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17  •  SIRS, Sepsis and Multiorgan Failure
Vishwanath Biradar, John L Moran

the Queen Elizabeth hospital, 28 woodville rd, woodville south, 
adelaide, south australia

EPidEMioLoGY

sepsis remains a common reason for intens­
ive care unit (iCU) admission and is a leading  
cause of mortality. this disease is now 
recognized to be a time­sensitive emergency, 
because patients stand the best chance for 
survival when effective therapeutic inter­
ventions are delivered as early as possible. 
however, consistent data are lacking 
regard ing the incidence and outcome of 
sepsis in iCUs globally. data extrapolated 
from a cohort study conducted by Finfer 
et al in 2004 across twenty three closed 
multidisciplinary iCUs showed that  
the incidence of severe sepsis among adult  
patients was 0.77 patients per 1000 popu­
lation (95% Ci, 0.76–0.79). there were  
752 episodes of severe sepsis identified in 
691 patients, equating to 11.8 patients with 
severe sepsis per 100 iCU admissions (95% 
Ci, 10.9–12.6).1 the EPisEPsis study group 
conducted a nationwide, prospective, multi­
centre survey of patients with severe sepsis 
in 206 French iCUs over two consecutive 
weeks. they estimated the incidence of severe 
sepsis to be 0.95 cases per 1000 in the French 
population.2 in the United states between 

1979 and 2000 an annualized increase of  
8.7% in the incidence of sepsis was noted. 
(From about 164,000 cases (0.82 per 1000 
population) to nearly 660,000 cases (2.4 per 
1000 population)).3 

sepsis is estimated to affect 18 million 
people worldwide each year and kill 
1400 people each day. according to an 
epidemiological study, sepsis affects about 
700,000 people annually in the United 
states alone, with an overall mortality rate 
of 30%, or more than 50% in patients with 
septic shock and/or multiple system organ 
failure.3 From a financial perspective, sepsis 
represents a major burden to the health 
care system in most developed countries 
since septic patients require admission and 
aggressive treatment in the iCUs. table 17.1 
gives the overall information on the incidence 
and mortality of severe sepsis in different 
parts of the world. despite differences in 
study methodology, comparison between 
continents, countries and regions is possible, 
with some consistent themes emerging:

1) severe sepsis represents a substantial 
health­care burden in all developed 
nations;
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2) the overall incidence is increasing; 
3) the overall mortality rate is declining; 

and
4) the nature of infections is changing, 

with infections caused by gram­positive 
organisms increasing in frequency.4

historiCaL PErsPECtiVE and 
dEFinition

the word ‘sepsis’ [σηψις], is the original 
Greek word for the ‘decomposition of animal 
or vegetable organic matter in the presence 
of bacteria’.9 the word was first noted in 
homer’s poems, where ‘sepsis’ is a derivative 
of the verb form sepo [σηπω], which 
means ‘i rot’. the term is also found in the 
writings of the physician and philosopher 
hippocrates (circa 400 BC) in his Corpus 
hippocraticum. hippocrates viewed sepsis 
as the dangerous, odiferous, biological decay 
that could occur in the body.10 

in 1991, the american College of Chest 
Physicians (aCCP) and the society of 
Critical Care Medicine (sCCM) convened 
a ‘Consensus Conference’ in an attempt ‘to 
provide a conceptual and a practical frame­
work to define the systemic inflammatory 
response to infection, which is a progressive 
injurious process that falls under the 

generalized term ‘sepsis’ and includes sepsis­
associated organ dysfunction as well’.11 they 
proposed the phrase ‘systemic inflammatory 
response syndrome’ (sirs) which described 
the inflammatory process, independent of its 
cause. the systemic inflammatory response 
was seen in association with a large number 
of clinical conditions. apart from infectious 
processes, other common non­infectious 
pathologic processes include pancreatitis, 
ischemia, multiple trauma, and tissue injury. 
when sirs is the result of confirmed 
infectious process, it is termed ‘sEPsis’, and 
is frequently associated with the development 
of multiple organ dysfunction and failure. 
this is the most common cause of death 
in patients who have severe sepsis.12 the 
1991 aCCP­sCCM Consensus Conference 
also introduced the term ‘Multiple organ 
dysfunction syndrome’ (Mods). Mods 
was defined as ‘the presence of altered organ 
function in an acutely ill patient such that 
homeostasis cannot be maintained without 
intervention.’ 13

in 2001, several north american and 
European intensive care societies agreed to  
revisit the definitions for sepsis and related  
conditions. this international sepsis defin­
itions conference (Group of experts and 
opinion leaders represented by sCCM, 

Table 17.1: Reported Incidence and Outcome of Severe Sepsis in Different Parts of 
the World. 

Country of origin

Severe sepsis 
per 100 ICU 
admission

Incidence 
per 1000 
population ICU mortality

Hospital 
mortality

Australia & New Zealand4 11.8 0.77 26.51 37.51

United States3 11.85 2.4 NR 17.9*

France2 15.36 0.95 NR 41.9

United Kingdom7 28.7 0.66 30.8 44.7

Brazil8 17.4 NR NR 47

* sepsis overall (not severe sepsis), nr: not reported



SIRS, Sepsis and Multiorgan Failure 317

aCCP, the European society of intensive 
Care Medicine (EsiCM), the american 
thoracic society (ats), and the surgical 
infection society (sis)) revisited the 1992  
sepsis guidelines. they expanded the list  
of signs and symptoms of sepsis to reflect  
clinical bedside experience; no evidence 
exists to support a change to the defin­
itions.14 infection was defined as a micro­
bial phenomenon characterised by an 
inflammatory response to the presence of 
microorganisms or the invasion of normally 
sterile host tissue by microorganisms.

the sirs concept is valid to the extent 
that a systemic inflammatory response is non 
specific and can be triggered by a variety of 
infectious and non­infectious conditions.

Current definitions do not allow for 
precise staging of the host response to 
infection and categorical definitions, such as 
sirs, severe sepsis, and septic shock, have 
important limitations. despite this, the 
sirs concept has been globally adopted by 
clinicians and investigators, table 17.2. 

risK FaCtors For sEPsis

Factors which are potentially responsible for 
the growing incidence of sepsis and septic 
shock include: 

1) increased awareness and sensitivity of 
the diagnosis, 

2) increased use of cytotoxic and 
immunosuppressant agents, 

3) Malnutrition, 
4) alcoholism, 
 5) Malignancy, 
 6) diabetes mellitus, 
 7) increasing number of transplant 

recipients and transplantation 
procedures, 

 8) increasing number of patients who 
have compromised immune status, 

 9) acquired immunodeficiency syndrome, 

10) increasing use of aggressive invasive 
procedures in patient management and 
diagnosis, 

11) increasing number of resistant 
microorganisms and 

12) increasing number of elderly patients.

Causative agents 

Gram­positive organisms, endotoxin­
containing Gram­negative organisms, fungi  
and other microbial pathogens can trigger  
sepsis. Gram­negative bacteria are respons­
ible for most clinical sepsis, although in 
the past decade the spectrum of invading 
microorganisms appears to be shifting to 
Gram­positive bacteria and fungi. in a recent 
australian study, infection was confirmed by 
positive culture in about 58% of episodes. 
of the organisms cultured, 48.3% were 
gram­positive and 38.5% gram­negative; 
other organisms, including yeasts, fungi, 
legionellae and mycobacteria accounted for 
the remaining 13.2%.

PathoPhYsioLoGY oF sEPsis

the pathophysiology of sepsis is a complex 
process. Pertinent factors include the bacterial 
density of contamination and the underlying 
immune status. sirs is a result of uncontrol­
led activation of innate immune effector 
mechanisms which serve to localize and 
control bacterial invasion and to initiate repair 
of injured tissue. the innate immune system, 
comprising cell ular (polymorphonuclear 
leuko cytes, macrophages, natural killer cells, 
dendritic cells) and humoral components 
(complement and coagulation systems), is 
activated in early sepsis. Components of the 
innate immune response from the first line of 
defence are involved in the recognition and 
destruction of pathogens and allow time for 
acquired immune response to be effective. 
the host–microbe interaction leads to the 
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activation of several mediators within the  
innate immune system, including 
proinflammatory and anti­inflammatory 
cytokines and the coagulation cascade. the 
consequences of a systemic proinflammatory 
reaction include endothelial damage, 
microvascular dys function, impaired 
tissue oxygenation and organ injury. 
the consequences of an excessive anti­
inflammatory response include anergy 
and immunosuppression. in addition, 

pro­ and anti­inflammatory processes 
may interfere with each other, creating a 
state of what has been termed destructive 
immunologic dissonance.16 the entire pro­
cess is often described as uncontrolled, 
maladaptive, or dysregulated. sepsis may 
therefore pathologically be described as an 
autodestructive process that permits the 
extension of a normal pathophysiologic 
response to infection that can result in 
Mods.17 

Table 17.2: Definitions of Systemic Inflammatory Response Syndrome (SIRS) and 
Different Degrees of Severity of Sepsis.15

Condition Description 

SIRS Two or more of the following conditions:

• Temperature >38.5°C or <35.0°C; 
• Heart rate of >90 beats/min; 
• Respiratory rate of >20 breaths/min or PaCO

2
 of <32mmHg; and

• White blood cell count of >12,000cells/mL, <4000cells/mL, or >10% immature 
(band) forms

Sepsis SIRS in response to documented infection (culture or Gram stain of blood, sputum, 
urine, or normally sterile body fluid positive for pathogenic microorganism; or focus 
of infection identified by visual inspection) 

Severe 
sepsis

Sepsis and at least one of the following signs of organ hypoperfusion or organ 
dysfunction: 
• Areas of mottled skin; 
• Capillary refilling of ≥3 seconds; 
• Urinary output of <0.5mL/kg for at least 1 hour or renal replacement therapy; 

lactate >2mmol/L;
• Abrupt change in mental status or abnormal EEG findings;
•  Platelet count of <100,000cells/mL or disseminated intravascular coagulation; 
• Acute lung injury/Acute Respiratory Distress Syndrome; and 
• Cardiac dysfunction (echocardiography)

Septic shock Severe sepsis and one of the following conditions: 
• Systemic mean blood pressure (BP) of <60mmHg (<80mmHg if previous 

hypertension) after 20 to 30mL/kg starch or 40 to 60mL/kg saline solution, or 
pulmonary capillary wedge pressure (PCWP) between 12 and 20mmHg. 

• Need for dopamine of >5mcg/kg/min, or nor adrenaline or epinephrine of 
<0.25mcg/kg/min to maintain mean BP at >60mmHg (80mmHg if previous 
hypertension)

Refractory 
septic shock

Need for dopamine at >15mcg/kg/min, or nor adrenaline or adrenaline at 
>0.25mcg/kg/min to maintain mean BP at >60mmHg (80mmHg if previous 
hypertension)
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Innate immunity and toll-like 
receptors (TLRs)

sirs is a consequence of uncontrolled 
activation of innate immune responses 
triggered when ‘pattern recognition’ receptors 
sense the presence of molecular signatures that 
are present in the pathogens. Pre­eminent 
among such pattern recognition receptors 
are tLrs which serve as primary sensors of 
the innate immune system.18 Various tLrs 
have been identified in humans; tLr4 is 
expressed on the cell surface and serves as 
the primary sensor for endotoxins (also 
called lipopolysaccharides (LPs)) which 
are a constituent of the outer membrane 
of Gram­negative bacteria. the exoskeleton 
of Gram­positive bacteria is comprised of 
peptidoglycan (PGn) and lipoteichoic acid 
(Lta) which is sensed by tLr2.19

Proinflammatory response 

the primitive, but effective, local inflam­
matory processes (adherence, chemotaxis, 
phagocytosis, bacterial killing) are highly 
regulated at various levels, mainly through 
the production of macrophage cytokines. 
once a macrophage has been triggered and 
activated during the invasion of tissue by 
bacteria, it secretes cytokines (tumor necrosis 
factor (tnF), interleukins (iL)) and other 
mediators into the cell’s microenvironment. 
these cytokines and other multiple mediators 
act in concert, initiating and then amplifying 
the resultant generalised inflammatory 
processes. the overwhelming systemic 
inflam matory response that follows manifests 
itself in the shock syndrome characterised 
by endothelial damage, coagulopathy, loss 
of vascular tone, myocardial dysfunction, 
tissue hypoperfusion, and Mods. however, 
several randomised human clinical trials 
involving antagonism of pro­inflammatory 
cytokines and anti­endotoxin strategies have 

either failed to improve survival, or reported 
worsened survival. a potential reason for 
failure of these immunomodulatory strategies 
could have been that sepsis is a heterogeneous 
disorder, and the timing of the intervention(s) 
may have been inappropriate. 

Coagulation cascade 

inflammatory mediators, such as 
tnF, initiate coagulation through the 
induction of tissue factor expression, 
primarily on monocyte/macrophages, 
polymorphonuclear and endothelial cells. 
the activation of the coagulation cascade 
leads to fibrin and clot formation. there is 
also loss of native anticoagulant function, 
indicated by decreased activity and 
circulating levels of protein C. a cross–talk 
between inflammatory and coagulation 
pathways leads to self­amplifying loops of 
activation of endothelium, leading to the 
formation of microthrombi and further 
endothelial damage, thus setting the stage 
for the development of consumptive 
coagulopathy. despite improved 
understanding of the coagulation pathway, 
it remains unclear why activated Protein C 
improved ‘survival’ in a landmark clinical 
trial,21 while strategies targeted at other 
components of the coagulation cascade, 
such as tissue factor pathway inhibitor 
and antithrombin iii, had no impact on 
mortality.22 in addition to the complex 
coagulation cascade and hyperpermeable 
state of endothelium, vaso motor tone of 
the vessel is also affected. Vasoconstrictive 
(endothelin, thromboxane a2, and platelet 
activating factor (PaF)) and vasodilatory 
(nitric oxide and prostacyclin) metabolites 
are produced in certain circum stances 
with important consequences in terms 
of microcirculatory homeostasis and 
maintenance of tissue perfusion.19.
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MULtiorGan dYsFUnCtion 
sYndroME (Mods)

the precise mechanisms of cell injury and 
resulting organ dysfunction in sepsis are not 
clearly understood. Multiorgan dysfunction 
syndrome is associated with widespread 
endothelial and parenchymal cell injury, 
some of which can be explained by hypoxic 
hypoxia, direct cytotoxicity or apoptosis. 

Epithelial and endothelial 
dysfunction

Epithelial cells line the organs involved in 
Mods, including liver, lung, and intestines. 
increased permeability and loss of the 
epithelial cell barrier is hypothesized to play a 
role in Mods. increased permeability of the 
lung epithelial cells leads to acute lung injury 
(aLi) or acute respiratory distress syndrome 
(ards). the reactive oxygen species, lytic 
enzymes, and vasoactive substances (nitric 
oxide, endothelial growth factors) lead to 
microcirculatory injury, which is com­
pounded by the inability of the erythrocytes 
to navigate the septic microcirculation. 
these changes are accompanied by periph­
eral vasodilatation, hypotension, tissue 
hypoperfusion, increased permeability, and 
increased peripheral oedema leading to 
hypoxic hypoxia frequently observed in severe 
sepsis. direct cytotoxicity due to endotoxin, 
tnF­alpha, and nitric oxide may cause 
damage to mitochondrial electron transport, 
leading to disordered energy metabolism. 
this is called cytopathic or histotoxic anoxia 
which is an inability to utilize oxygen even 
when it is available. 

Immune suppression and apoptosis

Few patients die shortly after the onset of  
sepsis due to profound hypotension or 
hypoxemia whilst many will have prolonged 

iCU course and may die following noso­
comial infection. the interaction between 
proinflammatory and anti­inflammatory 
mediators plays an important role in deter­
mining the outcome of sepsis. activated  
Cd4 t cells are programmed to secrete 
cytokines with either of two distinct 
and antagonistic profiles. they secrete 
cytokines with inflammatory (type 1 helper 
t­cell [th1]) properties, including tnF, 
interferon­1 and interleukin­2, or cytokines 
with anti­inflammatory (type 2 helper t­cell 
[th2]) properties for example, interleukin­4 
and interleukin­10. the factors that 
determine whether Cd4 t cells have th1 
or th2 responses are currently unknown but 
may be influenced by the type of pathogen, 
the size of the bacterial inoculum, and the 
site of infection.17 Programmed cell death 
(apoptosis) is a normal cellular process. 
sepsis is accompanied by increased apoptosis 
of lymphoid cells, and, to a lesser extent, 
parenchymal cells. ingestion of apoptotic 
cells by macrophages may lead to a th2 
response, while ingestion of necrotic cells 
favours a th1 response, thus apoptosis 
contributes to immunosuppression. the 
proinflammatory cytokines may delay 
apoptosis in activated macrophages and 
neutrophils, but other tissues, such as the 
gut epithelium, may undergo accelerated 
apoptosis. Endogenous release of steroids 
during stress increases apop tosis. therefore, 
derangement of apop tosis appears to play a 
critical role in the tissue injury involved in 
sepsis. 

Sepsis, circulatory failure and organ 
dysfunction 

the widespread disruptions in severe sepsis 
can result in profound cardio­circulatory 
dysfunction. this manifests itself as shock. 
the dysfunction involves the cardiac, 
peripheral vascular (macrovascular) and 
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microcirculatory elements of the circulation, 
depending on the degrees of cardiac or 
vascular dysfunction and the volume status 
of the patient. the clinical picture ranges 
from cold, clammy and under­perfused to 
one of hyperdynamic shock. however in 
clinical practice, hyperdynamic shock is seen 
much more frequently.23

Landry and oliver20 enumerated the 
primary mechanisms for vascular smooth 
muscle relaxation in sepsis to include 
activation of atP­sensitive potassium 
channels in the plasma membrane, activation 
of inducible nitric oxide synthase, and 
vasopressin deficiency. there are numerous 
vasoregulatory mediators in septic shock, 
and distant organs, including the brain, 
adrenal glands, liver, and heart; all influence 
vascular tone.22 another potential factor that 
may contribute to persistence of vasodilation 
is impaired compensatory secretion of anti­
diuretic hormone (vasopressin). Low doses 
of vasopressin may be effective in raising 
blood pressure in patients refractory to other 
vasopressors and may have other potential 
physiologic benefits. however, the recent 
Vasst trial, a randomized, controlled trial  
comparing norepinephrine alone to nore­
pinephrine plus vasopressin at 0.03units/
min, showed no difference in outcome in the 
intent to treat population.24

the situation in septic shock is further 
complicated by widespread microcirculatory 
dysfunction, further impairing tissue oxygen 
delivery, and diminished mitochondrial 
activity resulting in impaired oxygen 
extraction. the microcirculation is a key 
target organ for injury in the sepsis syndrome. 
sepsis is associated with a decrease in the 
number of functional capillaries (capillarity), 
which causes an inability to extract oxygen 
maximally. these changes may be due to 
extrinsic compression of the capillary by tissue 
oedema, endothelial swelling, and plugging of 
the capillary lumen by leukocytes or red blood 

cells (which lose their normal deformability 
properties in sepsis). nitric oxide plays a 
pivotal and multifaceted role in the complex 
pathophysiology of sepsis in maintaining 
microcirculatory homeostasis and patency, 
especially when the microcirculation sustains 
an insult (as with sepsis).25 in the healthy 
state and under pathologic conditions, no 
maintains microcirculatory homeostasis by 
regulating microvascular tone, leukocyte 
adhesion, platelet aggregation, microthrombi 
formation, and microvascular permeability. 
direct or indirect effects of one or 
more circulating myocardial depressing 
substances results in myocardial depression, 
ventricular dilatation and/or decreased left 
ventricular ejection fraction further affecting 
circulation.26 

Endothelial injury and the inflammatory 
process due to neutrophil entrapment 
in the pulmonary vasculature leads to 
disturbed capillary blood flow and enhanced 
microvascular permeability, resulting in 
interstitial and alveolar oedema.27 ards is 
a frequent and well described manifestation 
of severe sepsis. Mechanisms by which sepsis 
and endotoxinemia might lead to acute renal 
failure are incompletely understood. sepsis 
often results in acute renal failure due to acute 
tubular necrosis and systemic hypotension, 
direct renal vasoconstriction and release of 
various cytokines are contributing factors.27 
nervous system involvement in sepsis can 
be central, causing encephalopathy, or 
peripheral resulting in neuropathy. at least 
25% of patients admitted to medical or 
surgical intensive care units for more than 
seven days have some degree of acquired 
paresis. neurological manifestations of sepsis 
includes limb muscle weakness and atrophy, 
reduced or absent deep tendon reflexes, loss 
of peripheral sensation to light touch and 
pin prick with relative preservation of cranial 
nerve function.28
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ManaGEMEnt

treatment of sepsis and septic shock rests 
upon the triad of hemodynamic resuscitation, 
antimicrobial therapy and source control. 
Establishing vascular access and initiating 
aggressive fluid resuscitation should be the 
initial priority when managing patients 
with severe sepsis or septic shock. relative 
intravascular hypovolaemia is common and 
rapid large volume infusions of intravenous 
fluids, appropriate vasopressor and inotropic 
support are indicated as initial therapy unless 
there is coexisting clinical or radiographic 
evidence of heart failure. rivers et al.29 in 
a single centre randomised controlled trial 
(rCt) demonstrated decreased mortality 
by initiating protocolized resuscitation of 
patients with sepsis induced shock in the 
first 6 hours. the goals of initial resuscitation 
involved the use of crystalloids or colloids 
to maintain central venous pressure of 
8–12mmhg and a mean arterial pressure 
(MaP) of at least 65mmhg with fluid and 
norepinephrine or dopamine as the initial 
vasopressor of choice. dobutamine may 
be indicated in patients with myocardial 
dysfunction as indicated by elevated cardiac 
filling pressures and low cardiac output. 
treatment goals, assuring vital organs are 
perfused are; to maintain a urine output 
0.5mL/kg/hr and a superior vena caval 
oxygen saturation (scvo

2
) or mixed venous 

oxygen saturation (svo
2
) less than 70% or 

65% respectively. rivers et al reported a 
mortality reduction from 47% in the control 
group to 31% in the treatment group. there 
is no evidence for the use of dopamine to 
increase urine output as a treatment goal. 
the saline versus albumin Fluid Evaluation 
(saFE study) was the largest randomised 
controlled trial ever performed in the critical 
care population. it involved almost 6997 
critically ill patients (that is, not specifically 
with sepsis), run by the australian and new 

Zealand intensive Care society Clinical 
trials Group (anZiCs CtG). Patients 
were eligible if clinicians judged that fluid 
was needed to treat intravascular volume 
depletion, and were treated with either  
4% albumin (n = 3497) or 0.9% (n = 3500) 
saline. the two groups had similar baseline 
characteristics. death from any cause 
during the 28 days after randomisation 
was the primary outcome measure. there 
were 726 deaths in the albumin group, as 
compared with 729 deaths in the saline 
group (relative risk of death, 0.99; 95% 
Ci, 0.91 to 1.09; P = 0.87). there were no 
significant differences between the groups 
in the mean (±sd) numbers of days spent 
in the iCU (6.5 ± 6.6 in the albumin group 
and 6.2 ± 6.2 in the saline group, P = 0.44), 
days spent in the hospital (15.3 ± 9.6 and 
15.6 ± 9.6, respectively; P = 0.30), days 
of mechanical ventilation (4.5 ± 6.1 and 
4.3 ± 5.7, respectively; P = 0.74), or days 
of renal­replacement therapy (0.5 ± 2.3 and 
0.4 ± 2.0, respectively; P = 0.41).30

the surviving sepsis Campaign (ssC), 
an initiative of the EsiCM, the international 
sepsis Forum and sCCM was developed 
to improve the management, diagnosis, 
and treatment of sepsis. the most recent 
version was published early in 2008.31 as per 
these ssC guidelines, the rivers study was 
considered as Grade B evidence. however, 
there were also concerns raised regarding the 
widespread implementation of this study into 
practise in other jurisdictions. one of these 
was the high mortality in the control group 
(47%). Mortality in other studies reporting 
severe sepsis has been quoted as 30–35%,7,32 

which could suggest that while Early Goal 
directed therapy may have a beneficial effect 
when baseline mortality is high, it may be less 
effective when baseline outcomes are better. 
the other concern was that introduction of 
this treatment paradigm would have huge 
implications for staffing and infrastructure 
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in the emergency department and iCU. 
the scvo

2
 may be used as warning signal 

in critically ill patients and act as a marker 
instead of svo

2
 in emergency departments 

and iCU in the early stages of hemodynamic 
optimisation. Following initial resuscitation, 
it is uncertain whether goal­ directed therapy 
should be based on scvo

2
 instead of svo

2
. 

studies have provided indirect support for 
the use of lactate in goal­directed therapy, 
but there is as yet insufficient evidence for its 
use as a resuscitation end point. single centre 
studies frequently either lack the scientific 
rigor or external validity required to support 
widespread changes in practice and their 
premature incorporation into guidelines 
may make the conduct of definitive studies 
more difficult.33 arisE (australasian 
resuscitation in sepsis Evaluation) is a 
phase iii, multi­centre, anZiCs CtG 
(australia, new Zealand intensive Care 
society­ Clinical trails Group) endorsed, 
randomised, controlled study evaluating 
early goal­directed therapy in 1600 patients 
presenting to the Emergency department 
with severe sepsis across australian, new 
Zealand and hong Kong hospitals. the 
study is being conducted over 2.5 years 
through the australian and new Zealand 
intensive Care research Centre, department 
of Epidemiology and Preventive Medicine, 
Monash University. this study will hopefully 
provide more directions towards this  
topic.

appropriate cultures should properly be 
obtained before initiating antibiotic therapy 
but this should not prevent administration of 
antimicrobial therapy. it is recommended that 
empiric antibiotic therapy be administered 
within 1 hour of the identification of severe 
sepsis. in the presence of septic shock, each 
hour delay in achieving administration of 
effective antibiotics appears to be associated 
with a measurable increase in mortality.34 
rapid diagnostic methods (polymerase 

chain reaction, micro­arrays) might aid in 
the earlier identification of pathogens.35 
specific anatomical diagnosis of infection 
and measures to control the source within 
the first 6 hours following presentation is 
recommended.31 a procalcitonin­guided 
strategy to treat suspected bacterial infections 
in non­surgical patients in intensive care  
units could also reduce antibiotic exposure 
with no apparent adverse outcomes. a 
multicentre, prospective, parallel­group, 
open­label, randomised trial demonstrated 
procalcitonin guided strategy resulted in 
sig nificantly more days without antibiotics 
when compared with control group  
(14.3 days [sd 9.1] versus 11.6 days  
[sd 8.2]; absolute difference 2.7 days,  
95% Ci .0.4 to 4.1, p<0.0001).36

Steroids

Use of corticosteroids in patients with septic 
shock has been controversial for several 
decades and continues to be controversial 
despite the publication of several trials 
including two recent large rCt’s. sepsis 
may be associated with relative adrenal 
insufficiency in a substantial subset of 
patients. 

annane et al37 in a multi­centre French 
trial, randomised 300 patients with 
septic shock to receive either placebo or 
hydrocortisone 50mg intravenously every 
six hours (plus fludrocortisone 50mcg 
enterally once a day) within eight hours of 
onset of septic shock. treatment continued 
for seven days. Based upon a high­dose  
(250mcg) aCth (adrenocorticotropic 
hormone) stimulation test, the patients were 
classified as having adequate adrenal reserve 
(maximum increase in serum cortisol of  
>9mcg/dL) (248nmol/L) or inadequate 
adrenal reserve (maximum cortisol increase of 
≤9mcg/dL (248nmol/L). this study showed 
significant shock reversal and reduction 
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of mortality rate in patients with relative 
adrenal insufficiency. Based on this study 
many clinicians still use steroids in certain 
subsets of septic patients. 

however, a recent large, European 
multicenter trial CortiCUs,38 which was 
a double blinded randomised trial assigning 
499 patients with septic shock to receive 
hydrocortisone or placebo intravenously 
every six hours for five days, followed 
by a tapering regimen, failed to show a 
survival benefit with steroid therapy for 
septic shock irrespective of the presence or 
absence of relative adrenal insufficiency. 
the therapeutic guiding role of the aCth 
stimulation test was cast into doubt by this  
trial. 

similarities between the two studies 
included a beneficial steroid effect on time 
to shock reversal, no evidence for increased 
risk of neuromuscular weakness, and no 
hyperglycaemia. differences between the two 
studies annane37 and CortiCUs trial38 

respectively include: Entry window (8 vs. 
72 hours; sBP <90mmhg (>1 hour 
vs. <1 hour); additional treatment with 
(fludrocortisone vs. no fludrocortisone); 
treatment duration (7 vs. 11 days); weaning 
(none vs. present); differences in steroid 
effects according to the response to aCth 
test (yes vs. no) and increased risk of 
superinfection (no vs. yes). 

another major difficulty regarding the 
use of steroid is the lack of definitive data 
regarding the appropriate cutoff values for 
‘relative’ adrenal insufficiency in the shock 
state. significant variability exists in the 
results of cortisol assay among research 
centres and whether they estimate free or 
total cortisol assay. Free and total cortisol 
may vary significantly based upon the 
protein concentration. which steroid is also 
a pertinent question; there is little evidence 
for steroids other than hydrocortisone.

Recombinant human activated 
protein C (rhAPC)

Coagulation plays a central role during 
inflammatory processes, particularly those 
due to infection. drotrecogin alfa (activated) 
or recombinant human activated protein C 
is a 54 kilodalton recombinant glycoprotein 
with antithrombotic, profibrinolytic, and 
anti­inflammatory properties. Protein C is 
an inactive zymogen synthesized in the liver. 
when coupled to thrombomodulin on the 
endothelial surface, protein C is converted to 
activated Protein C by thrombin. significant 
decreases in protein C levels have been well 
documented in sepsis and specifically in 
septic shock.39 the conversion of protein C  
to activated protein C may be impaired during 
sepsis as a result of the down­regulation 
of thrombomodulin by inflammatory 
cytokines. this led to interest in therapeutic 
administration of activated protein C (and 
similar agents) in early sepsis. it has now 
become the first biological therapy to report 
a mortality benefit in human rCt of  
sepsis. the recombinant human activated 
Protein C worldwide Evaluation in severe 
sepsis (ProwEss)21 was a randomized, 
double­blind, placebo­controlled, multi­
center trial. Patients with systemic inflam­
mation and organ failure due to acute 
infection were randomised to placebo or to 
receive rhaPC (24μg/kg/hr) for 96 hours. the 
primary end point was death from any cause at  
28 days. nearly 1700 patients were 
randomized but the study was stopped 
early when an interim analysis showed a 
survival benefit in the treatment arm. Based 
upon post­hoc analyses of the study data, 
drotrecogin alpha was of greater benefit 
in the most severely ill patients, including 
those with an aPaChE (acute Physiology 
and Chronic health Evaluation) ii score 
≥25 and patients with multiple organ 
dysfunction. this formed the basis for the 
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Fda decision to license rhaPC for use in  
sepsis.

a subsequent trial of rhaPC in patients 
with a low risk of death was halted after an 
interim analysis for lack of effectiveness.40 
another trial, involving the paediatric 
population who had severe sepsis, was 
stopped after approximately 400 patients 
had been enrolled, again because of futility. 
the surviving sepsis Guidelines31 suggest 
its use (if there are no contraindications) in 
adult patients with sepsis­ induced organ dys­
function associated with a clinical assessment 
of high risk of death, most of whom will 
have acute Physiology and Chronic health 
Evaluation (aPaChE) ii >25. however, 
there has been considerable criticism of 
the ProwEss trial and australian and 
new Zealand intensive Care society does 
not recommend the use of rhaPC within 
practice guidelines.41 the decision regarding 
administration of rhaPC is likely best made 
based upon clinicians assessment of high risk 
of death due to multiorgan failure versus the 
risk of bleeding complications. 

Currently another trial ‘Efficacy and safety 
of drotrecogin alfa (activated) in adult 
Patients with septic shock’ is in progress. 
the purpose of this placebo­controlled study 
is to determine if drotrecogin alfa (activated) 
treatment provides significant mortality 
reduction and organ function improvement 
in patients with septic shock compared with 
placebo treatment in patients receiving the 
current standard of care for septic shock. 
this study will also assess the effectiveness 
of drotrecogin alfa (activated) in reducing 
28­day mortality in patients with septic 
shock and concomitant severe protein C 
deficiency at baseline. 

Glucose control

hyperglycaemia is reported to be associated 
with poor clinical outcomes in critically 

ill patients. in 2001, Van den Berghe 
and colleagues42 demonstrated significant 
mortality benefit by intensive insulin infusion 
titrated to strict euglycaemia in critically 
ill surgical patients. however, a second 
study by the same author which targeted 
medical iCU patients using the same strict 
glycaemic control failed to show survival 
benefit. with the available evidence, most 
clinicians agree that glycaemic control is a 
desirable intervention in critically ill patients 
although the optimal blood glucose range is 
still controversial. a blood glucose level of  
140 to 180 mg/dL (7.7 to 10mmol/L) appears 
to be an acceptable target. a more stringent 
target (80 to 108mg/dL [4.5 to 6mmol/L]) 
was associated with higher incidence of 
hypoglycaemia and significantly higher 
90­day mortality in the recently published 
(australasian based) niCE sUGar trail. 
this study randomised 6104 patients; 3054 
were assigned to undergo intensive control 
81 to 108mg/dL (4.5 to 6.0mmol/L) and 
3050 to undergo conventional control blood 
glucose <180mg/dL (<10.0nmol/L). severe 
hypoglycaemia was reported in 6.8% of  
the intensive­control group and 0.5% of the 
conventional­control group (P<0.001).43

Renal replacement therapy

Continuous renal replacement therapy 
(Crrt) involves either dialysis based solute 
removal) or filtration (convection­based  
solute and water removal) treatments that 
operate in a continuous mode. haemofiltration 
(hF) refers to the use of a hydrostatic 
pressure gradient to induce the filtration 
(or convection) of plasma water across the 
membrane of the hemofilter. hemofiltration 
has been described as a technique which 
can lower cytokine levels. in a single­centre, 
randomized, controlled study in which con­
tinuous renal­replacement therapy was the 
sole treatment approach, survival improved 
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when the intensity of therapy was increased 
from an assigned effluent rate of 20ml/kg/hr 
to either 35 or 45ml/kg/hr.44 Bellomo and 
colleagues recently reported the results of the 
randomized Evaluation of normal versus 
augmented Level (rEnaL) replacement 
therapy study, which was conducted at 
multiple centers in australia and new 
Zealand. in the rEnaL study,45 1508 
patients with severe acute kidney injury 
who required intensive care were randomly 
assigned to receive continuous venovenous 
hemodiafiltration at a total effluent flow 
rate of either 25ml or 40ml/kg/hr. in both 
treatment groups, 44.7% of patients died in 
the first 90 days after randomization (odds 
ratio, 1.00; 95% Ci, 0.81 to 1.23). overall, 
94.4% of patients who were alive after  
90 days no longer required dialysis, with 
similar rates of recovery of kidney function 
in both treatment groups.

3-hydroxy-3-methylglutaryl-
coenzyme reductase inhibitors 
(HMG-CoA)

the therapeutic use of hMG­Coa reductase 
inhibitors, also known as statins, has become 
widespread as lipid lowering agents in 
the prevention and treatment of major 
cardiovascular diseases. there is evidence 
that statins have beneficial effects on the 
perioperative risk of cardiac complications 
and sepsis. statins appear to have actions 
on vascular nitric oxide through the balance 
of inducible and endothelial nitric oxide 
synthase. statins also have anti­inflammatory 
properties, exemplified by reduced plasma 
concentrations of the inflammatory cyto­
kines tumour necrosis factor (tnF­α) and 
interleukin (iL­6). Various cohort studies 
have been published in favour of statins 
reducing mortality in sepsis. a meta­analysis 
of cohort studies (including one randomised 
trial) demonstrated a protective effect for 

statins in patients with sepsis and/or other 
infections compared to placebo for various 
infection­related outcomes; (0.61 (95% Ci, 
0.48­0.73) for 30­day mortality).46 Current 
ongoing rCts of statins in sepsis are to be 
watched with interest. 

Other adjuvant therapies in sepsis 

Cytokines and anticytokine therapies 
Granulocyte Colony stimulating Factor 
(G­CsF) is a cytokine involved in 
myelopoiesis with a predominant effect on 
the polymorphonuclear leukocyte (PMn). 
studies in humans with pneumonia have had 
encouraging results but with no mortality 
benefit. tnF plays a central role in the 
inflammatory process; but phase iii clinical 
trials of tnF antibodies and tnF fusion 
proteins led to negative results. similarly, 
studies on antagonising interleukin­1, a 
cytokine with similar properties, also led to 
negative results. 

Pooled immunoglobulin (IVIG) 
immunoglobulin has been used for 
sepsis states such as meningococcal 
and pneumococcal infections with 
some documented survival benefit. 
the mechanism of action is most likely 
immunomodulatory and binding and 
inactivation of the bacterial derived super­
antigen. its use has been suggested in 
toxic shock syndrome due to Streptococcus 
pyogenes and Staphylococcus aureus. a large 
randomised trial of 653 patients with severe 
sepsis failed to demonstrate any benefit of 
iViG. the 28­day mortality rate was 37.3% 
in the placebo group and 39.3% in the iViG 
group and thus not significantly different 
(p = 0.6695).47 Many clinical studies and 
meta­analyses have examined the utility of 
iViG, but there exists insufficient data to 
make a firm recommendations for its use in 
sepsis and septic shock. 
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Acute respiratory distress syndrome 
(ARDS)

ards is an acute (rapid onset) syndrome with 
bilateral infiltrates on chest x­ray; no evidence 
of elevated left atrial pressure (the pulmonary 
capillary wedge pressure is ≤18 mmhg if 
measured) and a ratio of arterial oxygen 
tension to fraction of inspired oxygen (Pao

2
/

Fio
2
) is less than 201mmhg. Conventional 

therapy, aimed at tidal volumes (V
t 
) of 

12–15ml/kg, generated lung volumes that 
overstretched alveoli resulting in volutrauma 
(secondary lung injury). the landmark 
acute respiratory distress syndrome net­
work multicenter trial randomly assigned 
861 mechanically ventilated patients with  
ards and acute lung injury to receive  
low tidal volume ventilation (tidal volume 
of 6 mL/kg) or conventional mechanical 
ventilation (tidal volume of 12mL/kg). 
Mechanical ventilation using a lower tidal 
resulted in decreased mortality and an increase 
in the number of days without ventilator 
use.48 the overall goal was to maintain 
acceptable gas exchange and avoid alveolar 
over­distension, tolerating hypercapnia if 
indicated; thus minimizing the adverse 
effects of mechanical ventilation. 
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