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ABSTRACT
SEPSIS SYNDROME IN PATIENTS REQUIRING INTENSIVE THERAPY
THE ROLE OF THE ANTI-ENDOTOXIC AGENT TAUROLIDINE

Sepsis syndrome is the clinical manifestation of
endotoxaemia in which bacteraemia may occur. Sepsis is
increasing in importance as a cause of multiple organ
failure and death in patients reguiring intensive therapy.
Such patients are at increased risk of infection and are
often immunocompromised. It is likely that endotoxaemia
initiates release of a cascade of cytokines which mediate
inflammatory damage to tissues. Treatment is aimed at
maintaining tissue oxygen delivery and minimising further
damage. Whilst there have been major advances in intensive
therapy and antibiotic development, there has been little
change in mortality from gram-negative sepsis in the last
twenty years. The recent introduction of anti-endotoxic
agents may prove to be a therapeutic advance.
This thesis evaluates an anti-endotoxic agent, taurolidine,
in patients with sepsis syndrome who were managed by a
standard protocol in the Intensive Therapy Unit at Bristol
Royal Infirmary. An effective anti-endotoxic agent should
reduce endotoxaemia, its systemic effects, the onset of
organ failure and mortality.
Taurolidine is an amino-acid derivative made up with 5%
povidine in water for intravenous use. It was used in a
randomised, double-blind placebo controlled study in

100

patients with sepsis syndrome after a pilot study in 30
patients reviewed the incidence and severity of endotoxaemia
in a variety of conditions.

The effects of taurolidine compared to placebo were assessed
by measuring changes in plasma endotoxin, cytokine and acute
phase protein concentrations. Physiological and biochemical
assessments were also made and a daily assessment of organ
failure, clinical and bacteriological response was recorded.
Results of the pilot study failed to confirm an association
between endotoxin and outcome. There was no difference in
outcome in the controlled study between those treated with
taurolidine and those given placebo.
No major adverse reactions occurred in those patients
treated with taurolidine nor in either group as a result of
the increased fluid load of the infusions. The incidence of
bacteraemia in these patients at admission to the Intensive
Therapy Unit was low probably because of prior
administration of antibiotics in all cases.
It seems unlikely that anti-endotoxic agents such as
taurolidine administered on admission to the ITU will have a
substantial effect on the outcome of sepsis syndrome in this
country.
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CHAPTER 1 INTRODUCTION
1.1. SEPSIS AND OUTCOME IN THE INTENSIVE THERAPY UNIT
The commonest cause of death in patients requiring intensive
therapy is sepsis leading to multiple organ failure. This
may present as obvious surgical sepsis or as a clinical
picture of sepsis syndrome defined below (Bone 1989). Sepsis
syndrome often occurs without bacteraemia; for example in
patients who have sustained multiple trauma (Faist 1983)
where there is no obvious source of infection. Over half of
50 patients admitted after trauma with systolic blood
pressures less than 80 mm Hg have positive blood cultures
(Rush 1988). Presumably bacteria and endotoxin enter the
circulation during shock and cause widespread damage to
tissues and organs, sepsis syndrome and finally multiple
organ failure.
Endotoxaemia itself leads to massive non-specific activation
of inflammatory mediators, progressing to shock and death
(Weil 1964, Christy 1971, McGowan 1975, Rose 1977, Hardaway
1980, Maki 1981, Tracey 1989).
The characteristic clinical presentation of sepsis which
includes fever, hypotension, pulmonary oedema and acute
tubular necrosis can be produced by infusion of lipid A, the
lipopolysaccharide component of endotoxin which produces the
deleterious host response ( Vito 1974, Wardle 1975, Eiesman
1977, Hinshaw 1982, Ziegler 1982, Suffredini 1989). Fever
resulting from administration of lipopolysaccharide is
believed to be due to endogenous pyrogen, released from
cells such as polymorphonuclear leucocytes, monocytes or
alveolar macrophages, which reaches the hypothalamus and
causes a sustained increase in temperature.
There are important mechanisms involved in defence against
infection which clear the circulation of harmful substances.
The reticuloendothelial system removes microemboli and

23

endotoxin from the circulation. Opsonic proteins enhance
reticuloendothelial clearance and their deficiency increases
mortality after shock (Kaplan 1976). Activated host defences
act locally to contain infection but unfortunately also
exert systemic effects producing sepsis syndrome (Dunn
1992) .
If bacteria are injected intravenously, a high rate of
infusion is needed to produce a fixed number of organisms in
the circulation because of clearance mechanisms (Postel
1975). The bacteria may still shed their endotoxin in the
circulation despite their small or undetectable number.

Table 1.1. Criteria for definition of sepsis syndrome
A systemic response to infection with:
- hypothermia < 35.6°C or hyperthermia >38.5°C
- tachycardia > 90/min in the absence of
hypovolaemia or beta-adrenergic blocking drugs
- tachypnoea >

2 0 /min

or the requirement for

ventilatory support
- clinical evidence of an infection site
AND at least one end-organ showing evidence of
inadequate perfusion or dysfunction:
- poor or altered cerebral function
- hypoxaemia Pa 0 2 < 75mmHg breathing room air*
- elevated plasma lactate > 2.2 mmol/L
- oliguria (urine output <30ml/h or 0.5ml/kg/hour
without corrective therapy for at least 1 hour
* The cause should not be overt pulmonary disease.
Sepsis syndrome is accepted as a valid clinical entity since
Bone reported a study of 191 patients with sepsis (1989).
The criteria for diagnosis are shown in Table 1.1. Forty
five percent of these patients were bacteraemic, 36% in
septic shock (sepsis syndrome + systolic BP < 90 mm Hg or a
decrease in baseline systolic pressure > 40mm Hg). Mortality
for patients with sepsis syndrome who did not develop shock
24

was 13%, for those with shock at admission mortality was
27.5% and in those patients with shock developing after
admission mortality rate was 43%. Of the 45% of patients who
were bacteraemic (gram-positive and gram-negative) at
admission, 47% developed shock whereas only 30% of the nonbacteraemic ones did so. The criteria for sepsis syndrome
identify a patient population at imminent risk for
development of septic shock, adult respiratory distress
syndrome and death and were the criteria used for this
study.
Mortality from gram-negative sepsis and multiple organ
failure remains high (40-70%) despite the introduction of
powerful antibiotics and other supportive therapy (Levin
1972, McCartney 1987). Therefore drugs with an antiendotoxic effect may be of value in treatment. Taurolidine
(Taurolin) is an amino-acid derivative which is a non-toxic,
antimicrobial chemotherapeutic agent with bactericidal,
anti-endotoxic and anti-adherent properties.

It is said to

be effective in septicaemia if administered systemically.
1.2. OBJECTIVES OF THE STUDY
i

To describe the occurrence of endotoxaemia in

selected patients admitted to the Intensive Therapy Unit at
Bristol Royal Infirmary
ii

To assess the therapeutic effect of the anti-

endotoxic drug, taurolidine, on the outcome of patients with
sepsis syndrome
iii To review the clinical relevance of the Limulus
amoebocyte lysate assay for endotoxin and possibly to
identify an alternative clinical marker for circulating
endotoxin.
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1.3. TAUROLIDINE

Taurolidine (Taurolin) is chemically described as :
B i s - (1,1-dioxoperhydro-l ,2 ,4-thiabiazinyl-4) m e thane.
Its structural formula is shown in Fig 1.3.1. and its
chemical formula is CH 2 -H 1 5 -N 4 -O 4 -S 2 with a molecular weight
of 284.37. The compound is a white crystalline odourless
powder which for the purpose of this study was made up to a
2% (1.9 - 2.1%) solution of taurolidine with 5% povidine K17
in water. It was compared with identically packaged 0.9%
sodium chloride BP.

Figure 1.3.1. Sructural formula of taurolidine

Taurolidine consists of two molecules of taurinamide derived
from the naturally occurring aminosulphonic acid, taurine
and 3 jpp^Lecules of formaldehyde combined to form a 2-ringed
struc^^pe bridged by a methylene group. In solution
taurolidine is present in equilibrium with tauraltam and
methylol-tauraltam and contains only a trace of formaldehyde
(<0.0038%). Taurolidine is non-toxic, stable, has a short
half-life and is metabolised to taurine, carbon dioxide and
water. Taurine is a naturally occurring aminoacid found in
the heart, striated muscle, brain and bile. It is taken up
by platelets and leucocytes in high concentration.
Taurolidine is not an antibiotic but an antiseptic acting by

26

methylol donation. It has a wide antibacterial and
antifungal spectrum without producing resistant strains.
Mechanism of action of taurolidine
Using thin layer chromatography it has been shown that
taurolidine and taurultam both combine with bacterial
lipopolysaccharide. Taurolidine reacts with both the
glucosamine portion of lipid A and also with the
polysaccharide. The active methylol derivatives of
taurinamide and tauraltam react with the bacterial cell wall
murein (Figure 1.3.2).

OjS

SO,

taurolidine

SO,

taurultam

N— C H i—N

methvk)I-taurultann

p------- 1
N— I

CH,OH

;

HN

- H , 0 % + H ,0

bacteria and
cndotoxirLs

H,N

methylol
taurinamide
{

h c x :h ,

I— HN

H , N - C H 2 - C H ,- S 0 , H
j — CHjOH

j

taurine

Active methylol groups

Figure 1.3.2. Mechanism of action and metabolism of
taurolidine

The reaction of taurolidine with endotoxin occurs at the
free amino groups shown in Figure 1.3.3. Three active
methylol groups are transferred for each molecule of
taurolidine. Inter- and intramolecular crosslinking occurs
with the lipopolysaccharide-protein complex. During this
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reaction taurinamide and taurine are released. Nuclear
magnetic resonance studies show an equilibrium exists
between taurolidine, taurultam and hydroxymethylol tauraltam
(Waser 1985). Taurolidine and its metabolites are highly
polar and do not cross the blood brain barrier.
The active methylol groups of taurolidine may react with
other free amine groups, such as sympathomimetic agents
(dopamine, adrenaline and noradrenaline) used in the
treatment of septic shock. This has not been substantiated
in animal studies except when a large dose is injected very
rapidly.
(Core, O-antigen polysaccharide)

INH3J
P— O-T-P-O-CHz-CHi
O
HO

lÿ]
reactive aminogroups
OH

GuGH
The position of the f« ty acid
ester is ixjt precisely known.

C |6

G,4

Figure 1,3.3. Salmonella lipid A showing reactive amino
groups

Taurolidine has bactericidal properties; bacteria are killed
and endotoxin is inactivated (Erb 1983, Pfirrmann 1979).
Figure 1.3.4. shows cells of E.coli (x 1000 in the left-hand
panels and x 15,000 in the right-hand panels). The top
panels shows normal morphology and the bottom ones the
effect of exposure to 2% taurolidine. Cells loose their
fimbriae and thereby their adherent properties.
28

In vitro

killing-time is 15-30 minutes and taurolidine is classified
as an antimicrobial chemotherapeutic agent.

Figure 1.3.4. Cells of E. coli exposed to
taurolidine

Clinical use of taurolidine
Browne (1985) showed that the lethal effects of
lipopolysaccharide from E. coli could be abolished in mice
and rabbits by giving taurolidine immediately before
administration of endotoxin.
Taurolidine has been used in humans as adjuvant treatment of
peritonitis by intra and post-operative lavage with
reduction in postoperative morbidity (Browne 1978). It is
rapidly absorbed from the peritoneal cavity both under
normal circumstances and in the presence of peritonitis
(Knight 1981). Taurolidine is known to prevent or reduce
postoperative peritoneal adhesions in patients and has been
shown to reduce adherence of some bacteria to epithelial
cells which is a pre-reguisite to establishing infection
(Gorman 1987). Administration of intraperitoneal taurolidine
reduces the effects of endotoxin in critically ill patients
29

with severe surgical sepsis or septic shock (McCartney
1988).

Erb and colleagues (1983) used an intravenous infusion of 5g
taurolidine over 2 hours at 6 hourly intervals and always
achieved optimal plasma concentration at the end of the
infusion without a cumulative effect. Nitsche and colleagues
(1986) were able to demonstrate a reduction in endotoxin
activity in plasma in patients given taurolidine
intravenously. Using the chromogenic LÀL assay as described
by Thomas (1981) these workers first observed a reduction in
endotoxin activity when plasma samples with increasing
endotoxin concentration were incubated in vitro with varying
doses of taurolidine. Taurolidine itself does not affect the
chromogenic endotoxin assay (Thomas 1985). The results
obtained by Nitsche showed that the addition of taurolidine
to plasma resulted in a reduction of endotoxin activity by
45% at most. This result took account of the binding of
endotoxin to high density lipoprotein and other plasma
proteins and to similar binding of taurolidine, particularly
to plasma albumin. These workers then went on to a
randomised controlled clinical study in patients with
diffuse fibropurulent peritonitis in which the effect of
taurolidine on plasma endotoxin concentration was measured.
They used changes in endotoxin concentration before and
after taurolidine as the only criterion of success of the
treatment and took blood samples every 12 hours. Evaluation
of results was a problem as many factors affect the plasma
level of endotoxin and there were marked individual
variations in plasma endotoxin concentration. However they
found that mean endotoxin concentration after administration
of taurolidine was approximately 40% lower than that before
administration. These preliminary results suggested the need
for a much larger controlled study.
Since then taurolidine has been widely used in Europe
without significant toxic effects on systemic haematological
or biochemical variables, although intraperitoneal
administration may cause painful reactions especially in
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younger patients. It does not affect the chromogenic
endotoxin assay (Thomas 1985).
Other studies used taurolidine instead of antibiotics with
similar results. A large amount of free endotoxin is
liberated in vivo and in vitro when antibiotics are
administered in gram-negative infection. Taurolidine in
combination with antibiotics reduces this liberation by 20
fold although combinations with vancomycin appear
antagonistic (Blenkharn 1987). The recommended dose range is
2-lOg daily and this is used in many European centres by
intraperitoneal and/or intravenous injection in the
treatment of peritonitis and associated septicaemia and
shock.
Waser (1986) reviewed the clinical use of taurolidine to
that date. It was first used clinically in 1975 in severe
peritonitis and since then 500 patients had been treated in
controlled trials in Europe and South Africa. More than
10,000 patients including those treated by Browne (1985)
have safely received taurolidine for peritonitis. Large
doses have been used without the development of significant
toxicity (40g/day to a maximum total dose of 700g in
patients with pancreatitis (Vankemmel 1985)). Taurolidine
can be instilled into the peritoneal cavity or given
intravenously and as it had shown a good spectrum of
antibacterial and antifungal activity, did not permit the
emergence of resistant organisms and had anti-endotoxic
activity with low toxicity it was believed to have great
potential benefit in the treatment of sepsis.
These properties of taurolidine suggest that it should be
valuable in gram-negative bacteraemia; hence this study.
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1.4. ENDOTOXIN
1.4.1. Structure And Biological Effects Of Endotoxin
(from Cohen & Glauser 1991)

R epealing unit

O ulei c o ie

Inner co ie

Lipid A

O specific chain

Lipid

P o ly sacch aiid e

o

M o n o s a c c h a r id e

0

P h o s p h a te

r \ j E lh a n o la m in e

' L o n g c h a in (hydioxYl) t a l l y a c i d

Figure 1.4.1. Structure of endotoxin

Endotoxin is a component of all gram-negative bacterial cell
walls. The host's defence system recognises invading
bacteria by their endotoxin structure. All gram-negative
organisms so far investigated produce in their cell envelope
a macromolecular glycolipid called lipopolysaccharide (LPS)
which prevents engulfment of (non-capsulated ) bacteria by
phagocytic cells. When gram-negative organisms come in
contact with the immune system, antibacterial antibodies are
formed which are mainly directed against receptors embedded
in the lipopolysaccharide molecule (Brade 1988). Release of
lipopolysaccharide produces a wide variety of endotoxic
reactions in susceptible hosts.
Endotoxins can be isolated by various techniques including
phenol-water and phenol-chloroform-petroleum ether
procedures (Galanos 1976) permitting the elucidation of the
structure of different endotoxins. Endotoxin concentration
in plasma can be measured by the chromogenic Limulus
Amoebocyte Lysate (LAL) assay described in Chapter 2.2.
31

The cell wall of non-capsulated gram-negative bacteria such
as Escherichia, Pseudomonas and Salmonella consists of three
layers: the inner cytoplasmic membrane, the murein
peptidoglycan layer and the outer membrane. The outer
membrane is a bilayer composed of proteins, phospholipids
and lipopolysaccharides which are essential for cell
integrity and for adaptation of the bacterium to the
environment. Endotoxin is composed of three distinct
regions; from the exterior working in, these are known as
the O-antigen polysaccharide, core oligosaccharide and
finally lipid A (Figure 1.4.1).
The antigenic O chain is the interface between the bacterium
and the host, preventing engulfment by phagocytic cells
(Rietschel 1982b). It is composed of unusual sugars the
seguence of which makes this region stereo-specific and
confers immunoreactivity (Wilkinson 1977, Luderitz 1982).
Antibodies generated by the 0-chain are extremely effective
but are serotype specific with little cross reactivity with
other bacteria. This is unfortunate as such antibodies are
opsonic, bactericidal and protective against infection and
endotoxicity. Although lipid A alone can express all the
endotoxic properties of lipopolysaccharides, the 0-chain is
thought to modify the effect. The 0-chain activates
complement by the alternate pathway (Morrison 1977,
Vukajlovich 1987) and other components of lipopolysaccharide
may also be active (Hitchcock 1984). This may be one reason
for the reported mixed success of anti-lipid A antibodies in
early studies.
The core consists of a branched oligosaccharide with some
structural variability but less than that of the O specific
region (Luderitz 1966a). It contains a sugar which is known
to be unique to Gram-negative bacilli; keto-deoxy-mannooctonate (Galanos 1977, Wilkinson 1977, Weckesser 1979).
Lipid A fatty acids confer a rigid structure and high
viscosity on the outer membrane making it markedly
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impermeable to lipophilic antibiotics and acting as a
barrier. Lipid À is also associated with outer membrane
proteins involved in the recognition of phages and cells and
thereby expression of bacteriophage receptor activity. Lipid
A is an unusual structure in which long chain fatty acids
are linked to a D-glucosamine disaccharide backbone. The
lipopolysaccharide molecule is amphipathic having both
hydrophilic (polysaccharide chain) and hydrophobic (lipid A)
regions. The lipid A region is buried and protected in the
bacterial cell wall, whilst the polysaccharide region is
exposed. The structure of lipid A is virtually constant in
all Gram negative bacteria and is known in great detail
particularly for enterobacterial lipid A (Rietschel 1982a,
1984). That of Salmonella is illustrated in Figure 1.3.3.
Westphal and Luderitz in 1954 first suggested that it was
the lipid A component which was responsible for the fever
and shock of endotoxaemia. The subsequent work of Galanos
and colleagues (1985) confirmed this and chemical synthesis
of E. coli lipid A allowed experimental injection of the
substance which produced the features of septic shock.
Synthetic lipid A also exhibits the same immunogenic and
antigenic properties as bacterial lipid A (Brade 1986). A
number of studies have compared different organisms' lipid A
on the rabbit pyrogen test (described in chapter 2.2) and
found comparable activity.
An early comprehensive review of bacterial toxins (Berry
1977)

describes two decades of development of research into

endotoxins and the current understanding of its biological
effects. Slight modifications in the lipid A architecture
result in significant changes of biological activity, the
degree of endotoxaemia (Rietschel 1987) and
immunoreactivity. It was anticipated that further
investigation would lead to improved diagnosis of gramnegative infection, therapeutic potential and
characterisation of antibodies.
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The protein component of bacterial endotoxin
Definitive demonstration of the biological activity of the
protein component of endotoxin only occurred after the
studies with C3H/HeJ mice which have a defect in
responsiveness of both B-cells and macrophages due to
inability to produce TNF (Rosenstreich 1977) and are
therefore resistant to the toxic effects of
lipopolysaccharide. Lymphoid cells from these mice could
still respond to immunostimulatory properties of the
associated protein which has since been shown to contribute
to the overall host response to endotoxin. The
lipopolysaccharide and protein components of the outer
membrane of gram negative organisms are very closely
connected and the protein moeity seems to be responsible for
resistance to proteolysis and to contribute to toxicity
(Hitchcock 1984, Rosenstreich 1977).

Clearance of endotoxin
It was generally believed that some species possess
mechanisms which render endotoxin harmless and a number of
humoral and cellular mechanisms have been proposed
(Freudenberg 1988). The rate of clearance of
lipopolysaccharide preparations depends upon chemical and
physical properties but is independent of the dose injected.
If lipopolysaccharide is injected into the blood stream it
becomes complexed with high density lipoprotein (HDL) until
it is cleared from the circulation. This is a feature of
both synthetic lipid A and native lipopolysaccharide. High
titers of homologous IgG antibodies inhibit the binding of
lipopolysaccharide to high density lipoprotein (HDL) and
thereby augment the removal of lipopolysaccharide from the
blood. The binding of lipopolysaccharide to HDL inhibits the
non-specific binding of lipopolysaccharide to cells such as
erythrocytes. Free lipopolysaccharide is incorporated into
cells much more effectively than HDL bound
lipopolysaccharide.
There is no evidence for chemical degradation or
detoxification in plasma. In the liver lipopolysaccharide is
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partially degraded and excreted slowly into the gut mainly
via bile. Although the liver is the main organ clearing
lipopolysaccharide some is excreted in the lung, where
macrophages carrying lipopolysaccharide migrate into the
alveolar and bronchiolar space (Freudenberg 1984).
Cells of the reticuloendothelial system (hepatic Kuppfer
cells, endothelium, macrophages and monocytes) are the main
cells which remove lipopolysaccharide and their activity in
part determines the outcome of an endotoxin challenge.
Effective reticuloendothelial system activity requires the
presence of opsonising substances. These were initially
believed to be mainly related to alpha-2 surface binding
glycoprotein which was known to be depressed after multiple
trauma and abdominal surgery (Scovill 1978). Surviving
patients showed restoration of opsonic activity towards
normal. This suggested that opsonic replacement might have
therapeutic potential (Saba 1975). The property resides in
cryoprecipitate and has since been identified as
fibronectin. Hypotension after surgery impairs
reticuloendothelial activity and reduces the ability to
respond to infection post-operatively (Donovan 1967).
The role of endogenous anti-endotoxin antibodies in
resistance to the effects of endotoxin is not clear. Animal
studies show the liver is a site for production of
immunoglobulins IgM, IgA and IgG in response to various
stimuli including gram-negative bacteria (Carter 1987, Pauli
1988).

Modification
Modification is the process by which bacteria or their
products adhere to mammalian cells and is due to the
presence of polysaccharide bacterial antigens. This
phenomenon has been widely known for many years (Madsen
1899) and most studied for erythrocytes but applies to a
wide range of bacterial antigens and mammalian cells,
including macrophages, lymphocytes, spleen cells, bone
marrow cells, thymocytes and fibroblasts. The bacterial
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components involved in the modification process are often
amphipathic molecules. A membrane interaction is the
important step initiating immune responses especially in the
antigen handling process. Lipopolysaccharide fragments,
often associated with a mixture of cations, possess a
natural affinity for mammalian cell membranes especially if
they are activated by heat or alkali treatment. The degree
of cell modification is dependent on a number of factors
including the amount of lipopolysaccharide, electrolyte
balance, pH, temperature and time. A number of serum
components inhibit binding of lipopolysaccharide to
membranes. Binding is also dependent on the bacterial
species and the cell type. In general macrophages exhibit
the greatest capacity for binding. The thymus, bone marrow
and spleen cells show moderate binding capacity and
peritoneal lymphocytes and erythrocytes show weaker binding
capacity. The toxicity and pyrogenicity of
lipopolysaccharide is reduced by heating and alkali
treatment.
1.4.2. Actions Of Endotoxin
The effects of endotoxin may be related to its mechanism of
release. Experimentally, dividing an administered dose of
endotoxin into two and giving the second dose at the height
of fever after the first dose produces a much enhanced
response to the second dose.
Specific biological effects of lipopolysaccharide include:
interaction with Limulus lysate
fever in rabbits
death in mice
induction of Schwartzman reaction
induction of tolerance to endotoxin (McCartney 1985)
Morrison and Ulevitch reviewing the effects of bacterial
endotoxins on host mediation systems 15 years ago (1978)
record the multiple profound biological effects which
endotoxins exert on the host. The majority of host cell
derived mediators of endotoxicity are glycoproteins. At that
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time it was known that most of the consequences of endotoxin
release required lipid À but that polysaccharide also had an
important role in activating the alternative pathway of
complement and in generation of colony stimulating factor.
This early work was made possible by studies of the
chemistry of lipid A performed forty years ago (Westphal
1952) and extended since (Westphal 1969). All of this work
has acted as a stimulus for the subsequent detailed
investigation of interactions of endotoxins with cells and
the acute phase response.
Morrison and Ryan (1987) more recently reviewed the
important effects of endotoxin which include:
- complement activation
- activation of the coagulation cascade
- activation of macrophages, monocytes
- induction of platelet activation factor synthesis
- induction of synthesis and release of cytokines:
- tumour necrosis factor (TNF)
- interleukin-1(IL-1)

Complement activation
Lipopolysaccharide does not react directly with complement
unless it is highly aggregated and has a high molecular
weight (Galanos 1976).
Experimentally lipopolysaccharide activates the alternative
complement pathway by components in the polysaccharide
region. Activation of the classical complement pathway
depends upon the lipid A region of endotoxin and results in
direct binding and activation of the complement component
Cl. Subsequent release of C3a and C5a cause further
inflammatory reactions. Activation of either pathway of
complement activation is mutually exclusive and depends upon
the structure of lipopolysaccharide (Vukajlovich 1987).
After complement activation, vasodilatation and increased
vascular permeability result in haemodynamic changes and
platelet and granulocyte aggregation. Stimulation of
complement also directly activates neutrophils which adhere

37

to each other and to epithelial surfaces. Endotoxin antibody
prevents activation of the complement system.
Coagulation
Endotoxin activates the coagulation pathway at many sites:
- by direct action
- by activation of factor XII.
- via endothelial cells
- by exposure of basement membrane
Factor XII of the coagulation cascade triggers the intrinsic
pathway of coagulation and by macrophage activation, the
extrinsic pathway resulting in disseminated intravascular
coagulation (DIG). A tissue factor is required to initiate
the macrophage activation. This factor may be generated by
the direct action of endotoxin on epithelial cells (Stern
1985) or indirectly through production of interleukin-1 or
TNF.
In septic shock microvascular thrombosis leads to
consumption of platelets and coagulation proteins,
stimulation of the fibrinolytic system and haemorrhage
Colman (1989). Suffredini (1989) described detailed changes
in the fibrinolytic system after a single dose of endotoxin
that produced many of the abnormalities seen in early
clinical sepsis. Rapid release of tissue plasminogen
activator (t-PA) is followed by early increase in
plasminogen activation as determined by an increase in
alpha-2 plasmin inhibitor plasmin complexes. The later
decrease in fibrinolytic activity is partly due to the
appearance of plasminogen activator inhibitor-1 activity at
3-5 hours. Alpha-1 antitrypsin-elastase complexes reflect
neutrophil activation and are raised at 3 hours (with von
Willebrand factor antigen - a marker for endothelial
stimulation).
Interaction of endotoxin with cells
1. Leucocytes

38

1.

Polymorphonuclear leucocytes

Lipopolysaccharide initially produces a marked fall in
leucocytes due to sequestration in capillary beds followed
by a leucocytosis due to release of granulocytes from bone
marrow (Athens 1961).
ii

Basophils

Lipopolysaccharide alone does not release histamine from
basophil leucocytes but it may enhance the histamine release
caused by anti-IgE in normal individuals or by specific
antigens in allergic patients (Norn 1986).
2. Lymphocytes
Lipopolysaccharide stimulates B lymphocytes to
differentiate, proliferate and secrete immunoglobulins. It
also stimulates fibroblasts (Rietschel 1982).
3. Platelets
The interaction of lipopolysaccharide with platelets depends
on the presence of immune receptors for complement C3
components and the presence of divalent cations. Platelets
have a marked affinity for endotoxin in vivo and the complex
is taken up by the reticuloendothelial system. In general
platelets aggregate and release serotonin and this reaction
is likely to be important in generating some of the toxic
effects of lipoplysaccharide.
4. Macrophages, monocytes.
These cells as well as lymphocytes, fibroblasts and
endothelial cells secret a large variety of mediators on
incubation with endotoxin (Rietschel 1982a). Macrophages
produce prostaglandins E2 and F2-alpha during incubation
with lipopolysaccharide and lipid A is the most active
component producing this reaction. It is likely that many if
not all the responses initiated by endotoxin require one or
more of the arachidonic metabolic pathways as intermediates
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in the triggering signal for macrophage activation.
Endotoxin stimulates both lipo-oxygenase (leukotriene) and
cyclo-oxygenase (prostaglandin) metabolism (Rietschel 1980)
and modifies the subseguent response of macrophages and
monocytes to other phagocytic stimuli. Schade (1988) found
that inhibitors of lipo-oxygenase (indomethacin and
hydrocortisone) but not of cyclo-oxygenase prevented
experimental activation of macrophages by endotoxin.
Inflammatory macrophages also secrete plasminogen activator
which converts plasminogen into plasmin.
Macrophages produce tissue damage due to breakdown of
extracellular connective tissue through their enzyme
secretion (Baggiolini 1982). These effects are exerted by
secretion of lytic enzymes usually in response to a
phagocytic stimulus but sometimes in response to lymphokines
and complement activation products.
Kupffer cells are liver macrophages with a specific function
in clearance of lipopolysaccharide from blood. This process
results in structural changes in the cells which may be
mediated through ischaemia, lysosomal enzyme release or
through other mediators (Van Bossuyt 1988).

Subcellular activity
In whole animals, cell culture and in subcellular fractions
lipopolysaccharide leads to impairment of mitochondrial
function, impairing oxidative phosphorylation indirectly. It
stimulates lysosomal enzyme activity. Mitochondria and
lysosomes together probably mediate toxicity (Bradley 1981).

Metabolic effects
Infection with gram-negative bacteria produces marked
changes in energy and substrate metabolism (Berry 1975,
Siegel 1981). Mice given endotoxin lose carbohydrate
reserves from the liver and other tissues because of
increased breakdown, reduced synthesis (or both). There is
transient hyperglycaemia due to enhanced glycogenolysis.
Gluconeogenesis and glycogen synthesis are reduced when
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endotoxin binds to hepatocytes. However if
lipopolysaccharide is administered to normal organs in vitro
there is relatively little metabolic effect suggesting that
the major effect on the liver and other organs of injecting
lipopolysaccharide into intact animals is due to the
secondary effects of mediators (Berry 1977).
A study by Fong (1990) was the first to show that endotoxin
alone is sufficient to produce the splanchnic changes of
severe injury. Injection of endotoxin caused an increase in
energy expenditure, hyperglycaemia, hypoaminoacidaemia, and
increased circulating free fatty acids in healthy
volunteers. There was an increase in peripheral lactate and
free fatty acid output and an increase in glucose uptake. At
the same time splanchnic uptake of oxygen, lactate, amino
acids and free fatty acids occured with an increase in
glucose output and TNF secretion.
Hypoglycaemia is frequently a terminal finding in
endotoxaemia due to increased uptake of glucose by
peripheral tissues without a compensatory increase in output
from the liver. Although there may be an increase in glucose
output by depletion of liver glycogen and then increasing
dependence on gluconeogenesis this finally becomes
inadequate for the increased uptake by the peripheral
tissues (Wolfe 1977). Endotoxin can accelerate the depletion
of carbohydrate reserves but more importantly produces
hypoglycaemia by reduction in gluconeogenesis.
In young animals injection of endotoxin produces an increase
in plasma triglycerides, free fatty acids and phospholipids.
In gram-negative bacteraemia or endotoxaemia there is a
marked rise in triglycerides and FFAs which is partly due to
a direct effect of lipopolysaccharide in stimulating
catecholamine sensitive lipase through an increase in cell
surface receptors for noradrenaline. Infection reduces
clearance of lipids by a defect in membrane lipoprotein
lipase. TNF elicits many of the changes in fat metabolism
which also occur in infection;
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- decreased clearance of extracellular lipids
- inhibition of FA synthesis
- increase in cellular lipolysis
TNF suppresses lipoprotein lipase. The rise in triglycerides
induced by gram-negative bacteria is blocked by monoclonal
antibody to TNF.
1.4.3. Systemic Effects Of Endotoxin
The major clinical effects of endotoxaemia are seen in the
cardiovascular system, the respiratory system as adult
respiratory distress syndrome, in the gastrointestinal tract
and in the kidney as acute renal failure. All of these are
accompanied by the pathophysiological changes outlined
above.
Cardiovascular system
Sepsis usually produces a low systemic vascular resistance
and raised cardiac output but ventricular ejection fraction
is decreased and is not restored to normal by fluid
administration. The myocardium is depressed and the
ventricle dilates probably due to circulating myocardial
depressant factor (Parillo 1990).
In Suffredini's study (1989) the cardiovascular response of
normal humans to administration of endotoxin was monitored.
Nine normal subjects were given 4ng/kg E.coli endotoxin and
6 normal subjects were given saline. All had haemodynamic
measurements made before and 3 hours after endotoxin
administration. All subjects then received volume loading
with saline during the 4th and 5th hours after endotoxin was
given and measurements were repeated. Three hours after
endotoxin administration and before volume loading there was
an increase in cardiac index by 53%, heart rate by 36% and a
decrease in systemic vascular resistance (SVR) by 46%. After
volume loading left ventricular ejection fraction (LVEF)
decreased in subjects given endotoxin but increased in
controls. The authors concluded that administration of
endotoxin to normal subjects caused a depression of left
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ventricular function independent of changes in left
ventricular volume or vascular resistance. These changes are
similar to those produced by septic shock suggesting that
endotoxin is a major mediator in septic shock. Subjects had
flu-like symptoms with a rise in temperature which peaked at
3 hours when deffervescence and improvement of symptoms
began and after 8 hours core temperature was 37.7°C.
In animal models tumour necrosis factor, which appears in
the circulation about one hour after endotoxin
administration, can be shown to be increased at the time of
the hyperdynamic cardiovascular state but not detected
during depressed systolic function at 5 hours. If TNF is
responsible for the cardiac effects it is either a delayed
effect or other cardiodepressant mediators are generated.
Other factors contribute to the development of hypotension,
but all are indirectly related to endotoxin.
Lipopolysaccharide activates Factor XII to convert prekallikrein to kallikrein worsening hypotension by release of
bradykinin. Stores of histamine, serotonin and bradykinin
are released within minutes of endotoxin challenge. One
source of these compounds is platelets which are consumed
almost immediately. Platelet activating factor (PÀF) is a
lipid mediator produced by many cell types which causes
platelet aggregation, increased vascular permeability and
hypotension, margination of neutrophils and alterations in
calcium flux. Antagonists of PAF can reverse

endotoxin

induced hypotension and death in rats. IL-1 is a potent
stimulator of platelet activating factor. Lipopolysaccharide
also induces release of nitric oxide from epithelial cells
and macrophages producing a rapid fall in blood pressure.
Free oxygen radicals and lysosomal enzymes produce further
damage.

Respiratory system
The first effects of sepsis are often manifest in the lung
as 'septic adult respiratory distress syndrome', which has a
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high mortality and is little influenced by conventional
treatment (Wardle 1984, Jacobs 1986).

Gastrointestinal tract
Bacteria and endotoxin are normally constrained within the
intestinal lumen but under certain circumstances, such as
hypotension or ischaemia, endogenous bacteria pass through
the gut barrier to infect mesenteric lymph nodes and distant
organs. This is the process of bacterial translocation which
may be the prelude to multiple organ failure (Fiddian-Green
1989) .
In rats subjected to haemorrhagic shock and then transfused,
bacteraemia arising from the gut occurs freguently. If the
blood pressure of rats is kept at 33mm Hg for 2 hours, half
the animals become bacteraemic and 87% develop endotoxaemia.
Early studies in patients undergoing abdominal surgery
reported endotoxaemia in portal blood (Jacob 1977, Scovill
1978) but it was not clear that this occurred in undamaged
gut. Patients with ulcerative colitis do demonstrate portal
endotoxaemia (Palmer 1980). Systemic antibodies to lipid-A
are found in higher concentration in patients with Crohn's
disease than in normal patients (Kruis 1984).
Critically ill patients readily become colonised by
potentially pathogenic micro-organisms normally resident in
the gut. These may reach the lungs by aspiration which then
progresses to systemic endotoxaemia but more likely the gut
acts as a leaky reservoir and in conditions of reduced
cardiac output and splanchnic vasoconstriction mucosal
ischaemia allows endotoxin to gain access to the portal and
systemic circulation. Other non-specific events can modify
the release of endotoxin for example endotoxaemia can be
precipitated by hypoxia in primates (Gaffin 1986).
If endotoxin is absorbed into the portal circulation
(Gilmour 1980, Rayner 1960) hepatic impairment will increase
the sensitivity of the organism to its clinical effects.
Reduced reticuloendothelial system function also increases
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susceptibility to endotoxaemia (Cuevas 1972, Nolan 1982).
Despite effective removal of lipopolysaccharide in the liver
sinusoids so that systemic endotoxaemia does not occur,
activation of the Kupffer cells may release mediators into
the vena cava. This would result in the clinical picture of
sepsis without endotoxaemia or bacteraemia. Similarly
localised endotoxin release from a gram-negative septic
focus may result in mediator production without systemic
endotoxaemia.

Renal function
In primates endotoxin administration results in a dramatic
fall in renal arterial blood flow and platelet count
occuring within 3 minutes of intravenous injection. There is
evidence that the occurence of renal impairment in
obstructive jaundice is related to the presence of
endotoxaemia and that administration of bile salts which
reduce the intestinal endotoxin pool prevents the renal
impairment (Cahill 1983).

Other systems
Various other changes occur as part of this clinical
syndrome including so-called 'septic encephalopathy'.
Cerebral blood flow is reduced in sepsis syndrome but how
this relates to metabolic and functional changes is unknown
(Bowton 1989).
Thus there are many diverse effects of endotoxin on cells
and the whole animal. The main function of the
lipopolysaccharide appears to be to maintain the structural
integrity and selective permeability of the outside of the
cell. The response to endotoxin is very variable; both man
and the rabbit exhibit similar thresholds for the pyrogen
response which made the rabbit pyrogen test mandatory for
all drugs and fluids intended for parenteral administration
to man. Sensitivity to endotoxin is markedly increased
experimentally by agents which depress reticuloendothelial
activity and is also under genetic control.
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The mechanism by which endotoxin produces its effects
involves both cellular and humoral systems and the
complexity of the interactions makes it difficult to
distinguish primary from secondary effects. The ultimate
response to an endotoxin challenge depends more upon the
host response than the actual action of endotoxins
themselves (Galanos 1988).
1.4.4. Lipopolysaccharide Receptors
The affinity of endotoxin for mammalian cell membranes
suggests involvement of a specific receptor. However the
majority of lymphoid and many other mammalian cells bind
endotoxin mainly through non-specific binding sites which
involve the hydrophobic lipid region of lipopolysaccharide
and may or may not lead to cellular activation. Endotoxin
must be taken into the cell to exert its effects. Kabir
(1977), Davies (1985) and Haeffner-Cavaillon (1985) present
some evidence for specific receptors on macrophages through
which the effects of endotoxin are expressed. Specific
binding most likely occurs at the hydrophobic region of the
molecule. Both specific and non-specific binding mechanisms
can result in cell activation. Binding sites are considered
to be receptors if the binding site is a distinct molecular
entity with the following characteristics (Dorrington 1976);
- saturability
- specificity
- high affinity
These characteristics have yet to be completely proved for
endotoxin reactions.
A very large number of serum proteins interact with
lipopolysaccharide including:
- Natural endotoxin antibodies, IgM, IgG
- High and low density lipoproteins
- Complement components Cl and C3
- Lipopolysaccharide inactivation factor in alpha-globulin
fraction
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- Lipoprotein associated esterase
- Serum albumin
It is difficult to evaluate the importance of these (Tesh
1988). Human transferrin appears to be an important carrier
protein for circulating endotoxin (Berger 1987, 1988) which
may allow another approach to treatment. Interactions of
lipopolysaccharide with proteins may be of biological
importance in that loss of activity of lipopolysaccharide
occurs below a certain size and therefore combination with
protein may be essential for subsequent activity (Ulevitch
1979). A lipopolysaccharide binding protein has been
identified (Ulevitch 1988) which interacts through lipid A
and may have a role in modifying the effects of endotoxin.
1.5. ACUTE PHASE PROTEINS, CYTOKINES AND INFLAMMATORY
MEDIATORS
The acute phase response consists of a range of local and
systemic physiological changes including release of proteins
from the liver. This response characterises inflammatory
conditions, including the generalised inflammation of
sepsis. Cytokines released from activated macrophages
mediate the systemic response including the increase in
complement components, scavengers and protease inhibitors.
In infection there is often an increase in total liver
protein consistent with an increased capacity for acute
phase protein synthesis and for gluconeogenesis. In cell
culture TNF stimulates production of acute phase proteins
and decreases the production of albumin. In vivo it
preserves liver cell mass and increases circulating levels
of acute phase proteins.
Immediately after injury there is a rapid fall in the
concentration of most plasma proteins related to transfer of
protein to the extra-vascular spaces. Protein catabolism is
initiated by mediators released from microorganisms or
necrotic debris (McConn 1982). Several hours after injury
products of tissue damage stimulate macrophages to produce
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interleukins which also cause the liver to start the
synthesis of acute phase glycoproteins.
There is a complex relationship between acute phase proteins
and cytokines. IL-6 plays an important role in stimulating
amino-acid uptake by the liver to increase production of
acute phase proteins after injury. The increased patient
requirement for antibody production after trauma also
appears to be partly under the control of IL-6.
Acute phase proteins
1-C-Reactive Protein
C-reactive protein (CRP) is one of the most sensitive,
specific and rapidly responsive acute phase proteins. There
is normally very little CRP in plasma (< 0.8mg/l). The
concentration increases to 40-200mg/l in conditions of
significant inflammation or bacterial infection (Whicher
1990). After surgery concentrations may exceed 300 mg/1 with
a response time of 6-10 hours. C-reactive protein has a much
shorter 1/2 life than most other acute phase proteins and is
therefore the protein of choice for monitoring acute
changes.
2 .Alpha-1 antitrypsin
This acute phase protein reflects the plasma tryptic
inhibitory capacity and plasma concentration in adults is
variously reported as 2-4g/l. Genetic deficiency of alpha-1
antitrypsin occurs but in disease states a reduced
concentration is found in neonatal respiratory distress
syndrome and as a secondary phenomenon in renal or
gastrointestinal protein losing states. Raised alpha-1
antitrypsin occurs in most acute inflammatory conditions and
in cases of tissue necrosis. There is a marked increase in
alpha-1 antitrypsin patients with active hepatitis, hepatic
cirrhosis and cancer particularly those with disseminated
metastatic disease. Alpha-1 antitrypsin concentration rises
after surgery and in the absence of infection or continuing
tissue necrosis falls to normal after 10-12 days. Acute
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phase responses are obtunded in immunosuppressed patients.
Reduced alpha-1 antitrypsin activity after transplantation
may reduce the response to subsequent acute infectious or
inflammatory challenges. In an acute inflammatory condition
concentration reaches 7g/l at 24 hours.

3 .Orosomucoid
Normal concentration of orosomucoid is 0.5-1.2g/l with an
increase to 3g/l in acute inflammatory conditions.

4. Fibronectin
Fibronectin deficiency occurs in sepsis, trauma and multiple
organ failure (Scovill 1978, Rubli 1983). Survivors show
early restoration of plasma fibronectin concentration
compared to non-survivors who tend to continue with a
deficit of opsonic activity.
The normal concentration of fibrinogen is 2-4.5g/l and
typical concentration in acute inflammation is lOg/1.
Cytokines
A cytokine is a polypeptide released by cells (usually
macrophages) which acts on other cells with an associated
immune response. Some interleukines (IL-l,IL-6) are released
by monocytes. Cytokines such as IL-6 can act on distant
cells and induce hepatocytes to synthesise acute phase
proteins.

1. Tumour necrosis factor
Tumour necrosis factor (TNF) appears in the circulation 20
minutes after intravenous injection of endotoxin and is the
most important mediator of the effects of sepsis after
endotoxin itself. It has a short plasma 1/2 life, although
its metabolic effects may be persistent and very diverse
(Beutler 1985). TNF is released at a number of tissue sites.
Local tissue concentrations vary and may be more important
than the plasma concentration. Many tissues contain
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receptors for TNF and as little as 5% receptor occupancy may
elicit a biological response.
TNF concentrations below the level detected with
immunoassays are biologically active. Phasic release of TNF
can make random blood sampling misleading for attempting to
correlate TNF with outcome. Its importance in disease states
may be less due to its direct effect and more related to its
release of other humoral substances including IL-1 and other
lymphokines. Raised TNF concentration must be interpreted
with caution for a number of reasons including the variable
sensitivity of current assays.

Actions of tumour necrosis factor
TNF induces necrosis of tumours, provides radioprotection
and resistance to some effects of bacterial infection.
Animal data suggest that TNF and interleukin-1 (IL-1),
released after injection of endotoxin, are responsible for
mediating the endotoxin enhancement of non-specific
resistance and stimulation of haematopoiesis (Urbaschek
1987). This stimulation may contribute to the reduced
mortality after radiation and allow the host to resist gutderived bacteraemia and endotoxaemia. These effects are
therefore beneficial. The effects of TNF do seem to depend
upon the concentration with small amounts producing
predominantly beneficial effects enhancing host defences
whereas larger amounts are injurious to tissues.
TNF causes fever and hypotension during short-term
administration and cachexia and anorexia during long-term
administration. Chronic administration of TNF induces a
syndrome similar to the chronic wasting of clinical disease
but with exaggerated loss of peripheral muscle and
preservation of liver protein. TNF may also induce anaerobic
glycolysis in injury. This requires an intermediary hormone
probably cortisol.
Convincing data for the role of TNF in septic shock come
from studies in mice using passive immunisation with

50

polyclonal antibody and in baboons with monoclonal antibody
against TNF.(Beutler 1985, Millar 1989, Tracey 1986, 1987,
Kettlehut 1987, Mathison 1988).
In humans TNF concentration peaks in the plasma within 1-2
hours of exposure to lipopolysaccharide (Michie 1988).
Clinical sepsis in humans however is not like the
experimental animal model because usually a sustained septic
stimulus is present in the clinical situation.

2. Interleukin-1
The classical activities associated with IL-1 are production
of fever, lymphocyte activation, interaction with
endothelial cells to promote pro-coagulant activity,
increased endothelial cell adhesiveness and enhanced hepatic
production of acute phase proteins. IL-1 recruits T
lymphocytes, endothelial cells and fibroblasts to produce
colony stimulating activity and enhanced immunity. There are
a number of colony stimulating factors (CSF) which are
glycoproteins regulating marrow derived precursor cells.
Induction of CSF plays a key role in the refractory state to
endotoxin challenge known as endotoxin tolerance.
In patients developing severe sepsis when both TNF and IL-1
concentrations are found to be increased there is a
correlation between the level of TNF-alpha and sepsis
severity score but only a modest elevation in IL-1 with no
correlation with severity or mortality (Damas 1989).

3. Interferon-gamma (IFNg)
This cytokine is a potent macrophage activating lymphokine
produced by activated T lymphocytes. It enhances macrophage
oxidative metabolism and delayed hypersensitivity. Endotoxin
induces high concentrations of IFNg.
The degree of activation of non-specific mediators varies
between species, depending on susceptibility; man and the
rabbit being egually sensitive.
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1.6. TREATMENT OPTIONS
Management of endotoxaemia is mainly concerned with
supportive treatment to maintain tissue oxygenation (Cohen
1991). However the toxic effects of lipopolysaccharide need
to be suppressed in order to prevent the progression from
sepsis to death. Therapy can be directed to reduce mediator
induced damage, to prevent attachment of lipopolysaccharide
to cell receptors/cell walls or to removal of
lipopolysaccharide (fibronectin, taurolidine, anti-endotoxin
antibody). Since the diversity of mediators is so great it
is unlikely that this approach would be completely effective
unless a 'prime-mediator' is identified. Whilst antibody to
some mediators is now available, the value of such therapy
has yet to be confirmed.
Normal human serum exhibits potent bactericidal activity
(Neisser 1901) comparable to the action of antibiotics
against gram-negative bacteria (Taylor 1983) and thereby
provides a potent host defence mechanism. Unfortunately many
gram-negative bacteria have developed mechanisms to resist
this bactericidal activity. The majority of gram-negative
organisms from the gastrointestinal tract are sensitive to
serum but those from clinical isolates (84% of blood
cultures) are not. Resistance to killing by serum is thus a
virulence factor and may be associated with the length of
the antigen side chains although the exact mechanisms have
yet to be defined (Porat 1988).

Drug treatment
Use of antibiotics may result in bacterial death by a
Jarisch-Herxheimer reaction. Antibiotics were however used
in all patients in this study to destroy circulating
organisms which could worsen the disease. The extreme
inflammatory reaction which occurs as a result of mediator
release suggests the therapeutic use of various anti
inflammatory drugs.
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Oxygenase inhibitors
Non-steroidal anti-inflammatory drugs inhibit some endotoxic
activity such as fever probably by an effect on
prostaglandin synthesis locally or systemically. Early
studies suggested benefit from administration of aspirin in
endotoxaemia (Rao 1981). Indomethacin has been shown by
Hales (1981) to prevent the rise in thromboxane and
prostacyclin after endotoxin as well as the changes in
pulmonary vasomotor tone. Ibuprofen was used in dogs given
endotoxin and shown to prevent the blood pressure and flow
changes attributable to endotoxin but not the hypoglycaemia,
accumulation of lactate and other metabolic effects (Beck
1986). Thus the early haemodynamic changes can be
ameliorated by cyclo-oxygenase inhibitors. The increase in
TNF after endotoxin was administered to healthy men was not
prevented by prior administration of ibuprofen although it
greatly attenuated the symptoms (Michie 1988).
Alpha-adrenergic blockade
Increased alpha-adrenergic activity may be an important
stimulus for arachidonic acid metabolism during endotoxaemia
and the beneficial effects of alpha-adrenergic blockade with
phenoxybenzamine have been reported by Armstrong (1986).
Further improvement occurred when this was combined with
indomethacin. Richardt (1987) studied the effect of thoracic
extradural blockade with bupivacaine in rabbits with
endotoxic shock. The alpha-adreneregic blockade prevented
the increase in glucose, lactate and free glycerol but there
was no demonstrable effect on mortality. Peripheral
vasodilatation occurred and required a large volume of fluid
replacement to maintain blood pressure.
Steroids, prostaglandin El
High dose steroids have been shown to have no beneficial
effect in sepsis syndrome (Bone 1987, Schumer 1987) and
despite the theoretical advantages of prostaglandins on
tissue oxygen delivery, PGEl could not be shown to have a
beneficial effect on outcome in the critically ill (Hartl
1990, Russell 1990).
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Removal of endotoxin
Taurolidine is the subject of this thesis and is discussed
in 1.3.
Fibronectin
Plasma fibronectin, a large glycoprotein and an effective
opsonin is depleted in patients who are critically ill with
multiple organ failure (Rubli 1983, O'Connell 1984, Brodin
1984) and its administration has been purported to improve
outcome (Mosher 1983, Ekindjian 1984, Doran 1986).
Unfortunately reduced fibronectin concentration is not
specific for infection and even blood transfusion through a
normal giving set reduces fibronectin concentration (Snyder
1980).
Opsonic activity will increase clearance of endotoxin in the
presence of an intact reticuloendothelial system but in the
presence of sepsis reticuloendothelial activity may be
impaired. This has led to the idea of extra-corporeal
removal of endotoxin.
Adsorption of endotoxin
Extracorporeal removal of endotoxin by a combination of
polymyxin B coupled to Sepharose 4B (specific adsorbants
which detoxify plasma containing lipopolysaccharide) has
been used by Bysani (1990). It may be possible to couple
anti-endotoxin therapy to Sepharose or a polymixin resin in
order to bind the endotoxin. Other workers have attempted to
remove endotoxin, activated macrophages and other plasma
components by plasma exchange (Bjertnaes 1987) with
anecdotal success but these techniques have not been tested
in a large trial.
In obstructive jaundice, in the absence of bile salts the
intestinal wall allows endotoxins to be absorbed and this
can be prevented by the oral administration of bile salts
(Bailey 1976).
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Immunotherapy
Logic suggests that endotoxin antibody which binds and
detoxifies endotoxin would be valuable treatment. Most
subjects have a raised antibody titre after gram-negative
infection (Blake 1980) and it is likely that healthy
individuals have some anti-endotoxin antibody in their
plasma and that the concentration varies with age as well as
disease states (Griffiths 1977). McCabe in 1972 reported
that high titres of antibody to lipopolysaccharide core
determinants at the onset of bacteraemia were associated
with a low incidence of shock and death. Gaffin (1985)
screened blood donated to the Natal blood transfusion
service for anti-endotoxin antibodies using ELISA and pooled
plasma units with high concentration to produce human anti
endotoxin freeze dried plasma. This IgG bound to a wide
variety of gram-negative bacteria and was protective in
several animal species.
Antibodies to type specific oligosaccharide side chains
protect animals against the toxic effects of
lipopolysaccharide and against infection by the same strain
of gram-negative organism. Some cross protection can be
obtained by passive immunisation with core antisera, either
due to cross reactivity to sugars or to lipid A (Ziegler
1988). Anti-lipopolysaccharide hyperimmune serum protected
rabbits from superior mesenteric artery occlusion and
resultant endotoxic shock (Zanotti 1985). Similar
immunisation in mice markedly reduced mortality from
otherwise lethal Haemophilus influenzae infection (Marks
1982).
Passive immunisation of mice with highly specific polyclonal
rabbit antiserum directed against murine TNF conferred
protection against the lethal effects of E.coli. This effect
was dose dependent and was greatest if the antiserum was
administered before injection of endotoxin (Beutler 1985).
Anti-TNF monoclonal antibody fragments administered to
baboons protected completely against shock induced by live
E. coli if given 2 hours before the challenge, although some
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protection was conferred by administration only 1 hour
beforehand (Tracey 1987). Starnes (1990) showed that antiIL-6 monoclonal antibodies protect against lethal E. Coli
infection and lethal TNF-alpha challenge in mice.
Immunoglobulin in humans
It is possible that normal subjects have natural antibody to
core lipopolysaccharide (Ziegler 1982) and that
administration of core anti-serum may boost natural immunity
particularly in immunocompromised patients.
Good results from the use of anti-endotoxin antibodies were
found by McCabe (1972), Baumgartner (1985) and Teng (1985)
but they could not be confirmed by other workers (Ramsay
1987, Sakulramrang 1985) and the value of immunotherapy
remains controversial.
Passive immunisation with immunoglobulin prepared from
plasma of healthy volunteers vaccinated with polyvalent
Pseudomonas vaccine protected patients with burns from
Pseudomonas infection (Jones 1980). Hyperimmune
immunoglobulin (IgG) has been shown to reduce mortality from
septic shock arising from complications of pregnancy
(Lachman (1984).
A preparation of IgM enriched intravenous immunoglobulin
(Pentaglobin) has recently become available for research and
preliminary studies suggest a benefit after bone marrow
transplantation.

Antiserum prepared by vaccinating healthy men with heat
killed E.Coli J5 mutant (lacking in oligosaccharide sidechains) results in production of antibody to the core which
is almost identical in other gram-negative bacteria (Ziegler
1982). In bacteraemic patients the antiserum reduced
mortality particularly in shocked patients. Antibody
prophylaxis with plasma from donors immunised with J5 E.Coli
mutant with only core determinants in its endotoxin was
given to patients with septic shock. There was no reduction
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in infection rate but other serious consequences of gramnegative infections were prevented. In bacteraemic patients
mortality was reduced from 39% to 22%.(Baumgartner 1985).
The development of commercial monoclonal antibody production
requires setting up a hybridoma cell bank with cells that
are free of viruses or other infective agents, are stable
during continuous culture and are inexpensive (Kohler 1986,
Bogard 1989). Pollack (1988) and Appelmelk (1988) review the
components of endotoxin required to develop core antibody.
Two monoclonal antibodies have recently been studied. Anti
endotoxin E5 murine antibody (E5) reduced mortality in
humans with little associated toxicity (Gorelick 1990).
There is a theoretical risk of allergic reactions but this
seems to be low even with repeated doses (Scroff 1985).
Nevertheless development of the antimurine antibody response
may affect pharmacokinetics, distribution and efficacy of
the preparation. Second Ziegler (1991) showed an improvement
in 28 day outcome for bacteraemic but not non-bacteraemic
patients with sepsis syndrome given human monoclonal IgM
antiendotoxin antibody (HA-IA). This controversial paper
raised the issues of whether non-bacteraemic patients fared
worse after administration of antibody and of how to
distinguish between those with a positive blood culture and
those without, early in the patients' illness. Although
endotoxin concentration decreased after HA-IA in all
patients over a 24 hour period, only patients treated with
HA-IA showed a fall in TNF.
At present although endotoxin is highly immunogenic, the
corresponding antibodies do not reliably protect against
infection or sepsis syndrome. Components of gram-negative
bacteria other than endotoxin may also elicit release of
mediators so it is conceivable that direct inhibition of
endotoxin may not be sufficient alone to have benefit. Other
anti-bodies or fragments are now available and preliminary
data suggest some benefit. Endotoxin induced synthesis of
TNF in man can be obtunded by oxpentiphylline (Zabel 1989).
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OTHER DRUGS WHICH REDUCE ENDOTOXIN
Lactulose
Lactulose, a disaccharide inhibiting the growth of
intestinal gram-negative bacteria, reduces the plasma
concentration of endotoxin more effectively than non
absorbable antibiotics. It reduces plasma endotoxin
concentration in patients undergoing liver transplantation
perhaps by causing an acid microenvironment which may change
colonic flora with a reduction in potential pathogens
(Fulton 1989).
Aprotinin
The proteinase inhibitor, aprotinin has been shown to modify
the effects of systemic activation of the fibrinolytic and
coagulation system seen in a porcine model of septic shock
and to improve survival (Svartholm 1989). Similar results
have been found in a rat peritonitis model (Chalkiadakis
1985) and beneficial effects were observed on haemorrhagic
complications of adult respiratory distress syndrome (Brunet
1992).
Chlormethiazole
Chlormethiazole has been reported to increase the clearance
of endotoxin and therefore ameliorate its ill effects when
compared with ketamine given after a 6 hour infusion of E.
coli in pigs (Modig 1988).
Naloxone
Endorphins have been implicated in the pathogenesis of
septic shock but naloxone has a modest effect only on
survival in gram-negative sepsis.
Contact activation inhibitors
Carvalho in 1988 showed that patients with adult respiratory
distress syndrome (ARDS) due to sepsis had reduced plasma
levels of factor XII, prekallikrein and high MW kininogen
indicating that the contact system as well as coagulation
and fibrinolysis had been activated. This raised the
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possibility that inhibitors of the contact activation system
may prevent the hypotension, DIG and neutrophil activation
of ARDS. Monoclonal antibodies have been raised against all
the components of the contact system and genetically
engineered protease inhibitors are another therapeutic
possibility.

Bactericidal/permeability-increasing protein (BPI)
BPI is a cytotoxic cationic protein of polymorphonuclear
leukocytes found mainly in azurophilic granules. BPI is
toxic to gram-negative bacteria because of the strong
attraction to the lipopolysaccharide in the cell wall. BPI
binds with high affinity to a wide range of LPS species and
is a potent inhibitor of the biological effects of
lipopolysaccharide in vitro (Elsbach 1993). A
proteolytically prepared recombinant N terminal fragment is
responsible for the LPS neutralising activity. This fragment
also inhibits cytokine induction by S-form E. coli in whole
blood in vitro. At present it is believed that this fragment
may be a preferable potential therapeutic agent rather than
whole BPI. Scott (1992) reports a comparision of BPI, LPS
binding protein and HA-IA for their ability to bind and
inactivate lipopolysaccharide. All three proteins bound LPS
in a dose dependent fashion but recombinant BPI was the most
potent inhibitor in the LAL assay. These workers speculate
that BPI may represent the body's own LPS inhibitor.

Polymixin B
The extent to which antibiotics release endotoxin by cell
wall lysis is variable. Polymixin B actually binds to lipidA and has been shown to reduce mortality associated with
endotoxin administration in mice (Rifkind 1967). Polymixin B
has been included in a number of enteral antibiotic regimens
for selective decontamination of the digestive tract with a
view to reducing gut-derived endotoxemia. The clinical
usefulness of polymixin B is limited by marked central
nervous system and renal toxicity. However covalent binding
to IgG or soluble starch retains the anti-endotoxin effect
whilst reducing drug toxicity in mice (Drabick 1992). This
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approach or the extracorporeal use discussed above (p 54)
may have therapeutic potential.
Recombinant DNÀ technology is likely to produce new, unique
protein molecules of value in antagonising mediator effects.
Until much more evidence clearly points to the value of one
or more antibodies used as a cocktail for the immunotherapy
of sepsis, general supportive measures are the mainstay of
treatment.
At the BRI a standard protocol using conventional methods
for management of sepsis and septic shock was used for this
study (Willatts and Winter 1992). Treatment is mainly
supportive and aims to increase oxygen delivery and
consumption and prevent organ failure. Antibiotics were
always administered to patients in the study but have little
effect on mortality and indeed increase plasma concentration
of endotoxin (Rokke 1988). Nevertheless rapid elimination of
live infecting organisms is believed to be crucial to limit
further damage.
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CHAPTER 2 METHODS
2.1. STUDY PROTOCOL
2.2. ENDOTOXIN ASSAY
2.3. OTHER METHODS
2.4. STATISTICS
2.1. STUDY PROTOCOL-Endotoxin study programme

1
Removal of lipopolysaccharide is a potentially useful
therapy in sepsis syndrome and this study attempts to
ascertain the effectiveness of the anti-endotoxic agent,
taurolidine.

Trial design
Part I:- This was an open assessment of 30 patients to
identify the incidence and natural history of endotoxaemia.
Part II:- One hundred patients with sepsis syndrome who
fulfilled the entry criteria were recruited to the
randomised, placebo controlled double-blind trial. Any
patient admitted to the ITU whose stay was likely to exceed
48 hours was eligible to be included in the study.
On admission to the ITU consenting patients were randomly
allocated to receive taurolidine or placebo and had blood
sampled immediately on admission, after 4 hours and 12
hourly thereafter for endotoxin assay and other
investigations. The blood samples were batched and assayed
at a later date. The trial solution was administered for a
minimum of 48 hours and maximum of 5 days.
The patients left the study on discharge from the unit, a
decision which was made on clinical grounds. The patients'
discharge from hospital, transfer or death was recorded. All
the patients except four were managed on the intensive
therapy unit at Bristol Royal Infirmary. The remaining four
patients were recruited from Frenchay Hospital when several
ITU beds at the Infirmary were closed.
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The limulus amoebocyte lysate test was used to measure
endotoxin but it is not an ideal test and it may be that
assay of other mediators will provide more suitable
assessment of endotoxaemia and prognosis. This will be
addressed in the discussion.

Consent:
Patients were studied with their informed and written
consent, or if this was unobtainable which was the usual
case, consent from a near relative. Consent was obtained
only after the patient or relative had read the study
information provided for lay people and had the study
explained to him/her by the investigator. A signed consent
form was obtained to this effect. A patient or relative
could withdraw consent at any time without prejudice.

Ethics committee:
The ethics committee of the Bristol and Weston Area Health
Authority and of Frenchay Health Authority considered a full
protocol for this study and gave approval provided that all
patients (or their relatives) gave informed consent.
PATIENT SELECTION

Inclusion criteria :
1. Patients over 18 years of age
2. Patients expected to stay in the ITU for more than 48
hours.
3. Patients suffering from sepsis syndrome with gramnegative bacteraemia, peritonitis, intra-abdominal infection
or abscess or another source of circulating endotoxin.
Sepsis syndrome is defined in Table 1.1 (Bone 1989).

Exclusion criteria
1. Any patient who refused to give consent.
2. Any patient with a known history of allergy to
taurolidine.
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3. Any patient already receiving a trial drug in another
study eg in the selective decontamination trial in progress
on the intensive therapy unit at the time.
4. Patients receiving immunotherapy against endotoxin or
other mediators of sepsis
5. Pregnant or lactating females
6 . Patients so gravely ill that they were not expected to
survive
WITHDRAWALS
1. Those patients who subsequently wished to leave the study
despite having given initial consent.
2. Those patients who exhibited any sign of allergic
reaction to taurolidine.
Expected outcome was recorded at the beginning of the study
as follows;
i

Very likely to survive

ii

Will probably survive

iii Uncertain
iv

Will probably die

V

Very likely to die

Management
All treatment decisions were made according to the current
intensive therapy protocols and the timing and duration of
the treatment was documented. No patient's basic management
was altered by being included in this study. An initial
history and examination was recorded before the study was
started.

Medication:
Taurolidine or placebo was administered to patients in a
double-blind manner. The dosage of taurolidine was 5g in
250ml, given over 2 hours, 4 hourly for 48 hours and
continued thereafter to a maximum of five days if the
patient's condition was not improved. Geistlich prepared an
identically packaged placebo (0.9% saline) and both
solutions were available from pharmacy and identified by
numbered labels only.
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Assessment::
Patient assessment and documentation update was carried out
on admission and 4 hourly. The clinical and biochemical
investigations are described in Appendix B.l.
Patient details were recorded in specially prepared record
books and entered into a secure database.

End points
Clinical and bacteriological outcome was recorded at 5 and
10 days after the end of the study according to the
following criteria:

Clinical Response
Cure

= remission of signs and symptoms within
the treatment period

Improved

= improvement of signs and symptoms

Relapse

= initial improvement of signs and
symptoms of the infection with a
subsequent worsening of the clinical
condition

Failure

= no response to treatment or worsening
of the infection

Unassessable

= complicating medical or surgical
condition precludes the assessment of
the response, eg breakdown of surgical
anastomosis during treatment

Bacteriological Response
Where blood cultures and/or swabs have grown pathogens,
response will be assessed at the same time as clinical
response.
Eradication

= causative organism(s) eradicated

Failure

= causative organism(s) not
eradicated

Relapse

= causative organism(s) eradicated
but reoccur(s) during study period

Superinfection

= isolation of different organism
from treatment specimen

Unassessable

= specify reason on record form
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2.2. ENDOTOXIN ASSAY
Over 30 years ago, in 1956, Bang and Levin discovered that
amoebocytes (blood cells) from the horse shoe crab, Limulus
polyphemus (Figure 2.2.1.) coagulated in the presence of
gram-negative micro-organisms. Clotting was caused by
endotoxins, cell-wall constituents, containing
lipopolysaccharide.

Figure 2.2.1. The horseshoe crab. Limulus
polvDhemus

The Limulus test was developed which depended upon the
reaction of lysates derived from the blood cells
(amoebocytes) of the crab with endotoxin. Limulus amoebocyte
lysate (LAL) contains a pro-enzyme and a clottable protein.
Endotoxin activates the proenzyme to convert the clottable
protein into a gel. The reaction with endotoxin was seen to
be similar to the conversion of fibrinogen to fibrin (Levin
1964, 1968) and the characteristics of the reaction similar
to those in the rabbit under conditions which produced the
Schwartzman phenomenon.
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Although the LAL reaction has been widely used for detection
of endotoxin in clear fluids, it is strictly limited in its
application to blood samples by marked variation in the
lysate batches and the presence of inhibitors. There is
however only one alternative method of endotoxin measurement
which relies upon development of fever in rabbits after
injecting endotoxin.

The rabbit pyrogen test
One of the most common effects of intravenous injection of
endotoxin is the development of fever due to increased
synthesis and release of an endogenous pyrogen from the
host's phagocytic cells. The pyrogen acts on the
thermoregulatory centre in the hypothalamus to raise the
thermostatic setting so that fever develops.
In the rabbit pyrogen test the test substance is injected
into the ear vein of the rabbit. In the presence of pyrogen
a biphasic fever response occurs. The first fever peak
occurs at 30-90 minutes and the second more significant one
at 3 hours after injection. Some care is required in
selecting rabbits as early studies of host defence
mechanisms against bacterial endotoxaemia in rabbits showed
that intravenous injection of a sublethal doses of endotoxin
produced an increase in endotoxin detoxifying capacity
(Skarnes 1970). The sensitivity of this test is 0.64 - 2.43
ng/kg of purified endotoxin depending on the nature of the
endotoxin molecule and the method of interpretation.

Development of the endotoxin assay
The rabbit pyrogen test is not a very practical means of
detecting the presence of endotoxin in a large number of
samples of biological fluid. Therefore the LAL assay was
developed and used by Levin and colleagues (1970, 1972) in
patients suspected of having gram-negative sepsis. At that
time endotoxin was retrieved from the blood by extraction
with chloroform, a laborious and time consuming process.
Since then various modifications have been developed to
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remove inhibitors and to quantify the measurement using a
chromogenic substrate to measure the activated enzyme.
Iwanaga (1978) showed that activated LAL proenzyme could
cleave chromogenic p-nitroaniline (pNA) substrates. The
method takes 2-2.5 hours, is very sensitive, variably
reproducible and has a detection limit of 10 pg/ml (Scully
1980, Thomas 1981). The endotoxin sensitive enzyme is a
typical proteinase and is particularly susceptible to the
presence of protease inhibitors in plasma.
Measurement of endotoxin using the LAL assay is dependent on
the lipid A component of endotoxin. As with all biological
assays the LAL procedure measures endotoxin activity and not
quantity. Critical evaluation of the relevance of LAL
reactivity to detection of functionally active endotoxin is
required. It is clearly important to have reliable standard
preparations of lipopolysaccharide for calibrating the
assay; these are prepared by the World Health Organisation
and the United States Pharmacopoeia.
There are numerous publications of methods to optimise
various aspects of the assay including sample preparation
(Piotrowicz 1986, Webster 1980, Obayashi 1984) and
standardisation on a single manufacturer's product (Twohy
1983). Harris and colleagues (1983) evaluated different
chromogenic substrates and optimal storage conditions for
plasma prior to assay. They used substrate S2423 with plasma
diluted 1:10 with pyrogen free water and heated it to 75°C
for 5 minutes to remove inhibitors and achieved a withinbatch coefficient of variation of 4% at levels of endotoxin
likely to be encountered clinically

The lower limit of the

assay was lOpg/ml. For specimens which will be assayed
immediately storage at 4°C results in greater recovery of
endotoxin than storage at 22 or 37°C. Long term storage at
-40°C was investigated by assaying a plasma sample which had
been previously diluted and heated and stored in aliquots.
No loss of activity was found over a 3 month period. These
workers found a real difference in the degree of activation
of the LAL proenzyme by endotoxins from different organisms.
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This has important clinical implications since if the assay
is standardised using an endotoxin from an organism
different from that causing the clinical episode of
endotoxaemia then a quantitative error may be introduced.
The problem of inactivators which occurs during measurement
of endotoxin in plasma samples is not found with other
samples such as urine and cerebrospinal fluid.
LAL test results are usually reported in endotoxin units
defined by the reference standard endotoxin (RSE) EC-5. On a
day to day basis a control standard endotoxin (CSE) is most
often used, but not all endotoxins have the same potencies
so the CSE must be correlated with the RSE and the RSE/CSE
must be matched with the lysate used. In our case the same
batch of E. Coli endotoxin was used for all assays.

Effect of anticoagulants
Heparin,

like many animal derived products, may be

contaminated with endotoxin. We obtained endotoxin free
heparin (Batch number CH1442) from AKZO Pharma division and
used it to heparinise the glass tubes for collection of
blood for endotoxin measurement. Some workers have found
that heparin has a pronounced inhibitory effect on the
chromogenic LAL assay, but paradoxically endotoxin appeared
to be more readily detected in plasma than in serum,
recovery of endotoxin being best from heparinised plasma. If
sodium citrate or EDTA containers are used, calcium and
magnesium (divalent ions) are chelated and these are in fact
essential to activate the proclotting enzyme (Takagi 1981).

Both heparin and CPD adenine were found by McConnell (1985)
to have a striking dose-related inhibitory effect on the
assay. At concentrations of heparin as low as 30u/ml there
was a 90% reduction in detectable endotoxin which could not
be neutralised by the addition of protamine. After
administration of heparin f<^ cardiopulmonary bypass,
inhibition of ;the LAL assay cannot be resolved by plasma
dilution and hikt treatment. However progressive dilution of
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dilution and heat treatment. However progressive dilution of
plasma with crystalloid for cardiopulmonary bypass leads to
loss of inhibition but requires a correction factor to be
applied after the assay. For these reasons the LAL
chromogenic assay is not suitable for patients undergoing
cardiopulmonary bypass and presumably in other patients
where systemic heparinisation and changes in haematocrit
occur. Endotoxin mediated clotting in the Limulus assay is a
very similar process to the human clotting cascade so it is
perhaps not surprising that this effect occurs (Sullivan
1974). It is therefore extremely important that a fixed
concentration of 20u/ml heparin is used.

Other problems with the assay
Other factors which interfere with the test are an
unsuitable pH, the presence of chelators, additives, a high
divalent ion concentration, active substances such as
thrombin, protein dénaturants, antibiotics and sugars and
coloured products known to affect light absorbance.

Inhibition
In addition to the inhibitors mentioned above a number of
other substances such as peptidoglycans, lipoteichoic acid
and muramyl dipeptide can inhibit the assay. Lipid A
precursors studied by Proctor (1985) for their activation or
inhibitory activity on the LAL assay have produced some
insight into the structural features required for activation
of the LAL assay and may in future provide some derivatives
which are competitive inhibitors of endotoxin. For practical
purposes inhibition can be divided into two types;
i

performance inhibition

ii product inhibition where chemical and/or physical
properties of the product interfere with the assay.
Performance inhibition can be overcome by attention to the
detail supplied in the manufacturers instructions, in
particular vortexing the endotoxin preparations since if
they are allowed to settle the hydrophobic parts of the
endotoxin molecule aggregate and hide the reactive parts.
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The containers in which the assay is performed can adsorb
the charged portion of endotoxin. Either depyrogenated
borosilicate type one glass or, as in our case, Falcon tubes
must be used.
The possibility of contamination of the assay by
environmental endotoxin requires consideration of the most
appropriate environment in which to perform the assay.
Initially it was decided to use a laminar flow cabinet but
doubt has been cast on this by contamination of blood
cultures (Spencer 1975). Therefore for this study the assay
was performed on an open bench.
In this study endotoxin was measured using the Coatest kit
available from Kabi-Vitrum which is now described. In our
case we used it with the practical advice and trouble
shooting leaflet (Appendix C ) . Falcon tubes and sterile
Eppendorf pipettes were used throughout.
COATEST ENDOTOXIN MEASUREMENT KIT
This product provides a specific method for the quantitative
determination of gram-negative bacterial endotoxins in
water, solutions for parenteral administration, plasma,
plasma fractions, cerebrospinal fluid and urine. It must be
carried out using a sterile technique and all materials
coming into contact with the assay must be endotoxin free.
Glassware should be disposable and heat-treated at 180°C for
4 hours to render it endotoxin free.
For the conduct of the assay strict adherence to time and
temperature of the test procedure is essential. The basis of
the assay is shown in the two equations which follow.
Endotoxin
1. Proenzyme --------- > Enzyme
Enzyme
2. Substrate --------- >

Peptide + pNA (yellow)
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The substrate used is S-2423. The reaction is stopped with
acetic acid and the pNA released measured by photometric
absorption at 405nm. There is a linear correlation between
absorption and the amount of endotoxin in the 0.1 - 1.2
EU/ml range.
The sealed reagents in the Coatest kit are stable at 2-8^0
until the expiry date on the label, but they must be allowed
to warm up to room temperature before reconstitution.

Substrate, S-2423
This chromogenic substrate is Ac-Ile-Glu-Gly-Arg-pNA.HCl 9mg
with mannitol added as a bulking agent. It is reconstituted
with 6.6 ml water to a concentration of 2mmol/l and is then
stable for 1 month provided contamination does not occur.

Lysate
The Limulus amoebocyte lysate is reconstituted with 1.4 ml
endotoxin free water at room temperature and swirled gently
to avoid foaming. It should remain at room temperature for
at least 10 minutes before use in the assay. The LAL is
stable for 4 hours at 24-28°C and 8 hours at 2-8°C. Although
it may be stored in aliquots at -20°C for no more than 4
weeks this was not practised in this study.

Endotoxin (E.coli 0111:B4)
This is presented in human albumin and is reconstituted to a
concentration of 12 EU (lng)/ml with endotoxin free water
and vigorously mixed for 3 minutes. The shelf life is then 2
weeks at 2-8°C provided no contamination occurs. Before each
use it must be warmed to room temperature and mixed again
for 1 minute.
Each donor unit of human albumin vehicle has been tested by
an FDA approved method for the presence of antibody to HIV
and for hepatitis B surface antigen and found to be
negative.
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Buffer
This is supplied as sterile endotoxin free Tris 50inmol/L at
pH 9.0. The solution is stable for one month at 2-8°C after
breaking the seal provided contamination does not occur.
Sterile endotoxin-free water was supplied with the kit
(European Pharmacopea) but that made by Antigen was also
used. Both were tested by the LAL assay and confirmed to be
endotoxin free. No water was stored after being partly used
for an assay.

For daily use a substrate-buffer solution was prepared with
equal parts of each solution and this was stable for 8 hours
at 20-25°C provided no contamination occurred.
The materials required which were not supplied in the kit
were:
- photometer, reading at 405nm
- water baths at 37 +/- 0.2°C and 75+/-3°C
- semi-micro cuvettes
- endotoxin-free tubes - Falcon
- glass - for plasma collection with
endotoxin-free heparin
- electronic timer
- endotoxin-free pipette tips with an accuracy of 1%
- 20% acetic acid
- centrifuge

Endotoxin-free heparin was made up with sterile endotoxinfree water. This solution was used to heparinise the glass
tubes for plasma collection and after heating each batch was
tested to ensure the tubes were endotoxin free by filling
them with an appropriate volume of endotoxin free water and
assaying the contents for endotoxin.
COLLECTION OF SPECIMENS
This is of crucial importance

and is described in Appendix

B 4.
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PROCEDURE
The manufacturers have reviewed the published evidence for
difficulties with this assay (Thomas 1981, Scully 1980):
they recommend centrifugation of blood samples at 200g for
10 minutes at 4°C to obtain platelet rich plasma which is
preferred because platelets bind endotoxin. Plasma may be
stored at - 20°C for 2 weeks from the time of collection.
When it is required for assay it is diluted 1:10 with
sterile endotoxin free water (EFW) and heated in a water
bath at 75°C for 10 minutes to remove inhibitors which may
interfere with the reaction. This heat treatment also
destroys proteolytic activity in plasma which may be
increased in sepsis and destroys a system which rapidly
degrades endotoxin in native plasma. After heating the
plasma is cooled to room temperature for 15 minutes and then
mixed vigorously for one minute before assay. These treated
samples are stable for 24 hours at 2-8°C.
Although serum may be used instead of plasma to avoid the
contamination possible with the use of heparin, some
endotoxin may be lost in the preparation of the serum.
Despite the manufacturers suggestions regarding endotoxin
standards, discussion with leading experts in endotoxin
measurement suggested a slightly different standard curve
shown in Figure 3.1.
Each assay was accompanied by a standard curve in which
normal plasma samples were heat treated in exactly the same
way as the samples to be measured. The standard curve is
constructed with increasing known concentrations of
endotoxin added to the normal plasma. After dilution and
heat treatment the samples were allowed to cool and then
always immediately assayed without being stored.
Each plasma sample was assayed in duplicate on two different
occasions. Normal plasma for the standards was obtained from
the same individual on each occasion (SW). The only other
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modification to the manufacturers instructions was to use
half the volumes recommended so as to conserve reagents and
reduce costs. Otherwise the assay was strictly timed and
limited to 20 duplicate samples at each assay repeating 10
measurements on one sample to calculate variation in the
assay. The coefficient of variation of these 10 measurements
should be less than 10%. The incubation time can be longer
to increase sensitivity.

Table 2.1. Timing the endotoxin assay

Test sample or standard 50ul (pre-diluted and heat
treated)
Incubate at 37°C for 5 minutes
Add LAL 5Oui
Mix and incubate at 37°C for exactly 25 minutes
Add substrate -buffer solution (37°C) lOOul
Mix and incubate at 37°C for exactly

6minutes

Add acetic acid 50% lOOul
Mix immediately

If the plasma sample is coloured in any way by jaundice,
haemolysis or opalescence (which is common in septic
patients) then a blank must be used with each affected
sample.

(50ul plasma, prediluted and prepared, 150ul water

and lOOul acetic acid) because the chromogenic detection
method is interfered with by all coloured substances.
Very high concentrations of endotoxin may necessitate
further dilution of the samples.
Performance characteristics have a significant effect on the
LAL assay. Temperature control is crucial; during incubation
with both LAL and substrate temperature must be controlled
within +/-0.2°C. By increasing the incubation times to 30
and 10 minutes respectively, sensitivity can be increased to
O.OlEU/ml plasma.
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2.3. OTHERS METHODS
Acute phase proteins
Acute phase proteins were measured by rocket
immunoelectrophoresis which is a rapid, reproducible method
for determining the concentration of single proteins in a
mixture or identifying a series of acute phase proteins as
in this case. Diluted plasma samples are added to agarose
gel containing mono-specific antisera and after
electrophoresis each protein is identified by the rocket
shaped precipitate which is formed. Quantitation is based on
the height and not the area of the rocket for practical
purposes.
A reference solution of known concentration is required to
correctly identify each protein and for quantitative work
pooled serum from a large number of blood donors is used.
Proteins in the reference solutions and the unknown samples
have to be physico-chemically and immunologically identical.
In order to get the height of the rocket as reproducible as
possible the following influential factors must be
standardised;
- antigen concentration
- antibody concentration
- field strength (V/cm)
- buffer pH, ionic strength
- gel batch and gel concentration
- mobility of the protein
- time of electrophoresis
- time from application to start of electrophoresis.
A standard curve is based on 4 dilutions of the reference
solution. Reproducibility of the method is best when peak
height is 10-50mm. Standards are included in each series
(Chapter 3, Figure 3.6.).
These methods have been used in Bristol for over ten years
for research work on acute phase proteins in various disease
states. Coefficients of variation for our method are 5% or
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less (Simpson 1987). There has been little change in the
methodology since the original description by Weeke (1973).

Cytokines
In 1975 Carswell identified a cytokine which induced
selective tumour necrosis. A second cytokine, lymphotoxin
produced mainly by T cells has similar biological properties
and both are cytotoxic to a range of tumour cells in vitro.
Methods for detection of cytokines in plasma are
controversial. Two methods are currently used; bioassays and
immunoassays. Cell lines with a high susceptibility to
cytotoxicity have been developed which are used in routine
bioassays to estimate the activity or potency of specimens
containing tumour necrosis factor or lymphotoxin (Meager
1989). Bioassays are very sensitive, but they are complex to
perform and may lack specificity. This difficulty has led to
development of non-biological assays such as immunoassays
for quantification of cytokines.
Two major types of immunoassay have been developed immunoradiometric assays (IRMA) and enzyme-linked
immunosorbent assays (ELISA). Immunoassays are simple and
specific at least as far as the antibody used in that assay
and thus they have advantages over bioassasys. The major
disadvantage of immunoassays is that whilst they are capable
of detecting biologically active TNF their ability to also
recognise inactive, denatured, aggregated or fragmented TNF
means that they 'over-estimate' biologically active TNF. The
detection limit of the assay is often not as low as the
level at which cytokines function biologically (Cope 1992).
Deficiencies of bioassays are that they are not very
reproducible, a large number of serially diluted samples is
required to construct dose response curves and they cannot
discriminate structurally different cytokines with similar
biological activity. They also vary considerably in
sensitivity. Immunoassays do not require construction of a
dose response curve so greater numbers of samples can be
processed. Bioassays can be affected by other substances

76

such as endogenous cytokines which enhance or inhibit TNF
cytotoxicity. Immunosassays are unresponsive to such
modulators in plasma.
For the purpose of this study our method was developed from
that of Meager 1987 based on a method described by Secher in
1981. The cytokine is first attached to an immunobilized TNF
(or other cytokine) specific antibody which can be
monoclonal or polyclonal and then it is detected by binding
of a specific monoclonal antibody through an epitome
distinct from that recognised by the 'capture' antibody.
These antibodies neutralise the TNF from a variety of
sources and are presumed to recognise structurally intact,
biologically active TNF. Many different combinations of
antibody have been tested to yield a pair which gives
greatest assay sensitivity.
The ELISA immunoassay was also used to detect the presence
of TNF in our samples. ELISA assays have a longer shelf life
than IRMA, they are less reproducible and their detection
limits are usually inferior. A modified double antibody
sandwich technique was used (Figure 2.3.1.). The first
antibody is coated onto the wells of microELISA plates. TNF
is incubated in these antibody containing wells and then,
after a washing step, is detected by a second antibody
linked to an enzyme producing a colour reaction with an
appropriate substrate.
The calibration curve is sigmoid so that low results are
often imprecise. One of our calibration curves is shown in
Chapter 3 (Figure 3.11.).

Assay protocol
Immunoglobulin containing specific antibody (mouse
monoclonal antihuman TNF-alpha) is attached to solid phase
(Maxisorb plates) by overnight incubation at 4°C. The plate
is then washed with buffer to prevent non-specific binding
of antigen.
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Modified Double Antibody Sandwich ELISA for measuring antigen

1 Plate coated with specific antibody A

Plate washed

2 Test sample containing antigen reacted

ML
Plate washed

3 Specific antibody B (of different species e.g. goat) added

3SSL
Plate washed

4 Enzyme labelled antiB globulin added (e g. anti goat ig)

Plate washed

•:ù

5 Enzyme substrate added

Reproduced by permission of the authors and publishers
(Voiler et al. Bull. WId. HIth. Org. (1976) 53,55-56)

Figure 2.3.1. Double sandwich antibody technique for
measurement of tumour necrosis factor

Test samples containing antigen are added and incubated with
the sensitised solid phase. They are then washed with
buffered biological detergent to remove unbound antigen.
Immumoglobulin containing specific antibody is added and the
plate incubated and then washed. This immunoglobulin is from
a different species, in this case polyclonal goat anti-human
TNF-alpha. Enzyme labelled anti-goat immunoglobulin is then
added and the plate incubated and washed. The enzyme in this
case was alkaline phosphatase. This immunoglobulin must not
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react with that used to sensitise the plate (mouse anti
human TNF-alpha). The enzyme substrate is added and after
incubation for a predetermined period, a colour change is
seen proportional to the TNF added from the test sample.
Care is required to eliminate any artefact in the assay
system which might be produced by the measurement system
itself.
Mouse monoclonal antibody and goat polyclonal antibody were
both a gift from Dr A Meager, NIBSC, South Mimms.
All other reagents were from SIGMA except TNF which was
kindly donated from Dr Gunter Adolf, Bender, Vienna.
Standard curves and controls for the assay were set up using
a human TNF-alpha standard preparation from the National
Institute for Biolological Standards and Controls (NIBSC).
Each step in the assay was quantified in some detail to
determine the best kind of assay plate, the most useful
concentration of antibody to coat the plate (mouse
monoclonal anti-human TNF), the most useful concentration of
detector antibody (goat anti-human TNF) and the most useful
concentration of enzyme conjugate. These procedures were
carried out using 'chequerboard titrations' and a range of
dilutions of each component in the assay. Working dilutions
were established as follows:
monoclonal mouse anti-human TNF

1/1000

goat anti-human TNF-alpha

1/1000

enzyme conjugate

1/1000

The best criteria of zero-plate reading were established
using various combinations of assay constituents to find any
problems of non-specific binding to the
When the assay system was first used

assay plate.

to measure TNF no

measurable concentration was found from the supernatant of
cell lines known to secrete TNF-alpha. Several experiments
were then conducted to assess the inhibitory activity of
normal sera at various age groups. Sera were diluted and a
known amount of TNF-alpha in a small volume was added to
neat sera to see if inhibition occurred. Normal sera (both
neat and diluted) with no added TNF-alpha were run in
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parallel to see if any cytokine could be detected. Huge
inhibition levels were found on repeated assays using
varying dilutions of added TNF, and the percentage
inhibition (or percentage recovery of TNF) was calculated.

Blood culture
On each occasion of blood sampling a specimen was taken for
blood culture using a new needle. It was incubated using the
Oxoid Signal blood culture system (Oxoid Ltd, Basingstoke,
Hants U K ) .

Accepting that bacteraemia may be transient and the best
opportunity to obtain a positive blood culture may occur at
the peak of fever, I nevertheless decided to take blood
cultures at the same time that blood was obtained for
endotoxin and cytokine measurements.
A positive result from a blood culture depends upon the
number of organisms in the blood at the time of collection
and the size of the sample.

Signal oxoid blood culture system
Bottles of broth are examined before use to exclude
turbidity which may indicate contamination. Not more than 10
ml of blood is inoculated immediately after sampling
following disinfection of the stopper with ethyl alcohol.
Taking strict antiseptic precautions, blood samples are
inoculated into the culture bottles and mixed with the
medium. Incubation beyond 24 hours should not be continued
without inserting the growth indicator device. Ideally the
inoculated bottle is taken straight to the laboratory where
it is incubated at 37®C for 1 hour, then with sterile
precautions the indicator device is inserted in an
incubation tray. For optimal results the system is shaken
for 24 hours and examined for a positive result at least
twice daily. A total incubation period of at least 7 days is
recommended. The formulation of the Oxoid Signal system
encourages growth of aerobic, anaerobic and micro-aerophilic
organisms. The medium is designed to create positive
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pressure inside the sealed bottle when the organisms are
growing. This positive pressure is detected by a growth
indicator device. Further technical details are found in
Appendix D.
In addition to the Signal blood culture system used
specifically for this study, results of all blood cultures
taken during the 24 hours before admission to the Unit and
thereafter for clinical purposes were also used. The system
in routine use at Bristol Royal Infirmary is the BACTEC NR660 system (Becton Dickinson Diagnostic Instrument Systems,
Towson, Maryland 21204, USA) which uses 10 ml of blood, half
injected aseptically into each of two liquid media. Frenchay
Hospital used the BACTEC NR-460 system which has no
practical difference.
The assembled results of all blood cultures on each patient
were reviewed to assess the significance of isolates. Single
positive cultures of coagulase-negative staphylococci, when
other cultures closely related in time were negative, were
excluded as probable contaminants.

Blood lactate
For the purpose of this study blood lactate was measured
immediately after blood sampling. Heparinised blood was
transferred into special haemolysing capillary tubes which
were stored on ice after mixing. Undiluted blood was used
and sample volume was 7ul for all samples.
An Analox machine was used. It assays lactate in a simple
one-stage procedure in which L-lactate oxygen oxidoreductase
(LOD) catalyses the oxidation of L-lactate to pyruvate.
LOD
L-lactate + O 2

Pyruvate + H 2 O
pH 6.5

LOD is highly specific for L-lactate. Buffering agent is
entrained into the analyser and the reaction is initiated by
injecting the standard or blood sample. The maximum rate of
oxygen consumption is directly related to the lactate
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concentration. The analyser is calibrated with an aqueous
8mmol/l lactate standard. Single point calibration as
recommended by the manufacturers was used and recalibration
took place every 12 hours. The detection limit of the assay
is 0.3mmol/L.

Immunoglobulin measurements
These were performed in the Microbial Immunity Laboratory at
the Edinburgh and South East Scottish Blood Transfusion
Service by Dr Robin Barclay. Concentrations of antiendotoxin
core IgG and IgM antibodies were measured by a direct
enzyme-linked immunosorbent assay (ELISA) previously
described by Barclay (1989). Normal ranges for these
antibodies had been determined in 1000 healthy blood donors.
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2.4. STATISTICS
All the data were stored in a secure database on an OPUS PCV
turbo personal computer using dBASE (Ashton Tate Copywright
1985/1986) and data manipulation was carried out using Lotus
123 (version 2) and EXCEL and the statistical analysis
performed using the Minitab (Minitab Co.) statistical
package.
Physiological variables and biochemical, haematological,
endotoxin, antibody and acute phase protein data were
compared between groups by repeated analyses of variance at
each of the time points a measurement was made. Individual
95% confidence intervals were calculated for the mean based
on pooled standard deviation. This method of analysis may be
flawed because it does not take into account the fact that
for the duration of the study serial measurements are made
from the same subject and therefore each value will bear a
relationship to the next and that successive observations on
a given patient are likely to be correlated (Matthews 1990).
Therefore an attempt was made to produce a summary measure
for these variables. For each patient the relevant
physiological variable, biochemical or haematological result
was averaged for each patient and further described by its
minimum and maximum value. Summary data were then compared
between groups by analysis of variance.
Where the values were not normally distributed ie skewed,
logarithmic conversion was used and the analyses repeated.
Chi-square was used to test for significant differences
between the groups which related to the treatment. The p
value is quoted for the range of probability when converting
chi-square to probability. For some outcomes the number of
patients in each group was small and therefore Fisher's
exact test was used. This is mathematically equivalent to
chi-square and was used for numbers less than 5 in each
outcome group. These methods were used to compare
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ventilation data, use of drugs, occurence of infection,
organ failure and other outcomes.
Non-parametric data such as the Glasgow coma scores, APACHE
scores and sepsis scores were analysed by Mann-Whitney
testing.
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CHAPTER 3 RESULTS
3.1. RESULTS IN RUN-IN GROUP
3.1.1. Introduction and demographic data
3.1.2. Endotoxin, endotoxin antibody, lactate and acute
phase protein measurements
3.1.3. Blood culture results
3.2. RESULTS IN TÀUROLIDINE STUDY
3.2.1. Introduction and demographic data
3.2.2. Requirement for organ support
3.2.3. Severity of illness
3.2.4. Incidence of infection and organ failure
3.2.5. Clinical outcomes
3.2.6. Physiological, haematological and biochemical data
3.2.7. Endotoxin, endotoxin antibody, lactate and acute
phase protein results
Throughout this chapter patients studied will be referred to
as group

0

(the run-in group), group

1

(those who received

taurolidine) and group 2 (those who received placebo). An
asterisk * draws attention to statistical significance
requiring subsequent discussion.
3.1. RESULTS IN RUN-IN GROUP 0.
3.1.1. Introduction And Demographic Data
The purpose of the run-in group was to confirm that patients
who might be predicted from published literature to have
elevated endotoxin concentrations did indeed have a raised
endotoxin concentration and to see whether this correlated
with mortality. Thirty patients were admitted for study but
data were inadequate for one patient therefore results are
given for 29 patients. Patient details are included in
Appendix A . 2.
Group 0 demographic data are given in Table 3.1. Diagnoses,
which are heterogeneous, are shown in Table 3.2 together
with outcome. These results include all measurements made up
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to the end of the fifth day of admission except where
specifically stated.
Table 3.1. Demoarabhic data of oatients in Grouo 0.
n=29
Age (years)
Mean (range)
57.6 (17 - 83)
SD 23.2
Median
69
Weight (kg)
Mean (range)
70.3 (45 - 130)
SD 14.8
Median
70
Sex (M:F)
18:11
Days in ITU (median)
3
(range)
(1 - 35)
Admission APACHE II score
Median (range)
18 (5 - 30)
28 day mortality
48%
(14 deaths)

Table 3.2. Diagnostic cateaories of oatients in Group 0
Number of oatients
(n = 29)
Abdominal sepsis
Nosocomial pneumonia
Myocardial infarction
+ hypotension
Post-aortic aneurysm repair
Bleeding after surgery
Septicaemia
Post-cardiac arrest
Pancreatitis
Multiple trauma
Other: - eclampsia
- cardiomyopathy
- oesophagectomy
- peripheral vascular disease
+ renal failure
TOTAL DEATHS at 28 days

OUTCOME
(DEATHS)

4
4
4

2

3
1

3

1
0

2
2

1

2
2

1
2

2

1
1

1
1
1

1
0

1

0

14

3.1.2. Endotoxin, Endotoxin Antibody, Lactate And Acute
Phase Protein Measurements
There were difficulties with the LAL assay. Whereas it
proved possible to obtain a good standard curve in most
sessions the reproducibility of results at different assay
sessions was poor. A typical standard curve is shown in
Figure 3.1. on which occasion the coefficient of variation
within the assay was 17%. The coefficient of variation (CV)
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was calculated by the formula SD/mean x 100. The best within
assay CV achieved was 3.5% and the worst 26%. Between assay
CVs were very poor at up to 51%.

Standard curve for LAL assay
Coatest and normal plasma
Abtorbance

0.7

0.6
0.6
0.4
0.3

0.2
0.1

0

0.4

0.6

0.8

1

1.2

1.4

Concentration EU/ml
Radrawn from original (1110.81)

Figure 3.1. Standard curve for endotoxin assay

The methodology section contains details of the expected
standard curve and expected CVs. In view of the high CVs
obtained the results were grouped into 5 categories;
i

No endotoxin measurable

ii

Insignificant amount of endotoxin </= 4.2pg/ml

(0.05eu/ml)
iii Low level of endotoxin > 4.3-12.5pg/ml (0.05-0.15)
iv

Intermediate level of endotoxin 12.6-66pg/ml(>0.15-

0.79 eu.ml)
V

High level of endotoxin >/- 66.1pg/ml (0.8 eu/ml)

This categorisation was based on the experience of other
workers. Raw data however have been used to produce
comparisons.
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For all the results that follow for Group 0 blood samples
were taken at baseline, 4 hourly for 48 hours,

8

hourly for

the next 48 hours and thereafter daily.
SD = standard deviation
N = number of observations

Table 3.3. Endotoxin concentration and outcome for
patients in Group 0.
Normal range < 4.2 pg/ml
Patient
Number

Minimum
Maximum
Mean
Concentration oa/ml

N

SD O f
mean

A. Patients who survived 28 days (14)
1
2

4
5
6

9

23
37
10
30
10
5

10

6

13
14
15
16
17
23
27

7

83.3
55.8
22.5
127.5
26.7
53.3
93.3
47.5

8

19

0.4
3.3
3.3

22.1

0.8
0.1
10.0
0.1
0.1

5.5
29.5
23.5
17.3
9.2

1

10
4
16

40.2
26
10.4

77.5
23.3
87.5
107.5
40.8

20.8

2.5

12.3
34.8
33
15.5

0.1

3.3
0.1

4.2

23.3
15.3
6.5
27.4
9.9
16.3
36.1
16.9
23.4
11.5
23.5
35.3
9.3

B. Patients who died within 28 days (15)
3
7
11
12

18
19
20
21
22

24
25
26
28
29
30

11
8

2
11
19
17
19
2
8

18
19
10
9
17
7

50.4
44.6
8.33
19.8
28.5

141.7
61.7
12.5
33.3
74.2
55.8
67.5
56.7
26.7
83.3
60.8
37.5
70
45.8
26.7

20

34.9
55.4
15.1
14.6
18.1
13.4
26.9
23
8.7

1.7
11.7
4.17
6.7
3 .3
5
6.7
54.2

48.3
16.6
5.9
7.9
19.5
15
15.9

0.1
0.1

9.6
21.4
14
9.9
20.3
13.8
8.9

9.2
0.1

7.5
0.1
0.8

1.8

Differences between survivors and non-survivors
Mean

Maximum

Mean(SD)
Mean(SD)
24.8(15. 1 )
Non-survivors
56.2(31.9 )
22.7(10. 8 )
60.9(34.1 )
Survivors
P vàlue
0.71
to 0.67
Logarithmic conversion made no difference.the p value
A
Mann-Whitney
208
W value
203
-9.8, 10 .9
95% confidence
-31.7, 18 .3
interval
0.95
p value
0.76
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Table 3.3 shows maximum, mean and minimum endotoxin
concentrations for each patient by outcome and Table 3.4
shows the overall result of categorised values.
Table 3.4. Endotoxin assay results for Group 0 for all
measurements.
n=443
Zero endotoxin
Insignificant endotoxin
Low endotoxin
Intermediate
High endotoxin

17
28
105
212

17

Thus patients in whom endotoxaemia was predicted did indeed
have a raised plasma endotoxin concentration. Figure 3.2.
shows endotoxin concentration in survivors and non-survivors
using each patient's summary data. Mean endotoxin
concentration is not in fact higher in non-survivors at p <
0.05. There is no difference in maximum endotoxin
concentration between patients who died and those who
survived 28 days and no relationship between endotoxin
concentration and outcome.

Endotoxin concentration Group O
by reducing mean concentration
Endotoxin concentration pg/mi
16 0
14 0
120
100
80
80
40

20
0

Survivors
I^ H Moan
'Normal'

*

Deaths within 28 days
Maximum

W## Minimum

4.2 pg/mi

Figure 3.2. Endotoxin concentration in survivors and non
survivors in Group 0.
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Table 3.5. laG Concentration and outcome in patients in
Group 0
Concentrations are
percentage of the
blood donors.
'Normal' - Mean =
percentile = 34 lient
iber

N

measured in median units (MU) - a
median adult values from 1 0 0 0 healthy
127, SD = 121, SE =
238

3.8, 10-90th
SD O
mean

Minimum
Maximum
Mean
Concentration MU

Patients who survived 28 days
1
2

22

37

4
5

10

6

11

33
5

9
10

6

13
14
15
16
17
23
27

7
10

4
17
8
21

109
280
64
215
144
243
35

66.4
85.7
39.4
143.8
107.6
215.4
27.5
868
594
sample not suitable
107
160
188
164.2
70.5
119
645.9
790
15.8
37

43

11.8

20

75.1
14.4
37.3
26.3
23.1
4.28
58

16
71
65
190
22

428

31

75
143
18
538

28.9
94.7

1

12.1

22.6

Patients who died within 28 days
3
7
11
12

11
8
2
11

18
19

19
18

20
21
22

20
2
8

24
25
26
28
29
30

18
20
10

9
17
8

96.6
42
50
60.6
150.4
34.7
294.1
22.5

133
96
53
78
265
57
528
29
115
65
67
93
59
67
318

102.8

28.6
39.2
73.9
47.3
49.7
211.6

78
17
47
45
104
25
204
16
96
1
22

67
28
41
144

15.3
24.1
4.2
9.2
42.2
9.2
72.8
9.2
7.7
14.9
12.8

8.4
8.9
7.1
58

Differences between survivors and non-survivors
____________________ Maximum__________________ Mean____________
Mean(SD)
Mean(SD)
Non-survivors
107(83)
72(53)
Survivors
243(266)
178(202)
P value
0.08*
0.07*
Logarithmic conversion made some difference to the p value
0.09*
0.17
Mann-Whitney
W value
165
169
95% confidence
-130.9, 14
-125.1, 9.7
interval
p value
0.08*
0.12

At the same time that blood was sampled for culture and
endotoxin, the concentration of IgG and IgM antibody and
lactate were measured; the latter as an index of the
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adequacy of resuscitation and to test for its ability to
predict death (Tables 3.5.,3. 6 .and 3.7.).

Table 3.6. laM Concentration and outcome in oatients in
Group 0
Concentrations are measured in median units (MU).
'Normal' - Mean = 132, SD = 109, SE = 3.5, 10-90th
percentile = 41 - 266
Patient
Number

N

Maximum

Mean
Minimum
Concentration MU

SD of
mean

À. Patients alive at 28 days
1

22

2
4
5

37
11
33

6

11

9

5

10

6

13
14
15
16
17
23
27

7
10
4
17
8

21

138
447
174
52
62
59

47.3
54
21.1
26
38.1
54

8

6.8

75
45.3
No samples available
48
31.5
86
76.5
35
24.3
66
57.3
82
33.1

23
9
17

26.7
156.1
3

10

11

21
49

11.7
4

6

1

34

14.2

18
65
12
51
19

11.1

8.7
7.7
5.7
14.8

B. Patients alive at 28 days
3
7

11

11
12

8
2
11

18
19

19
18

20
21
22

20
2
8

24
25
26
28
29
30

18
20
10

9
17
8

174
33
101

15
26
214
66

17
71
33
286

113
16.9
96.5

72
9
92

10.2

8
10
66

16.6
90.9
37.2
13
65

22
9
49

20.6

12

161.5
88.3

112
10

8

18.9
7.9

28
11

112
71
4
15
5

28.2
7.5
6.4
2

4.5
32.9
14.2
5.7
8

5.3
44.9
13.7
1.7
3.7
2.7

Differences between survivors and non-survivors
Mean

Maximum

Mean(SD)
Mean(SD)
52(50)
Non-survivors
81(87)
178(202)
Survivors
83(106)
P value
0.4
0.95
Logarithmic conversion made no difference to the p value
Mann-Whitney
196
W value
191
-23.6, 48
95% confidence
-42, 46
interval
0.77
p value
0.6

91

IgG concentration in Group 0
by reducing mean concentration
1000

IgQ concentration MU

600
600
400

200
JLJtLj

0

Survivors
IH

Mean

I L

U

Deaths within 28 days
Maximum

Minimum

’Normal’ maan 127, 8D 121

Figure 3.3. IgG concentration in group 0

IgM concentration in Group 0
by reducing mean concentration
IgM concentration MU
600
400 -

ilsA
Survivors
IH

Mean

Deaths within 28 days
Maximum

ütkH Minimum

’Normal’ maan 182 MU. 8D 108

Figure 3.4. IgM concentration in group 0

Figures 3.3 and 3.4 show the concentration of IgG and IgM by
reducing mean concentration for survivors and non-survivors.
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It appears that mean IgG concentration is higher in
survivors and that mean IgM concentration is higher in non
survivors but there is wide variation in results and in view
of the large standard deviations the mean values were re
analysed after logarithmic conversion. There is a difference
in the maximum and mean IgG between patients who survived
and those who did not significant at p < 0.1. After
logarithmic conversion this difference in mean value is not
seen. There is no difference in IgM between survivors and
non-survivors.
Plasma lactate data are shown in Figure 3.5. and Table 3.7.
Analysis of variance on the maximum and mean lactate values
shows no difference between survivors and non-survivors even
allowing for the wide variation in values by logarithmic
conversion.

Blood lactate concentration
Group 0 by reducing mean concentration
Lactate mmoi/l

Survivors

IH Mean

Deaths within 28 days
V/21 Maximum

üW t Minimum

Normal rang# - 0.6 - 2.6 mmoi/l

Ficrure 3.5. Lactate concentration in group 0
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Table 3.7. Blood lactate concentrations and outcome for
patients in Group 0
Normal range =

0.6

Study
number

Maximum
Mean
Minimum
concentration mmol / 1

- 2.5 mmol/1
SD O f
mean

À. Patients who survived 28 days
5.0
3.3
0.5

6

2.1

1.7
1.7
0.3
1.3
1.5

9

1.6

1.1

1
2

4
5

2.8

2.4
1.3

10

13
14
15
16
17
23
27

1.0

B. Patients who
3
7
11
12

18
19
20
21

0.4
0.7

0.6

1.2

0.74

0.2

0.1

0.6

0.6

0.8

0.4
0.5
0.9
0.3

0.5
1.4
0.5
0.9
sample not suitable
0.5
0.2

1.9

1.2

2.8
2.1

1.3

0.6

1.1

0.1

1.8

0.7

0.2

0.7
0.5
0.4
0.7
0.4

0.2

died within 28 days
2.3
0.9

7.5
4.9

0.3
2.1
3.4
2.1
sample not suitable
2.3
1.4
0.7
1.6
0.9
0.4
4.0
1.6
0.8
3.6
1.7
0.9
1.4
1.3
1.1

22

2.1

1.1

0.6

24
25
26
28
29
30

3.2

1.5
0.7

0.6

2.8

1.8
2.2

0.4
0.3
0.9
1.5

1.5

1.1

0.8

1.2

1.5
3.7

0.8

0.6

0.9
0.9
1.0
0.2
0.6
0.6
0.2

0.4
0.9
0.4
0.3

Differences between survivors and non-survivors
Mean

Maximum

Mean(SD)
Mean(SD)
1.52(0. 72)
Non-survivors
2 .9(1. 8 )
1.17(0. 43)
Survivors
2.3(1.16)
0.13
P value
0.31
Logarithmic conversion made no difference to the p value
Mann-Whitney
W value
195
205
95% confidence
— 0 .18, 0.7
— 0 .6 , 1 . 6
interval
0.27
p value
0.56
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Tables 3.8. - 3.11. show acute phase protein results.

Table 3.8. Aloha-1 antitrvDsin concentration and outcome
for patients in Group 0
Normal range = 2.0 - 4.0 g/1
Patient
Number

N

Maximum

Minimum SD of
Mean
mean
Concentration g / 1

A. Patients who survived 28 days
1
2

4
5
6
8

9
10

13
14
15
16
17
23
27

23
24

5.10
2.77
8.70
5.16
10
5.28
3.70
22
9.30
6.21
10
2.46
1.82
inadequate blood samples
5
2.46
2.18
6
1.8
1.27
7
4.26
3.36
sample not suitable
3.9
11
2.73
5
1.95
1.60
17
4.92
3.04
8
3.24
2.72
19
5.52
3.98

0.90
1.92
2.1

2.52
1.5
1.68

0.60
2.4
2.04
1.14
1.62
2.4
1.92

1.45
2.06
0.96
2.13
0.33
0.31
0.45
0.61
0.66

0.31
1.12

0.30
0.93

B. Patients who died within 28 days
3
7
11
12

18
19
20
21
22

24
25
26
28
29
30

11
8
11

19
18
19
2
8

18
20
10

9
17
8

1.98
1.78
2.58
1.93
sample not suitable
4.49
5.4
5.04
4.02
3.84
2.67
2.94
2.36
2.76
2.58
2.82
2.22
3.18
2.26
6.43
7.32
4.20
3.01
2.94
2.45
4.38
3.02
5.76
4.59

1.62
1.5

0.12

2.82
3.3

0.80
0.59
0.60
0.26
0.26
0.43
0.48
0.60
0.72
0.29
0.73
0.49

1.8
1.8

2.4
1.56
1.68

5.22
2.25
1.98
1.92
4.26

0.36

Differences between survivors and non-survivors
Maximum

Mean

Mean(SD)
Mean(SD)
3.13(1 .3)
Non-survivors
3.94(1.5)
Survivors
3.12(1 .4)
4.53(2.36)
0.98
P value
0.44
Logarithmic conversion made no difference to the p value
Mann-Whitney
W value
189
194
-0.95, 0.98
95% confidence
-2.1, 0.99
interval
0.94
p value
0.75
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Table 3.9. Fibronectin concentration and outcome for
patients in Groun 0
Normal range = 0.3 - 0.4 g/1
Patient
Number

N

Maximum

Minimum SD O f
Mean
mean
Concentration g/1

À. Patients who survived 28 days
1
2

4
5
6
8

9
10

13
14
15
16
17
23
27

23
0.55
0.33
24
0.41
0.29
10
0.25
0.22
22
0.52
0.43
10
0.30
0.26
inadequate blood sampling
5
0.23
0.21
6
0.30
0.26
7
0.23
0.21
sample not suitable
11
0.41
0.34
5
0.33
0.29
17
0.49
0.38
8
0.85
0.75
19
0.27
0.11

0.15
0.18
0.19
0.29
0.24

0.10

0.07
0.02

0.08
0.03

0.16
0.18
0.18

0.03
0.05

0.25
0.25
0.26
0.54

0.05
0.03
0.07

0.01

0.02

0.10
0.11

B. Patients who died within 28 days
3
7
11
12

18
19
20
21
22

24
25
26
28
29
30

11
8

11
19
18
18
2
8

18
20

10
9
17
8

0.25
0.22
0.28
0.14
sample not suitable
0.33
0.29
0.27
0.20
0.46
0.38
0.30
0.16
0.08
0.44
0.39
0.12
0.03
0.26
0.17
0.25
0.18
0.18
0.15
0.27
0.20
0.22
0.18

0.19
0.09

0.02

0.22

0.04
0.04
0.06
0.08

0.13
0.26
0.07
0.065
0.34
0.01
0.01

0.13
0.09
0.12

0.18

0.06

0.01

0.05
0.04
0.05
0.04
0.03
0.05
0.03

Differences between survivors and non-survivors
Mean

Maximum

Mean(SD)
Mean(SD)
0 .2 (0 .1 )
Non-survivors
0.26(0.1)
Survivors
0.3(0.16)
0.39(0.19)
P value
0.05*
0.04*
Logarithmic conversion made some difference to the p value
0.05*
0.11
Mann-Whitney
W value
156
154
95% confidence
-0.22, 0
— 0.18, - 0 . 0 1
interval
p value
0.06*
0.04*
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Figure 3.6. shows an example of the technique for
measurement of acute phase proteins, in this case
fibronectin. In each run standards are included as shown.

r
I. 1

y

4. < k

»• I. 1.

y.

Figure 3.6. Illustration of measurement of acute
phase protein

Figures 3.7.-3.10. show these acute phase proteins by
reducing mean concentration for survivors and non-survivors
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Alpha-1 antitrypsin concentration
Group 0, by reducing mean concentration
Alpha-1 antitrypsin g/1

Survivors

HI Mean

Deaths within 28 days
^ /A Maximum

Minimum

Normal range - 8.0 - 4.0 g/1

Figure 3.7. Alpha-1 antitrypsin concentration in group 0

Fibronectin concentration
Group 0, by reducing mean concentration
Fibronectin g/1

0.8
0.6

0.4

0.2

0

Survivors

HI Mean

Deaths within 28 days
V/A Maximum

M## Minimum

Normal range > 0.3 - 0.4 g/1

Figure 3.8. Fibronectin concentration for group 0
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Table 3.10. Orosomucoid concentration and outcome for
patients in Group 0
Normal range = 0.5 Patient
Number

N

1.2

g/ 1

Maximum

Minimum SD of
Mean
mean
Concentration g/1

A. Patients who survived 28 days

1
2

4
5
6
8

9
10

13
14
15
16
17
23
27

23
24

0.82
1.28
1.59
2.24
2.04
10
2.60
1.47
21
2.80
1.01
10
1.44
inadequate blood sampling
0.95
5
1.20
0.52
0.60
6
1.58
7
1.94
sample not suitable
1.44
1.22
11
0.57
0.72
5
1.64
16
2.30
1.39
2.00
8
2.14
19
5.20

0.36
1.08
1.22

0.42
0.74

0.29
0.41
0.47
0.61
0.26

1.20

0.17
0.06
0.26

0.96
0.48
0.94
0.90
0.92

0.16
0.09
0.42
0.47
0.89

1.05
0.74

0.15
0.17

0.96
1.42
0.56
1.32
1.60
0.50
0.76

0.28
0.17
0.15
0.31

0.76
0.44

B. Patients Who died within 28 days
3
7
11
12

11
8
11
20

18
19

17

20
21
22

20
2
8

24
25
26
28
29
30

18

1.55
1.16
0.84
1.24
sample not suitable
1.49
1.78
1.88
0.86

2.20

20
10

1.16
2.40
1.90
1.40
1.60
2.36
1.32

9
17

2.12
1.00

8

2.40

1.74
0.76
1.00

2.08
1.03
1.64
0.85
1.57

1.68
0.88

0.92
0.72
1.00

0.21

0.29
0.27
0.18
0.16
0.41
0.10

0.53

Differences between survivors and non-survivors
Mean

Maximum

Mean(SD)
Mean(SD)
1.33(0 .45
Non-survivors
1.75(0.49)
1.3(0. 51)
Survivors
1.98(1.18)
0.87
P value
0.5
Logarithmic conversion made no difference to the p value
Mann-Whitney
201
W value
190
-0.42, 0.43
95% confidence
- 0 .69, 0 .46
interval
0.83
0.79
p value
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Table 3.11. C-Reactive Protein concentration and outcome
for oatlents in Group 0
Normal range =
Patient
Number

N

0

-

0

.8 mg/l

Maximum

Minimum SD of
Mean
mean
Concentration mg/1

A. Patients who survived 28 days
1
2

4
5
6
8

9

22

24
10
21
6

5

10

6

13
14
15
16
17
23
27

7
11
2

15
4
18

B. Patients who
3
7
11
12

18
19
20
21
22

24
25
26
28
29
30

11
8
11
20

17
18
18
5
18
20
10

9
17
8

215
330
158
350
327
375
246
420
202
250
inadequate blood sampling
248
330
0

0

430
348
sample not suitable
350
232
250
334
460
190
160
350
261

100

71
60
48
108
56

140

88

70
80
230
50

0

250

68

100

83
42
87
25
54

190
170
130
130

died within 28 days
313
380
360
298
sample not suitable
460
372
184
310
172
290
213
340
240
280
238
400
195
270
630
810
65
75
317
370
269
340
325
400

270
210

250
120

60
100
200
110

60
280
50
260
200

270

31
51
69
45
74
82
57
117
68

142
9
30
41
47

Differences between survivors and non-survivors
Mean

Maximum

Mean(SD)
Mean(SD)
274(130)
Non-survivors
363(157)
246(63)
Survivors
340(79)
0.51
P value
0.65
Logarithmic conversion made no difference to the p value
Mann-Whitney
195
W value
194
-48.4, 81.4
95% confidence
-60, 80
interval
0.78
p value
0.84
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Orosomucoid concentration
Group 0, by reducing mean concentration
Orosomucoid g/1

Survivors
■ ■ Mean

Deaths within 28 days
^ 3 Maximum

f f lS Minimum

Normal rang# " 0.6 - 12 g/1

Figure 3.9. Orosomucoid concentration for group 0

C-reactive protein concentration
Group 0 by reducing mean concentration
CRP mg/I, normal range > 0 - 0 . 8 mg/l

1000

Survivors
H i Mean

Deaths within 28 days
YZ/A Maximum

Minimum

On# aurvlvor had no maaaurabla CRP.

Figure 3.10. C-reactive protein concentration for group 0
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Cytokines
There are no results from the cytokine assays because of
technical difficulties. An example of a standard curve is
shown in Figure 3.11. At the extreme ends of the curve, the
non-linear portion, high values of coefficient of variation
(>10%) occurred around the mean of duplicate points. This
indicates inadequate sensitivity and results are outside the
useful working range. Time course incubations were used to
determine the end-point of the enzyme reaction. Eventually
it was determined that 3000-25pg/ml TNF was the useful
working range. Positive controls were set at 50 and 500
pg/ml TNF (at either end of the linear portion of the
curve).

Standard curve for TNF assay
3125 - 20 pg/ml range
Optical Danalty 4 60 nm

3.5

2.5

1.5

0.5
1

15

2

2.5

3

3.6

4

log concentration TNF pg/ml
Redrawn from original (13.06.93)

Figure 3.11. Standard curve for TNF-alpha assay

When the assay system was first used to measure TNF no
measurable concentration was found from the supernatant of
cell lines known to secrete TNF-alpha (see methodology,
chapter 2.3.). The reasons for some of these difficulties
are discussed in chapter 4.
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3.1.3.

Blood Culture Results

Five patients had positive blood cultures and these results
are shown in Table 3.12.
Table 3-12. Blood culture results: patients in Group 0
Study no
2
5
9
12
19

Diagnosis_________________ No of +ve cultures

Multiple trauma, prolongedITU stay
31
(first +ve culture > 5 days after admission)
Primary pneumonia, bleeding gastric ulcer
1
Bleeding gastric ulcer
5
Ruptured aortic aneurysm
5
Cardiomyopathy, ventricular arrhythmia
2
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3.2. RESULTS IN TAUROLIDINE STUDY
3.2.1.Introduction And Demographic Data
One hundred patients were recruited to the study on an
intention to treat for at least 48 hour basis but remained
in the study for up to five days if they continued to
require intensive therapy. Some patients died within the
first 48 hours. Patients details are found in Appendix 2.1.
All patients were emergency admissions to the ITU either
post-operatively or as acute trauma or medical emergencies.
Group 1 consisted of 49 patients who received taurolidine
and group 2 consisted of 51 patients who received placebo.
Demographic data are shown in Table 3.13. with diagnostic
groups and outcome in Table 3.14.
Table 3.13. Democrraohic data of the oatients in Groups 1
and 2 .
GROUP 1
n=49

GROUP 2
n=51

Mann
Whitnev

SEX (M:F)

31:18

30:21

p value

AGE (y ears)
Median (range)

61
(18-88)

65
(18-83)

0.52

WEIGHT (Kg)
Median (range)

70
(35-95)

70
(41-102)

0.37

19
(7-39)

16
(7-39)

0.12

ADMISSION SEPSIS SCORE
Median (range)
13
(3-22)

13
(4-24)

0.81

ADMISSION APACHE II
Median (range)

28 DAY OUTCOME
(number of deaths)

23

21

One patient in group 1 (study number 89) also received
Centoxin, the HA-IA endotoxin antibody. Several patients
required further surgical intervention during the study
(details below) but they continued with the medication
during the operation.
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Table 3.14. Diagnostic cateaories of oatients in GrouDS 1
and 2 .
DIAGNOSTIC CATEGORIES
GROUP 1

GROUP 2

N=49

N=51

34
Abdominal sepsis
(including pancreatitis)
7
Nosocomial pneumonia
Septicaemia
(includes endocarditis
2
osteomyelitis)
1
Renal sepsis
Trauma with sepsis
syndrome
1
Aortic aneurysm repair
with sepsis syndrome
1
Post GI tract surgery
1
with sepsis syndrome
Liver disease with
0
sepsis syndrome
Immunocompromise
2
with sepsis syndrome

X2 _

p value

.5<p<0.7

33

0.25

0

9

0.21

0.5<p<0.7

4

0.62

0

.3<p<0.5

2

0.30

0

.5<p<0.7

2

0.30

0.5<p<0.7

0

1.05

0.3

0

1.05

0.3

1

0.97

0

.3<p<0.5

0

2.12

0

.1 <p< 0 . 2

There is no significant difference in diagnostic categories
between these 2 groups . Categories reflect the case mix of
patients with sepsis syndrome admitted to the ITU. The
majority have abdominal sepsis, whilst the second most
common diagnosis is nosocomial pneumonia.
Table 3.15. Incidence of chronic disease at admission for
patients in groups 1 and 2 .
The definitions of chronic disease were as defined by
Knaus (1985a) for the APACHE II scoring system.
X2

p value

0

6.64

4

0.11

1
0

0
0
0

0.97
identical
0.3<p<0.5
0.53
0 .1 <p< 0 . 2
2.30

System

GROUP 1 GROUP 2
n=51
n=49

Cardiovascular
Respiratory
Liver
Renal
Immunocompromi se
TOTAL

6

3
0
0
6

15

4
9
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.0 1 *
.7<p<0 .8
.3<p<0.5

The length of time patients remained in the study is shown
in Table 3.16.

Table 3.16. Duration of studv: oatients in oroup
DAYS

GROUP 1
n=49

GROUP 2
n=51

1

and

2

.

p value

x2

0.95<p<0.98
.3<p<0.5
0.9<p<0.8
8
0.95<p<0.9
5
0.3<p<0.2
6
0.7<p<0.5
0.21
21
0.5<p<0.3
6
1
0.97
0
Day 0 = admission day , 24 hour clock used, maximum study
period was 5 x 24 hr, hence day 6 occurs if admission time
is up to 4 hours before midnight.
0

1

1
2
3
4
5

7
7
5
10
18

0.0008
0.50
0.04
0.004
1.39

1

10

0

3.2.2. Requirement For Organ Support
Most of the patients were intubated and ventilated at least
initially and this information is given in Table 3.17.

Table 3.17. Requirement for ventilatory support in groups
1 and 2
N = number of patients remaining in the study
DAYS
0
1
2

3
4
5
6

GROUP 1
N
47(49)
38(48)
33(41)
27(34)
23(30)
19(24)
2 (6 )

GROUP 2
N
46(51)
39(49)
31(42)
27(34)
21(29)
14(23)
0(4)

D value
1.26
0.3<p<0.2
0.003 0.98<p<0.95
0.52
0.5<p<0.3
identical
0.14
0.7
1.88
0.Kp<0.2
1.2
0.2<p<0.3

Types of ventilatory support
Group 2
Group 1
Self ventilating
246
225
284
Pressure support
328
IMV
203
218
281
CMV
269
69
CPAP
52
IMV = intermittent mandatory ventilation
CMV = controlled mechanical ventilation
CPÀP = continuous positive airway pressure
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All patients requiring ventilation were intubated with an
oral endotracheal tube. In seven cases this was converted
into a tracheostomy. Four patients in group 1 and three
patients in group 2 required a tracheostomy. For comparison,
there were 29 patients in group 0 and 25 required
ventilation at admission, 24 on day one, 14 on day two,

8

on

days three, four and five and 4 on day six. The type of
ventilatory support was recorded every 4 hours and this is
included in Table 3.17.; numbers refer to the total number
of 4 hour periods for each condition.
Table 3.18. Number of oatients reouirina druas for
circulatory support.
DRUG

Group 1
n=49
Circulatory support
Adrenaline
1
Amiodarone
2
Atropine
0
Calcium chloride
1
Digoxin
15
Dobutamine
27
Dopexamine
1
Enoximone
1
Ephedrine
0
Labetalol
3
Lignocaine
0
Nitrates
9
Noradrenaline
19
Sodium nitroprusside 1
Verapamil
3

GrouD 2
n= 51
1

3
2
0

7
21
0
0
0
0
1

5
16
0
0

0.008
0.17
1.96
1.05
4.15
1.94
1.05
1.05
identical
3.22
0.97
1.52
0.60
1.05
3.22

p value GrouD 0
n=29
0.9<p<0.95
0.5<p<0.7
0.Kp<0.2
0.3 <p<0.5
<0.05*
0.Kp<0.2
0.3<p<0.5
0.3<p<0.5

2
1
0
0
3
9
0
0

0.05<p<0.1*
0.3<p<0.5
0.2<p<0.3
0.3<p<0.5
0.3<p<0.5
0.05<p<0.1*

1
0
9
7
1
1

1

Differences between groups for major cardiovascular drugs
P value
Inotropes
< 0 .0 1 *
14.63
< 0 .05*
Antiarrhythmic drugs
4.99
0 .K p < 0 . 2
Vasodilators
2.20
Circulatory support was required in most patients and
requirement for inotropic, vasoactive and anti-arrhythmic
drugs is shown in Table 3.18. Drugs for renal support are
shown in Table 3.19. and total interventions in Table 3.20.
The small numbers made statistical evaluation difficult so
drugs were categorised into inotropes (adrenaline, calcium,
ephedrine, dobutamine, dopexamine, enoximone,
noradrenaline), antiarrhythmic drugs (labetalol, lignocaine,
verapamil, amiodarone, atropine, digoxin) and vasodilators
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(nitrates, sodium nitroprusside). More drugs were used for
circulatory support in group

than in group

1

2

and

specifically more patients in group 1 received digoxin. The
unit protocol required use of dobutamine for patients if
their cardiac output was low and noradrenaline for a low
systemic vascular resistance. Most patients treated with
noradrenaline were already on dobutamine (32 of all 35
patients receiving noradrenaline).
Table 3,19. Number of patients requiring drugs for renal
support
Dopamine
Aminophylline
Bumetanide
Frusemide
Mannitol

Group 1 Group
36
37
11
14
1

0

23
5

28
3

2

X2
0.33
1.05
0.63
0.63

p value
0.9<p<0.95
0 .5<p<0.7
0.3<p<0.5
0.3<p<0.5
0 .3<p<0.5

0.85

0

0.01

Total (excluding dopamine)

Group
26
5
0

15
2

.3<p<0.5

Table 3.20. Total interventions for oroan suDDort in
oatients in oroups 1 and 2 .
Group 1
N = 49
47

Ventilation
(All modes)
Dopamine
(<3ug/kg/min)
Inotropic support
Surgical
Intervention**
Requirement for
defibrillation***

p value

Group 2
N = 51
49

x2
1.26

0.2<p<0.3

37

0.01

0.9<p<0.95

50

38

6

6

14.63
0.005

< 0 .0 1 *
0.90<p<0.95

3

4

0.11

0

36

.7<p<0 . 8

** In group 1 there were two laparotomies and four
tracheostomies and in group

2

two laparotomies, three

tracheostomies and one open lung biopsy.
*** In group 1, one patient developed ventricular
fibrillation during a hypovolaemic cardiac arrest and the
other two had underlying fast atrial fibrillation. In group
2

one patient had underlying carcinoma of the bronchus, one

had severe coronary artery disease, one a recent myocardial
infarction and one had left ventricular failure with atrial
fibrillation.
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3.2.3. Severity Of Illness
Severity of illness in most intensive therapy units is
assessed by the APACHE II score which is an ordinal score
but is not usually normally distributed in the ITU
population, hence use of the non-parametric Mann-Whitney
analysis. Daily APACHE II, sepsis score, the presence of
sepsis syndrome and presence of infection (other than
bacteraemia) were assessed in all study patients (Tables
3.21.,3.22. ,3.23. and 3.24.).
Table 3.21. Dailv APACHE II scores in arouDS 1 and 2
APACHE SCORES MEDIAN (RANGE)
Days
0
1
2
3
4
5
6

GROUP 1
19(7
19(6
17(9
17(4
15(4
17(5
16(7

-

39)
40)
40)
44)
36)
36)
36)

n

GR0UP2

n

49
48
41
34
30
24
19

16(7 - 39)
18(3 - 46)
16(5 - 42)
17(7 - 40)
17(6 - 44)
15(8 - 49)
13(11 - 17)

51
49
42
34
29
23
21

Mann Whitney
p value
0.12
0.17
0.76
0.69
0.38
0.49
0.52

APACHE scores are known to predict outcome. This is shown
below for non-survivors and survivors at 28 days
Median APACHE
p value
Non-survivors
Days
Survivors
0 .0001*
0
21
14
0 .0001*
25
1
16
0.003*
23
2
15
0.05*
3
22
16
0.03*
18
4
16
0 .001*
22
5
14
0.17
6
17
13
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Table 3.22 . Sepsis score in oatients in Grouos 1 and 2
GROUP 1

Group 2

Mann

Whitney
N=51
N=49
Sepsis score, median (range)
Day
Day
Day
Day
Day
Day
Day

0
1
2
3
4
5
6

13(3
13(6
13(0
13(3
12(4
11(3
12(3

-

22)
25)
23)
25)
22)
18)
17)

13(4
13(7
12(6
12(4
12(3
11(0
12(2

p value
-

0.81
0.26
0.48
0.63
0.70
0.31
0.75

24)
25)
23)
22)
23)
22)
14)

Comparing non-survivors and survivors at 28 days
Median Sepsis Score
Survivors
Non-survivors

p value

Day
Day
Day
Day
Day
Day
Day

0.0006*
0 .000*
0 .000*
0.0032*
0 .02*
0.04*
0.17

0
1
2
3
4
5
6

3.2.4.

12
11
11
12
11
11
11

15
14
16
13
13
15
14

Incidence Of Infection And Organ Failure

The number of patients with ongoing sepsis syndrome and of
those with an infection is shown in Tables 3.23. and 3.24.
respectively.

Table 3.23. Numbmr of patients with sepsis svndrome
Group 1
n=49

Group 2
n=51

Group 0
n=29

Day 0
16
49
51
Day 1
41
15
42
Day 2
10
26
21
Day 3
7
13
9
Day 4
6
7
9
Day 5
6
7
6
Day 6
1
3
0
This was analysed for groups 1 and 2 by the number
at which sepsis syndrome resolved.
Resolution of sepsis syndrome; number of patients with
resolution (number remaining in study).
p value
Group 1
Group 2
Day 1
7(48)
0.1
0.7<p<0.8
7(49)
Day 2
15(41)
1.52
0.2<p<0.3
21(42)
Day 3
1.08
0.3
21(34)
25(34)
Day 4
24(30)
0.95
0.3<p<0.5
20(29)
Day 5
0.007
0.9<p<0.95
18(24)
17(23)
Day 6
5(6)
4(4)
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Table 3.24. Number of oatients with infection in each
group
Group 1
n=49

Group 2
n=51

X2

p value

Group 0
n=29

CHEST INFECTION
9
Day 0
8
0 .2 <p< 0 .3
13
1.27
9
Day 1
9
0.5<p<0.7
11
0.20
3
Day 2
9
0.3<p<0.5
13
0.86
Day 3
11
1
12
0.7<p<0.8
0.07
Day 4
8
1
10
0 .5<p<0.7
0.43
Day 5
5
1
7
0.3<p<0.5
0.57
Day 6
1
1
0.3<p<0.5
0
0.63
Comparing the total number of days with chest infection
between the groups there is no significant difference
0.635, 0.3<p<0.5
URINARY TRACT INFECTION
Day 0
1
0
1
Day 1
1
1
0
Day 2
1
0
1
Day 3
2
0
0
Day 4
2
0
0
Day 5
0
0
0
Day 6
0
0
1
These are very small^numbers and only the total difference
has been assessed;
0.64, 0. 3<p<0. 5
ABDOMINAL INFECTION
Day 0
34
32
Day 1
32
31
Day 2
27
27
Day 3
22
20
Day 4
20
15
Day 5
16
14
Day 6
1
2

0.49
0.12

0.05
0.25
1.36
0.17
1.27

0.3<p<0.5
.7<p<0 . 8
.8 <p< 0 .9
0.5<p<0.7
0.2<p<0.3
0.5<p<0.7
0.2<p<0.5

6
6

0
0

Only one wound infection occurred on day

1

in group

4
2
2
2
1
1

.

The incidence of bacteraemia, as judged by positive blood
culture was very low (Table 3.25). These results combine
those from the BACTEC system taken within 24 hours before
and 24 hours after admission to the study, for clinical
purposes, and those from the Signal system, used
specifically for this study. In this cohort of 100 septic
patients the incidence of positive blood culture was only 7%
at the time of admission using the Signal system. In the
review of all cultures taken within 24 hours of admission to
the ITU this rose to 15%, 3 of which were due to grampositive bacteria. Hence the incidence of gram-negative
bacteraemia is only 12%. Appropriate antibiotic treatment
was confirmed daily by discussion with a Consultant
Microbiologist and Table 3.26. shows the drugs used.

Ill

Table 3.25. Positive blood cultures in patients in groups
1 and 2 .
SIGNAL

BACTEC
Group 1.
Patient 5
Patient 15
Patient
Patient
Patient
Patient

27
28
50
64

Patient
Patient
Group 2
Patient
Patient
Patient
Patient
Patient

82
94

Escherichia coli
Coagulase-negative
staphylococcus
E. coli
E. coli
E. coli

E. coli
E. coli
Coagulase-negative
staphylococcus
Enterococcus faecalis
P. aeruginosa

P. aeruginosa

10
13
18
37
41

Xanthomonas maltophilia.
E. coli
Klebsiella pneumoniae
Streptoccus pneumoniae
P. aeruginosa
Pseudomonas
aeruginosa
Patient 46 E. coli
K. pneumoniae
Patient 95
Eight patients in Group 1 and seven patients in Group 2
had positive blood cultures assessed by all methods.
X2 = 0.133, 0.7<p<0.8
3 of these in group 1 and 2 in group 2 died within 28 days

Table 3.26. Antibiotic u s e : patients in Grouos

1

and

2

.

X2
o value
the drug

Antibiotic
GROUP 1
GROUP 2
Number of oatients who received
n = 51
n = 49
Acyclovir
0
1
Ampicllin
1
4
Azlocillin
3
6
Benzyl penicillin
3
8
Cefotaxime
1
1
Ceftazidime
10
8
Cefuroxime
30
31
Ciprofloxacin
9
5
Erythromicin
1
5
Flucloxacillin 4
5
Fluconazole
1
2
Gentamicin
7
12
Imipenem
5
7
Isoniazid
0
1
Metronidazole
38
36
Mezlocillin
0
1
Netilmicin
1
4
0
Rifampicin
2
Teicoplanin
1
2
Vancomicin
0
1

0.30
1.39
0.29
0.97
0.63
0.97
1.77
1.96
0.30
0.97

0.3<p<0.5
0.Kp<0.2
0.3<p<0.5
0.Kp<0.2
0.95<p<0.98
0.2<p<0.3
0.95<p<0.98
0.2<p<0.3
0.Kp<0.2
0 .7<p<0 . 8
0.5<p<0.7
0.2<p<0.3
0.5<p<0.7
0.3<p<0.5
0.3<p<0.5
0.3<p<0.5
0.Kp<0.2
0.Kp<0.2
0.5<p<0.7
0.3<p<0.5

Total antibiotic use in all patients

0.52

0
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0.97
1.77
0.97
2.34
0.0008
1.61
0.002

1.52
2.67
0.12

.3<p<0.5

Organ failure was recorded daily as described in Appendix
B.8.2. and is shown in Table 3.27.
Table 3.27. Number of oatients with oroan failure in
Groups 1 and 2 .
GROUP 1
(n=49)

p value
GROUP 0
GROUP 2 x 2
(n=51)
(Fisher 's exact test)

(n=29)
Cardiovascular
Day
Day
Day
Day
Day
Day

0
1
2
3
4
5

18
7
2
1
1
2

Respiratory Failure
18
Day 0
16
Day 1
10
Day 2
8
Day 3
7
Day 4
6
Day 5
1
Day 6
Renal Failure
10
Day 0
11
Day 1
7
Day 2
5
Day 3
3
Day 4
Day 5
3

6

0.0006
0.35
1.15
0.27

0.5<p<0.7
0.7<p<0.8
0.98
0.5<p<0.7
0.2<p<0.3
0.5<p<0.7
.3<p<0.5
.5 < p<0.7
0.Kp<0.2
0.Kp<0.2
0.5<p<0.7
0.3<p<0.5
0.3<p<0.5

17
15
7
4

8
0

0.72
0.31
2.45
1.72
0.44
0.54
0.74

10
10

0.29
0.09

0

9

7

0.002
0.11
0.66
0.22

.5<p<0.7
0.7<p<0.8
0.95<p<0.98
0 .7 < p<0 . 8
0.3<p<0.5
0.5<p<0.7

1.39
2.34
1.93
0.13
0.50
0.51

0.2<p<0.3
0.Kp<0.2
0.Kp<0.2
0 .7 <p<0 . 8
0.3<p<0.5
0.3<p<0.5

2
1
0
0
0
1

0.59
0.005
0.005
0.27

0.3<p<0.5
0.9<p<0.95
0.9<p<0.95
0.5<p<0.7
0.3<p<0.5
0.9<p<0.95
0.2<p<0.3

7

0.19
1.06
2.14
3.34

0.7<p<0.8
0.95<p<0.98
0.5<p<0.7
0 .3<p<0.5
0.Kp<0.2
0.05<p<0.1*

1
1
2
1
1
0

0.04
3.16
0.37
2.06
0.98
0.98

0.8<p<0.9
0.05<p<0.1*
0.5<p<0.7
0.Kp<0.2
0.3<p<0.5
0.3<p<0.5

8

16

0.32

6
2
2

0.11

3
3
23
19
17
13
9

6

5
4

Central Nervous system failure
6
Day 0
10
4
9
Day 1
3
7
Day 2
4
Day 3
5
3
Day 4
5
3
5
Day 5
Gastrointestinal tract failure
35
37
Day 0
34
Day 1
33
29
28
Day 2
22
Day 3
24
18
Day 4
22
15
Day 5
16
2
Day 6
1
Liver failure
Day 0
3
5
Day 1
Day 2
2
1
Day 3
0
Day 4
Day 5
0
Haematological failure
4
Day 0
3
Day 1
2
Day 2
2
Day 3
1
Day 4
1
Day 5
0
Day 6

4
5
3
3

0.86
0.01

1.27
0.11
0.001

2

3
0
0
1
0
0
0
0

0
0

1
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5
2
0
0
0

2
2
1

8

9
7
6

5

8

5
3
3
2
0

3
2

3
0
1

3.2.5.Clinical Outcomes
Table 3-28. Clinical response at 5 and 10 davs from end of
treatment in oroups 1 and 2 .
Group 1
N=49

AT 5 DAYS
Cure
Improved
Relapse
Failure *
Unassessable

Group 2
N=51

8

8

23

27
1

1

13(9)

16(10)

2

1

AT 10 DAYS
Cure
Improved
Relapse
Failure *
Unassessable

15
16
4
15(14)

12

13
3
20(16)
1

1

* includes deaths (n)
Clinical
Clinical
Clinical
Clinical

improvement (5 days)
improvement (10 days)
worsening (5 days)
worsening ( 1 0 days)

p value
0 .5<p<0.7
0.3<p<0.5
0.3<p<0.5
0.2<p<0.3

0.32
0.97
0.62
1.43

Table 3-29. Bacteriolooical outcome at 5 and
end of treatment in Grouos 1 and 2 -

Eradication
Failure
Relapse
Superinfection
Unassessable*

days from

Group 2
N=51

Grouo 1
N=49

AT 5 DAYS

10

5
5

12

2

0

9
4
26(9)

2

35(10)

AT 10 DAYS
Eradication
Failure
Relapse
Superinfection
Unassessable*

7

8

2

6
0

1

9
28(14)

6

33(16)

* includes deaths(N)
Bacterial
Bacterial
Bacterial
Bacterial

eradication (5 days)
eradication (10 days)
worsening (5 days)
worsening ( 1 0 days)
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3.15
0.04
0.74
1.67

p value
0.05<p<0.1*
0 .8 <p< 0 .9
0.3<p<0.5
0.2

The clinical response to treatment was assessed as described
in chapter 2 (page 64) and Table 3.28. For analysis patients
were grouped into improved (cure or improve) and worsened
(failure). Patients who could not be assessed were excluded.
Bacteriological response is shown in Table 3.29. For this
result patients were analysed for eradication and the
combination of failure, relapse and superinfection.
The bacteriological response to treatment was defined as
described in chapter 2 and Table 3.29.
Table 3 .30. Duration of intensive therapy
Days of stay

7

Group 1 Group
N=49
N=51
7
8
7
8
5
3
2
3
6
7
4
2
4
3

8

0

9
10-30
>30

3

1
2

3
4
5
6

2

x2

p value

0.04
0.06
0.61

0.8<p<0.9
0.8<p<0.9
0.3<p<0.5
0.5<p<0.7
0.7
0.3<p<0.5
0.Kp<0.2

0.22

0.15
0.67
2.25

2
1

10

12

1

2

Comparisons beyond the first week are not reported because
of the big variation in stay and small numbers of patients

The length of time patients required on the intensive
therapy unit is shown in Table 3.30. As patients were
recruited into the study, I graded them clinically into the
categories described in Chapter 2 (page 23). In group 1, 10
survivors and 14 non-survivors were correctly classified and
in 14 patients outcome was thought to be uncertain. Five of
these patients lived and 9 died. Two patients who were
predicted to live in fact died, both at 18 days. Eleven
patients were incorrectly classified as likely to die but
they in fact lived. In group 2, 16 survivors and 14 non
survivors were correctly classified and in 15 patients
outcome was thought to be uncertain. Eight of these lived
and 7 died. Four patients who were predicted to die in fact
survived but there were no patients who died having been
predicted to live. These results are shown in Figure 3.12.
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Table 3.31. shows 28 day outcome for groups 1,2 and 0.
Group 0 is included as these patients were predicted to be
at high risk for endotoxaemia and comparing outcomes gives
an indication of the similarity of the groups. Figure 3.13.
describes this graphically.

Outcome Prediction
Number of Patients
35
3025-

20

-

15-

105-

Correct

Uncertain
V /A Group 1

A - Alive,

incorrect
Group 2

D - Dead

Figure 3.12. Outcome prediction in Groups 1 and 2

Twenty three patients in group 1 died out of 49(47%) and 21
patients out of 51(41%) in group 2 by 28 days.There was thus
no impact of the study drug on 28 day mortality which is
similar to that of the run-in group; 14 deaths out of 29
patients (48%).
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28 Day mortality
Groups 1, 2 AND 0
% patients remalnlna alive

120
100
80
60
40

20

6

6

0

10

16

20

25

30

Days from admission to study
Group 1

Group 2

Group 0

No differonco In outcome

Figure 3.13. Deaths within 28 days in groups 1 and 2

Table 3.31. Days to death in patients in Groups 1 and
Davs

Grouo 1 Group 2 X 2
N=49
n=51
Number of deaths

0
1

1

1

0.001

5

5

2

2

3
4
5

3

2
1

0.005
0.008
0.36,

6

7
8

9

0

1

1
2
1

3

0.12
0.01

1
0

0.02
0.12

0
2

1
0

0.02

0
1

1
1

0.32,
0.13
0.13
11
12
0
0
0.13
13
0.13,
1
1
0.32
14
0
1
17
0
0.13
1
0.33
18
2
1
0.61
19
0
1
0.34
28
0
1
0.34
TOTAL
23
21
Days when no deaths occurred are
10
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p value
0.95<p<0.98
0.9<p<0.95
0.9<p<0.95
0.5<p<0.7
0 .7<p<0 .8
0.9<p<0.95
0.8<p<0.9
0.7<p<0.8
0.8<p<0.9
0 .5<p<0.7
0.7<p<0.8
0.7<p<0.8
0 .7<p<0 . 8
0 .7<p<0 . 8
0 .5<p<0.7
0.7<p<0.8
0.5<p<0.7
0.3<p<0.5
0 .5<p<0.7
0 .5<D<0.7
omitted.

2

.

GROUP 0
n=29
0
1
2

4
0
2
1
1
1
0
0
0
1
0
1
0
0
0
0

14

3.2.6.

Physiological, Haematological And Biochemical Data

The physiological variables were first reviewed to establish
that they were normally distributed. The number of
observations was large and they were mostly normally
distributed; where this was not the case logarithmic
transformation of data was undertaken. Results for blood
pressure, heart rate, temperature, respiratory rate and
index and fluid balance are shown in Figures 3.14.-3.18.,
with indications of statistically significant differences
between the two groups. It is obvious that no differences
exist.

Systolic and diastolic blood pressure
Differences between groups 1 and 2
Blood ProM ure mm Hg

160

140 -

120
100

-

80 -

eOipilp;
40 -

20

-

0

20

40

60

80

100

120

TIME hours
Group 1 ayatollo

Group 2 «yatollo

Group 2 diaatollo

p < 0.06

Group 1 diaatollo

Figure 3.14. Blood pressure results in groups 1 and 2.
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Heart rate
Differences between groups 1 and 2
Heart rate

140
120

100
BO
60
40

20
0

40

20

60

60

100

120

TIME hours
Group 1

—

Group 2

*

p ■ <0.05

Figure 3.15. Heart rate results in groups 1 and 2

Temperature
Difference between groups 1 and 2
Temperature Degreea Centigrade

40
30<

MET

20
10

0

20

40

60

60

100

120

Hours
Group 1 Coro Tsmp
Group 2 The lamp

-4— Group 2 Core Thmp
x

Group 1 Ttoo Tsmp

P - < 0.06

Figure 3.16. Temperature results in groups 1 and 2
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Respiratory rate and Index
Differences between groups 1 and 2
Respiratory rate, Ri (Pa02/FI02)
350
300
260

-

200
160

too
60

O

20

40

60

too

80

120

Hours
Group 1 Roop Rato

Group 2 Roap Rato

Group 2 RI

p - <0.06

Group 1 RI

Figure 3.17. Respiratory rate and Index in groups 1 and 2.

FLUID BALANCE
Difference between groups 1 and 2
FLUID mi
1800
1400
1200
1000

120

60

TIME hours
Group 1 IN

Group 2 IN

Group 1 OUT

Group 2 OUT

No difforonoo botwoon groups at p-<0.06

Figure 3.18. Fluid balance in groups 1 and 2.

Tables 3.32. and 3.33. show the haematological and
biochemical data. Analyses of variance were then repeated on
the summary statistics between groups (Tables 3.34. 3.36.). The minimum and mean respiratory rate differed. It
is interesting that this is markedly influenced by therapy.
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There was also a difference in minimum Glasgow Coma Score
but this does not reflect a clinical difference.

Table 3.32. Haematoloaical variables in oatients in Groups
1 and 2 - mean Tstandard deviation 1
Days after admission
0

(0

is day of admission)

1

Haemoglobin g/dl
Group 1
10.9
10.5
SD
2.03
1.6
Group 2
10.8
10.9
SD
1.75
1.6
P value
0.92
0.29
Packed Cell Volume %
Group 1
33
32
SD
5.8
5.2
Group 2
33
33
SD
5.1
5.2
P value
0.53
0.93
White Cell Count/cu mm See
Group 1
9.5
11.9
SD
11.3
15.4
11.6
Group 2
10.8
SD
6.4
6.2
P value
0.50
0.89
PL
0.08
0.23
Platelets/cu mm
Group 1
181
157
SD
108
106
Group 2
175
151
SD
133
113
P value
0.8
0.82
INR
Group 1
1.8
3.3
SD
0.8
0.8
Group 2
1.9
2.1
SD
0.8
1.3
P value
0.69
0.38
APPT sec
Group 1
43
51
SD
15
24
Group 2
48
46
SD
35
18
P value
0.48
0.26
Fibrinogen g/1
Group 1
4.8
4.5
SD
2.3
2.1
Group 2
3.9
4.2
SD
2.5
1.6
P value
0.23
0.61

2

3

4

5

10.7
1.3
10.4
1.3
0.37

10.6

10.6

1.3
10.7
1.3

1.5
10.7
1.4
0.76

10.6
1.0

32
6.1

0.66

32
3.8
32
4.0
0.97

31
4.5
0.44
NB below
13.4
16.4
12.7
14.2
13.3
11.7
7.1
5.6
0.95
0.08
0.60
0.33
158
125
158
114
1 .

31
3.3
31
3.9
0.50
23.9

0.12

171
155
164
118
0.83

188
170
175
142
0.76

194
129
238
170
0.35

1.5
0.5
1.4

0.6

1.8

1.6

0.5
1.4
0.3
0.08

50
19
44
23
0.32

44
30
41

5.2
5.0
1.4
0.76

0.68

0.55

19.2
18.4
12.4
5.9
0.06
0.49

0.9
1.5
0.4
0.09

2.0

32
4.2
32
4.6

10.7
1.2

0.2

0.37

21.6

13.8
7.8
0.04*

1 5
1.4
0.2
0.66

47
39
43
16
0.72

39
16
45

5.8
2.3
4.7

5.0

1.6

1.0

0.13

0.85

5.5
2.3
4.8
0.7
0.36

12

0.67

2.0

5.1

20

0.46

NB The large standard deviation of WBC in group 1 suggests
that logarithmic conversion is necessary. PL is the p
value of repeated analysis of variance after conversion
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Table 3.33. Biochemical variables in oatients in groups 1
and 2 - Mean fstandard deviation)
Days after admission (0 is day of admission)
0

1

Creatinine umol/1
159
Group 1
170
120
SD
151
Group 2
133
156
116
SD
81
P value
0.14
0.93
Urea mmol/1
Group 1
13
14
SD
11
9
Group 2
12
14
8
SD
7
P value
0.6
0.75
Sodium mmol/1
Group 1
138
138
SD
6
5
Group 2
140
140
SD
6
6
P value
0.16
0.07
Potassium mmol/1
Group 1
4.2
4.2
SD
0.8
0.8
Group 2
4.1
4.1
SD
0.6
0.7
P value
0.71
0.69
Calcium mmol/1
Group 1
2.0
1.9
SD
0.3
0.2
Group 2
2.0
1.9
SD
0.2
0.2
P value
0.97
0.89
Phosphate mmol/1
Group 1
1.3
1.1
SD
0.6
0.5
Group 2
1.2
1.1
SD
0.5
0.4
P value
0.36
0.96
Albumin g/1
Group 1
21
22
SD
6.5
4.8
Group 2
20
21
SD
5.6
5.9
P value
0.41
0.33
Aspartate aminotransferase
Group 1
71
107
SD
105
198
Group 2
112
107
175
SD
220
P value
0.3
1.0
Alkaline Phosphatase u/1
Group 1
19
20
39
SD
36
22
Group 2
27
SD
61
50
P value
0.47
0.81
Bilirubin umol/1
Group 1
41
43
SD
55
47
Group 2
38
45
50
SD
33
P value
0.75
0.79

2

3

4

5

158
122
142
126
0.57

148
103
145
138
0.92

121
86
147
152
0.42

127
94
138
167
0.76

14
8
13
8
0.57

14
8
13
9
0.51

14
8
13
10
0.9

15
8
15
12
0.89

138
6
141
8
0.05

139
7
143
7
0.02*

140
7
142
6
0.41

141
8
143
6
0.38

4.0
0.6
3.8
0.5
0.04*

4.0
0.7
3.8
0.5
0.22

4.2
0.7
3.8
0.5
0.02*

4.1
0.7
4.0
0.9
0.71

1.9
0.2
2.0
0.2
0.77

2.0
0.3
2.0
0.2
0.62

2.0
0.3
2.0
0.2
0.86

2.1
0.2
2.0
0.2
0.62

0.9
0.4
1.0
0.4
0.24

0.9
0.5
0.9
0.5
0.78

0.9
0.7
0.9
0.5
0.84

0.9
0.5
1.0
0.6
0.70

22
4.4
23
3.5
0.87

24
3.9
23
4.0
0.26

25
2.8
23
3.0
0.06

25
2.8
24
4.0
0.85

60
65
91
0.85

41
27
57
47
0.10

39
24
57
46
0.09

38
18
64
47
0.03*

26
57
18
24
0.51

35
79
36
105
0.95

46
102
19
11
0.22

31
51
20
13
0.36

41
45
33
41
0.44

48
53
42
44
0.61

37
45
54
55
0.25

49
55
64
61
0.41
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Table 3.34. Summary measures for phYsioloqical variables
for patients in Groups 1 and 2 compared by analysis of
variance
Variable

Maximum

Mean

Systolic blood pressure mm Âg ^
Group 1
162(27)
123(20)
Group 2
154(29)
120(18)
P value
0.17
0.55
Diastolic blood pressure mm Hg
Group 1
78(14)
60(10)
Group 2
77(13)
59(9)
P value
0.69
0.75
Mean blood pressure mm Hg
Group 1
107(37)
81(13)
Group 2
112(86)
80(11)
P value
0.72
0.79
Heart rate beats/minute
Group 1
148(76)
111(15)
Group 2
131(21)
105(15)
P value
0.12
0.06
Core temperature °C
Group 1
38(0.9)
37(0.8)
Group 2
39(1.1)
37(0.7)
P value
0.51
_
0.69
Peripheral temperature
Group 1
35(3.0)
32(2.7)
Group 2
35(2.7)
31(2.4)
P value
0.55
0.27
Lactate mmol/1
Group
1
3.1(1. 8 )
2.0(1.4)
Group
2
2.8(1.9)
1.7(1.2)
P value
0.36
0.37
Fluid intake, ml
Group 1
2124(855)
940(340)
Group
2
1961(1163) 894(308)
P value
0.43
0.48
Fluid losses, ml
Group 1
1391(850)
673(246)
Group
2
1307(922)
650(230)
P value
0.64
0.64
Respiratory rate breaths/minute
Group
1
29(8.8)
18(3.6)
Group
2
31(9.8)
20(5.2)
P value
0.27
0.04*
Respiratory Index, Pa02/FI02
Group
1
363(118)
221(75)
Group
2
338(232)
208(85)
P value
0.51
0.39
PaC02 mm Hg
Group 1
47(10)
38(6)
Group 2
48(12)
38(6)
P value
0.54
0.87
pH
Group 1
7.49(0.3)
7.38(0.1)
Group 2
7.47(0.1)
7.39(0.1)
P value
0.62
0.52
Endotoxin pg/ml
Group 1
67(53)
26(26)
Group 2
70(64)
31(29)
P value
0.77
0.39
IgG mu
Group 1
261(216)
165(136)
Group 2
415(603)
291(491)
P value
0.09
0.09
IgH mu
Group 1
163(145)
97(106)
Group 2
148(153)
97(121)
P value
0.61
1.0
CCS
Group 1
13(3)
12(4)
Group 2
14(3)
13(3)
P value
0.44
0.10*

123

Minimum
87(16)
89(17)
0.65
42(9)
43(8)
0.62
57(14)
59(10)
0.34
87(24)
85(18)
0.71
36(1.6)
36(0.9)
0.13
27(2.9)
26(2.7)
0.24
1.1(1.3)
1.0(0.9)
0.44
425(212)
451(214)
0.55
288(130)
276(111)
0.62
11(2.6)
13(4.5)
0.02*
127(56)
124(61)
0.75
30(5)
31(6)
0.52
7.29(0.1)
7.29(0.1)
0.98
6(20)
9(22)
0.58
102(100)
195(410)
0.13
57(97)
58(96)
0.96
11(5)
13(4)
0.03*

Table 3.35. SuTrnnary measures for haematoloqical variables
for patients in Groups 1 and 2 Mean fSD
Variable
M a x i m u m M e a n M i n i m u m
Haemoglobin g/dl
Group 1
12.0(1.5)
10.6(1.1)
9.2(1.1)
Group 2
12.0(1.5)
10.7(1.0)
9.5(1.3)
P value
0.98
0.38
0.18
PCV %
Group 1
36(4.5)
32(3.9)
28(5.1)
Group 2
36(4.4)
32(3.1)
28(4.2)
P value
0.8
0.64
0.46
White cell count/cu mm
Group 1
17.7(16.9)
12.9(13.1)
8.3(10.9)
Group 2
15.4(8.1)
11.7(5.8)
8 .6(4. 6 )
P value
0.38
0.54
Platelets/cu mm
Group 1
211(143)
165(117)
131(98)
Group 2
231(158)
171(118)
131 (103)
P value
0.51
0.81
0.97
INK
Group 1
3.2(7.5)
2.0(1.7)
Group 2
2.1(1.2)
1.7(0. 8 )
P value
0.33
0.29
ÀPPT sec
Group 1
59(30)
48(19)
38(15)
Group 2
53(35)
45(18)
40(16)
P value
0.43
0.44
0.59
Fibrinogen g/1
Group 1
5.6(2.4)
4.7(1. 8 )
3.9(1.7)
Group 2
5.3(2.2)
4.4(1.3)
3.4(1.20
P value
0.6Î
0.37
0.23
Table 3,36, Surnmary measures for biochemical variables for
patients in Groups 1 and 2. Mean fSDl
VariableMaximum
Mean
Minimum
Creatinine umol/1
Group 1
199(157)
154(106)
117(82)
Group 2
177(148)
143(113)
109(83)
P value
0.47
0.63
0.64
Urea mmol/1
Group 1
17.6(11.3)
13.7(8.2)
9.9(6.9)
Group 2
16.0(10.2)
12.8(7.7)
9.8(6.1)
P value
0.44
0.56
0.96
Sodium mmol/1
Group 1
143(6.2)
139(5.4)
135(5.9)
Group 2
144(7.0)
141(6.2)
138(5.8)
P value
0.34
0.08
0.01*
Potassium mmol/1
Group 1
4.8(0.7)
4.1(0.5)
Group 2
4.5(0.6)
4.Of0.4)
P value
0.05
0.20
Calcium mmol/1
Group 1
2.1(0.3)
2.0(0.2)
1.8(0.2)
Group 2
2.1(0.3)
2.0(0.2)
1.9(0.2)
P value
0.62
0.89
0.80
Phosphate mmol/1
Group 1
1.5(0.7)
1.1(0.5)
0.7(0.4)
Group 2
1.3(0.5)
1.0(0.4)
0.8(0.4)
P value
0.37
0.64
0.77
Albumin g/1
Group 1
26(4.7)
22(3.5)
18(4.3)
Group 2
25(4.5)
22(4.3)
19(5.7)
P value
0.09
0.44
0.71
Aspartate transaminase u/1
Group 1
124(198)
71(97)
35(33)
Group 2
134(201)
92(153)
57(97)
P value
0.82
0.42
0.Î4
Alkaline Phosphatase u/1
Group 1
30(72)
23(50)
16(34)
Group 2
36(86)
26(62)
20(48)
P value
0.75
0.78
0.68
Bilirubin um/1
Group 1
56(63)
42(51)
30(42)
Group 2
61(61)
45(49)
30(42)
P value
0.72
0.75
0.77
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3.2.7. Endotoxin, Endotoxin Antibody, Lactate And Acute
Phase Protein Results
Differences between groups 1 and 2 for endotoxin, IgG and
IgM antibodies and lactate are shown in Tables 3.37. - 3.40
and Figures 3.19. - 3.22. There is a wide variation in the
antibody results with very large standard deviations which
accounts for lack of a statistical difference despite the
apparent large difference in mean values between the groups
at some time points.

Table 3.37. Endotoxin concentrations foa/ml1 in oatients
in
Groups 1 and 2. Mean fSDlHours after admission
= time of admission)
Group 1
0
28.6(35.1)
4
20.8(30.9)
8
22.5(29.3)
12
18.6(25.4)
24
23.2(28.6)
31.5(38.6)
36
48
21.0(27.9)
60
21.3(29.6)
72
19.1(17.8)
84
22.0(21.3)
96
18.2(20.8)
108
12.7(17.2)
120
46.3(72.0)
Summary data comparisons
For all patients
Maximum
55.5(44)
Mean
2 1 .6 (2 1 .6 )
Minimum
5.3(16.6)
1 .Survivors
Maximum
53.8(43)
Mean
20.5(16.5)
Minimum
3. 6 (6 .4)
2 .Non-survivors
Maximum
57.3(46.4)
Mean
22.7(26.2)
Minimum
7(22.9)
(0

Group 2
25.0(33.4)
21.6(31.1)
25.5(35.9)
39.1(52.5)
24.3(34.1)
30.4(36.5)
20.3(25.0)
31.6(28.7)
21.5(23.1)
2 2 .6 (2 2 .2 )
21.3(22.6)
21.5(50.4)
27.8(24.2)

p value

58(53)
25.5(23.9)
5.3(18.5)

0.77
0.39
0.58

59(54)
25(22)
4.3(5.5)

0.71
0.37
0.70

57.9(52.2)
25.9(27.3)
11.5(28)

0.97
0.69
0.55

0.6

0.9
0.8

0.04*
0.88

0.89
0.91
0.16
0.65
0.92
0.61
0.41
0.48

Mann Whitney
W
95%
All patients
2472
Maximum
2338
Mean
1 .Survivors
Maximum
695
Mean
661
2 .Non-survivors
557
Maximum
Mean
526

confidence interval p value
-0.19, 0.19
-0.108 , 0.037

0.99
0.35

-0.27, 0.23
—0.15, 0.07

0.94
0.52

-0.30, 0.36
—0.15, 0.09

0.92
0.56
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Endotoxin concentration
Differences between groups 1 and 2
Endotoxin conoontration pg/ml
SO

30

20
10

O

40

20

80

80

100

120

TIME hours
Group 1

—'— Group 2

a

p - <0.06

Endotoxin concentration Group 1
by reducing mean concentration
Endotoxin pg/ml

160 -

Group 1
Moan

\yyyiMaximum

Itllll

Minimum

Normal « 4.»po/ml

Endotoxin concentration Group 2
by reducing mean concentration
Endotoxin concentration pg/ml

160 -

100

Group 2
Mean

Maximum

Minimum

Normal < 4.« pg/ml

Figure 3,19. Endotoxin concentration in groups 1 and 2

126

Table 3.38. laG concentrations fmul in oatients in Grouos
1 and 2. Mean fSDl
Mean = 127, SD = 121, SE = 3.8, 10-90th percentile =
34 - 238
Hours after admission
( 0 = time of admission)
Group 1
0

4
8
12

24
36
48
60
72
84
96
108
120

150(124)
135(102)
142(144)
134(129)
140(110)
168(153)
154(169)
182(176)
194(214)
201(170)
230(183)
230(197)
265(276)

Group 2

p value

275(552)
299(523)
173(203)
306(557)
269(485)
324(627)
291(499)
333(593)
277(275)
301(381)
318(325)
271(244)
314(411)

0.13
0.06*
0.62
0.08
0 .1 0 *
0.13
0.13
0.17
0.19

Summary data comparisons
For all patients
415(603)
Maximum
261(216)
Mean
165(136)
291(491)
195(410)
Minimum
1 0 2 (1 0 0 )
1 .Survivors
541(757)
Maximum
267(214)
379(623)
Mean
160(126)
254(526)
Minimum
92(90)
2 .Non-survivors
236(144)
Maximum
254(223)
165(110)
170(148)
Mean
110(78)
1 1 2 (1 1 0 )
Minimum
Mann-Whitney
95% confidence interval
W
All patients
-122, 24
Maximum
2296
- 8 6 , 4. 7
Mean
222C
1 .Survivors
-239, 33.1
Maximum
618
-178, 2 .1
Mean
586
2 .Non-survivors
-96, 81
Maximum
542
-69,
48 .9
Mean
538
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0.21

0.23
0.54
0.80

0.09*
0.09*
0.13
0.09*
0.09*
0.14
0.76
0.9
0.96
p value
0.22

0.08*
0.17
0.17
0.82
0.76

IgG concentration
Differences between groups 1 and 2
laO ooncvntratlon MU

360
300
260

200

60

O

•40

20

30

60

100

120

140

TIME hours
—'— Qroup 1

—'— Qroup 2

“

p ■ <0.1, >0.06

Normal Moan IST (8D 121)

IgG concentration in Group 1
by reducing mean concentration
IgQ oonoantratlon MU

Group 1
Mean

^ ^ 3 Maximum

I H ill Minimum

Normal moan 12T. 8 0 121

IgG concentration in Group 2
by reducing mean concentration
4

IflQ oonoantratlon MU

3

2
1

iiiSi.i.ASÉiSSi.8iJ.ma.JUL

o

Group 2
Mean

Maximum

HltH Minimum

Normal moan 12T. 80 121

Figure 3.20. IgG concentration in groups 1 and 2
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Table 3.39.IaM concentrations fmul in oatients in Groups 1
and 2. Mean (S D )
Mean = 132, SD = 109, SE = 3.5, 10-90th percentile = 41
— 266
Hours after admission
( 0 = time of admission)
Group 1
0
82(104)
4
83(113)
8
39(26)
12
89(120)
24
65(53)
36
78(68)
48
78(89)
92(101)
60
72
106(90)
133(119)
84
96
147(92)
108
176(119)
161(148)
120

p value
0.83
0.63

Group 2
77(105)
97(141)
73(76)
82(146)
87(125)
97(138)
114(142)
125(155)
125(159)
155(165)
146(91)
171(121)
187(141)

0.12

0.84
0.28
0.45
0.2

0.31
0.57
0.571
0.97
0.9
0.74

Summary data comparisons
For all patients
Maximum
163(145)
Mean
97(106)
Minimum
57(97)
1 .Survivors
Maximum
124(99)
Mean
75(61)
Minimum
43(36)
2 .Non-surivors
Maximum
203(174)
119(137)
Mean
Minimum
72(133)
Mann-Whitney
W
95%
All patients
Maximum
2628
Mean
2533
1 .Survivors
Maximum
690
Mean
684
2 .Non-survivors
Maximum
623
Mean
597

0.61

148(153)
97(121)
58(96)

0.96

165(177)
111(150)
69(123)

0.31
0.27
0.30

123(111)
77(58)
42(30)

0.08

1.0

0.20

0.32

confidence interval p value
-15, 53
-14, 21

0.29
0.69

-57, 33
-29.5, 14.9

0.87
0.79

-6 , 136
-17, 55.5

0.31
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0.11

IgM concentration
Differences between groups 1 and 2
IgM concentration MU

200
160

100
60

O

20

40

80

60

100

120

TIME hours
Qroup 1

—'— Qroup 2

Normal Moan 132 (8 0 109)

IgM concentration in Group 1
by reducing mean concentration
IgM concentration MU
800
800
400
200

O
Group 1
Mean
Normal

^^3 Maximum

HllH Minimum

moan 132. 8 0 108

IgM concentration in Group 2
by reducing mean concentration
IgM concentration MU

Group 2
Mean

Maximum

S B Minimum

Normal moan 132, 8 0 108

Figure 3.21. laM concentration for groups 1 and 2
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Table 3.40. Lactate concentrations fmmol/11 in patients in
Groups 1 and 2. Mean fSD)
Normal lactate

0.6

-

2.2

mmol / 1

Hours after admission
( 0 = time of admission)
Group 1
2.36(1.80)
0
1.86(1.43)
4
1.45(0.89)
8
2.16(1.62)
12
1.97(1.31)
24
1.70(1.41)
36
1.20(0.76)
48
1.28(0.71)
60
1.45(1.04)
72
1.34(0.78)
84
1.43(0.47)
96
1.28(0.53)
108
1.50(0.64)
120

Group 2
2.47(1.90)
1.77(1.29)
2.25(1.96)
1.27(0.88)
1.43(0.74)
1.26(1.16)
1.09(0.60)
1.40(0.79)
1.09(0.77)
1.11(0.57)
1.10(0.43)
1.32(0.60)
1.39(0.56)

p value
0.8
0.8
0.22

.0 1 *
0.03
0.17
0.58
0.59
0.17
0.27
0

0.02

0.83
0.74

Summary data comparisons
For all patients
2.8(1.87)
Maximum
3.14(1.81)
Mean
1.73(1.23)
1.97(1.37)
0.96(0.88)
Minimum
1.13(1.28)
1 .Survivors
2.65(1.8)
Maximum
2.93(1.8)
1.57(1.17)
Mean
1.82(1.56)
0.8(0.84)
Minimum
1.13(1.68)
2 .Non-surivors
3.03(2.01)
Maximum
3.34(1.84)
1.96(1.3)
Mean
2.1(1.19)
1.21(0.92)
Minimum
1.13(0.81)
Mann-Whitney
W
95% confidence interval
All patients
Maximum
2408
-0.20, 0.9
Mean
2438
-0.067, 0.49
1 .Survivors
Maximum
621
-0.40, 1.1
Mean
634
-0.21, 0.52
2 .Non-survivors
Maximum
568
-0.50, 1.4
Mean
576
—0.40, 0.7
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0.36
0.37
0.44
0.58
0.51
0.35
0.59
0.71
0.79
p value
0.20

0.13
0.49
0.35
0.52
0.40

Lactate
Difference between groups 1 and 2
mmol/l
2.6

-

1.6

0.6

20

60

40

60

100

120

Hours
—■
— Oroup 1

-

Qroup 2

m p m <0.06

Normal plaama laotata 0.0 - 2 0 mmol/l

Blood lactate concentration
Group 1 by reducing mean concentration
Lmotmte mmol/l

Qroup 1
H H Moan

Maximum

tii-iU

Minimum

Normal ranpo - 0.0 - 2.0 mmol/l

Blood lactate concentration
Group 2 by reducing mean concentration
10

Lactate mmol/l

Qroup 2
^^0 Mean

Maximum

IllttI Minimum

Normal rango - 0.0 - 2.6 mmol/l

Ficaire 3.22. Lactate concentrations in groups 1 and 2
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Acute phase protein results are shown in Tables 3.41.
3.44. and Figures 3.23. - 3.26.

Table 3. 41. Aloha-1 antitrvDsin fa/11 in oatients in
groups
1 and 2 . Mean fSDl

Hours after admission
( 0 = time of admission)

0

4
8
12

24
36
48
60
72
84
96
108
120

Group 1 (SD)

Group2 (SD)

p value

2.73(1.24)
2.57(1.20)
2.60(1.20)
2.89(1.27)
3.19(1.21)
3.55(1.11)
3.70(1.00)
3.86(1.21)
3.93(1.41)
3.94(1.37)
4.08(1.4)
4.00(1.42)
3.95(1.12)

2.79(1.29)
2.77(1.40)
2.91(1.21)
3.16(1.41)
3.34(1.43)
3.64(1.48)
3.93(1.68)
3.94(2.01)
4.22(1.92)
4.44(2.07)
4.19(1.85)
4.07(1.81)
4.47(2.11)

0.80
0.51
0.45
0.43
0.60
0.85
0.49
0.85
0.501
0.29
0.82
0.89
0.55

Summary data comparisons
For all patients
Maximum
4.14(1.57)
4.25(1.99)
Mean
3.39(1.50)
3.23(1.20)
Minimum
2.50(1.13)
2.27(0.88)
1 .Survivors
Maximum
4.63(1.25)
4.35(1.71)
Mean
3.47(1.34)
3.46(0.98)
Minimum
2.53(1.03)
2.25(0.73)
2. Non-survivors
4.11(2.38)
Maximum
3.67(1.72)
3.28(1.75)
Mean
3.01(1.35)
Minimum
2.29(1.03)
2.45(1.31)
Mann Whitney
All patients
W
95% confidence interval
2460
Maximum
— 0 .6 6 , 0.72
Mean
2438
- 0 .58, 0.468
1. Survivors
Maximum
718
-0.42, 1 . 2
Mean
686
—0.556 , 0.693
2. Non-survivors
Maximum
557
-1.36, 0.93
Mean
565
- 1 .1 1 , 0.77
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0.75
0.55
0.27
0.51
0.98
0.26
0.48
0.56
0.65
p value
0.95
0.94
0.32
0.66

0.69
0.83

Alpha-1 antitrypsin concentration
Differences between groups
Alpha-1 antitrypain conoantration p/1

40

20

80

80

100

120

140

TIM E hours
Qroup 1

2-4

Qroup 2

0/1

Alpha-1 antitrypsin concentration
Group 1, by reducing mean concentration
io

Alpha-1 antitrypain p/I

Qroup 1
■ H i Moan

Maximum

itttil Minimum

Normal rang» - 2, O - 4.0 0/1

Alpha-1 antitrypsin concentration
Group 2, by reducing mean concentration
io

Alpha-1 antitrypain p/I

Qroup 2
H H Mean

^ 2

Maximum

HtttI Minimum

inoa - 2.0 - 4.0 0/1

Figure 3.23. Alpha-1 antitrypsin concentration in groups 1
and
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Table 3.42. Fibronectin fa/11 in patients in groups 1 and
2. Mean fSDl

Hours after admission
( 0 = time of admission)
Group 1 (SD)

Group2 (SD)

0.14(0.05)
0.15(0.07)
4
0.14(0.05)
0.16(0.08)
8
0.15(0.06)
0.16(0.09)
12
0.14(0.04)
0.14(0.07)
24
0.15(0.07)
0.15(0.07)
36
0.15(0.07)
0.16(0.07)
48
0.16(0.08)
0.16(0.07)
0.15(0.07)
60
0.16(0.07)
72
0.15(0.08)
0.16(0.06)
84
0.16(0.08)
0.15(0.06)
96
0.17(0.09)
0.17(0.09)
108
0.15(0.07)
0.16(0.05)
120
0.17(0.08)
0.16(0.05)
Summary data comparisons
For all patients
Maximum
0.19(0.09)
0.20(0.09)
Mean
0.15(0.06)
0.16(0.06)
Minimum
0.11(0.04)
0.12(0.06)
1 .Survivors
Maximum
0 .2 0 1 (0 .1 )
0 .2 1 2 (0 .1 )
Mean
0.16(0.07)
0.17(0.07)
Min
0.12(0.05)
0.14(0.06)
2 .Non-survivors
Maximum
0.17(0.07)
0.17(0.07)
Mean
0.15(0.06)
0.16(0.06)
Minimum
0.11(0.04)
0.12(0.06)
Mann Whitney
W
95% confidence interval
For all patients
Maximum
2337
-0.04, 0.019
Mean
2348
-0.026 , 0 . 0 1
1 .Survivors
Maximum
595
-0.05,
02
Mean
587
-0.33,
09
2 .Non-survivors
W
95!
Maximum
583
-0.04, 0.05
Mean
593
-0.02, 0.04
0
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p value
0.43
0.36
0.70
0.73
0.77
0.69
0.90
0.74
0.69
0.72
0.88

0.56
0.69

0.64
0.48
0.21

0.68

0.54
0.24
0.89
0.48
0.21

p value
0.43
0.48
0.26
0.21
p value
0.87
0.69

Fibronectin concentration
Differences between groups
Fibronectin oonoantratlon g/l
0.2

0.16

0.1
0.06

40

20

60

SO

100

120

140

TIME hours
Qroup 1

Qroup 2

Normal range 0.3 - 0.4 g/1

Fibronectin concentration
Qroup 1, by reducing mean concentration
FIbroneotIn g/1
0.6

Oroup 1
Mean

Maximum

S B Minimum

Normal range - O.S - 0.4 g/1

Fibronectin concentration
Qroup 2, by reducing mean concentration
FIbroneotIn g/1
0.6

Qroup 2
H H Mean

Maximum

ttltlJ

Minimum

Normal range - O.S - 0.4 g/1

Figure 3.24. Fibronectin concentration in groups 1 and 2
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Table 3. 43. Orosomucoid (a/I) in oatients in groups
2. Mean fSD)

1

and

Hours after admission
( 0 = time of admission)
Group 1 (SD)
0

4
8
12

24
36
48
60
72
84
96
108
120

Group2 (SD)

1.23
1.37
1.28
1.30
1.43
1.57
1.67

0.55)
1.24
0.95)
1.29
0.49)
1.27
0.57)
1.41
0.55)
1.44
0.56)
1.61
0.60)
1.76
1 . 6 6 0.56)
1.72
1.72 0.67)
1.76
1.72 0.60)
1.84
1.78 0.67)
1.82
1.74 0 .6 6 )
1.86
1 . 6 6 0 .6 8 )
2.12
Summary data comparisons

0.61)
0.71)
0.49)
0.67)
0.63)
0.62)
0.64)
0.73)
0.63)
0.71)
0 .6 8 )
0 .6 8 )
0.57)

Maximum
1.90 0.90)
1.87 0.77)
Mean
1.44 0.55)
1.51 0.63)
Minimum
1.05 0.47)
1.17 0.56)
1 .Survivors
Maximum
2 . 2 1 1 .0 1 )
1.96 0 .6 8 )
Mean
1.56 0.57)
1.57 0.58)
Minimum
1.13 0.55)
1.19 0.58)
2 .Non-survivors
Maximum
1.61 0.67)
1.71 0.89)
Mean
1.29 0.50)
1.43 0.71)
Minimum
0.97 0.38)
1.13 0.53)
Mann Whitney
All patients
W
95% confidence interval
Maximum
2451
-0.32, 0. 32
Mean
2363
-0.31, 0. 18
1 .Survivors
Maximum
713
—0.24, 0. 54
Mean
666
-0.30, 0. 33
2 .Non-survivors
Maximum
561
-0.62, 0 .44
Mean
544
— 0 .56, 0 .34
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p value
0.89
0.71
0.95
0.51
0.94
0.75
0.54
0.71
0.84
0.53
0.84
0.54
0.15

0.80
0.55
0.25
0.28
0.89
0.67
0.67
0.46
0.25
P
1.0

0.54
0.37
0.92
0.76
0.49

Orosomucoid concentration
Differences between groups
Oroaomuoold oonoantratlon g/1
2.5

0.6
_i

20

40

50

m--------------L

100

SO

120

140

TIME hours
Qroup 1

Qroup 2

a

p ■ <0.05

Normal ranga 0 5 - t.2 g/1

Orosomucoid concentration
Group 1, by reducing mean concentration
Oroaomuooid g/1

Qroup 1
Moan
Normal rang# - 0.0 -

Maximum

tl.U11 Minimum

g/1

Orosomucoid concentration
Group 2, by reducing mean concentration
Oroaomuooid g/1

Qroup 2
Maximum

LUJLUMinimum

Normal rang* - 0.6 - 1.2 g/1

Figure 3.25. Orosomucoid concentration in groups 1 and 2
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Table 3. 44- C-Reactive Protein (mg/ 1 )
in patients in oroups 1 and 2 . Mean (SO)
Hours after admission
( 0 = time of admission)
Group2 (SD)

Group 1 (SD)

204(164)
170(99)
192(161)
176(102)
244(152)
243(155)
8
272(218)
174(81)
12
251(150)
233(112)
24
243(144)
242(120)
36
266(170)
48
230(119)
210(137)
196(123)
60
174(121)
199(123)
72
209(141)
161(110)
84
211(137)
152(125)
96
203(167)
149(120)
108
197(204)
229(196)
120
Summary data comparisons
For all patients
293(192)
Maximum
263(126)
213(135)
186(95)
Mean
142(96)
114(73)
Minimum
1 .Survivors
288(165)
Maximum
302(128)
206(115)
208(93)
Mean
121(79)
140(94)
Minimum
2 .Non-survivors
299(232)
225(114)
Maximum
225(162)
163(93)
Mean
145(102)
104(69)
Minimum
Mann Whitney
W
95% confidence interval
For all patients
—50 , 40
2412
Maximum
-51 .3, 25
2357
Mean
1 .Survivors
-40 , 90
702
Maximum
-41 , 55.4
684
Mean
MW
2 .Non-survivors
543
-110, 45
Maximum
524
-97 , 2 2 . 6
Mean

p value

0

0.21

4

0.60
0.98
0 .0 2 *
0.52
0.98
0.30
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0.68

0.43
0.17
0.11
0.22

0.75

0.37
0.24
0.11

0.74
0.94
0.45
0.17
0.12
0.11

p value
0.79
0.52
0.48
0.68

0.46
0.25

C -reactive protein concentration
Differences between groups
C-TMOtlv* protein mg/l
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260
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O
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Figure 3.26. C-reactive protein concentration in groups 1
and

140

2

Some of these differences are significant and will be
discussed in Chapter 4.
Adverse events occurred in 4 patients in group 1 and 1
patient in group 2. These are shown in Table 3.45.
Table 3.45. Adverse events in patients: groups 1 and 2
Nature of event________ Related to trial drug
GROUP 1
Study number 5 Pain beyond injection site

Probably

Study number

Probably

6

Hypotension 15 minutes
after start of infusion

Study number 7 Hypotension during infusion
Study number

21 Profound hypotension

Probably
Definitely

GROUP 2
Study number 37 Hypernatraemia

Definitely not

X2 = 0.267, 0.5<p<0.7

Withdrawals
Four patients were withdrawn from the study; two from each
group and these are discussed in Chapter 4.
Summary
There appears to be no difference in outcome between the two
groups in terms of death, presence of organ failure,
infection, endotoxaemia and time spent on ITU.
There are minimal statistically significant differences
between the groups in the physiological variables,
biochemical results, use of organ support or other
treatment.
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3.3 NORMAL RANGES FOR CLINICAL CHEMISTRY. HAEMATOLOGY AND
SPECIAL INVESTIGATIONS
CLINICAL CHEMISTRY
Sodium

133-143mmol/l

Potassium

3 .6-4.6 mmol/l

Calcium

2.25-2.70mmol/l(corrected)

Phosphate

0.85-1.4mmol/l

Albumin

35-55g/l

Lactate

0.63-2.44mmol/l

Bilirubin

<17 umol/1

Aspartate transaminase

6 -35U/1

Alkaline phosphatase

2 1 - 1 20U/1

Creatinine

60-120umol/l

Urea

3-7mmol/l

ACUTE PHASE PROTEINS
Fibronectin

0.3-0.4g/l

Alpha-1 antitrypsin

2-4g/l

Orosomucoid

0.5-1.2g/l

C-reactive protein

0 -0

ENDOTOXIN

< 4.2 pg/ml

TUMOUR NECROSIS FACTOR

75 +/- 15 pg/ml (Damas 1989)

.8 mg/l

HAEMATOLOGY
Haemoglobin
Haematocrit
Red blood cells

male

13-17.Og/dl

female

11.5-16g/dl

male

40-54%

female

37-47%

male

4.5-6.5 X 10 12/1
3.8-5 . 8 X 10 12

female
White blood cells

/I

Caucasian

4-11 x 10 9/1

Black African 2.6-9 x 10 9/1
Platelets

150-400 X 10 9/1

142

International normalised ratio (IMR) 1
Prothrombin time

11.5-15 seconds

Partial thromboplastin time 25-37 seconds
Fibrinogen

2-4.5g/l

Cross linked fibrin
degradation products

0 -0

.2 mg/l
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CHAPTER 4. DISCUSSION
4.1. OVERVIEW
4.2. COMPARISON BETWEEN GROUPS
4.2.1. Severity Of Illness
4.2.2. Severity Of Sepsis
4.2.3. Chronic Disease At Admission
4.3. PROCESSION DURING THE STUDY
4.3.1. Organ Failure
4.3.2. Physiological, Haematological, Biochemical Data
4.4. ENDOTOXIN MEASUREMENTS
4.5. OTHER ACUTE PHASE CHANGES
4.5.1. Immunoglobulins
4.5.2. Lactate
4.5.3. Acute Phase Proteins
4.5.4. Cytokines
4.6. BLOOD CULTURE SYSTEMS
4.7. CLINICAL OUTCOME
4.8. FUTURE THERAPY

4.1. OVERVIEW
The results shown in chapter 3 suggest very little
difference in outcome that could be attributed to treatment
with taurolidine. They confirm the high mortality of this
condition and unfortunately the lack of effective therapy,
making this an area for urgent research. There has been a
great deal of published work since this study began which
draws attention to the complexity of the situation rather
than suggesting a solution to the problem.
Between 400,000 and 600,000 episodes of sepsis have been
estimated to occur in the USA each year about half of which
are associated with a positive blood culture (Mortality and
Morbidity Weekly Review, MMWR, 1990) and half of these are
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due to gram-negative bacilli. Elsewhere in the world septic
shock is recognised as a major cause of death in patients
needing intensive care with refractory hypotension being the
main cause of early deaths and multiple organ failure the
cause of later deaths (Fry 1980, Darling 1988, Ruokonen
1991). Mortality in studies in the USA is about 35% (Wenzel
1988). These figures however are at variance with the
results of my study in which only

12

% of patients with

sepsis syndrome had gram-negative bacteraemia within 24
hours before or after the onset of the study but the overall
mortality for the whole cohort of 100 patients was 44% (47%
in group 1 and 41% in group 2). Our patients may be more
severely ill (median APACHE II 18) than those discussed in
the above figures but not all studies report APACHE scores.
There is evidence from the outcome comparisons of intensive
care units in Great Britain and Ireland that on average
patients admitted to our intensive therapy units are sicker
than those in the USA (Rowan 1992).
During the last 5 years it has become increasingly obvious
that sepsis is related more to an immunological response in
the host than to characteristics of the invading organism
(Vincent 1992) and that endotoxin continues to be the most
likely initiator of damage. There are many examples of
endotoxin and TNF release into the circulation without
bacteraemia eg during cardio-pulmonary bypass particularly
in children, which may be reflected in some of the
haemodynamic changes after open-heart surgery (Casey 1992).
These patients seldom have positive blood cultures and it is
speculated that the source of endotoxin is the intestine. In
a study of patients with pancreatitis, endotoxaemia was
common in those presenting with systemic complications who
also had a higher incidence of complement activation. These
patients develop chemical peritonitis, which probably
releases endotoxin across the gut wall (Foulis 1982).
Sepsis results in release of a variety of other mediators
including tumour necrosis factor, interleukins, PAF, nitric
oxide, arachidonic acid metabolites and many others but
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these same mediators are also released in patients with
pancreatitis, cancer and in reperfusion injury or by tissue
trauma alone (Goris 1985). It is apparent that the diagnosis
of this condition is not dependent upon isolation of
organisms on blood culture although the bacteriological
detection of microorganisms is crucial to management.
There has been therefore some confusion in terminology and
Sibbald on behalf of the Canadian Multiple Organ Failure
study group (1991) proposed that the term infection should
be used for a microbiological phenomenon which is the
invasion of tissues by microorganisms whereas sepsis
reflects the host response. A recommendation from the
American College of Chest Physicians and the Society of
Critical Care Medicine (Consensus Conference Committee 1992)
suggests that 'sepsis' be replaced by the phrase 'Systemic
Inflammatory Response Syndrome' (SIRS). It now becomes
important to define the severity of sepsis, determine
prognostic factors for outcome distinguishing between the
invasive infection itself and the host response as adverse
determinants (Marshall 1990). This achieves greater
importance as therapeutic and technological advances are
likely to be highly expensive and require independent
evaluation. Despite these difficulties major efforts have
been expended in developing anti-endotoxin therapy.
In order to plan successful therapeutic intervention it is
necessary to define the exact relationship between
endotoxaemia, TNF release and clinical outcome (Morrison
1987). Although TNF release was a determinant of outcome in
some studies patients with septic shock many other factors
also appear to be involved (Calandra 1990). In a study of 90
patients with gram-negative septicaemia by van Deventer
(1990) both TNF and IL - 6 were virtually always present but
IL - 6 was the best predictor of mortality.
The entry criteria for my study tried to get over the
problem of sepsis syndrome unrelated to infection, which was
not well recognised when the study started, by establishing
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a source of the infection and including only patients with a
source of presumed gram-negative infection to avoid the
conditions in which non-specific translocation of bacteria
and endotoxin occurs across the gut wall.
The way in which endotoxin gains access to the circulation
still remains somewhat enigmatic. The gut of mammals is
colonised from the moment of birth with gram-negative
organisms so that the body probably has to interact with
absorbed lipopolysaccharide throughout life. It may be that
the host requires the continuous exposure to
lipopolysaccharide for development of vital physiological
systems such as the immune apparatus. Abnormalities in
gastrointestinal mucosal barrier function are believed to
play a central role in the pathophysiology of shock, sepsis
and the syndrome of multiple organ failure (Meakins 1989).
It is likely that mucosal damage is due to various
combinations of intracellular hypoxia due to ischaemia,
tissue injury caused by reactive oxygen metabolites,
deleterious effects of lipid mediators such as PAF,
cytokines and impaired delivery or utilisation of glutamine
(Fink 1991). Recent work suggests that endotoxin can induce
bacterial translocation, mucosal injury and increase ileal
permeability by activation of xanthine oxidase by a
mechanism which is independent of complement or macrophages
(Deitch 1987, 1991). Oxygen radicals, probably derived from
xanthine oxidase play a part in the mucosal injury
(Zimmerman 1991).
Parenteral nutrition predisposes to ileal atrophy, impairing
mucosal defences and increasing translocation (Alverdy
1988). Our unit policy is to feed patients by enteral
nutrition whenever possible. Glutamine is crucial to repair
of atrophic ileal mucosa and thereby reduces translocation
so all of our patients who received enteral feeding had
glutamine supplements at

8 g/l.

Supplementation of nutrition

with glutamine has been shown to restore the concentration
of secretory IgA (Burke 1989) and to improve nitrogen
balance (Stehle 1989) without significant toxicity
(Herskowitz 1990).
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4.2. COMPARISON BETWEEN GROUPS
The patients were well matched as regards demographic data
and there were no differences in diagnostic categories
between the groups. As regards the clinical grading of
patients (Chapter 2 page 23 and Chapter 3, Figure 3.12.)
more patients in group

1

were expected to die or have an

uncertain outcome but most of the latter survived although
two patients who were predicted to live in fact died, both
at 18 days. Eleven patients were incorrectly classified as
likely to die but they in fact lived. It could be argued
therefore that patients in Group 1 did better than expected
because in group 2, in which 15 patients outcome was thought
to be uncertain; eight of these lived and 7 died, 4 patients
who were predicted to die in fact survived but there were no
patients who died having been predicted to live.
4.2.1. Severity Of Illness
At Bristol Royal Infirmary we use the APACHE II system to
score the severity of illness of patients at admission to
the ITU and on a daily basis. There is a direct relationship
between severity of illness and outcome (death in hospital)
and provided the diagnosis is clear the risk of death can be
described (Knaus 1985a). The APACHE II system uses multiple
logistic regression equations. The predicted death rate is
computed as follows; for each individual the risk (R) of
hospital death is computed in the equation below.
I)ndividual risks are summed and divided by the total number
of patients for group studies.
ln(R/l-R) = -3.517 + (APACHE II score x 0.146)
+ 0.603 only if post-emergency surgery
+ diagnostic category weight
For sepsis the weight is 0.113. Positive factors indicate a
poorer prognosis. The complete list of diagnostic category
weights is included in Appendix B. 6 .
Using this equation for the biggest diagnostic group,
abdominal sepsis (including pancreatitis), gives a predicted
risk of death for patients in group 1 of 45% and for
patients in group 2 of 38%. The actual mortality was 44% in

149

group 1 and 39% in group 2. There is therefore an extremely
close correlation between predicted and actual mortality.
This also suggests a difference in expected outcome between
the groups. Patients in group 1 were more severely ill than
those in group

2

and they had a higher predicted and actual

mortality than those in group 2. This correlates with the
clinical grading expectations.
In my patients there was no difference between the groups
for severity of illness either at admission nor on any day
during treatment. Expected outcome for a particular
diagnosis probably depends upon the treating centre as well
as the diagnosis and therefore direct comparison with
others' results is probably not valid. In Ruokonen's study
of patients with septic shock median APACHE scores were 21
at admission, which is comparable to patients in my study
where inclusion criteria were those of sepsis syndrome not
necessarily with shock.
Analysis of APACHE II scores by outcome confirms the very
strong correlation between severity of illness and outcome
(Table 3.21.).
4.2.2. Severity Of Sepsis
Sepsis scoring showed no difference between the groups in my
study either at admission or on any day of the study and by
implication no effect of the medication on progression of
the disease. Dominioni and colleagues (1987) found sepsis
scores and the acute phase protein response to be good
predictors of outcome in septic surgical patients. In their
patients the initial sepsis score was a strong determinant
of outcome; only

8%

of patients with a sepsis score greater

than 20 survived. The powerful correlation between sepsis
score and outcome in my study confirms Dominioni's findings
(Table 3.22.).
4.2.3. Chronic Disease At Admission
There were six patients with chronic cardiovascular disease
at admission to the study in group
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1

but none in group

2

.

This is a significant difference and may be an important
factor in the response of these patients to an agent which
produces vasodilatation. A fall in diastolic pressure may
compromise coronary perfusion resulting in myocardial
ischaemia. Of these

6

patients who received taurolidine, 4

died. The cause of death in these 4 patients was as follows:
Patient No 20 died one day after the end of the study with
an alcoholic cardiomyopathy and liver failure.
Patient No 29 died within one day of the start of the study
with acute renal failure. He had had an adenocarcinoma
removed by hemicolectomy and then developed breakdown of his
anastomosis, faecal peritonitis and required a further
laparotomy, colostomy and drainage. At postmortem his aortic
valve prosthesis, which had categorised him as having
chronic cardiovascular disease, was normal and death was due
to acute renal failure and endotoxaemia. His pre-existing
cardiac status was not believed to have contributed to
outcome.
Patient No 57 was an intravenous drug abuser who had had an
aortic valve replacement

10

days beforehand after which he

developed bacterial endocarditis and died with left
ventricular and liver failure 3 days after starting the
s t u d y.
Patient No 69 died 4 days after the end of the study. She
had rheumatic heart disease and required a mitral valve
replacement and tricuspid annuloplasty two weeks before the
study started. Pseudomonas nosocomial pneumonia with
respiratory arrest gained her admission to the study and at
post-mortem her cause of death was deemed to be cardio
respiratory failure.
Thus 4 of the

6

patients with chronic cardiovascular disease

at onset of the study died, 3 from a possible cardiovascular
cause. The mortality in these

6

patients was

much higher than that of the whole cohort of

66%

which is

100

patients

but this factor could have made only a very small
contribution to the overall outcome.
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4.3. PROCESSION DURING THE STUDY
There were no differences between groups 1 and 2 in
resolution of sepsis syndrome or the occurrence of systemic
infection during the study (Tables 3.41., 3.42.)
4.3.1. Organ Failure

Endotoxin has profound effects on organ function requiring
prophylactic treatment to avoid organ failure. The incidence
of organ failure did not differ significantly between groups
1 and 2 except for liver failure on day 5 in group 2 and
haematological failure in group 1 on day one (Table 3.45).
The number of patients involved is very small and these
differences could have arisen by chance. In his study of
patients with septic shock Ruokonen (1991) found that the
number of organ systems in failure at 48 hours was 3.3 in
survivors and 4.0 for non-survivors. No specific organ
system had prognostic value. The number of organ systems in
failure was not related to hypotension but had a weak
correlation with the duration of vasoactive treatment. In
his study mortality of those patients with septic shock and
a positive blood cultures was not significantly different
from those with a negative blood culture.
4.3.1.a.Cardiovascular effects
TNF and other factors contribute to the development of
hypotension as discussed in Chapter 1 but all are indirectly
related to endotoxin. In the peripheral circulation,
generalised endothelial cell dysfunction due to mediator
release results in failure of many organs. There is some
evidence that the lack of myocardial response to
catecholamines is the result of impaired beta-adrenergic
receptor stimulation of cyclic-AMP (Silverman 1993, Ognibene
1993). Experimental work in sheep suggests a role for
endorphins in mediation of the changes in cardiac output;
decrease in mesenteric blood flow is related to raised blood
concentration of beta-endorphin and cardiac output increases
with treatment with an opiate antagonist (Navaratnam 1992).
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Non-steroidal anti-inflammatory drugs may reduce the
haemodynamic disturbances due to release of eicosanoids but
a preliminary study of ibuprofen in severe sepsis did not
show a difference between the treated group and placebo.
Neither did ibuprofen completely eliminate the
synthesis/release of cyclooxygenase products at the dosage
used (Haupt 1991). The marked reduction in right ventricular
ejection fraction in sepsis may be the result of thromboxane
mediated pulmonary hypertension. In sheep administration of
a selective thromboxane synthetase inhibitor reduced the
early pulmonary hypertension and reduced cardiac output but
did not reduce endotoxin induced hypoxia (Redl 1991).
There appears to be no difference between gram-positive and
gram-negative sepsis in respect of haemodynamic changes
(Ahmed 1991). Parker (1984) showed that cardiac output was
higher and peripheral vasodilation greatest in non-survivors
of sepsis. Serum from patients with septic shock has been
shown to relax rat aortic smooth muscle (Hollenberg 1992).
The plasma kallikrein-kinin system is probably involved
(Martinez-Brotons 1987). Progressively severe vascular
paralysis may be the determinant of outcome in sepsis (Ayres
1992) whilst increasing concentrations of cytokines
determine the transition from sepsis to septic shock.
Endotoxin and the inflammatory cytokines act as stimuli for
increased nitric oxide synthesis which may therefore be an
important mediator in septic shock. Billiar (1990) reported
that nitric oxide was released by Kuppfer cells in response
to endotoxin. Inhibitors of nitric oxide synthesis can
reverse endotoxin and TNF mediated hypotension and may offer
therapeutic potential in due course (Meyer 1993b,
Battafarano 1992). Dexamethasone inhibits the induction of
nitric oxide synthase and the effects on vascular tone in
the rat aorta (Rees 1990). There is some evidence that
heparin maintains oxygenation and cardiac output in
hyperdynamic sepsis perhaps by influencing the balance
between nitric oxide and free radicals (Meyer 1993a).
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In ray study raore patients in group 1 required inotropic
drugs and anti-arrhymic drugs. It raay be that the
requirement for more inotropic drugs was related to the
known vasodilator effect of taurolidine. Digoxin, labetalol
and verapamil were all used raore in group 1 than in group 2
(Table 3.22). It is possible that this effect of taurolidine
contributed to the mortality of patients in group 1 although
the study was not designed to address this question. An
interim analysis after the first 20 patients revealed this
potential problem with hypotension presumed to be due to
infusion of the active drug. The rate of infusion was
therefore reduced so that the infusion was given over 2
hours instead of the initially suggested 20 minutes. The
increased incidence of chronic cardiovascular disease at
admission to the study may also have accounted for some of
this increased requirement for cardiovascular support. There
is no difference between group 1 and 2 in the requirement
for defibrillation.

4.3.1.b.Respiratory effects
Brigham and Meyrick (1986) reviewed the complex effects of
endotoxin on the lung. Airways and the pulmonary circulation
are affected. There is diffuse lung inflammation and injury
to the pulmonary vascular endothelium. Granulocytes play a
major part although macrophages and lymphocytes also
contribute. Agranulocytosis confers some protection from
adult respiratory distress syndrome. Platelets do not seem
to be important, neither does activated complement alone,
although complement certainly is involved in mediating lung
injury. Cyclo-oxygenase metabolites mediate changes in lung
mechanics and pulmonary vasoconstriction after endotoxaemia.
Free radicals produced by neutrophils cause lung injury.
There is a complex relationship between free radical and
proteinase mediated endotoxin-induced lung damage. FerrariBaliviera (1989) showed that tumour necrosis factor could
induce ARDS in rats. Whatever the mechanisms of lung injury
most patients with sepsis syndrome will require ventilation
and this was the case in my study. There was no difference
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between the groups in the time to discontinuing ventilation
and similar ventilatory modes were used in each group (Table
3.17.). This is important as ventilatory mode has an effect
on cardiovascular variables.
4.3.1.e. Hepatic effects
The important role of the liver in removal of endotoxin is
confirmed by a study in 64 patients undergoing hepatic
transplantation. Endotoxin concentration increased during
the anhepatic phase and remained high for several days. The
severity of the endotoxaemia was correlated with the
requirement for platelet transfusion, post-operative
ventilation and one-month mortality (Miyata 1989). The
incidence of liver failure is low in my study and the
difference between groups does not have clinial
significance.

4.3.1.d. Renal effects
Experimental studies in animals show that intravenous
injection of E. coli endotoxin causes an immediate fall in
renal inulin and para-amino-hippuric acid clearance with
progressive reduction of urine output and development of
acute tubular necrosis by four hours after injection (Conger
1981). At this stage volume expansion fails to correct
glomerular filtration rate. Endotoxin causes an increase in
afferent and efferent arteriolar resistance. A high
incidence of endotoxaemia was found by Wardle (1975) at the
onset of acute renal failure.
The reduction in renal arterial flow and reduced platelets
seen after infusion of endotoxin can partly be prevented by
pretreatment with aspirin. The changes in coagulation are
less marked and fibrin degradation products appear later in
patients treated with aspirin. The combination of aspirin
with dipyridamole is not as effective as aspirin alone in
achieving the apparently protective effect (Rao 1981).
In a study in patients with septic shock, Voerman (1992)
measured plasma concentrations of endothelin, a potent
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endogenous vasoconstrictor derived from endothelium and
macrophages. During septic shock the release or production
of endothelin is increased as a result of endothelial injury
by activated leucocytes and infusion of catecholamines. This
mechanism may be responsible for the renal vasoconstriction
which occurs.
Dopamine is commonly used for prophylaxis of renal failure
and was given to over 75% of patients in each group in my
study. There is no difference between groups 1 and 2 in the
incidence of drug usage for renal support.
4.3.2. Physiological, Haematological, Biochemical Data
No clinically significant differences were detected between
groups for these variables, although there was a
statistically significant difference (p = 0.02) between
groups 1 and 2 with respect to respiratory rate (Table
3.27., Figure 3.16.). Since this variable is largely
controlled by the clinician during mechanical ventilation
this finding has no clinical significance. There are some
statistical differences between the plasma sodium and
potassium concentrations between groups 1 and 2 but since
mean values were all within the normal range this has no
clinical significance. Likewise the difference between
groups for aminotransferase on days 3-5 achieves statistical
significance but in both groups mean enzyme levels are just
outside the normal range and no clinical significance can be
attributed to this finding.
Large volumes of fluid are required during management of the
septic state and this is reflected in the results of this
study (Figure 3.17.) but there is no significant difference
between groups 1 and 2 in this respect.

4.4. ENDOTOXIN MEASUREMENTS
Morrison (1987) discussing endotoxin and disease mechanisms
states that although endotoxin can be easily detected in the
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serum of patients with gram-negative infections this does
not predict prognosis. My results confirm this (Figure 3.2
and Table 3.3). Responses elicited by endotoxins are neither
specific for nor unique to the endotoxin molecule. McCartney
(1988) recognised that although there was not a close
relationship between a positive endotoxin assay and a
positive blood culture, the presence of endotoxin in the
bloodstream is nevertheless a feature of septic shock.
McCartney's conclusion was that there was no 'clinically
significant' level of endotoxin in critically ill patients
with septic shock. It is possible that patients at greatest
risk of developing septic shock may be hypersensitive to
endotoxin. Using the criteria for sepsis syndrome,
Dofferhoff and his colleagues (1992) found that 50% of their
septic patients had detectable endotoxaemia. There would be
a great advantage if the endotoxin assay could predict
positive blood cultures and the study of Thomas and
colleagues (1984) suggested this might be the case. Using a
positive blood culture as the gold standard, their endotoxin
assay resulted in a sensitivity of 67%, specificity of 97%,
positive predictive value of 54% and a negative predictive
value of 97% for gram-negative bacteraemia. Van Deventer
(1988) also believed that the LAL assay had high predictive
value for septicaemia in febrile patients.
When the LAL assay became more widely used its shortcomings
were realised. Both bacteraemia and endotoxaemia are
transient phenomenae and repeated measurements are necessary
to confirm the clinical diagnosis. Problems include lack of
specificity of the enzyme-catalysed LAL reaction for
endotoxin, interindividual variations in plasma inhibitors
of the assay (Levin 1970), non-standard pre-analytical
procedures to remove inhibitors of the reaction and
variation due to different LAL lots (Fink 1984, Sullivan
1974, Rastogi 1979, Tsuji 1983). Lack of specificity of LAL
for endotoxin is discussed by Fink (1981), Elin (1973),
Pekarek (1974), Prytz (1976), Wildfeurer (1974) and Brunsen
(1976) and the lack of a gold-standard is reviewed by Sturk
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(1985) and Thomas (1984). Vanhaecke (1987) provides an
overview.
Elin and Wolff (1973) studied compounds which were not
lipopolysaccharides but were known to be pyrogenic and
activators of the blood coagulation system. Using the
gelation test they found that thrombin and thromboplastin
were capable of activating LAL to cause gelation but other
pyrogens known to produce fever in the rabbit pyrogen test
did not react with LAL. This lack of specificity led to
great concern about the value of the LAL assay at that time,
negating its potential clinical value (Niwa 1975, Elin
1975).
Wildfeuer and his colleagues in 1974 investigated the
specificity of the Limulus test and found that
peptidoglycans released from the cell wall of gram-positive
organisms induced a gelation reaction although at a much
higher concentration than lipopolysaccharide from E. Coli.
Brunson (1976) reported coagulation of LAL with 3 different
pyrogenic exotoxins from group A streptococci although the
exotoxins were several thousand times less active for LAL
coagulation than gram-negative endotoxin. Stumacher 1973
also used the gelation technique on 694 specimens collected
during 344 episodes of suspected bacteraemia. Positive
assays were obtained in 43% of patients with bacteraemia due
to gram-negative bacilli but also in 36% of patients with
infections due to gram-positive bacteria. There was no
correlation between positive assays and gram-negative
bacteraemia nor the occurrence of shock or death.
Some protease inhibitors (alpha-1 antitrypsin, alpha-2
macroglobulin, anti-thrombin III and several amidases) are
capable of cleaving some of the synthetic substrates.
Proclotting enzyme activator, a proteolytic enzyme, is
inhibited by several trypsin proteases (Nakamura 1982).
Protease inhibitors such as aprotinin are not denatured by
heating and can thus interfere with the assay. None of the
patients in my study received aprotinin.
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Young (1975) tested the hypothesis that variability of
positive LAL results (using the gelation method) was due to
the potential presence of endotoxin antibody. He concluded
that intact host defence mechanisms resulted in rapid
clearance of endotoxin during gram-negative bacteraemia in
man and that the presence of endotoxin like activity in the
plasma resulted from impaired humoral and cellular defence
mechanisms. It was well recognised by Baek (1983) that the
levels of substances inhibiting endotoxin probably varied
not only from person to person but also in a single patient
during various stages of illness associated with gram
negative infection and he suggested that the reaction of LAL
with other substances may best be assessed by
immunoelectrophoretic methods (Baek 1985).
These factors cast considerable doubt on the assay as
performed at that time despite development of quantitative
methodology and resulted in a search for further refinements
of the technique. These have produced some improvement in
the results (Tvede 1983, Sturk 1985a, 1985b). The
specificity and sensitivity of the LAL assay in detecting
endotoxins in clear fluids is not in doubt. Difficulties
arise with estimating endotoxin concentration in plasma.
Like most other investigators we used the 'end-point' method
of calculation where the reaction is stopped at a
predetermined time. Cohen and McConell (1984) used the
dynamic method of measurement which is both theoretically
and practically preferred (Moss 1972). This obviates the
need for a sample control for each test, allows the use of
automated recording equipment and can be directly interfaced
with a microcomputer thereby reducing the potential for
error in data handling. These authors found the lower limit
of detection of endotoxin in whole blood was O.Olng/ml.
One limitation of application of the LAL assay to clinical
practice is the presence of inhibitors of three types;
certain alpha-globulins, esterases, pre-formed antibody and
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plasma high density lipoproteins. The accepted methods of
overcoming the effects of these inhibitors are heating and
dilution. However the findings of Cohen and McConnell that
some plasma samples retain a powerful inhibitory effect on
the assay after the recommended heat and dilution treatment
whereas other samples contain non-specific activators which
spuriously elevate the endotoxin level confirm that direct
comparison between patients is probably invalid. However
these authors think that, despite the problems, the assay is
still useful for following the course of gram-negative
infection in an individual patient. In their study in which
they spiked six samples of whole blood with the same amount
of endotoxin and then simultaneously assayed them, they
found a variation in recovery of > 100%. Similar problems
occurred with our TNF assays.
The poor CVs in the assays undertaken in my study confirm
these reservations but nevertheless simple comparisons are
included with the results for information and they show that
in patients who were predicted to be endotoxaemic there was
indeed a raised endotoxin concentration. There is no
evidence in my study for a relationship between endotoxin
concentration and outcome in Group 0 nor differences in
endotoxin concentration in response to treatment in Groups 1
and 2 (Tables 3.35. and 3.40.).
In drawing this conclusion the difficulties with the assay
must be acknowledged. It is difficult to agree with the
suggestion of van Deventer (1988) that endotoxaemia is an
'early' predictor of septicaemia although it certainly gives
results more guickly than waiting for blood cultures; the
bioassay procedure takes up to 3 hours including sample
preparation time but at present it is impossible to relate
the result to the likelihood of gram negative bacteraemia at
this hospital where the incidence of gram-negative
bacteraemia is so low. More recently van Deventer (1990a)
has reviewed the value of the assay as it has become more
evident that the heterogeneous precipitating factors.
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variable host response and the multiplicity of mediators
limit its use for immediate patient care.
4.5. OTHER ACUTE PHASE CHANGES

4.5.1. Immunoglobulins
Endotoxin core antibody concentrations vary little in
healthy individuals. During endotoxaemia both IgG and IgM
are depleted (first IgM and then IgG). Then IgM peaks and
falls whilst IgG rises and stays elevated. When patients are
admitted to ITU it is difficult to predict the stage of
their illness at presentation.
The variation in IgG and IgM between patients was very large
indeed but there seems to be a relationship between IgG and
outcome in patients in group 0. Survivors show a higher
maximum and mean IgG concentration significant at p <0.1
(Figure 3.3, Table 3.5). There is no demonstrable difference
in IgM between survivors and non-survivors. For patients in
groups 1 and 2 there was a tendency for IgG concentrations
to rise after a small initial fall and there were minor
differences between groups at three time points at p <0.1
(Figure 3.19, Table 3.31). In both groups 1 and 2 IgM
concentration rose with time with no difference between
groups (Figures 3.20, Tables 3.32). The maximum, mean and
minimum IgG concentrations were higher in survivors in group
2 than group 1 but not in non-survivors. This may have
contributed to a better outcome in those receiving placebo.
The only difference between groups for IgM was in the
maximum concentration in non-survivors which was higher in
Group 1 (p <0.1).
In a study of 33 patients with pancreatitis Windsor (1993)
found significant changes in core anti-endotoxin antibodies
in all the patients with severe pancreatitis and in 28
overall. Multiple organ failure developed in seven of these
patients five of whom died. In all of the seven the APACHE
score rose over the first 48 hours of admission and IgG
concentration fell significantly. This is in agreement with
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my finding that a higher IgG is associated with a better
outcome.
4.5.2. Lactate
The severity of lactic acidosis in critically ill patients
correlates with overall oxygen delivery and survival. Blood
lactate is a good indicator of tissue oxygenation and its
concentration is elevated in tissue ischaemia. Lactate
measurements are useful to monitor the response to treatment
(Mizock 1992) and have long been considered to be of
prognostic value in patients with shock (Weil 1970). However
there was no difference in lactate concentrations between
survivors and non-survivors in the run-in Group 0 and no
differences between groups 1 and 2 at any time point
although there was a tendency for lactate concentration to
fall over time presumably due to treatment.
4.5.3. Acute Phase Proteins
The acute phase response is an integral part of any
inflammatory process or injury and results in an increase in
the concentration of acute phase proteins. Our results
reflect the findings of others. Many of the patients in this
study had undergone surgery involving general anaesthesia.
There seems to be no clinically significant effect of the
anaesthetic technique on the acute phase response (Simpson
1987). The methods used for measurement of acute phase
proteins in that study were identical to those used for my
study and the coefficient of variation for the protein
measurements was 5%.

In surgical patients who die with septic complications non
specific changes in acute phase response, nutrition and
immunoreactivity are very common (Dominioni 1987, Nuytinck
1986) and it has been known for some time that there is a
close association between disturbances of intermediate
metabolism and haemodynamic changes (Siegel 1979). Indeed
some workers suggest that concentrations and trends in these
mediators are valuable for monitoring septic patients
(Dofferhoff 1992). Septic patients all have raised
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concentrations of IL-6 and plasminogen activator inhibitor
and 94% also have raised TNF concentration. After the onset
of treatment, raised TNF persisted in non-survivors whereas
it decreased in survivors.
One approach to elucidating the mechanisms of activation of
the acute phase response is that of Aasen (1987) who used
automated chromogenic peptide substrate assays for rapid
determination of proteolysis in patients undergoing surgery
for gastrointestinal malignancy. He developed a new
parameter, the proenzyme functional index in an attempt to
improve diagnosis. The index was composed of the sum of the
deviations from normal of proenzymes and functional
inhibitory values of the coagulation, fibrinolytic and
kallikrein-kinin systems and was found to be valuable in
determining outcome in these patients.
Roth and colleagues (1987) studied 5 patients with abdominal
sepsis and organ failure. They found a correlation between
the organ failure score and antithrombin III, plasma
prekallikrein (PKK), elastase-alpha-1 proteinase inhibitor
complex, C reactive protein, transferrin and prealbumin. The
conclusion of these authors was that it was unnecessary to
measure all of these proteins as this did not improve the
prognostic value but that antithrombin III, PKK and
transferrin are adequate as a rise in these proteins
indicates stimulated liver protein synthesis and a good
prognosis.
C-reactive protein
CRP has been used as a marker of continuing abdominal sepsis
when a persistent elevation in its concentration correlates
with ongoing sepsis or abscess formation (Schentag 1984).
After cardiac surgery, persistent elevation of C-reactive
protein predicts clinical infection (Boralessa 1986). In my
study there was no difference between survivors and non
survivors in C-reactive protein concentration in any group.
There was little change in concentration with time in groups
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1 and 2 and no difference between groups except at one time
point (p < 0.02) which could have been due to chance.
Fibronectin
The use of fibronectin as an anti-endotoxic agent has been
extensively reviewed (Saba 1975, Saba 1978, Scovill 1978,
Mosher 1983, 1984, D'Ardenne 1984, Pommier 1983). An intact
reticuloendothelial system is needed for effectiveness of
opsonins.
Cohler (1987) injected live Pseudomonas aeruginosa into
sheep with a lung lymph fistula without prior treatment and
after infusion of purified fibronectin. Bacteraemia induced
a marked increase in lung lymph protein which was attenuated
by fibronectin administration. These workers concluded that
increasing plasma fibronectin after gram-negative
bacteraemia may protect the lung endothelium either by
opsonic support of phagocytosis or by influencing lung
endothelial cell adhesion.
Purified fibronectin has been used by Lundsgaard-Hansen
(1985) in a randomised study in patients with severe
abdominal infection and although the fibronectin treated
group tended to survive longer there was no difference in
overall mortality between the two groups. Studies by
Grossman (1987) and Hesselvik (1987) both failed to find an
improvement in renal, pulmonary, haematological or
cardiovascular function or survival in patients treated with
cryoprecipitate. Recently it has become easier to give pure
fibronectin rather than give cryoprecipitate which has a
variable but high concentration of fibronectin. When known
concentrations of fibronectin are given there still appears
to be no survival advantage of its restoration to normal
plasma concentration.
Maximum and mean fibronectin concentration was significantly
higher in survivors in Group 0 than in non-survivors (Figure
3.6, Table 3.14). In groups 1 and 2 there is little change
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in fibronectin concentration with time and no difference
between the groups at any time.
There was no difference in alpha-1 antitrypsin or
orosomucoid concentration between survivors and non
survivors in group 0 (Figures 3.7, 3.39, Tables 3.8, 3.10.).
In groups 1 and 2 alph-1 antitrypsin and orosomucoid
concentrations rose with time but there was no difference in
concentrations between the groups (Figures 3.22., 3.24.,
Tables 3.34., 3.36.).
The study did not attempt any more complex multivariate
analysis of results of these measurements but simple
statistics show no difference between groups 1 and 2 and no
effect of treatment on the acute phase protein response.
4.5.4. Cytokines
TNF can induce the release of all mediators implicated in
the response of the host to endotoxaemia including
interleukin-1 from monocytes and epithelial cells (Dinarello
1986a and 1986c, Bachwich 1986, Nawroth 1986),
prostaglandins (Kettlehut 1987), collagenase (Dayer 1985)
and procoagulant activity of vascular endothelium (Stern
1985). It seems likely therefore that in septic shock
deleterious effects of TNF are largely caused by induction
of further mediators including other peptide regulatory
factors and eicosanoids (Tracey 1989).
Damas (1989) gives this evidence for the effects of
endotoxin being mediated through TNF-alpha :
i endotoxin induces the release of TNF-alpha by macrophages
ii TNF-alpha can be detected in the serum of human
volunteers after endotoxin injection
iii TNF-alpha injected into animals has the same effects as
endotoxin
iv passive immunization against TNF-alpha protects animals
from the lethal effects of endotoxin or bacteria. In
addition C3H/HeJ mice are resistant to the effects of
endotoxin because of defective TNF production.
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Most of the conditions in which release of cytokine
mediators occurs also result in induced acute phase
responses. Maury (1989) used a sensitive double antibody
radioimmunoassay to detect TNF and compared the results with
the concentration of C-reactive protein. All cases with very
high C-reactive protein concentrations also had raised
concentrations of TNF. At lower concentrations of C-reactive
protein variations in the concentration were related more to
the specific disease state suggesting independent, disease
specific regulatory pathways.
TNF contributes to the coagulation disturbances of
septicaemic states. Administration of recombinant TNF
50ug/m^ into healthy humans results in an early, brief
increase in the activation peptide of factor X followed by a
gradual and prolonged increase in the plasma concentration
\
of prothrombin fragment Fl+2, signifying the formation of
active factor Xa and activation of prothrombin (van der Poll
1990). These finding indicate activation of coagulation
through the extrinsic route and suggest that TNF could play
an important role in early activation of the intravascular
coagulation which occurs in sepsis.
TNF increases leucocyte adherence to endothelium and thereby
may localise injury and promote an inflammatory response. It
is also a growth factor and stimulates fibroblasts. It acts
directly on leucocytes to promote the immune response to
injury, enhancing antibody dependent cellular cytotoxicity.
In the mediation of the biological effects of endotoxin, the
prime event appears to be the recognition of
lipopolysaccharide by monocytes or macrophages and their
subseguent activation. Following this recognition, messenger
RNA for tumour necrosis factor begins transcription within
the cell (Beutler 1986). Pretreatment with dexamethasone
inhibits TNF production.
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Damas (1989) studied 27 patients in whom TNF-alpha and IL-1beta were measured by a radioimmunoassay technique using
polyclonal antibodies with reproducible results. In these
septic patients TNF-alpha concentration ranged from 100 5000 pg/ml compared to normal values (75 +/- 15pg/ml). The
TNF concentration correlated with the sepsis severity score
as well as with mortality. In contrast IL-l-beta serum
levels were only slightly increased and not correlated with
either severity of sepsis or mortality. No correlation was
found between IL-1 and TNF. This work contrasts with that of
Dofferhoff (1992) in which there was no difference in
initial TNF-alpha concentrations between survivors and non
survivors but agrees with Girardin (1988) who found a
correlation between TNF and outcome in children with
meningococcal septicaemia when very high levels of TNF-alpha
up to 2 ng/ml have been measured and plasma concentration
was related to the extent of intravascular coagulation. TNF
levels greater than 0.1 ng/ml were associated with increased
mortality. Plasma concentrations of IL-1 and gamma
interferon also correlated with the severity of
meningococcal septicaemia.
The presence of a cytokine at high concentration does not
necessarily indicate a pathological role for it and it is
likely that the balance between the concentration of
cytokines and their respective inhibitors in plasma
determines biological activity. In the case of IL-1 these
inhibitors include IL-1 receptor antagonists and shed IL-1
receptor, levels of which increase during experimental
endotoxaemia (Granowitz 1991).
Other conditions in which TNF concentration is raised
Raised concentrations of TNF have been found in a wide
variety of neoplastic, infectious and collagen vascular
disorders. In patients with congestive cardiac failure TNF
is increased in proportion to the elevation of

renin-

angiotensin (Levine 1990). There is evidence in animals and
humans that TNF is associated with adult respiratory
distress syndrome (Ferreri-Baliviera 1989, Millar 1989).
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Some data support the local release of TNF, presumably from
alveolar macrophages (Roberts 1989). Detectable levels of
tumour necrosis factor are found in 50% of patients with
cancer and some patients with thermal injury or renal
allograft rejection.
Fong (1988) reviewed the relationship between TNF and other
cytokines and effects on metabolism. Circulating TNF is
found in increased concentration in injured patients. It is
secreted from circulating and tissue fixed macrophages in
the lung, liver (Kuppfer cells), peritoneum and mast cells
and natural killer cells can also produce TNF. Monoclonal
antibody specific for TNF blocks the suppression of muscle
resting membrane potential which occurs in critically ill
patients.
Cytokine measurement
An additional grant obtained from the Regional Research
committee was given to enable us to measure TNF in blood
sampled at the same times as that for endotoxin and antibody
measurement. The assay proved difficult however and no
meaningful results have been obtained but the following is a
summary of the approach taken. Methodological details are
found in Chapter 2.
We first attempted to use a bioassay for TNF-alpha which
would have demonstrated the effect of available TNF on
cells. A biological assay based on in vitro killing of
tumour cells was required. A colorimetric assay for cellular
growth/survival was developed from the method of Mosman
(1983). A tétrazolium dye, MTT, which measures the activity
of various dehydrogenases, is used in the assay and it
measures only living cells; the proportion of these present
is indicated by development of the blue colour when the
assay is read by scanning microtitre wells at 570nm in a
spectrophotometer. We used WEHI cells, incubated with MMT
for 3-4 hours and used isopropanol to lyse the cells.
Initially we established the optimum incubation time and
then established whether recently killed cells were positive
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or negative for the assay. The assay did not show the same
sensitivity as had been obtained by Mosmann especially at
low cell numbers. We then established whether the presence
or absence of supernatant containing MTT interfered with
absorption at 550nm. Removing the supernatant gave a better
curve but the problem of reduced sensitivity remained. We
then repeated the assay with a different cell line KD4 human
rhabdomyosarcoma cells which were more sensitive and more
active in their cleavage of MTT. We then compared KD4 and
WEHI cells set up in duplicate rows in separate plates.
Doubling dilutions of a lyophilised standard TNF-alpha were
prepared to give final concentrations of 1000-3.75pg/ml.
Incubation took place for 2 days at 37°C. MTT cleavage was
used to measure remaining viable cells and blue formazan
measured at OD 550. After trypsinisation WEHI cells were
89.4% viable and KD4 cells were 70% viable. Results showed
100% kill in all wells using WEHI cells which seemed very
sensitive to TNF. Other experiments with different dilutions
determined the dose of TNF that produced 50% dead cells
(LD50). Further work is still reguired.
Using an ELISA for TNF-alpha, artefacts due to the measuring
system had to be eliminated and this was addressed by
quantifying each step of the assay; the assay plate and the
most useful concentrations of a) antibody to coat the plate
(mouse monoclonal for human TNF), b) detector antibody (goat
for human TNF) and c) enzyme conjugate. Using the TNF-alpha
ELISA system, standard curves were constructed and the
extreme ends of the curve were not found to be useful. The
high values of coefficients of variation indicate the assay
is not sufficiently sensitive at these points. The useful
range was found to be 23 - 3000 pg/ml TNF. Positive controls
were set at 50 and 500 pg/ml.
The first attempt to use the assay system to measure TNF
levels using supernatant from cell lines known to secrete
TNF did not detect measurable levels. This was thought to be
due possibly to soluble TNF receptors. Specific inhibitors
which interfere with cytokine bioactivity
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are reviewed by

Fernadez-Botran (1991). Standard methods of propylene
extraction were used in our study in an attempt to overcome
inhibition.

Experiments were then conducted to assess the inhibitory
effect of normal sera. Sera were diluted, a known amount of
TNF-alpha added and results were compared with sera without
addition of TNF. Very high levels of inhibition were found
on repeated experiments. TNF uptake in serum samples by
soluble receptors present in varying amounts seemed by now
more likely. This problem is discussed by van Zee (1992).
Soluble TNF receptors administered to non-human primates
with lethal bacteraemia attenuate haemodynamic effects and
further cytokine production. These soluble receptors are
induced in inflammation and block TNF induced cytotoxicity.
We are at present in communication with Dr David Wallach at
the Weizmann Institute of Science, Rehevot, Israel with a
view to him assaying our samples for soluble TNF receptor.
Anti-sTNFR antibody is now available and we could explore
this further for ourselves.
Non-specific binding of complement to the antibody used to
coat the plates may be another factor. The recovery of
interferon-gamma in ELISA systems is rapidly lost in fresh
but not heat treated serum. This inactivation is believed by
van der Meide and colleagues (1991) to be due to complement.
In their study inhibition was not influenced by a variety of
anti-proteolytic agents but was effectively blocked by anti
complement substances directed against the Cl and C3
components of complement. Heat inactivation reduces the
inhibitory effect. We are not alone in our difficulties with
these assays in serum samples. Dr Afsie Sabokbar (personal
communication) had similar interference from complement
components. She now 'decomplements' serum samples prior to
analysis and has achieved reliable results measuring TNFalpha in cardiac transplant patients (1994 in press).
Our experiments are continuing to establish the extent to
which complement is involved in the inhibition in our
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samples or whether soluble TNF receptors are responsible. At
present we are unable to measure low concentrations of TNF
in the assay system despite a logical approach to the assay.
An extention of the grant is being sought to continue these
studies. We accept that commercially available kits may have
advantages in overcoming some of these difficulties but
their use would have given us less insight into the problems
inherent in these assay techniques.
Taurolidine has been shown to suppress interleukin-1 and
tumour necrosis factor synthesis in human peripheral blood
mononuclear cells (Bedrosian 1991). We were anticipating
some effect on TNF therefore in this study so our lack of
results is extremely disappointing.
At present it is prudent to be extremely cautious about
measuring mediators in biological fluids and to be aware of
the limitations of each assay system when interpreting the
results of other workers.

4.6. BLOOD CULTURE SYSTEMS
Bacteraemia, defined as a positive blood culture, is widely
reported in ill patients and whilst E. coli is the commonest
isolate overall. Staph, aureus and Strep, pneumoniae are
common in community acquired bacteraemia. In hospital
acquired sepsis enterobacteria, other than E. coli, and
pseudomonas are frequently found. The commonest foci of
infection are the urinary tract and intravascular access
sites (Eykyn 1990). There is a marked difference between
this occurrence and sepsis syndrome due to gram-negative
bacilli or endotoxaemia where positive blood culture is rare
and outcome poor.
The incidence of bacteraemia has been quoted by Kreger
(1980) as about 30% in patients with sepsis syndrome whereas
it is only 12% in my study. Why then is the incidence of
positive blood culture so low and could it have been related
to the methodology?.
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There are differences between systems for rapid and reliable
detection of bacteraemia and there is some controversy
regarding the most appropriate blood culture system to use.
Usually in the UK the choice lies between the Bactec or
similar automated system and a conventional broth system.
For laboratories with a large workload the two bottle Bactec
system is more suitable for overall detection (Shanson
1990). The BACTEC NR-660 system detects growth by infra-red
spectroscopy of carbon dioxide produced by growing
organisms.
The Signal system (in which gas production in the single
culture forces medium into a reservoir, creating a 'signal')
was used for this study because of its simplicity of reading
and low requirement of laboratory manpower. It has a
satisfactory ability to detect the gram-negative bacteria
most often encountered in the sepsis syndrome, although less
effectiveness than some other systems on detecting some nonfermentative gram-negative bacilli. The overall isolation
rate with the Signal system is less than that with a Bactec
automated system in most comparisons.
Shanson (1990) recommends that at least 10 ml blood be
cultured for each set from adults but that the maximum
possible volume, up to 30 ml, should be cultured. This
latter recommendation applies in particular to
immunocompromised patients and those with endocarditis. It
is extremely important that whatever system is used it is
reliable for the particular pathogens being sought as there
is evidence that mortality from bacteraemia is reduced when
appropriate antibiotics are used (Weinstein 1983). For this
study the Oxoid Signal system had certain advantages;
- a single broth is used for aerobes and anaerobes
- each bottle is inspected for gas displacement
- it is labour saving
- identification and antibiotic sensitivity testing on broth
in cylinder.
It is somewhat expensive and limits the total amount of
blood cultured which may be a problem with low-grade
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bacteraemia or fungaemia. Nevertheless, all patients were
investigated by the normal clinical BACTEC procedure as well
as with the Signal system blood cultures taken specifically
for the study. There is a smaller overall yield of positive
blood cultures with the Signal system.
Where the incidence of bacteraemia is low, the hazards of
contamination assume greater importance. The chances of
detecting a positive blood culture depend on the sensitivity
of the method. As no method is 100% sensitive, not all
episodes of bacteraemia will be detected (false negative
results). It has been estimated that the contamination rate
for blood cultures cannot be reduced to below 2% (Wilson
1975) and may be as high as 10%. Fortunately the organisms
which were the subject of this study (E.Coli, Pseudomonas,
Klebsiella) are seldom the cause of blood culture
contamination. Nevertheless as the bacteraemia rate
decreases the predictive value of the blood culture is
reduced (Lorian 1992).
In the study evaluating the effectiveness of endotoxin
antibody HA-IA in sepsis the incidence of bacteraemia was
37%. No details of the blood culture technique used are
however included in the paper. The conclusions of that large
multicentre study were that endotoxin antibody was effective
in reducing 28 day mortality and speeding the resolution of
organ failure but only in those patients presenting with a
positive blood culture. Those authors argue that in severely
ill patients meeting specific clinical criteria for gramnegative sepsis, there is a 30-40% probability of having
gram-negative bacteraemia and that since the antibody was
shown to be safe and reduced mortality in their study it had
clinical potential to benefit the patient (Ziegler 1991).
This reasoning could not be legitimately applied in our case
particularly since monoclonal antibodies such as HA-IA are
extremely expensive. The effect of HA-IA on non-bacteraemic
patients has not been fully reported and there remains the
suspicion that, as there is no improvement in mortality of
the whole cohort of patients in their study, the antibody
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may be detrimental to the non-bacteraemic patients. This is
the basis for the withdrawal of the HA-IA preparation by the
manufacturers.

The results from our study show a very low incidence of gram
negative bacteraemia in patients admitted to our ITU with
sepsis. The reasons for this have not been addressed by this
study: however it is probably due at least in part to the
fact that all patients had received antibiotic therapy by
the time they were admitted. There is no difference between
groups with regard to antibiotics used (Table 3.44.) which
were all confirmed by a Consultant in Microbiology as
optimal, effective treatment. Another reason for the very
low incidence of bacteraemia in patients admitted to the ITU
may be the lack of availability of ITU beds in the UK which
leads to delayed admission.
These findings raised an issue of when immunotherapy should
be administered to be fully effective. Many hospitals
accepted a policy that patients who might benefit from HA-IA
should be managed in an ITU with additional supportive care
including organ support as required. This presupposes
adequate ITU beds to accommodate patients early in their
illness when the incidence of bacteraemia may be higher.
4.7. CLINICAL OUTCOME
There is no difference between groups 1 and 2 for duration
in the study, time spent in ITU or mortality (Tables 3.16,
3.23 and Figure 3.12.). According to the predetermined
criteria there were no differences in clinical outcome
between patients in groups 1 and 2 (Table 3.21.). Bacterial
eradication was commoner in group 2 at 5 days but this
difference disappeared by day 10 (Table 3.22.).
Mortality did not differ between the groups. At the start of
this study we anticipated that the mortality of this
condition lay between 40 -70% and that successful treatment
might halve it. In retrospect this was optimistic. In
calculating the number of patients required we assumed a
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mortality of 60% which could be reduced to 30% (or success
increased from 40% to 70%). Alpha was set at 0.05 which is
equivalent to the usual

level of significance. The power

of the study (1-beta) is the degree of certainty that any
difference if present would be detected. Alpha (the type I
error) is the probablity of detecting a 'significant
difference' when the treatments are really equally effective
(the risk of a false positive result). Beta (the type II
error) is the probability of not detecting a significant
difference when one does exist (the risk of a false negative
result). Setting beta at 0.1, using a standard formula,
suggests that 52.5 patients would be required in each group
in the study. Setting beta at 0.2, to give a power of 80%
requires only 40 patients in each group. Only 100 patients
were studied and if the effects of treatment were smaller
than we had anticipated then a type II error would occur and
a much larger study will be required to show an effect. The
consensus now is that we should look for a smaller reduction
in mortality in a more clearly defined group of patients.
This will certainly entail very large multicentre studies
recruiting perhaps thousands rather than hundreds of
patients.
Adverse events relate mainly to hypotension in patients in
Group 1 although one patient in group 2 developed
hypernatraemia which could have been due to giving 1.5
litres of 0.9% saline daily in the presence of a high fever
when 5% dextrose would have been more appropriate (Table
3.38). In group 1, two patients were withdrawn because of
clinical decisions to withdraw all care and not persist with
any active treatment. In group 2, one patient was withdrawn
for the same reason and the other was withdrawn because of
hypernatraemia.
A number of factors appear to be predictive of poor outcome
in sepsis; these include hypothermia, neutropenia, shock,
multiple organ failure and the adult respiratory distress
syndrome (Balk 1992). The occurrence of hypothermia
(<35.5oC) in sepsis was found to be low at 9% by Clemmer
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(1992) and associated with a higher incidence of central
nervous system dysfunction, raised bilirubin, prolonged
prothrombin time and fatality. Fourteen of my patients had
core temperatures less than 35.5°C; eleven of them died.

The reason for the failure of taurolidine may be that it was
given too late in the course of the patients' disease. The
adverse consequences of endotoxaemia are initiated early in
the host's response to infection and the induction of
cytokines amplifies the disturbance, producing increasing
tissue injury. The complexity of this process and the huge
number of interacting mediators makes it unlikely that a
single agent given after a clinical diagnosis of sepsis
syndrome is made could possibly have much impact on the
process. Future therapy will need to be based on a
combination of modulating the beneficial effects of
cytokines and suppressing their ill effects. It is likely
that we need to combine suppression of production of
cytokines and neutralisation of their biological activity
with counteraction of the effects of secondary mediators and
perhaps extracorporeal removal of circulating mediators.
4.8. FUTURE THERAPY
Sepsis syndrome is clearly a very difficult condition to
treat and several new approaches have been suggested since
the start of this study.
In a sheep model of septic shock, aprotinin administered
after sepsis was induced improved haemodynamic measurements
and renal function. This suggests a potential benefit from
protease inhibition (Gumming 1992).
In animal models of peritonitis selective decontamination of
the digestive tract prevented translocation of gram-negative
bacilli into the abdominal cavity, prevented endotoxaemia
and reduced mortality thus providing indirect evidence that
a reduction in endotoxaemia which results from gut organisms
may improve survival (Rosman 1992).
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In experimental models of endotoxic shock high volume
haemofiltration improves right ventricular function and
cardiac performance, most probably due to removal of
vasoactive mediators responsible for cardiac depression
(Grootendorst 1992). Some of my patients were treated with
haemofiltration at conventional flow rates for the
management of their renal failure but the effect of this on
outcome could not be ascertained retrospectively.
In animals early treatment with the TNF antagonist
methylxanthine pentoxifylline reduces E. coli induced lung
damage including vascular permeability and neutrophil
activation (Hoffmann 1991).
The majority of research however has been directed at in
vitro removal or inactivation of endotoxin.
The high mortality in sepsis has lead to huge commitments of
funds to produce therapeutic agents to combat the disease
and studies of two monoclonal antibodies to lipid A, HA-IA
and E5, have been published (Ziegler 1991, Greenman 1991).
It is still not clear how these antibodies react with lipid
A and therefore speculation that much of the clearance of
antibodies may be due to non-specific binding to hydrophobic
substances (Baumgartner 1991). Hyperimmune serum has been
tested for protective activity in a variety of septic states
including fulminant meningococcal septicaemia (Giradin 1992)
and in gram-negative septic shock (Calandra 1988) but has
only been successful in limited circumstances; in the
treatment of gram-negative bacteraemia (Ziegler 1982) and in
the prophylaxis of gram-negative systemic infection in highrisk post-surgical patients (Baumgartner 1985) and then not
by increasing anti-lipid A antibodies (Baumgartner 1991). A
polyclonal immunoglobulin preparation containing IgG, IgM
and IgA has been used as an adjunctive therapy in the early
phases of septic shock (Schedel 1991) with claims for a
significant improvement in survival. This has yet to be
verified.
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In the two studies of monoclonal antibodies results differ.
Both were placebo controlled double blind studies in which
no overall improvement in mortality could be demonstrated.
Subsets of patients did benefit however. In the E5 study
patients without shock at trial entry showed a reduction in
mortality but this has not been confirmed in a subsequent
study (Wenzel 1991). In the HA-IA study by contrast a
reduction in mortality occurred in patients who were
bacteraemic at entry to the trial which was greatest in
those with shock. These two studies have served to show that
identification of the subset of patients who would benefit
from these therapies requires a much more rapid diagnostic
test than awaiting a positive blood culture. Preliminary
evidence was presented for the greater effectiveness of HAIA endotoxin antibody in patients who were endotoxaemic
(Wortel 1992). HA-IA is extremely expensive at £2,600 per
dose and has since been withdrawn from the market. Other
concerns regarding the HA-IA study include the mis
calculation of the APACHE II severity of illness scores and
the imbalance of risk factors between the placebo and the
antibody treated group (Baumgartner 1992).
The Infectious Diseases Society of America (Wenzel 1992))
published guide-lines for the use of agents for
immunotherapy which include a very strong clinical suspicion
and/or laboratory evidence of sepsis due to gram-negative
bacilli, use of intravenous fluids to preclude hypovolaemia,
evidence of organ failure and availability of full
supportive care and appropriate antibiotics.
It seems likely that patients admitted to our study had more
advanced disease at trial entry than in those reported by
Ziegler. The number of patients precludes analysis of
subgroups but the conclusion that there is no overall
benefit for treatment with taurolidine in this group of
patients is entirely in accord with the results in the whole
cohort in both the HA-IA and the E5 study.
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CHAPTER 5 CONCLUSIONS
Research in patients requiring intensive therapy is very
difficult. Severity of sickness, concurrent medication and
preexisting disease cannot be controlled for, the
environment is stressful and the mortality rate is high. The
majority of patients with sepsis syndrome were emergency
admissions and arrived intubated making it necessary to
obtain consent from relatives. Patients were admitted
throughout the 24 hour period and recruitment required
considerable dedication on behalf of the investigator. The
study period was long during which time medical practice and
therapy may have advanced making adherence to the agreed
protocol difficult.
The objectives of this study are outlined on page 25. It was
possible to confirm the occurence of endotoxaemia in
patients predicted to be endotoxaemic. There is no doubt
that intravenous administration of endotoxin produces the
clinical features of sepsis syndrome but in this study it
has proved impossible to relate endotoxaemia to outcome.
The anti-endotoxic drug, taurolidine, has no beneficial
therapeutic effect on the outcome of patients with sepsis
syndrome admitted to this ITU using death, progress of organ
failure, endotoxaemia or physiological variables as end
points. These findings are in agreement with those in other
studies using antibodies to endotoxin.
The Limulus amoebocyte lysate assay for endotoxin proved
difficult to use and is certainly not useful as a diagnostic
indicator of gram-negative bacteraemia. There is no place
for its introduction into clinical practice at present. The
possibility of identifying an alternative clinical marker
for circulating endotoxin has so far eluded us but there is
a great deal of research into cytokine measurement at
present which may provide a valid alternative.
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Thus taurolidine has no effect on outcome of patients with
sepsis syndrome. This is at least disappointing but adds
greatly to the weight of literature indicating the
difficulty in overcoming the challenge of sepsis and
supports the need for further research into the
pathophysiology of this condition.
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trouble shooting
system

APPENDIX A 1 PATIENTS IN STUDY GROUPS 1 AND 2 (March 1990 May 1992)
1. HL-R Group 2 Male Age 65 yrs Weight 70 kg Post
nephrostomy sepsis syndrome, perforated bladder,
pyelonephritis, pseudomembranous colitis, Aspergillus
pneumonia, renal failure - 5 days in study
Died in ITU at end of study period with multiple organ
failure
2. JR Group 2 Female Age 52 yrs Weight 75 kg Pyonephrosis,
left nephrectomy, diabetic,

asthmatic - 3 days in study

Discharged from hospital
3. MP Group 1 Female Age 66 yrs Weight 95 kg Perforated
diverticulum, faecal

peritonitis - 4 days in study

Discharged from hospital
4. PN Group 2 Male Age 72 yrs Weight 90 kg Nosocomial
pneumonia, sepsis syndrome after ruptured aortic aneurysm
repaired, re-exploration for bleeding, acute renal failure 5 days in study
Discharged from hospital
5. CA Group 1 Male Age 55 yrs Weight 80 kg E. Coli
septicaemia, acute myeloid

leukaemia, immunocompromised

days in study - discharged

from ITU

Died in hospital one month

later

6 .RC Group 1 Female Age 61

yrs Weight 60

- 5

kg Drug overdose,

pulmonary aspiration, sepsis syndrome - 3 days in study
Discharged from hospital
7. HM Group 1 Male Age 71 yrs Weight 55 kg Perforated
colitis, faecal peritonitis, treated medically with steroids
initially - 5 days in study - discharged from ITU
Died in hospital one month later
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8 . DT Group 1 Male Age 41 yrs Weight 70 kg Nosocomial
pneumonia, sepsis syndrome after head injury, alcoholism - 5
days in study
Discharged from hospital
9. MD Group 2 Male Age 77 yrs Weight 70 kg Pneumonia,
septicaemia - 5 days in study
Died in ITU 5 days later
10. FT Group 2 Female Age 71

yrs Weight 47 kg

abscess septicaemia - 3 days

in study

Subphrenic

Discharged from hospital
11. MM Group 2 Female Age 70 yrs Weight 41 kg
ischaemia, nosocomial pneumonia,

Intestinal

sepsis syndrome - 5 days in

study
Died in ITU 3 days later
12. CG Group 2 Male Age 81 yrs Weight 74 kg Hartmann's
procedure for perforated caecal carcinoma, faecal
peritonitis - 4 days in study
Died in hospital on day of discharge from ITU
13. BW Group 2 Male Age 58 yrs Weight 62 kg Gram-negative
septicaemia after obstructed cholangitis, Whipple's
procedure - 3 days in study
Discharged from hospital
14. CB Group 1 Male Age 78 yrs Weight 70 kg Pulmonary
aspiration, sepsis syndrome after aortobifemoral graft,
previous aortic valve replacement
Discharged from hospital
15. MR Group 1 Male Age 19 yrs Weight 75 kg Septicaemia,
acute renal failure after multiple injury, poor cerebral
recovery - 5 days in study- discharged from ITU with normal
renal function
Died in hospital 6 weeks later

183

16. JM Group 1 Male Age 73 yrs Weight 70 kg Pulmonary
aspiration, sepsis syndrome, renal impairment after ruptured
aortic aneurysm repair - 5 days in study
Died in ITU 2 days later
17. LM Group 2 Female Age 70 yrs Weight 60 kg Multiple
injury, nosocomial pneumonia, sepsis syndrome - 5 days in
study
Discharged from hospital
18. RW Group 2 Male Age 71 yrs Weight 70 kg Gram negative
septicaemia, renal failure - 5 days in study
Discharged from hospital
19. SB Group 1 Female Age 46 yrs Weight 60 kg Subtotal
pancreatectomy for necrotising pancreatitis, pancreatic
abscess - 5 days in study
Discharged from hospital
20. BF Group 1 Male Age 44 yrs Weight 70 kg Perforated
diverticulum, faecal peritonitis, alcoholism - 5 days in
study
Died in ITU 1 day after study
21. AC Group 1 Male Age 77 yrs Weight 70 kg Postoesophagectomy sepsis syndrome, acute renal failure - 2 days
in study
Died in ITU whilst in study
22. IT Group 2 Male Age 43 yrs Weight 102 kg Gram- negative
septicaemia after removal insulinoma, pancreatic abscess,
pancreatectomy - 5 days in study
Discharged from hospital
23. CM Group 2 Male Age 38 yrs Weight 75 kg Pancreatitis,
adult respiratory distress syndrome, renal failure - 5 days
in study
Discharged from hospital
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24. RT Group 2 Male Age 57 yrs Weight 80 kg Pneumonia,
sepsis syndrome - 5 days in study
Died in ITU at

end of

study

25. MB Group 2

Female

Age 53yrsWeight 80 kg Severe

bilateral pneumonia, rapid deterioration, one dose of study
medication only
Died in ITU
26. BE Group 2 Male Age 41 yrs Weight 85 kg Septic shock,
hepatorenal syndrome, acute alcoholic hepatitis - 2 days in
study
Died in ITU during study
27. DK Group 1

Female

Age 46yrsWeight 40 kg Necrotic

infected ileal

conduit post-operative - 5 days in study

Discharged from hospital
28. KC Group 1 Male Age 44 yrs Weight 90 kg Biliary sepsis,
gram negative septicaemia, acute renal failure,
cholecystectomy - 5 days in study
Discharged from hospital
29. CM Group 1 Male Age 69 yrs Weight 90 kg Faecal
peritonitis, sepsis syndrome, acute renal failure - 1 day in
study - rapid deterioration
Died in ITU during study
30. JM Group 2 Male Age 38 yrs Weight 75 kg Three day
history of perforated peptic ulcer, severe peritonitis,
vagotomy & pyloroplasty - 5 days in study
Discharged from hospital
31. LS Group 1 Male Age 76 yrs Weight 75 kg Fractured neck
of femur, aspiration pneumonitis at induction of
anaesthesia, sepsis syndrome - 5 days in study
Died in ITU 1 day after study
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32. JV Group 1 Male Age 53 yrs Weight 60 kg Perforated
diverticulum, faecal peritonitis - 3 days in study
Discharged from hospital

33. AR Group 2 Male Age 76 yrs Weight 70 kg Cholangitis,
cholecystectomy, sepsis syndrome, generalised arterial
disease - 5 days in study
Died in ITU 12 hours after end of study

34. MC Group 2 Female Age 65 yrs Weight 70 kg Biliary
peritonitis, perforated gallbladder, hypothyroidism - 5 days
in study
Discharged from hospital
35. RW Group 1 Male Age 39 yrs Weight 70 kg Break-down
pyloric anastomosis 4 days after vagotomy and pyloroplasty,
severe peritonitis, sepsis syndrome
- 5 days in study
Discharged from hospital
36. MC Group 1 Female Age 44 yrs Weight 60 kg Crohn's
disease, colectomy, post-operative ileal necrosis gramnegative septicaemia, cardiac arrest - 5 days in study
Discharged from hospital
37. JJ Group 2 Female Age 41 yrs Weight 68 kg

Chicken pox,

pseudomonas pneumonia, sepsis syndrome, progressive hypoxia,
hypernatraemia leading to discontinuation study drug - 3
days in study
Died in ITU 11 days after study stopped
38. RM Group 1 Male Age 65 yrs Weight 85 kg Gall stone
cholangitis, diabetic ketoacidosis, infarcted small bowel,
sepsis syndrome after gut resection - 5 days in study
Discharged from hospital
39. JS Group 2 Female Age 66 yrs Weight 44 kg Biliary
peritonitis, anastomotic breakdown, aspiration pneumonia,
lymphoma, rheumatoid arthritis - 1 day in study
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Died in ITU during study period
40. JB Group 1 Female Age 33 yrs Weight 80 kg Gastroplexy
for obesity, re-laparotomy for gastric perforation,
peritonitis, intestinal obstruction - 3 days in study
Discharged from hospital
41. MM Group 2 Male Age 35 yrs Weight 80 kg Multiple trauma,
lung contusion, fat embolism, gram-negative septicaemia - 5
days in study
Discharged from hospital
42. GC Group 1 Male Age
peritonitis,

63 yrs Weight 60 kg Faecal

perforated above intestinal obstruction,

Hartmann's procedure, severe chronic obstructive airways
disease on steroids - 5 days in study
Discharged from hospital
43. DG Group 2 Male Age

53 yrs Weight 90 kg Multiple trauma,

gut contusion, ileostomy, pancreatitis - 5 days in study
Discharged from hospital
44. HH Group 1 Male Age 54 yrs Weight 80 kg Hodgkins
lymphoma, sepsis syndrome - 3 days in study
Died in ITU whilst in study
45. SM Group 1 Female Age 55 yrs Weight 60 kg Perforated
sigmoid diverticulum, faecal peritonitis, Hartmann's
procedure - 2 days in study
Discharged from hospital
46. RH Group 2 Male Age 66 yrs Weight 76 kg Cholecystectomy,
sepsis syndrome due to cholangitis, acute renal failure,
ischaemic heart disease - 2 days in study
Died in ITU the day after the study period
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47. BH Group 2 Female Age 83 Weight 70 kg Pelvic abscess
drained, sepsis syndrome, impending renal failure, cardiac
failure, atrial fibrillation - 2 days in study
Died in ITU whilst in study
48. SE-T Group 2 Male Age 46 yrs Weight 45 kg Crohn's
disease, perforation, faecal peritonitis, ileostomy - 3 days
in study
Discharged to local hospital, died 2 months later
49. PB Group 2 Female Age 58 yrs Weight 50 kg Laparotomy for
ischaemic bowel, sepsis syndrome - 5 days in study
Discharged from hospital
50. AW Group 1 Female Age 61 yrs Weight 50 kg

Ischaemic

heart disease, cardiac failure, urinary sepsis, septicaemia
post peripheral vascular surgery - 4 days in study
Discharged from hospital
51. LB Group 2 Male Age 18 yrs Weight 75 kg Multiple trauma,
liver contusion, lung contusion, sepsis syndrome - 5 days in
study
Discharged from hospital
52. PM Group 1 Male Age 18 yrs Weight 70 kg Attempted
hanging, cerebral oedema, pulmonary aspiration, sepsis
syndrome - 5 days in study
Died in ITU 6 days after end of study
53. AB Group 1 Male Age 67 yrs Weight 60 kg Perforated
peptic ulcer, polya gastrectomy, purulent peritonitis,
respiratory arrest - 5 days in study
Died in ITU on day study complete
54. PB Group 2 Male Age 69 yrs Weight 80 kg Atypical
pneumonia, cardio-respiratory arrest, septic shock - 5 days
in study
Died in ITU on last day of study
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55. JC Group 2 Male Age 73 yrs Weight 60 kg Severe
peritonitis, delayed treatment owing to difficult
differential diagnosis (myocardial infarction) - 2 days in
study
Died on ITU during study period
56. MG Group 2 Female Age 80 yrs Weight 50 kg Perforated
peptic ulcer with severe peritonitis and sepsis syndrome,
below knee amputation for ischaemic leg -3 days in study
Discharged from hospital
57. RD Group 1 Male Age 27 yrs Weight 58 kg Endocarditis,
aortic valve replacement, intravenous drug abuser, liver
failure, bacteraemia, endotoxaemia -2 days in study after
which all treatment withdrawn
Died in ITU 2 days later
58. IL Group 2 Male Age 63 yrs Weight 67 kg Pancreatitis,
excision pseudocyst, gangrenous gallbladder with biliary
peritonitis, sepsis syndrome - 5 days in study
Discharged from ITU for subseguent readmission and then died
48 hours later
59. SR Group 1 Male Age 83 yrs Weight 75 kg Chronic renal
failure, perforated gallbladder, biliary peritonitis, sepsis
syndrome - 3 days in study
Discharged from hospital
60. JC Group 2 Male Age 75 yrs Weight 60 kg Leaking
anastomosis after sigmoid colectomy, faecal peritonitis,
severe sepsis syndrome, pelvic abscess - 3 days in study
Discharged from hospital
61. TE Group 2 Male Age 75 yrs Weight 70 kg Transverse
colectomy, ileostomy, mucous fistula, sepsis syndrome,
clinically endotoxaemic - 2 days in study
Died in ITU during study period after treatment withdrawal
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62. BE Group 2 Female Age 70 Weight 50 kg Polymyositis,
steroid treatment, perforated diverticulum, faecal
peritonitis - 5 days in study
Died in ITU 12 days after end of study
63. HW Group 1 Male

Age 82 yrs Weight 68 kg Small bowel

obstruction due to adhesions, multiple perforations in gut,
faecal peritonitis, cardiac arrest at end of surgery - 3
days in study
Died in ITU on day treatment withdrawn
64 UL Group 1 Male Age 63

yrs Weight 68 kg Pancreatic

pseudocyst, laparotomy, drainage of abscess, septic shock 2 days in study
Died in ITU when all supportive treatment withdrawn on
second day of study
65. CR Group 1 Male Age 53 yrs Weight 90 kg Diabetic,
perforated peptic ulcer, delayed repair, purulent
peritonitis - 5 days in study
Died in ITU 10 days after end of study
6 6 . DT Group 2 Female Age 56 yrs Weight 45 kg Intrahepatic
abscess, laparotomy, drainage, partial hepatic resection - 2
days in study
Discharged from hospital
67 MB Group 1 Female Age 34 yrs Weight 90 kg Pituitary
tumour removed, shock, pancreatitis, rapid deterioration - 2
days in study
Died in ITU during study period
6 8 . GM Group 2 Male Age 44 yrs Weight 80 kg Osteomyelitis
right femur. Salmonella septicaemia - 2 days in study
Discharged from hospital
69. AW Group 1 Female Age 68 yrs Weight 67 kg Mitral valve
replacement, pseudomonas pneumonia, sepsis syndrome - 5 days
in study
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Died in ITU 5 days after end of study
70. GP Group 1 Female Age 77 yrs Weight 50 kg Leaking
colonic anastomosis, faecal peritonitis Hartmann's
procedure,

ileostomy, sepsis syndrome - 5 days in study

Died in ITU 5 days after end of study
71. EG Group 1 Female Age 88 yrs Weight 35 kg Laparotomy for
small bowel perforation, faecal peritonitis - 4 days in
study
Discharged from hospital
72. SG Group 2 Female Age 39 yrs Weight 70 kg Ileal pouch
construction, necrotic bowel, coagulopathy, adult
respiratory distress syndrome, endotoxaemia, sepsis syndrome
- 5 days in study
Discharged from

hospital

73 RJ Group 2 Male Age 51 yrs Weight 79 kg Subphrenic
abscess drained, sepsis syndrome - 3 days in study
Discharged from hospital
74. TK Group 1 Male Age 29 yrs Weight 80 kg Multiple
injuries, perforated jejunum, faecal peritonitis, sepsis
syndrome -3 days in study
Discharged from hospital
75. EJ Group 2 Female Age 79 yrs Weight 60 kg Perforated
diverticulum, Hartmann's procedure, faecal peritonitis - 2
days in study
Died in ITU on day after study
76. AH Group 2 Female Age 31 yrs Weight 78 kg Crohn's
disease, perforation, faecal peritonitis, sepsis syndrome 5 days in study
Died in ITU one day after study period
77. DD Group 1 Female Age 61 yrs Weight 50 kg Septic shock,
faecal peritonitis, Hartmann's procedure - 5 days in study
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Discharged from hospital

78. OS Group 1 Male Age 55 yrs Weight 60 kg Rectal
perforation during prostatic biopsy, faecal peritonitis,
renal failure, septic shock, heart block, pace maker - 5
days in study
Died in ITU 24 days after end of study
79. CP Group 2 Male Age 81 yrs Weight 90 kg Recto-sigmoid
fistula resected, Hartmann's procedure, sepsis syndrome - 4
days in study
Died 8 days after end of study
80. MW Group 2 Male Age 47 yrs Weight 70 kg Pneumonia,
sepsis syndrome, alcoholism, acute renal failure, impending
hepatic failure - 5 days in study
Discharged from hospital
81. AH Group 1 Male Age 78 yrs Weight 71 kg Biliary leak,
peritonitis after laparoscopic cholecystectomy, septic shock
- 5 days in study
Died in ITU 12 days after end of study
82 DL Group 1 Female Age 53 yrs Weight 75 kg Acute myeloid
leukaemia. Pseudomonas pneumonia, septic shock - 3 days in
study
Died in ITU during study period
83. RP Group 2 Male Age 64 yrs Weight 75 kg Chronic
obstructive airways disease. Pseudomonas pneumonia, sepsis
syndrome - 4 days in study
Discharged from hospital
84. WE Group 2 Male Age 78 yrs Weight 90 kg Necrotising
pancreatitis, drainage multiple abscesses, sepsis syndrome 5 days in study
Discharged from hospital
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Died 6 weeks after end of study
8 6 . AB Group 1 Female Age 70 yrs Weight 60 kg Ischaemic gut
resection, hemicolectomy, sepsis syndrome - 2 days in study
Died during study period
87. MK Group 2 Female Age 23 yrs Weight 70 kg Inflammatory
bowel disease, toxic colitis, total colectomy, profound
septic shock, hyperpyrexia, possible Behcet's disease,
steroid treatment - 5 days in study
Died in ITU 2 weeks after end of study
8 8 . WD Group 1 Male Age 84 yrs Weight 80 kg Perforated
sigmoid colon, faecal peritonitis, atrial fibrillation - 5
days in study
Died 9 days after end of study
89. MD Group 1 Male Age 42 yrs Weight 75 kg Faecal
peritonitis after day case hernia repair, subsequent
multiple intra-abdominal abscesses requiring drainage - 5
days in study
Discharged from hospital
90. MC Group 1 Female Age 73 yrs Weight 55 kg Perforated
diverticulum, faecal peritonitis - 5 days in study
Died in ITU 14 days after end of study
91. WP Group 2 Male Age 78 yrs Weight 65 kg Transurethral
resection of prostate, rigor, urinary sepsis, oliguria - 4
days in study
Discharged from hospital
92. VH Group 1 Female Age 76 yrs Weight 50 kg Intestinal
obstruction due to adhesions, perforation, faecal
peritonitis, laparotomy, sepsis syndrome - 3 days in study
Died on ITU during study period
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93. DS Group 1 Female Age 49 yrs Weight 55 kg Lymphoma,
liver biopsy resulted in coagulopathy, endotoxaemia, sepsis
syndrome - 5 days in study
Died 2 weeks after end of study
94. KT Group 1 Male Age 66 yrs Weight 80 kg Abdomino
perineal resection, anastomotic breakdown, faecal
peritonitis - 2 days in study, rapid deterioration
Died in ITU during study period
95. JB Group 2 Male Age 41 yrs Weight 100 kg Ulcerative
colitis, colectomy, ileal abscess, necrotic rectal stump
removed, ileostomy, drainage pus from abdominal wall - 5
days in study
Discharged from hospital
96. GF Group 2 Male Age 63 yrs Weight 80 kg Coronary artery
bypass grafting, chronic obstructive airways disease,
perforated sigmoid diverticulum, faecal peritonitis - 5 days
in study
Died in ITU 3 weeks after end of study
97. RH Group 2 Male Age 67 yrs Weight 84 kg Coronary artery
bypass grafting, perforated sigmoid colon 2 days later - 2
days in study
Discharged from hospital
98. AP Group 1 Male Age 53 yrs Weight 65 kg Multiple
stabbing,

jejunal laceration, subphrenic collection,

laparotomy, adult respiratory distress syndrome - 5 days in
study
Discharged from hospital
99. MB Group 2 Female Age 79 yrs Weight 65 kg Gangrenous
gallbladder, sepsis syndrome - 3 days in study
Discharged from hospital
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100. ES Group 2 Female Age 68 yrs Weight 90 kg Chronic
obstructive airway disease, biliary peritonitis, sepsis
syndrome - 4 days in study
Discharged from hospital
APPENDIX A 2 PATIENTS IN RUN-IN GROUP fOct - Dec 1989^
1. AC Age 74 yrs Weight 80 kg Aortic aneurysm repair, acute
renal failure
Discharged from hospital
2. LD Age 17 yrs Weight 75 kg Multiple trauma, adult
respiratory distress syndrome, acute renal failure
Discharged from hospital
3. DS Age 25 yrs Weight 70 kg Atypical pneumonia, ?
Legionnaires, renal failure, acute leukaemia, multiple organ
failure
Died 3 days after ITU admission
4. EP Age 17 yrs Weight 45 kg Polyposis coli, endotoxaemia
Discharged from hospital
5. BR Age 69 yrs. Weight 75 kg Bleeding gastric ulcer,
pneumonia, renal impairment, empyema
Discharged from hospital
6. GS Age 83 yrs Weight 55 kg Haemorrhagic shock after total
hip replacement
Discharged from hospital
7. MP Age 67 yrs Weight 70 kg Faecal peritonitis, septic
shock, acute renal failure, VT/VF, multiple organ failure
Died in ITU
8. WP Age 67 yrs Weight 70 kg Oesophagectomy, sepsis
syndrome, rapid improvement, discharged before full
investigation - therefore omitted from analysis
Discharged from hospital
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9. MA Age 78 yrs Weight 65 kg Acute aortic aneurysm repair
Discharged from hospital

10. CJ Age 71 yrs Weight 70 kg Cardiac arrest during
prostatectomy, post-TURP syndrome
Discharged from hospital

11. MC Age 29 yrs Weight 55 kg Eclampsia, cerebral
haemorrhage
Died in hospital
12. RW Age 79 yrs Weight 70 kg Ruptured aortic aneurysm
repair
Died in hospital
13. AP Age 24 yrs Weight 70 kg Crohn's disease, bowel
resection
Discharged from hospital
14. GG Age 60 yrs Weight 70 kg Oesophagectomy
Discharged from hospital
15 AC Age 64 yrs Weight 80 kg Aorto-bifemoral graft
Discharged from hospital
16. AW Age 77 yrs Weight 65 kg Aortic aneurysm repair
Discharged from hospital
17. AP Age 75 yrs Weight 60 kg Total knee replacement, post
operative myocardial infarction,

left ventricular failure,

VF/VT
Discharged from hospital
18. AM Age 72 yrs Weight 75 kg Pancreatitis, acute renal
failure, deterioration to cardiorespiratory failure
Died on ITU
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19. FW Age 69 yrs Weight 75 kg Severe cardiomyopathy,
chronic obstructive airways disease, developed acute renal
failure after cholecystectomy, VT/VF
Died in ITU from cardiac failure
20. LH Age 26 yrs Weight 65 kg Fungal septicaemia, multiple
organ failure
Died on ITU
21. RN Age 73 yrs Weight 55 kg Ischaemic gut, cystic lung
disease. Pseudomonas pneumonia, cardiorespiratory failure,
cardiac arrest
Died in ITU
22. JR Age 80 yrs Weight 65 kg Myocardial infarction,
cardiac arrest, VT/VF, deterioration in cardiac failure
Died in ITU
23. PD Age 42 yrs. Weight 130 kg

Morbid obesity, myocardial

infarction
Discharged from ITU to be readmitted 4 months later, at
which admission he died
24. TB Age 56 yrs Weight 60 kg Cushing's syndrome,
Addisonian crisis, pulmonary aspiration, multiple organ
failure
Died in ITU
25. GC Age 22 yrs Weight 85 kg Multiple injuries,
septicaemia, multiple organ failure
Died in ITU
26. MJ Age 80 yrs Weight 60 kg Abdominal aortic aneurysm
repair, respiratory failure, septicaemia, multiple organ
failure, treatment withdrawal
Died in ITU
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27. CK Age 25 yrs Weight 80 kg Diabetic ketoacidosis
precipitated by pneumonia, adult respiratory distress
syndrome
Discharged from hospital
28. EB Age 77 yrs Weight 75 kg Laparotomy for gangrenous
gallbladder, post-operative cardiac arrest, renal and
cardiac failure
Died in ITU
29. HL Age 67 yrs Weight 80 kg Pancreatitis, acute renal
failure, progressed to multiple organ failure
Died in ITU
30 RS Age 61 yrs Weight 70 kg Diabetic ketoacidosis, left
ventricular failure, acute renal failure, progressive
cardiac failure
Died in ITU
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APPENDIX B - STUDY PROTOCOL
APPENDIX B 1. Measurements and Investigations
Clinical data collection recorded 4 hourly from chart:
Blood pressure and pulse
Temperature; core and peripheral
Fluid input; type
Fluid losses; urine output, gastrointestinal tract,
insensible.
Intubation, ventilation, ventilatory mode, airway pressure.
Epidural
Drugs
Diuretics
Inotropes
Vasoconstrictors
Vasodilators
Antibiotics
Other relevant
Operative intervention in study period:
Description
Investigations:
Full Blood Count (daily), haemoglobin, packed cell volume &
platelets more often as required
Urea & Electrolytes (daily) or more often as required
Creatinine (daily)
Liver Function Tests (daily)
Blood gases as required
Clotting when indicated (stored):
International Normalised Ratio
Activated Partial Thromboplastin Time
Fibrin Degradation Products
Fibrinogen
Cytokines :
Interleukin 1 &/or 6
Tumour necrosis factor
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Acute phase proteins (stored):
Alpha-1 antitrypsin
C-reactive protein
Orosomucoid
Fibronectin
Endotoxin assays (12 hourly):
LAL chromogenic method.
Radiography:
Chest X-ray (daily)
All other radiological investigations on an as-required
basis
Scoring:
APACHE II (Knaus 1985a)
Sepsis (Elebute 1983)
Injury severity score where relevant (Baker 1984)
Bacterial Infection:
Swabs collected as indicated
Blood culture
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APPENDIX B 2. Patient Information and consent form

The following forms the basic text of the patient/relative
information sheet.
Research into Infection: How you can help.
Most patients entering the Intensive Therapy Unit in Bristol
Royal Infirmary are at risk of developing an infection. This
may occur anywhere in their body; for instance chest,
kidneys, abdomen and even in their blood. Because they are
often seriously ill they are more at risk of acquiring these
infections and they are certainly more prone to the effects
of any bacteria that do gain a hold.
What are the side effects?
The effects may be minimal,

just a temperature and perhaps

an extra day in the ITU. However what starts out as simple
infection may cause problems later if uncontrolled. Most of
you will have heard of the dangers of bacteria (bugs) being
unresponsive or resistant to antibiotics. If the infection
then takes hold it can prevent the lungs, kidneys and heart
from performing their tasks. This can occur even in this age
of powerful antibiotics and is the reason we need to
continue our research.
What can we do about infections?:
At the first hint of a significant infection we give the
appropriate antibiotic. However new treatments have been
suggested recently including:
Removal of bacterial toxins
Certain bacteria produce substances that are toxic to the
human body, known as "endotoxins". We now believe that these
endotoxins are as important as the bacteria themselves in
causing harm to the body. Little is known about these
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substances and this is why we need to study them in the ITU.
Certain drugs have become available that will remove these
toxins and may prevent the effects of bacteria on the body.
This would herald a great improvement in our methods of
treating infections.
What are we asking of you?:
We ask permission to carry out extra tests of a routine
nature such as bacterial swabs and blood tests. This will
allow us to follow the course of any infection much more
closely and build up a better picture of the way we might
improve our treatment. Then we will try to prevent the
harmful effects of infection by the administration of an
anti-endotoxic drug known as taurolidine to half the
patients in the study selected at random. You/your relative
may therefore receive either taurolidine or a placebo (a
harmless salt solution of identical appearance).
We consider this research to be so important that we are
approaching everyone suitable who is admitted to the Unit to
help us. We are sorry if this request comes at a time of
stress.
Participation and withdrawal:
Your participation in this study is voluntary and you may
stop at any time. Refusal to participate will not jeopardise
your medical treatment. The object of the study will be to
improve the treatment of patients on the ITU. Your identity
will not be disclosed to anyone during this study.
To obtain further information:
If you have any further questions about this study please
ask to speak to one of us listed below.
Thank you.
Dr Sheila Willatts, Staff Nurse Maria Leitermann.
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Consent:
I have understood the nature of the study and consent to
myself/my relative being a participant

subject name (print)

signature

date

signature parent/

relationship

date

guardian/relative

witness

date

investigator

date
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APPENDIX B 3. Blood samples required.
BLOOD

Plasma samples required:
Endotoxin chromogenic LAL assay
back-up sample

1ml

2ml

2ml

4ml

Fibronectin

200ul

EDTA

1ml

alpha-l-antitrypsin

20Oui

EDTA

1ml

TNF and lL-l/lL-6

200ul

EDTA

2ml

back-up

600ul

EDTA

3ml

Serum samples:
C-reactive protein

200ul

1ml

Albumin

200ul

1ml

back-up

400ul

2ml
3ml

Fibrin-degradation products/clotting

20ml

Total

Blood cultures are also taken at each sampling time.
Blood specimens required from patient:
Clotting bottle for X-dps, clotting

profile

3ml

12hrly

Blood gases, PCV & sugar

1ml

12hrly

Plain tube for serum

5ml

12hrly

EDTA tube for plasma (acute phase proteins)

2ml

12hrly

Heparinised tube for plasma

7ml

12hrly

Heparinised (endotoxin free)

6ml

12hrly

Plain tube LFTs (8am or crisis)

7ml

Hb bottle for platelets & WCC

4ml

(Bam or crisis)
10ml

Blood culture, pyrexia >38°C

45ml

WORST CASE
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12hrly

APPENDIX B 4. Specimen collection and handling
1. Take polystyrene container full of ice; one endotoxin
free (black-capped) heparinised bottle, one tube for clotted
sample, one for clotting profile (blue top Vacutainer), 2
EDTA (purple top) bottles to the patient.
2. Take blood according to instructions below to a total
volume of 35ml (45 ml if blood culture from same syringe).
3. Put 6ml into black capped endotoxin free heparinised
bottle, 2ml into each of 2 EDTA bottles, 3ml into blue
topped clotting profile bottle and the remainder into
clotted sample Vacutainer.
4. Centrifuge in cold room - balance tubes have been
prepared and are beside the centrifuge.
5. Read chart above sink with instructions for filling tubes
(volumes, which samples and subsequent colour coding). Take
a new pipette for each bottle (EDTA, clotting and
haematology) and throw away afterwards. Sterile pipettes to
be used for cytokine specimens.
6. Cap the bottles and label them: Patient study number,
name, date, time (24h clock)
Enter patient into log book.
7. Place samples into -75°C deep freeze upright in metal
tray.
8. Trays with bottles for overnight sampling in glassfronted cupboard.
Blood sample for endotoxin assay.
1) Treat venepuncture site with iodine 2% in 70% alcohol &
allow to dry.
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2) Without touching skin, draw 6ml of blood into a sterile,
non-pyrogenic disposable plastic syringe.
3) Remove needle and transfer blood into a pre-treated (see
appendix B5 for glass-ware preparation), screw-capped,
heparinised pyrogen-free glass tube without touching the
side of the container.
4) Cap tightly, and mix by slow gentle 180° inversion of the
tube several times. Place immediately on ice. Extreme care
should be taken not to contaminate the sample. Blood
reguired for other tests may be taken from the same syringe
BUT the endotoxin aliquot MUST be transferred first.
5) À dedicated lumen of the triple-lumen central venous
pressure line may be used for sampling making sure that the
line is adequately cleared before sampling to remove deadspace fluid.

Preparation of blood sample for assay:
1) Keep on ice until centrifuged.
2)

Check to make sure blood has not

clotted.

3)

Centrifuge heparinised sample at 4°C at lOOg for 10

minutes to obtain platelet rich plasma (FRF).
4) Using pyrogen free pipette or syringe, transfer the FRF
into a pyrogen free plastic tube.
5) Store FRF at -75°C .
Preparation of X-DFS sample:
1) 3ml sample into clotting tube.
2) Store on ice until centrifuged.
3)

1 0 - 1 5 min refrigerated spin

4)

Pipette off plasma.

5) Stores for one year at -75°C.
6) X-DFS analysed by 'Dimertest'.
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at 3,500 rpm

APPENDIX B 5. Preparation of glass tubes for plasma sample
1) Soak in decon (or similar detergent) overnight
2)

rinse in tap water x 6

3)

rinse in distilled water

4)

screw cap on lightly

5)

bake in oven 180-200°C for

x6
minimum of 4hr

6) cool
7) add endotoxin free heparin so that final sample
concentration is not greater than 20iu/ml (ie lOOunits for
5-lOml), rescrewing cap on lightly
8) heat heparinised tube to 160°C till heparin crystalises
out.
8) test a random selection for absence of endotoxin
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APPENDIX B 6. Diagnostic categories. Apache II methodology
(Knaus 1985a)
Diagnostic category

weighting

RESPIRATORY
01 Aspiration/Poisoning/Toxic

-0.142

02 Asthma/Allergy

-2.108

03 Chronic Obstructive
Pulmonary/Airway Disease

-0.367

04 Pulmonary Infection

0

05 Post-operative respiratory insufficiency
06 Pulmonary Embolus

-0.128

07 Pulmonary Neoplasm

0.891

08 Pulmonary Oedema (non-cardiac)

-0.251

09 Post Respiratory Arrest

-0.168

10 Respiratory Observation

0

CARDIOVASCULAR
11 Aortic Aneurysm

0.731

12 Congestive Cardiac Failure

-0.424

13 Myocardial Infarction
Coronary Artery Disease

-0.191

14 Heart Valve Disease

0

15 Hypertension

-1.798

16 Pericardial Disease

0

17 Peripheral Vascular Disease

0

18 Rhythm Disturbance

-1.368

19 Anaphylactic Shock

0

20 Cardiogenic Shock

-0.259

21 Hypovolaemic Shock

0.493

22 Bleeding (not shocked)

0

23 Sepsis

0.113

TRAUMA
24 Burns

0

25 Multiple Trauma

-1.228

26 Simple Trauma

0

27 Head Injury

-0.517

NEUROLOGICAL
28 Intracranial Bleeding

0.723

29 Central Nervous System Infection
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0

30 Neoplasm

0

31 Neuromuscular Failure

0

32 Fits

-0.584

33 Spinal operation

0

GASTROINTESTINAL
34 Bleeding

0.334

35 Hepatic/Pancreatic disease

0

36 Gastro-intestinal neoplasm

0

37 Perforation/obstruction

0

RENAL
38 Neoplasm

0

39 Transplant

0

METABOLIC
40 Overdose

-3.353

41 Diabetic ketoacidosis

-1.507

Where it is impossible to categorise under the above
diagnoses then a system code should be used as follows
50 RESPIRATORY.

-0.89

51 CARDIOVASCULAR

0.47

52 NEUROLOGICAL

-0.759

53 GASTROINTESTINAL

0.501

54 GENITOURINARY

-0.885

55 METABOLIC

-0.885

56 HAEMATOLOGICAL.

0

Positive diagnostic category weights indicate a poorer
prognosis.
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APPENDIX B 7. Diagnosis of Sepsis and Infection
Sepsis syndrome (Bone 1989) is described in the
introduction. Septic shock occurs when sepsis syndrome is
accompanied by a systolic blood pressure less than 90mm Hg
or a decrease in baseline systolic pressure of more than
40mm Hg.
Bacteraemia is confirmed by one positive blood culture
except for Staphylococcus.epidermidis or Bacteroides when
two are required. The definition of bacteraemic sepsis is
the presence of at least 1 +ve blood culture during any
period, concomitant with presence of septic focus growing
same organism.
Focus = localisation with any abnormal accumulation of
organisms during the ITU stay or at Post Mortem.
Definitive focus = focus containing the same organisms as
those present in the blood culture.
The diagnosis of infection in patients requiring intensive
therapy presents problems unless strict criteria are used.
Common criteria for the diagnosis of all infections are two
temperature spikes >38.5°C in 24 hours and white cell count
>12 or <0.4 X 10^/1.
The diagnosis of pneumonia requires two of the following
clinical criteria; purulent sputum, new infiltrates on chest
X-ray and the requirement to increase FIO 2 by 0.15 to
maintain equivalent oxygenation AND subsequent confirmation
by brochoalveolar lavage (Thorpe 1987).
The diagnosis of urinary tract sepsis requires > 5 white
cells / high power field and > 10^ cfu/ml of pathogenic
organisms.
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SEPSIS SCORE rElebute 1983)
Local Effects
Score
Wound Infection
Peritonitis

Chest Infection

Light Dressing

2

Pack/Bag

4

Localised

2

Generalised

6

No productive cough

2

Productive cough

4

Full clinical/CXR signs of lobar/bronchopneumonia

6

Deep seated infection, subphrenic abscess/empyema/
osteomyelitis

6

Oral Temperature
Maximum Daily Temp (°C)

36-37.4

0

37.5-38.4

1

38.5-39

2

>39

3

<36

3

Min temp>37.5

+l

>2 peaks >38.4

+1

Rigors

+1

Secondary Attribute
Obvious jaundice (not due to hepatobiliary disease)
Metabolic acidosis

2

Compensated

1

Uncompensated

2

Renal Failure

3

Delirium/coma

3

Disseminated intravascular coagulopathy

3

Laboratory Data
Blood Culture

Single positive
2 or more separated by 24h

1
3

1 positive + history of invasive procedure

3

1 positive + murmur +/- tender enlarged spleen

3

WCC (xlO^/1)

Platelets(xlo9/l)

12-30

1

>30

2

<2.5

3

100-150
<100
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1
2

Hb (g/dl) in the absence of bleeding

Albumin (g/1)

Score

7-10

1

<7

2

31-35

1

25-30

2

<25

3

Bilirubin (non-jaundiced)

>25umol/l
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Appendix B 8. Severity Scoring
B 8.1. Injury Severity Score (Baker 1984)
EXTERNAL
Minor fl^
Abrasion <25cm^ face, <50cm^ body
Superficial laceration <5cm face, <10cm body
Burn (2/3 degree) <6%
Moderate (2 )
Major abrasion as above
Deep laceration (into subcutaneous tissues) as above
Burn 6-15%
Severe f3 )
Burn 16-35%
Life-threatening f41
Burn 36-90%
HEAD
Minorf1 )
Headache/di z zy
Ear canal injury
Eye abrasion/contusion, choroid rupture
Lip/gum laceration
Fracture nose/ramus mandible/teeth
Moderate (2)
Awake,loss of consciousness <15 min
Fracture vault/mandible body/maxilla
Compound/comminuted nose/ramus
Eye/deep tongue laceration
Lip/gum avulsion
Severe (3 )
15-59 min loss of consciousness
or <15 min with a neurological deficit
Fracture base/le Fort II
Compound/comminuted body mandible/zygoma
Cerebral contusion
Avulsion optic nerve/eye
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Life threateninaf4^
15-59 min loss of consciousness + neurological
deficit
2nd episode unconsciousness
l-24hr loss of consciousness
Responds only to painful stimuli
Fracture + CSF leak/le Fort III
Cerebral laceration
Haematoma: - epidural, subdural<100ml, intracerebral
Criticalf5)
Decerebrate/decorticate/flaccid
Loss of consciousness>24hr or l-24hr + neurological
deficit
Brain-stem compression/contusion/haemorrhage
Epidural or subdural haematoma>100ml or diffuse
brain

injury

NECK
Minorfl)
Laceration/contusion pharynx/soft tissue
Tracheal contusion
Moderate f2 )
Contusion oesophagus/larynx/thyroid
Haematoma/haemorrhage pharynx
Severe (3 )
Trachea crush/thyroid laceration
Life-threatening. (4 'I
Laceration: carotid/subclavian artery/trachea
Larynx: crush/fracture/laceration
Critical(5)
Avulsion/rupture Oesophagus/larynx/trachea
THORAX
Minorfl)
Rib contusion/fracture
Moderate f21
Fracture sternum, >2 ribs-flail
Severe (3 )
Contusion lung/pericardium unilateral haemothorax
Compound/comminuted sternum/lung laceration
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Unilateral haemo/pneumothorax
Life-threateninaf 4 )
Ha emo/pneumomedi astinum/myocardi a 1 contusion
Inhalation burn/lung laceration + haemo/pneumothorax
Bilateral haemo/pneumothoraces/flail chest
Criticalf 5)
Laceration heart/great vessels/bronchus
Inhalation burn requiring controlled ventilation
ABDOMEN/PELVIS
Minor(l)
Superficial laceration
Penis contusion/scrotal rupture
Moderate(2)
Deep laceration
Abdominal wall avulsion
Ureter laceration/contusion
Stomach contusion
Severe (3 )
Abdominal wall muscle rupture/avulsion scrotum
Contusion biliary tract/gut/liver/spleen/
Pancreas/kidney
Deep laceration perineum
Laceration diaphragm/bladder
Retroperitoneal haematoma
Life-threateningr 41
Superficial laceration biliary tract/gut/liver
spleen/pancreas/kidney
Extensive laceration bladder/stomach
Avulsion/rupture bladder/spleen/stomach/uterus
Criticalf 5)
Avulsion/extensive laceration biliary tract/gut,
kidney/liver/pancreas
Intra-abdominal vessel laceration
Rupture pregnant (12-40 week) uterus
SPINE
Minorf1)
Acute strain
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Moderate (2)
Dislocation/fracture spinous/transverse process
Compression fracture (<20% loss height) T1-L5
Severe (3 )
Cervical cord contusion/Root/trunk/plexus injury
Disc herniation involving nerve root
Dislocation/fracture lamina/pedicle/body/facet
Compression fracture (>20% loss height) T1-L5
Life-threateninaf 41
Incomplete cervical cord lesion
Criticalf 51
Cord transection/crush/laceration

EXTREMITIES AND PELVIS
Minorf11
Contusion/sprain
Dislocation/fracture digit
Moderate(21
Laceration into joint/achilles/patellar tendon
Dislocation hand/wrist/subtalar/radial head/foot
Fracture (simple) arm/clavicle/lower leg
_

Nerve laceration/muscle avulsion arm/leg
Amputation/crush digit

Severe(31
Crush/amputation arm/lower leg
Dislocation shoulder/elbow/knee/hip
Fracture femur
Complicated/compound fracture arm/lower leg/pelvis
Knee/ankle rupture collateral/cruciate ligaments
Multiple nerve/muscle/tendon rupture/avulsion
Life-threateninqf 41
Pelvis crush
Above knee amputation/crush
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Acute Injury Score 6
Automatically assigned ISS=75

Acute Injury SCORE

External; >90% burn
Head; Crush fracture, crush brainstem
Neck; transection
Thorax; total severance aorta, massive crush
Abdomen/pelvis; torso transection
Spine; Cord transection above C3
INJURY SEVERITY SCORE = sum of squares of 3 greatest AIS

217

B.8.2. Organ Failure score
1. Goris 1985
Failure scoring system as follows;
0= no failure present
1= moderate,
2= severe
IPPV = Intermittent positive pressure ventilation
PEEP = Positive end expiratory pressure
DEFINITIONS
1 PULMONARY FAILURE
0= no mechanical ventilation
1= IPPV + PEEP <10mm Hg & FlOg <0.4
2= IPPV + PEEP >10mm Hg &/or FIO 2

>0.4

2 CARDIAC FAILURE
0= normal blood pressure, no vasoactive agents
1= hypotension needing

volume replacement to keep

blood pressure >100 mm

Hg

systolic

Dopamine lOug/kg/min or less or Glyceryl Trinitrate (GTN)
20ug/min or less.
2= hypotension below 100 mm Hg and/or dopamine >10ug/kg/min
and/or GTN >20ug/min.
3 RENAL FAILURE
0= Creatinine <200 umol/L
1= Creatinine >200 umol/L
2= Haemo- or peritoneal dialysis
4 HEPATIC FAILURE
0= SGOT <25U/L & bilirubin <34umol/L
1= bilirubin >34umol/L

but <103umol/L or SGOT

>25 but

<5IU/L

2= bilirubin >103umol/L or SGOT >50U/L
5 HAEMATOLOGICAL FAILURE
0= normal count platelets & leucocytes
1= platelets <50 x 10^/1 and/or leucocytes 12 - 30 x 10^/1
2= haemorrhagic diathesis or leucocytes <2.5 or >30 x 10^/1
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6 GASTROINTESTINAL TRACT FAILURE
0= normal function
1= acalculous cholecystitis or stress ulcer
2= bleeding stress ulcer requiring 2 units blood/24hr;
necrotising enterocolitis and/or pancreatitis and/or
spontaneous perforation gall-bladder.
7 CENTRAL NERVOUS SYSTEM FAILURE
0= normal function
1= clearly diminished responsiveness
2= severely disturbed responsiveness and/or diffuse
neuropathy.
Total MOF score based therefore on scale of 0 to 14 points
Mean MOF score = daily MOF score/days stayed in ITU
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2. Multiple organ failure scoring :Knaus (1985b)
OSFs defined as:

1) Cardiovascular (1 or more of following)
a)

heart rate < or = 54 /min

b)

mean BP < or = 49 mm Hg

c)

Occurrence of VT &/or VF

d)

Serum pH <

or = 7.24 + PaC02 < or

2) Respiratory failure (1 or
a)

= 49mm Hg

more of following)

rate < or = 5/min or > or = 49/min

b) PaC02 > or = 50 mm Hg
c) A-aD02 > or = 350 (713 x FIO 2 - PaC02 - PaÛ 2 )
d) dependent on ventilator on 4th day (ie after
72hr)
3) Renal failure (1 or more of following)
a)

urine < or

= 479ml/24h or < or = 159ml/8h

b) Urea > or = 17mmol/l
c) Creatinine > or = 350umol/l
4) Haematologic (1 or more of following)
a) Leucocytes < or = 1 x 10^/1
b) Platelets < or = 20 x 10^/1
c) Haematocrit < or = 20%

5) Neurologic failure (1 or more of following)
Glasgow Coma Score < or = 6 (in absence of sedation
at any time/24h)
After a very short period it became apparent that organ
failure should be considered for the purpose of this study
to be an all or none phenomenon and therefore the Knaus
classification had much to commend it. Unfortunately it is
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not comprehensive particularly by excluding liver and
gastrointestinal failure which were both extremely important
in this study. It was decided to use the Knaus criteria for
respiratory, cardiovascular, renal, haematological and
neurological failure and add to that two additional systems:
gastrointestinal and hepatic, despite the fact that
definitions for these alternatives had not been published at
the time.
Gastrointestinal failure was considered to be present if one
or more of the following was present;
acute pancreatitis
faecal peritonitis with ileus
perforation of gall-bladder
necrotising enterocolitis
stress ulceration causing overt bleeding
functional failure to absorb with either
- more than 5 loose stools/24 hours or
- more than 100ml nasogastric aspirate/6hr
Hepatic failure was present if one or more of the following
occurred;
hepatic encephalopathy
INR > 2 in absence of anticoagulants
SGOT > 50U/L and bilirubin > 60ummol/L
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APPENDIX C - ENDOTOXIN ASSAY, TROUBLE SHOOTING
Addresses of Suppliers
AUSTRALIA Johnson & Johnson Medical Products Pty Ltd 1 -5 Khartoum Road
G.P.O. Box 134 NORTH RYDE NSW 2113 Tel. 02 888 1233. • AUSTRIA KabiVitrum
Oberlaaer Slrafle 251 A-1100 WIEN Tel. 0222 68 66 38 • BELGIUM N V KabiVitrum
S.A. Steenweg op Alsemt>erg, Chaussée d'Alsemberg, 1000 B 1180 BRUS
SEL/BRUXELLES Tel. 02 370 47 47, • CANADA Helena Laboratories Ltd 790 Burnhampthorpe Rd W, Unit 14 MISSISSAUGA, Ont. L5 C 4G3 Tel. 416 897 9777 • DEN
MARK KabiVitrum A/S Langebrogade 6 F, DK-1411 K0BENHAVN K Tel.
31 95 40 000, • EIRE Medical Supply Co Ltd. Unit 9 Santry Hall Industrial Estate.
Santry Hall DUBLIN 9 Tel. (01 ) 42 66 44 or 42 67 30, • ENGLAND KabiVitrum Ltd. Kabi
Vitrum House Riverside Way UXBRIDGE, Middx. UB8 2YF Tel. (0895)5 11 44. •
FINLAND Labsystems Oy Pultitie 8 00880 HELSINKI Tel. 90758261. • FRANCE Ka
biVitrum SA Le Vendôme 12-14, Rue du Centre F-93160 NOISY-LE-GRAND Tel.
1 430 461 61, * HOLLAND KabiVitrum BV P.O. Box 228461101 DH AMSTERDAM ZO
Tel. 020 974311, • ICELAND Pharmaco Hôrgatùni 2, Box 200, IS-210 Gardabær Tel.
44811 • ITALY Ortho Diagnostic Systems S.P.A PO Box Casella Postale 17171
1-20170 MILANO Tel. 022828141, • JAPAN Daiichi Pure Chemicals Co Ltd 13-5 Nihombashi 3-Chome, Chuo-Ku TO KY0103 Tel. 03 272 06 71. • NEW ZEALAND Intermed Scientific N.Z. 50 Marken Place Glenfield AUCKLAND Tel. (09) 4442586. •
NORWAY A/S KabiVitrum Gjerdrums vei 10B 0486 OSLO 4 Tel. 02 1841 16, •
SOUTH COREA See Japan • SPAIN Kabi Fides S A Calle Casanova 2.6 08011 BAR
CELONA Tel. 34251077,* SWEDEN Kabi Diagnostica, Taljegàrdsgatan 3, S-431 53
MOLNDAL Tel. 031 27 52 40, • SWITZERLAND Globopharm AB Seestrasse 200
CH-8700 KÜSNACHTTel. 01 910 51 61,984 09 09, • TAIWAN See Japan • USA Hele
na Laboratories P O Box 752 BEAUMONT Texas 77704 Tel. Toll Free USA
800-231 5663, Texas 800-3923126, • WEST GERMANY Deutsche KabiVitrum
GmbH Diagnostika Garmischerstrasse 8, D-8000 MÜNCHEN 2 Tel. 089/504140, *
OTHER COUNTRIES - ORDER & DISTRIBURON Kabi Diagnostica, S-611 82
NYKOPING, Sweden Tel. -F46 155 223 00, teletex (2401-)8155102 telefax -M6 155
63034 - PRODUCT INFORMARON Kabi Diagnostica. Taljegàrdsgatan 3, S-431 53
MOLNDAL tel. -1-46-31 275240 telex 20961 telefax -1-4631 864626.

The C O A TEST Endotoxin method is a specific method for the quantitative
determination of gram-negative bacterial endotoxins (1-3).

KABI
Diagnostics

COATEST®

Endotoxin
Reagent Specification and
Manual method
60 determinations for semi-micro assays.
For the Quantitative. Photometric Determination of G ram -negative
Bacterial Endotoxins in:
1.
W ater and solutions for parenteral administration;
W A TER M E TH O D
2.
Plasma, plasm a fractions, cerebrospinal fluid and unne;
PLA SM A M E TH O D
For In Vitro Diagnostic Use.

2. Limulus A m oebocyte Lysate (LAL), 5 vials
E
Reconstitute with 1.4 ml of sterile endotoxin-free water at room tempera
ture and swirl gently to avoid foaming. To allow proper dissolution keep at
room temperature for at least ten minutes before assay.
The LAL is stable for 4 hours at 20 to 24'C , 8 hours at 2 to 8*C.

1. PRINCIPLE
1. Proenzyme

Endotoxin

The solution may be dispensed in suitable aliquots arxl stored at -2 0 * C for
no longer than 4 weeks.

-► Enzyme

2. Substrate ^Ji zyme

Peptide + pNA (yellow)

Gram-negative bacterial endotoxin catalyses the activation of a proenzyme
in the Limulus Amoebocyle Lysate (LAL). The enzyme formed splits off
p-nitroaniline (pNA) from the substrate S -2423. After stopping the reaction
with acetic acid, the rate at which the pNA has been released is measured
photometrically at 405 nm. There is a linear correlation between the absorb
ance (A) and the amount of endotoxin in the 0.1 - 1.2 EU/m l range.

2. PRECAUTIONS
1. Aseptic technique must be used (4, 5).
2. All material coming into contact with the specimens and reagents must
be endotoxin-free.
3. Use disposable glassware. These glassware can be rendered endo
toxin-free by heating for 4 hours at 180*0.
4. Strict adherence to time and temperature of the test procedures is re
quired.
Further information and recommendations of material (4) are available on
request (Kabi Diagnostica, or its representatives).

3. MATERIALS
Reagents In th e kit
For in vitro diagnostic use.
The sealed reagents are stable at 2 to B'C until the expiration date printed
on the label.
Allow all reagents to attain room temperature before reconstitution. Tap the
vials with lyophilized matter against the latxjratory bench prior to opening.

1. S-2423
S
Ohromogenic substrate (Ac-lle-Glu-Gly-Arg-pNA • HOI) 9 mg with mannitol added as a bulking agent. Reconstitute with 6.6 ml of sterile, endotoxinfree water to a concentration of 2.0 mmol/l. The solution is stable for one
month at 2 to 8*0 provided that no contamination occurs.
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3. Endotoxin (E. coli 0111 :B4), 2 vials
Std
Endotoxin (E. coli 0111:84) in human albiumin. 24 EU ( 1 n g -1 2 EU) com
pared to FDA standard E C -5/U S P lot F. Reconstitute with sterile endo
toxin-free water at room temperpture using an appropriate volume (see
batch certificate) to obtain a concentration of 12 EU/m l and shake vigor
ously for three minutes, preferably with a "Vortex” mixer. The shelf life of
this stock solution is two weeks at 2 to 8*C provided that no contamination
occurs. Before subsequent use, the solution must be warmed to room tem 
perature and shaken vigorously for one minute.
CAUTION: Hum an albumin
Each donor unit used in the preparation of human source reagent in this
product was tested by an FDA approved method for the presence of the
antibody to HIV (HTLV-III/LAV) as well as for hepatitis B surface antigen
and found to be negative.
4. B uffer
a
Sterile and endotoxin-free Tris 50 mmol/l pH 9.0. The solution is stable for
one month at 2 to 8*0 after breaking the seal, provided that no contamina
tion occurs.
5. Sterile endotoxIn-free w ater
W
Sterile and endotoxin-free water (European Pharmacopea). Stable for one
month at 2 to 8*0 after breaking the seal, provided that no contamination oc
curs.
6. Substrate-buff er solution
For daily use mix one volume of S -2423 and one volume of buffer. The sub
strate-buff er solution is stable for 8 hours at 20 to 25*0, provided that no
contamination occurs.

4. WATER METHOD

N o te s
If the concentration of the endotoxin in the test sample is higher than 1.2
ml, dilute the test sample 1 -.5 with sterile endotoxin-free water. Multiply I
when calculating the endotoxin concentration of the test sample. Obse
that the risk for losses of endotoxin to test tube surfaces increase with d
tion in water. Addition of albumin (0.1 % ) will counteract such losses

for the determination of endotoxin in water and solutions for parenteral ad
ministration.
Materials required but not provided.
1.
2.
3.
4.
5.

Photometer, 405 nm.
Semi-micro cuvettes (1 cm).
Incubator, 3 T C ± 0.2’C.
Stopwatch.
Test tubes. Disposable endotoxin-free (see Precautions) glass test tu
bes, volumes 2 ml and 5 ml or 12 x 75 mm.
6 . Pipettes with endotoxin-free tips with an accuracy of ± 1%.
7. Acetic acid, 20% .

N ote 4
By using a microtiter plate technique (4) larger series of assays can be g
formed. The amount of reagent per assay is halved.

7.

RESULTS
Endotoxin (EU/m l) —

0.60

-K

X (A, -F 0 .5 A

09

- 1 -5A 0 .3 ) wher^

Ao 3 is the absoftance for the 0.3 EU/ml standard

5. SPECIMEN COLLECTION

Ao.9 is the absorbance for the 0.9 EU/ml standard

Samples must be collected and stored in such a way as to avoid bacterial
contamination. Store the samples at 2 to 8 *C. Before assay, the test sample
must be warmed to room temperature and shaken. Further information and
recommendations about sample handling (4) are available on request
(KabiVitmm Diagnostica, or its representatives).

A, is the absorbance for the test sample
Example
A o,3

- 0.340

A o ; - 0.810
A.

“ 0.300

Endotoxin (EU/m l) -

6. PROCEDURE-MANUAL TECHNIQUE
Calibration
In each series of tests use the standard dilutions 0.3 and 0.9 EU/m l, prepa
red from the endotoxin stock solution and a blank.
Standards

Endotoxin-fTM solution
prep, of the sample (pi)

Endotoxln-tree
water (pi)

Endotoxin stock
12EU/ml<pl)

Blank
0.3 EU/ml
0.9 EU/ml

1800
1800
1800

200
150
50

0
50
150

These standards can be kept for one week at 2 to 8*0. Warm to room tempe
rature and shake vigorously for one m inute before use.
Method
1. Dissolve the substrate in 6 . 6 ml endotoxin-free water.
2. Prepare the standards. Dissolve the endotoxin in endotoxin-free water
to obtain 12 EU/m l and mix for three m inutes with a "Vortex" mixer. Di
lute (see table above) and mix for one minute.
3. Mix substrate and buffer. Keep at 3 T C .
4. Reconstitute the LAL in 1 .4 ml endotoxin-free water (room temperatu
re). Allow it to stand at room temperature for at least ten minutes before
assay.
5. Follow the table below.

0.60
0 .8 1 0 - 0 .3 4 0

X (0.300 -f- 0.405 - 0.510) - Œ

Samples other than water
The reaction conditions have been made optimal for water. Other samp
may inhibit or enhance the enzymatic reaction. Such interference ma'
decreased by diluting the sample with sterile endotoxin-free water and
calculating using a dilution factor. If problems are still encountered, the
hod can be varied (within certain limits) in respect of incubation times
just the pH of the sample to 7.0 — 8.0 using endotoxin-free sodium hyd
de or hydrochloric acid. Unbuffered solutions are adjusted automaticallijj
the LAL solution. Pattems of inhibition or enhancement different from th |
of traditional LAL gelation test may occur.
For every new product to be tested, the linear relationship between enjf
toxin concentration and absorbance should be confirmed by preparing
complete standard curve using a endotoxin-free reference of the prod i
To choose a reference for the products, use batches of good quality and*
low the method (See "Initial quality control procedure" in the text "Practm
advice and trouble shooting" (4) available from Kabi Diagnostica or re f|
sentatives).
Lim itations of procedure
|
1. Temperature control is crucial. During incubation both with the LAL j
with the substrate-buffer solution the temperature must be contre
within ± 0.2'C. Note that an increase in incubation temperature of 1
centigrade in the 35 to 39'C range results in an increase in the slop
the standard curve of as much as 15% (3).

Timing of the test must begin when the LAL is added to each tube and must
continue uninterrupted until the last step. It is suggested that in a series of
tests a new test should start every 15 seconds (that allows 1 2 determina
tions in each series).

2. The incubation time of choice must t»e followed exactly since the rel|
tion is not completed within the incubation period.
3. Proper mixing is important to make sure that the reaction mixture is II
mogenous. Use a "Vortex” type of mixer, but avoid contamination frU
the neck of the tube and from the stopper.

I

Add In a test tube
Test sample or standard (20 to 25*C)
Incubate at 37"C for 3 -5 min
LAL
M ix and Incubate at s r c exactly 10 min
Substrate-buffer solution (3TC)
Mix and incubate at 3 7 T exactly 3 min
Acetic acid 20%
Mix immediately

6

.

4. If 3 • Aq 3 Eu/m, - Ao9 EU/ml > 0 2 absorbaoce units (sample blank si
tracted), the reagents may be contaminated. If endotoxin contamif
tion of the reagent is suspected, this can be checked by a procedi
previously described (3, 6 ).

100 pi
100 pi
200 pi
200 pi

Read the A of the sample and the standards against water or the blank
in a photometer at 405 nm. The colour is stable for at least 4 hours.

N o te l
If the sample is coloured or opaque use a sample blank containing 10OfiJ of
the test sample, 300pil water and 2 00 pi acetic acid 20% .

Note 2
By extending the incubation time from 10 to 25 minutes and the hydrolysis
time (time after the substrate — buffer addition) to 5 minutes it is possible to
measure endotoxin concentrations between 0.01 and 0.12 EU/ml.
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8. PLASMA METHOD

Diagnostica

for the determination of endotoxin in plasma,
plasma fractions, cerebrospinal fluid and urine.
Materials required but not provided
1-7.See respective No. of the material list of the WATER METHOD.
8. Centrifuge.

COATEST®

9. Endotoxin-free tut>es for plasma sampling with endotoxin-free heparin
of heparinized tubes, free of endotoxin (see note 2).

Endotoxin

10. Platelet-rich normal human plasma free of endotoxin (for standardiza
tion).
11. W ater bath, 75 ± 3*0.
Note 1
If possible, one set of automatic hand pipettes should be used for endotox
in- free material and one set for material containing endotoxin.

Add In atest tube

Note 2
The heparin solution or the heparinized tuties must be checked for endo
toxin contamination. Dilute the heparin solution with sterile endotoxin-free
water to a concentration of 25 lU/m l or add the volume of sterile endotoxinfree water corresponding to blood to the heparinized tube. In both cases, di
lute further the heparin solution 1:10 with sterile endotoxin-free water. The
"Procedure" below is then followed.

Test sample or standard
(pre-diluted and tieal-treated)
Incubate at 37*C for 3-5 minutes
LAL
Mix and incubate at 37*0 exactly 25 min
Substrate-buffer solution (37*C)
Mix and Incubate at 37*C exactly 5 min
Acetic acid 20%
Mix immediately
6.

9. SPECIMEN COLLECTION
Sample blood with tieparin added (approx. 25 iU/ml). Check each batch of
anticoagulant or heparinized test tube for endotoxin contamination (see
Note 2 above). Keep the blood on ice to avoid degradation of endotoxin (7).
Centrifuge the blood at 200 x g for 10 minutes at 4'C to obtain platelet-rich
plasma. Platelet-rich plasma should be used as the platelets may bind en
dotoxin (8). The plasma can be stored at —20*C for 2 weeks (either before or
after heat treatment. Dilute ttie plasma 1;10 with sterile endotoxin-free wa
ter and heat-treat as soon as possible for 5 minutes in a waterbath at 75*C to
destroy inhibitors which may interfere with the activation. This heat treat
ment also destroys proteolytic activities which may exist in plasma of e.g.
septic patients as well as a system that rapidly degrades endotoxin in native
plasma (7). Store the sample for 15 minutes at room temperature and then
shake vigorously before assay. The treated samples are stable at 2 to 8*0
for 24 hours. By using serum instead of heparinized plasma, it is possible to
avoid the contamination that often occurs in heparin but some endotoxin
may be lost dunng the preparation of serum.
Lymph may be treated in a similar manner before endotoxin assay. Cere
brospinal fluid (9) and urine are usually not heat-treated.

10. PROCEDURE - MANUAL TECHNIQUE
Calibration
In each series of tests use the endotoxin standards 0.3 and 0.9 EU/m l of un
diluted sample. See 2. t>elow Procedure.
Standards
Blank
0.3 EU/ml
0.9 EU/ml

Endotoxln-frea
water (jii)

EndotoxIn-free
normal plasma (pi)

Endotoxin-solutlon
1.2 EU/ml (pJ)

1800
1750
1650

200
200
200

0
50
150

100 pi

100 pi
200 pi
200 pi

Read the A of the samples and the standards against water or a plasma
blank (see Note 3) in a photometer at 4 05 nm. The colour is stable for at
least 4 hours.

N o te s
If ttie plasma is bilirubic. haemolytic or opaque, which is usual in septic pati
ents. use a plasma blank containing 1GO )il of plasma prediluted 1:10,300
of water and 200 pi of acetic acid 20% .
Note 4
If the concentration of the endotoxin in the test sample is higher than 1.2 E U /
ml, dilute the test sample 1:5 with sterile endotoxin-free water. Multiply by 5
when calculating the endotoxin concentration of the test sample.

11. RESULTS
See under the same heading of the W ATER METHOD
Expected results
Sensitivity (%)

Specificity (%)

Specimen (reference)

Normal range
(EU/ml)

Plasma")

0.070±0.095

-

-

-

75
92
—
93
100
89

99
91
—
100
97
99

(5)
(10)
(11)
Cerebrospinal fluid (9)
(12)
Urine
(13)
(14)

<0.2
<24
-

’ ) The patient has to t>e followed by taking samples twice a day for several days.

12. PERFORMANCE CHARACTERISTICS

The standards must be heat-treated for 5 minutes in a waterbath at 75*C as
soon as possible and will then t»e stable at 2 to 8'C for 24 hours (see "Speci
men collection").
All diluted solutions of endotoxin must be thoroughly shaken before use and
kept at room temperature during the work.

Precision
Duplicate samples should b»e run to establish good procedures and a low
coefficient of variation. One point (e.g. 0.9 E U /m l) should t»e run say ten ti
mes in one sequence. The coefficient of variation of these ten absorbances
should be less than 10% . After some time and experiences, values of 2 -4%
should be possible (4).

Procedure:
1. Dissolve the substrate in 6.6 ml endotoxin-free water.
2. Prepare the standards. Dissolve the endotoxin in endotoxin-free water
to obtain 12 EU/m l, m ix for three m inutes with a "Vortex" mixer. Dilute
the endotoxin stock solution 1:10 to obtain an endotoxin solution of
1.2 EU/m l. Proceed according to the table above.
3. Mix substrate and buffer. Keep at 37*C.
4. Reconstitute the LAL in 1.4 ml endotoxin-free water (room temperatu
re). Allow to stand at room temperature for at least ten minutes.
5. Follow the table below.
Timing of the test must tiegin when the LAL is added to each tube and must
continue uninterrupted to the last step. It is suggested that in a series of
tests, a new test should start every 15 seconds.

Sensitivity
By increasing the incubation times to 30 and 10 minutes respectively it is
possible to measure an endotoxin concentration of 0.01 EU/m l plasma.
Accuracy
Since there is no other established method available the accuracy can not
be confirmed.
Specificity
No lack of specificity has been reported. When 8 — 1.3 glycans which may
interfere in the LAL assay, were tested by the present method, about 2000
times more of this compound, compared with endotoxin, was needed to ob
tain the same activity.
Protease inhibitors given to patients, Aprotinin and FOY are not denatured
by heat and can thus interfere with the assay

III
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Gfam-negabvebacterial endotoxinscatalysetheactivationofanenzym
esystemin
thecircUatingamoebocytesofthehorseshoecrab."Lim
uluspofyphem
us".Theter
m
inalenzymereactswithacfoltableproteinresultingina gelform
ation(1-4). (Rg1).
Sofar,thissystemhasbeenusedforasemi-quantitativedeterminationofendotoxin
byusingthedotform
ingcapabilityofthe"Lim
ulusAm
oebocyteLysate"(LAL).Ithas
beenshownthat theterminal enzym
ealsosplitscertainchrom
ogenicsubstratesto
forma colouredproduct(pNA)whichcanbem
easuredphotometrically(5).Theam
o
untofenzym
eneededtoobtainsuitablehydrolysisofacrom
ogenicsubstrateisless
thantheam
ountneededtoformadot. Thism
akesitappropriatetochangethemet
hodofdetectionofactivationfromclotform
ationtothereleaseofacolouredcom
po
und(5,6). Theintensityoftheyellowcolourislineariyproportionedtotheam
ountof
endotoxinpresent

Standardcurveforwaterandparenterals:
Thestandardcurveismadebyusingtftefollowingdilution(Table1)insterileendotox
in-freewaterora referencepreparationofthesam
ple(drug)tot>etested

Tablet. Preparationofstandardsforthestandardcurve(wateranddrugs)
Endotoxin
(EU/ml)

0.00"*
0.15
0.3
0.6
0.9
1.2

Endotoxin

FactorC

i

» activefactorC

Proenzym
e

firmgel

Endotoxinfree'water

Endotoxinstock"
solution, 12EU/ml

(M
l)
200
175
150
100
S
O
0

(M
l)
0
25
50
100
150
200

Thiscanbeaddedtothefirst 1800piifwaterisusedorifthereferenceprepara
tionisnotInhibitory.
Tobeusedasa blank.
12EU-1 ngendotcxin.

activeFactor8

Factor B

Coagulogen—------

EndotoxliHree
waterOf
referenceprep.
(M
l)
1800

Clottingenzym
e
Standardcurveforplasma, plasmafractionsandceretxospinal fluid:
D
H
utotheendotoxinstocksolution1:10withsterileendotoxin-fieewatertoaconcen
trationof 1.2EU/ml. Thestandardcurveism
adebyusingtheloliowingdilutions(Table2)inendotoxn-freewetorandnorm
alftum
anplasm
a.Useendotoxin-freehepariruzednorm
alhum
anplasma.

Peptide-pNA - -vpNA

Figure1.
ThepnndpleoftheLALlest.Thebloodfromthehorseshoecrabistakendirectlyfrom
theheartbyusingasyringe. ThebloodceU
sarecentrifugeddownartdwashed.They
arethenly^tiy usingultrasoundfolowedbychloroformextractiontodestroyinhft>itorycom
ponents. A
Hfactorsinvolvedinthechainofreactionsexceptendotoxin(the
trigger) andthepeptide-pNAsubstrateispresent intheLALreagent. Thereaction
withthepeptkJe-pNAsubstrateisdetectedm
ucheartierthanthegel.Thischainofre
actionsinducesa certaintag"Intheactivationasw
enastheunusuaO
yhighsensilivity
ofthem
ethod.
Theassayisreliableandsim
pletoperform(7)aslongascontam
inationandlosses
duetoadsorptionareavoided.Eliminationofinhibitoryeffectsfromthesam
plesare
alsoim
portantm
easures(8). IthasbeenannouncedthattheFDAw
iHnolongerre
com
m
endtheuseofthe"rabbittesrbecausetheycannotofferguidelinesforthechoicsofs reliablecolonyorrabbits.TheLALtestusingeithersdot,chrom
ogenicornephelomelrictechnique.w
Mbethetestofchoice.TheEuropeanPharm
acopeiaCom

m
issionhasalsodecidedtorecom
m
ertdtheuseoftheLALtestByhavingLAL.endotoxinstandardandothernecessaryreagentsproperlym
atcftedandcom
binedins ktt.
alsocontrolledbytheFDA. areliableassaycanbeoffered.
Thistextiscom
posedtogivesom
eadvtcetothenewuserofCOATEST*EMOOTOXINanditcanalsobeutilizedintroubleshooting.
Sampling
Itisimportanttotakearepresenutivesam
pleandtoensurethatnochangeswhichin
fluenceiheresuttsappearbeforeassay.Bacterialgrowthcanbestoppedbye.g.heaU
ngtoabout100degrees1erfvetotenm
inutes Gram-negativebacteriatreatedin
thiswaygiveagoodresportsetotheLALassay.Theam
ountofendotoxinisncrm
aity
proportional tothenum
berofGram-negativebacteriainthelogphaseof bacterial
growth. Inthestationaryphasenocorrelationshouldhoweverbeexpected. M
ost
sam
pleshavetobetreatedindifférentwaystoavoidinhibition(see"Elim
instionofin
hibitoryeffects"below). EndotoxininairiscoSectedonM
ilHpore0.8pfilter(dust)or
CambridgeAbsolutefiler(air).ThefHtersarethenshakenfor15-20m
in.int %saponninwater.Endotoxininmedicaidevicesisperformedbysoldngthesam
pleinendo
toxin-freewateraccordingtoaprocedurerecom
m
endedbyM
IM
A.
Forclinicalsamplesitisimportanttftatthepatientscortditionatthem
om
entofsam

plingisregistered. Usuallyitisnecessarytotakeseveralsam
plesoveracertaintim
e
toobtainsufficientinform
ationtom
akeadiagnosis.
Initial qualitycontrol
Theperiomtanceofthechrom
ogenicendotoxintostvarytoacertainextentdepen
dingupontfteaseptictechniqueused,thesensitivityofthel>Landthenatureoffhe
producttestod. Aqualitycontrolprocedureshouldthereforebeem
ployedinorderto
becomeaquainledwilhtheprocedure.Aseriesofstandardcurvesgivingconstatent
resultsshouldbeprepared(seebelow)TherespectivepointsshouldItoonastraight
linewithoutcunringeitherupordown.Theslopeoftheinsm
aychangesHghtfyfromlot
tolotdepertdingonvariationIntheLALbuttfwlinesftouldalwaysbestraightThispro
cedurew
inprovidealinearstarvlardcurvewithacorrelationcoefficientofabove0.98.
Onepoint(ofe.g.0.6EU/ml)sfiouldberunabouttentim
esinonesequence.Theco
efficientofvariationofthesetenabsorbancesshouldbelessthan10%.Aftersom
eti
m
eandexpenence. valuesof2-4%shouldbeobtained.
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Table2. Preparationofstandardsfortftestandardcurve(plasmaandplasmafrac
tions).
Endotoxin
(EU/ml plasma)
0.0
0.15
OJ
0.6
0.9
1j

EndotoxtrHree
water
(M
l)
1800
1775
1750
1700
1650
1600

Normal hum
an
plasma
(M
l)
200

Endotoxin
1.2EU/ml
(M
l)
0
25
50
100
150
200

Thestandardswithplasmam
ustbeheat-treatedim
m
ediatelyfor5minutesat75*C
butwi thenbestableat2to8T:for24hours.
Al dhitedsokftionsofendotoadnm
ustbethoroughlyshakenbeforeuseandkeptat
roomtemperatureduringthework.Performtheassayasindicatsdunder"Procedure"
inthekMineortorinFigure2.Ploltheabsorttances(A)forthestandardsagainstttieir
concenkationsofendotoxinonlineargraphpaper.Thestandantcurvesarelinearin
therangesinquestion,thehigherconcentrationgivinganabsorbancewithin0.7-1.4
absorbanceunits.

1

LaL
100pi

H Substrate
.1 200pi

HAc.20%
200pi

Sam
ple
*2Sand5m
in. fortheplasmam
ethod
Figure2.
Aschem
aticdescriptionofttwchrom
ogenicm
ethodforendotoxindetermination At
thefirststagetheLALreagentisactivaledbyendotoxininthesam
ple.Thentheenzy
m
eotitainedism
easuredwitha chrom
ogenicsubstrate.Aftertftereactionisstopped
byanadditionofaceticaddthecolourdevelopedisreadonaphotometerandthere
sultsareploltedina standardcurvegivirrgtheresuttsinEU/ml(EU—
EndotoxinUnit).

Forev«fynewproducttobetes««d.lh«ItoMfreiationshipbetweenefvïotoitincx)ocefv
MtionandAshouldbeoonTirm
edbyprepanrtgacom
pletestarxlardcurveusing■ertdotomt-lreerelerenoeol theprodudTochooseafefenertcetortheproducts, use
batchesofgoodquafity.Vartendotoxin-treerelerenoet>atchisnotavailable,«f«doto(incanbeaddedtottwbestpossiblesample. Theeffecto(ertdotaainpresentinttte
sampleisthenesbmatedbyeubstractingA,—
<A^-A^)ffemeechetandaed.A,is
toeabsorbanceobtainedfromttiesam
plewithoutaddedendotoxin,Aa^TSb- sem
ble
blank)isa blanktowhichaceticaddhasbeenaddedbeforethesubstrate,andAn,(t%
)
—
reagentblank)isa blankwherethesam
pleisexchangedlorendotonn-freewater
andtowhichaceticaddisaddedbeforetheaubetrate.
Howtoavoidcontamination
Itis evidentthatasensitivem
ethodlikethepresentassaywhichisusedlorthedéter
minationollevelsaslowasto1pg/rd(-0,01 EU/ml)ofendotenn,aoompo(aidpre
sentalmosteverywhere,iseasilysubfectedtocontaminatton(eitherbyendotoxinsor
Gram-negativebacteria). Theriskol airbom
econlam
inatKjnisotjvious. Thereare
twotypesofcontamination. Honeofthereagentsis contam
inedthiswUbeseenina
highblankwhichInm
anycasescanbesubstractedandthustolerated.II,ontheother
side, thereIsa contaminationina singlelesttutieorpipettelipthisW itt bedetectedif
doubledeterminationsareperformed.
Inordertoavoidcontaminationaseptictechniquesm
ustbeused.Itisratherdifficultto
finda suitabledirectionforasepticwork. It seem
stobem
orea*know-how*am
ong
microbiologistsandpharmaciststhana welldefinedprocedure.
Am
ostextensivedirectionforasepticworkisthesocalled"OrangeGuide"(9).
Som
eimportantrulesareasfollows:
e W
orkinaseparateroomoronalaminarflowbench
e Cleanthebenchandtheequipm
entwithantisepticsbeforestartingup
e Coverttiebenchwithbencfvcoat
e
Useonesetofautomatichandpipettesforendotoxinsolutians(e,g.standards)
andanoffierforendotoxin-freesolution,
e Usesterileorendotoxin-freedisposabletips(MOorEppendorf)fortheatuom
atichandpipettes.ChecksterSetipsforendotoxincontam
ination,
e DonotusetheU
pmorethanoncewhenpipettingsam
plesandstandards
e Usesterilem
easuringpipettesforreconstitutionofthereagents
e UseaPileus-bal insteadofm
outhpipetting
e UseCom
ingtubessterilizedlor4hoursat18C
TCor30miaat2S<rc(wrappedin
alum
iniumto#)
e TakattietubesoutO
fthefoil fromthetutiebottomend
e Donotm
ovehandsorarmsoveruncappedtubesandreagentviais
e Uncapthereagentviaiswitha pairoftweezers
e Replacettiestopperswithalum
iniumfoilorparafHm
e Flametheopeningofthereagentvialsandthestopperwtienuncappingandcap
pingit
e Capthetesttubesstarlingw
iththerighttubeandworktotheleft
e Uncapttielesttubesbystartingw
iththeleft tubeandcontinuetottierigfit
e Putthestopperswiththeloponthebenchcoat
e IfunstsiiiestoppersareusedInthetesttubesthesolutionm
ustnotcom
eincont
actwithttiestoppers
* Donotkeepttietubesandvialsuncappedform
orethanshortperiods
e Touchonlyttieupperpartofttiedisposabletips
e W
henpipettingdonottouchtoetubewallswithtoetips

Table3. Strategiesusedtoanalyzevariousproductsandresiitsobtained.Aninhibi
tionofttiereactionof30%orlessisjudgedasacceptable.
Drugs

Maincom
ponents

TPD
(EU/ml)

Dilution

#
e

C o v e r thetubeswffhParafilmduringttiekiatoationperiod.(NotethatthePareffknisnotsterile)
Checkthetieparinsolutiononthefteparinizedtubesforendotoxincontaminatian.(Testataconcentrationofabout25ttJ/ml)

Note: Sisrffaisnotthesam
easpyrogen-/endototon-free.
Seealso"SuKabfematerials'below.
II thestandardcurve(see"InitialqualityoontroT)cutstheordSialebetowtoeorigin,
adsorptionfettletestlubeissuspected.ThelALmayttienbeaddedasttiefrrstrea
gent Thantheproceduresfiouldbetimedfromthefirstadddtonofreagentbecause
toe LALm
ayt»eunstableat37X1.However,thisprocedureism
oredifficulttofollow,
becausethepipettetipsm
ustbechangedbetweensamplesaddedunderttiestrictti
m
eoonfrol
Howtoavoidleasedduetoadsorption
Endotoxineasilystickstosurfaces.Suchsurfacescanbetesttubesbutalsoprecipi
tatesinttiesamples.Theendotoxinstandardinttiekitcontainsaltxjminandcansafe
lybeusedinttiekitprocedures.W
henotheravailablestandardsorwatersamplesare
diKrtadlossesduetoadsorptiontottiesurfacesofttietestlubeshavefrequentlybeen
reported.Othersam
plesthanwaterhaveusuallynotcreatedproblems. Heat-treated
album
in(0,1%), foundtobetreeofendotoxinwtientestedwithtoepresentm
ethod
usingaprolongedkidtoaliontime, hastieenusedsuccessfutty
Eliminationofinhibitoryeffects
Theassaysystemhasbeendesignedinsuchawaythatthereactionconditionsarc
optimalfortestingdistilledwater.Thereforeeveryothersampleisapotentialinhibitor,
evenphysiologicalsaline,whichgivesabout20%W
iibrlion.Thebestwaytooverco
m
einhibitionordecreaseittoam
inim
umistodilutethesam
plewithendotoxin-free
water.Thereisacertainm
axim
aldoserecom
m
endedloreachdrug.Thisdoseshould
containlessendotoxinttianapredeterminedamount Ithasbeendecidedthat this
am
ountshouldbeequivalenttotoeam
ountttiatcancausepyrogentoeffectinmanthe"thresholdpyrogenicdose'-whichisSEUperkgbodyweightor350EUforanor- ,
m
aladult(70kg).Ifthedoserecom
m
endedisXml,thesam
plem
aybe(W
utedYtim
es
toreachtoepass-laillim
itat0.7EU/mlwtiichissuitablewittimtoesensitiverangeof
toekitprocedure.

(

Y- fiCS
Thedihrtioofactorm
ustthenbeusedwhencalculatingtheendotoxinconcentrationin
theoriginalmaterial.Incasethevoksneofwatersuppbedinttiekitisinsufficient.water
forinfectionavailablefrompharm
acistsandhospitalscanbeused.Itshouldhowever
tietestadwithttiekitm
ethodusing2Sm
trxrlesactivationand5minutessubstratehyd
rolysistim
eand0.03and0.09EU/mlstandards.
Insom
ecasesfurtfierdilutionisnecessarytoavoidsignificant inhitxtion. Thenthe
incutialiontimehastobeproloogedtoobtainalevelofsufficientsensitivity.Somety
picalexamplesaredem
onstratedintable3.ttttiesam
plehasanunsritablepH(outsidetherange7.O-4.0)andhasasignificantbuffercapacitythepHshouldbeadjusted

Thettirasholdpyrogenicdose(TPD)iscalculatedbydividing350EUtiyttievolum
e
recom
m
endedforanadultThepreparationIsthendilutedaccordingly.

Incubation1
(min)

Inhibition

Activalion Procedure, otherthanordinary

Hemostatics
AHF-concentrate FactorVIII, fibrinogen
Hum
anplasmaprotein(FVDI)
Octonativ
Hum
anplasmaprotein(FIX.FX)
Preconativ

1.68 , 1:10
4.17 1:5
4.00 1:10

20
10
10

0%
11%
4%

Immunoglobulins
Aunaliv
Gam
m
onstrv
Rhesonaliv

Im
m
unoglobulinfromplasm
a
IgGfromhum
anplasm
a
Im
m
unoglobulinfromplasm
a

20%
50%
28%

70.0
5.80
175

1:10
13
1:10

10
10
10

234
3.12
7.80
58.3

130
13
1:10
1:100

25
25
10
10

17%
0%
19%
13%

1.17
0.04
2.10
3.50
0.14
0.6

1:20
1Æ
130
1:100
13
1:135

25
25
30
30
25
10

11%
25%
17%
22%
3%
14%

1:20
1.10
130
1:10

10
10
20
10

20%
11%
25%
17%

Antfttirombofica/Throbofytics
Antithrom
bin
Fragm
in
Heparin
Katxkm
ase

Hum
anantitorom
bin, album
in
Heparinfragment
Na-fieparinfrompigintestines
Streptokinase, hum
analbum
in

Add10m
MMgCt;, heatfor5m
inat 75T:
Add60m
MMgCy, replaceHAcwithSDS
Add60m
M,replaceHAcwithSOS

Infusion-anddialysissolutions
Album
in
HF-1
Intralipid. 10%
intralipld, 20%
Lockotys
Valin5%

Hum
analtiuminfromserum
Na*. Mg**, O.Ca**
Sojafraction, lecithin
Na*, Mg**, a . lactas
Valin

ReplaceHAcwlton-Propand
ReplaceHAcwithn-Propanol

Ottierdrugsanddevices
CPD
Crescorm
on
toparm
ro
Sagm
an

Na-citrat, H-citrat
Horm
onfromthehypophysis
lopamtdol, EDTA
Adenin, glucos, m
anniiol

280
2.50
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AddlOmMMgClj

AlwaysmeasurethepHofanaliquotofthebulksam
pletoavoidcontam
inationbythe
pHelectrode.pHadfustm
entm
aycauseahighsaltconcentrationwhichusuallyisin
hibitoryandthushastobedilutedwithendotoxln-treewater. Ifthesam
plecontains
chelatorsthiscanbebacktitratedbyusm
gMgCI,whicheveninsom
eexcessisless
inhibitorythanCaClyEm
ulsionscanbeclearedbyusingorganicsolvents.Notethat
standardizationm
ustbeperformedinaretorerKepreparation<asendotoxin-freeas
possible)ofthesample.
InordertoeliminateInhibitoryeffectinbiologicalsam
plescontainirtgproteaseinhibi
torsaswellasotfterproteinsinterferingwiththeassaytftesam
plecanbediluted1:10
withdistilledwaterarxfheatedto70-«0*Cinawaterbathfor5-15m
inutes(Rg.3).This
givesadénaturationofinterferingproteinswitftouttheform
ationofprecipitate. The
samplecanthusbeartafyzeddirecffywhftoulanycentrifugation.
Ifneithardilutionordilution-f heattreatmentIssufficientultracentrifugationIsoften
Ifte tfiirdchoice. Thematerialsneeded(Uftrasart 020) areavailablefromSartorius
GmbH. P.O.Box3243, D- 3400Gôttingen. FRG.

100 -

0— 0,

Tiesttubes;
1. CORNING, FVsx Disposable Culture Tubes borosilicate glass 10x75 m
m
,
12x75m
mCat N*9994445.

Z AMERICANSCIENTTRCf^ODUCTTS,BorosilicateTubes1000/bxN*T1290-2
3. GÆMER, fHJtypropylenetubeswithcap,singlewrapped12.4x75m
m(4.5ml)
N*120161.
4 FALCON, TissueCultureTubeswithcap. 16x50m
m
. Cat N*3026.
5. 8ECT0NDICKINSON. Vacutainer»SterileSodiumHeparin. N"6480for blood
sam
pling.
Pioettasandtips:
1. EPPENDORF, Pipettesupto10001
1
1
,N*4700.
Sterilebps. Individuallywrapped1-100|il (N*0030026.004)
and101-1000|il (N*0030029.003).
2. MLA
StandardPrecisionPipettesN
"1021-1030dependingonvolum
e.
Disposable(endotoxin-free)tips, individuallywrapped. Sm
all upto
200III(Cat N-21-341)andlarge250-1000pi(Cat N
"2026).
3.

FALCON Serologicalm
easuringpipette, 10m
lwithplug,individuallywrapped
(N-7551F).

Additionalmaterialforthemicro-platem
ethod(seebelow):
1. STERIUN, RigidPlateFlatW
ell NS/FPArt N-M29A

c
X

o
o
TD

2.

MA BIOPROOUCTS, 96-Well MicrotiterPlate. 48/caseCostarN*3596
8ChannelPipettor50pi(N*20-4850), 100pl(N"20-4800)
6Channel PipettetipstripsCkistarN*4861
ReagentReservoir, 10packff 25-019.
3. FLOW LABORATORCS.ThertekMultichannelPipettes,4.8or12channelfixed
orvariablevolum
es.

C

UJ

30

50

70

90

Temperature of preincubation *C
Rgure3. Proteaseinhibitorspresentinplasmainhibit ttieenzym
eactivatedindie
LAL.Thisleadstoanunderestimationofendotoxininthesam
ple. Bydilutingthepla
sm
a1:10withwaterandincubatingitfor5m
inutesatatemperaturebetween70“and
6(rCdwaexdiibitorsaredenaturedwidioutanylossofendotoxinorprecipitation.Also
com
poundsinlerferingwithendotoxinandnon-specificproteaseactivitiesareelimi
natedbydiistreatmenL
kAediodoiogical parameters
Asignificantamountofworkhasbeenrequiredtoobtainoptim
alconditionsfordieLAL
preparation.Thekitreagentsare,fiowever,matcfiedandcontrolledtofunctionw
eHin
diekitprocedure.TheLALreagentisslighdyopaqueandoftencontainssom
eundis
solvedsubstances.Thisistypicalform
anybiochem
icalreagentm
ixturesandiscon
trolled. Itisalsoimportanttohaveagoodstandardtobeabletoguaranteereproduci
bleresults.LALandendotoxinsarefromtheUS(MABioproducts)andthuscontrolled
andlincensedbythefDA
ByusingatwostageprocedureHiseasiertoavoidcontam
ination. Thefirststageis
equivalenttotheclotprocedureknownandwidelyusedform
orethanonedecadewith
verylewrniairiterpfetationareported.Afterthisfirststage,whichtakes10-30m
inutes
accxxdingtodiechooeensensitivitytheactivationisvirtuallystoppedbydilutionand
changeofpH. Thesecondstageisttiencxxnparalivelyinsensitivetocontamination.
Theincubationtimewiththesubstratecanbechoosenaccordingtothesensitivity
range.Inordertoobtainsatisfactoryreactionkineticsthehigtiestabsorbanceshould
notexceed1.5.
VariationintemperatureIwtweensam
plescangiverisetoratherlargeerrors.Onede
greecangivemorethan10%error(6).Thechrom
ogenicsubstrate,thebufferandthe
endelexin-freewaterarestablereagents(morethan6months)butastherecertainly
isariskforcontaminationusingthesereagentsashelfyfe(2-6'C)bm
eofonem
onthis
Theamountofendotoxin-freewaterinthekitm
aybeinsufficientforsom
epurposes.
Waterforkiiectionavailableatpharm
acistsandhospitalsisusuallyaoceptatite. NIs
advisable,however,tocomparethesewiththatinthekit.using25m
inutesactivation
timeand5minutesorm
oresubstratehydrolysistim
e.
Thechoiceofmaterialwhichwillcom
eincontactwiththesamplesandreagentsm
ay
becrucial. Alistofmatariais,wtiichhavebeenfounduseful,isgivenbelow.Acarefui
calibrationoftheptwtometer(apNAstandardisavailablefromKablVitrumandsubsi
diariesandttieuseofsemim
icrocuvetteswithblacksidewallswillcontributetothe
precisioninthetest
Sultatilematerial
ItIsimportantthatthenewuseroftheCOATEST*ENDOTOXINkitsbeginswithpipet
tes,testtutiesandotherequipmentwtiichfiavebeenfoundsuitabletoavoidcontaminabon.One*theassayfunctionsproperlythematerialcanbeexchangedonebyone
toottiermaterialprefenadatttwlaboratoryinquestion.Addressesoftherepresenta
tivesdistrfbubngsuitabisequipmentkstsdbelowareavailablefromKablVitrumAB
anditssubslduarles.Donotusesurfactantsforwashingorrinsing. Keepa#material
carefullycovered. Ptasbcbagsareopenedaslittleaspossibleandclosedbyfolding
andtapeing.
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ThaaaaayInroutine
TherearetwoquaW
iestfiatcanmakethepresentmetfiodalm
ostotiligatoryforroutine
purposesInthepfiarmaoeuticalindustry:
1. Acutelasts. Theassaycanbearrangedinsucham
annerthat theresultsare
availablewithin16to20m
inutes. Thislaveryattractiveforin-process-control,
m
akingHpossibletosaveexpensivestartingmaterialandintermediatesinpro
ductionaswe#asbm
eforoccupyingafüinglineforparenterals.
Alargenum
beroflasts.Byusingmicropialetechniquesorclinicalchemistryautornaleamapoealblelocarryoutabout100assaysin1/2to1hour.Suchtestscan
oftenbeperformedusinglessreagentswhichwillreducethepricepertest. Also
thecontoerabvetysmallernum
berofstandardsandcontrolsandthesimplified
handlingof thelestreducesttiecostsignificanby.
Themicropialeprocedure(Table4)Isperformedexactlyasdescribedinthekit
Inserttorlesttutieswithbieexceptionsthat:
e Onlyhalfttievolum
esareused
e Theincutiabonbm
esareprolongedbecauseoflessefficient heating
e Mulbcfiannalpipettesareusedforall reagents(notsam
plesandstandards)A
specialreagentreservoirIsneededforttiereagents. Repeatingdispenserscan
alsobsuasd1erttisreagsnts.
e Insom
aEUSAreadersm
uchofthecalculationoftheresultscanbeautomated.

Z

Tabla4. Micro-plalsmsthod.
Inaflatbottomedmicroplate(37iC)add:
Sampleorstandard(incubateatSTX)
LALreagent
Incubate13m
inutes(30m
inutesforplasma)
Chrom
ogenicsubstrateInbuffer(3710)
Incubate3m
inutes(5m
inutesforplasma)
Acebcadd

M
i50
M
l50
M
l 100
Ml 100

Factorswtiichcanadverselyaffecttfievariabilityoftfiemicroplateprocedureinclude
lessefbcisnltemperatureregulationthanInthetesttubem
ethodandthefactthatthe
multichannel pipettesoccasionallygivelessprecisionbecauseof “leaking"pipette
bps. Lessefficientm
ixingm
ayalsoadverselyaffect theresults.

T ro u b la s h o o tin g s c h e m e

Bad reproduclbtttycanbecausedby;
a Noiwarm
ingandm
ixing("Vortex"mberrecommended)standardsandsamples
propertybeforeassay
a
a

Usingthe*»rof>gmaterialorfwtusinganseptictecfviique(seeabove)
NotreconstitutingtheLALaccordingtotheinsert

3TCbeforeaddition

a

Notkeepirtgtftesutjstrate+ bufferat

a

Badm
ixing(m
ixingcanbedoneinthepipettebp- avoidcontamination)
Notusingapropersemi-microcuvette(W
anksidewaftsorsirt)
UsinganuncaSbraledphotom
eter

a
a

A(tatstandardcunrecanbecausedby;
a Inhibitoryeffectsofthesam
ple.Thiscanoccasionallybetolerated,
a
a
a
a

Keepingtfteplasmaatroomtemperaturebeforedilutionandfteat treatment
Lowtemperatureduetouneffiaenltemperatureregulation
Usingwrongmaterial(seeabove)
NotreconsbtutingtfteLALaccordingtotheinsert

Fo#owtfteinstructionsIntftekitinsertcarefuflylFurlfteradviceisavailableinIfiistext.
Rate
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APPENDIX D - THE OXOID SIGNAL BLOOD CULTURE SYSTEM

-----

BLOOD

CULTURE

SYS

CODE BC 100
PLEASE REA D TH ESE IN STRUCTIO NS BEEORE USING T H E O XO ID SIG NAL BLOOD CULTURE SYSTEM .
NOTE: T H E O X O ID S IG N A L B L O O D C U L T U R E SYSTEM IS F O R IN VITRO USE ONLY.
Intended Use
The Oxoid Signal Blood Culture System is used to culture samples of blood collected from patients where the condition
of bacteremia is suspected.
Introduction
Blood cultures are always carried out on febrile patients showing the classic syndrome of septicemia (chills, fever,
prostration). They may also be undertaken on patients with bacterial diseases including pneumonia, meningitis, urinary
tract infection, typhoid fever and generalised salmonella infections.
Wound infections, infections of the gall bladder and biliary tract, osteomyelitis, peritonitis and puerperal sepsis may be
accompanied by bacteremia.
Bacteremia may be transient or persistent. A persistent bacteremia in the absence of localising signs of infection
suggests the possibility of a serious intravascular infection, such as bacterial endocarditis.
A positive result from a blood culture w ill depend on the numbers of organisms in the blood at the time of collection
and the size of the sample. Therefore, three or four separate blood collections taken during a 24 to 48 hour period is
recommended.'
Principle of the Test
Blood samples are collected from patients, using strict aseptic technique and sterile equipment. The samples are
inoculated into the blood culture bottles and mixed with the medium.
The formulation of the medium encourages the growth of aerobic, anaerobic and micro-aerophilic organisms. The
medium is also designed to create pressure in the sealed bottle when organisms are growing.
The detection of positive pressure is by means of a growth indicator device which is connected to the bottle after the
blood sample is added. A positive pressure in the bottle displaces a quantity of blood/broth mixture into the chamber
as a sign of microbial activity.'^
A positive result is indicated when the blood/broth mixture rises above the green locking sleeve of the growth indicator
device.
■Medium Composition
Typical formulation (European Patent 0124193 A l )
Grams per litre

10

Typtone Soya Broth
Gelatin peptone
Yeast extract
Meat extract
Sodium chloride
Potassium nitrate
Glucose
L-arginine
Sodium pyruvate
Gelatin
Sodium thioglycollate
Cysteine H C l
Sodium bicarbonate
Phosphate b u ffe r.
Sodium polyanethol sulphonate
Dithiothreitol
Adenine sulphate
Sodium succinate
Ammonium chloride
Magnesium sulphate
Menadione

10

5
5
8

1

1
I
1
0,5
0.4
0.4
0,3
0,3
0,2

0,01
0,01

0,008
0.008
0.005
pH 7,0

Sodium polyanethol sulphonate (SPS), 0.03% is added because it inhibits clotting,^ neutralizes the bactericidal effect
of human serum,’ prevents phagocytosis" and partially inactivates certain antibiotics (streptomycin, kanamycin,
gentamicin and polymyxin B).'’ SPS may be inhibitory to some strains of Peptostreptococcus anaerobius. Neisseria
meningitidis and N gonorrhoeae; therefore gelatin is added to the medium to neutralize this inhibition."
When
human blood is added to this medium, CO ; produced can be detected at 2.5 to 5% v/v in the bottle head-space.'
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I'rccautions
A ll blood samples should be considered infectious and handled with care.
Although the majority of blood cultures are negative after incubation they should be sterilized by autoclaving at 12TC
for 15 minutes before being discarded. Do not separate the bottle and the growth indicator device before sterilization.
Bottles of broth should be examined before use and if they appear to be turbid or contaminated then they should not
be used. However, storage of broth bottles below 15°C may cause a precipitate to appear which will redissolve on
warming. Do not use any bottle which remains turbid after warming to 30°C. Dispose of it safely.
D o not extend the incubation of the blood culture beyond 24 hours without inserting the growth indicator device.
D o not contaminate the cap or membrane with blood/broth.
Avoid adding more than 10 ml of blood as this will disturb the optimum blood/broth ratio.
Always lift the blood culture system by grasping the bottle, not the growth chamber or locking sleeve.
Storage Conditions
Store the broth bottles at 18°C to 25°C before use. When stored under these conditions the product can be used until
the expiry date shown on the bottle label.
Specimen Collection
Blood is taken from the patient by venipuncture using strict aseptic technique and sterile equipment.
The venipuncture site is prepared by cleaning in the normal way. e.g. with alcohol. Do not touch the site after
disinfection.
Perform the venipuncture avoiding contamination of the blood with the skin disinfectants.
Withdraw the volume of blood required, which is 10 ml for the Oxoid Signal Blood Culture System. Smaller volumes
of blood can be used and the physician’s advice should be obtained about the volume to be taken from young children.
Infants and neonates will usually be bled by the physician.
The freshly-drawn sample of blood must be injected into the culture bottle immediately. Disinfect the stopper of the
bottle, e.g. with alcohol, before injecting the blood sample.
Materials required but not provided
1.
Sterile syringe or other means of obtaining blood.
2.
Alcohol solutions, or other suitable skin disinfection material.
3.
Culture media and other equipment for subcultures.
4.
Incubator equipment to maintain 36° ± 1°C.
5.
Orbital shaker (for optimal results). Available from Oxoid. Code BC 301 (110 to 120 volt). BC 302 (220 to 240
volt), or,
6.
Incubator shaker BC 107 (110 to 120 volt), BC 108(220 to 240 volt) . Allows continuous visual monitoring of the
system.
Components of the System
1.
Instruction leaflet.
2.
A sealed blood culture bottle containing 80 ml of broth medium. 20 bottles per pack. Oxoid Code BC 102.
3.
A sterile growth indicator device which is vented through a 0.2 micron hydrophobic membrane. 20 per pack.
Oxoid Code BC 101.
M E T H O D OF USE
A. Inoculation Procedure
1.
Examine the bottle of broth before taking the blood sample and discard it if any evidence of contamination can
be seen.
2.
Prepare the bottle for inoculation before taking the blood sample. Remove the green plastic 'flip -o ff cap and
disinfect the exposed part of the rubber stopper.
3.
Aseptically inject a-maximum volume of 10 ml of blood through the central ring of the rubber stopper. (The
partial vacuum in the bottle will accept 12 ml of blood.)
4.
Thoroughly mix the blood with the broth in the bottle.
5.
Write the patient’s name and identification details on the bottle label.
6.
Immediately transfer the inoculated blood culture bottle to the laboratory. In the event of the laboratory being
closed or transportation being delayed, the bottle should be incubated at 36° ± 1°C. and the Laboratory
Procedure’, detailed below, carried out at the earliest opportunity (within 24 hours).
B. Laboratory Procedure
1.
Place, the inoculated bottle in an incubator at 36° ± 1°C for approximately 1 hour.
2.
Remove from the incubator and place the bottle in an incubation tray (B C 104).
3.
Remove the growth indicator device from its sterile package and ensure that the needle and cap are fully
tightened. (Hold the clear plastic body of the device with the covered needle pointing downwards. Tighten the
needle by turning the needle cover anti clockwise. Tighten the cap by turning it clockwise.)
4.
Disinfect the rubber stopper of the bottle by swabbing, e.g. with alcohol.
5.
Slide the plastic shield from the needle. D o not touch the needle.
6.
Aseptically insert the needle through the centre of the rubber stopper.
7.
Push the needle shaft as far as it will go through the rubber stopper.
8.
Slide the green locking sleeve of the growth indicator device downwards until it fully locks on to theneck of the
blood culture bottle. Press down the chamber to ensure full contact with the rubber seal of the bottle.
9.
For optimal results shake the system for approximately 24 hours at 150 orbits/minute, using a shaker placed in
the incubator, or a bench top integrated shaker/incubator, at 36° ± 1°C. ( If use of a shaker in the first 24 hours
is impossible the system should be manually shaken as often as possible (at least 4 times) during this time. )
10.
Examination of the system for a positive result should be carried out at least twice daily.
11.
At the end of the 24 hour period, remove the system from the shaking apparatus and place on the shelf of an
incubator preset at 36° ± 1°C.
12.
Examine the system on the incubator shelf twice daily and if positive remove for further examination. Vigorously
agitate the negative systems to resuspend the erythrocytes in the broth and return to the incubator shelf.
A total incubation period of at least 7 days is recommended.
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13.

P O S ITIV E S - mix the contents of the chamber, unscrew the green cap and aseptically remove a sample of blood/
broth mixture for subculture, microscopy and susceptibility testing. The vent in the cap contains a 0.2 micron
hydrophobic membrane which ensures that the chamber is not under pressure. A fter sampling replace the cap
on the chamber.

A P O S IT IV E , IN D IC A T IN G G R O W T H O F M IC R O -O R G A N IS M S . IS R E C O G N IS E D B Y T H E A P P E A R A N C E
O F T H E B L O O D /B R O T H M IX T U R E IN T H E T R A N S P A R E N T G R O W T H IN D IC A T O R D E V IC E A B O V E
T H E L E V E L O F T H E G R E E N L O C K IN G S L E E V E .
The large m'ajoritv of organisms causing bacteremia grow vigorouslv in the medium and give a positive result well within
the recommended incubation period. S O M E S T R A IN S O F O R G A N IS M S M A Y SH O W E V ID E N C E O F G R O W T H
IN T H E B R O T H B E F O R E S H O W IN G P O S IT IV E IN T H E C H A M B E R . IF T H E C L IN IC A L C O N D IT IO N O F
T H E P A T IE N T IN D IC A T E S T H E N E E D . O R IF T U R B ID IT Y , C O L O N Y F O R M A T IO N O R H A E M O L Y S IS IS
SEEN IN T H E B L O O D /B R O T H . E A R L Y M IC R O S C O P Y A N D /O R S U B C U L T U R E IS R E C O M M E N D E D . To
do this, see Technique for subculturing (Section C). Bottles should be incubated and examined for up to 7 days before
terminal subculture. Experience with the system has shown that the majority of terminal subcultures are negative.

C. Technique for Subculturing (Non-‘Signal’ positive system!
a)
Where the clinical condition of the patient indicates the need for an early subculture.
b)
where laboratory procedure is to subculture all bottles 18 to 24 hours' incubation, or
c)
where the system is to be terminally subcultured, the following procedure is recommended;
1. Agitate the bottle to re-suspend the cells.
2. Take a clean 5 ml syringe and insert the Luer nozzle of the syringe into the vent in the cap of the growth
indicator chamber.
3. Pull up the plunger and aspirate a small quantity of blood/broth into the growth chamber.
4. Remove the syringe and allow the blood/broth to subside. Although most of the sample will return to the
bottle, a sufficient volume will be retained in the chamber for microscopy and subculture. The Ü.2 micron
membrane in the cap will prevent contamination of the system.
Systems which are to be reincubated should not be allowed to cool before being returned to the incubator.
D. Pre-incubated Bottles
Bottles which have been incubated for 8 to 24 hours before the addition of the growth indicator device may give an
instant positive reaction, if the following procedure for the insertion of the growth indicator device is carried out.
1.
Mix the contents of the bottle. Disinfect the stopper.
2.
Seal the vent in the cap of the device. (This can be achieved by placing a thumb over the vent.)
3.
Insert the device until the tip of the needle is beneath the surface of the blood/broth.
4.
Uncover the vent.
Any positive pressure caused by microbial growth in the bottle will force the infected blood/broth into the chamber from
which a sample can be safely removed in the normal way. (See point 13. section B.)
Quality Assurance
The following organisms are used by Oxoid as part of the quality assurance of the product. The total inoculum challenge
for each test organism per bottle is 10 to 50 colony forming units (C F U ’s).
N TC C No.
7464
9343

Bacillus ce re us
Bacteroides fragilis
Clostridium novyi
Escherichia coli
Fusobacterium nucleatum
Haemophilus influenzae
Klebsiella pneumoniae
Neisseria meningitidis
Peptostreptococcus anaerobius
Pseudomonas aeruginosa
Staphylococcus aureus
Staphylococcus epidermidis
Streptococcus pneumoniae
Streptococcus mutans
Candida albicans

10418
10562
4560
11228
10025
10662
6571

10449
(NCPF3179)

A TC C No.
10876
25285
27606
10536
10953
19418
29665
13077
27337
25668
9144
14990
6303
25175
10231

User Quality Assurance
1.
Examine the bottles of broth for turbidity and/or change of colour before adding any blood.
Discard any bottles showing abnormal characteristics.
2.
If further user quality control is required, it is recommended that 3 aerobes and 1 anaerobe from the above list
be used.
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Limitations
The Oxoid S IG N A L Blood Culture System has been shown to be capable of supporting a wide variety of aerobic,
anaerobic and micro-aerophilic organisms.
In clinical use, however, certain organisms may not grow for the following reasons:
(i)
It is a particularly fastidious strain.
(ii)
The organism may not have been contained in the blood sample.
(iii)
The blood sample may have contained an inhibitory level of antimocrobial.
(iv)
Not all organisms will grow in the time limit suggested for incubation. There may be cases where early discarding
will lead to a false negative result.
Growth of micro-organisms in the bottle may be caused by skin flora or by manipulation contamination. Replicate tests
or clinical relevance of the organisms will distinguish significant infections.
If the bottles are not pre-warmed (see point 1, Section B) false positives may occur due to environmental fluctuations
in temperature and pressure.
Occasional false positive reactions from leukemic patients have been reported.

Performance Characteristics
Laboratory studies have been carried out by hospitals and in Oxoid with simulated blood cultures using 0.5 to 10 ml of
blood and an average of 1 to 20 C F U ’s of organism.
Further tests have been made with 39 genera, 88 species and 362 strains of micro-organisms using inocula of < 20 C F U ’s.
A ll the strains tested, generated a positive signal in the blood culture system and had viable organisms when subcultured
from the growth indicator chamber.
Blood culture field triais*^ '‘‘ '* ‘®*’ -^°'^*-“ have been carried out in 23 hospitals in six countries, using an average of 1,000
blood cultures per trial. The percentage of significant growth of micro-organisms in the system varied from 9 to 11%.
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SIGNAL BLOOD CULTURE SYSTEM

BRIEF PICTORIAL METHODOLOGY

INOCULATION PROCEDURE

1. Remove green flip-top
from bottle and
disinfect rubber stopper

2.

Using strict aseptic
tecfinique witfidraw up to
10 ml of blood from
tfie patient.
LABORATORY PROCEDURE

4.

5.

9.

3.

A septically inject up to
10 ml of tfie patient s blood
tfirougfi tfie central ring of tfie
rubber stopper. Complete
tfie label details.

Place the inoculated bottle into a 36° ± 1°C Incubator for approximately 1 hour. Remove the bottle from the incubator and
place it in an incubation tray. Remove the growth indicator device from its sterile package and ensure that the needle and cap
are fully tightened.

Disinfect the exposed
surface of the rubber
stopper. Slide the
protective sheath from
the needle and
aseptically insert
needle through the
centre of the rubber
stopper.

To sam ple a positive
blood culture, gently
mix the contents
of the chamber,
unscrew the cap and
aseptically remove a
sample for sub-culture,
susceptibility testing
and microscopy.

7.

6. Slide the outer green
sleeve down until it
locks onto the neck of
the bottle. Press the
top of the device to
ensure the needle is
inserted to its full
extent. Shake the bottle

10.

After sampling
replace the cap and
inoculate plates
of suitable
culture media.

Shake continuously on an
orbital shaker ( 150 rpm)
for the first 24 hours (or
manually shake at least
four times in the same
period) at 36° ± 1°C.
On subsequent days static
incubation with examination
and manual agitation twice
a day is recommended.

11. N e g a tive s-th e
level of the
blood/broth
mixture will not
rise above the
top of the green
locking sleeve.

8. Positives are
recognised by the
appearance of the
blood/broth in
the growth indicator
cham ber above the
level of the green
locking sleeve.

12.

A sample for
sub-culture from a
negative is obtained
by attaching an empty
syringe to the luer
socket in the cap,
drawing some of the
blood/broth into the
cham ber and then
s a m p lin g as for a
Dosiiive
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APPENDIX E - COPY OF THE ETHICS COMMITTEE APPROVAL

Bristol and Weston
Health Authority

Our Ref

Your Ref

AM.
District Headquarters.
10 Marlborough Street, Bristol BS1 3NP Avon.
Telephone 290666 Ext. 276

S M W /G M C

2lst O c t o b e r 1987
D r.S .M .W illa tts
S ir H u m p h ry D a v y D e p t, of A naesthesia
B .R .I.
D e a r D r.W illa tts
P R O J E C T E M IL

E N D O T O X IN A E M IA :

I N C I D E N C E A N D R E S P O N S E T O T H E R A P Y IN

TITECRITICXLZTirL'P'ÆTTmT---------------------------------------I am pleased to in fo rm you t h a t fo llo w in g your l e t t e r d a te d I5 t h O c t o b e r 1987, the
C h a ir m a n is happy to give e th ic a l approval to your above p ro je c t u nder consent c a te g o ry
C (see a tta c h e d ), subject to re c e ip t o f the d a ta sheet and the drug e x e m p tio n c e r t i f i c a t e
r e f e r r e d to in yo ur le t t e r .
You s ta t e fu n din g f o r the study has been sought fr o m N u f f i e l d and th e m a n u fa c tu re r s , and I
should be obliged i f you would le t me have your assurance th a t fu nding has been arranged
and th e re w ill be no cost im p lic a tio n to the H e a lth A u t h o r ity .
The C o m m i t t e e requires to be advised o f both the s ta r tin g and fin is h in g dates o f p ro jec t
which i t approves. Please in fo rm me o f these dates as soon as you kn ow th e m .
D a t a P r o t e c t i o n A c t 1984.
I f the p ro je c t involves c o m p uterisin g d a ta about p atien ts
a n d / o r n o r m a l volunteers, it is essential t h a t you inform the D i s t r i c t D a t a P r o te c tio n Co
o rd in a to r, M r .T .B .D o w e ll , at the above address (telephone e xtension 206) b efo re you
begin.
Should you wish to undertake a n y o th e r research p ro ject, the n e x t m e e t in g w ill be held on
2 0 th N o v e m b e r 1987 (com pleted applications should be sent to me a t the above address to
a r r iv e not l a t e r than 28th O c t o b e r 1987).
A p p lic a tio n fo rm s a re a v a ila b le fr o m me
extension 276.
Yours s in c e re ly

Mrs. A . M i l l e r
S e c r e t a r y to the D is t r i c t E th ic a l C o m m i t t e e

Enc.
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