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Abstract: The aging world population will increase the incidence and mortality of severe sepsis. The aim of the present
article is to review the pathophysiological differences in sepsis and its clinical impact on the elderly. The impact of im-
munosenescence on innate and acquired immunity is associated with relative immunologic depression that may favor the
spreading of inflammation. Elderly patients also have enhanced apoptotic pathways that may contribute to the incidence
of mortality due to sepsis. The inflammation-coagulation network is activated by age, explaining the success of some spe-
cific therapies. The initial clinical picture of sepsis in the elderly may be ambiguous but the specific pathopysiological
changes of aging increase the risk of a sudden deterioration to severe sepsis with the development of a serious cardiovas-
cular dysfunction. The reduced stress tolerance characteristic of aged tissues explains the high incidence of multi-organ
failure in such patients. The specific pathophysiological and clinical picture of sepsis underlies the increased mortality in
such patients and prompts research on therapeutic strategies with particular benefits to elderly septic patients.
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INTRODUCTION

The aging of the world’s population is an interesting
demographic trend with important consequences in many
fields including social sciences and medicine. The process
probably will go on in the coming future. Sepsis is a life-
threatening immune response to an infection contributing to
nearly 20% of all in-hospital deaths. The incidence of severe
sepsis increases with age and septic patients have a mean age
of around 65 years. The decline of immune function that
accompanies aging is prominent among the many factors
contributing to the enhanced susceptibility of elderly patients
to sepsis. Elderly persons are usually considered those over
65 years old. Anyway persons between 65 and 85 years of
age are defined as “young elderly” because they usually dif-
fer from people younger than 65 years of age more regarding
psychological and social factors than physiological ones.
People older than 85 years of age are considered as “old eld-
erly” and they show all the physiological features typical of
aging. The epidemiology and clinical picture of sepsis in the
elderly has been recently reviewed [2].

The aim of this article is to review the pathogenetic dif-
ferences of sepsis in the elderly that can increase its inci-
dence and mortality, with emphasis on the immunologic
changes, clinical impact and possible new therapeutic strate-
gies.

PATHOPHYSIOLOGY OF SEPSIS

Recent studies have elucidated the mechanisms underly-
ing the septic syndrome, that derives from an immunologic
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response to different insults (Fig. 1) [3,4]. Interesting in-
sights into the first steps of innate immunity response have
been recently elucidated [4,5]. Germ-line encoded receptors
recognize highly conserved structures of many microorgan-
isms that have been defined as pathogen-associated molecu-
lar patterns including lipopolysaccharide, peptidoglycan,
lipotheicoic acids, mannans, bacterial DNA, double stranded
RNA and glucans [5]. Soluble receptors for these molecules,
like the mannan binding lectin, trigger the complement cas-
cade [5]. Macrophages and dendritic cells have other recep-
tors called pattern recognition receptors that have been clas-
sified as endocytic and signaling. Endocytic pattern recogni-
tion receptors mediate the phagocytosis of microorganisms
and their delivery to lysosomes where their proteins are
processed into peptides that can be presented by the major
compatibility complex (MHC II) molecules on the surface of
antigen-presenting cells. Signaling pattern recognition recep-
tors include the toll like receptors (TLR) which activate sig-
nal transduction pathways through mitogen-activated protein
kinases, determining the activation of nuclear factor NF-kB
and the transcription of many genes including those encod-
ing for cytokines [4,5].

The first TLR studied in humans was TLR-4 that is im-
plicated in the recognition of lipopolysaccharide (LPS). Af-
ter the interaction of LPS with the serum LPS binding pro-
tein, this complex links CD14, a receptor on the surface of
antigen presenting cells. The interaction with TLR-4 requires
another surface protein, MD-2 [5]. The complex lipopoly-
saccharide-CD14-MD2-TLR4 induces the expression of cy-
tokines, CD80 and CD86 in antigen presenting cells [5].
CDB80 and CD86 are molecules of the cell surface necessary
for the activation of T-cells. T-cells have an antigen receptor
to recognize the peptides processed in the lyososomes and
presented by MHC class Il. Anyway the interaction between

© 2009 Bentham Science Publishers Ltd.
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Fig. (1). Aging and pathophysiology of sepsis.

antigen receptor and the peptide-MHC complex is not suffi-
cient to activate T cells, and could even lead to their perma-
nent inactivation or apoptosis in the absence of another
stimulus represented by CD80 or CD86. Recently ten TLRs
have been identified in humans, each one can recognize spe-
cific pathogen-associated molecular patterns, but also some
proteins derived from human themselves such as pancreatic
elastase [6]. TLR-1 seems to be involved in the regulation of
TLR-2 and TLR-4 signaling, TLR-2 responds to peptidogly-
can (a wall component of Gram-positive bacteria), lipopep-
tides and lipoproteins [7]. TLR-3 interacts with viral double-
stranded RNA [8], TLR-4 recognizes lipopolysaccharide of

IL-2 TNF IFN

Relative immunoenhancement

SIRS

Systemic inflammatory response syndrome

Gram-negative bacteria and probably pancreatic elastase [9],
TLR-5 responds to bacterial flagellin [10], TLR-9 recognizes
specific bacterial DNA patterns containing CpG, while the
role of TLR-6, 7, 8 and 10 remains unclear [11].

TLR activation, as previously stated, triggers the macro-
phage release of many proinflammatory mediators, including
arachidonic acid derivatives (prostaglandins) and cytokines.
TNF-alpha is the main mediator in the response to Gram-
negative bacteria [2]. Almost every human cell has receptors
for TNF-alpha. Low doses of this cytokine act locally,
mainly on leukocytes and endothelial cells, increasing bacte-
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rial killing and endothelial permeability. TNF-alpha also
induces the release of IL-1 and IL-6 and the activation of the
coagulation cascade through the production of factor VII. At
higher doses, TNF-alpha may act on hypothalamic cells,
inducing fever and on hepatocytes, causing the release of
acute phase serum proteins. A further increase in TNF-alpha
may result in myocardial depression and vasodilation [4,5].
Metabolic effects of TNF-alpha include the inhibition of
lipoprotein lipase and the activation of gluconeogenesis. I1L-1
is also produced by activated macrophages and endothelial
cells [5], it acts on lymphocytes and endothelial cells with
effects similar to TNF-alpha. IL-6 is produced by macro-
phages, endothelial cells and other cells in response to TNF-
alpha and IL-1. IL-6 induces the synthesis of acute phase
serum proteins, it is a growth factor for B-cells and a co-
stimulator for T-cells [5]. IL-12 derives only from macro-
phages and B-lymphocytes. It activates natural killer cells,
stimulates CD8+ lymphocytes and helps differentiate CD4+
T lymphocytes from T helper 1 lymphocytes [5].

When activated macrophages reach the lymph nodes they
interact with lymphocytes, presenting them with the proc-
essed antigens and contributing to their appropriate stimula-
tion as previously described. CD8+ lymphocytes are acti-
vated to become cytotoxic cells, CD4+ lymphocytes will
differentiate into T helper 1 or 2 lymphocytes [4]. T helper 1
are immuno-modulating cells producing IL-2, TNF-alpha
and interferons. IL-2 is a growth factor for T-cells. T helper
2 is implicated in allergic reactions and immunosuppressive
mechanisms through the release of IL-4 and IL-10. This cy-
tokine, that can also be produced by macrophages, inhibits
the production of TNF, IL-1 and IL-12 from macrophages.
Moreover, it decreases the expression of class Il MHC and
co-stimulatory molecules. 11-10 inhibits many functions on
T-cells [4].

The septic syndrome is usually associated first with an
intense stimulation of the immune system triggered by TNF,
IL-1 and IL-2 and resulting in the systemic inflammatory
response syndrome (SIRS). This is followed later by an inhi-
bition of the immune system sustained by IL-10, the so
called compensative antinflammatory response syndrome
(CARS) [5]. When inflammation becomes systemic, the dif-
fuse activation of neutrophils that adhere to the endothelial
cells causes endothelial dysfunction and damage resulting in
fibrin deposition, increased permeability, interstitial edema
and reduced oxygen diffusion to tissues. Also, mitochondria
of septic patients have impaired oxygen metabolism that
results in cellular energy failure. If they are not stopped ap-
propriately, all these alterations lead to multi-organ failure
syndrome which includes the failure of the gastrointestinal
tract, kidneys, cardiovascular system, central nervous sys-
tem, hemopoietic system and liver. It is obviously associated
with high mortality.

IMMUNOSENESCENCE

The immune system of the elderly is different from that
of younger adult patients. All the components of the immune
system appear to be someway altered in the elderly (Table
1). Innate immunity was previously considered to be well
preserved in the elderly, but recent studies have pointed out
significant alterations in these components [2]. The atrophy
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of the thymus associated with age determines a shift from
naive T cells to memory T cells that could be associated with
a shift in the cytokine environment and an increase in cyto-
kines characteristic of Th2 cells.

Tablel. Immunosenescence

| function of macrophages

| expression of TLRs

Innate | function of mitogen-activated protein kinases

Immunity | | production of TNF-alpha and IL-6

1 production of I1L-10

| bactericidal activity

| naive cells

1 memory cells CD45Ro+

T-cells | function of mitogen-activated protein kinases

| type 1 cytokine response (IL-2, TNF-alpha)

1 type 2 cytokine response (IL-4, IL-10)

| number of B-cells and plasma cells

1 polyspecific immunoglobulins with low affinity produced

B-cells
by B1-cells

| response to neoantigens

Innate Immunity

Elderly individuals have functional impairment of innate
immunity, although many mechanisms related to this com-
ponent of the immune system appear well maintained even at
extreme ages [2]. Soluble elements of the innate immunity
including complement mannose binding lectin and other
antimicrobial peptides show retained activity [2]. On the
contrary, cell elements of innate immunity show many func-
tional impairments although they remain stable in number.
The function of macrophages seems to undergo significant
impairments with age. Ten years ago Nicholson et al. dem-
onstrated that alveolar macrophages of aged mice are not
efficient at presenting antigens to T cells [12]. In 2002 Ren-
shaw et al. found that TLR expression in splenic macro-
phages was reduced in aged mice when compared with that
in young ones [13]. They also observed that splenic macro-
phages from aged mice secreted significantly lower levels of
IL-6 and TNF-alpha in response to LPS [13]. The overall
reduction in TLR expression observed in aged mice was as-
sociated with important differences in the expression of spe-
cific TLRs, especially with a significant reduction in TLR-9
expression [13]. When a macrophage with TLR-9 activated
by bacterial DNA containing CpG sequences presents anti-
gens to T helper cells they switch to a Th1 response. There-
fore the lower TLR-9 expressilon on aged macrophages
could be associated with altered cytokine pattern production
from T helper cells.

These studies suggest that the altered expression and
function of TLRs due to aging affects not only the magnitude
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but also the quality of the host immune response to patho-
gens by the altered inflammatory and priming environment
[13]. These results were confirmed in 2004 by Boehmer et
al., showing that macrophages from aged mice are function-
ally impaired [14] showing a decreased proinflammatory
cytokine production and endotoxin-stimulated activation of
mitogen-activated kinases. These observations suggest that
decreased mitogen-activated kinase expression could be a
mechanism responsible for the impairment of TLR functions
associated with aging.

Chelvarajan et al. recently found decreased production of
proinflammatory cytokines and increased production of IL-
10 by macrophages from aged mice. Immune response and
signal transduction genes were specifically reduced in aged
macrophages. Genes in the TLR-signaling pathway leading
to nuclear factor-kappaB activation were also down-
regulated in aged mice [15]. Boehmer et al. in 2005 found
that non TLR signalling pathways are less impared in aged
animals, concluding that age-associated macrophage signal-
ing alterations are specific for the TLR pathway which is
impaired at the level of mitogen-activated protein kinase
expression [16].

Another important function of macrophages is bacteri-
cidal activity due to stimulation with IFN-y. This function is
reduced in the elderly as well as nitric oxide and hydrogen
peroxide generation [2].

Fulop et al. elucidated neutrophil function changes dur-
ing aging, finding an alteration of the receptor-driven func-
tions of human neutrophils, such as superoxide anion pro-
duction, chemotaxis and apoptosis [18]. One of the altera-
tions underlying these functional changes is a decrease in
signalling elicited by specific receptors [18]. Plackett et al.
confirmed these results, demonstrating defects in superoxide
generation and increases in apoptosis in neutrophils from
elderly patients after antigen stimulation [18]. Also the lytic
activity of natural killer cells seems to be impaired although
this kind of cell population expands with age [19]. Without
this expansion, poor long term prognosis has been observed
in elderly patients probably because of impaired recognition
and destruction of infected cells [19].

Adaptive T-Cell Immunity

Immunosenescence affects significantly the adaptive
immune response with important impairments in cell medi-
ated immunity [2]. Aging is associated with a shift of the T-
cell repertoire from naive T-cells to memory T-cells [2]. This
shift depends on the atrophy of the thymus that is essential to
maturation of T cells, segregation into CD4+ and CD8+ cells
and clonal specificity of the T-cell receptor [21]. These func-
tions of the thymus decrease during adult life and by the age
of 60 the organ has lost most of its activity [21], even if even
in aged persons thymic T cell maturation by CD4+ and
CD8+ cells continues to occur although at a lower rate [22].
Douek et al. in 2000 observed episomal DNA structures,
markers of recent T-cell receptor rearrangement in thymic
tissue, in T cells from aged persons [22], even if recent
thymic emigrants were 10-100 fold reduced in the elderly as
compared to infants [22]. Therefore thymic involution results
in a reduced production of naive T-cells with the gradual loss
of the T-cell repertoire available against neoantigens [22].
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The loss of naive T-cells is associated with an impressive
expansion of CD45Ro+ and memory CD8+ cells [23].
Memory cells have important functional differences from
naive T-cells. They have limited proliferative capacity, they
express fewer costimulatory molecules like CD40 ligand and
CD28 [23]. Moreover T-cells from elderly persons have a
depressed synthesis of IL-2 limiting T-cell proliferation after
stimulus by antigens [23]. Also the intracellular signalling
pathway of T-cells is impaired in the elderly. Mitogen-
activated protein kinase activation following T-cell interac-
tion with antigen presenting cells is reduced [23].

Several studies report a shift from type 1 cytokine re-
sponse (IL-2, IFN-y, TNF) to a type 2 cytokine response (IL-
4, 1L-10) in elderly persons. Plackett et al. proposed that the
altered lymphocyte response occurring in healthy aged indi-
viduals is a contributing factor to the increased incidence of
mortality and sepsis after a traumatic injury in the elderly
[24]. They showed an increase with age in the production of
TH2 cytokines including IL-4 and IL-10 by splenocytes [24].
Similar results were obtained by Mascarucci et al. [25] and
Sandmand et al. [23]. Sandmand et al. found a correlation
between the percentage of T cells with TH2 cytokine expres-
sion and the in vivo expression of CD95 and CD45R0. Such
age-related alterations in cytokine production may play a
role in the reduced immune responses observed in elderly
human populations [25].

Adaptive B-Cell Immunity

The age related impairments in adaptive T-cell immunity
are associated with significant dysfunctions of the humoral
immune response to neoantigens. B-cells and plasma cells
gradually decrease with aging, at the same time immuno-
globulin levels increase [2,26]. This increase regards espe-
cially immunoglobulin derived from B1 cells, while those
derived from B2 cells are significantly decreased [27]. B1
cells produce polyspecific antibodies with low affinity for
antigens and even autoantibodies including rheumatoid fac-
tor independently from T cells [27]. On the contrary, B2
cells, interacting with T cells, produce antibodies with high
specificity for antigens [27]. The expansion of B1 cells with
age is partially related to the higher IL-6 levels characteristic
of the elderly, while the decrease in B2 cells is associated to
impairments of the T-helper cells. In particular the reduced
expression of costimulatory molecules on T-helper cells has
been considered responsible for the depressed function of B2
cells [27]. Therefore elderly individuals have a decreased
ability to produce specific opsonophagocytic antibodies
against neoantigens. The production of antibodies against
antigens previously presented to B cells is retained [2].

EFFECTS OF AGING ON SEPSIS INDUCED APOP-
TOSIS

Apoptosis is an active process leading to cell death medi-
ated by programmed signaling pathways triggered by ex-
tracellular or intracellular stimuli [28]. Apoptotic cells have
characteristic morphological changes including a shrinkage
of the cytoplasm, membrane blebbing, compaction of the
nuclear chromatin, chromosomal DNA fragmentation, and
the formation of small vesicles, which are phagocytosed by
macrophages and other neighboring epithelial cells [29]. The
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cellular pathways leading to apoptosis include the caspase
cascade and the stress-activated protein Kinase pathways
(Fig. 2) [28]. Caspases are specific proteases whose activa-
tion determines apoptotic cell death. Their activation may
occur in two main ways: from the cell surface or from mito-
chondria [28]. TNF may activate the cell surface route of
caspase activation [30]. In particular TNF-receptor 1 may
link the TNF-receptor-associated death domain protein; this
complex interacts with the Fas-associated death domain pro-
tein that activates caspase 8 and subsequently other caspases
including caspase 3 [30]. Mitochondrial damage activates the
mitochondrial route of caspase activation, in fact, when some
mitochondrial proteins, including cytochrome c and other
peptides enter the cellular cytoplasm, they can activate cas-
pase 9 and 3, resulting in cellular apoptosis [31]. The stress-
activated protein kinase pathway of apoptosis starts with the
prolonged activation of mitogen-activated protein Kinases
involved in the intracellular transduction of many proinfla-
mmatory cytokines including IL-1 and TNF [32]. It is clear
that sepsis may stimulate apoptosis both through the caspase
pathway and the stress-activated protein kinase pathway.

Pathogen associated molecular patterns
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There is evidence of a synergism between aging and sepsis
in promoting apoptosis [33,34]. In 2004 Turnbull et al. stud-
ied the effects of age on sepsis-induced splenic and gut
epithelial apoptosis in mice [33]. They concluded that the
combination of infection and aging leads to a disproportion-
ate increase in the apoptosis of rapidly dividing cells [33].
Mitochondrial dysfunction that may result in apoptosis is a
hallmark of both aging and sepsis. It is well known that nitric
oxide and other free radicals inhibit the mitochondrial elec-
tron transport chain, resulting in energy failure of the cell
and mitochondrial disruption. In 2003 Escames et al. found
that both aging and sepsis increase the mitochondrial produc-
tion of nitric oxide and free radicals, stimulating mitochon-
drial nitric oxide synthase [34]. When lipopolysaccharide acts
on aged mitochondria the production of nitric oxide is sig-
nificantly higher than when it acts on young mitochondria.
Therefore it seems that sepsis produces more pronounced
inhibition of the mitochondrial respiratory chain and more
severe mitochondrial damage causing cellular apoptosis in
the elderly than in the young. The effects of aging on sepsis-
related apoptosis help explain the increased incidence of
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multiorgan failure and mortality from sepsis in the elderly
[34].

SEPSIS-RELATED COAGULATION ABNORMALI-
TIES

As previously stated, severe sepsis is associated with a
diffuse activation of the coagulation system throughout the
microcirculation (Fig. 3) [2]. The coagulation and inflamma-
tion systems are interacting networks [2]. Proinflammatory
cytokines, PAF and adherence molecules increase tissue fac-
tor expression, triggering the tissue factor pathway of the
coagulation cascade and the production of thrombin and fi-
brin [35,36]. Proinflammatory cytokines increase the produc-
tion of plasminogen activator inhibitor type 1, resulting in
impaired fibrin degradation [37]. The activation of the clot-
ting cascade and inhibition of the fibrinolytic pathway de-
termine the spreading of clots in the microcirculation, result-
ing in tissue hypoperfusion during severe sepsis. On the
other hand, the production of thrombin, factor Xa, and tissue
factor-factor VII complexes promotes the inflammatory re-
sponse because all these coagulation factors interact with
specific protease-activated receptors on white cells, platelets
and endothelial cells, inducing the production of IL-6 and
IL-8 [38,39]. Moreover, fibrinogen may directly activate
TLR-4 [40].

Aging by itself is associated with a procoagulant state
[41]. With advancing age, an increasing number of healthy
individuals have laboratory signs of heightened coagulation
factor activity [42]. Mari et al. evaluated the activity of sev-
eral coagulation factors in healthy centenarians and in adults
[42]. Centenarians had higher values of several coagulation
and fibrinolysis measurements than younger controls. Acti-
vated factor VII was increased in the plasma of centenarians
as well as prothrombin, factor 1X, factor X, and thrombin-
antithrombin complexes. Increases in plasminogen activator
inhibitor type 1 has also been found increased in the elderly
[42]. Yamamoto et al. showed that endotoxin induces more
plasminogen activator inhibitor type 1 in aged than in young
mice. In these experiments the increased production of PAI-
1 was correlated with larger stimulation of TLR-4 in older
mice [37]. These observations may explain the increased risk
of thrombosis associated with aging [37]. The combined
impact of aging and sepsis on the coagulation cascade may
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explain the greater efficacy of treatment with activated pro-
tein C in elderly patients than in younger ones [43]. Ely et al.
evaluated both short- and long-term survival outcomes
among 386 patients =75 years who were enrolled in the Pro-
tein C Worldwide Evaluation of Severe Sepsis (PROWESS)
trial [43]. They found that older patients with severe sepsis
have higher short- and long-term survival rates when treated
with activated protein C than when treated with placebo [43].

CARDIOVASCULAR INVOLVEMENT

Cardiovascular involvement associated with sepsis in-
cludes myocardial dysfunction and hypotension resulting
mainly from failure of the vascular smooth muscle to con-
strict. Such vasodilatory shock is characterized by a poor
response to vasopressor drugs and by high plasma catecho-
lamine concentrations and activation of the renin-angioten-
sin system [44]. In this condition vasodilatation and hy-
potension are due to failure of the vascular smooth muscle to
constrict. Several mechanisms have been proposed to ac-
count for this failure, including the death of vascular cells
due to prolonged hypotension, inadequate oxygen extraction
by the tissues, and increased activity of prostaglandins with
vasodilator activity [44]. From a molecular perspective three
mechanisms have thus far been implicated in this vasodila-
tory shock associated with sepsis: activation of ATP-
sensitive potassium channels in vascular smooth muscle,
activation of the inducible form of nitric oxide synthase, and
deficiency of the hormone vasopressin probably caused by
the depletion of its neurohypophysis stores after prolonged
hypotension (Fig. 4) [44]. Vasopressors like angiotensin 11
and norepinephrine act by increasing the concentration of
calcium in the cytosol. Calcium is released from intracellular
stores and enters the cell from the extracellular space through
voltage-gated calcium channels. Calcium activates the light
chain of myosin kinase, producing vasoconstriction. Vasodi-
lators such as atrial natriuretic peptide and nitric oxide acti-
vate the myosin phosphatase, and thus prevent vasoconstric-
tion [45]. Membrane potential of vascular smooth-muscle
cells may play a critical role in this process. Depolarization
of the smooth muscle opens the voltage-gated calcium chan-
nels, increasing the cytosolic calcium concentration, whereas
hyperpolarization closes these channels. Because sustained
vasoconstriction requires extracellular calcium, membrane

Fig. (3). Ageing and inflammation-coagulation network during sepsis.
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hyperpolarization prevents vasoconstriction even in the pres-
ence of vasoconstrictor ligands. Potassium channels contrib-
ute to the membrane potential of vascular smooth-muscle
cells [46,47]. ATP sensitive potassium channels open if the
cellular concentration of ATP decreases, causing hyperpo-
larization and preventing vasoconstriction [47]. Such chan-
nels are activated during sepsis because of tissue hypoxia,
cellular acidosis and mitochondrial dysfunction, and also
through neurohormonal activators like atrial natriuretic pep-
tide, calcitonin gene-related peptide, and adenosine [47].
Nitric oxide induced during sepsis can also activate these
channels through a cyclic guanosine monophosphate de-
pendent mechanism, and it can activate other potassium
channels [48]. Aging is associated with a more severe vaso-
dilatory shock during sepsis, probably because of increased
mitochondrial dysfunction and nitric oxide production [34].

Sepsis-associated myocardial depression is due to several
factors including TNF, nitric oxide and probably other in-
flammatory cytokines like IL-1 and IL-6 which have a nega-
tive inotropic effect [49,50,51]. Microcirculatory inflamma-
tion of the myocardium produces a local activation of neu-
trophils that result in cardiovascular tissue injury through a
cytotoxic mechanism [52,53]. Saito et al. found an increased
endotoxin induction of IL-1 and IL-6 in the cardiac endothe-

lium of aged mice [54]. Recently Rozenberg et al. [55] found
that a low dose of endotoxin induces severe myocardial dys-
function in senescent rats. Rosas et al. demonstrated that
advanced age is associated with augmented cardiac beta-
adrenergic depression [56]. All these studies confirmed a
significant increase in septic shock-related mortality during
aging. This is the result of increased sepsis-related cardio-
vascular stress on pulmonary and cardiovascular systems
with reduced physiological reserve and stress tolerance [56].

CLINICAL IMPACTS

The pathophysiological considerations discussed previ-
ously may explain why several clinical studies have shown
that the epidemiology, clinical presentation and outcome of
severe sepsis in the elderly is particular [57].

Girard et al. recently reviewed the epidemiology of sep-
sis in the elderly [57], founding an increase in the incidence
of sepsis with increasing age. Angus et al. evaluated the epi-
demiology of sepsis in 192,980 patients, finding an incidence
of 3 cases/1000 population [58]. When considering patients
over 85, the incidence increased to 26 cases/1000 population,
more than 100 times higher than that found among patients
aging from 5 to 14 years old [58].
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In regard to the microbiological pattern of sepsis in the
elderly, Martin et al. found an increased risk of infections
due to Gram-negative organisms in elderly patients, and an
increased incidence of pulmonary and genito-urinary infec-
tions [59].

The clinical presentation of sepsis in the elderly is chal-
lenging to diagnose even when the signs of systemic in-
flammatory response are evaluated carefully [57]. Elderly
patients often show an initial blunted inflammatory response
that later becomes suddenly very severe with progression to
septic shock[2,57,60]. Initial signs of systemic inflammatory
response, like fever, may be blunted or absent in the elderly.
Gleckman et al., studying 192 patients aging more than 65
years old with bacteremia and 128 bacteremic patients below
65 years of age, found that fever was absent in 13% of eld-
erly patients and in 4% of young and adult patient [61]. Cas-
tle et al. evaluated the trend of body temperature during 69
infective episodes in 26 elderly patients [62]. In 47% of the
infective episodes the fever response was blunted with a
peak body temperature below 101°F (38.3°C) [62], even if
89% of the infective episodes had a peak body temperature
greater than 37.2°C. The authors suggested that a lower fever
threshold be considered in nursing home residents [62].
Miller et al. investigated the possible pathogenesis of this
blunted fever response founding a blunted hypothalamic
response to TNF-alpha in theaged mice [63]. Other signs of
systemic inflammatory response may be blunted as well [63].
In 1996 Chassagne et al. found statistically fewer symp-
toms in elderly infected patients than in young ones; a logis-
tic regression analysis considering 16 common clinical or
biological signs, showed four variables as significantly and
independently associated with bacteraemia in the elderly:
rapid onset of infection, fever, altered general state and clini-
cal indication of the source of infection [60]. Other authors
pointed out that non-specific clinical expressions of infection
including delirium, weakness, anorexia, malaise, falls, uri-
nary incontinence are common in elderly patients [57,64].

The switch to severe sepsis is usually associated with a
more profound vasodilatory hypotension in elderly patients,
probably because of a different response to pathogen-
associated molecular patterns [2]. Krabbe et al. compared the
response to endotoxin in aged and adult volunteers [65].
Aged volunteers had more severe and prolonged hypotension
associated with a higher production of reactive C protein and
TNF alpha [65]. Many factors could explain the severe car-
diovascular involvement observed in elderly severely septic
patients. Several studies documented an increased produc-
tion of IL-6, IL-1 and nitric oxide during severe sepsis in
elderly patients [66,68]. The increased total production of
such cytokines challenges the observation that a single leu-
kocyte of the elderly produces fewer cytokines [14,15,68]. A
more diffuse involvement of leukocytes and of other cells
able to produce such cytokines (like endothelial cells) in the
elderly could explain this contradiction. IL-6 and IL-1 are
well known factors reducing myocardial contractility, while
nitric oxide is a powerful vasodilation mediator [49,51]. The
increased amount of these mediators in the elderly acts on a
cardiovascular system submitted to the pathophysiologic
changes of aging and therefore with a reduced stress toler-
ance. The result is that the heart of an aged septic patient
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may not be able to provide the increase in cardiac output
required by the septic syndrome because of impending
ischemic wall dysfunction, heart failure or aging associated
diastolic failure.

A large number of prospective and retrospective studies
have shown increased sepsis-associated mortality in elderly
patients with values ranging from 20% to 40% [57,69]. The
fact that age is an important factor in sepsis outcome is fur-
ther confirmed by all the internationally validated severity
scores which include age among the sepsis severity and mor-
tality influencing variables. It is well known that the elderly
have less tolerance to endotoxemia. Opal et al. measured
plasma concentrations of endotoxin before starting therapy
with an IL-1 antagonist [70]. Endotoxemia did not affect
outcome in patients under 65 years of age, but significantly
increased mortality in ones over 65. Tateda et al. confirmed
this observation in an experimental study evaluating the re-
sponse to endotoxin of aged and young mice [71]. They
found greater endotoxin lethality among old mice that also
had higher concentrations of TNF-alpha, IL-6 and IL-1 [71].
This different response to endotoxin in the elderly may de-
rive from a different inflammatory response due to immu-
nosenescence, more severe hemodynamic and respiratory
impairment, reduced functional supply of many tissues and
greater mitochondrial dysfunction resulting in enhanced
apoptosis.

The outcome of patients surviving sepsis seems also
more severe if they are elderly. In a recent trial Ely et al.
found that 45% of patients >75 years who survived sepsis
were transferred to a nursing home and 11% to another hos-
pital [43].

THERAPEUTIC CONSIDERATIONS

Physicians should treat elderly patients with severe sepsis
and septic shock according to the internationally recom-
mended guidelines [72] while keeping in mind their peculiar
pathophysiology. Treatment of sepsis includes not only phar-
macologic therapy, but also other strategies such as source
control and supportive therapies like fluid therapy, mech-
anical ventilation and artificial nutrition. Appropriate source
control of infection is fundamental if a focus of infection
amenable to surgical or interventional treatment is identified.
Source control measures include removal of infected foreign
bodies (intravascular catheters), drainage of abscesses or
fluid collections and definitive management of anatomical
derangements sustaining microbial contamination. Mechani-
cal ventilation is indicated in case of severe respiratory fail-
ure. Protocols based on low tidal volumes have resulted in
decreased mortality, duration of mechanical ventilation and
IL-6 in patients with ARDS. Such protocols have been advo-
cated for prevention of ALI and ARDS in septic patients.

Specific considerations are necessary regarding treatment
of severe sepsis and septic shock in elderly patients:

Goal Directed Therapy

A recent randomized study demonstrated a significant
reduction in mortality if early resuscitation is started as soon
as severe sepsis is diagnosed aiming at central venous pres-
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sure of 8-12 mmHg, mean arterial pressure >65mmHg, urine
output >0.5mL/kg/h and central venous oxygen saturation
>70% [73]. These targets were achieved with aggressive
fluid therapy, dobutamine and hemotransfusions. These tar-
gets should probably remain the same in elderly patients, and
there are several considerations about the means to achieve
these targets. The increased cardiac output necessary during
sepsis can be obtained in elderly patients mainly by increas-
ing systolic output, because the heart rate increases less than
in the young; tachycardia may not produce significant in-
creases in cardiac output because of the diastolic dysfunction
associated with aging [74]. The main mechanism available to
the elderly patient to increase systolic output is the Starling
effect produced by the increase in left ventricular preload
[74]. Therefore it is crucial to maintain adequate cardiac fill-
ing when the aged patient needs to increase his cardiac out-
put, like during sepsis. Although excess fluid administration
should be avoided, under-resuscitation should also be
avoided, therefore liberal amounts of intravenous fluids
should be administered under central venous pressure moni-
toring during initial resuscitation to sustain organ perfusion,
keeping in mind that older patients are often dehydrated. On
the other hand, amines like dobutamine should be used with
caution in elderly patients because of the risk of silent coro-
nary artery disease and because the effective benefits of such
amines is less pronounced in the elderly than in the young
given the relative resistance to beta stimulation characteristic
of the aged heart [56]. The role of hemotransfusion is a ques-
tion of debate [73,75,76]. The target hemoglobin level in the
absence of tissue hypoperfusion, active bleeding and coro-
nary artery disease should be 7-9 g/dL according to a large
trial published in 1999 [75]. In case of myocardial infarction
hemoglobin levels of 10-11g/dL were associated with higher
survival rates [76]. If hypoperfusion is underway the hemo-
globin target should be around 10 g/dL [73]. Elderly people
have a high prevalence of coronary artery disease that is of-
ten silent, this consideration should aim at a proper hemo-
globin target.

Antibiotic Therapy

The general clinical picture of the elderly decreases the
chances of an early diagnosis of sepsis. As soon as the diag-
nosis occurs, appropriate cultures should be obtained before
antimicrobial therapy is initiated. In older patients it is often
difficult to identify the source of infection due to the paucity
of symptoms related to some kind of infection like those
involving the urinary tract. Empirical antibiotic therapy
should be started within one hour of the diagnosis of sepsis
after culture sampling. Because inadequate initial antibiotic
therapy is associated with poor outcome at all ages, the ini-
tial antibiotic therapy should have a broad spectrum against
all probable pathogens [77].

Often sepsis is caused by multiresistant microorganisms
in elderly patients [57]. They enter the microbial flora of
older patients after repeated antibiotic exposure due to co-
morbid conditions, immunocompromised states, residence in
nursing homes, repeated hospitalizations and use of invasive
devices. The high incidence of sepsis due to multiresistant
microorganisms in aged patients should guide the choice of
initial empirical therapy toward combination therapy using
antibiotics active against such microorganisms. Aging is
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usually associated with a prevalence of Gram-negative infec-
tions, even if a high incidence of multiresistant Gram-
positive strains has been observed in older patients. There-
fore appropriate initial empirical therapy should address both
Gram-negative and Gram-positive bacteria, including drug-
resistant strains [57]. De-escalation to monotherapy can be
considered once the causative organism has been identified.

In older septic patients pharmacokinetics and pharma-
codynamics of antibiotics can be modified by age-related
renal alterations, reduction in lean body mass and hepatic
blood flow [78]. These abnormalities increase the risk of
antibiotic-related adverse effects. Physicians should monitor
antibiotic blood concentrations when possible to titrate the
appropriate dose according to metabolic changes [78]. The
concentration of time-dependent antibiotics (beta-lactams,
glycopepetides, linezolid) should be maintained 2-5 times
above the minimal inhibent concentration (MIC) for the spe-
cific pathogen during 40-100% of the time between two con-
secutive boluses. This target could be achieved using a con-
tinuous intravenous infusion. Whereas concentration de-
pendent antibiotics (metronidazole, quinolones, aminoglyco-
sides) should have a maximum plasmatic concentration
(Cmax) at least 10 times the MIC for the specific pathogen.
This can be obtained using high bolus dose. In particular,
aminoglycosides, which are also concentration-dependent,
are better administered once daily to reduce the risk of renal
failure and choclear impairment.

Activated Protein C

A randomized trial published in 2001 demonstrated a
significant reduction in mortality when activated protein C
was used in the treatment of severe sepsis and septic shock
3. Such benefit involved aged patients as a consequence of
their severe sepsis-related coagulation abnormalities. Inter-
national guidelines recommend treating septic patients at
high risk for death (APACHE score >25), with septic shock,
dysfunction of at least two organs and sepsis-induced ARDS
with activated protein C [72]. The pharmacodynamics of
activated protein C include anticoagulant, profibrinolytic,
anti-inflammatory and anti-apoptotic effects. These mecha-
nisms may be particularly beneficial considering the patho-
physiology of sepsis in the elderly which is associated with
pronounced alterations of the coagulant, fibrinolytic and
apoptotic systems, as previously stated.

Steroids

Improved mortality rates have been reported in patients
with relative adrenal insufficiency treated with low-dose
hydrocortisone [79]. Caution and appropriate dosing of glu-
cocorticoid are suggested when considering aging-associated
immunologic changes [57]. The use of high dose glucocorti-
coid results in immunodepression, poor glucose control and
myoneuropathy, therefore this regimen is particularly contra-
indicated in elderly septic patients.

Glucose Control

International guidelines recommend the maintenance of
blood glucose level <150 mg/dL with continuous intrave-
nous infusion of insulin and glucose [72]. A previous trial
demonstrated a significant reduction in mortality when the
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blood glucose level was kept between 80 and 110 mg/dL in
the postoperative period [80]. High glucose levels could im-
pair immunologic response and enhance sepsis-related co-
agulopathy. The surviving sepsis campaign suggested a
higher target of blood glucose level to avoid the risk of hy-
poglycaemia [72]. Such a risk is particularly common in eld-
erly septic patients submitted to insulin infusion, therefore
the target of 150 mg/dL seems to be safer in such patients.

Sedatives and Analgesics

Older patients usually experience anxiety, pain and delir-
ium during sepsis, requiring sedatives and analgesic drugs.
However, inappropriate use of these drugs can delay the
weaning from mechanical ventilation [81, 82]. Sedatives and
analgesics should be administered under a sedation scale
monitoring, using intermittent bolus regimens or daily inter-
ruptions of continuous infusion sedation [72]. Benzodiazepi-
nes may produce paradoxical reactions in older patients with
anxiety and psychomotor agitation. Neuroleptic drugs are
indicated in case of delirium in aged septic patients.

CONCLUSIONS

Aging is associated with a peculiar pathophysiology of
sepsis involving immunosenescence with cardiovascular,
metabolic, apoptotic, clinical and therapeutic implications
[2,57]. Physicians should remember that they are not con-
fronting sepsis, but always septic patients. Sepsis is a syn-
drome with important pathophysiological and clinical differ-
ences, depending on the specific characteristics of affected
patients. Aging is probably one of the most important of
these characteristics including also genetic polymorphisms.
The PIRO approach to sepsis has recently included such
considerations, even if a more diffuse awareness should be
achieved in clinical practice [83,86]. The demographic
changes going on today will probably increase the incidence
and mortality of sepsis since it will affect older patients.
Therefore, research on therapeutic strategies with particular
benefits to this group of patients should be encouraged in the
near future.

REFERENCES

[1] Commission on Behavioural and Social Sciences and Education,
National research council. Demography of aging. Martin, L.G.,
Preston, S.H. Eds. (1994). National Academy Press, Washington
D.C.

[2] Opal, S.O.; Girard, D.T.; Ely, EW. (2005) Clin. Inf. Dis., 41,
S504-S512.

[3] Tulli, G. (2003) Minerva. Anestesiol., 69, 35-65.

[4] Tetta, C.; Fonsato, V.; Ronco, C.; Camussi, G. (2005) Crit. Care
Resusc., 7, 32-39.

[5] Medzhitov, R.; Janeway, C. (2002) New Engl. J. Med., 343(5),
338-344.

[6] Matsuda, N.; Hattori, Y. (2006) J. Pharmacol. Sci., 101, 189-198.

[7] Schwandner, R.; Dziarski, R.; Wesche, H.; Rothe, M.; Kirschning,
C.J. (1999) J.Biol. Chem., 274, 17406-17409.

[8] Alexopoulou, L.; Holt, A.C.; Medzhitov, R.; Flavall, R.A. (2001)
Nature, 413, 732-738.

[9] Beutler, B. (2002) Curr. Opin. Immunol., 12, 20-26.

[10] Hayashi, F.; Smith, K.D.; Ozinsky, A.; Hawn, T.R.; Yi, E.C;
Goodlett, D.R., Eng, J.K.; Akira, S.; Underhill, D.M.; Aderem, A.
(2001) Nature, 410, 1099-1103.

[11] Hemmi, H.; Kaisho, T.; Takeuchi, O.; Sato, S.; Sanjo, H.; Hoshino,
K.; Horiuchi, T.; Tomizawa, H.; Takeda, K.; Akira, S. (2002) Nat.
Immunol., 3, 196-200.

[12]
[13]
[14]

[15]

[16]
[17]
[18]

[19]
[20]

[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]

[32]
[33]

[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]

[48]

[49]
[50]

[51]

Current Drug Targets, 2009, Vol. 10, No.1 69

Nicholson, K.G.; Kent, K.J.; Hmmersley, V.; Cancio, E. (1997) Br.
Med. J., 315, 1060.

Renshaw, M.; Rockwell, J.; Engleman, C.; Gewirtz, A.; Katz, J.;
Sambhara, S. (2002) J. Immnol., 169, 4697-4701.

Boehmer, E.D.; Goral, J.; Faunce, D.E. and Kovacs, E.J. (2004) J.
Leukoc. Biol., 75, 342-349.

Chelvarajan, R.L.; Liu, Y.; Popa, D.; Getchell, M.L.; Getchell,
T,V.; Stromberg, A.J.; Bondada, S. (2006) J. Leukoc. Biol., 79,
1314-1327.

Boehmer, E.D.; Meehan, M.J.; Cutro, B.T.; Kovacs, E.J. (2005)
Mech. Ageing. Dev., 126, 1305-1313.

Fulop, T.; Larbi, A.; Douziech, N.; Fortin, C.; Guerard, K,P.;
Lesur, O.; Khalil, A.; Dupuis, G. (2004) Aging Cell B., 217-226.
Plackett, T.P.; Boehmer, E.D.; Faunce, D.E.; Kovacs, E.J. (2004) J.
Leukoc. Biol., 76, 291-299.

Solana, R.; Mariani, E. (2002) Vaccine, 18, 1613-1620.
Grubeck-Loebenstein, B.; Wick, G. (2002) Adv. Immunol., 80, 243-
284.

Fry, T.J.; Mackall, C.L. (2002) Springer Semin. Immunopathol., 24,
7-22.

Douek, D.C.; Koup, R.A. (2002) Vaccine, 18, 1638-1641.
Sandmand, M.; Bruunsgaard, H.; Kemp, K.; Andersen-Ranberg,
K.; Pedersen, A.N.; Skinhoj, P.; Pedersen, B.K. (2002) Clin. Exp.
Immunol., 127, 107-14.

Plackett, P.; Schilling, E.M.; Faunce, D.E.; Choudhry, M.A.; Witte,
P.L.; Kovacs, E.J. (2003) Aging FASEB J. 17, 688-689.
Mascarucci, P.; Taub, D.; Saccani, S.; Paloma, M.A.; Dawson, H.;
Roth, G.S.; Ingram, D.K.; Lane, M.A. (2001) Aging, 13, 85-94.
Weksler, M.E.; Goodhardt, M.; Szabo, P. (2002) Springer Semin.
Immunopathol., 24, 35-52.

Weksler, M.E. (2002) Accine, 18, 1624-1628.

Cho, S.G.; Choi, E.J. (2002) J. Biochem. Mol. Biol., 35, 24-27.
Arends, M.J.; Wyllie, A.H. (1991) Int. Rev. Exp. Path., 32, 223-
354.

Kaufmann, S.H.; Hengartner, M.O. (2001) Trends Cell Biol., 11,
526-534.

Li, P.; Nijhawan, D.; Budihardjo, I.; Srinivasula, S.M.; Ahmad, M.;
Alnemri, E.S.; Wang, X. (1996) Cell, 91, 479-489.

Chang, L.; Karin, M. (2001) Nature, 410, 37-40.

Turnbull, I.R.; Buchman, T.G.; Javadi, P.; Woolsey, C.A.; Hot-
chkiss, R.S.; Karl, I.E. (2006) Shock, 22, 364-368.

Escames, G.; Le6n, J.; Macias, M.; Khaldy, H.; Castroviejo, D.A.
FASEB J., Published online March 28, 2003.

Mavrommatis, A.C.; Theodoris, T.; Orfanidou, A.; Roussos, C.;
Christopoulou-Kokkinou, V.; Zakynthinos, S. (2000) Crit. Care
Med., 28, 451-457.

Esmon, C.T. (2000) Blood, 96, 1113-1116.

Yamamoto, K.; Shimokawa, T.; Yi, H.; Isobe, K.; Kojima, T.;
Loskutoff, D.J.; Saito, H. (2002) AJP, 161, 1805-1814.

Aird, W.C. (2001) Crit. Care Med., 29, S28-S35.

Opal, S.M.; Esmon, C. (2003) Crit. Care., 7, 23-38.

Smiley, S.T.; King, J.A.; Hancock, W.W. (2001) J. Immunol., 167,
2887-2894.

Cohen, H.J.; Harris, T.; Pieper, C.F. (2003) Am. J. Med., 114, 180-
187.

Mari, D.; Mannucci, P.M.; Coppola, R.; Bottasso, B.; Bauer, K.A.;
Rosenberg, R.D. (1995) Blood, 85, 3144-3149.

Ely, EW.; Angus, D.C.; Williams, M.D.; Bates, B.; Qualy, R;;
Bernard, G.R. (2003) Clin. Infect. Dis., 37, 187-195.

Landry, D.W.; Oliver, J.A. (2001) N. Engl. J. Med., 345, 587-595.
Surks, H.K.; Mochizuki, N.; Kasai, Y.; Georgescu, S.P.; Tang,
K.M.; Ito, M.; Lincoln, T.M.; Mendelsohn, M.E. (1999) Science,
286, 1583-1587.

Jackson, W.F. (2000) Hypertension, 35,173-178.

Quayle, J.M.; Nelson, M.T.; Standen, N.B. (1997) Physiol. Rev.,
77,1165-1232.

Ochoa, J.B.; Udekwu, A.O.; Billiar, T.R.; Curran, R.D.; Cerra,
F.B.; Simmons, R.L.; Peitzman, A.B. (1991) Ann. Surg., 214, 621-
626.

Kumar, A.; Thota, V.; Dee, L.; Olson, J.; Uretz, E.; Parrillo, J.E.
(1996) J. Exp. Med., 183, 949-958.

Finkel, M.S.; Oddis, C.V.; Jacob, T.D.; Watkins, S.C.; Hattler,
B.G.; Simmons, R.L. (1992) Science, 257, 387-389.

Finkel, M.S.; Hoffman, R.A.; Shen, L.; Oddis, C.V.; Simmons,
R.L.; Hattler, B.G.,(1993) Am. J. Cardiol., 71, 1231-1232



70 Current Drug Targets, 2009, Vol. 10, No. 1

[52]

[53]
[54]

[55]

[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]

[65]

[66]
[67]

[68]

[69]

[70]

Smith, C.W.; Entman, M.L.; Lane, C.L.; Beaudet, A.L.; Ty, T.l;
Youker, K.; Hawkins, H.K.; Anderson, D.C. (1991) J. Clin. Invest.,
88, 1216-1223.

Mantovani, A.; Bussolino, F.; Dejana, E. (1992) FASEB J., 6,
2591-2599.

Saito, H.; Papaconstantinou, J. (2006) J. Biol. Chem., 276, 29307-
29312.

Rozenberg, S.; Besse, S.; Brisson, H.; Jozefowicz, E.; Kandoussi,
A.; Mebazaa, A.; Riou, B.; Vallet, B.; Tavernier, B. (2006) Crit.
Care, 10, R124.

Rosas, G.O.; Zieman, S.J.; Donabedian, M.; Vandegaer, K.; Hare,
J.M. (2001) J. Mol. Cell Cardiol., 33, 1849-1859.

Girard, T.D.; Opal, S.M.; Ely, E.W. (2005) Clin. Infect Dis.,
40,719-727.

Angus, D.C.; Linde-Zwirble, W.T.; Lidicker, J.; Clermonte, G.;
Carcillo, J.; Pinsky, M.R. (2001) Crit. Care Med., 29, 1303-1310.
Martin, G.S.; Mannino, D.M.; Eaton, S.; Moss, M. (2003) N. Engl.
J. Med., 348, 1546-54.

Chassagne, P.; Perol, M.B.; Doucet, J.; Trivalle, C.; Menard, J.F.;
Manchon, N.D. ; Moynot, Y.; Humbert, G.; Bourreille, J.; Bercoff,
E. (1996) Am. J. Med., 100, 65-70.

Gleckman, R.; Hibert, D. (1982) JAMA 248, 1478-1481.

Castle, S.C.; Norman, D.C.; Yeh, M.; Miller, D.; Yoshikawa, T.T.
(1991) J. Am. Geriatr. Soc., 39, 853-857.

Miller, D.; Yoshikawa, T.; Castle, S.C.; Norman, D. (1991) J.
Gerontol., 46: M176-179.

Rajagopalan, S.; Yoshikawa, T.T. (2001) Med. Clin. North Am.,
85,133-147.

Krabbe, K.S.; Bruunsgaard, H.; Quist, J.; Hansen C.M.; Mgller, K.;
Fonsmark, L.; Madsen, P.L.; Kronborg, G.; Frandsen, U.; Ander-
sen, H.@.; Skinhgj, P.; Pedersen, B.K. (2001) Eur. J. Anaesthesiol.,
18, 572-575.

Marik, P.E.; Zaloga, G.P. (1999) J. Am. Geriatr. Soc., 49, 5-9.
Chang, H.N.; Wang, S.R.; Chiang, S.C.; Teng, W.J.; Chen, M.L,;
Tsai, JJ. ; Huang, D.F. ; Lin, H.Y.; Tsai, Y.Y. (1996) J. Gerontol.
A .Biol. Sci. Med. Sci., 51, M220-222.

Chorinchath, B.B.; Kong, L.Y.; Mao, L.; McCallum, R.E. (1996) J.
Immunol., 156, 1525-1530.

Knaus, W.A.; Harrell, F.E.; Fisher, C.J. Jr.; Wagner, D.P.; Opal,
S.M.; Sadoff, J.C.; Draper, E.A.; Walawander, C.A.; Conboy, K.;
Grasela, T.H. (1993) JAMA, 270, 1233-1241.

Opal, S.M.; Scannon, P.J.; Vincent, J.L. ; White, M. ; Carroll, S.F. ;
Palardy, J.E. ; Parejo, N.A. ; Pribble, J.P.; Lemke, J.H. (1999) J.
Infect. Dis., 180, 1584-1589.

[71]

[72]

[73]

[74]

[75]

[76]
[77]

[78]
[79]

[80]

[81]

(82]

[83]
[84]
[85]

[86]

A.R. De Gaudio

Tateda, K.; Matsumoto, T.; Miyazaki, S.; Yamaguchi, K. (1996)
Infect. Immun., 64, 769-774.

Dellinger, R.P.; Carlet, J.M..; Masur, H.; Gerlach, H.; Calandra, T.;
Cohen, J.; Gea-Banacloche, J.; Keh, D.; Marshall, J.C.; Parker,
M.M.; Ramsay, G.; Zimmerman, J.L.; Vincent, J.L.; Levy, M.M.;
(2004) Crit. Care Med., 32, 858-873.

Rivers, E.; Nguyen, B.; Havstad, S.; Ressler, J.; Muzzin, A.; Kno-
blich, B.; Peterson, E.; Tomlanovich, M. (2001) N. Engl. J. Med.,
344, 699-709.

Port, S.; Cobb, F.R.; Coleman, R.E.; Jones, R.H. (1980) N. Engl. J.
Med., 303, 1133.

Hebert, P.C.; Wells, G.; Blajchman, M.A.; Marshall, J.; Martin, C.;
Pagliarello, G.; Tweeddale, M.; Schweitzer, |.; Yetisir, E. (1999) N.
Engl. J. Med., 340, 409-417.

Wu, W.C.; Rathore, S.S.; Wang, Y.; Radford, M. J.; Krumholz, H.
M. (2001) N. Engl. J. Med., 345, 1230-1236.

Harbarth, S.; Garbino, J.; Pugin, J.; Romand, J.A.; Lew, D.; Pitter,
D. (2003) Am. J. Med., 115, 529-535.

Mc Cue, J.D. (1999) Clin. Infect. Dis., 28, 750-752.

Annane, D.; Sebille, V.; Charpentier, C.; Bollaert, P.E.; Francois,
B. ; Korach, J.M. ; Capellier, G. ; Cohen, Y. ; Azoulay, E. ; Troché,
G.; Chaumet-Riffaud, P.; Bellissant, E. (2002) JAMA, 288, 862-
871.

van den Berghe, G.; Wouters, P.; Weekers, F.; Verwaest, C.;
Bruyninckx, F.; Schetz, M.; Vlasselaers, D.; Ferdinande, P.; Lau-
wers, P.; Bouillon, R. (2001) N. Engl. J. Med., 345, 1359-1367.
Kress, J.P.; Pohlman, A. S.; O’Connor, M.F.; Hall, J.B. (2003) N.
Engl. J. Med., 342, 1471-1477.

Ely, EW.; Truman, B.; Shintani, A.; Thomason, JW.; Wheeler,
A.P.; Gordon, S.; Francis, J.; Speroff, T.; Gautam, S.; Margolin, R.;
Sessler, C.N.; Dittus, R.S.; Bernard, G.R. (2003) JAMA, 289, 2983-
2991.

Angus, D.C.; Burgner, D.; Wunderink, R.; Mira, J.P.; Gerlach, H.;
Wiedermann, C.J.; Vincent, J.L. (2003) Crit. Care, 7, 248-251.
Vincent, J.L.; Opal, S.; Torres, A.; Bonten, M.; Cohen, J.; Wunder-
ink, R. (2003) Crit. Care,7, 252-255

Gerlach, H.; Dhainaut, J.F.; Harbarth, S.; Reinhart, K.; Marshall,
J.C.; Levy, M.T. (2003) Crit. Care., 7, 256-259.

Vincent, J.L.; Wendon, J.; Groeneveld, J.; Marshall, J.C.; Streat, S.;
Carlet, J. (2003) Crit. Care, 7, 260-264.

Received: May 2, 2008

Revised: December 2, 2008

Accepted: December 2, 2008



