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ABSTRACT

Introduction: Patients subject to major surgery, suffering sepsis, major trauma, or following cardiopulmo-
nary bypass exhibit a systemic inflammatory response.

This inflammatory response involves a complex array of inflammatory polypeptide molecules known as cyto-
kines. It is well accepted that the loss of local control of the release of these cytokines leads to systemic inflam-
mation and potentially deleterious consequences including the Systemic Inflammatory Response Syndrome,
Multi-Organ Dysfunction Syndrome, shock and death.

Methods: The Medline database was searched for literature on mechanisms involved in the development of
SIRS and potential targets for modifying the inflammatory response. We focus on the novel therapy of cyto-
kine adsorption as a promising removal technology.

Results: Accumulating data from human studies and experimental animal models suggests that both pro- and
anti- inflammatory cytokines are released following a variety of initiating stimuli including endotoxin release,
complement activation, ischaemia reperfusion injury and others.

Discussion: Pro-and anti-inflammatory cytokines interact in a complex and unpredictable manner to in-
fluence the immune system and eventually cause multiple end organ effects. Cytokine adsorption therapy
provides a potential solution to improving outcomes following Systemic Inflammatory Response Syndrome.
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INTRODUCTION

Patients subject to major surgery, suffering
sepsis, major trauma, or following cardio-
pulmonary bypass exhibit an ‘acute phase’
inflammatory response. This is character-
ised clinically by fever, drowsiness, and
anorexia. Biochemical features are the
synthesis of hepatic acute phase proteins,
complement activation, leucocytosis and
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lymphopenia in the peripheral blood and
disturbances in metabolism.

When the inflammatory response becomes
uncontrolled, a Systemic Inflammatory Re-
sponse Syndrome (SIRS) ensues. In some
individuals this severe inflammatory re-
sponse is down-regulated; in others it es-
capes control. In 1992 a consensus con-
ference of the American College of Chest
Physicians and the Society of Critical Care
Medicine (ACCP/ SCCM) proposed a con-
stellation of clinical signs by which SIRS
would be recognised (1). These include
tachypnoea, fever or hypothermia, tachy-
cardia and leucocytosis or leukopaenia with
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a ‘left shifted’ differential white cell count
(increased immature polymorphonucleo-
cytes). Bone et al proposed that every se-
vere insult to the body produces a response
with pro- and anti-inflammatory compo-
nents which together dictates the course of
the illness (2).

The ACCP/ SCCM criteria have been shown
to have clinical relevance - the Italian SEP-
SIS study showed an inverse correlation
between the identification of SIRS (based
on clinical criteria) and the development of
sepsis, and subsequent mortality (3).

It is well established that major operative
intervention, the systemic inflammatory
response from sepsis and major trauma is
associated with immunosuppression, both
cell-mediated and humoral systems (3-8).
Interestingly, the extent of the individual’s
inflammatory response is variable and un-
predictable, this variability may be due to
genetic variation. Although the full picture
has yet to be completely elucidated, much
advancement has been made in the last de-
cade to better understand and target treat-
ment towards this complex process. We
review this topic and discuss current and
potential future therapy.

METHODS

A search of the Medline database from
1950 to November 2008 using the OVID in-
terface, combined with manual cross-refer-
encing was performed using the following
strategy: (Systemic Inflammatory Response
Syndrome/ or SIRS.mp. or Surgery/) AND
cytokines.mp. or Cytokines/ limit to (Eng-
lish language). Abstracts were reviewed for
relevance to the topic.

Cytokines and inflammation

Cytokines belong to a large family of poly-
peptide signalling molecules that are re-
leased by various cells in response to an ac-

tivating stimulus. They are small proteins
of approximately 25kDa (range: 6-51) in
size and bind to specific receptors in an au-
tocrine, paracrine and/or endocrine man-
ner.

The number of cytokine molecules iden-
tified is large and ever increasing. Precise
effector pathways and detailed knowledge
of inter-relationships between them are
far from clear. There is however a growing
body of evidence that a number of these
cytokines are related to the establishment
of SIRS and their persistent elevation is re-
lated to poor prognosis.

The inflammatory process involves the re-
lease of a pro- and anti-inflammatory cyto-
kines. Anti-inflammatory cytokines act to
localise and prevent over exuberant inflam-
mation; it is the loss of this local control
that leads to systemic inflammation and po-
tential deleterious consequences, including
SIRS, MODS (Multi-Organ Dysfunction
Syndrome), shock and death (4) (Figure 1).

Potential triggers of cytokine release
Cytokines are released following a variety
of initial stimuli which are summarised in
Figure 2 and include:

* Endotoxin/Lipopolysaccharide (LPS) —
a protein fragment of the gram-negative
bacteria cell wall (Figure 3). It was ini-
tially thought to be the instigating factor
in the development of SIRS, however, a
study of 100 patients with sepsis dem-
onstrated gram-negative bacteraemia in
only 12% (5); this argues against endo-
toxin as being essential in the develop-
ment of SIRS. Furthermore, a study of
20 paediatric patients undergoing car-
diopulmonary bypass (CPB; a process
known to predispose to SIRS) demon-
strated that although endotoxin, TNFa
and IL-8 were elevated following bypass,
levels of endotoxin did not correlate
with duration of CPB, cytokine levels,
or the development of SIRS/MODS.
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Figure 1 - Initiators of SIRS
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Direct cell plasma membrane trauma results in the production of ecosanoids by PLA, and the COX family
(as well as other mediators). Prostaglandins affect tissue perfusion by controlling vasoconstriction/dilation and
platelet aggregation. Leukotrines control vessel permeability as well as stimulating inflammatory cell chemotaxis.
Lipoxins control cell adhesion and migration. Dysregulation of these mediators results in ishaemia/hyperaemia
and tissue damage

Complement cascade activation (via the classic or alternative pathway) results in the production of the mem-
brane attack complex (C5b6789) which perforates the plasma membrane of the call on which it is formed. For-
mation can occur on any cell, but most commonly on bacteria, resulting in lysis and dissemination of bacterial
antigens (eg. LPS). Normal cells express protectin on their surface, which prevent lysis by the membrane attack
complex, however, uncontrolled activation of complement and production of this enzyme can overcome this pro-
tection and result in autolysis. Deficiences can also result in severe disseminated infection

Anaphylaxis is an acute systemic type 1 hypersentivity reaction to an innocuous antigen. The resulting massive
histamine release causes profound vasodilation, recruitment of inflammatory cells and the subsequent production
of pro-inflammatory cytokines. If this process continues, it can result in tissue hypoxia and organ dysfunction.
DIC results from uncontrolled activation of the clotting cascade by pro-inflammatory mediators. As a result,
haemorrhage occurs throughout the body (micro/macro) and results in further tissue damage, hypoxia and pro-
inflammatory cytokine results. Organ dysfunction can develop rapidly

Ischaemia-Reperfusion injury occurs when a tissue has been hypoxic for a prolonged period and produces
large quantities of pro-inflammatory & vasodilating mediators. When the tissue is reperfused, the effect is local
hyperaemia and restuling tissue damage and the release of potent concentrations of cytokines into the systemic
circulation. Reactive hyperaemia can induce rapid production of vasoconsricting mediators, leading to capillary
level dysfunction. This cycle of ischaemia and hyperaemia leads onto tissue damage and further pro-inflammatory
cytokine production

Ischaemia-
Reperfusion

Multi-Organ Systemic Inflammatory

CD = cluster of differentiation, TLR = Toll-like receptor (TLR4 aka. CD284), MD2 = lymphocyte antigen 96 (aka.

1LY96), MAP = mitogen activated phosphokinases, ERK = extracellular signal-regulated kinases, JNK = c-Jun
N-terminal kinases, DIC = Disseminated Intravascular Coagulation
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Figure 2 - Balance between
pro- and anti-inflammatory
cytokines
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Figure 3 - Mechanism of Li-
popolysaccharide (LPS) “Endo-
toxin” pathogenesis

Gram negative bacteria have a lipo-
polysaccharide (LPS) membrane out-
side the peptidoglycan layer.

1. LPS (“endotoxin”) 1is sheared
from the bacterial membrane con-
tinuously into surrounding inter-
stitial fluid and serum

2. LPS degrades into the O-antigen
and Core protein which have little
immunogenic effect and Lipid-A
which is highly pro-inflammatory

3. Lipid-A binds the CD14/TLR4/
MD2 receptor of tissue macro-
phages and serum monocytes to
trigger intracellular pathways

4. The NF-kp protein family is acti-
vated via a complex multiple step
intracellular process, which translocates to the nucleus and initiates production of pro-inflammatory cytokines

5. This results in a mass release of pro-inflammatory cytokines including TNFa and 1L-12

CD = cluster of differentiation, TLR = Toll-like receptor (TLR4 aka. CD284), MD2 = lymphocyte antigen 96 (aka.
1LY96), MAP = mitogen activated phosphokinases, ERK = extracellular signal-regulated kinases, JNK = c-Jun N-
terminal kinases
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In contrast, TNFa and IL-8 correlated
well with duration of bypass and were
associated with SIRS/MODS (10). The
conclusions therefore are that endo-
toxaemia does occur in humans during
various disease processes, however, a
causative association with SIRS cannot
be discerned (6).

Complement — a family of plasma pro-
teases belonging to the innate immune
system, which when activated are ca-
pable of cleaving many proteins and
activating cytokines. It is known that
the complement proteins C3a and C3d
elevate with sepsis (12), correlate with
PAI-1 (plasminogen activator inhibi-
tor-1) levels and inversely correlate with
AT-III (anti-thrombin III). C3a levels are
associated with poor APACHE II scores
and fatal outcome. However, C3a and
C3d levels do not correlate with TNFa
or IL-6 levels nor do their levels decrease
following treatment of sepsis.

Lissauer et al (2007) showed that the
levels of classic vs alternative comple-
ment proteins where elevated in differ-
ent ratios is septic versus uninfected
patients with SIRS. Furthermore, eleva-
tions were detectable up to 3 days pri-
or to the clinical diagnosis of SIRS, al-
though no temporal association could be
established. The authors concluded that
many of the complement proteins may
be used as co-dependent-biomarkers for
early diagnosis and targets for future
treatment (7).

Ischaemia-reperfusion injury. In rats,
plasma TNFa levels were found to be
elevated following 3 hours of bilateral
lower limb ischaemia with further in-
creases following 1 hour of reperfusion.
Also, I1-6 levels progressively increased
following reperfusion (8). A human co-
hort study of patients undergoing infra-
inguinal arterial reconstruction demon-
strated that serum TNFa and gut mu-

cosal permeability were higher in those
operated on for critical limb ischaemia
as opposed to intermittent claudica-
tion. In addition, gut permeability was
found to correlate with period of arterial
clamping (9). These studies implicate
ischaemia-reperfusion injury as a poten-
tial trigger for SIRS.

* Oxidative stress — Measurement of plas-
ma sulfhydryl groups (e.g., glutathione;
GSH) and o-tocopherol in 26 trauma
patients in the ICU showed progressive
worsening in redox status (10) with a
significant increase in plasma oxidised
glutathione (thus a worsened redox sta-
tus) and higher MODS scores on day
10. Additionally, a total loss of reduced
plasma glutathione was seen in some of
these patients indicating the collapse of
the GSH-dependent anti-oxidative sys-
tem. From this data, we can conclude
a possible role of oxidative stress in the
development of SIRS.

Pro-inflammatory cytokines

Cytokines are released in a cascade. Ini-
tial cytokines released include TNFa and
IL-18; these stimulate further production
of other proteins. The main pro-inflamma-
tory cytokines are TNFa, IL-1, 1L-6, IL-8
and macrophage inflammatory protein-la
(MIP-1a); these have consistently been
shown to correlate with the mortality fol-
lowing severe injury (16,17), with TNFo
and IL-6 levels also correlating with poor
outcome from sepsis (11).

Tumour Necrosis Factor o. (TNFo.)
TNFa is a 17-kDa protein produced pri-
marily by monocytes. Infusion of recombi-
nant TNFo in humans results in SIRS with
fever, haemodynamic abnormality, leuko-
paenia, elevated liver enzymes and coagu-
lopathy (12).

TNF mediates its effects through the TNF
receptor and multiple cell signalling path-
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Figure 4
The cellular affects of TNFo.

Tumour Necrosis Factor alpha
(TNFa) is produced by macro-
phages, lymphocytes, fibroblasts
and keratinocyte. TNFa binds
the TNF receptors (TNF-R/
CD120a/CD120b). There are 2
types of TNF-R;
¢ TNFR type 1 (CD120a) -
present on all cells and binds
TNFa only.
¢ TNFR type 2 (CD120b) -
present on immune cells and
binds both TNFa and TNFf.
Stimulation of the TNF recep-
tors results in receptor trimeri-
sation and activation of down-
stream proteins. The effect of
TNFa on any cell depends on
myriad co-stimuli.
e CD40 co-stimulus results in
FADD pathway activation.
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Cell death

e The caspase family of en-
zymes cleave cellular DNA.

[Caspase 9]<— [Cytochrome c]<— ;

* Bid binds to inserts pores
into the mitochondrial mem-
brane, causing leakage of cy-

tochrome c. Cytochrome c binds APAF-1 to activate the caspase family and cause cellular DNA degradation.
* TRAF2-ASK1 pathway activation results in AP-1 production, which binds DNA to regulate the production of

many proteins.

e TRAF2-RIP pathway activation results in NF- k3 production, which binds DNA primer sequences and stimulates
mRNA, therefore protein production and a change in cell function.

APAF-1 = Activating Protease Apoptotic Factor-1, AP-1 = Activator Protein 1

ways (Figure 4); the propensity for each

pathway depends on multiple other co-

stimulatory and intra/extracellular factors:

* Stimulation of the NF-kf pathway re-
sults in nuclear transcription of anti-
apoptotic factors including Bcl-2, cFLIP
and cIAP.

e Activation of the MAPK pathway re-
sults in the production of pro-apoptotic,
proliferative and cell maturing factors.

e Activation of the FADD pathway results
in cell apoptosis via autolysis by the cas-
pase family cascade and Bid production.
Co-stimulation by Fas-FasL. and other
CD complexes favours this pathway.

TNFa has a significant regulatory role in
the development and propagation of the
SIRS.

A number of studies involving infused en-
dotoxin have shown that levels of TNFa
peak in 60-90 mins (20, 21).

Therefore, TNFa appears rapidly in the
plasma and is in prime position to facilitate
the activation of other mediators of inflam-
mation.

Interleukin-1 (IL-1)

IL-1 encompasses two related proteins, IL-
la and IL-1p both of which act on the same
IL-1 receptors. IL-1 is synthesised by mono-
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cytes, neutrophils and other cell types. In-
fusion of IL-1 into humans causes fever,
haemodynamic abnormalities, anorexia,
malaise, arthralgia, headache and neu-
trophilia. Infusion of endotoxin has been
shown to causes an elevation of its levels
(13). Although pro-inflammatory in na-
ture, abnormally low levels may also have
a role in the development of the SIRS (14).
Data on IL-1 in SIRS is sparse and no con-
clusions can yet be drawn.

Interleukin 6 (IL-6)

IL-6 is a 21 kDa glycoprotein produced by
many cell types. It is a potent mediator
of fever, it increase release of acute phase
proteins and it encourages chemotaxis via
stimulation of the Toll-like receptor fam-
ily. Studies of patients with severe sepsis
for < 48hrs have shown a tight correlation
between the elevation of IL-6, the sever-
ity of the SIRS and subsequent mortality
(15,16).

In elective cardiopulmonary bypass cardiac
surgery, high post pump IL-6 levels were
found to predict subsequent worsening of
lung function (17).

In mice subjected to a contact burn followed
by intra-peritoneal LPS to simulate SIRS,
treatment with a combination of anti-IL-6
and anti-IL-6R antibodies caused a signifi-
cant reduction in inflammation and mortal-
ity. Anti-IL-6R antibody monotherapy had
no effect (27). Also, IL-6 infused into an-
aesthetised dogs did not cause any signifi-
cant haemodynamic abnormality (18).
This data suggests that the independent in-
flammatory potential of IL-6 is negligible;
however its role may be in synergy with
other cytokines.

Other interleukins

There is much equivocal or inconclusive
data on a number of other pro-inflamma-
tory cytokines including IL-8, IL.-17 which
are not been reported up on here.

Anti-inflammatory cytokines

To balance and control inflammation, co-
existent anti-inflammatory cytokines are
produced in synchrony with pro-inflamma-
tory ones.

The main anti-inflammatory cytokines are
IL-10 and IL-13. Rodriguez-Gaspar et al.
showed anti-inflammatory cytokines also
have a role in the pathogenesis of SIRS in
sepsis; serum levels of pro-inflammatory
cytokines (TNFa, IL-6, IL-8) were shown
to be raised along with the anti-inflamma-
tory cytokine IL-10.

Interestingly, the association between IL-10
and TNFa was stronger in patients with fa-
tal outcomes (19).

Interleukin-10 (IL-10)

IL-10 is an 18 kDa anti-inflammatory cyto-
kine, produced by monocytes and lympho-
cytes. It exhibits pleitropic effects in immu-
nomodulation including: down regulation
of Th1 cytokines (TNFa, IL-2, IL-3, INF-y
and GM-CSF), reduction of MHC class II
antigen expression, increased B-cell sur-
vival time and blockade of the NF-kf JAK-
STAT pathway.

A comparative study of 12 SIRS patients
and 12 healthy volunteers showed that lev-
els of TNFa and IL-10 were higher in pa-
tients with SIRS and MODS, as compared
to the healthy volunteers. In the murine
model, intra-peritoneal loading of IL-10 at-
tenuates the serum TNFa response to in-
flammatory stimulus (30,31). This suggests
that IL-10 is antagonistic to TNFa in the
pathogenesis of SIRS.

Interleukin 13 (IL-13)

IL-13 is a 17 kDa cytokine secreted mainly
by T-helper cells. IL-13 induces the secre-
tion of IgE from B-cells, up-regulates ma-
trix metalloproteinases (MMPs) to reduce
inflammation and stimulates lymphocyte
proliferation. A study of ICU patients with
SIRS demonstrated that IL-13 was elevated
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and that the increase was greater in septic
vs. non-septic patients. In SIRS, the eleva-
tion of I1.-13 is proportional to TNFa and
the degree of leukopaenia (20). This sup-
ports IL-13 likely importance in the patho-
genesis of SIRS and as a regulator of TNFa
and the leukocyte response.

Molecular mechanisms of cytokine

release in SIRS

There seem to be multiple molecular mech-

anisms involved in the initiation, propaga-

tion and termination of SIRS. The follow-
ing substances may be significant to the
molecular basis of SIRS:

* Haemoxygenase-1 (HO-1) — implicated
in the defensive response to oxidative
stress; it has been found to attenuate
TNFo mRNA synthesis and plasma
TNFa levels, reduce lung injury and im-
proves organ perfusion (33).

* Hypoxia inducible factor-1 (HIF-1) - a
nuclear transcription factor influenced
by IFNy, TNF and IL-1f8; important
in the cellular response to ischaemia
(34,35). HIF-1 activation results in in-
creased expression of iINOS mRNA,
iNOS proteins and thus the endogenous
vasodilator molecule nitric oxide (NO).
HIF-1 production has also been shown
to increase NFkB activity, propagat-
ing inflammation. These effects can be
blocked by a selective MAP (mitogen ac-
tivated protein)-kinase inhibitors (21).
These findings suggest that amplified
NFkB activity and upregulation of NO
production may be important pathways
in the cytokine response in SIRS.

* NF«xB - a DNA binding protein which
plays a pivotal role in activation of in-
flammatory pathways (22). In septic
patients, NFkB activity correlates well
with mortality (38).

* Toll-Like Receptors (TLRs) — members
of the pathogen associated molecular
pattern (PAMP) recognition proteins;

to-date there are 15 known subtypes,
most with uncertain functions but some
which have well elucidated locations and
defined roles in regulating the innate im-
mune system, particularly by triggering
inflammation and cell death by apopto-
sis (23). One such receptor, TLR4, the
so-called ‘endotoxin receptor’ recognises
endotoxin. Microbial products and some
endogenous molecules activate TLRs to
cause widespread pro-inflammatory cy-
tokine production, in turn causing organ
failure, shock and death. TLR4 has been
shown to be constitutively suppressed —
it has been suggested that the initiating
step in the pathogenesis of sepsis could
be the release of TLR4 from suppression
(24).

Treatment Strategies for SIRS

The treatment of SIRS can thought of in
terms of pharmacological therapies and
cytokine removal therapies. This second
group are further sub-divided accordingly
to the strategy used for cytokine removal.
The rational and utility of various thera-
peutic strategies will be discussed based on
their therapeutic mechanisms.

Pharmacological therapies

* Monoclonal antibodies

HA-1A is a human monoclonal IgM anti-
body that binds specifically to the lipid-A
domain of endotoxin (LPS). A large RCT
of patients with sepsis showed that HA-1A
has no significant effect on mortality rate
(Placebo: 43 % vs HA-1A: 39% ). However,
patients specifically with gram-negative
bacteraemia showed a significant reduction
in 28 day mortality (from 49% to 30%)
and death (from 57% to 33%) (41).

There have been many anti-TNFa antibod-
ies used in clinical medicine. A meta-analy-
sis of RCTs using TNFa antibodies in sep-
sis showed a small but significant benefit in
anti-TNFa therapy. Furthermore, a recent
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study of 2634 septic patients using a mu-
rine anti-TNFo antibody shows a signifi-
cant reduction of 3.6% in mortality (25).
More recently a large double blinded place-
bo RCT published mortality rates of 35.9 %
in the treatment (Afelimomab; anti-TNFa
Fab2 monoclonal antibody fragment) group
and 32.2% in the placebo group. Afeli-
momab also resulted in a significant reduc-
tion in serum TNFa and IL-6 levels and a
more rapid improvement in organ failure
scores compared with placebo (43). These
monoclonal therapies have yet to be proven
specifically in SIRS patients. Results to date
have been largely disappointing. This may
be because the complexity of the dyscyto-
kinaemia in SIRS is not amenable to single
agent therapy alone.

* Polyclonal anti-LPS antibodies

The polyclonal anti-LPS antibodies HA-
1A, Edobacomab (E5) did not show 14 or
28 day mortality benefit in a large RCT of
patients with gram negative sepsis (26), al-
though a similar second large RCT reported
improved in incidence of Adult Respiratory
Distress Syndrome (ARDS), CNS sequelae
and resolution of MODS (27). Therefore,
there are clinical trials currently underway
assessing the efficacy of HA-1A and E5 in
specific subsets of patients with SIRS (se-
vere burns and bacterial overgrowth) with
the hope of reducing incidence of sepsis.
Corticosteroids

Corticosteroids reduce IL-6, TNFa, and E-
selectin levels and increase IL-10 secretion
but have no measurable effect on recov-
ery, worsen incidence of intestinal injury,
and increase anaesthetic complications
in patients with SIRS (28,29). Corticoste-
roids have been shown to reduce circulat-
ing cytokine levels in patients undergoing
cardiopulmonary bypass, some benefit in
ventilation time, inotropic and vasopressor
requirements and haemodynamic stability
has also been reported (30,31). However a
previous study in the same setting reported

a lowering of pro-inflammatory cytokines,
increased anti-inflammatory cytokines but
more pulmonary dysfunction and a pro-
longed time to extubation (32).

» Serine protease inhibitors

The PROWESS trial (randomised double-
blinded placebo controlled) demonstrated
significant benefit in the use of activated
protein C (Drotrecogin alfa) in reducing
the mortality of patients with gram-nega-
tive sepsis, without a higher incidence of
severe bleeding (33). However, a recent ob-
servational study involving 4374 patients
undergoing coronary revascularization
(with iatrogenic SIRS) compared a prote-
sase inhibitor with placebo and found that
it was associated with a 2-fold increased
risk of renal failure requiring dialysis, a
55 % increase in the risk of adverse cardiac
events and a 181 % increase in the risk of
stroke or encephalopathy (34). Clearly this
has caused marked concerns over the con-
tinued usage of these agents and thus, care-
ful study design to protect future patients is
required to determine its role in SIRS.

e Insulin

Insulin therapy reduces the in-hospital
mortality and incidence of fatal infection
in diabetic and non-diabetic critically ill
patients. This may be related to the stimu-
latory effect of glucose on the production
of pro-inflammatory cytokines without re-
ciprocal increase in anti-inflammatory cy-
tokines. Despite such positive reports, the
data on insulin therapy in critically ill non-
diabetic patients is conflicting (35).

* Antioxidant micro-nutrients

Berger et al., conclude Level A evidence for
improvement in outcome with antioxidant
supplementation in sepsis and SIRS. What
remains to be elucidated are their exact in-
fluences on the dycytokinaemia (36). The
main three agents of note are;

Selenium - administration of high dose So-
dium Selenate IV (Se*; n=21) compared to
placebo over 9days, to patients with SIRS
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in ICU result in significantly improved
APACHE scores and reduced the incidence
of renal failure requiring haemodialysis
(37).

Glutamine - oral glutamine supplements
may increase gut permeability to endotox-
in, but also reduce temperature, heart rate
and leukocyte count (38). Data as yet is in-
conclusive.

Filtration and Adsorptive therapies

* Haemofiltration and Haemodialysis
The use of continuous haemofiltration and
haemodialysis for the removal of cytokines
in SIRS has gradually been entering the
mainstream of management (39). Efficient
filtering and clearance of cytokines by con-
vection from activated blood, has been dem-
onstrated in ex-vivo systems using large
pore filtration membranes (40). Studies
have revealed a 13% decreased in plasma
TNFo using continuous veno-venous hae-
mofiltration, compared to a 26 % increase
with haemodialysis (41,42). These results
suggest that cytokines removal from the
plasma is by an adsorptive process (rather
than by a filtration process per se) and that
membrane surface area may be the critical
factor for cytokine removal (43).

* Cytokine Adsorption

The adsorptive removal of cytokines from
blood is a logical progression from filtration
devices; the technique of adsorption may
offer a significant boon over filtration, di-
alysis and indeed drug based methods with-
out adding to the chemical environment.
The options for absorption include:

e Synthetic polymer resins

These are porous absorptive material with
a surface area of ~1500m?/¢g (44). A mu-
rine study using polystyrene divinyl ben-
zene co-polymer beads showed that follow-
ing administration of endotoxin, there was
a benefit in survival time, reduction in IL-6
and IL-10 concentrations and also reduced
liver NFkB DNA binding (45).

e Immobilised antibody systems
Such devices have demonstrate near-com-
plete removal of TNFa from human plas-
ma in an in vitro setting (46). The Lixelle
column immobilised antibody system has
shown much promise in clinical trial when
cytokine levels (IL-1B, IL-1Ra, IL-6, IL-8
and TNFo) were reduced up to 70% fol-
lowing 5 minutes of use, in a haemoperfu-
sion set up (47).
* Activated Carbon/ Charcoal
Activated carbon is a highly porous and ex-
tremely absorptive material, with surface
area of 1500-2000m?/g and a pore volume
of 1.8cm?®/g (48); twice the magnitude of fil-
tration/dialysis membranes (44). Most re-
ports to date on activated charcoal absorp-
tion systems have agreed that charcoal can
absorb almost 100 % of plasma LPS, IL-Ra,
IL-1p, IL-8, IL-1a and IFN-y and 40% of
TNFa (49-52). The BioLogic-DTPF (De-
Toxifier/Plasma Filter) System with acti-
vated powdered charcoal is as yet the fast-
est and most efficacious method of remov-
ing multiple cytokines from human blood
(53), with each cartridge adsorbing 90 %
of IL-1B, 72% of IL-6, 100 % of IL-8, and
7% of TNFo during each pass. A Phase
1 trial of the BioLogic-DTPF system with
push-pull sorbent-based phoresis (the PF
add-on module), for the treatment of both
SIRS and MODS in 8 adult ICU patients
reported resolution of sepsis in 5 of the 8
patients, although, there were only 2 long-
term survivors. Although there were no
negative effects in 7 patients, 1 patient died
during treatment due to progressive cardiac
failure (54).
e Polymyxin B immobilised fibre column
haemofiltration system
This filtration system has been shown to
protect mice from SIRS following endotox-
in challenge (55). It has also been reported
by Sato et al (2002) to decrease the levels
of circulating TNFa, IL-6, IL-10 and PAI-
1, and is currently licensed for the treat-
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ment of SIRS in Japan. More recently, a
RCT by Cruz et al (2009), involving 60 ICU
patients with gram-negative-induced ab-
dominal sepsis, compared patients receiv-
ing 2 sessions of conventional therapy plus
polymyxin B haemoperfusion vs. conven-
tional therapy alone. This group showed an
increased mean arterial pressure (76 to 84
mmHg, p =0.14), improved ventilation and
reduced 28-day mortality (32% vs. 53%,
adjusted Hazard ratio of 0.36, 95 % CI; 0.16
to 0.80) (56). However, this trial was un-
blinded and there was no mortality data
beyond 28 days which would have been
useful. We await further research into this
promising device.

Accumulating studies relating to carbon are
not able to yet provide definite proof of ben-
efit but much promise if offered as it is an
effective adsorbent for cytokines from hu-
man plasma with SIRS/ MODS.

Evidence based management of SIRS
Early Goal-directed therapy

Optimising cardiac pre-load, after-load and
contractility ensures balanced oxygen de-
livery between heart and systemic tissues.
The approach of aggressive goal directed
management of haemodynamic parameters
has been repeatedly shown to reduce mor-
bidity and mortality in patients with severe
sepsis, shock and SIRS (57).

Activated Protein C

Patients with severe sepsis and/or organ
dysfunction fulfilling 4/5 criteria as pro-
posed by Bone et al (58) for diagnosis of
SIRS, benefit from a Recombinant Activated
Protein C (Drotrecogin alfa) infusion with-
in 48 hours of diagnosis. Exclusion crite-
ria include; age less than 18 years, bleeding
dyscrasia or increased bleeding risk (there
are no validated guidelines for this), an epi-
dural catheter in placement or a platelet
count <30 x 10%/L. The absolute risk reduc-
tion in mortality was reported to be 6.1 %

by the PROWESS trial but this carries an
uncertain bleeding risk. More recent guide-
lines on the treatment of severe sepsis sug-
gest that Recombinant Activated Protein C
(Drotrecogin alfa) infusion should only be
commenced in eligible patients with evi-
dence of infection and SIRS with MODS in
addition to the most appropriate intensive
care support (UCSF Guidelines for Usage
of drotrecogin alfa (Xigris™), http://clini-
calpharmacy.ucsf.edu/idmp/ucsf_specific/
apcguide.htm). Outcomes from Activated
Protein C in patients with patients with
SIRS only as yet unclear and currently this
agent is contra-indicated in patients with
only SIRS.

Antioxidants

There is evidence to support the use of oral
or infused Selenium, Glutamine and Eicos-
apentanoic acid in reducing bowel perme-
ability and theoretically reducing endotox-
aemia in patients with SIRS.

Future research
To date, there have been many agents and
systems investigated and reviewed in an ef-
fort to find an effective treatment regime
for the complex dyscytokinaemia found
in SIRS. Some of the potentially beneficial
agents under investigation and showing
promise include:

¢ BioLogic-DTPF (detoxifier/plasma fil-
ter) — the most potent binder of TNFa,
IL-1p and IL-6 showing promising re-
sults in Phase 1 human trials; it has the
potential to bind all cytokines, is cheap-
er than immobilised antibodies systems
and adds no chemical to the patient. We
eagerly await results of Phase II clinical
trials.

e Protease inhibitors - the efficacy of
Activated Protein C (Drotrecogin alfa)
in patients with severe sepsis has been
established by the PROWESS trial, how-
ever, it carries a risk of haemorrhage,
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cardiovascular events and its role in
modifying circulating cytokines in SIRS
without Gram-negative sepsis has yet to
be shown. It may have a role in treating
particular patients with SIRS and DIC
(59) or MODS (60) but further clinical
trials are needed.

e sCD14 - this extracellular receptor pro-
tein which binds circulating endotoxin
(LPS), has shown promise in in-vitro
since 1991, by reducing circulating LPS,
pro-inflammatory cytokines and modu-
lating host cell reaction (61). Early hu-
man studies have displayed similarly
exciting results and are the subject of
current work (62) which we await the
results of.

e Polymyxin B immobilised fibre col-
umn haemofiltration system - we
have discussed this as a potentially use-
ful system (63) which has provisionally
shown promise in patients with severe
gram-negative sepsis (64), although de-
finitive evidence is still lacking and the
device is currently the subject of intense
research interest.

¢ Phosphodiesterase inhibitors - many
agents within this class, including Pent-
oxifylline, HWA 138 and Amrinone have
shown encouraging results in septic pig-
lets and premature septic neonates with
SIRS by reducing TNF, IL-6 and endo-
thelin-1 and improving survival (65-67).
These agents also improve cardiac func-
tion in hyperdynamic cardiac failure
(68). Clinical trials are currently under-
way to determine their role in SIRS.

CONCLUSIONS

The complexity of the instigating stimulus
and subsequent inflammatory cascade has
led to significant difficulties in the develop-
ment of effective treatments for SIRS and
MODS. Strategies targeting purported trig-

SUMMARY BOX

Treatments for SIRS
« Physiological;
- “Early Goal Directed Therapy”
- Blood sugar optimisation with insulin

e Pharmacological;
- Monoclonal antibodies;
Anti-TNFa
Anti-TNF-R
- Polyclonal antibodies;
Anti-LPS (HA-1A and E5)
- Activated Protein C (Xigris®)
- Corticosteroids
- Cholestyramine enterally
- Antioxidants;
Selenium
Glutamine
Ecosapentanoic acid
o Cytokine absorption/haemofiltration
devices;
- Activated carbon (BioLogic-DTPF)
- Immobilised antibody systems
- Synthetic polymer resins (sCD14)
- Immobilised nano-fibre column
haemofiltration (PMX)

gers, early mediators and even physiologi-
cal responses to inflammation have largely
been unsuccessful to date. There still re-
main many unanswered questions in this
broad field and it is indeed one of great cur-
rent interest. Some of the most prominent
areas of research relates to the initiators
of the pro-inflammatory cascade, how to
modulate them, methods of extracting pro-
inflammatory cytokines and how genetic
polymorphisms may influences the natural
history of SIRS in patients. It is clear that
a great deal of work into this subject is still
needed before clear answers will be forth-
coming. However, some encouraging data
exists with adsorptive strategies to attenu-
ate the hyper-cytokinaemia associated with
SIRS. The necessity for rapid and clinically
significant reductions in the levels of cyto-
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kines has prompted the search for a high
surface area, selective solution to the ad-
sorptive problem. Activated Charcoal and
Polymyxin B haemofiltration systems have
promising features in this respect, but we
look forward to the generation of more ex-
haustive and definitive research in the fu-
ture.

No conflict of interest acknowledged by the authors.
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