outcome at day 7 of the follow-up (Figure 6). All these findings together suggest that 
mortality in patients with septic shock correlates more with anti-inflammatory molecules 
than with pro-inflammatory immunomodulatory molecules. Many previous clinical trials 
have failed to show benefit using anti-inflammatory agents, because the inflammatory status 
of the patients is a dynamic process where it may be reasonable to test the hypothesis of 
using immunoinflammatory stimulation therapy on patients with septic shock with high 
risk of death determined by the presence in blood of high levels of  sTNF-RI, sTNF-RII and 
IL-1Ra or low of IFNγ. We also studied the prognostic value of chemokines and soluble 
adhesion molecules. Chemokines are a large superfamily of small peptides that are key 
participants to not only control of leukocyte trafficking, but necessary for the linkage 
between innate and adaptative immunity. No significant differences were found between 
survivors and nonsurvivors at any time of the follow-up in serum levels of IL-8, MCP-1, 
MIP-1 and RANTES (table 3) (de Pablo et al. 2006b). 
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Next, we focused our investigation in the prognostic value of fatal outcome of the 
circulating soluble adhesion molecules in the population of patients with septic shock 
admitted at the ICU. Mortality was defined as death occurring within 28 days after study 
enrolment. At ICU admission, serum soluble E-Selectin concentrations showed significantly 
higher levels in the nonsurvival group (110.08±8.00ng/ml) than in survival group 
(88.73±4.92ng/ml; p=0.041). We also analysed serum E-Selectin levels at ICU admission as a 
predictor of outcome, determining the area under the receiver operating characteristics 
curve (AUC). The AUC value for baseline measurements of E-Selectin was 0.728 (p=0.049; 
95% confidence interval, 0.516-0.939). Thus, an E-Selectin concentration of 106.8ng/ml was 
identified as the optimum threshold to distinguish the patients for outcome with a 
sensitivity of 60.0% and specificity of 85.7%. Over the study period, no significant change in 
circulating soluble VCAM-1, ICAM-1, ICAM-2 and PECAM-1 concentrations was observed 
between survival and nonsurvival patients. Thus, soluble E-Selectin is a marker of 
endothelial damage, which may result in failure of the different organs, multiple organ 
dysfunction syndrome and death (de Pablo et al. 2006a). 
Numerous biomarker have been reported in prognosis like other cytokines as IL-12 or IL-18, 
cell markers as soluble HLA-DR, receptors as TREM-1 or as urokinase type plasminogen 
activator receptor, related to vascular endothelial damage as von Willebrand factor and 
antigen or like acute phase proteins as ferritin or procalcitonin (Pierrakos & Vincent 2010). 
However, no biomarker has established itself sufficiently to be of help in clinician practice. 
Each biomarker has limited sensitivity and specificity; therefore, it may prove more useful 
to combine various markers. Biomarker panels or composite markers may prove most useful 
in examining a particular immunologic pathway, identifying at-risk individuals who require 
aggressive intervention, predicting organ response and determining the ability to 
differentiate patients likely to survive from those likely to die (Ventetuolo & Levy 2008). 

4. Conclusion 
Many biomarkers have been evaluated for the use in sepsis, many more than in other disease 
processes. At present, around of 178 different biomarkers were actually evaluated in the 3370 
studies, 77 in experimental studies and 101 in clinical studies only, 58 in both experimental and 
clinical studies (Pierrakos et al. 2010). However, hardly a few of them are able to report 
sensitivity and specificity values greater than 90%. We demonstrated that septic shock patients 
show a severe redistribution of circulating T lymphocyte subsets and CD62L and CD28 
expression on circulating T cells at ICU admission are good markers to predict the outcome of 
shock septic patients. We found that T lymphocyte phenotype data show a time difference in 
the recirculation of T cells between survivors and nonsurvivors that might provoke a delayed 
tissue response of the immune system. Moreover, we demonstrated that the simultaneous 
analysis of different immune system cell subsets in combination like (CD56+CD69+, 
CD3+CD8+CD45RA+CD45RO-, CD3+CD8+CD28+, CD19+CD80+, CD3+CD11A BR+CD11B+) would 
improve the prediction of outcome in septic shock patients. With respect to serum cytokines, 
we found that antiinflammatory and adhesion molecules are good markers for the prognosis 
of septic shock patients. We propose that the blood counts of circulating cells of the immune 
system are good candidates to study for value as biomarkers. In this book chapter we attempt 
to resume the continuous effort by clinician and researchers to find new biomarkers that going 
to allow us to improve the prognostic of septic shock patients. New experiments and clinical 
studies are necessary to achieve this goal. 
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survival (sensitivity-specificity of 60-100%). 
 

 Survivors Nonsurvivors  Survivors Nonsurvivors 
IFNγ 16.59±5.90 7.16±2.07 IL-10 7.38±3.43 57.39±35.71* 
TNFα 23.81±7.42 40.42±17.91 IL-2R 4830±183 6177±661 
IL-1β 1.78±0.51 2.75±1.38 TGF-β 33.74±4.06 33.38±5.57 
IL-6 1960±609 2811±931 IL-8 265±113 356.7±167.7 

sTNF-RI 3910±396 6050±1043* MCP-1 3020±670 2774±771.7 
sTNF-RII 4862±430 8005±1074* MIP-1α 67.7±12.9 59.3±18.6 

IL-1 ra 7331±1351 3819±2880* RANTES 14758±2105 20714±3624 

Table 3. Serum cytokines and chemokines levels in septic shock patients at ICU admission. 
*p<0.05 between survivors and nonsurvivors. Data are expressed as mean ± S.E.M. 

Serum levels of TNFα, IL-1β, IL-6 were significantly elevated on admission and during the 
28 days of follow-up in septic patients when compared with healthy controls, but were not 
predictors of mortality (table 3). Interestingly, IFNγ levels were significantly higher in 
survivors than in controls during the initial two weeks of observation (de Pablo et al. 2011). 
Serum IL-10 concentrations were elevated in the first 3 days in non-survival patients. TGFβ, 
an anti-inflammatory cytokine capable of converting an active site of inflammation into one 
dominated by resolution and repair (Letterio & Roberts 1997), discriminated patients with 
fatal outcome at day 7 of the follow-up (Figure 6). All these findings together suggest that 
mortality in patients with septic shock correlates more with anti-inflammatory molecules 
than with pro-inflammatory immunomodulatory molecules. Many previous clinical trials 
have failed to show benefit using anti-inflammatory agents, because the inflammatory status 
of the patients is a dynamic process where it may be reasonable to test the hypothesis of 
using immunoinflammatory stimulation therapy on patients with septic shock with high 
risk of death determined by the presence in blood of high levels of  sTNF-RI, sTNF-RII and 
IL-1Ra or low of IFNγ. We also studied the prognostic value of chemokines and soluble 
adhesion molecules. Chemokines are a large superfamily of small peptides that are key 
participants to not only control of leukocyte trafficking, but necessary for the linkage 
between innate and adaptative immunity. No significant differences were found between 
survivors and nonsurvivors at any time of the follow-up in serum levels of IL-8, MCP-1, 
MIP-1 and RANTES (table 3) (de Pablo et al. 2006b). 
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Next, we focused our investigation in the prognostic value of fatal outcome of the 
circulating soluble adhesion molecules in the population of patients with septic shock 
admitted at the ICU. Mortality was defined as death occurring within 28 days after study 
enrolment. At ICU admission, serum soluble E-Selectin concentrations showed significantly 
higher levels in the nonsurvival group (110.08±8.00ng/ml) than in survival group 
(88.73±4.92ng/ml; p=0.041). We also analysed serum E-Selectin levels at ICU admission as a 
predictor of outcome, determining the area under the receiver operating characteristics 
curve (AUC). The AUC value for baseline measurements of E-Selectin was 0.728 (p=0.049; 
95% confidence interval, 0.516-0.939). Thus, an E-Selectin concentration of 106.8ng/ml was 
identified as the optimum threshold to distinguish the patients for outcome with a 
sensitivity of 60.0% and specificity of 85.7%. Over the study period, no significant change in 
circulating soluble VCAM-1, ICAM-1, ICAM-2 and PECAM-1 concentrations was observed 
between survival and nonsurvival patients. Thus, soluble E-Selectin is a marker of 
endothelial damage, which may result in failure of the different organs, multiple organ 
dysfunction syndrome and death (de Pablo et al. 2006a). 
Numerous biomarker have been reported in prognosis like other cytokines as IL-12 or IL-18, 
cell markers as soluble HLA-DR, receptors as TREM-1 or as urokinase type plasminogen 
activator receptor, related to vascular endothelial damage as von Willebrand factor and 
antigen or like acute phase proteins as ferritin or procalcitonin (Pierrakos & Vincent 2010). 
However, no biomarker has established itself sufficiently to be of help in clinician practice. 
Each biomarker has limited sensitivity and specificity; therefore, it may prove more useful 
to combine various markers. Biomarker panels or composite markers may prove most useful 
in examining a particular immunologic pathway, identifying at-risk individuals who require 
aggressive intervention, predicting organ response and determining the ability to 
differentiate patients likely to survive from those likely to die (Ventetuolo & Levy 2008). 

4. Conclusion 
Many biomarkers have been evaluated for the use in sepsis, many more than in other disease 
processes. At present, around of 178 different biomarkers were actually evaluated in the 3370 
studies, 77 in experimental studies and 101 in clinical studies only, 58 in both experimental and 
clinical studies (Pierrakos et al. 2010). However, hardly a few of them are able to report 
sensitivity and specificity values greater than 90%. We demonstrated that septic shock patients 
show a severe redistribution of circulating T lymphocyte subsets and CD62L and CD28 
expression on circulating T cells at ICU admission are good markers to predict the outcome of 
shock septic patients. We found that T lymphocyte phenotype data show a time difference in 
the recirculation of T cells between survivors and nonsurvivors that might provoke a delayed 
tissue response of the immune system. Moreover, we demonstrated that the simultaneous 
analysis of different immune system cell subsets in combination like (CD56+CD69+, 
CD3+CD8+CD45RA+CD45RO-, CD3+CD8+CD28+, CD19+CD80+, CD3+CD11A BR+CD11B+) would 
improve the prediction of outcome in septic shock patients. With respect to serum cytokines, 
we found that antiinflammatory and adhesion molecules are good markers for the prognosis 
of septic shock patients. We propose that the blood counts of circulating cells of the immune 
system are good candidates to study for value as biomarkers. In this book chapter we attempt 
to resume the continuous effort by clinician and researchers to find new biomarkers that going 
to allow us to improve the prognostic of septic shock patients. New experiments and clinical 
studies are necessary to achieve this goal. 
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