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I. Sepsis: Definitions determine scientific
direction

By some reckoning, the modern field of
sepsis biology started exactly 11 years ago in
Chicago, August 1991, with the proposal of a
consensus definition of sepsis and related
conditions (bacteremia, severe sepsis, septic
shock, multiple organ dysfunction syndrome,
and a new term, systemic inflammatory
response syndrome) [1]. The core definition of
sepsis applied to infected patients with at least
two of the hallmark clinical features; fever (or
hypothermia), tachycardia, tachypnea (or
hyperventilation), and leukocytosis (or
leukopenia or bandemia).  Although the
definition invoked only clinical signs, a clear
effort was made to provide a conceptual
framework for defining sepsis as “the systemic
inflammatory response to infection” [2].
Sharper resolution of human inflammation into
the interlocking innate and adaptive immune
responses led to the well-accepted mechanistic
definition of sepsis as representing a broad
dysregulation of innate immunity with
consequent activation of systemic
inflammatory signals (Figure 1). Sepsis
research over the subsequent decade has been
dominated by this central paradigm, begging
the question: How helpful has this paradigm
been in making inroads towards a reduction in
sepsis mortality?
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Figure 1: Current working model of sepsis etiology.

The innate immune response developed
in primitive metazoans, presumably long
before the appearance of adaptive immunity.
The evolutionary roots of human sepsis can
therefore at least in part be traced back to the
innate response of the well-studied Dipterin, D.
melanogaster. Upon invasion of this fly with
a pathogenic microbe, at least three distinct
pathways are initiated. The earliest response is
the activation of two proteolytic pathways
which lead to coagulation and melanization,
respectively. Coagulation is thought to present
arapid containment mechanism which seals off
the primitive hemolymphatic system from
further microbial invasion, whereas activation
of phenoloxidase generates microbicidal
oxidants and melanin. Second, professional
phagocytes are recruited and activated, and
lastly, a battery of antibacterial and antifungal
agents are synthesized de novo, largely in the
fat body, a functional homolog of our liver.

In overall scope, the human innate
response closely patterns that of the fly.
Ligation of a limited number of pattern
recognition receptors triggers the activation of
two related proteolytic cascades, those of
coagulation and complement (reviewed in [ 3]).
While the adaptive value of coagulation may
still lie in the sequestering of infecting
microbes, a clearly pathologic vestige of this
response occurs during disseminated
intravascular coagulation (DIC). Similar to the
Drosophila  response, granulocytes and
monocytes are recruited through specific
adhesion molecules and are activated through
both endogenous and microbial ligands. This
cellular response defines acute inflammation,
which again appears to be overactivated in the
progression of sepsis. Lastly, transactivation of
a large number of genes leads to the de novo
production of microbicidal and intercellular
signaling proteins, typified by cytokines and
chemokines. Many if not most of these acute



phase genes are transactivated by NF-kB,
receiving upstream signals from innate
immunity receptors such as Toll-like receptor
(TLR)-4 (endotoxin) and the IL-1 receptor [4].
Interestingly, the Drosophila orthologs of this
pathway, leading from the Toll receptor to the
Rel family member Dorsal, were originally
identified by their ability to control dorso-
ventral patterning of the developing fly larva.
Only later were mutants of Toll identified
which allowed normal development but
abrogated the innate immune response to fungi
[5], thus providing further evolutionary
evidence for the prominence of NF-kB in
innate immunity.

In complex vertebrate systems, perhaps
more so than in the fly, the various arms of
innate immune defense appear to feed back and
regulate each other in both positive and
negative fashion, hence presenting multiple
opportunities for dysregulation with resultant
emergence of sepsis. Conversely, intervention
with one arm of innate immunity has been
assumed to decrease activation of the other
arms, thus forming the rationale for current
therapeutic trials in sepsis.

II. Coagulation: Vicious cycle or local
phenomenon?

In cases where infection leads to sepsis,
coagulation is often triggered in many organs
in a diffuse rather than localized pattern,
leading to DIC. That DIC can result from
activation of innate immunity is supported by
studies of normal humans injected with the
prototypical TLR4 ligand endotoxin. The
response includes not only signs of sepsis
(fever, tachycardia) and CNS depression
(sleepiness, mild amnesia) but also activation
of thrombin (a rise in circulating
thrombin/antithrombin complexes and in the
F1+2 prothrombin fragment) [6].

DIC affords an attractive target for

clinical intervention for several reasons. First,
its severity correlates roughly with the severity
of sepsis, and secondly, DIC is a sustained
rather than transient process, offering in theory
a wide window of time for pharmacologic
intervention (although in practice this does not
appear correct). In addition, its final common
mediator, thrombin, has direct proinflammatory
effects independent of its ability to promote
thrombosis. Thrombin, for instance, directly
stimulates peripheral blood mononuclear cells
and endothelial cells to release the potent
neutrophil chemokine IL-8 and the
procoagulant cytokine IL-6 [7], and stimulates
endothelial cells to activate NF-xB with
subsequent expression of leukocyte adhesion
proteins such as ICAM-1 and E-selectin [8].
Thrombin also initiates rapid signaling in
endothelial cells such as the translocation of P-
selectin to the surface of cells and synthesis of
platelet activating factor (PAF).

To directly stimulate immune-
modulating cells such as mononuclear and
endothelial cells, a thrombin receptor was
hypothesized and subsequently cloned [9].
Eventually, a family of protease-activated
receptors (PAR) was identified, with thrombin
specifically activating PAR1,3, and 4 [10].
PAR1's amino-terminal exodomain was found
to harbor a thrombin cleavage site, and
crystallographic studies confirmed binding of
thrombin’s active site to this motif. Cleavage
at this site released the N-terminal 41 residues,
exposing a new N-terminal peptide with high
affinity for the receptor-binding site. The
formation of such a tethered ligand was found
to be a general mechanism of receptor
activation for the PARs, with downstream
activation of various signaling pathways
including p38 MAPK, PKC, DAG, and NF-xB
[11].

The proinflammatory effects of
coagulation, as typified by the effects of



thrombin on vascular and mononuclear cells,
therefore suggested a “vicious cycle” effect
whereby inflammation increased thrombosis,
and thrombotic factors perpetuated
inflammatory signaling. Several attempts have
therefore been made to interrupt this cycle by
blocking procoagulant factors.

One attempt has been to utilize the
endogenous thrombin antagonist, antithrombin
III (presently antithrombin, AT). AT targets
endothelium-associated thrombin by
simultaneous binding to cell-surface
glycosaminoglycans or heparans and thrombin,
thereby interrupting both fibrinogen cleavage
and PAR signaling. AT has other effects in
vitro, such as binding to the neutrophil receptor
syndecan-4, reducing chemotaxis. Preclinical
animal studies have generally supported the use
of recombinant AT (rAT) in sepsis. For
instance, rAT given 30 min prior to endotoxin
improves lung injury and decreases TNF levels
in rats [12, 13]. Oddly enough, rAT given 1 h
prior to a lethal E.coli challenge in baboons
improved DIC and mortality yet increased TNF
levels [14], suggesting that coagulation and
cytokine release are perhaps not so tightly
coupled.

The use of rAT in sepsis was tested in
the large phase III KyberSept trial, a
randomized, placebo-controlled study of 2314
patients [15]. rAT treatment was initiated early
and infused over 4 d, yet did not improve 28 d
mortality (38.9% rAT, 38.7% placebo). A
post-hoc analysis suggested a significant effect
for patients not receiving exogenous heparin,
raising concerns about the ability of exogenous
heparin to delocalize rAT off of the vascular
surface. However, this effect was not seen at
28 d (only 90 d), and the heparin-related effect
has not been prospectively studied. Although
rAT is presently FDA approved for AT
deficiency, its off-label use in sepsis cannot be
recommended at this point.

An alternative target for intervention in
sepsis has been the tissue factor (TF) complex.
Traditionally considered an extravascular
protein, TF activates plasma factor VII when
the vasculature is breached, to initiate
coagulation through the extrinsic system. More
recently, the TF/VIla complex was found to
activate factor IX, thus initiating the intrinsic
pathway as well. A conceptual link to sepsis
was established when TF was found to be
induced on the surface of endothelial cells by a
number of factors in vitro including endotoxin,
IL-1B, aggregated IgG, and Ifn-y [16-19] and in
splenic microvascular endothelial cells in
septic baboons in vivo [20]. In addition,
inflammatory cytokines increase exocytotic
budding of TF-rich microparticles from
endothelial cells, platelets, and granulocytes.
These microparticles circulate in
meningococcal sepsis and initiate coagulation
in vitro [21].

Like thrombin, the TF/VIla complex
initiates inflammatory signaling independent of
its ability to propagate coagulation. Through
the recruitment and activation of Xa, the cell
surface-bound TF/VIIa/Xacomplex recognizes,
cleaves, and therefore activates a different PAR
family member, PAR2 [22]. As with thrombin,
TF/VIla initiates a broad array of signaling
events, including Ca®" transients, MAPK
activation, Src kinase family activation, and
PI3K and Akt activation [18, 22-24]. Again, a
“vicious cycle” is envisioned whereby
cytokines increase TF production, which in
turn activates inflammatory cells. Indeed,
antibodies against TF improve mortality in the
baboon E.coli sepsis model [25].

Accordingly, the endogenous TF
antagonist Tissue Factor Pathway Inhibitor
(TFPI) has been investigated as a potential anti-
sepsis agent. TFPIis a serine protease inhibitor
(serpin) which first binds Xa, then complexes
with the TF/VIla complex, and therefore



inhibits thrombin formation and presumably
Xa-dependent PAR2 signaling. In preclinical
animal studies, rTFPI appears to afford
protection if given early. For instance, when
given 30 min after E.coli, rTPFI greatly
improved baboon mortality [26]. However,
delaying rTFPI infusion to 4 h after bacterial
challenge worsened mortality considerably.
Likewise, the mortality of septic rabbits
worsens considerably if rTFPI administration is
delayed from 4 to 6 h post-infection [27].
Further, although rTFPI reduces TNF levels in
endotoxemic rats [28], this antiinflammatory
effect may not extend to humans. In normal
volunteers, rTFPI completely blocks
endotoxin-induced thrombin activation, yet has
no effect on TNF, IL-8, MIP-1fB, and MCP-1
levels, or markers of neutrophil or endothelial
cell activation [29, 30]. Importantly, rTFPI
also did not block the clinical signs of sepsis
resulting from endotoxemia. Despite these
observations, the potential of rTFPI to decrease
inflammation during sepsis was strongly
suggested by a large body of preclinical work,
leading to its development as a pharmacologic
agent. The phase II study or rTFPI in severe
sepsis was not powered for mortality, but
showed a nonsignificant 20% relative reduction
in 28 d mortality [31]. However, the phase 11
trial completed last year apparently did not
show a mortality benefit (Chiron press release,
11/01), and rTFPI is presently not
recommended for sepsis.

A third anticoagulant developed for
sepsis is activated protein C (APC). An early
observation which suggested the utility of APC
in sepsis was that dogs placed on ECMO
developed an endogenous anticoagulant which
imparted resistance to subsequent challenge
with E.coli [32]. The anticoagulant was
subsequently identified as APC.  Upon
thrombus formation, the inactive zymogenic
protein C is normally recruited to the vascular

surface through the Endothelial cell Protein C
Receptor (EPCR), while thrombin localizes to
the same site through the transmembrane
protein thrombomodulin. A tetrameric
complex then forms, allowing cleavage of
protein C to APC [33], which in concert with
protein S cleaves and inactivates factors VIIla
and Va and inhibits the antifibrinolytic agents
PAI-1 and TAFI. Formation of APC therefore
constitutes an important negative feedback
loop for the coagulation pathway.

Other observations suggested a
potential link between APC and outcome in
sepsis. First, protein C deficiency was found to
correlate with the onset of the highly lethal
purpura fulminans in meningococcal sepsis,
with shock in septic neutropenic patients, and
with mortality in septic shock [34-36]. Second,
in animal models of sepsis, a deficiency of
APC worsens outcome. Heterozygous protein
C knockout mice are more susceptible to
endotoxin, for instance (M. Levi, unpublished)
and impairment of activation of zymogenic
protein C with antibodies against EPCR
worsens outcome in the baboon E.coli sepsis
model [37]. Finally, TNF decreases
thrombomodulin expression by endothelial
cells in vitro and in vivo in humans [38, 39],
and both thrombomodulin and EPCR are
decreased in immunostains of the endothelium
in patients with meningococcal sepsis [40],
suggesting impairment in the mechanism of
activation of protein C.

Similar to thrombin and the TF/VIla/Xa
complex, APC appears to initiate endothelial
and mononuclear cell signaling independent of
its effects on the coagulation pathway. In
contrast to thrombin and TF, however, the
downstream effects of APC signaling appear to
be antiinflammatory for the most part. APC
inhibits endotoxin and Ifn-y-induced
production of TNF and assembly of Mac-1 in
monocytes, and blocks TNF-induced activation



of NF-xB in monocytic and endothelial cells
[11, 41, 42]. Gene profiling reveals a broad
effect of APC signaling on endothelial cells,
with a decrease in expression of adhesion
proteins (ICAM-1, E-selectin) and immune
modulators (MHC Classl, LT-B, CX3C) and an
upregulation of various antiapoptotic and
prosurvival genes [11].  Recently, such
antiinflammatory signaling was found to
proceed through activation of the thrombin
receptor PAR1 [43], raising interesting
questions concerning the basis for signal
specificity. In vivo, APC has been shown to
decrease endotoxin-induced lung injury and
TNF secretion [44, 45].

The ability of APC to decrease
mortality in human sepsis was tested in the
PROWESS study, which showed a significant
improvement in 28-d mortality (30.8% placebo,
24.7% APC), supporting its use in severe
sepsis [46]. Concerns over study procedural
matters have clouded interpretation of the data,
however. In particular, enrollment criteria
were changed approximately mid-way through
the study including institution of further
exclusions. For example, “moribund” patients
were now excluded. Although the intent was
to minimize enrollment of patients dying from
non-sepsis-related causes, the actual effects of
the mid-term amendments are unclear. There
are notable differences in 28-d mortality and
the prevalence of metabolic acidosis between
the pre- and post-amendment groups, for
instance, whereas the difference between
groups of non-sepsis-related deaths was
minimal (5% vs 4%)[47].

Taken together, the anticoagulation
strategies against sepsis have not proven to
impart as substantial a mortality benefit as
hoped for. While it is possible that the
hypothesis is correct but that a series of
unfortunate logistical problems have
confounded analysis, a reevaluation of the

extent to which a “vicious cycle” contributes to
sepsis seems warranted. Does inflammation
really augment DIC in a substantive way or
does DIC reflect a more direct activation of
coagulation by the innate immune system, as it
does in flies? While abundant data support the
activation of local coagulation by local
inflammation, the evidence for a systemic
connection is weaker. Primates injected with
endotoxin, for instance, develop a prominent
cytokine response and a DIC-like picture:
antibodies against TNF decrease TNF, IL-6 and
IL-8 levels but have no effect on thrombin
generation and in fact suppress the fibrinolytic
system, worsening the procoagulant profile
[48]. Conversely, intradermal injection of TNF
increases adhesion protein expression and
leukocyte sequestration in humans, but does
not elicit thrombosis [38]. Similarly, severely
neutropenic patients, who by definition have
little or no acute inflammatory response,
develop severe DIC and robust thrombin
activation [49], suggesting a separation of DIC
from inflammation.

On the reverse side of the vicious cycle,
does thrombosis perpetuate systemic
inflammation? As mentioned above, rTFPI
even given early completely blocks activation
of the coagulation system by endotoxin in
humans, yet has absolutely no effect on the
release of a number of proinflammatory
cytokines or markers of neutrophil and
endothelial cell activation [29, 30]. Similar
studies in endotoxemic chimpanzees
demonstrate that antibodies against IL-6
potently decrease thrombin generation but have
no effect on the release of TNF and IL-8 [50].
The difficulty encountered by groups trying to
demonstrate a survival advantage with
anticlotting agents may reflect a limited role for
DIC in perpetuating many cases of sepsis. The
case for treatment with such agents has often
been developed using intensely DIC-driven



models such as baboon E.coli sepsis, which in
some respects is akin to human
meningococcemia. Ultimately, antithrombotic
therapy may find maximum utility in the
treatment of that part of the spectrum of human
sepsis associated with such severe DIC.

III. Anti-leukocyte strategies: A double-
edged sword

The histologic hallmarks of acute
inflammation—congregation of inflammatory
cells and tissue injury-reflect leukocyte
recruitment and activation, respectively. To
the extent that sepsis is considered an
inflammatory disorder, leukocytes become
potential pharmacologic targets. The science
of leukocyte trafficking has advanced
considerably in recent years, and the
recruitment and activation of inflammatory
cells is now understood to occur
simultaneously. In vivo, the leukocyte must
overcome tremendous shear and channeling
forces to exit the vascular space. A rapid
reduction in deformability facilitates
entrapment in the narrow lung capillaries, but
in most other organs low-affinity bonds form
through selectin family interactions and
mediate leukocyte rolling.  This rolling
behavior diminishes leukocyte velocity and
also provides extensive opportunity for
communication between leukocyte and
endothelium. An example of such cross-talk
occurs when endothelial cells expose the
tethering molecule P-selectin and the leukocyte
activator platelet activating factor (PAF) on
their surfaces, thus leading to a juxtacrine
activation of tethered leukocytes in part
through activation of the innate response
modulator NF-xB [51]. Oxidatively stressed
endothelium, as occurs in abdominal sepsis,
appears to precipitate a similar leukocyte
response [52, 53], and endotoxin also invokes
acollaborative recruitment and activation by P-

selectin and PAF in rats [54]. Subsequent firm
adhesion is then facilitated by B, integrins such
as Mac-1.

In some experimental injury models,
interference with leukocyte adhesion has been
highly successful in reducing tissue injury.
Most studies have employed blocking
antibodies against the common f, integrin
subunit CD18 in reperfusion or shock models
[55]. However, sepsis models have been less
encouraging. Although some reports suggest a
decrease in lung injury or CNS inflammation in
animal models of bacterial sepsis [56, 57],
abrogation of B, integrin function in knockout
mice worsens the mortality of pneumococcal
sepsis [58]. Since directing leukocyte traffic
into an infected region constitutes an action
critical to the protective antimicrobial function
of innate immunity, these results appear
intuitive and seem to sound a clear warning
against the use of anti-adhesion strategies in
sepsis.

A reasonable alternate strategy,
however, would be to interfere with the non-
bacterial activation of leukocytes, as for
instance through PAF. PAF is synthesized by
both endothelium and platelets, and the PAF
receptor is expressed by platelets, mononuclear
cells, and granulocytes. Interestingly, autocrine
signaling of platelets through PAF initiates de
novo protein synthesis, including the cytokines
IL-1B and IL-10 [59]. Gene profiling of the
enucleate platelet reveals that a number of
mRNA transcripts are preserved, ready to be
translated into protein upon platelet
stimulation. Local production of cytokines
such as IL-1P in the region of a thrombus may
then increase inflammatory cell recruitment
and activation through its effects on the
adjacent endothelium. Further evidence of a
role for PAF in sepsis stems from the
observation that the PAF receptor
overexpressing transgenic mouse has



heightened lethality to endotoxin [60]. This
mouse also displays sporadic
hypermelanization, reminiscent of the ancient
Drosophila phenoloxidase response to
infection.

Despite these encouraging data, a phase
IIT study of the PAF receptor antagonist BN
52021 failed to significantly improve 28 d
mortality [61]. Although a post-hoc subgroup
analysis suggested a significant beneficial
response in gram negative sepsis, a subsequent
prospective study failed to find benefit of BN
52021 in this septic subpopulation [62]. An
alternative strategy presently in development is
to use the endogenous PAF-catabolizing
enzyme, PAF acetylhydrolase (PAF-AH).
Recombinant PAF-AH decreases vascular
leakage in inflammatory models [63] and
improves mortality in rodent abdominal sepsis
(G. Zimmerman, unpublished), and PAF-AH
activity is significantly lower in septic patients
[64]. A phase II trial of recombinant PAF-AH
(Pafase) in severe sepsis was recently reported
in abstract form, and demonstrated efficacy of
the compound with improvement of 28 d
mortality (placebo 19/43=44.2%, Pafase 1
mg/kg 9/42=21.4% p<0.05, Pafase 5 mg/kg
11/39=28.2% NS)[65]. An interesting dose
effect, whereby protection was lost at higher
dose, was also reflected in a nonsignificant
worsening of mortality in a parallel trauma
group with high-dose Pafase. The compound
is presently undergoing phase III trials (ICOS).

IV. Anti-cytokine therapy: An example of
complexity theory?

The induction of innate immunity
response genes which are broadly anti-
microbial includes the synthesis and release of
cytokines. Overwhelming clinical and
preclinical data support the participation of
such cytokines in the pathogenesis of the sepsis
response. The most intensely studied of these,

TNF and IL-1p, have been targeted in clinical
trials. Plasma TNF levels rise abruptly
following endotoxin injection, and high levels
predict mortality in sepsis [6, 66, 67]. TNF is
astrong inducer of NF-kB activity, and initiates
synthesis of adhesion proteins, cytokines, and
chemokines. Although definitive proof of
TNF’s role in promoting human sepsis is
lacking, genetic studies provide strong support
for this contention. The TNF2 polymorphism
(G-308A), for instance, which increases TNF
expression [68, 69], is found in septic shock
more frequently than in the general population
(39% vs 18%)[70]. Likewise, homo- or
heterozygosity for the TNF2 allele worsens
mortality in septic shock by 3.75-fold [70].
Interestingly, another polymorphism in the
adjacent gene for lymphotoxin-a (TNFB) is
also associated with increased TNF levels in
septic patients and is strongly associated with
sepsis mortality [71]. Despite the wealth of
basic and clinical data implicating TNF,
however, all anti-TNF strategies, including
both humanized monoclonal and TNFR-IgG
fusion compounds, have failed to improve
survival in sepsis [72-75].

A similar case can be made for IL-1p,
which has numerous proinflammatory effects
in vitro and in vivo. A recent genetic study also
strongly implicated the IL-1 gene cluster as
being linked to sepsis mortality. In this latter
study, arestriction site polymorphism upstream
of the IL-1B gene (-511 of IL-1B) correlated
with mortality, with B2 allele homozygotes
having an 81% mortality rate and Bl allele
homozygotes bearing a 0% mortality [76]. An
exonic polymorphism in the adjacent gene for
the IL-1 receptor antagonist also strongly
correlated with mortality. Again, however,
efforts at blocking IL-1 in human trials, as with
recombinant IL-1 receptor antagonist, have
failed to improve mortality in sepsis [77].

The reasons for the failure of



anticytokine trials are not known, although it is
clear that the biological effects of even a single
cytokine in the setting of sepsis are extremely
complex. For instance, the TNFRI knockout
mouse displays reduced lung injury early after
an endotoxin or pseudomonas challenge yet
displays increased lung inflammation at a later
time point [78], suggesting that TNF
participates in both pro- and anti-inflammatory
pathways, perhaps at different phases of sepsis.
Compounding this level of complexity, the
number of genes induced early in sepsis is
enormous. Novel cytokines such as
lymphotoxin and HMGBI1 have recently been
implicated in the sepsis response [ 79, 80]. Even
in simple metazoans such as Drosophila, an
infectious challenge is met with up- or down-
regulation of at least 400 immune-regulated
genes [81]. The breadth of this response is
even greater in vertebrates, with thousands of
genes showing induction or repression within
hours after a septic injury. The expression
profile of septic rats reveals patterns of time-
dependence, organ specificity, and
counterregulation [82]. As it is with other
diseases, the genomic expression analysis of
sepsis presently oustrips our capacity to relate
these data to the physiologic syndrome of
sepsis.

V. Sepsis Reconsidered

The past decade of sepsis research has
seen enormous advances in our understanding
of the human response to infection and the
molecular and cellular events which
accompany the development of the septic
response. Despite the many clinical failures,
several compounds resulting from these studies
show promise. Still, the gap between this
advancing knowledge frontier and the
fundamental clinical features of sepsis (fever,
tachycardia, tachypnea, leukocytosis) appears
to be widening if anything. The basic
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physiologic abnormalities which lead to death
in sepsis (e.g. metabolic acidosis and
hypotension) have not been closely addressed.

From a bird’s eye view, the prior
decade of research has been heavily
technology- and paradigm-driven. The
technology has been one of biochemistry and
cell biology, and now of genomics and
proteomics, while the importance of sepsis
physiology has receded. The paradigm has
been one of inflammation and immunity. It has
become almost axiomatic, for instance, that
innate immunity causes inflammation and
inflammation causes sepsis. =~ While not
incorrect, this view also seems incomplete.
The C3H/HeJ mouse, which harbors a point
mutation in the endotoxin receptor 7/r4, is
highly resistant to endotoxin and consequently
has a defective innate immune response. Why
then is the phenotype of this mouse one of
extreme sensitivity to gram negative sepsis,
with as little as two Salmonella organisms
causing death? Again, severely pancytopenic
patients lack an appropriate acute inflammatory
response, yet are at high risk for DIC and septic
shock. When innate immunity falters and
allows microbial outgrowth, the individual
nonetheless succumbs to sepsis.

The physiologic profile of fatal sepsis
generally includes tissue ischemia with lactic
acidosis, in combination with refractory
hypotension. It is therefore likely that the
sepsis syndrome involves dysfunction of the
primary physiologic regulators of
cardiovascular function, such as the autonomic
nervous system. Indeed, a novel hypothesis
suggests a prominent role for the
neuroendocrine system in the manifestation of
severe sepsis [83]. Recent observations
support this contention. Asan example, in vivo
imaging of the sublingual microvasculature
reveals intense visceral vasospasm during
sepsis, relieved rapidly with the anticholinergic



compound acetylcholine [84]. This finding is
consistent with an important role for autonomic
failure in the development of lactic acidosis.
Another example of the importance of the
neuroendocrine response to sepsis was
suggested by observations that septic patients
fail to appropriately secrete the hypothalamic
hormone vasopressin, and that vasopressin
infusion rapidly improves blood pressure in
septic shock [85, 86].

Integration of lessons learned from the
past decade with such new ideas about the
pathogenesis of sepsis will likely require a
reworking of fundamental assumptions and,
therefore, of the working sepsis paradigm.
Such change will be welcome.
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