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What is sepsis? 

Stedman's medical dictionary defines sepsis as "the presence of various 
pus-forming and other pathogenic organisms, or their toxins, in the blood or 
tissues" (1). 

Sepsis has been a term used since ancient times to describe severe or life
threatening infections. In the past, the presence of systemic manifestations, 
including organ dysfunction remote from the site of infection, and a 
recognized site of infection were typically required to define sepsis (2,3). 

In the last three decades, sepsis has become a more prominent reason for 
leU admission and hospital death. Supportive medical care has improved 
and we now have the ability to prolong life in disease states, which before 
had little hope for longevity. Likewise, acute life-threatening conditions, 
previously associated with an ominous prognosis, are now associated with 
longer survival rates and prolonged stays in critical care units. This increase 
in survival in critically ill patients is in turn associated with a higher risk of 
life-threatening infection. In addition, it is now recognized that severe insults 
other than infection can produce a generalized systemic reaction and multi
organ dysfunction indistinguishable from those induced by sepsis. 

Many authors question the requirement for the presence of a documented 
infection to define sepsis (4-6). There are patients who, having systemic 
manifestations of infection, do not have evidence of infection. There are 
similar patients who, although having a clear clinical source of infection, 
have no organisms isolated from the source. 
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The need for standard definition 

Throughout the first two thirds of the twentieth-century, authors and 
practicing physicians used multiple terms to define patients with serious 
manifestations of infection. Commonly used to confer more serious 
prognosis to the infection, terms like sepsis, bacteremia, septicemia and 
septic shock were interchanged in the medical literature to describe the same 
patients. The appearance of large clinical trials in the mid-eighties testing the 
efficacy of innovative anti-inflammatory therapies is the origin of a great 
part of the debate on sepsis definitions. Different characterizations of sepsis, 
using terms such as septicemia and septic shock, were used for enrollment 
into clinical trials making comparison of results difficult or impossible. A 
new term, sepsis syndrome, appeared to describe patients with clinical 
evidence of infection and some pre-defined combination of systemic 
manifestations of infection (Le. temperature changes, tachycardia, tachypnea 
and an evidence of organ dysfunction or hypotension) (7-8). Motivated by 
the occurrence of sepsis in almost half a million Americans every year (9) 
and considering the need to standardize terminology used for enrollment in 
clinical trials, two scientific organizations in the U.S. sponsored a consensus 
conference in hope of providing standard terminology for sepsis definitions 
(10). The consensus conference was also motivated by the desire of industry 
to insure that criteria used in large expensive sepsis trials would meet 
approval of the academic community. The definitions established in the 
consensus conference and the response of the scientific community to those 
definitions will be extensively discussed in this manuscript. 

Knowledge of the epidemiology of sepsis and its sequelae is increasingly 
important. As new treatment modalities, every day more expensive, are 
being subjected to clinical trials, our need for better definitions that 
accurately reflect new pathophysiologic pathways, mediators and markers, 
becomes an urgent necessity. 

SEPSIS IN THE MEDICAL LITERATURE 

Before the consensus 

Two decades ago, the link between infection and systemic abnormalities 
of body function was solidified and the idea of microbial induced "sepsis" 
was established. Bacteremia was required by some investigators to define 
sepsis for the purpose of clinical trials. The term bacteremia was even used 
as entrance criteria in a large multicenter trial (7). The relation between the 
presence of sepsis associated with gram-negative bacteremia, and antibiotic 
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effect on survival was also demonstrated (2). Gram-negative bacteremia was 
seen synonymously as sepsis in this study. 

The importance of the organism's response to an infectious insult was 
soon recognized as an equal and sometimes greater determinant of outcome. 
This inflammatory response was defined as the sepsis syndrome (7). 
Moreover, the presence of a similar inflammatory reaction in patients 
affected by non-infectious conditions such as pancreatitis and bums was also 
recognized (5). The role of the inflammatory response as it affects the 
survival of septic patients was widely discussed (14). The pathophysiology 
of the infection became better understood. The association between 
interleukin-l and fever (15) and the role of tumor necrosis factor in the host
derived reaction (16) changed our knowledge of the inflammatory response 
of the body against infection. Other products were also implicated in this 
inflammatory reaction such as interleukin-2, interleukin-6, interleukin-8 and 
prostaglandin E2, together with the important roles of oxygen free radicals 
and the coagulation pathways. Similar inflammatory reactions were seen 
with non-infectious insults (5, 17). It was thought that patients who died 
early with sepsis-induced cardiovascular dysfunction, versus those who died 
later due to sepsis-induced organ failure, likely had an overwhelming 
cytokine response that was driving early deaths. Clinical trials confirmed 
that patients with shock and increased number of organ dysfunctions had 
decreased survival (7). The development of organ failure as a cause of later 
deaths was also thought to be related to cytokine effects. Large clinical trials 
were designed in hopes of demonstrating that antiinflammatory therapy 
could control this inflammatory response and improve survival (18-22). 

Although clinical trials failed to demonstrate any beneficial effect of new 
therapies, a remarkable variety in mortality rates of patients with sepsis, 
sepsis syndrome and septic shock was noted. Mortality associated with 
septic shock was reported to range from 10 to 90% (23). Many reasons were 
suggested to explain this disparity, but the variation in how sepsis and septic 
shock was defined from study to study was largely thought to be responsible 
for this difference (24-25). This definition problem existed not only with 
terms used for entrance into clinical trials but also for classifications of 
subgroups within the trial. 

It was difficult to compare sepsis study results when different definitions 
were used for the same term. The medical literature in sepsis was described 
as a "tower of Babel" (26), in which each author applied hislher own 
significance for definitions of sepsis. 
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THE CONSENSUS CONFERENCE 

In August 1991, a group of experienced clinicians involved in sepsis 
research gathered in Chicago in an attempt to provide some order and 
standardization to the sepsis definitions (10). With the proliferation of new 
innovative therapeutic agents entering clinical trials in sepsis, more precise 
and standardized definitions were needed to allow comparison of trials and 
more relevant definitions were needed to use as entrance criteria to optimize 
chances for a successful study. 

Months earlier, Roger C. Bone had published two additional articles (25, 
27) in an attempt to establish uniform criteria for sepsis definitions. Two 
articles replying to those definitions questioned Dr. Bone's definition 
proposal (5,8). Controversy centered on the use of the term sepsis in non
infectious conditions and how should non-infectious but sepsis-like 
conditions be defined. The need for precise nomenclature describing 
infection induced organ dysfunction and failure, the usefulness of the terms 
septicemia and sepsis syndrome, a precise definition of septic shock, what 
level of systemic abnormality would be linked to the term "sepsis", and 
establishing gradations of sepsis, if any, were the fundamental issues 
addressed at the 1991 Consensus Conference. 

The Consensus Conference agreed on definitions for the term bacteremia, 
sepsis, severe sepsis and septic shock. The definitions established by the 
consensus conference are summarized in Table 1. 

A singular proposal of the consensus conference was to recognize sepsis 
and its sequelae as a continuum. The systemic response could manifest 
before signs of the infection and alert the physician to search for infections, 
and sepsis may be premonitory of severe sepsis and septic shock. It was 
hoped that the early diagnosis and treatment of sepsis might minimize the 
impact of these later events and limit the development of organ dysfunction. 
When an organ dysfunction secondary to sepsis occurs, it was defined with 
the term severe sepsis. When hypotension occurs, and was non-responsive to 
fluids, requiring vasopressor support and associated with hypoperfusion 
abnormalities, it was defined as septic shock. 

Certainly, the most original contribution of the consensus conference was 
the creation of the term SIRS, to express systemic inflammatory response 
syndrome. The term was coined to describe evidence of systemic 
inflammation due to an infectious or non-infectious process. SIRS could be 
due to infection or non-infectious insults such as pancreatitis, bums and 
multi-systemic trauma. The threshold for SIRS required achieving at least 
two out of four criteria (see Table 1). Only when SIRS is associated with 
infection is it defined as sepsis. 
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Table 1. Summary of the consensus conference definitions 

Infection: Microbial phenomenon characterized by an inflammatory response to the 
presence of microorganisms or the invasion of normally sterile host tissue by those 
organisms. 

Bacteremia: The presence of viable bacteria in the blood. 

Systemic Inflammatory Response Syndrome (SIRS): The systemic inflammatory 
response to a variety of severe clinical insults. The response is manifested by two or 
more of the following conditions: 

Temperature> 38° or < 36° C 
Heart rate> 90 beats/min 
Respiratory rate> 20 breaths/min or PaC02 < 32 torr «4.3 kPa) 
WBC> 12,000 cells/mm3, <4000 cells/ mm3, or> 10% immature (band) forms 

Sepsis: The systemic response to infection. This systemic response is manifested by two 
or more of the above conditions (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 acute alteration of mental status. 

Sepsis Shock: Sepsis with hypotension, despite adequate fluid resuscitation, along with 
the presence of perfusion abnormalities that may include, but are not limited to, lactic 
acidosis, oliguria or acute alteration in mental status. Patients who are on inotropic or 
vasopressor agents may not be hypotensive at the time that perfusion abnormalities are 
measured 

Sepsis induced hypotension: a systolic BP of < 90 mm Hg or a reduction of> 40 mm Hg 
from baseline in the absence of other causes for hypotension 

Multiple Organ Dysfunction Syndrome: Presence of altered organ function in an acutely 
ill patient such that homeostasis cannot be maintained without intervention 

5 

The Consensus Conference linked sepsis to infection and iterated that the 
term should not be used in the absence of a clinical diagnosis (i.e., 
subcutaneous abscess). Ideally the term would apply when a 
bacteriologically confirmed diagnosis of infection (i .e., bacteremia, 
confirmed gram stain or culture from the abscess) was present. 

The second major decision related to the definition of sepsis was that it 
was assigned to be present beginning at a low level of SIRS manifestations 
(merely the presence of SIRS and a documented infection). At the time of 



6 Evolving Concepts in Sepsis and Septic Shock 

the consensus conference some used the term sepsis to define a previously 
healthy female with pyelonephritis and high temperature and leukocytosis, 
while others used the term to describe a patient admitted to the leU with 
infection-induced hypotension and organ dysfunction. A decision had to be 
made to either use the former, the latter, or neither as a threshold for sepsis. 
Since SIRS had been established as the threshold for insult-induced 
inflammation, the decision was made to determine sepsis as the lowest level 
of infection-induced systemic inflammation. A new term, "severe sepsis" 
was then created to describe the patient with life-threatening sepsis and 
included evidence of sepsis-induced organ dysfunction, hypoperfusion 
abnormality or hypotension. 

Sepsis-induced hypotension and septic shock were given very specific 
definitions, and types of hypoperfusion abnormalities were elucidated. Since 
there was no literature guidance to allow identification of thresholds for 
organ dysfunction (liver, kidney, coagulation), these thresholds were not 
established. 

Finally two terms that meant many different things to many different 
people were recommended to be abandoned: sepsis syndrome (which 
previously signified the presence of infection for some and a sepsis-like 
condition for others) and septicemia (which meant sepsis and bacteremia to 
some and severe systemic infectious manifestations of infection to others). 

The definitions established in the consensus conference were based on 
physiologic variables. The members of the consensus conference recognized 
a lack in our knowledge base of sepsis. An understanding of the incidence, 
natural history and outcome of sepsis was poorly developed at that time. For 
those reasons, the definitions established in the consensus conference have 
subsequently drawn criticism (6, 11-13). Most of these critiques present 
valid points, most prominently that the definitions are based on physiologic 
variables and do not contemplate the pathophysiologic mechanisms, 
biological markers or temporal sequence of sepsis and its etiology. Defining 
sepsis as a single disease, or implying that all patients who develop sepsis 
share the same pathophysiologic mechanisms is something that we know 
today is incorrect. Finally, the consensus conference defined sepsis as a 
continuum, with the most feared sequelae of sepsis being severe sepsis, 
septic shock and mUltiple organ dysfunction. However, the consensus never 
defined a similar progression for SIRS and evidence of non-infectious
induced organ dysfunction. 

The members of the consensus conference recognized the limitations in 
the definitions and pleaded for research that would allow better definitions of 
sepsis and its mechanisms in the future. 
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SEPSIS: CLINICAL SIGNIFICANCE 

SIRS: The controversy 

Introduced to define patients who developed systemic inflammatory 
reaction against both infectious and non-infectious insults, the term SIRS 
had its detractors from the very beginning (8). SIRS was "accused" of being 
too sensitive, too non-specific and even of being dangerous since it reduced 
the physician's incentive in searching for infectious sources in patients with 
SIRS and no obvious source of infection (12). 

However, the idea of SIRS, and how it was intended to be used, was 
defended by others (26, 28). With sepsis defined as a continuum, SIRS and 
infection was defined as a low threshold for sepsis. In 1995, Rangel-Frausto 
et al. (29) published the first prospective study attempting to define the 
natural history of SIRS. The authors concluded that the presence of three or 
more criteria of SIRS (Table 1) was helpful to define a subgroup of patients, 
either on the leu or on the ward, who were at special risk of development 
sepsis. In that study the hypothesis of SIRS representing the lowest in the 
hierarchy of SIRS~sepsis~severe sepsis~septic shock was also proven. 

The definition of the term SIRS was also important as it helped to 
separate those insults that create systemic inflammatory reactions but that 
are not related to infection. It has been observed that SIRS can progress to 
organ dysfunction either in the absence of infection (pancreatitis) or when 
infection is suspected but the source cannot be identified. Large clinical 
trials in severe infection used the term SIRS and the criteria defined in SIRS 
for patients to be included in those trials (30, 31). Some studies 
demonstrated the relation between the presence of SIRS and further 
development of more severe states such as multiple organ dysfunction (29, 
32). Others, however, accused the term SIRS of being useless to predict 
severity of disease (6,33). 

A common complaint is that the definition of SIRS does not contemplate 
the existence of a continuum of the development of multiple organ 
dysfunction from SIRS in the absence of infection. For that reason, some 
authors have advocated the creation of the term severe SIRS to imply 
development of organ dysfunction, hypoperfusion abnormalities or 
hypotension in the absence of clinical evidence of infection (32, 34). 

Sepsis and severe sepsis in clinical trials 

Overall, more than 12,500 patients have been enrolled in clinical trials of 
sepsis. The heterogeneity of these patients is thought to be problematic (13). 
Trials using anti-inflammatory drugs have included septic patients with 
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urinary tract infection and those with aspiration pneumonia under the same 
umbrella. It is unlikely that the clinical prognosis of these two patient groups 
is the same. Despite attempts to tighten the criteria for enrollment in clinical 
trials of severe sepsis, the variability in some studies remains bothersome. 
Chronic health conditions also playa major role in the prognosis of septic 
patients. Obviously none of these factors are covered in the consensus 
definitions. In addition, the pathophysiology included in the consensus 
definitions does not represent a precise biologic inflammatory profile. It is 
this profile that is likely the most important predictor of success or failure of 
immunologic therapy. 

The consensus conference's definitions did not intend to predict outcome. 
However, some clinical studies support that levels of severity and mortality 
can correlate with the magnitude of the SIRS response. Rangel-Frausto et al. 
(29) described that almost half of the patients who developed sepsis, severe 
sepsis or septic shock previously had SIRS, sepsis, or severe sepis 
respectively. Muckart et al (32) performed a prospective cohort analysis in 
450 trauma patients. The authors concluded that the current definitions of 
SIRS, sepsis and septic shock showed a significant association with 
physiologic deterioration and increasing organ dysfunction. However, only 
septic shock had significant influence on mortality. 

Unfortunately, despite the consensus conference, inclusion criteria on 
large sepsis studies performed after the conference were not homogenous. A 
term that was suggested to be abandoned, sepsis syndrome, continued to be 
used in large clinical trials of anti-inflammatory drugs (36-39). The term was 
also used in a multicenter trial in sepsis epidemiology (35). In that study, the 
authors concluded that there was a continuum in the development of septic 
shock from earlier states, although they used the term sepsis syndrome to 
define those previous states. They also concluded that the terms SIRS and 
sepsis describe a significant proportion of patients with low risk of 
developing further morbid conditions. 

Many critiques have risen of the consensus conference sepsis definitions. 
The definitions have been accused of being too sensitive. Two recent studies 
have documented that more than 90% of the ICU admission met SIRS 
criteria, without necessarily developing sepsis, severe sepsis, septic shock or 
multiple organ dysfunction (6, 32). The definitions have also been accused 
of being non-specific, allowing a wide variety of patients with different 
pathology to be included in the clinical trials. 

Multiple clinical trials have been conducted to research specific anti
inflammatory therapies in sepsis. Subgroup analysis of the placebo arm of 
these studies suggests that a more rigorous definition that included biological 
profiles could lead to a benefit in certain group of patients. For example, in 
the study by Martin et al (40), a relation between the levels of TNF-alpha 
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concentration and survival from septic shock was found. Moreover, there 
was a difference in the levels of Interleukin-6 in septic shock patients when 
compared with trauma patients, being lower in the second group. Reinhart et 
ai., in a multicenter placebo-controlled trial (44), demonstrated in a subgroup 
analysis that those patients with high levels of interleukin-6 were more prone 
to respond to anti-TNF-alpha. Similarly, Abraham et al. (54), in a placebo
controlled trial, suggested that a pre-treatment subgroup analysis could 
determine better results, as they observed that after applying logistic 
regression analysis by means of predicted mortality and serum interleukin-6 
levels, there was an improvement of patients treated with p55-IgG, the tested 
substance. 

The overall results of clinical trials in the last decade have not been 
encouraging. Mortality of patients with septic shock continues to vary from 
36-60% in these trials, although similar inclusion criteria and populations 
were used. Based on these results, and since the definitions were used in 
some of those trials, the utility of the consensus definitions has been widely 
questioned. Whether a revision of the definitions or newer ones that include 
biologic and genetic markers will help us to develop better clinical trials is 
still unresolved. 

FUTURE DIRECTIONS 

Why has the standardization of definitions not improved our capability to 
carry out successful trials of innovative immunologic therapy in severe 
sepsis? Two reasons are clearly identified. 

First is our realization that success of immunotherapy is likely equally 
dependent on the timing of therapy, the activity of the drug and the use of a 
single agent in such a complex biologic environment. 

The second, and perhaps the one that can be ultimately easier to solve is 
that any clinical classification of patients with sepsis does not reliably 
predict mediator milieu which would seem to be most important for any 
therapeutic effect of immunologic therapy. Therefore, the search for 
mediator profiles that predict response to immunologic therapy is 
paramount. 

Clinical profiles are unlikely to correlate well with underlying biologic 
profiles. The identification of patients who are likely to benefit from specific 
immuno-modulation based purely on clinical information is unlikely. For 
example, it would be inappropriate to initiate insulin therapy for polyuria 
and polydipsia without knowing serum glucose values. Likewise, it would be 
inappropriate to consider a patient with chest pain, shortness of breath and 
diaphoresis as a candidate for thrombolytic therapy based on those clinical 
signs and the assumption that the patient is suffering an acute myocardial 
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infarction. For the same reason, it is unlikely that white blood cell count, 
body temperature and even organ injury are specific enough to warrant 
classification of patients under the same subgroups for the purpose of anti
inflammatory therapy. Moreover, having the same type of insult (e.g. urinary 
tract infection with E. coli) does not preclude having different severities of 
illness (e.g. sepsis or septic shock). What is likely needed is a biologic 
profile consisting of a composite picture of pro-inflammatory and anti
inflammatory mediators. The need to ascertain the overall effect of the 
biologic profile by measuring status of the target cell (turned on-turned off), 
is also likely needed. Even the genetic regulation for that response may be 
important in predicting reaction to immunologic therapy. 

In recent years we have made considerable progress in the laboratory in 
unraveling the biologic milieu of sepsis and the complexity of the multiple 
mediators and feedback pathways. Extensive animal and human studies have 
focused on the inflammatory reaction secondary to diverse insults (13, 28). 
Based on these findings we have learned that differences in the initial insult 
can result in activation of different inflammatory mechanisms (13, 23, 41). 
We have also learned that coexistent diseases not only predict outcome but 
also likelihood of development of severe inflammatory reactions (e.g. 
diabetics have less development of ARDS) (42). We have learned that 
success of anti-inflammatory therapy may be linked to the etiology of the 
insult. For example, when gram-positive organisms are the origin of septic 
shock the response to anti-TNF therapy may be impaired (43). 

There is intense interest in establishing relationships among biologic 
markers of sepsis and stages of sepsis. Elevations of IL-l, IL-6, IL-8, IL-10, 
TNF-alpha and TNF soluble receptor have been demonstrated in sepsis (44-
46). Profiles of these pro-inflammatory and anti-inflammatory mediators are 
likely to have clinical pertinence (47). Cytokines, interleukins for example, 
can also be present in high levels in other conditions such as burns, trauma, 
surgery, chronic liver disease and pancreatitis (48-52). 

Promising results were initially obtained in studies of inhibition of TNF
alpha in sepsis. One open-label study with anti-TNF therapy suggested an 
increase in oxygenation and ventricular function in patients with septic 
shock (53). Some trials of anti-TNF therapy have measured basal levels of 
TNF at the time of enrollment (44, 54). Since rapid turn-around assays for 
TNF are not available, the levels could not be used as a criteria for inclusion. 
Although no subgroup analysis of patients with elevated TNF levels at the 
time of enrollment have suggested this group would be more likely to benefit 
from anti-TNF therapy, other more sophisticated assays of inflammatory 
profile and status of cellular activation might be more useful (47). 

In recent trials, C-reactive protein (CRP) and procalcitonin (PCT) have 
been used as markers of sepsis (54-56). High levels of CRP have been 
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shown to differentiate bacterial infections from viral infections (57). 
Decreasing CRP levels predict the recovery phase of sepsis (58-59). 
Although reported more sensitive than fever or leukocytosis in identifying 
sepsis, high levels of CRP have also been documented in trauma and 
surgery, especially cardiac surgery. Ugarte et al (60) found that the 
combination of CRP and PCT was very specific for infection. However in 
that study CRP demonstrated greater sensitivity and specificity than PCT for 
infection. PCT has been demonstrated to be a good marker of infection in 
patients with pancreatitis (61) and renal transplant (62). Both PCT and CRP 
are not 100% sensitive or specific. Normal values are probably most useful 
in defining that infection is unlikely. The ability of these markers to facilitate 
identification and classification of sepsis is not clear. 

CONCLUSIONS 

In conclusion, we feel that sepsis definitions are essential to standardize 
our discussions of sepsis and for the comparison of clinical trial designs. The 
current definitions are better than none but fall short of predicting response 
to immunologic therapy, assuming that some patients will benefit from 
immunologic therapy. 

The development of bedside tests to rapidly detect endotoxin and 
cytokines is an attractive tool that will allow the testing of the hypothesis 
that biologic profiles may be more useful than clinical definitions based on 
vital signs, white blood cell count and tests of organ injury and dysfunction 
in defining presence of sepsis, stage of sepsis and its response to 
immunologic therapy. The ability to sample endotoxin and cytokines in body 
compartments and to ascertain cellular status (i.e., turned on or turned oft) 
may be important. 

Hopefully, as we continue to refine relationships of biologic profiles to 
organ injury, we will move closer to the elusive goal of successful 
immunologic therapy of sepsis. 
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