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Abstract Objective: To examine the
incidence, risk factors, aetiologies
and outcome of the various forms of
the septic syndromes (the systemic
inflammatory response syndrome
[SIRS] sepsis, severe sepsis, and
septic shock) and their relationships
with infection.
Design: Review of published cohort
studies examining the epidemiology
of the septic syndromes, with em-
phasis on intensive care unit (ICU)
patients.
Results: The prevalence of SIRS is
very high, affecting one-third of all
in-hospital patients, and > 50% of
all ICU patients; in surgical ICU pa-
tients, SIRS occurs in > 80% pa-
tients. Trauma patients are at partic-
ularly high risk of SIRS, and most
these patients do not have infection
documented. The prevalence of in-
fection and bacteraemia increases
with the number of SIRS criteria
met, and with increasing severity of
the septic syndromes. About one-
third of patients with SIRS have or
evolve to sepsis. Sepsis may occur in
approximately 25 % of ICU patients,
and bacteraemic sepsis in 10%. In
such patients, sepsis evolves to se-
vere sepsis in > 50% of cases,
whereas evolution to severe sepsis in
non-ICU patients is about 25%. Se-
vere sepsis and septic shock occur in
2 %±3 % of ward patients and
10%±15% or more ICU patients,
depending on the case-mix; 25% of
patients with severe sepsis have
shock. There is a graded severity
from SIRS to sepsis, severe sepsis

and septic shock, with an associated
28-d mortality of approximately
10%, 20%, 20%±40 %, and
40%±60%, respectively. Mortality
rates are similar within each stage,
whether infection is documented or
not, and microbiological characteris-
tics of infection do not substantially
influence outcome, although the
source of infection does. While about
three of four deaths occur during the
first months after sepsis, the septic
syndromes significantly impact on
long-term outcome, with an estimat-
ed 50% reduction of life expectancy
over the following five years. The
major determinants of outcome,
both short-term and long-term, of
patients with sepsis are the severity
of underlying diseases and comor-
bidities, the presence of shock and
organ failures at onset of sepsis or
evolving thereafter. It has been esti-
mated that two-thirds of the overall
mortality can be attributed to sepsis.
Conclusions: The prevalence of sep-
sis in ICU patients is very high, and
most patients have clinically or mi-
crobiologically documented infec-
tion, except in specific subset of pa-
tients. The prognosis of septic syn-
dromes is related to underlying dis-
eases and the severity of the inflam-
matory response and its sequelae,
reflected in shock and organ dys-
function/failures.
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Introduction

Similarly to ARDS [1] the definition of septic syndromes
has caused much controversy and debate in the past de-
cade. Many of these controversies have stemmed from
the frustration accumulated following the repeatedly
negative results of new therapeutic interventions aiming
at controlling the inflammatory response associated
with infection. Hence the suggestions that new defini-
tions were needed, that would allow a quicker and sim-
pler identification of septic patients for accrual into ran-
domised trials of new therapies [2] and that would help
derive more consistent and comparable results from epi-
demiological studies and clinical trials. While the ulti-
mate goal of showing the efficacy of these pharmacologi-
cal interventions remains elusive, the definitions elabo-
rated then and now in widespread use did provide the im-
petus for conducting several epidemiological studies
aimed at better characterising the septic syndromes and
their sequelae. In this paper, we shall review these studies
and summarise the current understanding of the clinical
and microbiological epidemiology of the septic syn-
dromes, their interplay, and outcomes of patients affect-
ed. Finally, we shall discuss the implications of this infor-
mation for conducting clinical trials.

Definitions

The term ªsepsisº has long been used interchangeably
with bacteraemia, severe sepsis or even septic shock, un-
doubtedly a source of some confusion and difficulty in
putting together results from published studies. In 1992
the US expert panel from the American College of
Chest Physicians and the Society of Critical Care Medi-
cine [2] produced a consensus statement on the suggest-
ed definitions to characterise the various stages of the
associated inflammatory response and help in differen-
tiating infectious from non-infectious processes.

While the recent definitions are centred on the docu-
mentation of infection, they aim at encompassing all po-
tential clinical presentations of infection and its conse-
quences. The principles followed in elaborating the def-
initions were that: (1) infectious (and some non-infec-
tious) processes, whatever their cause, elicit a common
systemic response which, although of variable intensity,
is the expression of common pathophysiologic pathways
resulting from the expression and interaction of various
humoral and cellular mediators and cytokines; (2) sepsis
and related terms should be reserved for infectious pro-
cesses; and (3) there is a continuum between the various
stages of this response to infection (Table 1).

Although the definitions do provide a framework for
classifying patients ± a useful achievement for enrolling
patients into clinical trials ± a persisting and unresolved
problem facing clinicians in clinical practice is that the

definitions are in part retrospective (based on the docu-
mentation of infection) and do not actually help them
solve the major clinical issue when faced with a septic
patient, which is to differentiate infectious from non-in-
fectious processes. Another critique of this classification
has been that its broad-based approach, intended to
identify patients early in the course of the infectious
process, did not in fact help physicians, and especially
intensivists, to better characterise patients exhibiting
the least severe presentations of the septic syndromes.
In other words, the high sensitivity of the definition is
counterbalanced by a rather low specificity. Finally,
even the sensitivity of the definitions has been ques-
tioned, as there are unquestionably infected patients
that do not meet sepsis criteria.

Nevertheless, several large epidemiological studies
conducted after this conference have contributed to
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Table 1 Definitions for the septic syndromes, adapted from the
ACCP/SCCM expert panel [2]

Term Definition and criteria

1. Infection Inflammatory response to the presence of
micro-organisms or invasion of normally
sterile tissue by these organisms

2. Bacteremia Presence of viable micro-organisms in the
blood

3. Systemic inflam-
matory response
syndrome (SIRS)(1)

Two or more of the following:
± temperature > 38�C or < 36 �C;
± Heart rate > 90 b/min;
± Respiratory rate > 20 b/min,
or PaCO2 < 32 mm Hg;
± White blood cell count > 12,000/mm3,
or < 4,000/mm3, or > 10% band forms

4. Sepsis (= 1 + 3) The systemic response to infection

5. Severe sepsis Sepsis and organ dysfunction, hypoperfu-
sion or hypotension
Manifestations of hypoperfusion may in-
clude, but are not limited to:
± lactic acidosis;
± oliguria;
± acute alteration in mental status

6. Septic shock
(=5 + 7)

Sepsis-induced hypotension, persisting de-
spite adequate fluid resuscitation,(2,3) and
manifestations of hypoperfusion as listed
in 5

7. Hypotension,
sepsis-induced

A decrease in systolic blood pressure to
< 90 mmHg, or of > 40 mmHg from base-
line, in the absence of other cause for hypo-
tension(3)

(1) The SIRS may be caused by a variety of insults in addition to in-
fection, including but not limited to trauma and status post-major
surgery, acute pancreatitis, and burns
(2) An adequate fluid challenge is usually considered as at least
500 ml fluid infused rapidly, and persisting hypotension as one per-
sisting for > 1 hour
(3) Patients on inotropic/vasoactive agents may not be hypotensive
at time of evaluation



our better understanding and characterisation of the ep-
idemiology and relationships to infection of the various
stages of the inflammatory response, and of their out-
come. In reviewing these, we will use definitions recom-
mended by the expert panel [2] and will use the term
ªseptic syndromesº to refer to all stages of the inflam-
matory response to infection.

Incidence

Bacteraemia

Evaluations of the incidence of sepsis have initially fo-
cused on the most indisputable evidence for infection,
i. e., bacteraemia. The incidence of bacteraemia has
been increasing steadily over the years. In 1990, the US
National Center for Health Statistics reported that the
rate of bacteraemia had increased from 0.74/1,000 to
1.76/1,000 hospital discharges between 1979 to 1987 [3].
Much ± if not all ± this change is caused by the increas-
ing importance of nosocomial infection. At one tertia-
ry-care institution, the rate of nosocomial bacteraemia
has increased steadily from 6.7/1,000 to 18.4/1,000 dis-
charges between 1980 and 1992 [4]. In the French multi-

center study conducted in 1993 in 24 public or public-af-
filiated hospitals [5] we recorded an overall incidence
rate of bacteraemia of 9.8 (95 CI 9.2 to 10.5) per 1,000
admissions; this rate was more than eight-fold higher in
ICUs (69/1,000) than in wards (8.2/1,000) (Table 2). Of
the 842 bacteraemic episodes recorded in this study,
19% occurred in ICUs, 63% in medical wards, and
18% in surgical wards. Extrapolating these results to
the whole country would give a figure of approximately
67,500 bacteraemic episodes occurring annually, of
which 13,500 would occur in ICUs.

SIRS and its relationships to sepsis

So far, the most comprehensive study on the clinical sig-
nificance of the early stages of the septic syndromes was
conducted by Rangel-Fausto et al. at the University of
Iowa Hospital and Clinics [6]. This study was performed
in three ICUs (medical, surgical, and cardiovascular)
and 3 wards of a 900-bed teaching hospital including
200 ICU beds. The incidence of SIRS, sepsis, and severe
sepsis and septic shock was assessed during a 9-month
period, including a follow-up period of up to 28 days.
Of the 3708 patients admitted during the study period,
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Table 2 Incidence of severe sepsis and septic shock in hospital and ICUs, according to specialities

Nb pts
screened

Nb pts
with defined
outcome

SIRS Sepsis Bacteremic
sepsis

Severe sepsis Septic
shock

Hospital-wide
Brun-Buisson(1) [5] 85,750 842 ± NA 9.8 [9.2±10.5]a 6.0 [5.5±6.6]a 1.4a

Sands(2) [8] 12,759 3,376 180a (27b) ~ 45a NA 11±33a (1.5±5.6)b NA
Kieft(3) [15] 6,762 92 ± ± ± 13.6a 4.6a

Med/surg. wards
Brun-Buisson [5] 83,405 680 ± ± 8.2 [7.5±8.8]a 2.9 [2.5±3.2]a 0.6a

Rangel-Frausto(4) [6] NA 354 300±320a 60±80a ± 20±30a 0

Surgical ward
Rangel-Frausto [6] NA NA 495b 127b ± 47b 7b

Medical wards
Rangel-Frausto [6] NA NA 671b 419b NA 57b 1b

ICUs
Brun-Buisson [5] 2,345 276 ± ± 69 [59±80]a 119 [106±133]a 87a

Brun-Buisson [13] 11,828 1,052 ± ± NA 90 [8.5±9.5]a 64a

Italian Sepsis [12](5) 1,101 573 580a 163a NA 55a 61a

Medical ICU
Rangel-Frausto [6] NA NA 804b 494b NA 358b 69b

SICU
Rangel-Frausto [6] NA NA 857b 470b NA 390b 63b

Pittet [17](6) 5457 173 NA NA 32a 24a NA
Muckart [11] 450 395 880a 144a NA 136a 202a

Data are reported with 95% confidence intervals in brackets,
when available. NA= not available
(1) 2-month incidence study in 24 hospitals in France; (2) Survey at
8 academic medical centres in the US; (3) Incidence study at one
academic centre in the Netherlands; (4) Prevalence survey at one

academic medical centre in the US; (5) Prevalence survey at n hos-
pitals in Italy; (6) Incidence of bacteremic sepsis only at one aca-
demic medical centre in Switzerland
a Incidence/1,000 admissions; b incidence/1,000 patient-days



2527 (68 %) met at least two criteria for SIRS at some
point in their hospital stay [6 < ]. The major finding
from this study was that medical or surgical ICU pa-
tients met 2 or more SIRS criteria during > 80% of their
unit stay, whereas patients in the cardiovascular ICU
met such criteria during slightly over one-half of their
unit stay, and patients from other wards from 32% to
67% of their stay. It should be noted however, that the
wards surveyed likely housed a population at unusually
high risk of sepsis, as indicated by the two prevalence
surveys done to complement the incidence study. In
these surveys including all hospital wards, the preva-
lence of SIRS was about twice higher (64 % and 61%)
in the 3 wards participating in the incidence study than
that recorded in the 27 other wards (25 % and 27%)
(Table 2). The prevalence of sepsis was of 6 %±8 % in
the latter wards, and that of severe sepsis and shock
was similar in both surveys in the two categories of
wards, respectively at 2%±3 %, and 0 %.

Of the 2729 episodes of septic syndromes (i. e., at
least SIRS) recorded in the incidence study, 1541
(56.4 %) were classified as sepsis, 994 (36.4 %) as severe
sepsis, and 194 (7.1 %) as septic shock [6]. Patients with
infection were classified as having culture-proven or
culture-negative sepsis. It is noteworthy that less than
50% of all episodes were microbiologically document-
ed, although this proportion increased from 42% when
patients only met criteria for SIRS, to 57% in patients
presenting with shock.

Importantly, this study confirmed the expected natu-
ral progression between the different stages of septic
syndromes: 32 % and 36% of patients having 2 or 3
SIRS criteria, respectively developed culture-proven
sepsis by day 14, and 45% of those with 4 criteria subse-
quently developed sepsis, while 64% of those with sep-
sis developed severe sepsis, a median of only 1 day after
sepsis; conversely, only 23% of patients presenting with
severe sepsis developed septic shock, and this occur-
rence was delayed by a median of 28 days after severe
sepsis [6, 7]. The authors also noted an increasing preva-
lence of eventual organ dysfunctions (respiratory, renal,
disseminated intravascular coagulation and shock) with
increasing number of SIRS criteria. Of note, 27% of pa-
tients meeting four SIRS criteria developed shock at
some point in time. Although there were some minor
differences in risk of organ failures depending on the
stage examined, the overall rate of organ failures was
similar within each stage (as well as mortality) whether
infection was confirmed or not, to the notable exception
of acute renal failure, which was more frequent at all
stages in the presence of confirmed infection.

Several conclusions can be drawn from this study:

1. The incidence of SIRS is very high in ICU patients,
and its recognition cannot help in accurately identify-
ing patients who will prove to be infected or those at

higher risk of the more severe stages. This is con-
firmed by the fact that only about one-third to one-
half of patients meeting SIRS criteria were subse-
quently proven to have confirmed (i. e., microbiolog-
ically proven) sepsis; the prevalence of infection,
however, increases with the number of SIRS criteria
met. However, this conclusion must be tempered by
the fact that many patients with SIRS were thought
to have infection, and were thus administered empir-
ical antimicrobial therapy, which likely interfered
with the documentation of infection; the actual pro-
portion of non-infectious SIRS or ªsevere SIRSº in
this study is unknown.

2. There is indeed a continuum between the different
stages of the inflammatory response from SIRS to
sepsis, severe sepsis and shock. However, only about
one-third of patients presenting with SIRS have con-
firmed sepsis and about one-fourth will evolve to se-
vere sepsis. Conversely, sepsis (microbiologically
confirmed) appears at high risk of evolving rapidly
to severe sepsis, as shown by the 64% proportion of
cases subsequently developing severe sepsis, of
which one-half will occur within one day of sepsis.

3. Whether infection is confirmed or not, the outcomes
are similar in terms of organ dysfunctions and mor-
tality, within each corresponding stage (with the pos-
sible exception of renal failure).

In another large study, Sands et al., have evaluated the
incidence of SIRS in both the ICU and ward population
at 8 academic tertiary care medical centres [8] by study-
ing all ICU patients and a random sample of non-ICU
patients having had blood cultures drawn during a 15-
month period. They found that at least 2 of 3 criteria
for SIRS were present in 44% of 15515 surveillance ep-
isodes among 12759 patients. Of these episodes, 25%
eventually had clinically or microbiologically docu-
mented infection (i. e., sepsis). The authors estimated
the incidence of SIRS at 18% of all admissions to these
8 centres, or 27/1000 patient-days (Table 2). In ICUs,
40% patients fulfilled criteria for SIRS, half of which
qualified for sepsis. In non-ICU patients, sepsis was
more frequent in patients fulfilling criteria for SIRS, oc-
curring in 67% of patients. However, it should be noted
that only 70 % of non-ICU patients with positive blood
cultures had SIRS, pointing to a suboptimal sensitivity
of those criteria for bacteraemic infection.

Other studies have confirmed the very high incidence
of SIRS in various categories of ICU patients. Pittet
et al. [9] published a separate analysis of a cohort of
170 patients derived from the surgical ICU studied at
Iowa during a one-month period: 158 (93 %) had SIRS
at some point in time, with an incidence density of
SIRS of 840 per 1000 patient-days; 49% of patients had
sepsis; and 16% had severe sepsis. Smail et al. [10]
have evaluated 168 patients with severe trauma during
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the first 48 hours in the SICU; 95 (56 %) had SIRS.
When stratifying patients on the presence of multiple
organ dysfunction (MODS), these authors found that
the rate of SIRS was much higher in patients with
MODS (22/27, 81%) than in patients without (73/136,
54%). The occurrence of MODS appeared related to
the severity of injury, the volume of blood and fluid re-
placement, but not to the presence of infection: infec-
tion rates were 9 % and 4 %, respectively, in patients
with and without MODS. As expected in this particular
population, SIRS appeared as an extremely frequent
and non-specific finding, irrespective of the presence of
infection. Likewise, Muckart and Bhangwanjee assessed
the incidence of the septic syndromes in penetrating or
blunt trauma [11]. Of 450 patients followed-up, 399
(88 %) fulfilled SIRS criteria: 22% had SIRS only and
14% sepsis; 14 % had severe sepsis and 8 % severe
SIRS; and 20% had septic shock and 9 % non-docu-
mented septic shock. Documentation of infection was
more frequent with penetrating trauma.

In the Italian multicenter study conducted in
1993±1994 in 99 ICUs [12], 52 % of 1101 patients had
SIRS on admission; at any time during the study, SIRS
only was recorded in 58% of patients, sepsis in another
16%, severe sepsis in 5.5%, and septic shock in 6 %.
Overall, 85 % of patients had one of the septic syn-
dromes, of which more than two-thirds were non-micro-
biologically documented SIRS. Similarly to the study
from Iowa [6] the investigators noted that a substantial
proportion of patients evolved from an earlier stage on
admission to a more severe one: 15 % of patients with
SIRS evolved to sepsis, but only < 5 % to severe sepsis,
while 30% of patients with sepsis evolved to severe sep-
sis or shock.

Severe sepsis and septic shock

These syndromes are of much more concern to intensi-
vists than SIRS, given their more severe outcome, and
the poor specificity (and suboptimal sensitivity) of the
latter. A closer view of the overall incidence of these
two severe syndromes, which are easier to characterise
in the ICU, has been provided by two multicenter mul-
ti-institutional hospital-wide studies.

In the French Bacteraemia/Sepsis study, including
24 hospitals on the one hand [5] and 170 ICUs on the
other [13] both surveyed during a 2-month period, the
overall incidence of severe sepsis and shock (including
clinically and microbiologically documented infection)
was of 6/1000 of all hospital admissions, but only of 2.9/
1000 in medical/surgical wards and 119/1000 in ICUs
(Table 2). Of note, nearly half the episodes were of
nosocomial origin. In the parallel larger ICU survey, se-
vere sepsis or shock occurred in 9% ICU admissions;
71% of the 1064 episodes were microbiologically docu-

mented. The attack rate was higher in larger ( > 400
beds) than smaller hospitals (10.3 vs. 6.7/1000 admis-
sions). Septic shock occurred in 6.3/1000 ICU admis-
sions.

In the study by Sands et al. [8] sepsis was noted in
20% ICU patients and severe sepsis (defined in that
study as sepsis + one of seven criteria for organ dysfunc-
tion) occurred in 10 % of ICU admissions, a figure very
close to the rate recorded in France in large hospitals.

While nearly 41% sepsis episodes occurred in non-
ICU patients, only 24% episodes of severe sepsis oc-
curred in such patients, and 76 % were recorded in ICU
patients [14].

Risk factors for septic syndromes

Bacteraemia and septic syndromes

Relationships between sepsis and bacteraemia

The relationship between bacteraemia and sepsis has
been specifically studied in the French bacteraemia/sep-
sis multicenter survey [5]. Data from this study indicate
that only 19 % bacteraemic episodes occurred in ICUs,
while 81% occurred in wards, including 63% in medical
wards, and 18% in surgical wards. Sepsis was recorded
in 74 % of bacteraemic episodes, severe sepsis in 26%,
of which 60% were associated with septic shock (16 %
of all bacteraemic episodes). However, the prevalence
of severe sepsis during bacteraemia was much higher in
ICUs than in medical/surgical wards (65 % vs. 17 % of
bacteraemic episodes, P < 0.001), emphasising the
much higher risk of organ dysfunction and shock during
bacteraemia in critically ill patients.

Conversely, the prevalence of bacteraemia during se-
vere sepsis was estimated at 38 % by Kieft et al. [15] at
43% in the French multicenter study [5] and at 32.5 %
of episodes in the study conducted by Sands et al.[ 8].
Rangel-Frausto et al., recorded bacteraemia in 17 % of
patients with sepsis, 25% of those with severe sepsis,
and 69% of patients with septic shock [6]. In non-ICU
patients, the prevalence of bacteraemia during severe
sepsis was estimated at 48%, compared to 38 % in ICU
patients [13]. Likewise, Sands et al., found a prevalence
of bacteraemia during severe sepsis of 50 % in non-
ICU patients and of 26% in ICU patients [8, 14]. These
data indicate that, although ICU patients are at much
higher risk of severe sepsis than ward patients, bacterae-
mic severe sepsis is proportionally less often encoun-
tered in ICU than in non-ICU patients.
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Risk factors for bacteraemia during sepsis

Factors associated with bacteraemia at the onset of sep-
sis have been examined in the study conducted by Sands
et al. [14]. Independent predictors of bacteraemia dur-
ing sepsis were: a suspected or documented focal infec-
tion, absence of antibiotic therapy, presence of liver dis-
ease, of a Hickman catheter, altered mental status, and
focal abdominal signs. Infection caused by staphylococ-
ci were associated with hemodialysis and mechanical
ventilation, while gram-negative infection were associ-
ated with the use of TPN, the absence of antibiotic ther-
apy, the presence of a Hickman catheter, of focal ab-
dominal signs, and of chills [14]. The prediction rules de-
rived from these data performed reasonably well, al-
though the rates of bacteraemia in the highest-risk
groups varied from only 20% to 60%, depending on
the source and micro-organisms involved.

Factors associated with severe sepsis and shock

Risk factors for severe sepsis among ICU patients

Host factors identified (by multivariate analysis) as in-
dependently associated with severe sepsis among the
11740 admissions to the 170 ICUs participating in the
French bacteraemia/sepsis study were: age, male sex,
admission to a large ( > 400 beds) hospital, a medical or
unscheduled surgical admission, presence of chronic liv-
er insufficiency, of immunodepression, and of severe un-
derlying disease [13]. There was no difference in these
risk factors when excluding patients with non-docu-
mented severe sepsis (i. e., `severe SIRS') from the co-
hort.

Risk factors for severe sepsis during bacteraemia

This question was specifically addressed in the French
multicenter study of 832 patients with bacteraemia [5].
By Cox regression analysis, independent factors associ-
ated with severe sepsis during bacteraemia were in-
creasing age ( > 50 years), sources other than the uri-
nary tract, an intravascular catheter, or primary bactera-
emia. Organisms involved were not associated with the
occurrence of severe sepsis, nor was the severity of the
underlying disease.

In another retrospective study of 1505 patients that
had been included in the VA corticosteroids trials [16]
(of whom 40 % had uncomplicated sepsis, 45 % met cri-
teria for severe sepsis and 15% for septic shock), inde-
pendent risk factors for the development of severe sep-
sis or shock were age, gastro-intestinal tract disease, liv-
er disease, haematological disorders, spinal cord injury,
and drug abuse.

Sources and microbial epidemiology

SIRS, sepsis, and infection

As already mentioned, only a limited fraction of pa-
tients presenting with one of the septic syndromes have
microbiologically documented infection. In patients
meeting criteria for SIRS, only 42 % were found by
Rangel-Fausto et al., to have documented infection
(i. e., sepsis), and 58% had culture-negative, but clini-
cally documented, infection; the proportion of docu-
mented infection rose to only 47% in patients with se-
vere sepsis, and to 57% in patients with septic shock
[6]. Higher rates of infection were similarly found in
the more severe forms of septic syndromes in other
studies: clinically or microbiologically documented in-
fection was recorded in 92% of episodes in patients
meeting clinical criteria for severe sepsis by Sands et al.
[8] and in 95 % of episodes recorded by Brun-Buisson
et al. [13]; in these two studies, 70% and 71% of pa-
tients had microbiologically documented infection, and
30% and 29 % had clinically documented infection, re-
spectively. Therefore, only a small fraction of patients
presenting with clinically suspected severe sepsis
(5 %±10 %) had no infection clinically or microbiologi-
cally documented.

Sources of infection in septic patients

The four major sources of infection in patients with se-
vere sepsis, in descending order, are the respiratory
tract, the abdomen, the urinary tract, and primary bac-
teraemia [8, 13]; these sources account for > 75 % of
cases of severe sepsis (Table 3a). This distribution dif-
fers somewhat from that observed in patients with bac-
teraemic sepsis, where the urinary tract is the major
source of infection (Table 3 b), reflecting the lower risk
associated with this source in causing severe sepsis, as
already mentioned. Of note, there is no major differ-
ence in the distribution of sources of infection when
one compares microbiologically documented cases to
clinically documented cases, except for a higher propor-
tion of urinary tract infection and catheter infection in
the former group.

Microbial epidemiology of sepsis, severe sepsis or shock

The microbiological features of the septic syndromes
may depend in part on the population studied and set-
ting. Bacteraemia may be taken as the reference syn-
drome for looking at microbial aetiologies of sepsis. It
should be recalled that major changes have occurred in
the past two decades in the epidemiology of bactera-
emia. These include increasing rates overall, and a
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growing importance of gram-positive organisms over
the years, especially among nosocomial episodes, which
account for most of the recent increased rates [4].
Much of this increasing role of gram-positive organisms
is due to catheter-related infections and primary bacter-
aemia. As a result, gram-positives now outweigh gram-
negative among bacteraemic episodes (55 % vs 45%),
as shown in the French multicenter study (Table 4) [5].

In severe sepsis, however, the proportion of gram-
positives and gram-negatives appear similar, reflecting
the lower risk of severe sepsis associated with infection
caused by coagulase-negative staphylococci [13]; in
non-bacteraemic severe sepsis, however, gram-negative
organisms appear to predominate [8]. Again, there was
no major difference in the distribution of organisms
when comparing bacteraemic episodes associated with
sepsis only or with severe sepsis, except for a marginally
higher proportion of polymicrobial infection (Table 4).

These data suggest that the microbiologic characteris-
tics of infection are not a major determinant of the clin-
ical presentation and intensity of the host response to in-
fection. This notion is also consistent with the fact that it
appears quite difficult to predict bacteraemia in patients
presenting with clinical sepsis [14].

Outcome of patients with septic syndromes

Short-term mortality

It is apparent that the classification into three major
syndromes (sepsis, severe sepsis, and sepsis shock) re-
flects a grading in prognosis of patients affected, and
this is clearly an important outcome of the current clas-
sification. There are, however, wide variations in mor-
tality rates reported in cohorts of patients with septic
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Table 3a Primary sources of infection in 1,052 Intensive Care Unit patients with clinically suspected severe sepsis, and according to
microbiologic documentation of severe sepsis

Source
of sepsis ²

Clinical severe sepsis

Documented (n = 742) Non-Documented (n = 310) All cases (n = 1052)

No. % No. % No. % P value*

Pulmonary 307 41 112 36 419 40 0.11
Abdominal 237 32 103 33 340 32 0.68
Urinary 79 11 10 3 89 8 < 0.001
Soft tissue 35 5 13 4 48 5 0.70
Intravascular catheter 37 5 6 2 43 4 0.02
Primary bacteremia 33 4 0 ± 33 3 < 0.001
Meningitis 25 3 3 1 28 3 0.03
Bone & joint 10 13 1 0.3 11 1 0.19
Other 42 6 12 4 54 5 0.06

* P value for comparison between patients with documented or
non-documented episodes
² All sources identified are listed; multiple sources were present in
66 patients (6.3 %), including 59 (8 %) patients with documented

episodes, and 7 (2 %) patients with non-documented episodes. No
primary source was identified in 57 (18%) non-documented epi-
sodes. Reproduced from [13], with permission

Table 3b Sources of bacteremia in 842 episodes with or without associated severe sepsis

Primary source* All episodes (n = 842) Severe sepsis (n = 221) Sepsis (n = 621)

No. % No. % No. %

Urinary tract 180 21 26 12 154 25
Abdominal 153 18 62 28 91 15
Pulmonary 132 16 44 20 88 14
Intravascular catheter 96 11 19 9 77 12
Skin, Soft-tissue 69 8 19 9 50 8
Bone & joint 14 2 2 1 12 2
Cardiovascular 18 2 5 2 13 2
Neuromeningeal 17 2 8 4 9 1
Other 11 1 2 1 9 1
Multiple source 35 4 15 7 20 3
Unknown source 117 14 19 9 98 16

* P < 0.001 for comparison of sources between episodes of bacteremic sepsis and bacteremic severe sepsis. Data from [5]; reproduced
with permission



syndromes, especially for hospital-wide data. In the
study by Rangel-Fausto et al. [6, 7] the 28-day mortality
of the different stages from SIRS to septic shock was
7 %, 16%, 20 %, and 46 % for SIRS, sepsis, severe sepsis
and septic shock, respectively. In the study conducted by
Sands et al. [8, 14] the 28-day mortality of patients with
severe sepsis and septic shock was 34%. In the French
multicenter study, the 28-day mortality was 25% in pa-
tients with bacteraemic sepsis (19 % in ward patients),
and of 54% in patients with bacteraemic severe sepsis
or shock [5].

In studies restricted to ICU patients, mortality rates
were slightly more consistent across studies. Pittet
et al., reported a 28-day and hospital mortality rate of
bacteraemic sepsis of 35% and 43%, respectively [17];
77% of these patients had severe sepsis, as assessed by
the presence of organ dysfunction at onset or secondari-
ly. Brun-Buisson et al., reported a 28-day mortality of
55% in ICU patients with bacteraemic sepsis, 65% of
whom had severe sepsis or shock [5]; overall, mortality
was 56 % at 28 days after severe sepsis among 1052
ICU patients, of whom 71% had septic shock [13]. It is
apparent that the mortality rate for a given stage upon
inclusion is dependent in large part on the proportion
of patients rapidly evolving to a more severe stage.

Knaus et al., have shown that a wide range of mortal-
ity risk could be observed in patients classified as having
sepsis or even shock [18]. Further insight into a better
characterisation of outcome for septic patients has

been provided by studies looking at mortality risk ad-
justment through risk factors analyses and models spe-
cific to septic patients.

As for all ICU patients, there are two major determi-
nants of outcome for septic patients: the severity of un-
derlying disease, and the severity of acute illness. Sever-
ity of underlying disease has been assessed via several
indexes or systems, such as the simple (and robust, but
somewhat subjective) three-classes index developed by
MacCabe et al., for bacteraemic patients [19, 20] or a co-
morbidity scoring index, a system primarily developed
for adjusting the risk of nosocomial infection [21]; final-
ly, general scoring systems such as the APACHE II in-
clude comorbidities, expressed as pre-existing organ
dysfunction for the four major organ systems (respirato-
ry, cardiovascular, renal, and liver), or include a few ma-
jor comorbidities such as in the SAPS II (AIDS, meta-
static cancer, and haematological malignancy) [22]. A
more complete assessment of pre-existing conditions
can probably be obtained by ascribing a weighted score
to diagnosis and comorbidities, as used in the APACHE
II and III scoring systems [18].

Stratifying patients by risk class according to one of
the general scores provides a more accurate risk predic-
tion of outcome for septic patients than a simple stratifi-
cation in one of the stages of sepsis [18]. Further analysis
of the performance of these scores in septic patients
have led to the development of customised scores, ei-
ther through the integration of additional variables [23]
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Organisms* Bacteremic severe sepsis Bacteremic sepsis

No. % No. %

Gram positive (n = 473)
Staphylococcus aureus 50 19.8 130 19.3
Coagulase-negative Staph. 15 6.0 75 11.2
Enterococci 9 3.6 37 5.5
b -hemolytic streptococci 10 4.0 24 3.6
Streptococcus pneumoniae 22 8.7 52 7.7
Other streptococci 10 4.0 23 3.4
Other Gram positive 4 1.6 12 1.8

Gram negative (n = 407)
E. coli 57 22.6 189 28.1
Klebsiella sp. 13 5.2 23 3.4
Enterobacter, Citrobacter, Serratia spp. 11 4.4 17 2.5
Salmonella sp. 2 0.8 7 1.0
Proteus sp. 7 2.8 16 2.4
Ps. aeruginosa 14 5.6 18 2.7
Acinetobacter sp. 5 2.0 4 0.6
Other Gram-negative aerobes 1 0.4 4 0.6
Haemophilus, Branhamella 5 2.0 5 0.7
Neisseria meningitidis 0 ± 2 0.3
Other Gram negatives 2 0.8 5 0.7

Others (n = 44)
Anaerobes 9 3.6 18 2.7
Candida, fungi 6 2.4 8 1.2
Virus and others 0 ± 3 0.4

Table 4 Organisms recovered
in 842 episodes of bacteremia
with (n = 221) or without
(n = 621) associated severe sep-
sis

* Polymicrobial bacteremia oc-
curred in 26 (12%) episodes
with severe sepsis and 46 (7 %)
episodes without severe sepsis
syndrome (p = 0.05). Data from
[5]; reproduced with permission



or through modification of the weighting of variables in-
cluded in the original score [24]. The use of such custo-
mised models in risk prediction in the context of clinical
trials to accurately compare predicted to observed mor-
tality and derive the efficacy of new therapies in sub-
groups of patients has, however, been disappointing
[23, 25].

It is apparent that the general scores, whether or not
customised, principally reflect the severity of acute
physiologic disturbances when measured at time of sep-
sis; in other words, they reflect the severity of organ dys-
function associated with sepsis.

Two studies have examined risk factors for short-term
mortality in a predefined cohort of ICU patients with
sepsis or severe sepsis [13, 17]. In the French multicenter
study [13] several factors recorded at onset of sepsis were
found associated with early mortality of patients with se-
vere sepsis: the MacCabe index (OR = 1.5 and 2 for ulti-
mately and rapidly fatal underlying disease, respective-
ly), and bacteraemia (OR = 1.7); however, the three
most important independent risk factors for early mor-
tality were the SAPS II (OR = 1.03 per unit of score,
P = 0.003), the presence of shock (OR = 2.9, P = 0.01),
and the presence of more than one organ system failures,
as defined according to Knaus et al. [26] (OR = 8.4 and
OR = 9.4 for 2 or > 3 organ failures, respectively;
P = 0.002). Later mortality after severe sepsis was also
associated with the SAPS II, and the number of organ
system failures, but also with other factors related to un-
derlying diseases, such as pre-existing liver or cardiovas-
cular failure or the MacCabe index, the admission cate-
gory, and presence of multiple sources of infection.

In 176 patients with bacteraemic sepsis, Pittet et al.
[17] also found that the APACHE II score measured at
the time of sepsis was highly predictive of mortality
(and a better predictor than APACHE II measured on
ICU admission). These authors also noted that prior an-
timicrobial therapy and hypothermia were associated
with a poorer prognosis. Organ dysfunctions were also
strongly associated with mortality; however, only those
recorded after the onset of sepsis were associated with
mortality in that study [17]. This surprising finding may
have been due to the limited power of the study.

Therefore, in addition to a general severity score,
and one assessing prior comorbidities such as the Mac-
Cabe score, organ dysfunctions at onset of sepsis and
developing after its onset appear as the major determi-
nants of the short-term outcome of septic patients.
Whether customised models for sepsis perform better
than the above combination of three major determi-
nants has not been formally tested on a large cohort of
patients, and remains unknown. An interesting ap-
proach would be to incorporate a score of organ dys-
function in the prognostic assessment of patients with
sepsis. These refined scoring systems for organ dysfunc-
tion/failures [27, 28, 29] which allows identification of

organ dysfunction in a graded manner and at an earlier
stage, would likely allow a more precise description of
prognostic factors and of the interrelations between the
various organ dysfunctions and their respective impact
on outcome. However, from the viewpoint of mortality
prediction, it is unlikely that these scores perform better
than the general (or customised) scoring systems.

Long-term impact of sepsis on outcome

Most studies and clinical trials have focused on 28-day
or hospital mortality, a relatively short-term view, which
does not provide a complete picture of the impact of
sepsis on life expectancy, an important consideration
for cost-benefit studies of the impact of new therapies.

Admittedly, most deaths usually occur early in severe
sepsis. For example, 77 % and 71 % of all deaths had oc-
curred by day 14 and by day 21, respectively, in the
French multicenter study [13] and in the study by Pittet
et al. [17]. However, 16 % of patients remained in the
hospital for more than 30 days in the former study, and
the median hospital stay of survivors was 34 days, with
lengths of stay ranging from 1 to 87 days [13]. These
data suggest that it would be advisable to assess the out-
come of sepsis at least after 3 rather than 1 months after
sepsis. Similarly, Sands et al. reported that the crude
mortality of patients with severe sepsis was 34% at
28 days and 45% at five months post-discharge [8].

Sasse et al. [30] reported a crude 28-day and hospital
mortality rate of 40% and 51%, respectively, in 153
ICU patients with bacteraemic sepsis, and of 65% and
72% respectively at 6 months and 1 year after admis-
sion; it should be emphasised that in this particular
study, 25% of patients each had HIV infection or malig-
nancy. Finally, Rangel-Frausto et al., reported a 28-day
crude mortality of 9 % in the cohort of 2527 patients
meeting at least SIRS criteria; an additional 111 patients
died during the ensuing 3 months, and 113 more be-
tween 3 and 6 months follow-up [6]. The overall crude
mortality rate at 6 months was therefore of 17% in pa-
tients meeting at least SIRS criteria. However, the rela-
tive part of sepsis and other host factors in the overall
mortality is unknown.

Perl et al., have addressed part of the problem by ex-
amining factors associated with late mortality after sep-
sis in a cohort of 100 patients with severe sepsis entered
in one clinical trial of anti-endotoxin antibodies [20]. In
that study, the crude mortality of patients was 32% at
1 month, 37% at 3 months, and 43 % at 6 months; after
a mean follow-up of 30 months, 60% patients had died.
When examining factors associated with mortality at
those different points in time after sepsis, they found
that all models included the severity of underlying dis-
ease (MacCabe classification) and a combined index of
comorbidities, in addition to vasopressors (or shock)

S 72



and ventilator use (or ARDS). Therefore, pre-existing
illness and comorbidities, in addition to shock and organ
failures (i. e., ARDS), are also confirmed as important
predictors of long-term outcome in this study.

An elegant study by Quartin et al. [16] has provided
some more insight into the problem of long-term mor-
tality attributable to sepsis. These authors have estimat-
ed the increased risk of mortality attributable to sepsis
over a 6-year follow-up period in patients qualifying for
sepsis and entered into a clinical trial of corticosteroid
therapy, as compared to a control cohort of non-septic
hospitalised patients, after adjustment on risk factors
for death in the control cohort. After 8 years, 1229
(82 %) of the 1505 septic patients had died. The authors
estimated that septic patients had an increased mortali-
ty risk persisting beyond one month and over the five
years following sepsis; the increased risk was apparent
in all stages of septic syndromes. The median predicted
life expectancy was 5 years among septic patients. The
average life expectancy cost of sepsis was estimated at
2.4 years and the median survival among 30-day survi-
vors was reduced from 6.2 to 2.3 years. In the septic pop-
ulation, there were 452 (30 %) more deaths than pre-
dicted from controls within the first month, 192 (13 %)
more within one year, and 61 (4 %) more within 5 years;
thus, the overall mortality attributable to sepsis was
43% at one year. Sepsis also appears to significantly af-
fect the quality of life of survivors. In the study by Perl
et al. [20] survivors had lower scores than normal by
functional status and general health perception scales.

Implications for clinical trials in sepsis

Selection of patients for inclusion into trials

It is quite clear from the above epidemiological infor-
mation that SIRS criteria are much too non-specific to
be used for the selection of patients. Including patients
characterised only by these criteria would only result in
augmenting the `background noise', by introducing a
large population having a < 50% risk of sepsis, and a
low risk of mortality. One would like sepsis or its more
severe forms to be used as criteria for inclusion. Howev-
er, physicians remain with the dilemma that there is no
reliable method for identifying patients having sepsis
among those presenting with clinical criteria for SIRS/
sepsis. In this respect, the new classification has not pro-
vided a significant advance in identifying at-risk pa-
tients. It is noteworthy that all recent clinical trials
have actually used criteria for severe sepsis or shock in
their inclusion criteria. If this classification is used, and
there is a need for studying patients at an early stage of
infection, then a more in-depth analysis of risk factors
for sepsis or its more severe forms in patients with
SIRS patients is needed.

Stratification of patients upon inclusion

Septic shock remains a major prognostic factor and, im-
portantly, is readily available for stratification at inclu-
sion of patients into clinical trials. A general severity
score (original or customised) could also be used, or bet-
ter, an organ dysfunction score, depending on objectives
and end-points pursued in the trial. Consideration
should also be given to major underlying conditions, us-
ing a simple index, such as the MacCabe score.

End-points and efficacy analysis

It is apparent that the systemic response to infection,
not infection itself, is the major determinant of the out-
come of patients. Mortality remains the reference end-
point. This simple and robust end-point is validated by
the fact that mortality remains high, at least in the most
severe forms of the septic syndromes, and by the esti-
mated attributable mortality which is also very high,
and likely accounts for two-thirds of the overall mortali-
ty, especially of the short-term mortality. Since sepsis
has also substantial effects on long-term survival, a long-
er than usual follow-up (i. e., 6 months to 1 year) should
be used, at least if some possible delayed effects of ther-
apy on survival are expected.

Using mortality as an end-point implies that factors
other than sepsis itself, which have a significant impact
on patients' survival, are accounted for in the survival
analysis. These factors include, (but may not be limited
to) the severity of the underlying disease, the presence
of comorbidities, and the severity of haemodynamic dis-
turbances and other organ dysfunction at inclusion. The
importance of underlying conditions is highlighted by
the relatively low spontaneous life expectancy associat-
ed with underlying illness and comorbidities in most pa-
tients with sepsis.

It has been suggested that the assessment of organ
dysfunction/failure, especially via a grading score could
be used as a substitute for mortality. This debate is at
present unsettled. Clearly, organ dysfunctions are
strongly (linearly) related to mortality, and there is no
obvious advantage from using such a score instead of
mortality. Using organ failure-free days, as suggested
when dealing with one organ system dysfunction such
as ARDS, may be misleading, as death may still occur
relatively late after onset of sepsis. At present, organ
failure scores are best used as adjustment variables at
onset of sepsis and their assessment over time should
be viewed as explanatory observations in an attempt to
provide better insight into the physiological effects of
interventions.
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