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bactericidal/ permeability-increasing protein
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intercellular adhesion molecule
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LPS binding protein
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monoclonal antibody
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polymorphonuclear leukocytes
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CHAPTER 1

GENERAL INTRODUCTION



Chapter 1

1 INFLAMMATORY RESPONSE AND DEFINITIONS

Infection, tissue injury and ischemia can initiate a wide range of physiological changes
that are executed by the host to survive these events. This process is known as
inflammation. It is initiated at the site of infection or trauma in an effort to prevent
ongoing tissue damage, isolate and destroy infectious agents and activate the repair
processes that are necessary to return to normal function. Inflammation includes the
release of mediators that mobilize responses of all major systems of the body (1).

The clinical presentation of an inflammatory response ranges from relatively
benign to a severe and devastating illness characterized by failure of multiple organ
systems. Many definitions were proposed to describe the variety in clinical
presentation of inflammation. Initially, the inflammatory response accompanying
bacteremia was defined as sepsis. Later, it was recognized that noninfectious diseases
such as trauma, pancreatitis or large burns, can cause similar inflammatory responses
(2-9). These observations resulted in new definitions proposed by The American
College of Chest Physicians/ Society of Critical Care Medicine, as there are: systemic
inflammatory response syndrome (SIRS), sepsis, severe sepsis, septic shock, and
multiple organ dysfunction syndrome (MODS) (10) (for definitions see Appendix).
Although several pathways in the pathophysiology of MODS are revealed, it remains
unclear why SIRS sometimes deteriorates resulting in organ and tissue damage leading
to MODS. The development of MODS in patients with SIRS is associated with
additional mortality, and mortality increases with the number of organs failing. Single
organ failure is responsible for 16-40% mortality whereas 4 or more failing organs are
associated with 88-100% mortality (2, 6,11-13). In surgical ICUs the incidence of MODS
varies between 8-42% and is responsible for a mortality rate up to 80% in all surgical
ICU patients (12,14-16).

2 INFLAMMATION AND INTENSIVE CARE MEDICINE

In the past decades medicine has undergone dramatic changes. The introduction of
antibiotics and improvement of their antibacterial activity, was an important step in
the battle against sepsis. In addition, close observation of patients is increasingly
complemented by complex interventions. When SIRS is complicated by organ
dysfunction, organ function can be (temporarily) supported (respiratory failure) or
artificially replaced (renal failure). Subsequently, modern medicine results in an
increase in complexity of illness as well as in an increasing number of severely ill
patients kept longer alive.

This kind of patients often requires a multi-disciplinary treatment, and much of
this care is concentrated on Intensive Care Units (ICUs). Costs and benefits are a topic
of increasing importance. Intensive care medicine is a major consumer of hospital
budgets, and the demand for care often exceeds available resources. The explosive
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growth in the quantity and quality of life support measures, coupled with the need to
utilize available resources more efficiently, urges for the identification of patients who
really benefit from ICU admission. The benefit of intensive care medicine, usually
expressed in terms of survival, seems unpredictable in individual cases, although
mortality rates are associated with the diagnosis on admission ranging from 1 % to 66%
(17). A major topic in this is to differentiate between patients who are likely to survive
as a result of intensive care and those who will not survive despite this care. However,
at present it is not possible to reliably predict which patient with SIRS will develop
MODS and die subsequently.

3 SEVERITY OF DISEASE: SCORING SYSTEMS

Scoring systems, developed to measure severity of disease, are widely used to plan
therapeutic strategies, to assess their efficacy and to predict the risk of fatal outcome.
For example, the TNM (tumor, node, metastasis) classification for solid tumors is
commonly used to plan appropriate therapy, as well as to provide an estimation of
response to therapy and chance of survival. The same objective was the basis for the
development of scoring systems in critically ill patients. Over the past 15 years, several
scoring systems have been developed to measure severity of illness and to predict
hospital death. Besides scoring systems, plasma levels of endotoxin and inflammatory
mediators are reported to reflect severity of disease. The presence of systemic
inflammation, resulting in derangement of whole body physiology, is accompanied by
changes in plasma levels of inflammatory mediators. For some mediators these
changes are associated with fatal outcome. However, measuring severity of disease
and predicting mortality, either by scoring systems or plasma parameters, is generally
considered suitable for patient populations but not for decision making in the care of
the individual critically ill patient.

The scoring systems have evolved from simple identification of risk categories
(shock vs. non-shock, gram-positive vs. gram-negative, bacteremic vs. non-bacteremic)
to the development of relatively complex scoring systems such as the 'Acute
Physiology and Chronic Health Evaluation' (APACHE) (17-19). Currently, scoring
systems are predominantly used to stratify patient populations to evaluate therapeutic
strategies.

3.1 Acute Physiology and Chronic Health Evaluation (APACHE)

The APACHE II severity of disease classification was presented by Knaus et al. in 1985,
as a simplification of the APACHE I score (17,18). The basis for the development of the
APACHE score was the hypothesis that the severity of acute disease can be measured
by quantifying the degree of abnormality of multiple physiologic variables. APACHE

11



Chapter 1 „,^

II was based on a nationwide study including 5815 ICU admissions. This study
proposed APACHE II as a tool to stratify a wide variety of ICU patients and to
compare ICU populations with respect to efficacy of therapeutic strategies and
mortality rates.

The APACHE II score consists of the Acute Physiology Score (APS), the Chronic
Health Evaluation, and Age Points (Table see Appendix). The APS includes 12
physiologic variables calculated during the first 24 hours of ICU admission. The most
deranged values observed in this period are used for calculation of the APS. A weight
ranging from 0-4 is assigned to each variable. The Glasgow Coma Score (GCS)
contributes to the APS by subtracting 15 minus actual GCS. A history of severe organ
system insufficiency or a compromised immune system is known to significantly
reduce the probability to survive acute illness. Therefore, the Chronic Health
Evaluation is incorporated in APACHE II. Nonoperative and emergency surgery
admissions have a substantially higher risk for death from their prior organ system
insufficiency than elective surgical admissions. Therefore, the chronic health points
assigned, depend on operative state. Age reflects diminished physiologic reserve, and
is therefore incorporated into APACHE II. Age is divided into five categories with
matching Age Points. The sum of the APS, Age Points, and Chronic Health Points
forms the APACHE II score. Mortality is associated with the one principal reason for
ICU admission. In order to predict death rates, a patient has to be assigned to a specific
diagnostic category. A regression equation was developed to compute predicted death
rates using APACHE II score, surgical state, and diagnostic category weight.

APACHE II was used in numerous studies and found, although not consistently,
to be useful in predicting mortality (20-25).

3.2 The Grading of Sepsis score

After the introduction of APACHE I, Elebute and Stoner proposed the Grading of
Sepsis score as a less complicated system to assess severity of sepsis (26). The authors
developed the score driven by the statement that measuring severity of sepsis is a
prerequisite for studying septic patients in detail and to interpret studies on this
subject. Clinical features of the septic state were scored under four headings: local
effects of infection, pyrexia, secondary effects of sepsis and laboratory data (Table see
Appendix). The score considers data that are usually readily available. To each variable
a weight ranging from 0-6 is assigned, and the total provides a number which indicates
the severity of sepsis and which varies with patient's clinical condition in time. The
score was developed using data obtained in 15 patients. Five out of 15 patients had a
score exceeding 20 with a mortality rate of 80%, whereas 10 patients had a score of less
than 20 with a mortality rate of 10%.

The authors recommended a validation of these data in a larger group of patients.
In the years following its publication, the Grading of Sepsis score was validated in
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several studies considering patients with a variety of infections (27, 28). However, the
Grading of Sepsis score has its limitations. The score failed to predict mortality in a
study on intravenous administration of IgG in patients with scores of 20 or more (29).
Similarly, the Grading of Sepsis score failed to predict mortality in septic shock
patients (24). The failure to predict mortality in these studies may be explained by the
inclusion criteria used. Extremely ill patients were included with sepsis scores
exceeding 20. Elebute and Stoner observed 80% mortality in such patient categories.
The predictive value of score systems may be lost when only subgroups with extreme
scores are considered.

In an attempt to improve the accuracy of mortality prediction, modifications of the
Sepsis Score were proposed. These modifications included data on plasma levels of
acute-phase proteins. The modification improved predictive value up to 87%-100% (27,
28). The Grading of Sepsis score has only been validated for patients with sepsis,
whereas APACHE II is considered suitable to predict mortality in a wide variety of
diseases.

4 SEVERITY OF DISEASE: MEDIATORS OF INFLAMMATION

Activation of mononuclear phagocytes (including monocytes, Kupffer cells, and
peritoneal, pulmonary and other macrophages), one of the earliest cellular responses, is
considered to play a central role in inflammation. Probably one of the most
investigated pathways of mononuclear phagocyte activation is the pathway induced
by endotoxin (lipopolysaccharide=LPS). Endotoxins (Fig. 1), cell wall components of
gram-negative bacteria, are capable to initiate a severe inflammatory response known
as gram-negative septic shock. LPS can stimulate mononuclear phagocytes (30) by
binding to a LPS-receptor called CD14 (31). The interaction between LPS with the LPS-
receptor is modulated by an acute phase protein named LPS binding protein (LBP) and
the neutrophil product bactericidal/ permeability-increasing protein (BPI). LBP
enhances LPS induced mononuclear phagocyte activation, whereas BPI does the
opposite (32).

Mononuclear phagocyte activation is associated with the release of a variety of
inflammatory mediators including cytokines (33-37), arachidonic acid metabolites (38,
39), lysosomal enzymes (40), and oxygen free radicals (40-42). Cytokines are
polypeptide cell regulators produced by cells of the immune system as well as by a
number of other cell types. The cytokines released by activated mononuclear
phagocytes unfold their widespread activity by binding to cell-bound receptors. Some
cytokine receptors are, beside cell-bound, also present in plasma in a soluble form (i.e.
soluble (s) TNF receptors). These soluble receptors function, at least in part, opposite to
the same but membrane-bound receptors. For example, binding of TNF to sTNF-R
prevents TNF from binding and activating cell-bound TNF-R at the same time (43).
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Figure 1: Inflammation and mediators

Besides mononuclear phagocytes, neutrophils are a key element in inflammation.
Their role has been extensively described in infectious diseases (sepsis syndrome) as
well as in ischemia/ reperfusion injury (for reviews see (42, 44)). Activated neutrophils
adhere to and migrate across the endothelium. Both, neutrophils and endothelial cells
play an active role in this process. Adhesion molecules expressed on endothelial cells
facilitate the adhesion of leukocytes. In addition, endothelial cells mediate neutrophil
infiltration by the release of arachidonic acid metabolites, nitric oxide, endothelin,
platelet-activating factor, complement, and cytokines (44-46). During migration of
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leukocytes through the endothelial layer they cause local destruction by releasing free
radicals, proteolytic enzymes (collagenase, elastase, cathepsin G), and peroxidases (44,
47). Sequestration of activated neutrophils may also occur in organs which were not
primarily affected. This process is considered to be an important factor in the
development of multiple organ dysfunction (42,48).

A cascade of inflammatory mediators implicates an extensive mechanism. To give
a clear overview, some limitations have to be made. In this thesis, mediators are
studied that are considered to play a major role in the pathophysiology of multiple
organ dysfunction syndrome. Their involvement has been demonstrated in numerous
intervention studies. These mediators are discussed, wherever possible,
chronologically following the exposure to probably one of the most important
initiators of MODS i.e. LPS.

4.1 Lipopolysaccharides (LPS)

Endotoxin has been described since the mid-19th century, and since the 1920s
endotoxin has been the subject of intensive investigation. Endotoxins are
lipopolysaccharide (LPS) constituents of the outer membrane of gram-negative
bacteria. The LPS molecule consists of three regions. The outermost O-antigen
polysaccharide region is unique to each particular strain of gram-negative bacteria. The
core polysaccharide region is similar among many strains of gram-negative bacteria.
This core region couples the O-antigen polysaccharide to the highly conserved lipid A
region. The biological structures of lipid A from different gram-negative micro-
organisms are similar, lipid A represents that portion of the LPS molecule that is
responsible for many if not all of the pathophysiologic sequelae observed in gram-
negative sepsis (49). At the moment endotoxins are considered to be one of the
principal initiators of the systemic inflammatory response syndrome (SIRS).

LPS activates mononuclear phagocytes to produce inflammatory mediators, such
as tumor necrosis factor (TNF) (50), and interleukin-1 (51), which are responsible for
many of the clinical features of endotoxemia (52, 53). In addition, endotoxins have been
implicated as a causal factor in complement activation (54, 55), activation of the
coagulation system (56, 57), and generation of vasoactive kinins.

During gram-negative bacterial breakdown LPS is released and may enter the
circulation resulting in endotoxemia (58). LPS is believed to be the initiator of the
clinical manifestations of gram-negative sepsis (59-61). Interestingly, endotoxemia was
also reported in critically ill patients without a gram-negative infection (62, 63). In
these patients, endotoxin is probably absorbed from the gut as a result of failure of the
gut mucosal barrier (64-66).

The immune system has a high sensitivity for LPS, and local infections are usually
adequately resolved. In the response to LPS many proteins are involved such as CD14,
LBP, BPI, high-density lipoproteins (HDL) (67, 68), and specific antibodies directed
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against LPS. The interaction of LPS with lipoproteins, mediated by LPS binding
protein, results in reduced bioactivity of LPS (67, 68), and an enhanced LPS clearance
(69-71).

The antibodies produced upon LPS exposure are directed against the O-antigen
and are therefore strain specific (72). Much effort was invested to develop and to
isolate proteins that bind and inactivate LPS (60, 61, 73-76). These anti-LPS proteins
have been proven to be beneficial in animals, but predominantly by pre-treatment i.e.
before the 'septic insult'. In humans, the treatment of gram-negative sepsis with anti-
endotoxins is still controversial (60, 74).

4.2 Bactericidal/ permeability-increasing protein (BPI)

Bactericidal/ permeability-increasing protein, is considered to play an important role
in regulating LPS effects during endotoxemia (75-79). BPI is a 55kD cationic protein
stored in azurophilic granules (80), and expressed on the cell surface of
polymorphonuclear leukocytes (PMN) (81, 82). The cytotoxicity of BPI is specifically
directed against gram-negative bacteria (83). Binding of BPI to LPS in the cell wall of
gram-negative bacteria induces membrane alterations and finally bacterial death by
increasing membrane permeability (84).

Besides being bactericidal, BPI was demonstrated to inhibit LPS-induced
phagocyte activation (81, 85-90). This may explain why exogenous BPI was found to be
protective against metabolic alterations, organ damage, and death in experimental
animal studies on gram-negative infection (75-79). In a preliminary study on the
administration of BPI in meningococcal sepsis, the observed mortality was lower than
predicted mortality by the Glasgow meningococcal prognostic septicemia score (91).

Activation of PMN induces release of a part of their BPI content in vitro (80, 81).
This was confirmed by studies which showed large quantities of BPI in several body
fluids during infection (92, 93), whereas in plasma of healthy volunteers BPI was not
detectable (92). In human subjects, increased plasma BPI levels were detected in
critically ill and in healthy volunteers after LPS administration (94-96). The rise in BPI
levels appears to be independent from the cytokine tumor necrosis factor (TNF) (97).
Interestingly, aspecific inflammatory responses, as elicited for example by
hemodialysis, were also reported to induce a temporary BPI increase (98).

4.3 Lipopolysaccharide binding protein (LBP)

Lipopolysaccharide binding protein (LBP) is a 60kD acute phase protein with a striking
homology in its DNA sequence when compared to BPI. Despite this homology, LBP
appears to function in an opposite fashion to BPI (99, 100). LBP facilitates binding of
LPS to the LPS-receptor CD14, whereas BPI prevents this interaction (31, 88, 101, 102).
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Specifically in the presence of low LPS concentrations LBP was demonstrated to
enhance LPS induced cell activation (88, 101, 103, 104). LBP is an important but not
essential factor in the cellular response to LPS (105). It was recently demonstrated that
LBP deficient mice did respond to LPS by the release of TNF-alpha, suggesting an LBP-
independent mechanism for LPS induced mononuclear phagocyte activation.

LBP/ LPS complexes stimulate the production of TNF by monocytes and
macrophages (99, 101). Recently it was reported, however, that LBP also neutralizes
LPS effects by transferring LPS to high-density lipoproteins (106, 107). This may
explain the attenuation of LPS effects in humans with experimental endotoxemia
following the administration of HDL (108). On the other hand, increased LBP levels as
demonstrated in animals after LPS administration (109) may, as in vitro, antagonize
BPI effects and enhance LPS toxicity (88, 103, 110). Similarly, enhanced LBP levels in
patients with gram-negative infections or after LPS administration in volunteers, are
expected to increase LPS effects (94). Since LBP and BPI have a pronounced and
opposite function in modulating LPS effects, both proteins have to be considered when
gram-negative infections are analyzed. . . . .

4.4CD14

CD14 is a receptor for the LPS/ LBP complex (101, 111). It is expressed on the
membrane of monocytes and macrophages (112, 113). Binding of the LPS/ LBP
complex to CD14 results in the release of TNF by these cells. Interestingly, the
expression of CD14 on monocytes is upregulated by LPS, which suggests a positive
feedback mechanism (114).

The membrane associated CD14, 53 to 55kD in molecular weight, can be shed from
the cell surface (115,116), resulting in a soluble CD14 (sCD14) with a molecular weight
of 48-50kD (117). The shedding of CD14 from the monocyte cell surface is, among other
agents, induced by LPS (117), whereas glucocorticoids suppress both the expression
and release of CD14 (118). The role of sCD14, normally present in plasma, seems to be
twofold in modulating LPS toxicity. For CD14 negative cells such as endothelial and
epithelial cells, sCD14 has been shown to strongly enhance LPS-induced cell activation
(119-123). The binding of LPS and LBP to sCD14 is a prerequisite for the interaction
between sCD14 and non-myeloid cells (124).

For CD14 positive cells sCD14 has been demonstrated to neutralize LPS effects by
competing with cell bound CD14 (120). In addition, for CD14 positive cells the
shedding of CD14 is considered to function as an efficient regulatory mechanism to
blunt the response to LPS and prevent excessive production of TNF (117).

In a limited number of publications sCD14 levels were reported to be increased in
polytraumatized and severely burned patients, and levels were related to severity of
injury and clinical signs of sepsis (125,126). The role for CD14 in the pathophysiology
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of sepsis is further supported by the protective effects against endotoxin-induced shock
in primates as a result of anti-CD14 antibodies (127).

4.5 Tumor necrosis factor (TNF)

The cytokine tumor necrosis factor (TNF) is a trimeric polypeptide consisting of
subunits of 17kD, which bind non-covalently to form the active cytokine (128, 129).
Early research demonstrated that murine macrophages stimulated with LPS, produced
a serum factor which causes hemorrhagic necrosis of experimental sarcomas in mice.
This factor was called 'tumor necrosis factor' (37). Another line of research was
focussed on an endogenous humoral mediator, cachectin, responsible for cachexia
accompanying chronic infection (130, 131). Later, TNF was found to be identical to
Cachectin as demonstrated, for example, by direct comparison of biological activities
(132-134).

TNF is one of the monocyte and macrophage mediators produced in reaction to
stimulation with LPS products (135-137). The central role of the macrophage in TNF
production was confirmed in a study on mice that are unresponsive to
lipopolysaccharide. Macrophages activated with endotoxin were shown to produce a
factor (TNF) that, when injected into endotoxin resistant mice, resulted in weight loss,
anorexia and dead (131). In addition, transfer of lymphoreticular cells derived from
LPS sensitive mice restores reactivity for LPS in endotoxin resistant mice (30). Besides
being synthesized by macrophages, TNF is also produced by other cells of the immune
system such as lymphocytes (138), natural killer cells (139), and neutrophils (140). LPS
is a major stimulus for TNF release, as demonstrated in baboons (141) and in humans
(142). But, there are more stimuli involved in TNF release. Parasites (143) as well as
yeasts (144) induce the release of TNF. Non-infectious stimuli as trauma and
hemorrhagic shock enhanced the release of TNF in an experimental animal model
(145). In addition, hypoxia in an in vitro model increased TNF production by human
macrophages (146) and hemorrhage enhanced production of TNF by mice Kupffer cells
(147).

The role of TNF in the inflammatory response is diverse. Macrophages, stimulated
by TNF, release cytotoxic products as hydrogen peroxide (148), and augment killing of
parasites and viruses (149-153). In addition, TNF stimulates neutrophils to enhance
phagocytic and cytotoxic activities (154, 155), degranulation (156), and release of
oxygen radicals (156, 157). The adhesion, aggregation, and migration of neutrophils
through the endothelium is enhanced as a result of TNF induced CDllb/ CD18
activation on neutrophils (158, 159). Furthermore, TNF induces additional release of
eicosanoids (160,161), and PAF (162).

TNF has a beneficial role in the defence against infections. In an animal model of
experimental peritonitis (induced by cecal ligation and puncture), passive
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immunization against TNF was demonstrated to enhance mortality (163). In line with
that study was the observation that antibodies directed against TNF enhance
plasmodium parasitemia (164). It was also found that TNF inhibited multiplication of
malarial parasites in experimental infection (165), and protected against lethal bacterial
(166), and leishmaniasis infections (167).

Although TNF is crucial in the defence against infections, TNF is undoubtedly
involved in the metabolic and hemodynamic alterations seen in endotoxemia (131,168-
170). Evidence for the involvement of TNF in the pathophysiology of sepsis was
obtained in studies of acute exposure to TNF. For example, TNF administration as
therapy for cancer in humans was accompanied by sepsis like symptoms (170), and
shock and tissue injury was observed after TNF administration in animals (52, 171).
Overproduction of TNF is considered to be devastating. The production of TNF,
therefore, has to to be regulated strictly. Several regulatory mechanisms are involved
to control TNF production. The endocrine system modulates TNF response via the
pituitary-adrenal axis. In the absence of endogenous steroids TNF release is enhanced
(172), whereas glucocorticosteroids suppress TNF release (173). Various inflammatory
mediators were demonstrated to enhance TNF release, such as IL-1 and interferon-
gamma (174). In contrast, IL-10, present in large amounts during SIRS (175-178),
diminished TNF release in vitro (177). In addition, IL-10 reduces TNF release and
protects against the lethality of endotoxin in a murine model of septic shock (179). In a
murine model of pneumonia induced by intranasal inoculation with Streptococcus
pneumoniae IL-10 similarly decreased lung concentrations of TNF, whereas antibodies
directed against IL-10 increased lung levels of TNF (180). Similar data were obtained
after a sublethal dose of LPS in baboons (181), and during experimental endotoxemia
in humans (182). TNF production is also suppressed by PAF-antagonists as was shown
in mice challenged with LPS (183). Differences in genetic control (184), as evidenced by
different TNF genotypes (185), result in interindividual differences in TNF secretory
ability. A polymorphism in the promoter region of the TNF-alpha gene is associated
with differences in the secretion of TNF. For example, the TNF2 allele is associated
with higher constitutive and inducible levels of TNF secretion and associated with
higher mortality in children with meningococcal infection compared to the TNF1 allele
(186).

The involvement of TNF in the pathophysiology of SIRS is supported by reports
on enhanced TNF plasma levels in patients with severe infections (187-189); high
plasma TNF levels were associated with organ failure and death (190-192). The
prognostic value of TNF concentrations in inflammation, however, is still controversial.
Some authors found a positive correlation between plasma TNF levels and mortality in
sepsis and meningitis (187,188,190,193), whereas others could not confirm these data
(23,194). The inconsistency in TNF data can be explained by the short half life of TNF.
As a result, TNF is only present in plasma in short intervals during sepsis syndrome as
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was shown in meningococcal sepsis (195), and in studies with experimentally induced
endotoxemia in animals and humans (142,168).

The important role for TNF in the pathophysiology of SIRS is underscored by the
beneficial effects of TNF antibodies in animal models. Pre-treatment with TNF
antibodies protects mice against LPS induced shock and the lethal effects of endotoxin
(196). In addition, pre-treatment with TNF antibodies protects against organ failure
and mortality in baboons with E. coli induced sepsis (197), and against organ damage
from experimental sepsis (135). Other types of TNF antagonists have been developed
i.e. TNF antagonist composed of TNF receptors. These tumor necrosis factor receptor
immunoadhesins protects against endotoxin induced lethality in mice (198).

In contrast to animal data, TNF antagonists failed to be protective in humans (23,
199). Clinical course in patients is influenced by, among other factors, underlying
disease and age. This may explain the discrepancy between experimental and patient
data concerning concerning TNF antagonists. Differences in timing of TNF antagonist
administration are considered essential. Whereas in experimental models TNF
antagonists are infused before, or shortly after sepsis is induced, patients are included
in studies hours or days after the septic insult. As a result, the inflammatory cascade
may already be triggered to such an extent, that an attempt to block the TNF overshoot
is not beneficial anymore.

4.6 Soluble TNF receptors (sTNF-R)

TNF receptors were first discovered in urine of febrile patients as proteins exhibiting
TNF inhibitory activity. (200). Later, urine and plasma of patients on chronic
hemodialysis were demonstrated to contain large amounts of TNF-R (43). TNF
receptors are present on practically all analyzed cells (201-205). Two types of the high-
affinity TNF receptor have been identified (206) with a molecular weight of 55kD and
75kD, respectively. Soluble TNF-R are derived by proteolytic cleavage of the extra-
cellular part of the TNF cell surface receptor from activated target cells (207). Increased
shedding of cell surface receptors is associated with increased levels in plasma or cell
culture medium. In vitro, hypoxia was demonstrated to increase sTNF-R
concentrations (146). LPS administration in mice (208) and in humans (209, 210)
resulted in increased plasma sTNF-R levels. Similarly, in cancer patients plasma sTNF-
R levels increased as a result of TNF infusion (211). In addition, sTNF-R levels were
found to be increased in critically ill patients (209), and a positive correlation with
mortality was observed in meningococcemia (212).

Plasma concentrations of sTNF-R likely depend on TNF-R shedding. In general,
plasma concentrations are influenced by production as well as clearance. In animal
experiments a central role for the kidney in the clearance of both TNF-R and TNF/
TNF-R complexes in mice was demonstrated (208). This is in line with the increased
sTNF receptor levels in patients with chronic renal failure (43). In addition, in patients
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with chronic renal failure sTNF-R levels were positively correlated with different
degrees of chronic renal failure (213), suggesting that the kidney is involved in sTNF-R
clearance in humans.

The role of soluble TNF-R in disease has not been resolved at the moment. The
shedding of the TNF receptors may function as a protective mechanism against the
harmful effects of TNF. Loss of TNF cell surface receptors may lead to a decreased
responsiveness of the cell to TNF. In addition, sTNF-R were demonstrated to bind TNF
with high affinity, and inhibit the biological activity of TNF (43, 214, 215). Therefore,
sTNF-R are thought to be involved in the physiological control of the cytokine
response during infectious disease (212). On the other hand, sTNF-R may augment
TNF activity since biologically inactive complexes of sTNF-R and TNF may serve as a
'slow release reservoir' of biologically active TNF (216).

The protective effect of sTNF-R in infectious disease has been demonstrated in
several studies and data are comparable with those on anti-TNF antibodies.
Recombinant sTNF-R protected mice from LFS induced lethality (217), and sTNF-R
protected against mortality due to E. coli in baboons (218-220). In addition, a TNF-R
IgG chimera, constructed to enhance TNF-R half life and its affinity for TNF, was
demonstrated to antagonize TNF in vitro, and to prevent against LPS induced lethality
in mice (198).

4.7 Interleukin-6 (IL-6)

Interleukin-6 (IL-6) is a 21kD glycoprotein produced by many cell types including
lymphocytes (221), fibroblasts (222), endothelial cells (223), monocytes (35), and
macrophages (36) (for review see (224)). IL-6 is involved in the modulation of
inflammatory reactions, and in the induction of acute-phase proteins in the liver (225).
This inflammatory response consists of fever, leukocytosis, tachycardia, catabolism,
and alterations in the production of acute-phase proteins by the liver (226-228).
Furthermore, IL-6 can provoke neutrophil degranulation in vivo (33, 229), suppress the
production of TNF and IL-1 beta in vitro (230), activate the coagulation system (231),
and modulate hematopoiesis (232).

Recently, IL-6 was demonstrated to contribute to host defense against
pneumococcal pneumonia (233). Studies on IL-6 administration and IL-6 blockade
offered additional insight in its role in inflammation. In an experimental animal model
the infusion of IL-6 did not result in hemodynamic alterations as seen in sepsis,
suggesting that IL-6 does not have a primary role in the pathophysiology of sepsis
(234). IL-6 blockade has not resulted in consistent benefit. In a murine model anti-IL-6
antibodies and IL-6 receptor antibodies offered some protection against lethal doses of
TNF, but this protection was abrogated by higher TNF doses (235). In addition, in
chimpanzees treated with endotoxin, anti-IL-6 antibodies did not affect TNF and IL-8
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levels, neutrophil count and degranulation, whereas activation of coagulation was
attenuated (236).

In the production of IL-6, TNF was found to be an intermediate. In baboons
challenged with LPS, a peak in plasma IL-6 levels was preceded by a peak in TNF
levels (218, 237). Later, these results were confirmed in healthy humans after LPS
injection (238). The increase in plasma IL-6 levels after TNF administration in healthy
humans further supported the involvement of TNF in regulating the IL-6 response
(236). Even more evidence was obtained in two experimental studies in which the IL-6
response was inhibited by pre-treatment with anti-TNF antibodies (239-241). IL-1, a
stimulus in TNF synthesis (174), was found to synergize with TNF to increase IL-6
production as was shown in a mice model (239). In line with this observation was the
attenuated IL-6 response following interleukin-1 receptor blockade in E. coli induced
septic shock in baboons (242).

Several other experimental models were associated with IL-6 release. Hemorrhage
was shown to increase TNF and IL-6 production by mice Kupffer cells (147), and
hemorrhagic shock in an animal model resulted in increased TNF and IL-6 plasma
levels (145).

Various diseases are associated with increased IL-6 production and increased
plasma levels of IL-6. In patients suffering from infectious diseases, IL-6 levels
appeared to predict the presence of bacteremia (243), and increased levels were
associated with severity of disease and mortality (191, 195, 243-251). Enhanced IL-6
levels were also observed in the absence of infection as in trauma patients (252), and
after surgery (253, 254). Plasma levels correlated with the extent of surgery and with a
complicated postoperative course.

Considering reports on IL-6, IL-6 appears to play an important role in the
regulation of the acute phase response in infectious as well as in non-infectious
diseases. In contrast to TNF, IL-6 does not seem to be responsible for the derangement
of body physiology as observed in SIRS. Interestingly, IL-6 was found to correlate
more closely with severity of disease and outcome compared to TNF. Apparently,
clinical value of inflammatory mediators depends on other factors rather than on its
role in the pathophysiology of disease.

4.8 Interleukin-8 (IL-8)

IL-8 is a 8-10kD C-X-C chemokine, and is an important member of the cytokine family
whose primary functions include neutrophil activation, induction of degranulation and
chemotaxis (33, 229, 255-262). IL-8 is produced by a variety of cells including
monocytes (256), alveolar macrophages (263, 264), neutrophils (265), lymphocytes
(266), epithelial cells (267), endothelial cells (257), and dermal fibroblasts (268).
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Studies regarding IL-8 administration and blockade further unraveled the function
of IL-8 in the pathophysiology of inflammation. IL-8 administered intradermally in
humans induces a time dependent perivascular neutrophil influx (269). Interestingly,
intravenous injection of IL-8 in baboons gave no hemodynamic abnormalities, no TNF,
IL-1 beta, and IL-6 production, and no significant neutrophilic tissue inflammation or
injury (218). The role of IL-8 in neutrophil activation, and chemotaxis is supported by
the protective effect of anti-IL-8 antibodies in a rabbit ischemia-reperfusion lung injury
model (270).

Several stimuli are associated with IL-8 production. IL-1 induces IL-8 production
in an in vitro model with human endothelial cells (271). Administration of IL-1 and
LPS in baboons resulted in a rise of IL-8, simultaneously with IL-6, following a rise in
TNF plasma levels (272). Similarly, injection of either LFS or TNF in humans was
followed by increased IL-8 levels, and kinetics followed those of IL-6 (238, 273, 274).
This sequence of events suggests that, in analogy to IL-6, TNF is the main stimulus for
IL-8 production in sepsis. This is further confirmed by the reduced IL-8 release in
endotoxemic baboons when pre-treated with anti-TNF antibodies (275). Significant
release of IL-8 was also observed in a 'non-infectious' model. Monocytes exposed to
anoxia-hyperoxia were demonstrated to release IL-8, suggesting that IL-8 may be
involved in the ischemia-reperfusion injury in vivo (276).

In several infectious as well as non-infectious diseases, enhanced IL-8
concentrations were observed, indicating a role for IL-8 in their pathophysiology. The
detection of IL-8 in bronchial secretions was associated with the presence of
nosocomial pneumonia in a mixed intensive care population (277). Enhanced IL-8
levels in bronchoalveolar lavage (BAL) fluid were associated with the development of
ARDS in patients at risk (278, 279), suggesting that IL-8 is important in mediating
organ dysfunction including ARDS following sepsis. In addition, in the BAL fluid of
patients suffering from adult respiratory distress syndrome (ARDS) IL-8 was found to
be present, correlating with BAL neutrophil count, and with mortality in ARDS
patients (280, 281). In human sepsis, IL-8 was detectable in plasma and levels were
found to correlate with outcome (191, 233, 282, 283).

In summary, the reported studies indicate that the function of IL-8 in inflammation
is the recruitment, and activation of neutrophils at specific sites. This neutrophil
sequestration and activation is considered to be responsible for tissue injury as
observed in organ failure.

4.9 Adhesion molecules "'

Neutrophil adhesion to the vessel wall and migration into reperfused tissue is
mediated by chemotactic proteins such as IL-8 and adhesion molecules expressed on
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leukocytes and endothelial cells (284-287). Three major families of adhesion receptors
participating in leukocyte interaction with endothelium have been defined:
1) integrin (lymphocyte function-associated antigen-l=LFA-l/ membrane attack

complex-1=Mac-l),
2) immuno-globulin-related (ICAM), and
3) selectin molecules (E-selectin).

The leukocyte integrins, dimer molecules composed of an alpha and a beta chain,
are involved in many cell-cell and cell-substrate interactions (for review (288)). Three
integrins all sharing the same beta chain, are expressed on neutrophils. CDlla/ CD18
(LFA-1) as well as CDllb/ CD18 (Mac-1) bind to the immunoglobulin related molecule
ICAM-1 (CD54) on endothelium and leukocytes, whereas CDllc/ CD18 has no clear
function in adhesion (287, 289). The immunoglobulin related molecule ICAM-1 was the
first cell surface protein identified mediating leukocyte-leukocyte and leukocyte-
endothelium interaction. In contrast to immunoglobulin-related molecules and
integrins, selectins have only been found on circulating cells (P-selectin and L-selectin)
and the endothelium (E-selectin).

4.9.1 E-selectin

Selectins are the most recently recognized class of adhesion molecules. E-selectin was
discovered as an endothelial activation antigen, inducible by inflammatory mediators
in vitro on cultured human vascular endothelial cells (290) and in vivo on endothelial
cells at sites of inflammation (291). Later, E-selectin (ELAM, E-selectin or CD62E) was
identified as an inducible endothelial-Ieukocyte adhesion molecule, synthesized and
expressed by endothelial cells following stimulation with LPS or TNF and IL-1 in vitro
(286, 292, 293). E-selectin expression in an in vitro model on human endothelial cells
peaked at 3-6 hours after stimulation with LPS, TNF and IL-1, respectively, and
declined to basal levels in 24-48 hours (294).

Following in vitro activation endothelium was found to release E-selectin (294-
296). As a result, soluble E-selectin is detectable in plasma (296-298). In vitro, the
quantity of adhesion molecules released by cells correlates directly with expression of
adhesion molecules on the cell surface (294), indicating that plasma concentrations of
circulating adhesion molecules may reflect inflammatory state in vivo (294, 296, 298).
In contrast to other parameters of endothelial activation (trombomodulin, endothelin,
von Willebrand factor), sE-selectin is a specific parameter for endothelial activation.

The interaction between E-selectin and fucosylated Sialyl Lewis x (CD15s) (299,
300) promotes adhesion of neutrophils, monocytes, and a sub-population of
lymphocytes to endothelium (286, 301-303). E-selectin induced neutrophil rolling is
recognized as an early step in neutrophil-endothelium interaction. Maximal rolling is
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observed after 2-6 hours of endothelial cell activation with LPS, TNF, or IL-1 beta (304,
305).

The involvement of E-selectin in inflammation was further demonstrated in
several experimental animal studies. A rat model of immune complex-induced lung
injury revealed a striking upregulation of E-selectin expression in the lung vasculature,
and anti-E-selectin antibodies markedly reduced vascular injury related to greatly
diminished recruitment of neutrophils (306). In addition, in a primate model of
extrinsic asthma, blocking E-selectin diminished neutrophil influx associated with late
phase airway obstruction.

Greatly increased tissue expression of E-selectin was found in patients with SIRS
as a result of peritonitis (307) and in E. coli and LPS challenged baboons (308, 309). In
addition, plasma levels of sE-selectin were increased twenty-fold in patients with
complicated sepsis. High sE-selectin levels or persistent elevation were correlated with
increased mortality (296). Others reported increased sE-selectin levels in patients with
SIRS to be associated with the presence of organ dysfunction and death (310).

In infectious as well as non-infectious diseases enhanced plasma levels of sE-
selectin were found, (i.e. diabetes mellitus, polyarteritis nodosa, scleroderma, systemic
lupus erythemathosus, malaria). Overall, no correlation with disease activity was
found.

The exact role of sE-selectin in inflammation is unknown. However, sE-selectin is
suggested to play a role in modulating inflammatory reactions. In an in vitro model
recombinant sE-selectin was demonstrated to inhibit leukocyte adhesion (311). The
impact of enhanced sE-selectin levels in disease still has to be resolved.

4.9.2 Intercellular adhesion molecule 1 (ICAM-1)

ICAM-1 is expressed on endothelial cells and on mononuclear leukocytes, but not on
neutrophils, and participates in adhesive reactions of multiple cell types (287, 312). On
most cells surface expression of ICAM-1 is low, but can be enhanced in a few hours by
various stimuli including several cytokines (313, 314). ICAM-1 binds to LFA-1
expressed on endothelium and all leukocytes (287) and to Mac-1 expressed on
leukocytes (287, 289).

The role of ICAM-1 in neutrophil adhesion is demonstrated by numerous
experimental studies in which the interaction between ICAM-1 and its ligands was
studied. Blocking ICAM-1 ligand interaction protected against cardiac ischemia-
reperfusion injury in cats (315), reduced organ injury caused by hemorrhagic shock
(316) and protected against lung injury after pulmonary ischemia and reperfusion in
rabbits (317), and reduced organ injury and improved survival following hemorrhagic

25



Chapter 1

shock in rabbits and in rhesus monkeys (318). In addition, antibodies blocking the
interaction between ICAM-1 and its ligand prevented glomerular injury in rats with
experimental glomerular nefritis (319). Furthermore, antibodies against ICAM-1 were
effective in prevention and treatment of acute renal allograft rejection in Cynomolgus
monkeys (320).

Soluble ICAM (sICAM), first demonstrated in human serum (297, 321), contains
most of the extracellular part of membrane bound ICAM (297). Endothelial cells as well
as peripheral blood mononuclear cells were demonstrated to release ICAM-1 in vitro
upon stimulation with LPS, TNF, or IL-1 (294, 295). Release of functional adhesion
molecules may influence adhesion in two different ways. Release of ICAM-1 from the
cell surface is expected to diminish adhesive capacity of this particular cell. In addition,
sICAM, demonstrated to retain its ability to bind its ligand LFA-1, may subsequently
inhibit leukocyte-leukocyte and leukocyte-endothelium adhesion by competition (297).

Increased ICAM-1 levels were reported in several diseases. In SIRS increased
sICAM-1 levels were found, but no correlation with severity of disease was reported
(310). In inflammation, infection, and in cancer ICAM-1 levels were increased up to 2-5
times normal (321-323). In analogy to sE-selectin, sICAM levels may provide
information on activation of leukocytes and endothelium, and are therefore of interest
to monitor in relation to severity of disease.

4.10 Platelet-activating factor (PAF)

PAF is a natural occurring lipid derived from the phospholipid components of cell
membranes. Several lines of evidence emphasized the role of PAF in the
pathophysiology of endotoxemia and sepsis (169, 324-330). PAF is released by, among
other cells, mononuclear phagocytes, macrophages, neutrophils, platelets, and
endothelial cells in response to various stimuli (331, 332). Its role in inflammation
includes the activation of neutrophil functions directly and by priming neutrophils for
subsequent activation by other agonistic stimuli (163, 326, 333, 334). In addition,
platelet aggregation during inflammation was demonstrated to be, at least partially,
induced by PAF (335, 336).

PAF is strongly related to the cytokine network: TNF, IL-1, and IL-8 stimulate PAF
production (162, 337, 338) whereas, in turn, PAF is able to trigger these cytokines (331,
339-343), suggesting a positive feedback loop.

The role of PAF in inflammation is supported by animal studies regarding the role
of PAF and PAF-antagonists in endotoxemia. PAF was demonstrated to prime for LPS
induced lung injury in a rat model. The PAF enhanced TNF synthesis was proposed
responsible for this observation (344). In addition, the administration of PAF resulted
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in pathological changes that closely resemble those found in sepsis: hypotension,
cardiodepression, bronchoconstriction, margination and activation of leukocytes,
pulmonary injury and vascular leakage, trombocytopenia, and leukopenia (325-327,
333,334, 345, 346).

Additional information on the role of PAF in inflammation was obtained by
studies on PAF antagonists. PAF antagonists were demonstrated to inhibit several
inflammatory pathways in animal models of endotoxemia. Administration of a PAF
antagonist in experimental endotoxemia reduced TNF plasma levels in animals (332,
347, 348). PAF antagonists were also reported to attenuate the metabolic effects of
endotoxin in an animal model (349). The beneficial role of PAF antagonists in disease
was demonstrated by the attenuation of hemodynamic effects following LPS
administration (328, 347, 350), and notably of PAF induced hypotension (347, 351, 352).
In addition, PAF antagonists reduce lung injury (328, 353), the manifestation of DIC
(324, 345) as well as that of MOF (324) in animal models of endotoxemia. Finally, PAF
antagonists reduced endotoxin (328, 347, 348, 352, 353), and PAF induced mortality
(347, 351, 354) in experimental animal models.

The observed increased plasma levels of PAF in animal and in human sepsis
further supports the involvement of PAF in the pathophysiology of inflammation,
sepsis and organ failure (328, 329, 355-357). These data suggest that treatment with
PAF-antagonists, like in experimental animal studies, may be beneficial in human
sepsis.
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5 INTRODUCTION TO AND DISCUSSION OF THE STUDIES

The aim of this thesis is to elucidate the role of inflammatory mediators and scoring
systems in assessing severity of disease in critically ill patients. Measuring severity of
disease is essential to evaluate instituted therapies, and may be helpful, however still
controversial, in decision making to start or to discontinue intensive care treatment.
Initially, severity of disease was measured using clinical and laboratory data, and more
recently by severity of disease scoring systems.

In vitro, stimulus and inflammatory response are closely related. We therefore
hypothesized that plasma parameters of the inflammatory response reflect severity of
the event initiating this response (i.e. infection, ischemia). In the last decade the clinical
value of inflammatory mediators present in plasma of patients has been recognized. In
this thesis, plasma inflammatory mediators were studied in patients with infectious
and noninfectious disease. Kinetics of these mediators were analyzed in relation to
severity of disease and outcome.

The first category of patients studied were patients suffering from infectious
diseases. Infections are responsible for a substantial number of patients with a
deteriorating clinical state leading to ICU admission. On the other hand, infections
related to hospitalization (nosocomial infections) contribute to additional morbidity
and mortality during ICU stay. The second category of patients studied included
patients suffering from hemorrhagic shock. Hemorrhagic shock is associated with an
extensive inflammatory response and subsequently the development of complications
such as multiple organ dysfunction and death.

The prognostic value of inflammatory mediators in critical care medicine was
studied using an ICU patient database. This database was used to select patients
fulfilling the inclusion criteria as stated in each study. In addition this database served
as a source for patient details.

5.1 Registration of ICU patients

The studies described in this thesis are all based on data derived from an ICU database.
This database was developed as a source for ICU related research. To analyze the ICU
patient population, demographic data, prior health status, ICU admission diagnosis,
operative status, length of ICU stay, and outcome were recorded.

Secondly, therapeutic and diagnostic interventions were studied. In intensive care
medicine the use of diagnostic and therapeutic invasive devices is indispensable.
However, the use of these invasive devices is unmistakably related to (infectious)
complications associated with additional morbidity and sometimes death. Therefore,
the registration included bacterial cultures, the use of agents to decontaminate the
digestive tract, antibiotics, and the presence of invasive catheters.
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Thirdly, the registration included clinical and laboratory data as part of severity of
disease scoring systems. Severity of disease was assessed by APACHE II score which
is, despite the introduction of APACHE III, still one the most frequently used scores in
intensive care medicine to stratify patient populations and to predict mortality.
Furthermore, the Grading of Sepsis score was recorded. In order to calculate APACHE
II score, the Grading of Sepsis score and organ function, hematology, blood chemistry,
blood gases, and vital signs were registered on a daily basis.

Finally, to study the clinical value of inflammatory mediators, daily plasma
samples were collected from each patient. The samples were stored at -70°C until use
for several analytical purposes as described elsewhere. Data were collected on
admission, the first 24 hours of intensive care, and subsequently every day of the ICU
stay. The prospectively registered data provided up to date information concerning
ICU utilization and performance, and served as a database for ICU specific research.

5.2.1 The studies .,-. . . ; .. ; .

The studies performed are described in chapters 2-8. Data on observed mortality
versus predicted mortality (APACHE II) in critically ill patients are discussed in
chapter 2. Studies addressing the correlation between inflammatory mediators and
severity of disease are the subject of chapter 3-5. In chapter 6 data are presented
considering a phase II study on the administration of a platelet-activating factor (PAF)
antagonist in patients with severe sepsis. The development of pneumonia in
mechanically ventilated ICU patients and the associated inflammatory response are
reported in chapters 7 and 8.

5.2.2
The results regarding the clinical value of severity of disease scoring systems are
reported in chapter 2. Intensive care medicine is a major consumer of hospital budget.
The identification of patients who really benefit from ICU admission may be helpful to
manage available resources more efficiently. Predicting mortality by scoring systems is
therefore a topic of increasing interest. Two scoring systems were evaluated: APACHE
II (17) and the Grading of Sepsis score (26). APACHE II was used in numerous studies
and found, although not consistently, to be useful in predicting mortality (20-25). In
addition, the Grading of Sepsis score was validated in several studies considering
patients with a variety of infections (27, 28).

The results demonstrate that APACHE II scores were strongly correlated with
hospital mortality. Even in septic patients APACHE II scores were significantly
correlated with outcome whereas, interestingly, the Grading of Sepsis score failed to
discriminate between survivors and nonsurvivors. APACHE II is proposed to stratify
acutely ill patients. However, discrepancies between observed and APACHE II
predicted death rates in specific diagnostic categories ranged from -62.1% to +118.2%.
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APACHE II is not useful in decision making with respect to the individual patient.
If one intends to use the scoring system for other purposes, one needs to evaluate
critically its limitations.

5.2.3
TNF was compared with TNF-R as parameters of the severity of the sepsis syndrome
in chapter 3. TNF is generally considered to play a central role in the pathogenesis of
sepsis. Plasma levels of TNF are, although not consistently, reported to correlate with
the clinical severity of sepsis and outcome. The inconsistency in TNF data can, at least
in part, be explained by the short half life of TNF. TNF induced proteins with slower
kinetics compared to TNF may reflect the short-lived TNF peaks. Soluble TNF
receptors appear to meet these requirements. Both the 55kD and the 75kD receptor are
up-regulated as well as shedded from the cell surface by TNF exposure, leading to
increased levels of sTNF-R in plasma.

The study described demonstrates that, in contrast to TNF, increased sTNF-R
levels (55kD) were significantly correlated with mortality. These data are in line with
the literature regarding sTNF-R levels. Increased soluble TNF receptor levels have
been reported in critically ill patients, and a positive correlation with mortality was
found (209, 210, 212,358-361).

Plasma levels of sTNF-R may reflect temporary TNF peaks, other lines of evidence
suggested that sTNF-R kinetics are substantially influenced by renal TNF-R clearance.
In patients with renal failure enhanced levels of sTNF-R levels were found (43, 213,
362) and the kidney was demonstrated to play a central role in sTNF-R clearance in
mice (363). Therefore, we additionally analyzed sTNF-R levels in relation to renal
function as assessed by plasma creatinine levels. Plasma levels of the 55kD as well as
the 75kD sTNF-R correlated significantly with creatinine values in sepsis syndrome
patients. The significant correlation between sTNF-R levels and creatinine levels
indicate that increased sTNF receptor levels in sepsis syndrome may merely be the
result of renal failure complicating sepsis, and are likewise correlated with mortality.

In other studies regarding the prognostic value of sTNF-R in inflammatory
diseases, data concerning renal function are usually not reported (209, 210, 212, 358-
361). It is therefore difficult to differentiate whether enhanced sTNF-R levels reflect
high TNF peaks or impaired sTNF-R clearance. Subsequently, the clinical value of
monitoring sTNF-R levels is limited.

In conclusion, whereas sTNF-R administration in experimental models of SIRS has
a beneficial effect on mortality, enhanced sTNF-R levels resulting from renal failure are
associated with poor outcome in SIRS.

5.2.4
In chapter 4 the inflammatory response resulting from hemorrhagic shock was studied
in relation to clinical outcome. Patients with hemorrhagic shock complicating acute
abdominal aortic aneurysm (AAA) repair were studied and compared to those without
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shock. In experimental animal models hemorrhagic shock and ischemia induces an
inflammatory response characterized by increased concentrations of cytokines such as
TNF and IL-6 in plasma (145), neutrophil activation and extravasation mediated by
chemotactic proteins such as IL-8 as well as by adhesion molecules expressed on
leukocytes and endothelial cells (284-287, 364, 365). Enhanced expression and
activation of adhesion molecules appeared to be reflected by increased plasma levels of
soluble adhesion molecules as demonstrated in vitro (294).

The results demonstrate that shock complicating AAA repair and fatal outcome is
significantly associated with enhanced plasma IL-6 and sICAM-1 levels. In addition,
hemorrhagic shock, but not outcome, is correlated with enhanced IL-8 levels in AAA
patients. Surgical trauma, as assessed by operation time, was similar in patients with
and without hemorrhagic shock, respectively. Therefore, hemorrhagic shock seems to
be responsible for the differences observed.

Endotoxin may be a significant stimulus in the shock induced inflammatory
response. Hemorrhagic shock leads to regional hypoxia (366), bacterial translocation,
and transient endotoxemia (367, 368). Endotoxemia may also be involved in the
enhanced ICAM-1 expression and release in AAA patients with shock. Furthermore,
ischemia and reperfusion are associated with oxygen-radical production which
additionally induces ICAM-1 expression.

Shedding of cell surface adhesion molecules may serve as a regulatory mechanism
to prevent against excessive neutrophil adhesion and sequestration as in the
pathophysiology of MODS. The presence of high concentration of soluble adhesion
molecules may have a similar effect. Soluble adhesion molecules may compete with
cell bound adhesion molecules for the interaction with their ligands. Ischemia and
reperfusion injury can be ameliorated by agents blocking the ICAM-1 ligand
interaction as demonstrated in several animal studies (315-319). Monitoring plasma
levels of inflammatory mediators such as IL-6 and sICAM-1 in AAA patients may be
useful to identify those patients which are prone for a complicated postoperative
course due to hemorrhagic shock. Additional research is required to determine
whether these 'high risk patients' benefit by blocking ICAM-1 ligand interaction.

5.2.5
In chapter 5 proteins modulating the toxicity of LPS were studied in patients with
gram-negative bacteremia in relation to clinical course. LPS, a component of the gram-
negative bacterial cell wall, is considered to be responsible for the symptoms of gram-
negative sepsis. The toxicity of LPS, is modified by proteins such as BPI, LBP, and
soluble CD14. BPI is specifically cytotoxic for gram-negative bacteria and inhibits LPS-
induced phagocyte activation. LPS binding protein (LBP) appears to function in an
opposing fashion to BPI. LBP facilitates binding of LPS to the LPS-receptor CD14,
whereas BPI prevents this interaction. The role of sCD14, the soluble form of the LPS-
receptor CD14, in modulating LPS toxicity seems to be twofold dependent on the
presence of cell surface CD14 on the target cell.
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The data presented show that BPI and LBP levels were significantly higher in
bacteremic patients compared to healthy controls. Interestingly, these proteins,
specifically directed against LPS, were similarly increased in patients with gram-
negative and gram-positive bacteremia. This suggest that both proteins are also
released upon neutrophil activating components of gram-positive bacteremia. Another
explanation may be the presence of significant amounts of LPS in the circulation
during gram-positive bacteremia as a result of LPS absorption from the gut due to
increased gut permeability as seen in critically ill patients.

BPI, released by blood neutrophils, is a protein with a short half life. As a result,
plasma levels were hypothesized to dependent on blood neutrophil count. Therefore
BPI/ neutrophil ratio, as a parameter of neutrophil activation, was analyzed. In
patients suffering from sepsis syndrome BPI/ neutrophil ratio as well as LBP levels
were significantly higher compared to patients without sepsis syndrome. In addition,
high BPI/ neutrophil values were associated with fatal outcome. BPI/ neutrophil ratio
apparently reflects neutrophil activation which is associated with severity of disease in
patients suffering from bacteremia.

LPS is extremely toxic for humans, and an adequate response towards LPS is of
vital interest. In the protection against LPS the direct release of BPI seems essential.
Although LBP is present in plasma of healthy individuals, additional LBP release by
the liver requires the production of IL-6 as an intermediate. It is unknown at the
moment whether the ratio of plasma BPI and LBP levels is a significant factor in the
clinical course of gram-negative infections. In the present study, only a tendency was
observed towards higher LBP/ BPI values in nonsurvivors of gram-negative
bacteremia.

Recently, exogenous BPI was found to protect against LPS induced metabolic
alterations, organ damage, and death (75-79, 91). It is unknown at the moment whether
plasma BPI levels are useful to select those patients who may benefit from exogenous
BPI administration.

5.2.6
In chapter 6 a phase II study is described on the administration of a PAF-antagonist in
patients with severe sepsis. PAF is involved in the pathophysiology of sepsis as
demonstrated in studies on the administration of PAF and its antagonists, respectively
(325-327, 333, 334, 345, 346). Administration of PAF antagonists resulted in reduced
TNF plasma levels (332, 347, 348), attenuated hemodynamic effects (328, 347, 350-352),
reduced lung injury (328, 353), diminished manifestations of MOF (324), and reduced
mortality (328,347, 348,352, 353).

The safety and efficacy of the platelet-activating factor antagonist TCV-309 in the
treatment of systemic inflammatory response syndrome was studied in a prospective
randomized, double-blind, placebo-controlled study. In total 29 patients were treated
with 1.0 mg/ kg TCV-309 twice daily during 7 days or with placebo. Adverse events,
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day 28 and day 56 mortality, multi-organ failure scores and the inflammatory
mediators TNF, IL-6, IL-8, and soluble E-selectin were measured.

There was no difference in number and severity of adverse events between TCV-
309 and placebo-treated patients. Day 28 and day 56 mortality was similar in both
groups (day 56: 7/ 12 TCV-309 vs. 9/ 16 placebo, NS). Pulmonary (day 28 values) and
hematological (day 7 values) failure scores improved significantly in TCV-309-treated
patients (P<.05). There were no differences in plasma levels of the inflammatory
mediators between TCV-309 and placebo-treated patients.

The inflammatory cascade is complex and many drugs have been developed to
interfere with the cascade at various levels. Although pre-treatment with many of these
drugs has been proven to be successful in animal studies, most of them failed in
patients in which the inflammatory cascade is already triggered. Only retrospective
analysis demonstrated some drugs to be beneficial in subgroups. In the present study
treatment with TCV-309 appears to be safe in patients with systemic inflammatory
response syndrome and to improve organ failure significantly. However, in line with
previous studies regarding intervention with the inflammatory cascade in SIRS
patients, no effect on mortality was observed.

Furthermore, although PAF is strongly related to the cytokine network, no
differences were observed in plasma TNF, IL-6, IL-8, and E-selectin levels between the
TCV-309 and placebo-treated patients. This can be explained by the heterogeneity of
the patients studied. The period between the onset of infectious disease and inclusion
in the study was not restricted by the inclusion criteria. In addition, some patients were
included in the study after surgery, an event interfering with plasma levels of several
inflammatory mediators.

Interestingly, the improvement in pulmonary and hematological failure after
treatment with TCV-309 compared to placebo can be explained by extrapolation of
experimental data. Experimental studies did show the involvement of PAF in lung and
hematologic dysfunction (324, 327, 328, 333, 344, 345, 353). In contrast to TNF
antagonists, PAF antagonists act more distal in the inflammatory cascade and may
therefore be more useful in the treatment of SIRS.

5.2.7
The development of pneumonia in mechanically ventilated ICU patients and the
associated inflammatory response is reported in chapters 7-8. Ventilator associated
pneumonia (VAP) is the most frequent occurring infection among mechanically
ventilated patients and is associated with additional morbidity and mortality. At the
moment, there are no variables that can predict clinical course and outcome of VAP.

IL-6 has been identified previously as a reliable parameter for severity of
inflammation in several diseases. In addition, IL-8 concentrations in bronchial
secretions are associated with the presence of nosocomial pneumonia (277). Therefore
the predictive value of IL-6 and IL-8 plasma levels was studied in patients developing
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VAP. The patients were compared to controls that were matched on duration of
mechanical ventilation and another 6 variables.

The development of VAP was not associated with increased IL-6 or IL-8 levels.
However, in VAP patients with severe sepsis or septic shock (n=10), IL-6 and IL-8
levels were significantly higher compared to corresponding controls. In addition, high
levels of IL-6 and IL-8 were associated with high mortality. Mortality in VAP
accompanied by sepsis was 60% versus 20% in their matched controls (P=.O6).
Mortality rates in cases with uncomplicated VAP and their matched controls were
comparable.

Measuring IL-6 and IL-8 in a mixed ICU patient population was found not to be
useful as a diagnostic tool to identify VAP. The clinical picture of VAP is
heterogeneous. VAP may present as a devastating infection accompanied by severe
sepsis or septic shock, with elevated levels of IL-6 and IL-8, and an increased mortality
rate. On the other hand, VAP patients may have a rather uncomplicated disease,
without an obvious inflammatory response or increased mortality.

5.2.8
In chapter 8, proteins reflecting neutrophil activation and proteins involved in
neurrophil migration and adhesion were studied in a mixed patient population
developing VAP. These proteins included BPI, and the circulating adhesion molecules
ICAM-1 and E-selectin. Data were compared with the predictive value of easily
available severity of disease scoring systems such as the Simplified Acute Physiology
Score (SAPS), and APACHE II scores. VAP was diagnosed on quantitative cultures of
samples obtained by bronchoscopic techniques. Plasma levels were measured on days -
4, -2, 0 and +2, relative to diagnosis. In addition, correlations between the systemic
levels of these mediators and the clinical severity of infection (VAP whether or not
accompanied with severe sepsis or septic shock) and patient outcome (mortality at day
10 after diagnosis) were studied.

Increasing values of SAPS II scores and rising systemic levels of inflammatory
mediators were only found in patients in whom the development of VAP was
accompanied with severe sepsis or septic shock. Systemic levels of the inflammatory
mediators studied did not predict clinical severity or patient outcome better than daily
SAPS II scores. SAPS II score of the day of infection predicted patient outcome better
than the APACHE II score on the day of admission.

The heterogenity of the clinical presentation of VAP is obvious. In uncomplicated
VAP, SAPS II scores as well as plasma levels of the inflammatory mediators tested
remained rather stable. Only in patients with VAP accompanied with sepsis, elevated
SAPS II values and plasma levels of inflammatory mediators were correlated with
outcome. Subsequently, the readily available clinical scoring system SAPS II is at least a
suitable predictor for severity of disease and outcome in VAP patients when compared
to plasma levels of the inflammatory mediators tested.
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Chapter 2

INTRODUCTION

One of the arguments to develop an ICU database, is to analyze characteristics of the
ICU patient population. These characteristics include demographic data, admission
diagnosis, length of ICU stay, mortality and mortality associated factors.

This overview illustrates the distribution of the diagnoses in patients admitted to
an ICU and corresponding mortality rates. In addition, mortality and mortality
associated factors were studied. The clinical suitability of APACHE II was studied by
comparing observed and predicted mortality rates in each diagnostic category and by
analyzing its sensitivity and specificity. Finally, two categories of patients with high
mortality rates were studied in detail: patient with severe sepsis and patients with an
ICU stay of less than 24 hours.

PATIENTS AND METHODS

In the period between January 1991 and July 1993 the ICU patient population of the
University Hospital Maastricht, The Netherlands, was studied. The ICU is a 16-bed
ward with patients from the departments of surgery/ trauma, internal medicine,
pulmonology, neurology, and neurosurgery. Patients admitted to the separate
coronary care unit and cardiac surgery unit were excluded. All adult patients (^18
years) admitted to the ICU were registered prospectively. All data were collected on a
daily basis by one resident. The study was reviewed and approved by the hospital's
Institutional Review Board, which deemed that informed consent was not required.

The APACHE II severity of disease classification consist of the Acute Physiology
Score (APS), the Chronic Health Evaluation, and Age Points. APS includes 12
physiologic variables calculated during the first 24 hours of ICU admission. Age is
divided into five categories with matching Age Points. If a patient had a history of
severe organ system insufficiency or a compromised immune system, chronic health
points were assigned. To predict death rates, patients are assigned to specific
diagnostic categories. Predicted death rates are computed using APACHE II score,
surgical state, and diagnostic category.

APACHE II mortality prediction is based on data derived from the first 24 hours of
ICU admission. Therefore, only patients with an ICU stay of more than 24 hours were
included. In case of more than one admission at ICU, only the most recent admission
was included. Finally, a suitable diagnostic category was a prerequisite for inclusion.

Data regarding ICU mortality and hospital mortality are analyzed dependent on
the population studied. ICU mortality is analyzed for each ICU admission (including
re-admissions). In contrast, hospital mortality is analyzed considering only the most
recent ICU admission i.e. excluding previous ICU admissions. Hospital mortality rate

54



The ICU patient population

in patients re-admitted to the ICU are confusing, since one deceased patient contributes
to hospital mortality as much as the times that one is admitted at the ICU. For example,
patient 'b' does not survive the fourth admission at ICU, whereas patient 'a' survives its
only admission (Table 1). ICU mortality is 1 out of 5 cases, and hospital mortality is 4
out of 5 cases. In addition, the number of cases associated with hospital mortality
exceeds the number of patients actually involved.

Table 1: Example of ICU versus hospital mortality

Patient
a

b

b

b

b

Admission
1

1
2
3
4

Diagnostic category
drug overdose
R.i. after surgery
C.i. from sepsis
R.i. from aspiration
C.i. from cardiac arrest

ICU mortality
no
no
no
no
ves

Hospital mortality
no
yes
yes
yes
yes

Data are expressed as median values with ranges within parentheses unless stated
otherwise. Statistical analysis is performed using the Mann-Whitney U-test. A
probability value of less than .05 was deemed significant.

RESULTS

C/;rtractensfics o/f/ie /CU pnh'enf
Between January 1991 and July 1993 1043 patients were admitted to ICU. A total of 934
patients were admitted to ICU only once in the period studied. Another 109 patients
were admitted to ICU more than once (2 to 5 times). As a result 1171 admissions were
registered in 1043 patients.

Male/ female ratio in 1043 ICU admissions amounted to 563/ 480. Females were
significantly younger (P<.0001) on admission compared to males: 58 (18-94) and 66 (18-
96) years, respectively. ICU mortality was 243/ 1043 patients (23.3%). In addition, from
the 800 patients discharged from the ICU 92 patients deceased on a general ward. As a
result, hospital mortality was 32,1% (335 out of 1043 patients admitted to the ICU). The
cumulative number of days spend on ICU was 9666 days in 1171 patients. Patients with
a fatal hospital stay (n=370) spend a total of 3908 days to the ICU (median 5, range 1-
144 days/ admission), whereas survivors (n=801) were admitted for 5758 days to the
ICU (median 3, range 1-350 days/ admission).

Dmgnosfic cntegones flnd morta/ity in 2172 pnfienfs
Using APACHE II (1), patients were assigned to specific diagnostic categories
according to the principal reason for ICU admission. In 1022 out of 1043 patients the
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diagnostic categories could be determined. Reasons for ICU admission in the 21
remaining patients ranged from logistic reasons to hysterical psychoneurosis. The
number of patients in each diagnostic group is given in table 2, including mortality
rates. Sepsis (n=123), 'not further specified' respiratory failure (n=113) and drug
overdose (n=109) were involved in 29.5% of all ICU admissions. Sepsis and cardiac
arrest were associated with high ICU mortality rates: 58/ 123 pts (47%) and 35/ 73 pts
(48%), respectively. These two categories were involved in 38% of ICU mortality.
Patients with intracranial hemorrhage and head trauma were associated with relatively
high ICU mortality rates: 18/ 29 (28%) and 9/ 17 pts (53%), respectively. Both
categories contributed to ICU mortality with 7% and 4%, respectively. ICU mortality in
drug overdose patients was <1% (1 out of 113 pts).

Table 2: ICU admission diagnosis, number of cases, and mortality

Diagnostic category
C.i. from cardiac arrest
C.i. from cardiogenic shock
C.i. from congestive heart failure
C.i. from coronary artery disease
C.i. from hemorrhage/ hypovolemia
C.i. from rhythm disturbance
C.i. from sepsis
Cardiovascular
Chronic cardiovascular disease
Craniotomy for hemorrhage
Craniotomy for neoplasm
Diabetic ketoacidosis
Drug overdose
Gastrointestinal
GI bleeding
GI perforation/ obstruction
GI surgery for neoplasm
Head trauma
Hemorrhagic shock
Total

Pts(n)
73

2

43

13
16

2

123
23

21

19

52

9

109
1

68

24

16

17

35

t(n)
35

2

3

0
5
1

58

1

3
1

0

0

1

0

9

4

1

9

13

Diagnostic category
Intracranial hemorrhage
Metabolic/ renal
Multiple trauma
Neurologic
No diagnosis
Peripheral vascular surgery
R.i. after surgery
R.i. from aspiration/ toxic
R.i. from asthma/ allergy
R.i. from COPD
R.i. from infection
R.i. from neoplasm
R.i. from pulmonary embolus
R.i. from respiratory arrest
Renal neoplasm
Renal transplant
Respiratory
Seizure disorder
Thoracic surgery for neoplasm

Pts(n)
29

20

37

27
21

10

78

19

5

35

54

3

4

22

3

6

113

10

9

1171

t(n)
18

0

7

4
2

2

9

4

0

6

21

2

1

6

0

0

15
1

0

244

f=lCU mortality; Pts=patients; C.i.=Cardiovascular insufficiency; R.i.=Respiratory insufficiency

Mor/fl/iry und ussocifltaf/actors
A total of 468 cases were excluded from mortality prediction since they did not fulfil
the inclusion criteria. Thus, predicted mortality was analyzed in 703 cases. First, the
association between the variables APS, age, chronic health points and surgical state
with mortality was verified. Age distribution of the patients admitted at ICU is given
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in table 3. The age categories 51-80 accounted for 59.1% of the ICU admissions.
Mortality rates increased with age, ranging from less than 9% in the category 18-30
years up to 83 % (5 out of 6 patients) in the category 91-100 years.

Table 3: Hospital mortality in relation to age

Age (years) Patients (n) Ht(n) HfH(%)
18-20

21-30

31-40

41-50

51-60

61-70

71-80

81-90

91-100

Total

23
87
97

128
142
265
209
86

6

1043

2
6

21
29
41
81

103
47
5

335

8.7
6.9

21.6

22.7
28.9

30.6

49.3

54.7

83.3

32.1

0.6
1.8

6.3

8.7

12.2

24.2

30.7

14.0

1.5

100

Ht=hospital mortality; I=mortality in relation to age category; II=mortality in relation to total mortality

Table 4: APS and APACHE II score in relation to hospital mortality

APS

0-5

6-10

11-15

16-20

21-25

26-30

31-35
36-10

41-45

total

Pts(n)

63

197

190

159

68

15
9
2

N.A.

703

Ht(n)
5

39

55

84

40

8

7

2

N.A.

240

Ht(%)
7.9

19.8

28.9

52.8

58.8

53.3

77.8

100.0

N.A.

APACHE II

0-5

6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

total

Pts(n)

27

94
163
192

129

70
17
8
3

703

Ht(n)
0
9

25

69

69

47

12

6

3

240

Ht (%)
0.0

9.6

15.3

35.9

53.5
67.1

70.6

75.0

100.0

Ht=hospital mortality in relation to APS/ APACHE II category; Pts=patients

Mortality in relation to surgical state was analyzed in 1043 patients (most recent
admissions). In nonoperative patients (n=686) mortality was 35.6%, comparable with
mortality rate (36.7%) in patients with emergency surgery (n=199). In patients admitted
to the ICU after elective surgery (n=158) mortality rate was substantially lower (11.4%).
Surgical state determines the height of adjudged chronic health points in APACHE II
score. Similar to surgical state, chronic health points were associated with hospital
mortality in the population studied. Mortality rates in patients with 0 (n=926) and 2
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(n=13) chronic health points were 29.3% and 30.8%, respectively, whereas in patients
with 5 chronic health points (n=104) mortality rate was as high as 57.7%.

The association between APS and APACHE II versus mortality was analyzed by
calculating mortality rates in five point categories (Table 4). The APS was strongly
correlated with mortality. The correlation between APACHE II scores and hospital
mortality was even more pronounced. Whereas mortality rate in the lowest APACHE
II category was 0%, mortality rate was 100% in patient with an APACHE II score
exceeding 41. A total of 484 out of 703 patients were assigned to the 'intermediate'
APACHE II category (11-25 points). In this category contributed to 69.7% of all hospital
mortality (163 out of 240 pts).

Table 5: Discrepancy between observed and predicted hospital mortality

Diagnostic category
Cardiovascular
GI perforation/ obstruction
R.i. after surgery
GI bleeding
C.i. from sepsis
C.i. from cardiac arrest
Hemorrhagic shock
lntracrani.il hemorrhage
R.i. from infection
R.i. from respiratory arrest
R.i. from COPD
Multiple trauma
Respiratory
Others
Total

Pts(n)
14

18

60

29

88
44
24
10
44

18
22

33
84

215
703

Predicted Hf (n)
5.279
7.434

17.697
9.308

45.902
24.75
9.958
5.745

16.532
6.723
4.534
3.047
9.167

41.385
207.461

Observed Hf (n)
2
4

11
7

52
29
13
8

24
10
8
6

20
46

240

Discrepancy (%)
-62.1
-46.2
-37.8
-24.8
+13.3
+17.2
+30.5
+39.3
+45.2
+48.7
+76.4
+96.9
+118.2
+11.2

Ht=hospital mortality; C.i.=Cardiovascular insufficiency; R.i.=Respiratory insufficiency

Obserrerf /lospita/ zvrsus predicted morfa/ih/
Using the APACHE II mortality predicting model, mortality risks were calculated in
703 patients. In individual patients, predicted risk on mortality ranged from 0.1% (drug
overdose) to 95.3% (sepsis). The summarized predicted mortality risk was 207 in 703
patients (29.5%). The observed hospital mortality rate exceeded the predicted one: 240/
703 patients (34.1%).

Mortality prediction is considered helpful to compare patient populations.
Therefore the discrepancy between observed hospital mortality and predicted
mortality was of special interest. The discrepancy between observed and predicted
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mortality was calculated as follows: predicted minus observed mortality/ predicted
mortality. Differences between observed mortality and predicted mortality ranged
from -62.1% to +118.2%. Diagnostic categories with the most extreme discrepancies (i.e.
£2 patients) are included in table 5, in order of discrepancy.

Sensitivity and specificity values illustrate the clinical suitability of APACHE II.
Both values depend on the cut-off point used. When patients with a predicted death
risk >.5O were excluded from further intensive care treatment, sensitivity and
specificity of APACHE II were 0.417 and 0.909, respectively. These data are displayed
in a receiver operator characteristic (ROC) curve (Fig. 1). The predictive ability of
APACHE II included data considering 703 patients. The area under the curve is 0.771.
The area under the curve reflects the suitability of APACHE II to predict outcome
(ideal value: 0.8-1).

0 9.2 0.4 0,6 0.8

1-Specificity!»

Figure 1: ROC cuive demonstrating predictive
ability of APACHE Ü

Table 6: Cbsafkation for a .50 predicted risk

Ofeserv«!
AKve
Dead
Total

Alive

421

140
561

Predicted
Dead

too
142

Total

463
240
7Ü3

The classification matrix for a predicted death risk >50 is given in table 6. If
patients with a predicted death risk >.5§ were excluded from further intensive care
treatment (n=142), 1S27 ECU days were saved on a total of 7812 days in 703 patients.
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But, a total of 42 patients predicted to die, survived probably as a result of intensive
care treatment. In conclusion, a decision criterion of .50 saved 1827 ICU days (23.4%) at
the cost of 42 lifes. Ages in these 42 patients ranged from 28 to 85 years with a median
67 years.

The predictive ability of APACHE II in the present study was compared with the
original data on the development of APACHE II (1) (Table 7). The differences between
the 2 studies were 5.3% for sensitivity and 0.8% for positive predictive value indicating
that there are no major differences in the ability to define correctly the nonsurvivors.
Apparently, the applicability of APACHE II in the present study is comparable with
the original data presented by Knaus.

Table 7: Classification matrix APACHE II: Knaus vs. present study

Knaus Present study
41.7%
90.9%
74.1%
70.4%
75.0%

classification for a .50 predicted risk

sensitivity
specificity
correct
positive predicted value
negative predicted value

47.0%
94.9%
85.5%
69.6%
87.9%

r/ie /Cü/or /ess f/w/7 24 Zioi/rs
Patients discharged from ICU within 24 hours as well as patients deceased in this
period were excluded from APACHE II mortality prediction ('short ICU admissions').
A total of 358 cases with an ICU stay less than 24 hours were registered (Table 8). The
male/ female ratio was 112/ 246, with ages ranging from 18-90 years. A total of 165 out
of 358 short ICU admissions were referred by the first aid department. ICU mortality
rate was 75/ 358 (20.9%) patients. Interestingly, no mortality was observed in drug
overdose patients, 'not further specified' respiratory failure, congestive heart failure,
and in patients after elective craniotomy for neoplasm. In contrast, a high mortality
rate within 24 hours was found in patients with sepsis, after cardiac arrest, and
intracranial hemorrhage, respectively.

A total of 283 cases were discharged from the ICU to a general ward after an ICU
stay of less than 24 hours. After exclusion of previous ICU admissions, 19 out of 252
patients (7.5%) died in hospital after discharge from ICU.

Serere sepsis
Among 1043 ICU admissions (previous ICU admissions excluded) a total of 112
patients fulfilled the criteria of severe sepsis (2) on admission. These 112 patients were
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registered as 'cardiovascular insufficiency from sepsis'. Patients that developed sepsis
during ICU stay are not included here.

Table 8: Short ICU admissions: admission diagnosis and mortality

Diagnostic category
Drug overdose
Craniotomy for neoplasm
GI bleeding
C.i. from cardiac arrest
C.i. from sepsis
Respiratory
Intracranial hemorrhage
C.i. from congestive heart failure
Others
Total

Cases (n)
75

44

31
26
26
15
14
11

116

358

Age (years)
31 (18-87)
50 (18-75)
65 (38-86)
69 (35-87)
72 (38-88)
58 (32-80)
47 (32-76)
74 (67-88)
63 (19-90)

t(n)
0

0

3

16

16

0

11

0

29

75

t(%)
0.0

0.0

9.7

61.5
61.5
0.0

78.6
0.0

25.0
20.9

note: Data include ICU re-admissions. f^ICU mortality; C.i.=Cardiovascular insufficiency; age represent
median (range).

ICU and hospital mortality in septic patients was 58/ 112 (52%) and 71/ 112 (63%),
respectively. APACHE II scores in nonsurvivors of sepsis syndrome were significantly
higher compared to survivors (P=.OO2): 26 (8-44) and 21 (10-34), respectively. In
contrast, the Grading of Sepsis score (3) on admission failed to discriminate between
survivors and nonsurvivors: 14 (6-21) and 15 (7-26), respectively. Using a decision
criterion of .50 with respect to individual estimated death rates, 591 ICU days could be
saved at the cost of 11 Hfes, whereas 16 out of 41 patients predicted to survive finally
died after a total of 276 days ICU stay.

Twenty-five septic patients were admitted at ICU for less than 24 hours. Among
these patients, 17 patients deceased within 24 hours of ICU admission (68%). Septic
patients spend a total of 1138 days on ICU: nonsurvivors (n=71) stayed 667 days
(median 5 days/ admission; range 1-50 days) and survivors (n=41) stayed 471 days on
ICU (median 8 days/ admission; range 1-71 days).

DISCUSSION

Predicting mortality is a topic of increasing interest in intensive care medicine.
Intensive care medicine is a major consumer of hospital budget, and the demand for
care often exceeds available resources. The identification of patients who really benefit
from ICU admission may be helpful to manage available resources more efficiently.
Therefore, a distinction needs to be made between patients that are likely to survive as
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a result of intensive care and those that will not survive despite this care. In the present
study, 370 nonsurvivors spend a total of 3908 days on ICU.

The APACHE II severity of disease classification is based on 5815 ICU admissions
from 13 hospitals in the United States of America. The classification system is proposed
to stratify a wide variety of ICU patients. APACHE II was used in numerous studies
and was found, although not consistently, to be useful in predicting mortality (4-9).
Although APACHE II scores were strongly correlated with hospital mortality in the
ICU population studied, predicted and observed mortality differed 15.7% with regard
to the entire population studied (703 pts). The discrepancy between predicted and
observed mortality was even more pronounced when separate diagnostic categories
were analyzed. The discrepancy ranged from -62.1% (observed mortality relatively
low) in patients with cardiovascular disease to +118.2% (observed mortality relatively
high) in patients with respiratory disease. Both diagnostic categories are heterogeneous
rest categories. Patients which can not be assigned to the well defined diagnostic
categories are classified to these rest categories. As a result, the difficulty to assign
complex cases to the one principal reason leading to ICU admission influences the
accuracy of mortality prediction in a negative way.

APACHE II is proposed to stratify acutely ill patients. Studies concerning
experimental drugs include APACHE II scores to compare the subgroups studied and
to support the efficacy of the drugs tested (10). The discrepancy between observed and
predicted mortality indicates that APACHE II is not as suitable for stratifying patient
populations as it is suggested. Severity of disease classification systems such as
APACHE II may be helpful in stratifying patient populations. However, some
significant limitations have been demonstrated above.

Decision making in individual patients with the use of scoring systems is a subject
of controversy at the moment. Positive predictive value of APACHE II in the present
analysis is comparable with data on its development, suggesting that APACHE II,
although validated in the USA, is suitable for the Dutch ICU. The number of days
spend at ICU can be decreased by 23.4% when patients with a predicted mortality >.5O
were excluded from intensive care treatment. However, using .50 as cut-off point,
hospital mortality increased from 34.1% to 40.4%.

The suitability of APACHE II for individual decision making is limited. APACHE
III, introduced in 1991, is still not used on a large scale. The clinical value of APACHE
III has to be confirmed by each clinic that intends to use the scoring system for
individual decision making. At the moment, medical decision making still best relies
on clinical experience.
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SUMMARY

Objectives: Tumor necrosis factor (TNF) is an important mediator in the complex
pathophysiology of sepsis syndrome. Although a positive correlation with mortality
has been demonstrated, TNF has not been found consistently in sepsis. Since
prolonged elevations in soluble TNF receptor levels were demonstrated after
endotoxin and TNF administration, it was investigated here whether the measurement
of TNF receptor levels could provide a better parameter of disease compared to plasma
TNF and interleukin-6 (IL-6) levels.
Design: Prospective analysis.
Setting: General ICU of a University Hospital.
Patients: Patients with sepsis syndrome and proven bacteremia.
Results: Plasma peak levels of the soluble 55kD molecular weight TNF receptor were
significantly higher (P<.005) in nonsurvivors compared to survivors of sepsis
syndrome, whereas the difference in peak levels of the soluble 75kD TNF receptor did
not reach significancy (P=.O6). In contrast to TNF peak levels (P=.14), significantly
higher IL-6 peak levels were measured in nonsurvivors (P<.05). Besides the positive
correlation between the soluble 55kD TNF receptor and the soluble 75kD TNF receptor
(r2=.68; P<.0001), peak levels of both soluble 55kD and 75kD TNF receptor correlated
significantly with plasma creatinine, an indicator of renal function (r2=.6O; P<.0001 and
r^=.44; P<.001, respectively). Plasma creatinine levels were significantly higher in
nonsurvivors (P<.001).
Conclusions: In the population studied, plasma soluble TNF receptor levels correlated
with outcome as well as with plasma creatinine levels. The data presented suggest that
increased plasma soluble TNF receptor levels in sepsis syndrome are merely the result
of renal failure complicating sepsis, and are likewise correlated with mortality.
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INTRODUCTION

Tumor necrosis factor (TNF) is a cytokine primarily secreted by mononuclear
phagocytes and is considered to play an important role in the metabolic and
hemodynamic alterations seen in endotoxemia (1-3). Evidence for the involvement of
TNF in the pathophysiology of sepsis was obtained in animal studies (4) as well as in
volunteer studies (5). Moreover prophylactic administration of anti-TNF antibodies
reduced the lethality after induced endotoxemia (6) and gram-negative bacteremia (7)
in animal models.

TNF has been demonstrated to play an important role in the defense against
infections (8). However, high plasma levels of TNF as seen in endotoxemia are
considered to be harmful and can lead to organ failure and death (9). Although a
positive correlation between plasma TNF and mortality has been demonstrated in
sepsis syndrome (9-11) and meningococcal sepsis (12), this correlation has not been
found consistently (13, 14). In plasma both 55kD and 75kD molecular weight soluble
TNF receptors are able to affect the detection of TNF in some assays by complexing
TNF (15). The inconsistency in observed TNF data can be explained by differences
between assays in the ability to detect TNF complexed to the TNF receptor. In addition,
the short half life of TNF (16) makes detection dependent on frequency of sampling.

The measurement of TNF induced factors with slower kinetics (interleukin-6,
soluble TNF receptors) may offer better opportunities to assess the severity of disease.
For interleukin-6 (IL-6) a positive correlation with mortality has been reported (16,17).
Since increased soluble TNF receptor levels were detected after TNF (18) and
endotoxin administration in humans (19, 20), soluble TNF receptor levels appeared to
reflect TNF induced inflammation, and could therefore be useful as a parameter of
disease. The exact function of soluble TNF receptors is thus far not known. However,
soluble TNF receptors have been demonstrated to bind and to inactivate TNF.
Although elevations in soluble TNF receptor levels have been demonstrated in
inflammation, impaired renal clearance of soluble TNF receptor as in chronic renal
failure also leads to increased soluble TNF receptor levels (21).

In this study the hypothesis was investigated whether soluble TNF receptor
plasma levels are a more useful parameter to asses the severity of disease compared to
plasma TNF and IL-6 levels. Therefore soluble TNF receptor levels were determined in
patients that fulfilled the criteria of sepsis syndrome in combination with a positive
blood culture. Results were correlated with mortality and plasma creatinine levels.
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MATERIALS AND METHODS

Pdh'e«f sefecft'on
All patients admitted to the general intensive care unit (ICU) of the University Hospital
of Maastricht are registered prospectively. A registration system is used, composed of
the following parts: the Apache II score (22); the 'Grading of Sepsis score' (23); daily
registration of sepsis syndrome parameters (24) (Table 1); registration of positive
bacterial cultures; and daily blood sampling for cytokine measurements.

This ICU patient database was used to select the patient population studied.
Patients were included if they fulfilled the criteria of sepsis syndrome in combination
with a positive blood culture. One or more plasma samples had to be available for the
determination of inflammatory mediators. Patients with pre-existing severe organ
failure (including chronic renal failure) were excluded from the study. The study was
reviewed and approved by our Institutional Review Board, which deemed that
informed consent was not required.

Table 1: Definition of sepsis syndrome*

OBLIGATORY SEPSIS CRITERIA:
Clinical evidence of infection
Fever or hypothermia: temperature >38.3 or <35.6°C
Tachycardia: >90 beats per min
Tachypnoea: >20 breaths per min or the requirement of mechanical ventilation
AND EITHER HYPOTENSION:
Systolic blood pressure S90 mmHg or a sustained drop in systolic pressure >40 mmHg
OR TWO OR MORE OF THE 6 FOLLOWING SIGNS OF SYSTEMIC TOXICITY OR PERIPHERAL
HYPOPERFUSION:
Hypoxemia: PaO2 £75 torr (£10 kPa) or PaO2/ FiO2 £250
Metabolic acidosis: pH <7.3 or base deficit >5 mmol/ L or elevated plasma lactate level
Acute renal failure: urinary output <0.5 mL/ kg body weight/ hour
Quick >1.5x normal value or APIT >1.2x normal value or platelet count <100xl0E9/ L or <50 % of the

baseline value
Sudden decrease in mental aquity
Cardiac index >4 L/ min/ m** with systemic vascular resistance <800 dyn»sec/ crn^
'definition of sepsis syndrome similar as proposed by Bone (24)

B/oorf s
From the day of ICU admission, blood samples were taken daily from each patient and
collected in tubes containing ethylenediaminetetraacetic (EDTA). Daily blood samples
were always collected together with the first daily round of routine blood sampling at
approximately 6 AM. The blood samples were immediately put on ice and plasma was
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prepared at 4°C by centrifugation at 3000 rpm for 5 minutes. Samples were stored at
-70°C until use. Levels of TNF, IL-6, and both the soluble 55kD and 75kD TNF receptor
were determined as described below. Since plasma samples were collected
prospectively, the above mentioned levels were determined in plasma samples
collected for 7 days (from 3 days before up to 3 days after study entry). In patients
fulfilling the inclusion criteria at ICU admission, no pre-sepsis samples were available.
The highest cytokine/ receptor levels measured in each patient, further designated as
peak levels, were correlated with mortality.

Assnys

Plasma TNF concentrations were determined using an enzyme-linked immunosorbent
assay (ELISA) developed in our laboratory, which correlates well with TNF detected
by bioassay (15, 25). In short, samples and the standard titration curve (recombinant
TNF kindly provided by BASF/ Knoll, Ludwigshafen, FRG) were incubated with a
murine anti-human TNF mAb 61E71 absorbed to a microtiter plate (Nunc, Roskilde,
Denmark). Subsequently the plates were incubated with a polyclonal rabbit anti-
human TNF antiserum, followed by a peroxidase conjugated goat anti-rabbit-IgG
(Jackson, Westgrove, PA) and substrate (O-phenyldiamine, Sigma, St. Louis, MO).
Optical density was read, and TNF concentrations were calculated from the standard
TNF curve. The detection limit for TNF was 20 pg/ mL.

Plasma IL-6 concentrations were determined in a procedure largely parallel to the
TNF ELISA mentioned above. As capture antibody the murine anti-human IL-6
antibody 5E1 (developed in our laboratory) was used. Plasma samples and the
standard titration curve with recombinant IL-6 (kindly provided by Prof. Dr. W.
Sebald, Würzberg, FRG) were added to the plates and subsequently incubated with
polyclonal rabbit anti-IL-6 antiserum followed by peroxidase conjugated goat anti-
rabbit-IgG. Substrate was added, and optical density was read. The detection limit for
IL-6 was 10 pg/ mL.

In order to detect and to quantify TNF receptors, the microtiter plates were coated
with TNF receptor antibodies (htr-20 and utr-4 for the 55kD and 75kD TNF receptor,
respectively) as has been described before (26). Plasma samples and peroxidase labeled
TNF were added and incubated simultaneously. During the incubation period the
human TNF receptor present in the samples binds with both the immobilized anti-
human TNF receptor antibodies and the human TNF-peroxidase conjugate. Thereafter
the unbound material is eliminated through a washing step, and the quantity of bound
peroxidase determined enzymatically through the addition of substrate. The color
intensity was read, and the quantity of human TNF receptor in the samples calculated
from the standard curve with the soluble 55kD and 75kD TNF receptor, respectively.
Detection limit for both the soluble 55kD and 75kD TNF receptor was 100 pg/ mL. All
reagents for the soluble TNF receptor assay (htr-20, utr-4, peroxidase labeled TNF,
soluble 55kD TNF receptor, and soluble 75kD TNF receptor) were kindly provided by
Drs. H. Gallati and M. Brockhaus, Hoffmann-La Roche, Basel, Switzerland.
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Creatinine levels were determined as described previously (27).

Cytokine/ receptor data are shown as peak levels, and in each patient group (survivors
and nonsurvivors) mean peak value ± SEM are given. Mann-Whitney test was used for
statistical analysis of the data. Differences were considered significant at P<.05.
Correlations between plasma creatinine and soluble TNF receptor peak levels were
analyzed by using Spearman's rank correlation test.

Table 2: Patient selection

Patients admitted to ICU 1991-1992 512~
Patients fulfilled sepsis syndrome criteria ' 116
Sepsis syndrome and positive blood culture 32
After excluding long-term hemodialysis patients 28
Patients of which plasma samples were available 26
ICU mortality at day 30 (38%) 10
Final hospital mortality (62%) 16

RESULTS

Between January 1991 and March 1992, 516 patients were admitted at the ICU (Table
2). On admission or later during their stay on the ICU, 28 patients fulfilled the
inclusion criteria. Patients of which blood samples were available (n=26; 14 female, 12
male) were included in the study (range 1 to 7 blood samples). Their ages ranged from
33 to 91 years (mean age 63±2.9 years (SEM)). A gram-negative bacteremia was found
in 10 patients, a gram-positive blood culture in 11 patients, and a mixed bacteremia in 5
patients.

The study population was divided in 2 groups according to survival of sepsis
syndrome. The first group (n=10) consisted of nonsurvivors; patients deceased in ICU
within 30 days after sepsis syndrome was diagnosed. Patients alive at day 30 or
patients discharged from ICU (n=16) were classified as survivors. The ICU mortality
rate at day 30 was 38% (n=10) and the final hospital mortality rate 62% (n=16).

Corre/nrion o/fwmor necrosis /actor nnd inter/euücin-6 w'i'f« morta/ify
In 3 of the 10 nonsurvivors biologically active TNF could not be detected. Although the
highest TNF peak levels were found in nonsurvivors, the difference in TNF peak levels
between survivors and nonsurvivors was not significant (P=.14). Mean TNF peak
levels were 80±30 pg/ mL and 185±65 pg/ mL in survivors and nonsurvivors,
respectively (Fig. 1, left).
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In contrast to TNF, plasma IL-6 peak levels were significantly higher in
nonsurvivors (P<.05). Although IL-6 could not be detected in 2 of the 10 nonsurvivors,
the highest IL-6 peak levels were found in this group with a mean peak level of 9.6±3.0
ng/ mL. Moreover, 6 out of 7 patients with plasma IL-6 peak levels exceeding 3 ng/
mL died, whereas 15 out of 19 patients with IL-6 peak levels less than 3 ng/ mL
survived. In survivors mean IL-6 peak level was 1.0±0.5 ng/ mL (Fig. 1, right).
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Figure 1: Cytokine peak levels in sepsis syndrome. The difference in plasma TNF peak levels (left)
between survivors (n=16) and nonsurvivors (n=10) was not significant (P=.14), whereas plasma IL-6
peak levels (right) were significantly higher in nonsurvivors (P<.05). The error bar in each patient group
represents the mean peak value ± SEM.

Corre/flfton o/so/wWe TNF receptor p/nswm /«>e/s ?<>if/i morto/iry
Both soluble 55kD and 75kD TNF receptors were detected in all plasma samples tested
and a positive correlation between the soluble 55kD TNF receptor and soluble 75kD
TNF receptor was found (r2=.68; P<.0001). Soluble 55kD TNF receptor peak levels were
significantly higher in nonsurvivors of sepsis syndrome compared to survivors
(P<.005). Mean soluble 55kD TNF receptor peak levels were 12.2±1.6 ng/ mL (range
3.4-20.5 ng/ mL) and 5.2±1.0 ng/ mL (range 1.5-13.3 ng/ mL) in nonsurvivors and
survivors, respectively (Fig. 2, left). Similar data were found for soluble 75kD TNF
receptor peak levels (Fig. 2, right). In nonsurvivors mean soluble 75kD TNF receptor
peak level was 11.3±1.8 ng/ mL and in survivors 6.6±1.2 ng/ mL. The difference
between survivors and nonsurvivors however, was not significant (P=.O6).
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terz<>een p/nsmn craifmme and p/nsma so/wb/e TNF receptor fepe/s
As a parameter, although not absolute, of renal function, plasma creatinine levels were
measured and correlated with soluble TNF receptor levels (Fig. 3). The data showed a
significant correlation between both soluble 55kD and 75kD TNF receptor peak levels
and corresponding plasma creatinine levels (r̂ =.6O; P<.0001 and r^=.44; P<.001,
respectively).
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Figure 2: soluble TNF receptor peak levels in sepsis syndrome. In contrast to soluble 75kD TNF receptor
peak levels (right), soluble 55kD TNF receptor peak levels (left) were significantly higher in nonsurvivors
(n=10) compared to survivors (n=16) (P=.O6 and P<.005, respectively). The error bar in each patient
group represents the mean peak value ± SEM.

DISCUSSION

Several inflammatory mediators involved in the pathophysiology of the sepsis
syndrome are reported to be associated with fatal outcome (e.g. IL-6, TNF). Since
plasma TNF levels were not detected consistently in sepsis, it was investigated here
whether the measurement of soluble TNF receptor levels provides a better parameter
of disease. Both soluble 55kD TNF receptor and soluble 75kD TNF receptor levels were
measured and results were correlated with mortality and compared with TNF and IL-6
data.

In the present study 6 out of 7 patients with plasma IL-6 peak levels exceeding 3
ng/ mL died. Moreover, plasma IL-6 peak levels were significantly higher in
nonsurvivors compared to survivors. These IL-6 data are consistent with earlier reports
on the involvement of IL-6 in the pathophysiology of sepsis syndrome (16,17).
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For TNF no correlation with mortality was observed, in contrast to previous
reports (9-12), but in agreement with others (13). There are several explanations for the
inconsistency in TNF data. First, it was reported recently that assays such as used here
detect free TNF, whereas other assays detect free TNF as well as the TNF/ soluble TNF
receptor complex (15). The relative lack of information about the properties of most
assays used, complicates comparison of earlier reported TNF data. Second, TNF is only
in short intervals present in plasma during sepsis syndrome as was shown in
meningococcal sepsis (16) and in studies with experimentally induced sepsis and
endotoxemia (5, 19). A rapid decrease in circulating TNF levels can be explained by
both its short half life and by an active feedback mechanism as reported in
endotoxemia, which appeared to be regulated by the hypothalamic adrenal axis (28,
29).
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Figure 3: Correlation between soluble TNF receptor peak levels and plasma creatinine in sepsis
syndrome. Both soluble 55kD TNF receptor (upper) and soluble 75kD TNF receptor (lower) peak levels
correlated significantly with corresponding plasma creatinine levels: r̂ =.6O; P<.0001 and r^=.44; P<.001,
respectively (open symbols, survivors n=16; closed symbols, nonsurvivors n=10).

Besides TNF, soluble TNF receptors are considered to be involved in
inflammation. Soluble TNF receptors, which consist of the proteolytically cleaved
extra-cellular part of the TNF cell surface receptor (30), were first detected in urine of
febrile patients (31), and later also in urine and plasma of patients with chronic renal
failure (32). The shedding of the TNF receptor may function as a protection mechanism
against the harmful effects of TNF. Loss of TNF cell surface receptors could lead to a
decreased responsiveness of the cell to TNF. In addition, circulating soluble TNF
receptor bind TNF with high affinity, resulting in an inhibition of the biological activity
of TNF (32). Shedding of TNF receptor has been demonstrated after endotoxin (19, 20)
and TNF administration (18), therefore soluble TNF receptor levels could reflect a
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TNF/ endotoxin induced inflammatory response. Since soluble TNF receptor levels
show slower kinetics compared to the short-lived elevations in TNF levels, soluble TNF
receptor levels could be more useful as a parameter of disease.

Increased soluble TNF receptor levels have been reported in critically ill patients
(19), and a positive correlation with mortality has been demonstrated in
meningococcemia (26). The results presented here are in agreement with these data.
Although the differences in soluble 75kD TNF receptor levels did not reach
significancy (P=.O6), soluble 55kD TNF receptor peak levels were significantly higher
(P<.005) in nonsurvivors compared to survivors.

However, increased soluble TNF receptor levels have not only been demonstrated
in inflammation, soluble TNF receptor levels are also known to be influenced by renal
function. Elevated soluble TNF receptor levels were detected in patients with chronic
renal failure (32) and a positive correlation with plasma creatinine was demonstrated
in patients with different degrees of chronic renal failure (21). Moreover experimental
animal data from our laboratory demonstrated a central role for the kidney in the
clearance of TNF receptor and TNF/ TNF receptor complexes in mice (33).

Table 3: Plasma creatinine peak levels in sepsis syndrome and ICU mortality*

Creatinine Creatinine

S150umol/ L >150nmol/

Survivors (n=16) 12 4
Nonsurvivors (n=10) 1 9
'Plasma creatinine peak levels correlated significantly with mortality. Chi-square: P<.005.

In order to investigate whether soluble TNF receptor kinetics in the population
studied were influenced by renal function, soluble TNF receptor peak levels were
correlated with corresponding plasma creatinine levels. Since long-term hemodialysis
patients were excluded from the study, increased plasma creatinine levels were
considered to reflect acute renal failure complicating sepsis syndrome. Both soluble
55kD TNF receptor and soluble 75kD TNF receptor peak levels were correlated
significantly with corresponding plasma creatinine levels (r2=.6O; P<.0001 and r̂ =.4O;
P<.001, respectively). In contrast, TNF (r2=.O5; P=.25) and IL-6 (r2=.17; P<.05) correlated
poorly with plasma creatinine. In long-term hemodialysis patients (n=4), which were
excluded from this study, high soluble TNF receptor levels were detected even before
sepsis syndrome was diagnosed (17.3±0.8 ng/ mL and 12.5±0.4 ng/ mL for soluble
55kD and 75kD TNF receptor, respectively). Although soluble TNF receptor peak
levels were high in the excluded patients, 3 out of 4 patients did survive.

Acute renal failure is a severe complication of sepsis and plays an important role in
the mortality due to septic shock and multiple organ failure (34). In the present study,
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the positive correlation between acute renal failure, as assessed by plasma creatinine,
and mortality was confirmed (Table 3). Plasma creatinine peak levels were significantly
higher in nonsurvivors compared to survivors (P<.001). Since the kidney was reported
to play an important role in soluble TNF receptor clearance, impaired renal function
will lead to the accumulation of these proteins in plasma. This is supported by the
demonstrated positive correlation between plasma creatinine and soluble TNF receptor
levels. Moreover the correlation of soluble TNF receptor levels with plasma creatinine
was more pronounced than the correlation with mediators, such as TNF and IL-6,
involved in the pathophysiology of sepsis syndrome (data not shown). The present
data strongly suggest that increased soluble TNF receptor levels do not directly reflect
inflammatory state, but merely the degree of renal failure.

The physiological role of increased soluble TNF receptor levels in sepsis syndrome
is not yet resolved. When sepsis is complicated by an impaired renal function, a
decreased clearance of both soluble TNF receptor and TNF/ soluble TNF receptor
complexes will lead to increased plasma levels. Although TNF complexed with the
receptor is biologically inactive, such complexes may serve as a 'slow release reservoir'
of biologically active TNF (35). On the other hand, pre-existing increased soluble TNF
receptor levels, may mitigate the impact of over-production of TNF in patients
suffering from severe infections.

In conclusion, soluble TNF receptor levels correlated with outcome as well as with
plasma creatinine levels. The data presented suggest that, in the ICU patients studied,
increased soluble TNF receptor levels do not directly reflect inflammation, but appear
to be the result of renal failure complicating sepsis syndrome and are likewise
correlated with mortality. The usefulness of soluble TNF receptor levels as a parameter
of disease is therefore limited. The clinical importance of elevated soluble TNF receptor
levels remains to be elucidated.
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CHAPTER 4
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SUMMARY

Objective: To evaluate the association between inflammatory mediators and clinical
outcome in patients after repair of abdominal aortic aneurysms.
Design: Prospective study.
Setting: University Hospital, The Netherlands. '
Patients: 30 Consecutive patients who had undergone elective or acute repair of
abdominal aortic aneurysms.
Main outcome measures: Plasma concentrations of the cytokines tumor necrosis factor
(TNF), interleukin-6 (IL-6) and interleukin-8 (IL-8) as well as soluble TNF receptors and
the soluble (s) adhesion molecules E-selectin and intercellular adhesion molecule 1
(ICAM-1) were measured and correlated with the degree of systemic hypotension
(shock: hypotension more than 15 minutes) and clinical outcome.
Results: Peak plasma concentrations of TNF and IL-6 were significantly higher in
shocked patients (P<.005 and P<.0005, respectively) and those who died (both P<.01),
whereas concentrations of IL-8 increased only when shock complicated rupture of the
aneurysm (P<.01). Increases in the concentrations of TNF receptors reflected impaired
renal function. In contrast to sE-selectin concentrations, peak sICAM-1 concentrations
were significantly higher in shocked patients (P<.01) and those that died (P<.01).
Conclusions: These results strongly suggest that increased concentrations of sICAM-1
and IL-6 reflect the inflammatory response induced by ischemia after repair of an
abdominal aortic aneurysm, and indicate that the postoperative course is likely to be
complicated.
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INTRODUCTION

Repair of abdominal aortic aneurysms is associated with considerable mortality: in
patients in whom the aneurysm has not ruptured, mortality ranges from 1.4%-6.5%
whereas among those with ruptured aneurysms up to 70% mortality has been reported
(1). Rupture of an aneurysm often leads to hemorrhagic shock, which is considered to
be responsible for serious complications during the postoperative course (2).

Hemorrhagic shock in an experimental animal model results in an inflammatory
reaction with increased concentrations of cytokines such as tumor necrosis factor (TNF)
and interleukin-6 (IL-6) in plasma (3). Although TNF and IL-6 have
immunostimulatory capabilities, increased concentrations after hemorrhagic shock are
associated with profound depression of immunity and an increased susceptibility to
infection and sepsis (4). In addition, treatment with reagents that inhibit synthesis,
release, and activity of cytokines has a beneficial effect on the immune response (5, 6).
Soluble TNF receptors (sTNF-R), the circulating extracellular part of the TNF cell
surface receptor (7), can bind and inactivate TNF (8), and are thought to be involved in
the physiological control of the cytokine response (9, 10). TNF receptors are released
after endotoxin or TNF administration (10-12). Increased plasma concentrations of
sTNF-R with or without detectable circulating TNF may therefore reflect a systemic
inflammatory state.

In the ischemia and reperfusion-induced inflammatory response, neutrophil
activation and extravasation (13,14) are thought to have an important role. Neutrophil
adhesion to the vessel wall and migration into reperfused tissue is mediated by
chemotactic proteins such as interleukin-8 (IL-8) and adhesion molecules expressed on
neutrophils and endothelial cells (15-18). IL-8 release in an in vitro model initiated by
anoxia-hyperoxia has suggested that IL-8 may be involved in the ischemia-reperfusion
injury in vivo (19). Interference with neutrophil adhesion by inhibition of the
interaction between the CDU/ CD18 complex and its ligand intercellular adhesion
molecule-l (ICAM-1) can reduce organ injury caused by hemorrhagic shock in an
experimental animal model (20). This supports the role of adhesion molecules in
inflammation induced by ischemia. Greatly increased expression of E-selectin has been
reported in inflammation and septic shock, which suggests that E-selectin has a role in
acute inflammation (21-23). Interestingly, adhesion molecules are present either cell
bound or as soluble molecules in the circulation (24-26). In vitro, the quantity of
adhesion molecules released by cells correlates directly with expression of adhesion
molecules on the cell surface (27). These data indicate that plasma concentrations of
circulating adhesion molecules may reflect the inflammatory state in vivo.

In this study, the association between inflammatory mediators and clinical course
was examined in patients after repair of abdominal aortic aneurysms. Patients were
divided into those who were hemodynamically stable and those who underwent
prolonged systemic hypotension. To assess the inflammatory response, plasma
concentrations of TNF, IL-6, IL-8, sTNF-R, soluble E-selectin, and soluble ICAM-1 were
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measured. In addition, we calculated the correlation between the plasma
concentrations of these mediators and the presence of shock and mortality.

PATIENTS AND METHODS

Swfyecfs
Patients were studied for five days after repair of the aneurysm. For statistical analysis
the study population was divided according to the presence of prolonged systemic
hypotension (systolic blood pressure less than 80 mmHg for at least 15 minutes) on
admission to hospital or during the repair. Patients who underwent a similar
operation, but who did not develop prolonged hypotension, were regarded as control
patients. Patients without hypotension who were operated acutely were therefore
included in the control group as well as elective patients. Those who survived the
repair were compared with those who died to analyze the prognostic value of the
inflammatory mediators. The study was reviewed and approved by the medical ethics
committee of Maastricht University Hospital, which deemed that informed consent
was not required.

Table 1: Details of patients studied

Sex:
Male (n)
Female (n)

Age (years)
Duration of operation (mins)
Blood transfused* (units)
Survived (n)
Died (n)
Prolonged hypotension (n)
Hemodynamically stable (n)

Hemodynamic state
Stable
(n=ll)

10
1

71 (63-83)
130 (92-205)

3(0-11)**
11

0

-

-

Prolonged
hypotension

(n=19)

16
3

74 (63-88)
135 (95-300)
10 (2-26)**

10

9

-

-

Mortality
Survived

(n=21)

18

3

71 (63-88)
130 (92-270)

4(0-26)*
-

-

10
11

Died
(n=9)

8
1

74 (66-83)
145(100-300)

8(5-22)*
-

9

0

Figures represent number of patients unless otherwise stated. Values are medians and ranges within
parentheses; "in first 24 hours after surgery. *P<05, and **P<005.
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B/ood snmp/es
Within 24 hours of operation blood samples were taken daily from each patient and
collected in tubes containing EDTA. Daily blood samples were collected at about 0600
hours. The blood samples were immediately put on ice, and plasma was prepared at
4°C by centrifugation at 2,200G for five minutes. Samples were stored at -70°C until
use. Concentrations of inflammatory mediators, receptors, and adhesion molecules
were measured in duplicate as described below.

Reagents used were recombinant (r) TNF, rIL-6, rIL-8, recombinant sTNF-R55 and
sTNF-R75 (molecules produced by cell lines transfected with sTNF-R55 and sTNF-R75,
respectively), E-selectin and ICAM-1 (Bender MedSystems, Vienna, Austria).

The following antibodies were used: mAb 61E71 anti-TNF; 5E1 anti-IL-6; mAb anti-IL-
8; MR1-1 (anti-TNF-R55); MR2-2 (anti-TNF-R75); anti-ICAM-1 mAb F7-16 and F10-3,
anti-E-selectin mAb ENA-1 and ENA-2 (28).

Assnys
Plasma concentrations of TNF were measured with an enzyme linked immunosorbent
assay (ELISA) developed in our laboratory, which correlates well with bioassay results
(29). In short, plasma samples (diluted 1/1) and the standard titration curve with rTNF
were incubated with a murine anti-human TNF mAb 61E71 absorbed on a microtiter
plate (Nunc, Roskilde, Denmark). The plates were subsequently incubated with a
polyclonal rabbit anti-human TNF antibody, followed by a peroxidase conjugated goat
anti-rabbit IgG (Jackson, Westgrove, PA) and TMB (3',5,5',-tetramethylbenzidine)
substrate (Kirkegaard & Perry Lab., Gaithersburg, MD). The optical density was read,
and TNF concentrations were calculated from the standard TNF curve. Detection limit
for the TNF assay was 10 pg/ mL.

IL-6 and IL-8 were measured by a procedure largely parallel to the TNF ELISA
mentioned above. Plasma concentrations were measured using the murine anti-human
IL-6 antibody 5E1 (developed in our laboratory) and a anti-human IL-8 mAb as capture
antibody, respectively. Diluted plasma samples (1/ 1) and the standard titration curve
with rIL-6 and rIL-8 were added to the plates. The amount of IL-6 and IL-8 bound to
the wells was quantified by sequential incubation with a polyclonal rabbit anti-IL-6
antibody and a polyclonal rabbit anti-IL-8 antibody, respectively, followed by adding
peroxidase conjugated goat anti-rabbit IgG and substrate. Detection limits for the IL-6
and IL-8 assays were 10 pg/ mL and 20 pg/ mL, respectively.

In order to quantify sTNF-R55 and sTNF-R75, microtiter plates were coated with
MR1-1 and MR2-2, respectively (both developed in our laboratory). Plasma samples
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(diluted 1/5) and the standard titration curve with recombinant sTNF-R55 and sTNF-
R75 were added to the plates and subsequently incubated with a biotine labelled
polyclonal rabbit antibody specific for sTNF-R55 and sTNF-R75, respectively, followed
by peroxidase conjugated streptavidin (Dakopatts, Glostrup, Denmark). Substrate was
added, and the optical density was read. The detection limit for the sTNF-R55 and
sTNF-R75 assay was 100 pg/ mL. Plasma sE-selectin and sICAM-1 concentrations were
measured using mAb ENA-1 and mAb F7-16 as capture antibodies. Plasma samples
were diluted 1/ 20 and 1/ 10 for the sE-selectin and sICAM-1 ELISA, respectively.
Samples and standard titration curves with sE-selectin and sICAM-1 were added to the
plates and subsequently incubated with biotinylated mAb ENA-2 or F10-3 for detection
of sE-selectin and sICAM-1, respectively. Substrate was added, and the optical density
was read. All steps of the sE-selectin ELISA were done using a buffer containing
calcium and magnesium. Detection limits for the sE-selectin and sICAM-1 assays were
0.1 ng/ mL and 1 ng/ mL, respectively.

10-,

i

0.01 .

0.001

#

S8
00 ax>

Shock No Shock

Figure 1: Peak plasma concentrations of TNF after
repair of aortic aneurysm. TNF was detected only
in patients with hemorrhagic shock (P<005). TNF
concentrations were significantly higher in those
that died (closed circles, n=9) than in those that
survived (open circles, n=21, P<.01).

To asses the significance of differences between patients with and without shock,
Mann-Whitney test was applied to the highest concentrations detected in each patient
(peak concentrations) during the postoperative period. Peak values are shown to give
insight in individual patients with and without shock, whereas daily median
concentrations are given to illustrate the kinetics in those who survived and those who
died, respectively. Kinetics were assessed in each patient by linear regression of
concentrations obtained daily during the same period. The resulting slopes were
compared between the subgroups by application of the Mann-Whitney test.
Probabilities of less than .05 were accepted as significant.
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RESULTS

30 Consecutive patients (26 man and four women) were included in the study, with a
mean age of 73 years (range 63 to 88). Nineteen of the 21 patients with ruptured
aneurysms underwent periods of prolonged systemic hypotension, whereas in two
patients the systolic blood pressure remained normal (>120 mmHg). In these two
patients the rupture had resulted in only a small retroperitoneal hematoma. Blood
pressure was within normal limits in those patients who underwent repair for
aneurysms that had not ruptured (n=9). The amount of blood transfused within 24
hours of the operation in each group is shown in Table 1. Operation times in patients
with and without shock were comparable. The mortality at day 30 was 20% (n=6/ 30)
and the final hospital mortality was 30% (n=9/ 30). Patients who died had all had
ruptured aneurysms complicated by hemorrhagic shock (9/ 19). A total of 143 of the
150 plasma samples were obtained correctly during the five day study period for
laboratory processing.
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Figure 2: Kinetics and peak plasma concentrations of IL-6. The peak values were significantly higher in
patients with hemorrhagic shock than in those who were hemodynamically stable (left) and in those that
died (closed circles, n=9) than in those that survived (open circles, n=21, P<.0005 and P<.01,
respectively). IL-6 concentrations were raised mainly during the first two postoperative days (right).
Horizontal lines represent median peak values (left), and in the right panel data are expressed as median
(interquartile). XP<.05.
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Remarkable differences in plasma concentrations of TNF were observed between the
subgroups studied. TNF was detectable in 10 out of 19 patients with shock (range 0.02-
4.42 ng/ mL), but in none of the patients without shock (Fig. 1; P<.005). Concentrations I
were highest on day 2 of the study period. In those patients in whom it was detected ™
(n=10), however, it was detectable only in 34% of all samples during the five day
course. In nine patients peak concentrations did not exceed 0.1 ng/ mL. It was detected
in six of the nine who died, and in four of 21 survivors. Peak plasma concentrations
were significantly higher (P<.01) in those that died than in survivors, ranging from
<0.02-4.42 ng/ mL and from <0.02-0.06 ng/ mL, respectively.
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Figure 3: Kinetics and peak plasma concentrations of IL-8. The peak values were significantly higher in
patients with hemorrhagic shock than in those who were hemodynamically stable (left) (P<.01). There
was no correlation with mortality (survivors are indicated by open circles, n=21, and those that died by
closed circles, n=9). IL-8 concentrations were raised mainly during the first two postoperative days
(right). The horizontal line indicates the median peak value (left), and the dashed line indicates the
detection limit. Data are expressed as median (interquartile) (right). 2KP=.O6.

In contrast to TNF, IL-6 was detected in all patients studied (Fig. 2, left). In
shocked patients peak concentrations were significantly higher than in patients who
were not shocked (P<.0005), ranging from 0.08-92.6 ng/ mL (median 1.86 ng/ mL) and
from 0.03-1.05 ng/ mL (median 0.24 ng/ mL), respectively. In addition, peak
concentrations were significantly higher in those that died than in survivors (P<.01).
Median peak IL-6 concentrations were 2.44 ng/ mL (range 0.47-92.6 ng/ mL) and 0.56
ng/ mL (range 0.03-54.9 ng/ mL) in those who died and survivors, respectively. In
shocked patients and in those who died median IL-6 concentrations were considerably

86



The inflammatory response after AAA repair

raised during the first two days after operation. Remarkably, however, the initial high
IL-6 concentrations in those that died decreased and reached concentrations similar to
those in survivors before day 5, the time point at which the first patient died (Fig. 2,
right).
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Figure 4: Kinetics and peak plasma concentrations of STNF-R55. The peaks were significantly higher in

patients with hemorrhagic shock than in those who were hemodynamically stable (left) (P<.01), and in

those that died (closed circles, n=9) than in those that survived (open circles, n=21, P<.05). During the

period studied the increases in sTNF-R55 concentrations were more pronounced in those that died than

in those that survived (right; P<05). Horizontal lines indicate median peak concentrations (left), and in

the right panel data are expressed as median (interquartile). XP<.05.

The chemotactic factor IL-8 was detectable in 14 out of 19 shocked patients, and in
five of 11 patients who were not shocked (Fig. 3, left). Plasma IL-8 peak concentrations
ranged from <0.02-2.1 ng/ mL (median 0.1 ng/ mL) and from <0.02-0.08 ng/ mL
(median <0.02 ng/ mL) in patients who were and were not shocked, respectively. IL-8
peak concentrations were significantly higher in shocked patients than in those who
were not shocked (P<.01). There were, however, no significant differences between
survivors and those who died. IL-8 kinetics showed a similar trend to those of IL-6. In
patients in who IL-8 could be measured, the increased concentrations were mainly seen
during the first two days after operation (Fig. 3, right).

So/«We hm/or necrosis/«ctor receptors
Both sTNF-R55 and sTNF-R75 were detected in all but one patient, in whom sTNF-R75
could not be detected, and there was a significant correlation between sTNF-R55 and
STNF-R75 peak concentrations (r*=0.71; P<.0001). Both sTNF-R55 and sTNF-R75 peak
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concentrations were significantly higher in shocked patients than in those who were
not shocked (P<.01 for sTNF-R55 and sTNF-R75) (Fig. 4, left; Fig. 5, left, respectively).
In addition, plasma concentrations of both receptors were higher in those who died
than in those who survived (P<.05 for sTNF-R55 and sTNF-R75).

80

s
"So

40-

20-

ß

2 0 .

1 5 .

10-

5 -

0 -

X

1/ J
5-

T

*

Shock No Shock
1 2 3 4 5

Postoperative day

Figure 5: Kinetics and peak plasma concentrations of STNF-R75. Peak concentrations (left) were
significantly higher in patients with hemorrhagic shock than in those who were hemodynamically stable
(P<.01), and in those that died (closed circles, n=9) than in those that survived (open circles, n=21, P<.05).
The increase in sTNF-R75 concentrations was slightly but not significantly more pronounced in those
that died than in those that survived (right) (P=.O8). Horizontal lines indicate median sTNF-R75 peak
concentrations (left), and data (right) are expressed as median (interquartile). 3CP<.05.

With regard to survivors and those who died, sTNF-R concentrations showed
different kinetics during the period studied (Fig. 4, right; Fig. 5, right). The increase in
sTNF-R55 and sTNF-R75 concentrations was more pronounced in those who died than
in survivors (P<.05 and P=.O8, respectively).

sTNF-R concentrations have been reported to be dependent on renal sTNF-R
clearance (30-32), so we assessed the correlation between plasma creatinine
concentrations, as a measure of renal function, and sTNF-R concentrations. Both sTNF-
R55 and sTNF-R75 peak concentrations correlated significantly with the corresponding
plasma creatinine concentrations (r̂ =0.36 P<.005 and r2=0.25 P<.01, respectively). In
only one patient were high soluble TNF receptor concentrations observed when the
plasma creatinine peak concentration was within the reference range (17.3 and 68.7 ng/
mL for sTNF-R55 and sTNF-R75, respectively; creatinine 93 umol/ L).
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mo/ecw/es
As putative measures of inflammation the plasma concentrations of circulating
adhesion molecules sE-selectin and sICAM-1 were assayed in the population studied.
Both sE-selectin and sICAM-1 were detectable in all samples tested.

Postoperative sE-selectin peak concentrations ranged from 15.4-353.3 ng/ mL
(median 35.5 ng/ mL) and from 15.9-71.7 ng/ mL (median 29.2 ng/ mL) in patients
who were and were not shocked, respectively. Differences in sE-selectin peak
concentrations between shocked patients and those who were not shocked were not
significant, nor were significant differences in sE-selectin peak concentrations observed
between survivors and those who died (Fig. 6, left). Remarkably high sE-selectin
concentrations were found in one patient who developed severe organ failure but
nevertheless survived (353.3 ng/ mL).
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Figure 6: Circulating adhesion molecules: During the observation period the increase in concentrations of
sICAM-1 was significantly more pronounced in those that died (closed circles, n=9) than in those that
survived (open circles, n=21, P<01) (right). XP<05; XXP<01; XXXP<001. The kinetics of sE-selectin
(left) were similar in the two groups. Data are expressed as median (interquartile).

In patients in whom shock complicated the rupture peak concentrations of sICAM-
1 were significantly higher than in patients who were not shocked (P<.01). In addition,
increased sICAM-1 peak concentrations were significantly associated with death
(P<.01), ranging from 65.2-270.0 ng/ mL (median 148.9 ng/ mL) and 40.3-232.7
(median 96.7 ng/ mL), in those who died and survivors, respectively. During the study
period clear differences in sICAM-1 kinetics were observed in the subgroups. The
increase in sICAM-1 concentrations was more pronounced in shocked patients than in
those who were not shocked (P<.005) and in survivors than in those who died (P<.01).
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Moreover, differences in median sICAM-1 concentrations between survivors and those
who died increased in time (Fig. 6, right). The highest sICAM-1 concentrations wereÄ
found mainly during the last two days of the study period. In contrast to sTNF-R™
concentrations, those of slCAM-1 did not correlate with serum creatinine
concentrations (data not shown).

DISCUSSION

The pathophysiology of the perioperative systemic inflammatory reaction following^
repair of an abdominal aortic aneurysm is complex. Shock, surgical trauma and
ischemia induced by aortic clamping all trigger the inflammatory response. Because
surgical trauma (assessed by operation time) was similar in patients with ruptured and
elective aneurysm, differences in the inflammatory responses between these groups
may be explained by the presence of prolonged systemic hypotension in most of the
patients treated for rupture (3). Hemorrhage is known to lead to regional hypoxia (33),
bacterial translocation, and transient endotoxemia (34, 35). In addition, both hypoxia
(36) and endotoxemia contribute to increased production of inflammatory cytokines
(TNF, IL-6 and IL-8) (37) and shedding of cytokine receptors (TNF-R) (38).

In the present study hemorrhagic shock was associated with increased plasma
TNF concentrations and death. The prognostic value of TNF concentrations in
inflammation, however, is still controversial (39-42). The inconsistency in observed
TNF data can at least in part be explained by differences between assays in their ability
to detect TNF complexed to the TNF receptor (43). The relative lack of information
about the properties of most assays used makes comparison of reported TNF data
difficult. The TNF assay used in the present study merely detects free, biologically
active TNF, and not TNF/ TNF-R complexes. In an experimental animal study Alaya et
al. (3) used a TNF bioassay that detected free TNF, and showed that TNF could be
detected only after trauma when it was combined with hemorrhagic shock. This
correlates well with our observations in which TNF was detectable only in shocked
patients.

Shock was also correlated with increased IL-6 concentrations, which were
subsequently associated with an unfavorable outcome. These data are consistent with
the IL-6 response described by Ayala et al. (3). The IL-6 response after repair of an
aneurysm was restricted to the first two days. Similar data have recently been reported
after elective repair (44). The authors described a maximal IL-6 response after 48 hours,
which was associated with a complicated subsequent course. This correlates well with
the observed association between early increased IL-6 concentrations and mortality in
the present study.

Hemorrhagic shock was, as expected, strongly correlated with transfusion of a
large amount of blood products. It is, however, unlikely that increased plasma
concentrations of the variables tested are caused by blood transfusion, as a recent study

90



The inflammatory response after AAA repair

showed that concentrations of TNF and IL-6 were low in stored blood (45). Moreover,
careful analysis showed that the plasma constituents investigated in the present study
did not correlate with the amount of blood products transfused (data not shown). The
values found in the present study therefore provide a measure of the severity of
hemorrhagic shock. The increased plasma concentrations of both TNF and IL-6
correlated positively with death. Differences in IL-6 concentrations between survivors
and those who died, however, were more pronounced, implicating IL-6 to be the more
useful prognostic variable.

The involvement of IL-8 in the inflammatory response after hemorrhage and
ischemia, has not been reported before to our knowledge. In an in vitro model,
however, anoxia has been shown to increase IL-8 production by monocytes (19). In our
study significantly higher concentrations of IL-8 were detected in shocked patients
than in those who were not shocked, but there was no association between plasma IL-8
concentrations and mortality. The highest IL-8 concentrations, like those of IL-6, were
detected on the first two postoperative days after repair. In addition, there was a
significant correlation between plasma IL-8 and IL-6 concentrations (data not shown).
These data suggest that IL-8 concentrations, although they did not correlate with
outcome, seemed to reflect the perioperative inflammatory response after hemorrhagic
shock.

Soluble TNF receptor molecules are thought to have a central role in plasma TNF
control. On the basis of increased TNF concentrations in patients with hemorrhagic
shock increased concentrations of sTNF-R were expected. Because raised sTNF-R
concentrations in critically ill patients were reported to be correlated with impaired
renal clearance (30-32), we also investigated the correlation between renal function (as
assessed by plasma creatinine concentrations) and sTNF-R concentrations. In contrast
to the other mediators measured in this study, sTNF-R concentrations were found to be
significantly correlated with plasma creatinine concentrations. The extent to which
differences in sTNF-R concentrations and kinetics are attributable to inflammation or to
renal function, however, remains to be resolved.

Plasma concentrations of soluble adhesion molecules reflected expression of tissue
adhesion molecules and subsequently the inflammatory state (25-27). The data
presented are to our knowledge the first to suggest that sICAM-1 concentrations reflect
an inflammatory response induced by ischemia. Prolonged systemic hypotension and
death correlated significantly with raised sICAM-1 concentrations. Moreover, it
seemed that the increase in sICAM-1 concentrations during the first days after repair
was significantly higher in those that died than in those that lived.

In contrast to ICAM-1, differences in E-selectin concentrations were less obvious. A
slight increase in E-selectin concentrations was observed during the study period in
both survivors and those that died, but differences between shocked patients and those
who were not shocked, and between survivors and those that died were not
significant. These data are in line with results of an experimental animal study that
showed that expression of E-selectin was marginally influenced by traumatic and

91



Chapter 4

hypovolemic shock, whereas in septic shock E-selectin expression was greatly
increased (23).

In conclusion, hemorrhagic shock complicating repair of abdominal aortic
aneurysms was associated with increased plasma concentrations of the inflammatory
mediators TNF, IL-6 and sICAM-1, which correlated positively with death. Similar
data, although less pronounced, were found in the subgroup of patients operated on
acutely (data not shown). These data may be instrumental in developing strategies to
reduce the mortality from hemorrhagic shock in such patients. Moreover, the data
suggest that IL-6 and sICAM-1 concentrations are additional predictors of a
complicated course.

I
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LPS TOXICITY REGULATING PROTEINS IN BACTEREMI A

LPS Toxicity Regulating Proteins
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SUMMARY

The toxicity of lipopolysaccharide (LPS), is modified by several proteins such as
bactericidal/ permeability-increasing protein (BPI), and LPS binding protein (LBP). BPI
and LBP plasma levels were measured in patients with either gram-negative
bacteremia (n=36) or gram-positive bacteremia (n=28). Levels of BPI and LBP, proteins
neutralizing and enhancing LPS effects, respectively, were already increased before
bacteremia was first detected. The BPI/ neutrophil ratio, reflecting neutrophil
activation, was significantly associated with the presence of sepsis syndrome and fatal
outcome in bacteremic patients: 1.06 (0.11-6.49) vs. 0.57 (0.06-3.82) in patients with and
without sepsis syndrome (P<.01), and 0.64 (0.06-3.82) vs. 1.02 (0.12-6.49) in survivors
and nonsurvivors (P<.05), respectively (ratio in ng BPI/ 10E6 neutrophils). High LBP
peak levels were significantly associated with the presence of sepsis syndrome (P<.01).
No differences in BPI and LBP levels were observed between gram-negative and gram-
positive bacteremia. BPI/ neutrophil ratio, as a parameter of neutrophil activation,
may be useful in monitoring infectious disease.
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INTRODUCTION

Infections with gram-negative and gram-positive bacteria can lead to a systemic
inflammatory response syndrome (SIRS). In gram-negative infections endotoxin or
lipopolysaccharide (LPS), a component of the gram-negative bacterial cell wail, is
considered to be the principal initiator of SIRS (1, 2). LPS activates mononuclear
phagocytes to produce inflammatory mediators, such as rumor necrosis factor (TMF),
interleukin (IL)-1 and IL-6, which are responsible for many of the clinical features of
endotoxemia (3, 4), The LPS-induced release of these inflammatory mediators is
regulated by endogenous proteins of different origin. In this regard, sCD14, the soluble
form of the putative LPS-receptor CD14 (5-9), and LPS binding protein (LBP), a carrier
molecule for LPS, are of importance (10-14). Also, LPS inactivating factors such as
bactericidal/ permeability-increasing protein (BPI) are considered to play an important
role in regulating LPS effects during endotoxemia (15-19).

BPI, specifically cytotoxic for gram-negative bacteria (20), is a 55kD carionic
protein stored in the azurophilic granules (21), but also expressed on the cell surface, of
potymorphonudear leukocytes (PMN) (22,23). Binding of BPI to LPS in the cell wall of
gram-negative bacteria induces membrane alterations and finally bacterial death (24).
Besides being bactericidal, BPI was demonstrated to inhibit LPS-induced phagocyte
activation (10,22,25-29). In addition, BPI was reported to be protective in experimental
animal studies of gram-negative infection (15-19). Activation of PMN induces release of
a part of their BPI content in vitro (21, 22) and limited survey studies showed that BPI
was present in large quantities in several body fluids during infection, whereas in
plasma of healthy volunteers BPI was not detectable (30).

LPS binding protein (LBP), a 60kD acute phase protein, appears to function in an
opposing fashion to BPI, despite a striking homology in DNA sequence (31, 32). LBP
facilitates binding of LPS to the LPS-receptor CD14, whereas BPI prevents this
interaction (10, 11, 33, 34). Specifically in the presence of low LPS concentrations LBP
was demonstrated to enhance LPS induced cell activation (10-12, 14). It was recently
reported that LBP also neutralizes LPS effects by transfering LPS to high-density
lipoproteins (35). However, increased LBP levels, as demonstrated after LPS
administration in an animal model (36), may as in vitro, antagonize BPI effects and
enhance LPS toxicity (10,12, 37).

The role of sCD14, normally present in plasma, in modulating LPS toxicity seems
to be twofold. For CD14 negative cells such as endothelial and epithelial cells, sCD14
has been shown to strongly enhance LPS-induced cell activation (5-8). In contrast, for
CD14 positive monocytes sCD14 has been demonstrated to neutralize LPS effects by
competing with cell bound CD14 (9).

In order to investigate the role of LPS activity modulating proteins in infectious
disease, BPI, LBP and sCD14 plasma levels were measured in patients with culture
proven gram-negative bacteremia. Data were compared with those obtained from
bacteremic patients in which a gram-positive, consequently LPS lacking, micro-
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organism was isolated. In addition, the correlation between plasma levels and clinical
parameters was assessed.

Table 1: Micro-organisms isolated from the blood

Bacillus Spp.
Bacteroides Spp.
E. cloacae
E. faecalis
E. coli
H. influenza
K. pneumonia
M. morganii
N. meningitides ]
In 58 patients 1 micro organism was isolated, whereas is 6 patients 2 micro organisms were cultured.
Patients in which a S. epidermidis was isolated were only included when simultaneously another gram-
positive micro organism was detected.

PATIENTS AND METHODS

2
3

1

6

11

3

6
2

Proprionibacterium Spp.
P. mirabilis
P. aeruginosa
S. marcescens
S. aureus
S. epidermidis
Staphylococcus Spp.
Streptococcus Spp.

2
5

4

1

9

3

4

7

In a prospective study, in which all patients admitted to the intensive care unit (ICU)
were enrolled, clinical data, sepsis syndrome parameters and plasma samples were
collected daily. Patients were included in the present study when during their presence
on the ICU bacteremia was proven by at least one positive blood culture. Blood for
culture was obtained by vein puncture. Exclusion criteria were 1) detection of a single
blood culture with Staphylococcus epidermidis (considered as contamination), 2)
presence of a mixed gram-negative/ gram-positive bacteremia (to analyze differences
between gram-negative vs. gram-positive bacteremia), 3) surgical interventions within
2 weeks before bacteremia (to exclude the putative effect of surgery on the parameters
studied). Patients were divided in the following subgroups: 1) absence or presence of
sepsis syndrome as a parameter of severity of disease (38); 2) survivors and
nonsurvivors at day 28 after first positive blood culture; 3) presence of gram-negative
vs. gram-positive bacteremia.

Plasma samples obtained during the study period, i.e. from 3 days before up to 3
days after first positive blood culture was demonstrated, were analyzed and the data
were compared with those obtained in 49 healthy volunteers. Further the kinetics of
BPI and LBP were investigated in 10 patients which were selected on the basis that
plasma samples from a 14 day follow-up period were available.

The study was reviewed and approved by the Medical Ethical Committee of
University Hospital Maastricht.
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B/ood somp/es
As part of a larger surveillance study blood samples were taken daily from each ICU
patient. Blood was obtained using evacuated blood collection tubes containing EDTA.
Blood samples were always collected at the first daily round of routine blood sampling
at approximately 6 AM. The blood samples were immediately put on ice and plasma
was prepared by centrifugation at 2,200G for 5 minutes at 4°C. Care was taken to
prevent contamination of the plasma samples with PMN, which may release BPI after
freeze/ thawing. Furthermore, hemolytic plasma samples were excluded from
laboratory measurements. This procedure was demonstrated to minimize artificial BPI
release (30). Samples were stored at -70°C until use. Levels of BPI, LBP and sCD14 were
determined, as described below, in plasma samples collected during the study period.

Table 2: Blood culture data and prevalence of sepsis syndrome and mortality in the study population

Sepsis Syndrome
Yes n=30 No n=34

Blood culture
gram-negative 20(11) 16(4)
gram-positive 10(7) 18(3)
()=number of nonsurvivors

Human recombinant BPI (rBPI; kindly provided by M. Marra, InCyte, Palo Alto, CA)
was produced by transfected Chinese hamster ovary cells. Purification was performed
sequentially by ion exchange column and by size exclusion column. A BPI neutralizing
monoclonal antibody (mAb) 4E3 (IgGl) was developed in our laboratory and described
elsewhere (10). This antibody has been shown to react specifically with human rBPI,
with no cross-reactivity with recombinant LBP (rLBP). Polyclonal antibodies to human
rBPI were obtained by immunizing rabbits with human rBPI. This anti-BPI antiserum
did not cross-react with human rLBP as tested in an enzyme-linked immunosorbent
assay (ELISA). After protein A purification the polyclonal IgG was biotinylated.

Human rLBP was produced by the transfected human embryonic kidney cell line
293 EBNA kindly provided by Invitrogen (San Diego, CA). Polyclonal antibodies to
human rLBP were obtained by immunizing rabbits with human rLBP. After protein A
purification the polyclonal IgG was biotinylated.

The murine anti-human CD14 mAb MEM-18 (IgGl), sCD14 and polyclonal rabbit
anti-sCD14 antibodies were kindly provided by Horesji, Institute of Organic Chemistry
and Biochemistry, Prag, Czech Republic (39,40).

Peroxidase conjugated goat anti-rabbit IgG was purchased from Jackson
(Westgrove, PA), peroxidase conjugated streptavidin from Dakopatts (Glostrup,
Denmark), and TMB (3', 5, 5'-tetramethylbenzidine) substrate from KPL (Gaithersburg,
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MD). ELISA plates used were: Nunc immunomaxisorp plates (Nunc, Roskilde,
Denmark).

/mmunoflssnys
Plasma BPI, LBP and sCD14 levels were measured using sandwich ELISAs.

BPI was detected as described elsewhere (30). In short, 96-weIl plates were coated
with human rBPI specific mAb 4E3 and free sites were blocked with PBS 1% BSA.
Washing and dilution buffer used contained 80 mM MgCl. The use of Mg++ ions
prevented disturbance by LPS of BPI measurement. Human rBPI was used for
standard titration curve. Test samples diluted in assay buffer (1:2) were incubated for 2
h at room temperature. Next, a biotinylated polyclonal rabbit anti-human BPI IgG was
used followed by peroxidase labeled streptavidin. TMB was used as a substrate and
photospectrometry (450 run) was performed using a micro ELISA autoreader.
Detection limit for the BPI assay was 100 pg/ mL

For LBP detection plates were coated with polyclonal anti-human LBP antibodies.
Washing and dilution of reagents, was performed in the buffer containing 40 mM
MgCl. The use of Mg++ ions prevented disturbance by LPS of LBP recovery in the
ELISA. Diluted plasma samples (1:5000) and the standard titration curve with rLBP
were added to the plate. Detection occurred with a biotinylated polyclonal rabbit anti-
human LBP IgG, followed by peroxidase conjugated streptavidin and substrate.
Detection limit for the LBP assay was 200 pg/ mL.

Plasma sCD14 levels were measured using MEM-18 as capture reagent. Diluted
plasma samples (1:2000) and the standard titration curve with sCD14 were added to
the plates. The amount of sCD14 bound to the wells was quantified by sequential
incubation with a polyclonal rabbit anti-sCD14 antibody, followed by peroxidase —
conjugated goat anti-rabbit. Detection limit for the sCD14 assay was 50 pg/ mL. •

All plasma samples were analyzed in the same run. When plasma levels exceeded
the detection limit of the assay, samples were additionally diluted and analyzed in a
separate run with an overlap to correct for inter assay variation. The intra and inter
assay coefficient of variance of the various assays performed were all <10%.

To analyze differences between the subgroups studied, Mann-Whitney test was
performed by using the highest levels detected in each patient (peak levels) during the
study period (day 3 before to day 3 after first bacteremia was registered). Correlations
were analyzed by using Spearman's rank correlation test. The incidence of sepsis
syndrome and mortality in the studied subgroups was assessed by Chi-square test.
Unless stated otherwise plasma levels are given as median (range). Differences were
considered significant at P<.05.

102



LPS toxicity

1000

0.01

10 n

60
3.

D
U

$ tf

Bacteremia Controls Bacteremia Controls Bacteremia Controls

Figure 1: BPI, LBP and sCD14 levels in bacteremic patients (n=64) and healthy controls (n=49). Data in
bacteremic patients represent peak levels. In bacteremia open circles represent gram-negative; closed
circles represent gram-positive; horizontal bars are median values in gram-negative, gram-positive, and
in healthy controls. Detection limit of the assay ..

RESULTS

Portents
A total of 64 patients were included in the study (male/ female: 36/ 28) with ages
ranging from 29 to 95 years (average±SEM 62±2 years). The micro-organisms isolated
from the blood are given in Table 1. The severity of clinical symptoms varied from
mild fever to severe multiple organ dysfunction. According to sepsis criteria (38), 30
patients could be identified as suffering from sepsis syndrome (Table 2). The incidence
of sepsis syndrome was similar in gram-negative and gram-positive bacteremia. On the
day bacteremia was first detected, designated day 0, APACHE II scores (41) in sepsis
syndrome patients were significantly higher compared to those of patients without
sepsis syndrome (APACHE II 20 (11-36) vs. 14.8 (8-22); P<.0001). In addition, mortality
in patients with sepsis syndrome was significantly higher (P<.005) compared to
patients without sepsis syndrome (18 out of 30 (60%) vs. 7 out of 34 (21%) patients,
respectively).

BP/, LBP, and sCD24 p/asma ZezWs IM bacferemic pafienfs
BPI, usually not detectable in plasma of healthy volunteers (30), was found in large
amounts in 60 out of 64 bacteremic patients (Fig. 1, left). As a result, peak levels of BPI
were significantly higher in patients with bacteremia (median (range) 8.39 (<0.2-120)
ng/ mL) compared to healthy volunteers (P<.0001). In these healthy volunteers (age: 57
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(21-82) years) BPI was only detectable in 8 out of 49 subjects studied, ranging from 0.4
to 0.8 ng/ mL. fl

Proteins modulating LPS toxicity are expected to be more affected in patients with
gram-negative than in patients with gram-positive infections, since gram-positive
micro-organism do not contain LPS. Interestingly, BPI peak levels were similar in
patients with either gram-negative or gram-positive bacteremia (7.9 (<0.2-120) and 9.3
(<0.2-82.1) ng/ mL, respectively).

1000-,

No Sepsis Sepsis No Sepsis Sepsis No Sepsis Sepsis

Figure 2: Correlation BPI, LBP and sCD14 with sepsis syndrome and mortality. Data represent peak
levels. Survivors and nonsurvivors of bacteremia are given by open and closed symbols, respectively;
horizontal lines represent median peak levels in patients with and without sepsis.

LBP was detectable in all blood samples of bacteremic patients and healthy
volunteers. Peak levels of LBP in bacteremic patients (Fig. 1, middle) were significantly
higher (P<.0001) compared to LBP levels in healthy controls (216 (44-656) ng/ mL vs.
16.2 (9.1-43.2 ug/ mL). However, again no differences were observed in LBP peak
levels between patients with either gram-negative (228 (44-656) ug/ mL) or gram-
positive bacteremia (203 (68-475) ug/ mL; P=NS).

For sCD14 (Fig. 1, right), peak levels were significantly lower in the gram-negative
subgroup (2.23 (0.82-5.30) ug/ mL) when compared with either the gram-positive
subgroup (2.74 (1.15-8.34) ug/ mL) or healthy controls (2.64 (1.36-6.82) ug/ mL); both
P<.01 (gram-negative (n=36) vs. gram-positive bacteremia (n=28) and gram-negative
bacteremia vs. controls). When all 64 bacteremic patients (2.42 (0.82-8.34) ug/ mL),
however, were compared with the healthy controls, it appeared that differences in
peak levels did not reach significance.
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Figure 3: Prognostic value of BPI in relation to blood neutrophil count and LBP levels. Data represent
peak values of BPI/ blood neutrophil ratio (left). Median levels in patients with and without sepsis are
given by horizontal lines, (open circles, survivors; closed circles, nonsurvivors). The right panel
represents LBP/ BPI ratio at the day bacteremia was first detected according to early mortality (day 7).
Median values are given in survivors and nonsurvivors (right).

BP/, LÖP, am/ sCD24 pinsm« fcfe/s and riiniai/ course
Severity of disease in bacteremic patients was assessed by the presence or absence of
sepsis syndrome and mortality at day 28. For BPI, peak levels in bacteremic patients
(Fig. 2, left) were similarly enhanced in patients with and without sepsis syndrome
(P=.19) and no correlation with outcome was observed (P=NS).

Sepsis syndrome may be accompanied by leukocytosis as well as leukopenia. Since
BPI is released by blood neutrophils, the number of blood neutrophils during
bacteremia was expected to affect plasma BPI levels. Therefore, the correlation between
plasma BPI levels and corresponding neutrophil count was investigated. In patients
with detectable BPI levels a significant correlation was found between neutrophil count
and BPI levels (r=0.49; P<.0001; data not shown). In accordance, in patients with severe
neutropenia (n=4; WBC ̂ 2xlOE9/ L) BPI was not detectable (£0.2 ng/ mL). In order to
consider BPI levels independent of blood neutrophil count, the BPI/ neutrophil ratio,
as indicator of neutrophil activation, was analyzed in the studied subgroups. In
patients suffering from sepsis syndrome peak values of BPI/ neutrophil ratio (Fig. 3,
left) were significantly higher (P<.01) compared to those of patients without sepsis
syndrome (1.06 (0.11-6.49) vs. 0.57 (0.06-3.82) ng BPI/ 10E6 neutrophils). In addition,
peak values of BPI/ neutrophil ratio were significantly higher (P<.05) in nonsurvivors
(1.02 (0.12-6.49) ng BPI/ 10E6 neutrophils) compared to survivors of bacteremia (0.64
(0.06-3.82 ng BPI/ 10E6 neutrophils).
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Analysis of LBP levels in patients with bacteremia revealed that LBP levels were
significantly associated with the presence of sepsis syndrome (Fig. 2, middle). In
patients with sepsis syndrome LBP peak levels were higher compared to patients
without sepsis syndrome; 256 (66-656) vs. 184 (44-574) ug/ mL, respectively; (P<.01).
However, LBP peak levels were not different in nonsurvivors compared to survivors of
bacteremia; 223 (68-475) vs. 204 (44-656) ug/ mL, respectively (P=NS).

Since BPI and LBP have antagonistic properties, the ratio between these proteins
may be of clinical relevance in bacteremia and endotoxemia. No association between
day 28 mortality and the peak values of LBP/ BPI ratio was found. However, in the
subgroup of patients with gram-negative bacteremia, the LBP/ BPI ratio assessed at
day 0 tended towards higher values in patients which deceased early (within 7 days
after first detection of bacteremia) compared to survivors (69 (4-488)xlOE3 and 20 (2-
330)xl0E3, respectively; P=.O6) (Fig. 3, right). No association between LBP/ BPI ratio
and mortality rate was observed in gram-positive bacteremia (34 (l-297)xlOE3 vs. 51 (2-
907)xl0E3, for nonsurvivors and survivors respectively; P=NS).

With regard to sCD14 levels, absolute differences between the subgroups studied
were small (Fig. 2, right). No differences in sCD14 peak levels were observed between
nonsurvivors and survivors (2.29 (0.82-4.64) and 2.43 (1.25-8.34) ug/ mL, respectively;
P=.21). However, in patients with sepsis syndrome sCD14 peak levels were
significantly lower compared to patients without sepsis syndrome: 2.23 (0.82-5.30) vs.
2.56 (1.76-8.34) ug/ mL, respectively (P<.01).

Kineh'cs o/BP/ rind LBP /'« inrfi't'irfw«/ prifi
Kinetics of BPI and LBP were assessed in a subgroup of 10 patients. Data of 4 typical
cases with either an early recovery or an early fatal course, are given in Fig. 4. Both
plasma BPI and LBP levels were already increased in the first samples tested compared
to control values. Fluctuations in plasma levels, assessed during a 14 day period after
bacteremia, were more pronounced for BPI than for LBP. The ratio between maximum
and minimum levels in these 4 patients ranged from 11 to 133 for BPI and from 1.8 to
3.3 for LBP.

Two of four patients presented survived day 28, whereas the other two deceased at
day 14 and 21, respectively. In a survivor of gram-negative pulmonary sepsis (Fig. 4a),
a significant correlation between BPI and blood neutrophil kinetics was observed
(r=0.86; P<.0001). This case demonstrates that during severe sepsis BPI levels may
normalize as a result of neutropenia complicating sepsis syndrome and not because
neutrophils are not activated.
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Figure 4: Kinetics of BPI and LBP in individual patients. Data represent a survivor of gram-negative
pulmonary sepsis (A), a patient who recovered from gram-negative bacteremia accompanying
strangulation ileus (B), a nonsurvivor of gram-positive abdominal sepsis (C), and a nonsurviving patient
suffering from gram-positive osteomyelitis (D).

The second survivor was suffering from gram-negative bacteremia accompanying
strangulation ileus (Fig. 4b). After surgical intervention (between day 2 and day 3), the
patient recovered quickly, and BPI levels decreased rapidly (from 120 to 0.9 ng/ mL)
with normalizing neutrophil levels, whereas LBP levels remained enhanced (from 313
to 109 ug/ mL, maximum and day 14 value respectively).

BPI and LBP both increased in a patient suffering from gram-positive abdominal
sepsis, which died at day 14 (Fig. 4c). Interestingly, the ratio between plasma BPI levels
and blood neutrophil count increased from 0.1 to 0.6 ng BPI/ 10E6 circulating
neutrophils shortly before dying. These data strongly suggest an ongoing activation of
neutrophils until death occurred as a result of multiple organ dysfunction.

Similarly, in a patient suffering from osteomyelitis caused by Staphylococcus
aureus, both BPI levels and BPI/ neutrophil ratio increased shortly before dying (Fig.
4d) as a result of deterioration of sepsis syndrome complicated by multiple organ
dysfunction. The increase in BPI/ neutrophil ratio (from 0.5 to 63 ng BPI/ 10E6
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neutrophils; day 14 and day 21 values, respectively), however, was more pronounced
compared to the increase in BPI levels (from 4.6 to 57 ng/ mL).

DISCUSSION

The toxicity of LPS is, at least in vitro, modulated by several proteins, including BPI,
LBP, and sCD14. Therefore, these LPS toxicity modulating proteins were expected to
be more affected in gram-negative bacteremia than in gram-positive bacteremia.
Indeed, sCD14 levels were found to be decreased in the subgroup of patients in which
a gram-negative micro-organism was detected. In accordance, LPS was demonstrated,
although not consistently, to lead to a decreased monocyte cell membrane expression
of CD14 which may lead to decreased sCD14 levels (42, 43). On the other hand,
activation of monocytes has also been reported to lead to shedding of CD14 (42).

In contrast to the expected differences between data in gram-negative and gram-
positive bacteremia, the present study shows similarly enhanced BPI and LBP levels in
both gram-negative and gram-positive bacteremia. In gram-negative bacteremia, these
observations may be explained by the presence of LPS. LPS has been demonstrated to
induce an increase of BPI in human volunteers (44), and of LBP in an animal model
(36). During infections with gram-positive micro-organisms, however, LPS may also be
present and affect plasma levels of the parameters studied. Several authors reported
the presence of endotoxemia in critically ill patients without a gram-negative infection
(45, 46). In such patients, endotoxin may leak from the gut into the circulation
following failure of gut mucosal barrier (47-49). The presence of endotoxemia during
gram-positive infections could also be explained by failure to detect gram-negative
micro-organisms.

In patients with bacteremia LPS levels are reported to be time dependent, usually
not exceeding 100 pg/ mL (46). It remains, therefore, unclear whether LPS is the most
important stimulus for the increase in BPI and LBP levels. Besides LPS, other stimuli
may be responsible for the increase in BPI and LBP levels. Aspecific inflammatory
responses elicited by, for example, extra-corporeal circulation as during hemodialysis,
were reported to induce a temporary BPI increase (50). Furthermore, turpentine
administration and gram-positive bacterial infection were accompanied by an increase
of LBP levels in an animal model (36).

In a majority of the patients BPI and LBP levels were increased in the first samples
studied, indicating that the inflammatory response was already triggered before
bacteremia was detected. Fluctuations of plasma levels with time were more
pronounced for BPI than for LBP, whereas changes in sCD14 levels (data not shown)
were minimal.

BPI levels were remarkably enhanced in patients with bacteremia, but no
correlation with the presence of sepsis syndrome or mortality was observed. Our data
are supported by a recent paper describing high BPI levels in sepsis syndrome patients
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(44). These authors reported, however, also high BPI levels in healthy controls. These
high BPI levels in controls may be due to artificial release of BPI after blood sampling,
which occurs if BPI release is not prevented after blood collection as we have shown
recently (30). The low BPI levels detected in a minority of the controls in the present
study suggest that only minimal neutrophil activation occurred during blood sampling
and processing leading to minimal BPI release. The high BPI levels seen in our patients
therefore reflect BPI levels present in plasma at the time of blood drawing.

The release of the neutrophil product BPI, is considered to be dependent on the
extent of neutrophil activation. We therefore hypothesized that BPI levels depend on
the extent of neutrophil activation as well as the number of activated neutrophils. In
this light the BPI/ neutrophil ratio represents the degree of neutrophil activation. The
BPI/ neutrophil ratio was positively correlated with the presence of sepsis syndrome
as well as fatal outcome. In accordance, in the selected cases presented, an increase in
the BPI/ neutrophil ratio was associated with a subsequently fatal outcome. These data
are in line with other reports on parameters of neutrophil activation in infectious
disease. Enhanced levels of elastase, stored in the same granules as BPI, were detected
in sepsis syndrome patients (51-53). A correlation between enhanced elastase levels
and mortality was, however, not found consistently. This inconsistency may be the
result of the influence of blood neutrophil count on these levels as we demonstrated
here for BPI.

Increased LBP levels were, similarly to BPI/ neutrophil ratio, associated with the
presence of sepsis syndrome. Highest levels were detected between 24-48 hour after
onset of bacteremia, confirming the acute phase nature of LBP, whereas BPI/
neutrophil ratio reached highest values within the first 24 hour (data not shown). The
results presented are in line with C-Reacrive Protein (CRP) data published by others
(54). Increased plasma levels of CRP, also an acute phase protein, were associated with
the presence of bacteremia, and severity of infection, whereas no correlation was found
with causative micro-organisms.

Based on in vitro data, LBP appears to enhance LPS toxicity, and antagonizes the
effects of BPI, which is considered to be protective by inactivating LPS. Therefore we
investigated the ratio between LBP and BPI levels. This parameter may reflect the net
result of these proteins on LPS effects. Only in a subgroup of patients with a gram-
negative bacteremia, an enhanced LBP/ BPI ratio on the day of detection of bacteremia
was indeed associated with poor outcome, suggesting that this ratio may be of value in
gram-negative infections. The exact role of enhanced circulating BPI and LBP levels,
remains unclear, since BPI and LBP probably exert their main functions locally at the
site of infection.

The present study shows that decreased sCD14 levels were associated with gram-
negative bacteremia and the presence of sepsis syndrome. However, differences
between the subgroups studied were not substantial and therefore monitoring sCD14
levels seems to be of limited value.
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In conclusion, enhanced levels of BPI and LBP characterized the inflammatory
response during bacteremia. An increased BPI/ neutrophil ratio, as a parameter of
neutrophil activation, as well as increased LBP levels were positively correlated with
the presence of sepsis syndrome. In addition, enhanced BPI/ neutrophil ratio was
associated with a fatal clinical course. Further studies on BPI and LBP will be required
to elucidate the exact role of these LPS toxicity modulating proteins in infectious
disease.
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SUMMARY

In a prospective randomized, double-blind, placebo-controlled clinical study, the safety
and efficacy of the platelet-activating factor antagonist TCV-309 in the treatment of
systemic inflammatory response syndrome (SIRS) was studied. In total 29 patients
were treated with 1.0 mg/ kg TCV-309 twice daily during seven days or with placebo.
Study parameters were: adverse events, 28 and 56 day all cause mortality, multi-organ
failure scores and the inflammatory mediators tumor necrosis factor, interleukin-6,
interleukin-8, soluble E-selectin. There was no difference in number and severity of
adverse events between TCV-309 and placebo-treated patients. Day 28 and day 56
mortality was similar in both groups (day 56: 7/ 12 TCV-309 vs. 9/ 16 placebo, NS).
Pulmonary and hematological failure scores improved significantly in TCV-309-treated
patients (P<.05). There was no difference in inflammatory mediator levels between
TCV-309 and placebo-treated patients. Treatment with TCV-309 appears to be safe in
patients with SIRS and does improve organ failure significantly.
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INTRODUCTION

Septic shock is still associated with a high morbidity and mortality (1-3). Extensive
studies have unraveled important pathways which are mainly characterized by an
uncontrolled release of various mediators resulting in shock and multi-organ failure (4-
7). These inflammatory mediators, such as rumor necrosis factor (TNF) and the
interleukins 1, 6 and 8 (IL-1, IL-6, IL-8), are considered to play an important role in
regulating local defense mechanisms against infectious events (2, 4, 5, 8).

Several inhibitors have been developed against these inflammatory mediators.
Also inhibitors were developed against lipopolysaccharides (LPS). LPS are potent
inducers of the release of most of the inflammatory mediators that are considered to be
responsible for shock and multi-organ failure (MOF) in patients with a gram-negative
sepsis (2, 3, 8-12). In the experimental situation antibodies against TNF and LPS and
the IL-1 receptor antagonist were shown to be effective to prevent sepsis (2, 3, 8). In
clinical studies it was suggested that subgroups of patients might benefit from
treatment with these antibodies. However, so far the overall efficacy of these
treatments with respect to outcome in severely septic patients is still disappointing (2-
5, 9,10,12,13). Moreover, these inhibitors (such as monoclonal antibodies) are complex
and expensive compounds. Their use is often limited to short interventions and to a
single treatment session due to possible sensitization (2,3,10,13,14).

Platelet-activating factor (PAF), a natural occurring lipid derived from the
phospholipid components of cell membranes, is an important mediator that was also
shown to be involved in the pathogenesis of sepsis (5, 15-18). PAF is released by,
among other cells, neutrophils, mononuclear phagocytes and endothelial cells (19).
When administered experimentally to animals it results in a condition remarkably
similar to sepsis (16-18). Furthermore PAF was shown to be strongly related to the
cytokine network, in the respect that IL-1, IL-8 and TNF can all stimulate PAF release
and PAF is able to induce synthesis of these cytokines resulting in a positive feedback
mechanism (19).

In animal models platelet-activating factor antagonists (PAF antagonist) were
shown to inhibit several pathophysiologic pathways in, endotoxin induced, septic
shock (15, 20-25). The PAF antagonist TCV-309 was shown to attenuate the endotoxin
induced hemodynamic response in rabbits and to reduce the endotoxin induced
disseminated intravascular coagulation in rats (19, 22-24). Furthermore it prevented
endotoxin induced mortality in mice (25). Most of these effects might be beneficial in
patients with systemic inflammatory response syndrome (SIRS) and SIRS with shock.

The aim of the present study was to evaluate the safety and efficacy of
administration of the PAF antagonist TCV-309 in patients with SIRS and SIRS with
shock. The drug was applied as additional therapy to standard intensive care
treatment. The safety and efficacy of TCV-309 were studied by means of vital signs,
laboratory parameters, hemodynamic parameters and Multiple Organ Failure (MOF)
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scores (26). Moreover plasma values of the inflammatory parameters in sepsis, TNF,
IL-6, IL-8 and soluble E-selectin (sE-selectin) were assessed (6, 7, 27-29). The study was
performed as a multi-center double-blind, randomized, prospective, phase II clinical
trial.

Table 1: Summary of the multiple organ failure score according to Goris et al.

Score
Organ system

pulmonary

cardiac

renal

hepatic

hematologic

gastrointestinal

central nervous

0

no mechanical ventilation

normal blood pressure
no vasoacbve medication

serum creatinine
<175 umol/ L
bilirubin <35 umol/ L
and

SGOT <25 U/ L
normal thrombocytes and
leukocytes

normal function

normal

1

mechanical ventilation
PEEPS10cmH2O
FiO2£0.4
hypotension
volume loading
dopamine £10 ug/ kg/ min
serum creatinine
2175 umol/ L
bilirubin £35 <102 umol/ L
or

SGOT £25 <50 U/ L
thrombocytes <50xl0E9/ L
and/ or
leukocytes £30 <60xl0E9/ L
acalculous cholecystitis
or stress ulcer

clearly diminished
responsiveness

mechanical ventilation
PEEP>10 cm H2O and/ or
FiO2 >0.4
hypotension <100 mmHg
and/ or
dopamine >10 ug/ kg/ min
hemodialysis or peritoneal
dialysis necessary
bilirubin £102 umol/ L
or

SGOT £50 U/ L
hemorrhagic diathesis or
leukocytes <2.5 or
£60xlOE9/ L
bleeding stress ulcer;
necrotizing enterocolitis;
pancreatitis
severely disturbed
responsiveness and/ or
neuropathy

PATIENTS AND METHODS

Study design «nd prtfienf recnn'rmenf
A randomized, double-blind, multi-center, multi-national study was undertaken to
compare the safety and efficacy of intravenously (i.v.) administered TCV-309 versus
placebo. TCV-309 was used in addition to conventional therapy in the treatment of
patients with severe SIRS and SIRS with shock. TCV-309 was administered twice daily
for seven days.

Patients (n=35) were enrolled from four medical centers in The Netherlands and
Belgium. The study was approved by the Institutional Review Boards of each
participating center. Written informed consent was obtained for each patient, either
from the patient or in case of impaired mental status from the next of kin. The results
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were analyzed according to prospectively developed clinical definitions. After
informed consent, patients were randomized, double-blind, to receive either TCV-309
or placebo. Prior to breaking the randomization code, all data were processed and
validated in a blinded fashion. Only thereafter, was analysis of the treatment groups
performed.

All patients included into this study were suffering from severe SIRS and SIRS with
shock. Criteria for entry into the study were:
1) Clinical diagnosis of sepsis with suspected gram-negative, gram-positive, fungal,

rickettsial or viral infection.
2) Presence of fever (>38.3°C rectal) or hypothermia (<35.6°C rectal).
3) Heart rate >90 beats/ min (in the absence of beta-adrenergic receptor blockade).
4) Respiratory rate of >20 breaths/ min (or the requirement of mechanical

ventilation).
5) either hypotension (systolic blood pressure <90 mmHg or a sustained drop of ^40

mmHg in the presence of adequate fluid challenge and absence of
antihypertensive therapy)
or two or more of the following six signs of systemic toxicity or peripheral
hypoperfusion:
a) unexplained metabolic acidosis (pH <7.3, base deficit of >5 mmol/ L or

elevated plasma lactate);
b) arterial hypoxemia (partial pressure of oxygen ^75 mmHg or ratio to fraction

of inspired oxygen <250);
c) acute renal failure (urinary output <0.5 mL/ kg body weight/ h);
d) elevated PT or APTT or reduction in platelet count to less than half of the

baseline value or <10E5/ uL;
e) sudden decrease in mental activity;
f) cardiac index >4 L/ min/ m^ body surface area with SVR <800 dyn • sec/ cm^.

These criteria are in accordance with the recently published guidelines for clinical
studies in septic patients published by the American College of Chest Physicians, the
Society of Critical Care Medicine and the European Society of Intensive Care Medicine
(30).

Women were only entered if they were postmenopausal (no menstrual period
within 12 months prior to entry into the study), surgically sterilized or using a
progestogen only oral contraceptive. Patients were excluded from the trial if they were
<18 years or >74 years of age. Patients were also not eligible if they were suffering from
uncontrollable hemorrhage, cardiogenic shock, burn injury covering £5% of the body
surface area, a clearly irreversible condition with an expected rapidly fatal course or if
patients had received any investigational drug within 28 days prior to study entry.
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After establishing the diagnosis of SIRS the patients were entered in the study as soon
as possible but within 24 hours.

Trajfmenf nwrf dose sc/zedu/e
All patients included in the study received standard intensive care support.
Conventional treatment was applied as appropriate and according to the clinical
judgement of the investigator. If eligible, patients were randomized to receive either
TCV-309 (Takeda Chemical Industries Ltd. Osaka, Japan) or placebo. TCV-309 (3-
bromo-5-[N-phenyl-N-[2-[[2- (1, 2, 3, 4-tetrahydro-2-iso-quinolylcarboxyloxy)ethyl]
carbamoyl]ethyl]carbarnoyl]-l-propylpyridinium nitrate) is a chemically produced
compound with very strong PAF antagonist capacities (23, 24).

Initially the trial medication was administered at 0.25 mg/ kg body weight i.v.
over 30 minutes on a twice daily schedule for seven days, as adjunct therapy to
conventional treatment. After inclusion of the first six patients the study was
temporarily discontinued to implement a planned protocol amendment. Based on
experimental results the most effective dosage of TCV-309 was suggested to be 1.0 mg/
kg (24). Therefore, when the additional data from the Phase I study (unpublished data)
concerning safety and tolerance became available, it was proposed to increase the dose
of TCV-309 to 1.0 mg/ kg body weight twice daily (diluted in a total volume of 300 mL
saline, i.v. infused over two hours). After evaluation and consent by the institutional
review boards of each participating hospital, the study was resumed with the high
dose schedule.

All patients were included in the safety analysis on an intent-to-treat basis. When
efficacy of the treatment was analyzed, only the patients from the high dose treatment
p r o t o c o l w e r e i n c l u d e d . •};,<• . • •,;- v , : " » ; • ?-; «;r>« ^ i-

• • • • • - . ' • , " ; • " j f ,

Ofy'ecfires and study parameters
The study was performed to investigate the efficacy and safety of TCV-309 in the
treatment of patients with sepsis syndrome. Therefore, day 28 and day 56 mortality
was recorded in the treatment and placebo group. In addition, the following
parameters were serially recorded during the 28 day study period: hematologic
profiles, blood chemistry, urinary output and urine analysis (pre-study and at day 1, 2,
3, 4, 5, 6, 7, 14, 21, 28); blood pressure, pulse, respiratory rate, body and skin
temperature, E.C.G. (pre-study and day 1, 2, 3, 5, 7, 14, 21, 28). Hemodynamic
assessment took place pre-study and at day 1, 2,3.

The APACHE II score was recorded on the day of admission to the study to asses
the severeness of the SIRS and to compare treatment groups (31).

Based on the multi-organ failure (MOF) score, as proposed by Goris et al, the
different organ systems were evaluated by calculating the change in organ-failure score
from baseline to the subsequent evaluation points (26). The parameters used in this
scoring system are summarized in Table 1. The MOF score was recorded pre-study,
day 1, 2, 3, 5, 7, and 28.
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Adverse experiences were recorded the first 28 days and at day 56. Further
parameters were results of bacteriological examinations, the medical history, physical
examination and body weight.

Finally the effects of TCV-309 were studied by measuring several inflammatory
mediators and soluble adhesion molecules as mentioned in the following section.

o/f/ie in/Znmmafon/ mediators and so/wWe adtesion motecutes
B/ood snmp/es
The plasma parameters studied were determined using enzyme linked immunosorbent
assays (ELISA) (developed in our laboratory) as described below (32-34). Plasma
samples for cytokine and adhesion molecule measurement were obtained at study
entry and twice daily for seven days just before infusion of TCV-309. From each
patient, blood samples were collected in tubes containing EDTA, which were
immediately put on ice. Plasma was prepared at 4°C by centrifugation at 2,200G for 5
minutes. Samples were stored at -70°C until analyzed.

Reagents used were recombinant (r) TNF (kindly provided by BASF/ Knoll,
Ludwigshafen, FRG), rIL-6 (kindly provided by Prof. Dr. Sebald, Würzberg, FRG), and
rIL-8 (a kind gift of Dr. Lindley, Sandoz, Vienna, Austria).

Assays

Plasma TNF concentrations were determined using an ELISA which correlates well
with bioassay results (32). In short, plasma samples (1:1 diluted) and the standard
dilution series with rTNF were incubated with a murine anti-human TNF mAb 61E71
absorbed to a microtiter plate (Nunc, Roskilde, Denmark). Subsequently the plates
were incubated with a polyclonal rabbit anti-human TNF antibody, followed by a
peroxidase conjugated goat anti-rabbit IgG (Jackson, Westgrove, PA) and TMB (3', 5, 5',
-tetramethylbenzidine) substrate (Kirkegaard & Perry Lab., Gaithersburg, MD). Optical
density was read and TNF concentrations were calculated from the standard TNF
curve. Detection limit for the TNF assay was 10 pg/ mL.

IL-6 and IL-8 were determined in a procedure largely parallel to the TNF ELISA
mentioned above (33). Plasma levels were measured using the murine anti-human IL-6
mono clonal antibody 5E1 (developed in our laboratory) and anti-IL-8 monoclonal
antibody HM.5 as capture antibody, respectively. Diluted plasma samples (1:1) and the
standard dilution series with rIL-6 and rIL-8 were added to the plates. The amount of
IL-6 and IL-8 bound to the wells was quantified by sequential incubation with a
polyclonal rabbit anti-IL-6 antibody and a polyclonal rabbit anti-IL-8 antibody,
respectively, followed by adding peroxidase conjugated goat anti-rabbit IgG and
substrate. Detection limit for the IL-6 and IL-8 assay was 10 pg/ mL and 20 pg/ mL,
respectively.
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Plasma sE-selectin levels were measured using mAb ENA-1 as capture antibody
(34). Plasma samples were diluted 1:20 and standard dilution series with sE-selectin
were added to the plates and subsequently incubated with biotinylated mAb ENA-2.
Substrate was added, and optical density was read. All steps of the sE-selectin ELISA
were performed using a buffer containing Calcium and Magnesium. Detection limit for
the sE-selectin was 0.1 ng/ mL.

Levels of the inflammatory mediators and adhesion molecules were determined in
duplicate, moreover all plasma samples were assessed in one run.

Table 2: Demographic data of all patients in the high treatment protocol*

age (years)
male/ female
A P A C H E I I - • • • } . , - . . • ' • •-'. -:-•;

< 2 0 .. , ; . V : , , . ; f . ; ^ . "

£20 and <30

etiology of SIRS

pulmonary

abdominal
other

past medical history

cardiovascular

digestive system

data are expressed as mean values (range). TCV-309 1.0 mg/ kg twice daily.

Statistic«/ öMfl/l/SlS - . - ' ~' - • ' ••-'•

The statistical analysis was performed with SAS® release 6.06. Tests used were one
way analysis of variance and Chi-square test for the demographic and baseline disease
characteristics, log rank tests and Kaplan-Meier survival estimates for survival,
Cochran Mantel-Haenzel for the MOF scores, and Wilcoxon Rank Sum test and Mann-
Whitney test for the inflammatory parameters of sepsis. Predictive values below .05
were considered statistically significant.

RESULTS

TCV-309 (N=13)
61.2(20-73)

12/1

6 (46.2%)

1 (7.7%)

6 (46.2%)

7 (53.8%)
5 (38.5%)

1 (7.7%)

7 (53.8%)

5 (38.5%)

Placebo (N=16)
60.1 (33-73)

11/5

<.. .; ;••:_; 7(43.8%)

5 (31.3%)
4 (25.0%)

7 (43.8%)

7 (43.8%)

2(12.5%)

" • '"•' 5(31.3%)

9 (56.3%)

In total, 35 patients were included in the study. The first six patients were included
before the protocol amendment (low dose treatment protocol 0.25 mg/ kg) and were
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divided equally into treatment (N=3) and placebo-treated patients (N=3). The
following 29 patients were included in the high dose treatment protocol (1.0 mg/ kg).
Thirteen of these patients were randomized to receive TCV-309 and 16 to be treated
with placebo. One patient of the TCV-309 group was excluded from the study due to
protocol violation (no fever or hypothermia on admission).

Table 3: Distribution of severity of the adverse experiences according to the WHOART classification

Maximum intensity

nuld*
moderate*

severe* ?
total

n

8
12

16
36

TCV-309 (n=13)
%

22.2
33.3
44.4

n
18
20

30
68

Placebo (n=16)
%

26.5
29.4
44.1

'there was no significant difference between the two treatment groups.

All patients in the low dose treatment protocol died before completion of the
study. In these patients there were no statistical significant differences with respect to
all studied parameters, nor with respect to adverse events possibly related to the study
medication (data not shown).

In the remaining 28 patients, high dose treatment protocol, there was no
statistically significant difference between the treatment groups with respect to age,
gender and APACHE II score on admission (Table 2). Furthermore there were no
differences with respect to the clinically established cause of sepsis and past medical
history.

• . . . - • • ; • . - • : : . . : > • ' . | r > ' - - - '

Gimoj/ «rfr'erse expen'ences
Clinical adverse experiences were defined as any unintended change in structure
(signs), including laboratory test results, or function (symptoms) of the body, whether
or not considered to be related to the study medication. The data were recorded using
the World Health Organization Adverse Reaction Terminology (WHOART). On an
intention to treat basis the excluded patient from the TCV-309 group was included in
the analysis of adverse events. There was no statistically significant difference between
the two groups with respect to the number of clinical adverse experiences in any body
system. Nor was there a difference in the severity of the adverse experiences in both
groups. In all patients in both treatment groups clinical adverse experiences were
reported. The likelihood that the most severe occurring adverse experience, mortality
before day 28, was related to the study drug in the TCV-309 group (7/ 13 patients) was
considered possible in one, unlikely in two and none in four patients. In the
corresponding placebo group (8/ 16 patients), this was considered possible in one,
unlikely in two and none in five patients. Further adverse experiences of the different
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organ systems were categorized as mild, moderate or severe and are summarized in
Table 3. No difference was noted between the two treatment groups. The same holds
true for the likelihood that these adverse experiences, including mortality, were related
to the study medication (Table 4).

Of the 28 evaluable patients nine patients died before the end of the treatment with the
trial medication, two out of 12 patients (16.7%) in the TCV-309 group and seven out of
16 patients (43.8%) in the placebo group. Retrospectively, the data demonstrate no
statistically significant difference (P=.22) in survival (Fig. 1). There was no difference in
survival at day 28. Mortality on day 56 was seven out of 12 in the TCV-309 group
(58.3%) and nine out of 16 in the placebo group (56.3%) (NS). There was no significant
difference in mortality between the participating hospitals.

Table 4: Distribution of possible relationship of clinical adverse experiences to study drug

Likelihood of relation to study drug
none (intercurrent event)*
unlikely (remote)*
possible*
total

TCV-309 (n
n
20
19
4

43

=13)
%

46.5
,44.2

9.3

Placebo (n=16)
n

51

22
3

76

%

67.1
28.9
4.0

•there was no significant difference between the two treatment groups

Within the active treatment period, changes in organ failure scores were consistent
between the two treatment groups with exception of the cardiac failure score. On
admission in the study, seven patients in both treatment groups had a cardiac failure
score of 2. In the TCV-309 group, of these seven patients, three patients shifted to
category 1 and four patients shifted to category 0. In the placebo group of the patients
with a cardiac failure score of 2, one patient shifted to category 1 and one patient to
category 0, the remaining patients died before day seven measurements (Table 5). In
the overall group (including all patients) these changes in cardiac failure score were not
statistically different.

The mean scores for renal failure, hematologic failure and central nervous system
failure changed from baseline to day 28 (last measured value for deceased patients
carried forward) in the TCV-309 group by decreasing 0.2, 0.3 and 0.4 respectively.
These organ failure scores were increased by 0.1 in each score in the placebo group. In
contrast the hepatic failure score increased in the TCV-309 group (+0.3) but decreased
in the placebo group (-0.1). The cardiac failure and gastrointestinal failure scores
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decreased in both treatment groups (decrease 1.2 and 0.3 for TCV-309, 0.6 and 0.1 for
placebo respectively). None of these changes were statistically significant.

With respect to the pulmonary failure score a significant difference was found
between the TCV-309 and the placebo groups (Table 6). Pulmonary failure scores on
day 28 decreased by a mean of 0.9 (SD 0.83) in the TCV-309 group whereas the
pulmonary failure scores in the placebo group increased by 0.1 (SD 1.06) (P<.05). On
day seven, this difference was even more pronounced with a similar reduction of the
pulmonary failure score in the TCV-309 group (P<.03). Mean change in the
hematological failure score was also significantly different between the groups at day
seven (P=.05).

1.00

S 0.75
OS

1

>

I
0.50

0.25

i

TCV-309 (n=l 2)

Placebo (n=l 6)

r i

14

Days after Start of Treatment

21 28

Figure 1: Kaplan-Meier survival estimate of TCV-309 treatment versus placebo. Survival in the TCV-309
group (n=12) was compared to the survival in the placebo group (n=16). A tendency towards improved
survival in the TCV-309 group is seen during active treatment. There was no statistically significant
difference in survival on day 7, 28 and 56 between the two treatment groups.

ters, e/jfccf o/TCV-309
The septic shock parameters TNF, IL-6, IL-8 and sE-selectin were measured twice daily
in all patients during the active treatment period and in intervals during the further
part of the study. Only the values of the inflammatory mediators measured during the
first seven days of treatment were used for analysis. Pretreatment IL-6 and IL-8 levels
were higher in the TCV-309 group compared to placebo, this was however not
statistically significant. Median IL-6 levels were 24.6 ng/ mL (range 0.15-623) (n=12) vs.
2.37 (0.25-558) (n=15) P<.06 and median IL-8 levels were 0.34 ng/ mL (0.02-5.15) vs.
0.04 (0.02-5.2) P<.07 (Fig. 2). Furthermore, there appeared to be a more rapid decrease
of both IL-6 and IL-8 levels in patients in the TCV-309 group during the first seven
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days of treatment. Again this difference was not statistically significant. Pretreatment
TNF and sE-selectin levels were similar in both groups. Although there were elevated
TNF levels in most patients, there were no differences between the treatment groups.

Table 5: Change in cardiac failure in patients with a predose MOF score of 2 for the cardiac system

Score

predose

d a y l

day 2

day 3

day 5
day 7

0

0

0

0

3

4

1

2

4

5

4

3

TCV-309

2

7

5

3

2

0

0

deceased

0

0

0
0
0
0
1

1

1
2
1
2
1

Placebo

2

7 • • - ;

6

4...

3
0

deceased

.i 1
1

2

5

Before treatment 7/ 12 patients in the TCV-309 and 7/ 16 patients in the placebo group had a maximum

cardiac failure score of 2. The number of patients in each cardiac failure score group is given for the first
7 days of treatment.

Table 6: Change in MOF score of the pulmonary and hematological system compared to admission ;

values 3

pulmonary failure*

day 7

day 28

hematological failure*
day 7

day 28

TCV-309

-0.5 (0.82)
-0.9 (0.83)

-0.3 (0.65)

-0.3 (0.65)

Placebo

0.3 (0.68)
0.1 (1.06)

0.2 (0.40)
0.1 (0.34)

P value

<.O3

<.O5

.05
NS

'Values are mean, standard deviation in brackets, last value was carried forward if no day 7 values were

available.

In general, TCV-309 treatment did not significantly alter peak levels of the
measured inflammatory mediators when compared to placebo, nor was there a
significant difference in levels of the inflammatory mediators when survivors and
nonsurvivors within the two treatment groups were compared.

fltory pnrameters, re/nfion 7<>if/i si/ran«/
In accordance with previous studies in septic patients we also studied the relation of
the inflammatory parameters TNF, IL-6, IL-8 and sE-selectin with respect to survival
and nonsurvival (Fig. 3). Peak levels of TNF were similar in nonsurvivors (median 0.03
ng/ mL (range <0.02-0.08)) compared to survivors (0.02 (<0.02-0.1)) during the first
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seven days of treatment. These peak TNF levels tended to be higher with respect to day
28 mortality (P=.O53). Peak levels of sE-selectin were not different between survivors
and nonsurvivors. However, a more rapid decrease of sE-selectin during the first seven
days of treatment (analysis of the regression of sE-selectin levels in each individual
patient) was significantly related to survival (P<.04, median regression coefficient 1.20
(range -69.7 to 59.9) versus -8.65 (range -30.8 to 1.78), nonsurvivors vs. survivors
respectively). Furthermore, peak levels of both IL-6 and IL-8 were significantly related
with day 28 mortality. During the active treatment period IL-6 peak levels were higher
in nonsurvivors (median 58.2 ng/ mL (range 1.58-692)) compared to survivors (5.65
(0.19-558)) (P<.05). This difference was even more pronounced for IL-8, with median
peak levels of 1.51 ng/ mL (range 0.06-6.28) in nonsurvivors versus 0.11 ng/ mL (0.02-
1.57) in surviving patients (P<.002).
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Figure 2: Pre-admission levels of TNF, IL-6, IL-8 and sE-selectin were not different between TCV-309 and
placebo-treated patient groups. Pre-admission levels were compared in the different treatment groups to
judge severity of disease. Non of the measured inflammatory mediators was significantly different
between the treatment groups on admission. • nonsurvivors, O survivors.

DISCUSSION

Platelet-activating factor is strongly related to the cytokine network and is suggested to
play an important role in the pathogenesis in septic shock (19). Furthermore, Kuipers et
al demonstrated in a chimpanzee model that the PAF antagonist TCV-309 significantly
attenuated the release of TNF, IL-6, IL-8 and soluble TNF receptors, all important
mediators of septic shock, in response to endotoxin administration (6, 7,19, 28, 29). It is
therefore not surprising that PAF antagonists were shown to have protective effects
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against the development of sepsis in experimental animal models (15, 22-25). In
contrast to most cytokine antibodies, however, it was recently shown that a PAF
antagonist given several hours after an endotoxin insult could reduce mortality
significantly (18). This was also found in models with traumatic and hypotensive shock
(18, 20). Among many other modes of action, PAF probably increases tissue damage by
prolonging impaired tissue perfusion, finally resulting in MOF (18). Hypothetically,
this ongoing process can be blocked by PAF antagonists which may explain the
positive effect in established sepsis were most other anti-inflammatory treatments fail.
In other words, PAF antagonists may be able to improve outcome even after the
cascade of events in SIRS, consisting of an uncontrolled release of inflammatory
mediators, has been initiated. Another advantage of the PAF antagonist is that
treatment apparently can be continued for several days without the risk of adverse
effects as was shown in the present study. Furthermore, treatment can be repeated
several times, without the risk of an adverse immune response seen with some
monoclonal antibodies to cytokines (2, 3, 10, 14). This results in an attractive, but
currently hypothetical, benefit of giving a preventive treatment for recurrent septic
episodes.

In the present study the PAF antagonist TCV-309 was tested in patients with
severe SIRS and SIRS with shock. In this multi-center, phase II trial, the main purpose
was to evaluate the feasibility of TCV-309 treatment in these patients with respect to
adverse effects and possible beneficial outcome. Although many adverse events
ranging from changes in laboratory parameters to mortality occurred in these critically
ill patients, there was no difference between the TCV-309 and placebo group. The
study did not provide evidence that adverse events were a direct result of the TCV-309
treatment. This is in accordance with a previous phase I study (unpublished data).
Final outcome was not different between the two treatment groups, i.e. there was no
difference in day 28 nor in day 56 mortality.

In contrast to the effect of PAF antagonists on cytokine levels in the experimental
situation, no significant changes in cytokine levels (TNF, IL-6, IL-8 or sE-selectin) were
found in TCV-309-treated patients in the present study. This may be due to the
relatively small number of patients in each treatment group with a wide variety of
severity and causes of SIRS. Moreover, in contrast to the experimental situation where
treatment is started at exactly the same moment in all treated subjects, initiation of the
drug treatment in septic patients largely depends on clinical symptoms and judgement
of the treating physician. On the other hand, when the studied patients were divided
according to survival and nonsurvival, the inflammatory mediators IL-6, IL-8 and sE-
selectin were significantly related to survival. Peak levels of IL-6 and IL-8 were
increased in nonsurviving patients. Furthermore a more rapid decrease of sE-selectin
levels was significantly related to survival. TNF peak levels were higher in
nonsurviving patients, the latter however did not reach statistical significance (P=.O53).
These results are clearly in accordance with previous studies in septic patients and do
confirm the prognostic value of these parameters (6, 7, 27-29, 35). However, although
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inflammatory mediators are predictive of outcome if groups of patients are studied,
they appear to be of limited value in the evaluation of individual patients.
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Figure 3: IL-6 and IL-8 levels are significantly increased in nonsurvivors compared to survivors. Peak
levels of the cytokines TNF, IL-6 and IL-8 and of sE-selectin measured during the first 7 days of the
treatment were compared between survivors and nonsurvivors. Both IL-6 and IL-8 were significantly
related with day 28 mortality (P<.05 and P<002 respectively). Difference in TNF peak levels approached
significance (P=.O53). Peak levels of sE-selectin did not show a difference. Closed circles, TCV-309-
treated patients; open circles, placebo-treated patients.

Important differences were found with respect to the different organ failure scores
in the patients treated with TCV-309 when compared to placebo-treated patients. This
correlates clearly with the hypothesis from experimental work that PAF plays an
important role in the etiology of MOF and thus that treatment with a PAF antagonist
may attenuate MOF (18). It was shown that PAF antagonists attenuate organ damage
in experimental sepsis and after ischemia and reperfusion (20, 21). Moreover, PAF was
shown to mediate endotoxin induced lung injury and was suggested to be involved in
the development of bacterial pneumonia (20, 36). Furthermore, endotoxin or PAF
induced lung injury could be prevented with a PAF antagonist, even when given some
time after the administration of endotoxin or PAF (16, 20). The latter correlates clearly
with the significantly improved pulmonary failure scores at day 7 and 28 in the TCV-
309-treated patients. Similar results were found, in animal experiments, for other organ
systems such as the heart and the hemostasis (disseminated intravascular coagulation)
(15, 22-24). Again these data correlate well with the present study in which the
hematology failure score was significantly improved in patients treated with the PAF
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antagonist compared to controls. A less pronounced improvement was seen in patients
with high cardiac failure scores before treatment.

In conclusion, the results of this study suggest that TCV-309 can be used safely in
patients with a severe SIRS. The significant improvement of lung and hematologic
functions indicate a potentially beneficial effect in these patients. An additional phase II
study with a larger number of patients and a prolonged treatment period is necessary
to further evaluate the role of PAF antagonists in the treatment of patients with a
severe SIRS.
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Chapter 7

SUMMARY

Ventilator-associated pneumonia (VAP) is the most frequent occurring infection among
mechanically ventilated patients. The clinical presentation of VAP ranges from
relatively benign to a severe illness with septic shock. The influence of VAP on patient
outcome has not been elucidated and its effects on the inflammatory response of the
host are unknown. In a case-control study, the systemic inflammatory response was
investigated in patients developing VAP as compared to control patients matched on
duration of mechanical ventilation and underlying diseases. Patients developing VAP
(n=42) were matched to one control each (without VAP), which were matched on 7
variables. VAP was diagnosed with bronchoscopic techniques. The inflammatory
response, reflected by circulating levels of interleukin-6 (IL-6) and interleukin-8 (IL-8),
was determined on the day of diagnosis (or day of matching for controls), 4 and 2 days
before diagnosis and 2 days after diagnosis. The development of VAP was not
associated with an increase in circulating levels of IL-6 or IL-8. Among patients in
which VAP was associated with a clinical presentation of severe sepsis or septic shock
(n=10), IL-6 and IL-8 levels increased and levels were higher than in the corresponding
controls. Moreover, 60% of cases with sepsis syndrome or septic shock died as
compared to 20% of their matched controls (P=.O6). Mortality rates were similar in
cases with uncomplicated VAP and their matched controls; 25% and 34% respectively.
High circulating levels of IL-6 and IL-8 were associated with higher mortality rates.
The clinical picture of VAP can be subdivided into different types, ranging from
uncomplicated to an infection associated with sepsis syndrome or septic shock,
elevated circulating levels of IL-6 and IL-8 and an increased mortality rate.
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INTRODUCTION . •, >*;*••,,-... ..

Ventilator-associated pneumonia (VAP) is the most frequently observed nosocomial
infection among mechanically ventilated ICU patients (1). The clinical presentation of
VAP varies widely: from a relatively benign to a devastating illness resulting in septic
shock. Colonization of the respiratory tract with potentially pathogenic
microorganisms is the first step in the pathogenesis of this infection (2-4). However,
only a minority of the colonized patients will eventually develop VAP (2-4). The
progression from colonization to infection of the respiratory tract has not been studied
extensively.

If indeed VAP is to be a severe infection of the lung, one would expect that it
would also be accompanied by a massively activated inflammatory response. On the
other hand, rather uncomplicated episodes of VAP would be accompanied by a much
smaller inflammatory response. The inflammatory response of the host to an infection
is associated by increased circulating levels of cytokines, such as interleukin-6 (IL-6)
and interleukin-8 (IL-8). Several studies have demonstrated that high circulating levels
of IL-6 and IL-8 are related to the severity of illness in septic patients and are
prognostic markers for outcome in critically ill patients (5-9). Both cytokines represent
different parts of the inflammatory response: IL-6 is an acute phase hormone inducing
synthesis of proteins by the liver, whereas IL-8 has chemoattractant activity and is able
to activate and degranulate neutrophils (10, 11). The aim of the present study was to
investigate whether the development of VAP was associated with an increase in
circulating levels of IL-6 and IL-8. Therefore, we analyzed circulating levels of these
cytokines in blood samples obtained in the four days prior to the diagnosis of VAP. In
addition, we determined the relationship between the clinical severity of VAP, the
degree of inflammatory response and mortality. Since the severity of underlying illness
has an important bearing on the inflammatory response and the outcome in critically ill
patients (12,13), we studied the development of VAP in a case-control design, in which
patients were matched on variables representing underlying illness.

MATERIAL AND METHODS

The study was conducted in the intensive care unit (ICU) of the University Hospital,
Maastricht, The Netherlands. The ICU is a 16-bed ward with patients from the
departments of surgery, internal medicine, trauma, pulmonology, neurology, and
neurosurgery. The study period extended from January 1st, 1992 until January 1st,
1994. All mechanically ventilated patients admitted to this ward were enrolled and
plasma samples were collected daily from all patients. The study was reviewed and
approved by our Institutional Review Board, which deemed that informed consent was
not required.
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In addition, demographic data were obtained on admission and clinical data were
recorded on a daily basis from admission until death, or discharge. On admission, the
APACHE II score was assessed as described by Knaus (14). The following information
was recorded: age, sex, dates of admission and discharge from ICU, period of
hospitalization prior to admission to the ICU, list of medical history, the surgical
procedures performed, body temperature, the number of leukocytes in peripheral
blood, the levels of blood urea, creatinine, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total bilirubin, the use and indication of antibiotics, and the
administration of immunosuppressive therapy. In this way a computerized data
system was created containing demographic and clinical data from a large cohort of
mechanically ventilated patients.

Table 1: Criteria used for the diagnosis of ventilator-associated pneumonia

Criteria
I 23 positive of the following 4:

(a) rectal temperature above 38.0°C or below 35.5°C
(b) blood leukocytosis (>10xl0E3/ mrr^) and/ or left shift or blood leukopenia (<3xlOE3/ mm^)
(c) >10 leukocytes per high-power field in gram stain of trachea) aspirate
(d) positive culture from tracheal aspirate

and
II new, persistent or progressive infiltrate on chest radiograph

and
III S:l positive of the following 3:

(a) positive quantitative culture of a sample obtained by BAL (cutoff point >10E4 cfu/ mL) or
PSB (cutoff 210E3 cfu/ mL)

(b) positive blood culture unrelated to another source and obtained within 48 hours before and
after respiratory sampling

(c) positive pleural fluid culture in the absence of previous pleural instrumentation
BAL=bronchoalveolar lavage, PSB=protected specimen brush
Pneumonia was diagnosed if I and II and III were positive. >

Sfwrfy design
A case-control study was performed. For the purpose of this study, patients who
developed VAP were defined as 'cases' and those without VAP as 'controls'. The
diagnosis of VAP was established on the criteria listed in Table 1, or when histological
evidence of pneumonia was found at autopsy. Since mechanical ventilation for at least
three days is a prerequisite in the definition of VAP, only patients who fulfilled this
criterium were included in the analysis. Patients with leukopenia (<1.0xl0E9/ mm')
were excluded from analysis.

136



The inflammatory response during VAP

All patients who developed an episode of VAP were included in a computer-
generated list of potential cases. If a patient developed more than one episode of VAP,
only the first episode was used in the analysis. In addition, a list was created from all
patients who needed mechanical ventilation for at least three days, but who did not
develop VAP.

In order to control for the length of ICU stay, each potential control needed to have
a total length of ICU stay at least equal to the duration of ICU stay of the case on the
day VAP was diagnosed. This day of matching was labeled DO. In addition to the
length of stay, the following variables were used for matching individual cases:
Diagnosis on admission, global renal and hepatic function, and preceding surgery,
antibiotic use and immunosuppressive therapy.

Diagnoses on admission were subdivided into four groups according to the
presence of infection and the presumed effect on cytokine release. Patients in groups 1
and 2 were admitted with an infection, either of the respiratory tract (group 1) or at
another site (group 2). Patients in group 3 did not have an infection on admission, but
had an illness which probably was associated with release of cytokines (for instance
abdominal surgery, pancreatitis, or trauma) (15-17). The final group consisted of
patients who did not fit in any of these groups (group 4).

A further subdivision of the patients was performed according to global renal and
hepatic function on the day of matching. Renal function was labeled normal (creatinine
<100 umol/ L and urea <12 mmol/ L, group Rl), lightly decreased (creatinine 100-200
umol/ L and urea 12-25 mmol/ L, group R2), or severely decreased (creatinine >200
umol/ L and urea >25 mmol/ L, group R3). Patients needing renal replacement
therapy formed group R4. Patients of group Rl could be matched to patients of groups
Rl and R2, and patients of groups R3 and R4 could be matched as well. For hepatic
function patients were subdivided into three groups for levels of transferases (group A,
AST and ALT <100 U/ L; group B, AST and ALT 100-200 U/ L; group C, AST and ALT
>200 U/ L) and for bilirubin levels (group A, <45 umol/ L; group B, 45-100 umol/ L;
group C, >100 |imol/ L). For hepatic function patients were in group HI if both
transferases and bilirubin levels were from group A, in group H2 if transferases and/
or bilirubin were from group B, and in group H3 if transferases and/ or bilirubin were
from group C. Patients of groups HI and H2, and patients of groups H2 and H3 could
be matched.

Furthermore, patients were grouped if they had, or had not, undergone abdominal
and/ or thoracic surgery during hospital-stay and before DO. Similarly, patients who
had, or had not, received antimicrobial therapy during ICU stay and before DO were
grouped. Finally, patients were grouped if they had or had not received
immunosuppressive therapy before DO.

For each case patient a control was sought which could be matched for each
variable, given highest priority to duration at risk. The order of importance of the other
matching variables was diagnosis on admission, renal function, hepatic function,
preceding infection, preceding surgery and immunosuppressive therapy. When more
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than one potential control could be matched to a case, the control with the best match
for APACHE 11-score and age was selected. The clinical presentation of VAP was
defined according to the criteria of the American College of Chest Physicians and the
Society of Critical Care Medicine (18). According to these criteria all patients with VAP
had sepsis, those with organ dysfunction or hypotension had severe sepsis and those
with hypotension despite fluid resuscitation or with hypoperfusion abnormalities had
septic shock. In order to determine whether cases and controls were indeed
comparable at the time of diagnosis of VAP, the Simplified Acute Physiology Score II
as described by LeGall (19) was calculated at D-2 for all patients.

B/oorf snmp/es

During 1992 and 1993 blood samples were taken daily from each ICU patient. Blood
was obtained using evacuated blood collection tubes containing EDTA. Blood was
always collected at the first daily round of routine blood sampling at approximately 6
am. Blood samples were immediately put on ice and plasma was separated by
centrifugation at 2,200G for 5 minutes at 4°C Hemolytic plasma samples were
excluded from analysis. Samples were stored at -70°C until use.

After the matching procedure, levels of IL-6 and IL-8 were determined in serum
samples obtained from cases and controls at four time points: the day of diagnosis of
VAP for cases and the matching day for controls (DO), and two and four days before
this day (D-2 and D-4, respectively), and at two days after matching (D+2). To assess
kinetics of IL-6 and IL-8, the difference between the first (D-4) and last sample (D+2)
was calculated for each patient.

Cyfo/cine nssm/s

Reagents used were recombinant human IL-6 (kindly provided by Prof.dr. Sebald,
Würzberg, Germany), and rhIL-8 (kindly provided by Dr. Lindley, Sandoz Vienna,
Austria). Plasma IL-6 and IL-8 concentrations were determined using enzyme-linked
immunosorbent assays (ELISA) developed in our laboratory. Each sample was assayed
at least in duplicate. In short, 96-well immunomaxisorp plates (Nunc Inc., Roskilde,
Denmark) were coated overnight at 4°C with cytokine-specific murine mAb 5E1 (anti-
IL-6) and HM5 (anti-IL-8). Plasma samples (1:1 diluted) and the standard dilution
series with rhIL-6 and rhIL-8, respectively, were added to the plates. The amount of IL-
6 and IL-8 bound to the wells was quantified by sequential incubation with polyclonal
rabbit anti-human IL-6, and biotinylated polyclonal rabbit anti-human IL-8 Abs,
followed by adding a peroxidase conjugated goat anti-rabbit IgG (Jackson, Westgrove,
PA), and peroxidase labeled streptavidin (Dakopatts, Glostrup, Denmark). Finally 3', 5,
5'-tetramethylbenzidine (KPL, Gaithersburg, MD) was added as substrate. The reaction
was stopped after 15 minutes, and photospectrometry was performed at 450 nm. The
lower detection limits of the ELISAs were 10 pg/ mL for IL-6 and 20 pg/ mL for IL-8.
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All plasma samples were analyzed in the same run. When plasma levels exceeded the
detection limit of the assay, samples were additionally diluted and analyzed in a
separate run with an overlap to correct for inter-assay variation. The intra- and inter-
assay coefficient of variance of the assays were all <10%.

Mortality rates were calculated 10 and 28 days after the day of matching.

Statistic«/ analysis
For statistical analysis, the Mann-Whitney U-test (MWU), the t-test, Kruskal-Wallis test
or Chi-square test were used when appropriate. A p-value <.05 was significant. Levels
of IL-6 and IL-8 are presented as median values with the 25- and 75-percentiles
(interquartile range=IQR).

RESULTS

Data were collected from 233 patients, who received mechanical ventilation for at least
three days. Fifty-eight of these patients developed an episode of VAP and 42 of them
could be matched successfully to a control patient. Sixteen patients developing VAP
were not included in the analysis, because blood samples were not obtained (n=2), or
clinical data were missing (n=l). The remaining 13 patients had at least one clinical
variable for which no suitable control could be found, for example a long duration of
ventilation before development of VAP, renal replacement therapy or severe hepatic
failure. The mortality rate of these 16 patients was 27%.

The diagnosis of VAP was based on positive quantitative cultures from
bronchoscopic samples in 38 of 42 patients, in five patients in combination with
positive cultures from blood or pleural fluid. The diagnosis was established on
microbiological cultures and histology of lung tissue obtained during autopsy in three
patients, and on positive blood cultures in another patient. For the 42 cases included in
the case-control analysis Pseudomonas aeruginosa and Staphylococcus aureus were the
most frequently isolated microorganisms causing VAP. P. aeruginosa was cultured in
significant amounts from BAL or PSB samples in 22 patients, and was cultured at
autopsy or in cultures from blood or pleural fluid in 3 other patients (Table 2). S.
aureus was isolated in significant amounts from lavage fluid in six patients and from
blood and pleural fluid in another patient. Fifteen of 42 episodes of VAP were
polymicrobial; i.e. more than one microorganism was cultured in significant amounts
from bronchoscopic samples or at autopsy. In all patients developing VAP, empiric
antibiotic therapy was instituted, or current therapy changed following bronchoscopy.
Empiric therapy was occasionally narrowed after the causative pathogens and their in
vitro antibacterial susceptibilities had been established.
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Table 2: Clinical and relevant bacteriologic characteristics of patients with ventilator-associated pneumonia

Culture results Clinical parameters Antimicrobial therapy

Patients
with
severe sepsis
or

septic shock
(n=10)

Patients
without
severe sepsis
or
septic shock
(n-32)

Bronchoalveolar
lavage

P. aeruginsa (n=5)
E. coli (n=3)
E. cloacae (n=2)
S. aureus (n=2)
NA #1 (n=3)

P. aeruginosa (n-17)
S. aureus (n=9)
E. coli (n=5)
H. influenzae (n=4)
K. pneumoniae (n=4)
S. pneumoniae (n=3)
E. cloacae (n=2)
E. aerogenes (n=l)
M. catarhalis (n=l)
P. mirabilis (n=l)

Other positive results Temperature (°C)
mean (range)

Autopsy: P. aeruginosa (n-1) 38.5 (36.8-40.3)
Autopsy: S. marcescens (n=l)
Blood: P. aeruginosa (n=3)
Blood: S. marcescens (n=l)
Blood: S. aureus (n=l)
Pleural fluid: P. aeruginosa (n=l)
Pleural fluid: S. aureus (n=l)

PSB *2: P. aeruginosa (n=l)
PSB: S. aureus (n=l)
PSB: E. coli (n=l)
Autopsy: P. aeruginosa (n=l) 38.9 (3.7-40.8)
Autopsy: S. marcescens (n=l)
Blood: E. coli (n=l)
Blood: P. aeruginosa (n=l)
Pleural fluid: E. cloacae (n=l)
PSB: S. aureus (n=4)
PSB: S. pneumoniae (n=3)
PSB: K. pneumoniae (n=2)
PSB: H. influenzae (n=l)
PSB: P. mirabilis (n=l)

Leukocyte count
(xlOE9/mnv')
mean (range)
157 (3.4-29.6)

15.4(5.1-23.0)

S. mitis (n=l)
NA (n=2)

piperacillin + gentamicin (n=5)
ceftazidime + gentamicin (n=2)
amoxicillin - clavulanic acid (n=l)
flucloxacillin (n=l)
cotrimoxazole (n=l)

piperacillin + gentamidn (n~8)
amoxicillin - clavulanic add (n~7)
piperacillin (n=6)
ceftazidime (n=3)
amoxicillin - clavulanic acid

+ gentamicin (n=2)
flucloxacillin (n=2)
ciprofloxacin + gentamicin (n=l)
ciprofloxacin (n=l)
ticarcillin - clavulanic acid (n=l)
penicillin G (n=l)

1: NA = not available; *2: PSB = protected specimen brush



Table 3: Clinical characteristics and mean values of variables used for matching for cases with sepsis anil their corresponding controls and cases
with severe sepsis or septic shock and their corresponding controls

Variable

Duration at risk
Diagnosis on admisison

group 1
group 2
group 3
group 4

Renal function
Urea (mmol/ L)
Creatinine (umol/ L)
Hepatic function

AST *1 (U/ L)

ALT #2 (U/ L)
Bilirubin (umol/ L)
Preceding infection

Yes

No
Preceding surgery

Yes
No

Immunosuppressive
therapy

Yes

No
Age

APACHE II score
on admission

Cases with severe
sepsis or septic shock

n=10
8.4±4.9

1

5
3
1

17.6±11.4
166.41119.3

61.4±46.2
56.9±33.8

191.21323.3

5

5

4

6

4
6

53.0±21.2
23.5±5.2

Controls

n=10
8.014.8

1

2

4
3

13.0±8.9
102.3±99.4

59.0±70.2
43.7±37.2

45.4140.8

7
3

4
6

4

6
58.6±18.6
21.614.3

P-value

NS

NS

NS
NS

NS

NS

NS

NS

NS

NS

NS
NS

Cases with sepsis

n=32
7.6±3.5

15

7
7
3

12.5±8.3
108.7192.5

46.3±31.9
58.2148.5

34.2±36.1

12
20

8
24

2
30

61.2116.9
20.517.3

Controls

n=32
7.513.4

15
7

7
3

14.1117.0
91.0163.3

53.9144.7
64.9174.5

35.5146.8

13
19

8

24

2
30

62.9117.8
21.117.7

P-value

NS

NS

NS
NS

NS

NS

NS

NS

NS

NS

NS
NS

*1: AST • aspartate aminotransferase; *2: ALT = alanine aminotransferase
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One of the cases (patient number 29) received inappropriate antimicrobial therapy.
He was colonized in his respiratory tract with S. aureus, developed VAP with septic
shock, was empirically treated with flucloxacillin and succumbed within 24 hours.
Cultures from BAL and blood subsequently grew P. aeruginosa.

1 0 ,

1 .

so 0.1 -

0.01 .

0.001
-6 - 4 - 2 0 2

Day relative to diagnosis

Figure 1: Interleukin-6 levels (median and
interquartile range) in cases (open circles) and
controls (closed circles).

For each variable included in the matching procedure the percentage of successful
matching was at least 90%, and success of matching was achieved in 282 (96%) of 294
variables used for matching. The percentage of successful matching for duration at risk
was 93%. Three control patients had a shorter duration at risk as compared to their
corresponding cases, but in each case the difference in ICU stay between cases and
controls was one day. There were no significant differences in the mean values of any
of the matching variables between cases and controls (Table 3). When cases and
controls were compared with respect to age and APACHE II score there appeared to be
adequate matching (Table 3). In addition the numbers of patients with pre-existing
diseases were similar for cases and controls respectively: Cardiovascular disease (18
and 19 patients), diabetes mellitus (8 and 7 patients), pulmonary disease (8 and 5
patients), gastrointestinal disease (4 and 6 patients), and malignancies (4 and 5
patients). The proportion of cases and controls admitted for different specialties was
similar as well (data not shown).

Number o/snmp/es ann/i/zed
For D-4, 73 of 84 samples (87%) were available; 36 cases (86%) and 37 controls (88%).
For D-2 and DO all samples (n=84) were available. Two days after the day of matching
(D+2) samples were available from 39 (93%) cases and 34 (81%) controls.
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JnferfeKfa'n-6 «?«? mterfcHfa'n-8 feuefc scoonfjng to rf/ßgwos/
Circulating levels of IL-6 and 1L-8 on D-4 were significantly different between the four
groups categorized according to diagnosis on admission: P<.001 for IL-6 and IL-8,
Kruskal-Wallis. IL-6 levels were lowest (0.19 mg/ ml; IQR=8.1-0.51) in group 4 (e.g.
diagnoses with unknown influence on IL-6), and highest (1.72 ng/ mL; iQR=0.31-3.53)
in those with expected cytokine release but without infection (group 3), or admitted
with infections other than those of the respiratory tract (group 2: 0.97 ng/ mL;
!QR=0.74-5.3). 1L-8 levels on D-4 were also lowest for patients categorized In group 4
(0.06 ng/ mL, IQR=0.03-0.09).
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Figure 2: Interleukin-6 levels according to the
logarithmic sum of bacteria cultured from samples
of bronchoalveolar lavage.

IL-6 was detectable in 29 (81%), 32 (76%), and 28 (67%) samples on D-4, D-2, and DO for
cases, and in respectively 28 (76%), 28 (67%), and 26 (62%) samples obtained from
controls (ns). At D+2 IL-6 was detectable in 30 (77%) samples from cases and 21 (62%)
samples from controls (ns). The development of VAP was not associated with an
increase in the circulating levels of IL-6, nor were significant differences demonstrated
between both study groups on any single day of study (Fig. 1).

No significant differences in median levels of IL-6 were found between cases in
whom VAP was polymicrobial (n=15) and their corresponding controls at DO (0.28
versus 0.11 ng/ mL), or on D+2 (0.47 versus 0.40 ng/ mL). Moreover, there were no
significant correlations between levels of IL-6 on DO or the difference between IL-6
levels in samples at D+2 and D-4 and the logarithmic sum of bacteria cultured from
samples of bronchoscopic techniques (e.g. bacterial burden of infection) (Fig. 2).
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At D-4, IL-8 was detectable in 26 (72%) and in 27 (73%) samples from cases and controls
respectively (ns). The number of samples with detectable IL-8 levels decreased to 19
(45%) and 14 (33%) for cases and to 16 (38%) and 13 (31%) for controls on D-2 and DO
respectively (ns). Finally, at D+2 IL-8 was found in 20 (51%) samples from cases and in
11 (32%) samples from control patients (ns).
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Figure 3: Interleukin-8 levels (median,
interquartile range) in cases (open circles) and
controls (closed circles).

Neither an increase in circulating levels of IL-8 in patients developing VAP, nor
statistically significant differences in levels of IL-8 between cases and controls were
found (Fig. 3). Furthermore, similar IL-8 levels were found throughout in patients with
polymicrobial VAP and their corresponding controls, and no correlation between IL-8
levels and the bacterial burden was found (data not shown).

sepsis, sepfic s/iodc n?irf fez'e/s qfinfer/e»fa«-6 nnrf /nferfcMfc/n-8
Two patients who developed VAP met the criteria of severe sepsis and eight developed
septic shock. P. aeruginosa was involved in seven of ten cases of VAP which were
accompanied by severe sepsis or septic shock, and in 18 out of the remaining 32 cases
(ns). Circulating levels of IL-6 on DO were 0.32 ng/ mL (IQR=0.01-1.43) for cases with
VAP caused by P. aeruginosa and 0.10 ng/ mL (IQR=0.01-0.45) for their corresponding
controls (ns), and levels of IL-8 were 0.02 ng/ mL for both patient groups. Four of ten
patients with severe sepsis or septic shock had bacteremia as compared to two of 32
patients with VAP but without severe sepsis or septic shock (P=.01).

In patients developing both VAP and a clinical condition of severe sepsis or septic
shock (n=10), levels of IL-6 on DO tended to be higher (median 1.27 ng/ mL) than those
obtained from the corresponding controls (n=10; median 0.15 ng/ mL, P=.O6) (Fig. 4).
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Interestingly, at D+2 median IL-6 levels were 3.0 ng/ mL for cases and 0.21 ng/ mL for
corresponding controls (P=.O2). Moreover, the two patients with VAP with the highest
IL-6 levels on DO died before D+2.
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Figure 4: Interleukin-6 levels in cases with sepsis
syndrome or septic shock (open circles, n=10) and
the corresponding controls (closed circles, n=10);
X P=.O6, XX P=.O2.

For cases developing severe sepsis or septic shock, the median difference between
the levels of IL-6 in samples at D+2 and D-4 was 1.3 ng/ mL as compared to -0.31 ng/
mL for control patients (P=.O3). No significant differences in IL-6 levels were found
between cases who did not develop severe sepsis or septic shock and their
corresponding controls.

Comparable observations were made for IL-8. Levels at D+2 were 0.23 ng/ mL for
cases with severe sepsis or septic shock and 0.02 ng/ mL for the corresponding
controls (P=.O7) (Fig. 5). The differences in median IL-8 levels between the first (D-4)
and the last sample (D+2) were 0.11 ng/ mL for cases and -0.07 ng/ mL for control
patients (P=.O9).

i'wterteMJtin-6,
Ten days after DO, 9 cases (21%) and 11 control patients (26%) had succumbed (ns). On
day 28 after matching 14 cases (33%) and 13 controls (31%) (ns) had died. In patients
developing VAP with severe sepsis or septic shock (n=10) the mortality rate at day 28
was 60%, as compared to 20% in their corresponding controls (n=10) (P=.O6). The SAPS
II scores at D-2 for both patient groups were 42 (range 26-57) and 38 (range 14-53)
respectively (P=ns). The mortality rate was 25% for patients developing VAP without
sepsis syndrome or septic shock (n=32) and 34% in their corresponding controls (n=32)
(P=ns) (Fig. 5). The SAPS II scores at D-2 of these patients were 36 (range 17-64) and 38
(range 14-86) respectively (P=ns). The mortality rates for cases with VAP caused by P.
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aeruginosa were 27% at day 10 after matching and 38% at day 28, and 31% and 38% on
these time points for the corresponding controls respectively (ns).
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Figure 5: Interleukin-8 levels in cases with sepsis
syndrome or septic shock (open circles, n=10) and
the corresponding controls (closed circles, n=10);
X P=.O7.

For those patients who succumbed within ten days of matching, the median of last
IL-6 levels measured was 0.45 ng/ mL as compared to 0.18 ng/ mL for surviving
patients (P=.OO9). For IL-8, the last levels were 0.09 ng/ mL and 0.02 ng/ mL
respectively (P=.0007). At day 28, 4 (27%) of the 15 patients with polymicrobial VAP
had died as compared to 10 (37%) of 27 patients with monobacterial VAP (ns). In
addition, no significant differences in mortality were found between patients with
polymicrobial VAP and their matched controls.

DISCUSSION

The results of this study suggest that the clinical picture of VAP, when diagnosed by
our best possible means, is heterogenous: On the one hand it may present as a
devastating infection accompanied by severe sepsis or septic shock, with an increased
systemic inflammatory response, elevated circulating levels of IL-6 and IL-8, and an
increased mortality rate. On the other hand, patients diagnosed as having VAP may
have a rather uncomplicated disease, without an increase in inflammatory response or
mortality. Whether this difference is due to limitations of the methods that are
currently used to diagnose VAP remains to be established.

This is the first study in which patients developing VAP are studied prospectively
and prior to the moment of diagnosis, using levels of circulating IL-6 and IL-8 as
marker of inflammatory activity before and after establishing the diagnosis. The ranges
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of levels of IL-6 and IL-8 as determined in the present study are comparable to those
reported by others in patients with sepsis (9), sepsis syndrome (5), septic shock (20),
and pneumonia and the adult respiratory distress syndrome (ARDS) (8). Both elevated
circulating levels of IL-6 and IL-8 were associated with an increased mortality rate,
thereby confirming observations that have been reported previously by others (5, 7, 9,
20). In addition, patients with an episode of VAP accompanied by severe sepsis or
septic shock had persistently higher circulating levels of IL-6 and IL-8 as compared to
matched control patients. This finding is compatible with findings from Meduri and
coworkers, who also found that persistent elevation of cytokines after the diagnosis of
ARDS predicted a poor outcome (6).

P=.O6 P=NS

34%

cases with corresponding
sepsis (n=10) controls

(n=10)

cases without corresponding
sepsis (n=32) controls

(n-32)

Figure 6: Mortality at day 28 in cases with sepsis syndrome or septic shock and their corresponding
controls (P=.O6), and in cases without sepsis syndrome or septic shock and their corresponding controls.

The development of uncomplicated VAP was not associated with increased levels
of circulating IL-6 or IL-8. This observation emphasizes some aspects in the
pathogenesis of VAP and the limitations of the diagnostic tests yet available.
Quantitative cultures of samples obtained by bronchoscopy are believed to provide a
yes or no answer to the question whether a patient has VAP, but the microbiological
results of these diagnostic procedures may not be related to the severity of the clinical
condition. Therefore, with regard to the treatment of critically ill patients suspected of
having VAP two important questions emerge: are the results from the diagnostic
procedures accurate, and, if positive, is there an association between these results and
the severity of pneumonia?

Based on the absence of an increased inflammatory response in a large proportion
of patients with VAP, one may question whether all patients really suffered an episode
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of infection, even though the number of bacteria isolated from samples obtained by
BAL and/ or PSB reached the generally accepted cutoff points for VAP (21). These
cutoff points reflect the presence of >10E4 cfu/ g at the site of infection, the estimated
bacterial burden that has been associated with histologic pneumonia (21). The
occurrence of false-positive culture results from samples obtained by bronchoscopy in
patients that were not suspected of having VAP has been determined recently (22, 23).
Among 27 patients, of whom 23 were receiving antibiotics, Torres et all found a
specificity for BAL (cutoff 10E4 cfu/ mL) of 65% and for PSB (cutoff 10E3 cfu/ mL) of
59%. Six patients died, 4±2 days after study sampling, and histopathological
examination of the lungs showed no signs of pneumonia (22). De Castro and coworkers
studied 32 ventilated patients that did not receive antibiotics for >5 days. They found
higher specificities: 82% for BAL (cutoff 10E5 cfu/ mL) and 82% for PSB (cutoff 10E3
cfu/ mL). Moreover, four of the six patients with false-positive culture results
developed pneumonia on subsequent follow-up (23).

It is unknown to what extent circulating levels of cytokines correspond either to
the histological severity of the infection or to the bacterial burden of infection in the
lung. The data on associations between these phenomena are full of contradictory
evidence. Some data suggest a poor correlation between the severity of a localized or
compartmentalized infection and the systemic inflammatory response. In animal
studies, pyelonephritis and peritonitis caused by Escherichia coli were associated with
local cytokine production, without elevation of cytokines in serum (24, 25). Consistent
with these findings, high levels of IL-6 and IL-8 were found in samples obtained by
bronchoalveolar lavage at the site of infection in unilateral community-acquired
pneumonia, whereas much lower levels were found in serum and in the contralateral,
non-affected, lung (26, 27). In contrast, high circulating levels of IL-8 have been
demonstrated in patients with community-acquired pneumonia caused by
Streptococcus pneumoniae (28), an infection that is usually compartmentalized (26).
Because several studies demonstrated that VAP was not limited to a single lobe or
segment (29-31), it seems unlikely that VAP should be regarded as a
compartmentalized infection.

To the best of our knowledge, the present study is the first one in which the
bacterial burden of the lung, although not obtained by autopsy but by bronchoscopy,
and the systemic inflammatory response could be compared. We did not find
significant associations between these phenomena, which may suggest that the local
infection in the lung is not reflected by the systemic inflammatory response or that
cultures from BAL and PSB do not correlate with the severity of infection. However, it
is obvious that more studies are needed to determine whether the intensity of local
infection corresponds to the inflammatory response and the clinical severity of VAP.

With regard to the pathogenesis of VAP, the results of the present study suggest
the occurrence of several overlapping clinical stages ranging from colonization of the
respiratory tract to pneumonia accompanied by septic shock and resulting in death. In
previous studies we found that approximately 60% of long-term mechanically
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ventilated patients are colonized in their respiratory tract with potential pathogenic
microorganisms (32). About 40% of these colonized patients eventually develop VAP
and preceding colonization of the upper respiratory tract was the most important risk
factor for this infection (4). The questions, of course, are, which colonized patients will
develop VAP and which of them will develop septic shock or will die. Although
bacteremia was highly associated with a severe clinical presentation of VAP, it has, of
course, no predictive value for colonized patients. A decreased host defense may
facilitate the development from colonization to fulminate infection. However, more
studies are needed to address this issue.

The absence of an exaggerated inflammatory response in combination with a
mortality rate comparable to that of matched controls, which was found in many
patients developing VAP, suggests that the underlying illness rather than the
development of VAP is the major determinant of outcome. Our findings with regard to
mortality may have been influenced by the exclusion of 16 patients with VAP from the
case-control analysis. Thirteen of them were excluded because no suitable control
could be found. Although the mortality rate of these 16 patients was 27%, similar to the
population under study, one may feel that their exclusion decreases the validity of the
overall results. On the other hand, in doing so, successful matching for each variable
was at least 90%.

The fact that mortality due to VAP in the entire patient population was not
increased, confiims some (4, 12, 13), but not all observations reported in the literature
(33-35). Fagon and coworkers described an attributable mortality of 27% and a risk
ratio for death of 2.0 for patients developing VAP, and the risk ratio even increased to
2.5 when VAP was caused by Pseudomonas aeruginosa or Acinetobacter species (33).
Despite a similar study population and comparable methods used for the diagnosis of
VAP, several differences between that study and the present one are apparent. The
total mortality rate among patients with VAP 28 days after matching in the present
study was 33%, as compared to 54% in Fagon's study, whereas the mortality rates
among control patients were 31% in the present study and 27% in Fagon's study. Rello
and coworkers found an attributable mortality of 13.5% for ventilated patients
developing VAP due to P. aeruginosa (36). In that study, 42.3% of patients with VAP
died and 28.8% of the matched controls (36). With comparable mortality rates for
controls, the differences between the present study and the studies from Fagon and
Rello evidently are caused by different mortality rates of patients with VAP. This may
be explained, in part, by the different criteria used in the matching procedure.
Interestingly, we found a mortality rate of 60% in the subgroup of patients in whom
VAP was complicated by severe sepsis or septic shock, which was higher than the
mortality rate among their matched controls. These data suggest that attributable
mortality due to VAP and differences in mortality due to institution of preventive
measures for VAP may depend on the selection of patients.

In conclusion, the results of this study demonstrate that in most patients the
development of VAP was not associated with a rise in circulating levels of IL-6, IL-8 or
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increased mortality. However, to what extent the systemic inflammatory response is
related to the bacterial burden of VAP or to the histopathological severity of infection
remains to be established. Among patients in whom VAP was not associated with a
clinical condition of severe sepsis or septic shock, mortality seemed to be influenced
primarily by the severity of the underlying illness. On the contrary, VAP with a clinical
presentation of severe sepsis and septic shock was accompanied by increased levels of
IL-6 and IL-8 and a higher mortality rate. Further studies are needed to specifically
characterize this subgroup of patients.
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SUMMARY •'••

Systemic kinetics of three inflammatory mediators (BPI, sICAM and sE-selectin) were
studied during the development of Ventilator-Associated Pneumonia (VAP) (n=42),
diagnosed on quantitative cultures of bronchoscopic samples. From a pool of collected
samples, nested samples were used to measure mediators on days -4, -2, 0 and +2,
relative to diagnosis. Correlations between systemic levels of mediators and clinical
severity of infection (VAP with or without severe sepsis or septic shock) and patient
outcome (mortality at day 10 after diagnosis) were studied. Predictive values of
inflammatory mediators were compared to daily SAPS II scores and the logarithmic
number of bacteria in bronchoscopic samples. During the development of VAP,
increasing SAPS II scores and rising systemic mediator levels were only found in
patients in whom VAP was accompanied with severe sepsis or septic shock. Values of
SAPS II and plasma levels of BPI and sE-selectin, but not sICAM, increased from the
day of diagnosis on in patients that died within 10 days of diagnosis. Systemic levels of
inflammatory mediators did not better predict clinical severity or patient outcome than
daily SAPS II scores. The logarithmic number of bacteria in bronchoscopic samples
poorly correlated with circulating levels of inflammatory mediators, severity of
infection, and patient outcome. Our findings show that a clinical scoring system (SAPS
II score) is at least as good as a predictor for the clinical severity of infection and
patient outcome, and provide new information on the kinetics of inflammatory
mediators during the development of VAP.
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INTRODUCTION ' ^ ; . ' -

Ventilator-associated pneumonia (VAP) is a frequently occurring infection among
critically ill patients. Even when the diagnosis of VAP is based on quantitative culture
results from bronchoscopic techniques, the clinical presentation of infection may range
from a devastating illness with irreversible septic shock to mild and almost unnoticed

The inflammatory response of the host during the development of VAP has not
been studied extensively. The roles of systemic and localized inflammatory responses
in the pathophysiology have not been elucidated, and it is unknown to what extent
systemic levels of cytokines or inflammatory mediators predict the clinical severity of
infection and patient outcome, and how they correlate with values of a clinical scoring
system of illness.

In a previous case-control study of patients with and without VAP, only patients
with VAP accompanied with a clinical presentation of severe sepsis or septic shock had
elevated circulating levels of the cytokines interleukin-6 (1L-6) and interleukin-8 (IL-8)
and an increased mortality rate at day 10 after diagnosis (1). However, within
individual patients the development of VAP was not associated with increasing levels
of these cytokines and no correlation was found between the yield of quantitative
culture results from bronchoscopic samples (bronchoscopic bacterial burden) and
plasma levels IL-6 or IL-8 (1).

The primary aim of the present study was to determine whether systemic levels of
three mediators, representing different parts of the inflammatory response to infection,
correlated with clinical assessments of severity of illness and if they predicted the
outcome of these patients. The severity of illness of patients with VAP was assessed on
a daily SAPS II scores (2), and on the logarithmic number of bacteria isolated from
bronchoscopic samples.

Additional aims of this study were to further determine the inflammatory
response of critically ill patients during the development of VAP. Therefore, three parts
of the inflammatory process were studied: bactericidal/ permeability-increasing
protein (BPI), soluble intercellular adhesion molecule (sICAM) and soluble E-selectin
(sE-selectin). BPI is released by activated or killed neutrophils and circulating levels
represent a measure of activation and/ or killing of these cells (3, 4). ICAM is present
on the surface of almost all cells and increased circulating levels of sICAM indicate the
presence (and level) of inflammation (5-7). sE-selectin is only expressed on activated
endothelial cells and is released by activation of these cells. Circulating levels,
therefore, represent endothelial activation (5). Increased circulating levels of each of
these inflammatory mediators have been associated with the presence of severe sepsis
or septic shock in critically ill patients (6,8-10).
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MATERIAL AND METHODS

The study was conducted at the intensive care unit (ICU) of the University Hospital,
Maastricht, The Netherlands. The ICU is a 16-bed ward with a mixture of patients from
the departments of surgery, internal medicine, traumatology, pulmonology,
neurology, and neurosurgery. The 42 patients included in the present study have been
studied previously in a matched-cohort analysis, and extensive clinical and
microbiological characteristics of these patients have been reported (1).

De/imfion
VAP was considered ICU acquired if a clinical condition fulfilling the criteria for
pneumonia developed after the patient was in the ICU for at least 3 days. In case of a
clinical suspicion of pneumonia, bronchoscopy with bronchoalveolar lavage (BAL) and
protected specimen brush (PSB) were performed as described previously (11). The
diagnosis VAP was established with either a positive quantitative culture of samples
obtained by BAL (cutoff point 10E4 cfu/ mL) or PSB (cutoff point 10E3 cfu/ mL); a new
or persistent infiltrate on chest radiograph; and when at least three of the following
four criteria were met: (1) rectal temperature >38.0°C or <35.5°C; (2) blood leukocytosis
(>10xl0E3/ mm3) and/ or left shift or blood leukopenia (<3xlOE3/ mm^); (3) >10
leukocytes per high-power field in Gram stain of tracheal aspirate; and (4) a positive
culture from tracheal aspirate. The logarithmic number of bacteria present in
quantitatively cultured samples obtained by BAL was defined as the 'bronchoscopic
bacterial burden'.

Plasma samples of all patients treated in the ICU from January 1,1992 until January 1,
1994 were prospectively collected and frozen at -70°C until use. From this pool, a
nested group of patients was selected and their samples were used for analyses.
Circulating levels of BPI, sICAM and sE-selectin were measured in samples obtained at
the day of diagnosis of VAP (DO), four days (D-4) and two days (D-2) before diagnosis,
and two days after diagnosis (D+2). In addition, the changes in circulating levels of
these cytokines between D-4 and D+2, and between DO and D+2 were determined.
When blood samples were not available on D-4 (n=5) the levels of D-2 were used to
calculate the difference with levels on D+2, and when samples were not available on
D+2 (n=3) the levels of DO were used. Patients with missing data at D+2 (n=3) were
excluded for the analysis of differences between levels of DO and D+2. The Simplified
Acute Physiology Score II (SAPS II) was calculated on each study day as described by
Le Gall and coworkers (2). Furthermore, all patients were grouped on the presence or
absence of severe sepsis or septic shock on the day that VAP was diagnosed, defined
according to the criteria from the American College of Chest Physicians and the Society
of Critical Care Medicine (12), and on survival of the first 10 days after VAP was
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diagnosed. The period of 10 days was chosen on the assumption that the infection
contributed directly to death in these patients or that contribution of VAP to death of
any other cause could not be excluded.

Four types of analyses were performed: (1) values of SAPS II scores and levels of
circulating cytokines, and differences of these values between D+2 and D-4, were
correlated to the clinical severity of VAP (i.e. the presence of severe sepsis or septic
shock) and (2) to patient outcome (i.e. mortality at day 10); (3) correlations between the
SAPS II score on DO and the levels of circulating inflammatory mediators were
determined; and (4) values of the bronchoscopic bacterial burden were correlated to
SAPS II scores on DO and to circulating levels of inflammatory mediators on DO.

Human recombinant (r) BPI was kindly provided by M. Marra (InCyte, Palo Alto, CA).
sICAM and sE-selectin standards were obtained by purification of supernatant
produced by NSO cells that produce sICAM, and CHO cells that produce sE-selectin,
respectively (kindly provided by M. Robinson, Celltech, Slough, UK).

A BPI specific and neutralizing monoclonal antibody (mAb) 4E3 (IgGl) was
developed in our laboratory and described elsewhere (13). Polyclonal antibodies to
human BPI were obtained by immunizing rabbits with human BPI.

For detection of ICAM-1, anti-ICAM-1 mAb HM2 and biotin labeled HM1 were
used (14). Anti-E-selectin mAb ENA-1 and biotin labeled ENA-2 were used for
measuring E-selectin (7). Peroxidase conjugated streptavidin was purchased from
Dakopatts (Glostrup, Denmark), and TMB (3',5,5'-tetramethylbenzidine) substrate from
KPL (Gaithersburg, MD). ELISA plates used were Nunc immunomaxisorp plates
(Nunc, Roskilde, Denmark).

Plasma BPI was measured using a sandwich ELISA as described elsewhere (15). In
short, 96-well plates were coated with human BPI specific mAb 4E3 and free sites were
blocked with PBS 1% BSA. Washing and dilution buffer used contained 80 mM MgCl.
The use of Mg** ions prevented disturbance by LPS of BPI measurement. Human rBPI
was used for standard titrarion curve. Plasma samples diluted in assay buffer (at least
1:2) were incubated for 2 h at room temperature. Next, a biotinylated polyclonal rabbit
anti-human BPI IgG was used followed by peroxidase labeled streptavidin. TMB was
used as a substrate and photospectrometry (450 run) was performed using a micro
ELISA autoreader. Detection limit for the BPI was 200 pg/ mL.

Plasma E-selectin and sICAM-1 concentrations were measured using mAb ENA-1
and mAb HM2 as capture antibodies, respectively, in a procedure largely parallel to
the BPI ELISA mentioned above. Plasma samples were diluted 1/ 20 and 1/ 10 for the
sE-selectin and sICAM-1 ELISA, respectively. Samples and standard titration curves
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with sE-selectin and sICAM were added to the plates and subsequently incubated with
biotinylated mAb ENA-2 or HM1 for detection of sE-selectin and sICAM, respectively.
Substrate was added, and the optical density was read. All steps of the sE-selectin
ELISA were done using a buffer containing calcium and magnesium. Detection limits
for the sE-selectin and sICAM-1 assays were 0.1 ng/ mL and 0.4 ng/ mL, respectively.

All plasma samples were analyzed in the same run. When plasma levels exceeded
the detection limit of the assay, samples were additionally diluted and analyzed in a
separate run with an overlap to correct for inter-assay variation. The intra and inter-
assay coefficient of variance of the various assays performed were all <10%.

Data are expressed as mean levels with standard deviations and ranges. Comparisons
of median levels of BPI, sICAM and sE-selectin were performed using the Mann-
Whitney U-test (MWU) for non-parametric values. Differences in parametric values
were tested with Student's t-test. Categorical variables were compared by the Chi-
square test. Correlations were tested by the Spearman rank test. In general, a P-value
<.O5 was deemed significant. When analyzing differences in circulating levels of
mediators at four different time points the Bonferoni correction has been used and a P-
value <.O125 was deemed statistical significant.

Table 1: SAPS II values and plasma levels of inflammatory mediators on days of study

Day relative to
diagnosis of VAP

day -4
day-2
dayO
day+2

SAPS 11 value

(mean±SD)

39±11 (19-66)

37±10 (17-64)

43±18 (20-102)

42±19 (14-121)

Plasma samples

available

36(85%)

42 (100%)

42 (100%)

39 (93%)

BPI

(ng/ mL)

4.12±5.23

3.00±3.12

4.18±4.33

3.76±4.12

sICAM

(ng/ mL)

224.2±220.0

230.8±244.7

252.0±270.7

257.4±222.4

sE-selectin

(ng/ mL)

79.1185.3

71.0±62.3

73.3±57.4

74.3±53.4

Data are expressed as meaniSD; ranges are displayed within parentheses unless stated otherwise

RESULTS

Forty-two patients who developed VAP were studied. The mean age was 59 years ±18
years (range 17 to 85) and the mean APACHE II score, as obtained on admission, was
21±7 (range 7-36). The values of SAPS II scores and levels of circulating inflammatory
mediators on each of the days of study are depicted in Table 1. Although values of
SAPS II scores were highest on DO, no evident increase of inflammatory mediators was
observed during the development of VAP.
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Figure 1: Mean SAPS II values and mean plasma levels of inflammatory mediators (with standard error)
in patients with ventilator-associated pneumonia which was associated (O) or was not associated (•)
with severe sepsis or septic shock. The data are according to the day of diagnosis of ventilator-associated
pneumonia (day 0). A SAPS II values. B Plasma levels of bactericidal/ permeability-increasing protein
(BPI). C Plasma levels of soluble E-selectin. D Plasma levels of soluble intercellular adhesion molecule
(sICAM-1). XP<.0125.

VAP was diagnosed after 8±4 days of mechanical ventilation. Fifteen patients had
polymicrobial VAP, and Pseudomonas aeruginosa was isolated most frequently. VAP
was monobacterial and caused by gram-positive microorganisms in only five patients
(Staphylococcus aureus (n=3) and Streptococcus pneumoniae (n=2)). Therefore, no
comparisons were made between infections with gram-positive and gram-negative
bacteria. The bacterial burden of infection ranged from 4 in 9 patients to 16 in one
patient. Two patients fulfilled the criteria of severe sepsis at the day of diagnosis and
eight (19%) had septic shock. Mortality at day 10 was 9 (21%) of 42 patients.
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Corre/flfions 7/>if/i f/ie c/intoi/ ser»en'ry o/
SAPS // scores
In 10 of 42 patients VAP was associated with a clinical presentation of severe sepsis or
septic shock. The mean SAPS II scores on D-4 were similar for patients with severe
sepsis or septic shock (n=10) and the remaining patients (n=32), but from D-2 on, mean
SAPS II scores increased for patients who developed severe sepsis or septic shock,
whereas SAPS II scores remained stable in the other patients (Fig. la).

100-, A

80-

60.

40-

20-

0

12 ,

10-

8-

6-

4 -

2-

0
-6 -4 -2 -2

160, C

S 120 -

I »"I
1 40-1

0

- 6 - 4 - 2 0 2

Day relative to diagnosis

600-,

^ 500-

^ 400-1

£, 300-

< 200-
u
"» 100.

0

D

- 6 - 4 - 2 0 2

Day relative to diagnosis

Figure 2: Mean SAPS II values and mean plasma levels of inflammatory mediators (with standard error)
in patients who died (O) or who survived (•) the first ten days after the diagnosis of ventilator-
associated pneumonia.The data are according to the day of diagnosis of ventilator-associated pneumonia
(day 0). A SAPS II values. B Plasma levels of bactericidal/ permeability-increasing protein (BPI). C
Plasma levels of soluble E-selectin. D Plasma levels of soluble intercellular adhesion molecule (sICAM-1).
XP<.0125.

merfmfors
On the four days of study, BPI was detectable in 89-97% of plasma samples and sICAM
and sE-selectin were detectable in all plasma samples. Circulating levels of BPI, sICAM
and sE-selectin were higher for patients with a clinical presentation of severe sepsis or
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septic shock, although statistical significance was not reached (Figure lb-d).
Interestingly, differences in systemic levels of the inflammatory mediators between
patients with and without severe sepsis or septic shock were not necessarily highest on
DO, but levels tended to be higher in patients with severe sepsis or septic shock on all
days of study.
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Figure 3: Correlations between the SAPS II values and the plasma levels of inflammatory mediators on
the day of diagnosis of ventilator-associated pneumonia. A Plasma levels of bactericidal/ permeability-
increasing protein (BPI). B Plasma levels of soluble E-selectin. C Plasma levels of soluble intercellular
adhesion molecule (sICAM-1).

Corrections with c/ini'caZ owfcome
SAPS//scores
Before diagnosis of VAP, SAPS II scores were similar for patients that survived and
that did not survive the first 10 days after diagnosis (Fig. 2a). From DO on, patients that
succumbed had higher SAPS II scores, although statistical significance was only
approached on DO (P=.O6, t-test). As a result, the mean differences in SAPS II scores
between D-4 and D+2 were -l±10 (range -21 to 22) for patients that survived the first 10
days after VAP and 38±31 (range 0-89) for those who died within this time period
(P=.0001, Mann-Whitney U-test).

Circulating levels of BPI from D-4 to DO were similar for patients that succumbed
within 10 days of diagnosis and those who survived this period (Fig. 2b). However,
levels of BPI on D+2 were 5.78 ng/ mL in patients who died within 10 days of
diagnosis as compared to 1.65 ng/ mL in survivors (P=.01, Mann-Whitney U-test). The
differences in BPI levels between DO and D+2 were 3.22 ng/ mL and -0.39 ng/ mL for
succumbing and surviving patients respectively (P=.0003, Mann-Whitney U-test). An
increase in circulating levels of BPI after the diagnosis of VAP was found in all (100%)
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patients who died within ten days of diagnosis and from whom plasma samples were
available (n=6), but in only 11 (33%) of 33 patients who survived (P=.0007, Chi-square
test).

There were no significant differences between levels of sICAM on any of the four
days of study for patients dying within or surviving the first 10 days after diagnosis of
VAP, and for both groups, circulating levels of sE-selectin were similar on the first
three days of study (Fig. 2c and 2d). However, circulating levels of sE-selectin at D+2
were 114.3±87.5 ng/ mL and 67.0±42.8 ng/ mL (P=.O4) for patients that died within 10
days of VAP and that survived, respectively. The differences in sE-selectin levels
between DO and D+2 were 67.2 ng/ mL and -1.64 ng/ mL for succumbing and
surviving patients respectively (P=.O6, Mann-Whitney U-test).

Q)rre/(JtiOMS betaken SAPS // scores o«rf in/Znmmflfon/
Poor correlations were found between the values of the SAPS II scores on DO and
circulating levels of BPI (r=0.08, P=.59), sICAM (r=0.16, P=.3O) and sE-selectin (r=0.18,
P=.25) on DO (Fig. 3a-c).

77K bronc/joscopic feicterm/ burden o/in/ech'on
Mean levels of the bronchoscopic bacterial burden (expressed as the logarithmic
number of bacteria isolated from samples of BAL) were comparable for patients with
and without severe sepsis or septic shock (6.7±2.4 and 7.4±3.5, respectively), and for
patients surviving and not-surviving the first ten days after diagnosis of VAP (7.6±3.4
and 5.2±1.3, respectively). Correlations between the bronchoscopic bacterial burden of
infection and any of the circulating inflammatory mediators on DO as well as the SAPS
II scores on DO were poor: r=0.17 (P=.32) for the SAPS II scores; r=0.16 (P=.35) for BPI;
r=-0.24 (P=.16) for sICAM; and r=0.3 (P=.85) for sE-selectin (Fig. 4a-b).

DISCUSSION

The present study shows, in a mixed population of critically ill patients with
bronchoscopically established diagnoses of VAP, three aspects about interactions
between systemic inflammatory mediators, clinical presentation of infection and
prediction of outcome. The first and most important finding is that the SAPS II scoring
system on the day of diagnosis correlated at least as good with the clinical severity of
infection or 10-day mortality than plasma levels of inflammatory mediators. Second,
the development of VAP is accompanied by increased SAPS II values and a tendency
of higher levels of BPI, sICAM and sE-selectin only when there is a clinical presentation
of severe sepsis or septic shock. When VAP is not complicated by this presentation,
which applies for the majority of cases, levels of inflammatory mediators and SAPS II
scores remain stable. Third, patients that succumb within ten days after the diagnosis
of VAP have rising values of SAPS II scores and rising systemic levels of BPI, and sE-
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selectin, but not sICAM, from the day of diagnosis on. Again, stable levels were found
for patients that survived the first ten days after diagnosis of VAP.
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Figure 4: Correlations between the logarithmic number of bacteria per mL in samples of bronchoalveolar
lavage and SAPS II values and plasma levels of inflammatory mediators on the day of diagnosis of
ventilator-associated pneumonia. A SAPS II values. B Plasma levels of bactericidal/ permeability-
increasing protein (BPI). C Plasma levels of soluble E-selectin. D Plasma levels of soluble intercellular
adhesion molecule (sICAM).

We found that the SAPS II score on the day of diagnosis of VAP was at least as
good a predictor of the clinical severity of infection and the prognosis of the patient, as
were circulating levels of BPI, sICAM and sE-selectin. A simple bedside scoring
system, therefore, seems to reflect the clinical severity of infection better than
sophisticated measurements of the systemic inflammatory response. SAPS II scores can
easily and rapidly be calculated on the patient's bed-side, and this method, obviously,
has many advantages over the time-consuming, labour-intensive and expensive
procedures to determine circulating levels of inflammatory mediators. In the present
study the SAPS II score was used as a clinical severity scoring system, but other scoring
systems such as the daily calculation of the APACHE II or APACHE III (16) score, or
the Mortality Probability Model (17), may prove to be useful as well. Whether
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circulating levels of other inflammatory mediators or cytokines correlate better with
clinical severity of VAP and outcome of patients remains to be established. Friedland
and coworkers found that circulating levels of TNF-alpha, IL-1 beta, IL-6 and IL-8
poorly correlated with the clinical severity of illness of ICU patients, and only the
presence of TNF-alpha in plasma was an independent predictor of mortality (18). In
contrast, relationships between elevated levels of cytokines and both a clinical
condition of severe sepsis or septic shock and mortality have been demonstrated
repeatedly (1,19).

The kinetics of BPI, sICAM and sE-selectin during the development of VAP
resemble those of IL-6 and IL-8, supporting the idea that VAP, even when diagnosed
with bronchoscopic techniques, is not associated with increasing levels of systemic
inflammatory mediators in patients that do not have severe sepsis or septic shock.
Furthermore, our data provide new information on the kinetics of systemic
inflammatory mediators in a feared nosocomial infection in critically ill patients.

Bactericidal permeability-increasing protein (BPI) is an endotoxin-neutralizing
protein with potent bactericidal activity, providing protection against the toxic effects
of lipopolysaccharides (3, 4). BPI is usually not detectable in plasma of healthy
volunteers (15), but increased levels have been demonstrated in critically ill patients
with bacteremia (8). In the present study, BPI was demonstrated in plasma samples of
almost all patients developing VAP, both on the day of diagnosis as well as in the days
preceding infection, and its detection was independent of a clinical status of severe
sepsis or septic shock or the presence of bacteremia. Mortality within 10 days of
diagnosing VAP was clearly accompanied with increasing levels of BPI. Our findings
suggest that, in case of a serious infection, BPI is released from activated or killed
neutrophils. Since intracellular killing of phagocytized bacteria is an important
function of BPI, an increased systemic release of BPI, therefore, may represent a general
activation and presence of neutrophils in an effort to control the burden of infection.
Moreover, high levels of BPI may reflect overwhelming inflammation, irrespective of
an infectious etiology, and are, therefore, associated with mortality. However, more
studies are needed to determine the role of systemic BPI release in these conditions. In
a previous study we found that the BPI/ neutrophil ratio, reflecting neutrophil
activation, was associated with the presence of sepsis syndrome and death in
bacteremic patients (8). In the present study the kinetics of BPI/ neutrophil ratios and
systemic BPI levels were comparable (data not shown).

The adhesion molecules ICAM and E-selectin have a critical role in the activation
and sequestration of circulating blood neutrophils in microvessels of systemic organs.
The interaction between ICAM and neutrophils initiates migration of neutrophils out
of the vascular space. Increased levels of circulating sICAM have been demonstrated in
adult patients with sepsis, and positive correlations between levels of circulating
sICAM and intensity of sepsis and severity of shock and subsequent organ failure have
been reported (6). Animal studies of acute lung injury indicated that sE-selectin is
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present in lung parenchyma and mediates neutrophilic inflammation (5). sE-selectin
was detectable in plasma of healthy subjects (9). In patients, elevated levels of sE-
selectin were found in bacteremic patients with hypotension (9) and in critically ill
patients with microbiologically documented sepsis (10). Similar to BPI, our data
demonstrate a tendency towards higher circulating levels of sICAM and sE-selectin
when VAP was associated with the presence of severe sepsis or septic shock. Two days
after diagnosis of VAP, levels of sE-selectin tended to be higher in patients that died
within ten days, but the association between plasma levels of sICAM and patient
outcome is less obvious.

Hypothetically there are several explanations for our observation that VAP is not
accompanied with a detectable systemic inflammatory response, unless the patient has
a clinical condition of severe sepsis or septic shock.

First, one might question whether these patients really had pneumonia, or just
extensive colonization of the lower respiratory tracts. This would imply that the
specificity of quantitative cultures of bronchoscopically obtained samples from the
distal airways is much lower than generally assumed.

Second, these patients may be immunocompromised because of their critical
illness, and, therefore, unable to generate an efficient immunoresponse. Since an
effective host defense against bacterial invasion is essential to survive an infection, our
findings may provide evidence for the use of adjuvant treatment in these patients (20).
Although interest in this field is rising, few clinical data (for example on the use of
human granulocyte-colony stimulating factor) are yet available (20).

Third, VAP may be a compartmentalized infection, with an inflammatory response
restricted to the lungs. The latter has been suggested to occur in unilateral community-
acquired pneumonia (21, 22), and in experimental studies on pneumonia in rats (23).
Recently, Fox-Dewhurst and coworkers described the relationships between
intrapulmonary and systemic inflammatory responses in rabbits with gram-negative
pneumonia (24). They found a dose-relationship between the number of bacteria
inoculated into the trachea and intrapulmonary and systemic inflammatory reactions.
Animals treated with low inocula of bacteria had systemic changes which were
comparable to those defined as systemic inflammatory response syndrome and
bacteria were cleared from the lungs. In contrast, those treated with high inocula, failed
to clear the bacteria from the lungs and developed severe inflammatory responses and
septic shock (24). The findings of the present study, partly confirm and partly disagree
with these experimental data. When VAP is not associated with severe sepsis or septic
shock or 10-day mortality there is hardly any systemic inflammatory response, which
may suggest that the threshold of intrapulmonary infection has not been exceeded, and
bacteria were, with the help of antibiotics, cleared from the lungs. However, we failed
to demonstrate an association between the bacterial inoculum in the lungs during
infection (the bacterial burden) and the severity of the systemic inflammatory response,
as was demonstrated in rabbits. However, our findings support the idea that VAP is a
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compartmentalized infection in most patients. Therefore, potential markers for
infection would be levels of cytokines, inflammatory mediators or endotoxin in
samples of bronchoalveolar lavage or the logarithmic number of bacteria isolated from
these samples ('the bronchoscopic bacterial burden'). Kollef and coworkers
demonstrated that elevated concentrations of endotoxin in BAL fluid accurately
predicted the presence of gram-negative bacterial pneumonia (25). Under the
circumstances tested, the bronchoscopic bacterial burden poorly correlated with the
clinical severity of infection (e.g. presence of severe sepsis or septic shock, and values
of SAPS II scores), and levels of circulating inflammatory mediators. In another study,
however, a correlation of 0.585 (P<.001) was found between the yield of BAL fluid
quantitative cultures for gram-negative bacteria and BAL fluid endotoxin
concentrations (25). Whether the bronchoscopic bacterial burden is associated with
local cytokine production remains to be established.
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SUMMARY

Intensive care medicine is a major consumer of hospital budgets, and the demand for
care often exceeds available resources. This urges for the identification of patients who
really benefit from ICU admission. It may be desirable for the future to be able to
identify the patients who are likely to survive as a result of intensive care treatment.

Measuring severity of disease is an important factor in predicting outcome. Heart
rate and body temperature are well known but unreliable parameters reflecting the
severity of inflammation. Inflammatory activity may be more directly reflected by
plasma concentrations of mediators involved in the inflammatory cascade. Changes in
plasma levels of some of these mediators have already been demonstrated to reflect the
clinical course (i.e. interIeukin-6). The question is, whether these inflammatory
mediators are more useful to evaluate the clinical condition and to predict outcome
compared to the more conventional parameters such as heart rate and body
temperature.

Over the past 15 years, several scoring systems have been developed to measure
severity of illness. The 'Acute Physiology and Chronic Health Evaluation' (APACHE) is
such a scoring systems predominantly used to stratify patient populations and to
evaluate therapeutic strategies. The APACHE II score is based on physiologic variables
(clinical and laboratory data), surgical state, age, medical history and present
diagnosis. At the moment, scoring systems are not suitable to predict outcome in the
individual patient.

In this thesis the severity of disease was assessed either by plasma concentrations
of inflammatory mediators or scoring systems concerning patients with infectious and
non-infectious disease, respectively (Table 1). Therefore, critically ill patients with the
systemic inflammatory response syndrome (SIRS), positive blood cultures, ventilator
associated pneumonia (VAP), and acute abdominal aneurysms (AAA) were studied. In
addition, severity of disease was assessed in an intervention study regarding the effects
of a platelet-activating factor antagonist in the treatment of SIRS.

In chapter 2 characteristics of the ICU patient population are reported. These
characteristics included admission diagnosis and mortality and mortality associated
factors. In addition, the clinical suitability of APACHE II was assessed.

APACHE II scores in our study population were strongly correlated with hospital
mortality, which was comparable with the results from the original report. However,
in separate diagnostic categories the discrepancy between observed and predicted
mortality ranged from -62.1% to +118.2%, indicating that APACHE II is not suitable for
stratifying patient populations as it has been suggested. When the demand for
intensive care treatment exceeds supply, patients are inevitably excluded from ICU
admission. The question whether APACHE II mortality prediction may participate in
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the complex discussion to exclude patients from intensive care treatment still has to be
answered. The suitability of APACHE II for individual decision making is limited.

One of the best known pro-inflammatory cytokines is tumor necrosis factor (TNF).
TNF in plasma has a short half life, and the correlation with mortality in SIRS depends
on the frequency of plasma sampling. TNF induces the shedding of the TNF receptor
(TNF-R) from the cell surface resulting in a circulating TNF-R (sTNF-R) which has a
longer half life. In chapter 3 it was investigated whether the measurement of sTNF-R
levels could provide a better parameter of disease compared to the short lived TNF
peaks in plasma.

In this thesis we demonstrated that sTNF-R levels, in contrast to TNF, significantly
correlated with mortality in SIRS. sTNF-R levels are, however, influenced by renal
sTNF-R clearance. The significant correlation between sTNF-R levels and creatinine
levels indicate that increased sTNF-R levels in SIRS may be the result of renal failure
complicating SIRS, and are likewise correlated with mortality. Consequently, the
clinical value of monitoring sTNF-R levels is limited in case of renal failure.

Table 1: Inflammatory mediators in disease and the correlation with clinical state and course

sICAM-1 SAPS II

SIRS
AAA
bacteremia
VAP
note*

-
shock/ t

fast

t
t

rer

shock/

SIRS/t

Study TNF sTNF-R IL-6 IL-8 BPI LBP
population

t
shock/ t shock

SIRS/1 SIRS
SIRS/1 SIRS/ f t

PMN slow
'kinetics' clearance count 'kinetics'

Explanation of abbreviations see text, t mortality, 'disturbing factors with regard to predictive value of
mediators in disease. - no correlation observed between mediators and severity of disease. For example:
high plasma IL-6 concentrations were positively correlated with the presence of shock and fatal course in
AAA patients.

In chapter 4 the association between inflammatory mediators and clinical outcome
was investigated in patients after repair of abdominal aortic aneurysms. Rupture of an
aneurysm often leads to hemorrhagic shock, which is considered to be responsible for
serious complications during the postoperative course. In animal models hemorrhagic
shock results in an inflammatory reaction with increased concentrations of TNF and IL-
6 in plasma. In this inflammatory response, neutrophil activation and extravasation are
thought to play an important role. Neutrophil adhesion to the vessel wall and
migration into reperfused tissue is mediated by chemotactic proteins such as IL-8 and
adhesion molecules expressed on neutrophils and endothelial cells (ICAM-1, E-
selectin). Plasma concentrations of circulating adhesion molecules (sICAM-1, sE-
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selectin) are directly correlated with the expression of adhesion molecules on the cell
surface.

TNF levels were correlated with the presence of shock and fatal outcome in AAA
patients, but its clinical value is strongly limited by its short half life in plasma. IL-6
levels correlated with the presence of shock in AAA patients and with fatal outcome.
The transfusion of a large amount of blood products did not disturb the data
concerning inflammatory mediators. Shock in AAA patients was associated with high
sICAM-1 levels and high mortality rates. These data complement the experimental
data on the beneficial effects of ICAM-1 antibodies on ischemia and reperfusion injury.
It remains, however, to be resolved whether ICAM-1 antibody administration in
patients following AAA repair may favour clinical course.

Lipopolysaccharides (LPS) or endotoxins, which are cell wall components of gram-
negative bacteria, are capable to initiate the inflammatory response known as gram-
negative septic shock. The toxicity of LPS is modified by several proteins such as
bactericidal/ permeability-increasing protein (BPI), and LPS binding protein (LBP). BPI
is a protein that specifically binds LPS and reduces its toxicity by preventing the
interaction with the LPS-receptor CD14, whereas LBP, an acute phase protein,
functions in an opposite fashion to BPI. LBP facilitates binding of LPS to CD14. In
chapter 5 the association between plasma concentrations of these proteins and clinical
course was assessed in patients suffering from gram-negative bacteremia and data
were compared with those obtained from bacteremic patients in which a gram-
positive, LPS lacking, micro-organism was isolated. BPI, produced by
polymorphonuclear leucocytes (PMN), has a short half life and plasma levels were
hypothesized to depend on the number of circulating PMN. Therefore data regarding
the BPI/ PMN ratio were additionally analyzed.

Levels of BPI and LBP were already increased before bacteremia was first detected.
Plasma LBP levels were correlated with the presence of SIRS in bacteremic patients, but
no correlation between LBP levels and mortality was observed. Once enhanced LBP
levels remain high for days/ weeks. As a result, the usefulness of LBP as a parameter
of disease is limited. BPI/ PMN ratio was correlated with the presence of SIRS and
mortality in bacteremic patients. Apparently, BPI levels reflect severity of
inflammation, and the value for clinical use increases when BPI levels are considered in
relation to PMN count.

In chapter 6 the safety and efficacy of the platelet-activating factor antagonist TCV-
309 in the treatment of SIRS was studied in a prospective randomized, double-blind,
placebo-controlled clinical study. PAF is strongly related to the cytokine network.
Cytokines like TNF and IL-8 can stimulate PAF release and PAF is able to induce
synthesis of these cytokines.

There was no difference in number and severity of adverse events between TCV-
309 (n=13) and placebo treated patients (n=16). Day 28 and day 56 mortality was
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similar in both groups (day 56: 7/12 TCV-309 vs 9/16 placebo, NS). Pulmonary and
hematological failure scores improved significantly in TCV-309 treated patients. There
was no difference in inflammatory mediator levels between TCV-309 and placebo
treated patients at the beginning of the study. The course of inflammatory mediators
were similar in TCV-309 and placebo treated patients. Data from intervention studies
in patients, however, are not directly comparable with experimental animal studies. In
SIRS patients the inflammatory cascade is triggered before study entry, whereas in
experimental models the intervention takes place 1-2 hours after the septic insult at the
latest. Therefore, a therapy induced effect on cytokine release will be difficult to detect.

Ventilator-associated pneumonia is the most frequently occurring infection in
mechanically ventilated patients. The clinical presentation of VAP ranges from
relatively benign to a severe illness with septic shock. In chapter 7 the influence of VAP
on the inflammatory response and outcome was studied in a case-control study.

The development of VAP was not associated with an increase in IL-6 or IL-8 levels.
Among patients in which VAP was associated with a clinical presentation of severe
sepsis or septic shock, IL-6 and IL-8 levels were higher than in the corresponding
controls, and high IL-6 and IL-8 levels were associated with higher mortality rates.
Apparently, the clinical picture of VAP can be subdivided into different types, ranging
from an uncomplicated infection to an infection associated with septic shock, elevated
plasma levels of IL-6 and IL-8 and an increased mortality rate.

In chapter 8 the inflammatory response during the development of VAP (assessed
by BPI, sICAM-1 and sE-selectin) was studied in relation to clinical severity of VAP
and outcome. The predictive value of plasma parameters was compared with the
predictive value of the simplified acute physiology score (SAPS II).

During the development of VAP, increasing SAPS II scores and rising levels of
inflammatory mediators were only found in patients in whom VAP was accompanied
by severe sepsis or septic shock. Values of SAPS II, BPI and sE-selectin, but not of
sICAM-1, increased from the day of diagnosis until death in patients that died within
10 days after diagnosis. Plasma levels of inflammatory mediators did not predict
clinical severity or patient outcome better than daily SAPS II scores. Our findings show
that a rather simple bed-side scoring system (SAPS II score) is at least as good a
predictor for the clinical severity of infection and the outcome of patients with VAP as
plasma values of inflammatory mediators.

In this thesis the involvement of various inflammatory mediators in infectious
disease as well as in patients with hemorrhagic shock was studied. Apparently, high
plasma levels of multiple inflammatory mediators reflect the extent of activation of the
inflammatory cascade and are subsequently correlated with outcome (sTNF-R, IL-6,
BPI, sICAM-1). However, some significant limitations were demonstrated with regard
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to clinical suitability i.e. renal failure on sTNF-R levels, PMN count and plasma
processing on BPI levels.

In conclusion, plasma levels of inflammatory mediators as well as the scoring
systems APACHE II and SAPS II are helpful to assess severity of disease at the
population level. But, at present, there is no place for scoring systems nor for the
measurement of inflammatory mediators in medical decision making of the individual
patient.
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SAMENVATTING

Intensive care geneeskunde legt beslag op een groot deel van het ziekenhuis budget en
de vraag naar intensieve zorg overschrijdt veelal de beschikbare middelen. Dit noopt
tot het identificeren van die patienten die daadwerkelijk baat hebben bij intensieve
zorg. Het zou wenselijk zijn om die patienten te kunnen selecteren die gebaat zijn bij
een opname op de afdeling intensieve zorg (ICU).

De ernst van ziekte is een belangrijke factor bij het voorspellen van het beloop.
Hartfrequentie en lichaamstemperatuur zijn misschien wel de meest bekende, maar
niet de meest betrouwbare parameters voor de ernst van ontstekingsprocessen. De
ernst van onstekingsreacties zou mogelijk directer weerspiegeld kunnen worden door
plasma concentraties van mediatoren betrokken in de ontstekingscascade. Van
sommige mediatoren is aangetoond dat concentratie veranderingen in het bloed nauw
gerelateerd zijn aan het klinisch beloop en overleving (b.v. interleukine-6). De vraag
rijst, of deze ontstekingsmediatoren beter bruikbaar zijn om het klinisch beloop te
evalueren en overleving te voorspellen in vergelijking met de meer conventionele
parameters zoals hartfrequentie en lichaamstemperatuur.

De afgelopen 15 jaar zijn verschillende scores ontwikkeld om de ernst van ziekte te
meten. De 'Acute Physiology and Chronic Health Evaluation' (APACHE) is zo'n toets
en is voornamelijk bedoeld om patienten te stratificeren en beleid te evalueren.
APACHE II is gebaseerd op fysiologische variabelen (klinische en laboratorium
gegevens), leeftijd, medische voorgeschiedenis, status na eventuele operatie, en reden
van ICU opname. Momenteel zijn score Systemen niet bruikbaar om adequaat
overleving te voorspellen in de individuele patient.

In de studies vermeld in dit proefschrift wordt de ernst van ziekte gemeten
enerzijds met behulp van ontstekingsmediatoren en anderzijds met behulp van score
Systemen bij patienten met respectievelijk ziektes van infectieuze en niet-infectieuze
origine (Tabel 1). Ernstig zieke patienten met een gegeneraliseerde ontstekingsreactie
(systemic inflammatory response syndrome/ SIRS), positieve bloedkweken
(bacteriemie), een nosocomiale pneumonie bij beademing (ventilator-associated
pneumonia/ VAP), en een acuut abdominaal aneurysma (AAA) worden bestudeerd.
Daarnaast wordt de ernst van ziekte vervolgd in een interventie Studie over de effecten
van een platelet-activating factor (PAF) antagonist bij de behandeling van SIRS.

De karakteristieken van de bestudeerde ICU patienten populatie worden
gerapporteerd in hoofdstuk 2. Deze karakteristieken omvatten opname diagnose,
mortaliteit en de hiermee geassocieerde factoren. Daarnaast wordt de klinische waarde
van de APACHE II score bestudeerd.

APACHE II scores correleren sterk met de mortaliteit overeenkomstig de
resultaten uit het originele artikel. Bij sommige ziektebeelden is er echter een
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discrepantie tussen de geobserveerde en de voorspelde mortaliteit varierend van
-62.1% tot +118.2%. Dit suggereert dat de bruikbaarheid van APACHE II om patienten
populaties te stratificeren, in tegenstelling tot wat de auteurs beweren, beperkt is.
Wanneer de vraag naar intensieve zorg het aanbod (beschikbare bedden) overschrijdt,
zullen er onvermijdelijk patienten van ICU opname worden uitgesloten. De discussie
wie dan voor ICU opname in aanmerking komt is zeer complex. Het blijft een vraag of
de door APACHE II voorspelde mortaliteit in deze discussie een rol mag spelen.

Tabel 1: Ontstekingsmediatoren bij ziekte en de correlatie met klinisch beeld en beloop

Studie
populatie
SIRS
AAA
bacteriemie
VAP
opmerking*

TNF

shock/ t

snelle
'kinehek'

sTNF-R

t
t

renale
klaring

IL-6

t
shock/t

SIRS/ t

IL-8

shock

SIRS/ t

BPI

SIRS/ t
t

PMN

LBP

SIRS

trage
'kinetiek'

sICAM-1

shock/ t

SAPS II

SIRS/t

Verklaring van de afkortingen zie tekst. t mortaliteit. *storende factoren met betrekking tot de
voorspellende waarde bij ziekte. - geen positieve correlatie gevonden tussen mediatoren en ernst van
ziekte. Voorbeeld: hoge plasma IL-6 spiegeis zijn positief gecorreleerd aan shock en overlijden bij
patienten met AAA.

TNF (tumor necrosis factor) is een van de meest bekende pro-inflammatoire
cytokines. TNF in plasma heeft een korte halfwaarde tijd en de correlatie met
mortaliteit bij SIRS is afhankelijk van de frequentie van het plasma onderzoek. TNF
induceert het loslaten van de TNF receptoren (TNF-R) van de celmembraan, hetgeen
leidt tot circulerende TNF-R (sTNF-R) met een relatief lange halfwaarde tijd. In
hoofstuk 3 is onderzocht of de bepaling van sTNF-R een betere prognostische
parameter oplevert vergeleken met de kort durende pieken in plasma TNF spiegeis.

In dit proefschrift wordt aangetoond dat sTNF-R spiegeis, in tegenstelling tot die
van TNF, significant gecorreleerd zijn met mortaliteit bij SIRS. Echter, de sTNF-R
spiegeis worden beinvloed door de renale TNF-R klaring. De significante correlaties
tussen sTNF-R en creatinine spiegeis suggereren dat verhoogde sTNF-R spiegeis bij
SIRS eerder het gevolg zijn van nierfalen (als onderdeel van SIRS) en derhalve
gecorreleerd zijn aan een fataal beloop. Dientengevolge is de klinische waarde van het
vervolgen van sTNF-R spiegeis beperkt in het geval van nierfalrn.

In hoofdstuk 4 wordt de associatie tussen ontstekingsmediatoren en het klinisch
beeld besproken na het herstel van een aneurysma van de abdominale aorta. Een
geruptureerd aneurysma leidt dikwijls tot hemorrhagische shock, die geassocieerd is
met ernstige complicaties in het postoperatieve beloop. In experimentele modellen
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resulteert hemorrhagische shock in een inflammatoire reactie met een toename van
TNF en IL-6 concentraties in plasma. Daarnaast speelt de activatie en extravasatie van
neutrofiele leukocyten een belanrijke rol. De adhesie van neutrofielen aan de vaatwand
en de migratie naar gereperfundeerd weefsel wordt gemedieerd door chemotactische
eiwitten zoals IL-8 en adhesie moleculen gelokaliseerd op de membraan van
neutrofielen en endotheel (ICAM-1, E-selectin). De plasma concentraties van
circulerende adhesie moleculen (sICAM-1, sE-selectin) zijn direkt gecorreleerd met de
expressie van de adhesie moleculen op de celmembraan.

De plasma TNF spiegeis correleren met de aanwezigheid van shock en mortaliteit
bij AAA patienten, maar de klinische waarde wordt beperkt door de körte halfwaarde
tijd. Plasma IL-6 spiegeis correleren eveneens met de aanwezigheid van shock en een
fataal beloop. De transfusie van grote hoeveelheden bloedproducten had geen invloed
op de plasmaspiegels van ontstekingsmediatoren. Hemorragische shock bij AAA is
geassocieerd met hoge sICAM-1 spiegeis en een hoge mortaliteit. De resultaten in
hoofdstuk 4 sluiten aan bij experimentele studies over het gunstige effect van ICAM-1
antilichaam toediening bij ischemie en reperfusie schade. Echter, de vraag of ICAM-1
antilichamen de mortaliteit bij patienten met AAA kan verminderen dient nog te
worden opgehelderd.

LPS (lipopolysaccharides), een component van de cel wand van gram-negatieve
bacterien, is in Staat om het beeld van SIRS te initieren. De toxiciteit van LPS wordt
beinvloed door verscheidene eiwitten zoals BPI (bactericidal/ permeability-increasing
protein) en LBP (LPS binding protein). BPI is een eiwit dat specifiek bindt aan LPS
waardoor de toxiciteit van LPS verminderd wordt door de interactie met de LPS-
receptor te verhinderen. LBP, een acute fase eiwit, heeft een tegengestelde functie en
stimuleert de binding van LPS aan CD14. In hoofdstuk 5 is de associatie tussen
enerzijds BPI en LBP plasma spiegeis en anderzijds klinisch beloop onderzocht bij
patienten met een gram-negatieve bacteriemie. De resultaten werden vergeleken met
die patienten waarbij een gram-positief micro-organisme werd geisoleerd. BPI, een
eiwit gemaakt door polymorphonucleaire Ieucocyten (PMN), heeft een korte
halfwaarde tijd, en derhalve kan de plasma spiegel afhankelijk zijn van het aantal
circulerende PMN. Dus werd de BPI/ PMN ratio in de analyse betrokken.

Uit de resultaten blijkt dat plasma spiegels van zowel BPI als LBP reeds verhoogd
zijn voordat een bacteriemie kan worden aangetoond. LBP spiegels zijn gecorreleerd
met de aanwezigheid van SIRS maar niet met mortaliteit. Indien de LBP spiegels
eenmaal verhoogd zijn, dan kunnen de spiegels dagen tot weken verhoogd blijven.
Door een dergelijk beloop van de LBP spiegels is LBP als parameter van acute ziekte
minder geschikt. De BPI/ PMN ratio is significant gecorreleerd met de aanwezigheid
van SIRS en mortaliteit bij patienten met een bacteriemie. Blijkbaar wordt de ernst van
inflammatie door BPI spiegels weerspiegeld, en neemt de klinische waarde alleen maar
toe als deze spiegels worden beschouwd in relatie tot het PMN aantal.
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In hoofdstuk 6 wordt de veiligheid en de effectiviteit van de PAF (platelet-
activating factor) antagonist TCV-309 in de behandeling van SIRS besrudeerd. Het
betreft een prospectieve gerandomiseerde dubbel-blinde placebo gecontroleerde
klinische Studie. Onder andere TNF en IL-8 kunnen het vrijkomen van PAF stimuleren
en PAF op zijn beurt is in Staat om de synthese van deze cytokinen te induceren.

Er wordt geen verschil gevonden in het aantal noch in de ernst van de
bijwerkingen hissen TCV-309 (n=13) en placebo behandelde patienten (n=16). De
mortaliteit op dag 28 en op dag 56 is vergelijkbaar in beide groepen (dag 56: 7/12 TCV-
309 versus 9/16 placebo, niet significant). Orgaan falen (long en hematologie) verbetert
significant bij TCV-309 behandelde patienten. Er waren bij aanvang van de Studie geen
verschillen in plasma spiegeis van de ontstekingsmediatoren tussen de twee
behandelingsgroepen. Ondanks de interventie met TCV-309 is de het beloop van de
plasma ontstekingsmediatoren in de twee behandelingsgroepen overeenkomstig.
Resultaten van dierexperimenteel onderzoek zijn niet zonder meer te extrapoleren naar
interventie studies bij patienten. Immers, bij een patient met SIRS is de
onstekingscascade reeds geruime tijd in gang gezet voordat de deze in een Studie
wordt opgenomen, terwijl in experimentele modellen de interventie meestal vooraf
gaat aan of plaats vindt hooguit 1-2 uur na het septisch insult. Om deze reden is het
niet eenvoudig om een effect van interventie op het verloop van de plasma
concentraties van ontstekingsmediatoren waar te nemen.

Een nosocomiale pneumonie (VAP) is de meest frequent optredende infectie bij
beademde patienten. Het klinisch beeld van VAP varieert van een relatief mild tot een
ernstig ziektebeeld met septische shock. In hoofdstuk 7 wordt de invioed van VAP op
de inflammatoire respons en overleving in een 'case-control' Studie onderzocht.

De ontwikkeling van VAP is niet geassocieerd met een toename van IL-6 noch van
IL-8 plasma spiegeis. Bij patienten waarbij VAP samen gaat met het klinisch beeld van
een ernstige sepsis of septische shock, zijn IL-6 en IL-8 spiegeis hoger in vergelijking
met de corresponderende controle patienten, en de verhoogde IL-6 en IL-8 spiegeis zijn
geassocieerd met een hogere mortaliteit. Blijkbaar kan het klinisch beeld van VAP
worden onderverdeeld in verschillende types, varierend van een ongecompliceerde
infectie tot een infectie die gepaard gaat met septische shock, verhoogde IL-6 en IL-8
spiegeis en een verhoogde mortaliteit.

In hoofdstuk 8 wordt de ontstekingsreactie gedurende de ontwikkeling van VAP
bestudeerd (gemeten aan de hand van BPI, sICAM-1 en sE-selectin plasma spiegeis) in
relatie tot het klinisch beloop en overleving. De voorspellende waarde van plasma
parameters wordt vergeleken met de voorspellende waarde van de 'simplified acute
physiology score' (SAPS II).

Gedurende de ontwikkeling van VAP, wordt alleen een toename gezien van SAPS
II scores en ontstekingsmediatoren wanneer VAP gepaard gaat met een ernstige sepsis
of septische shock. SAPS II waarden, BPI en sE-selectin spiegeis, maar niet die van
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sICAM-1, nemen toe vanaf de dag van diagnose bij die patienten die binnen 10 dagen
na diagnose overlijden. Ontstekingsmediatoren voorspelden het beloop niet beter dan
de dagelijkse SAPS II scores. Deze resultaten tonen aan dat een relatief eenvoudig score
systeem (SAPS II) op zijn minst even bruikbaar is om het beloop van VAP te
voorspellen als de plasma concentraties van ontstekingsmediatoren.

In dit proefschrift wordt de betrokkenheid van diverse ontstekingsmediatoren
zowel bij ziektes van infectieuze origine als bij hemorrhagische shock aangetoond.
Blijkbaar wordt de, soms excessieve, activatie van de ontstekingscascade weerspiegeld
in verhoogde plasma concentraties van meerdere ontstekingsmediatoren, die
dientengevolge gecorreleerd zijn met mortaliteit (sTNF-R, IL-6, BPI, sICAM-1). Echter,
enkele significante beperkingen zijn aangetoond met betrekking tot de klinische
bruikbaarheid, b.v. nierfalen op sTNF-R spiegeis, PMN leukocyten aantal en de plasma
verwerking op BPI spiegeis.

Concluderend, zowel plasma spiegeis van ontstekingsmediatoren als score
Systemen kunnen behulpzaam zijn bij het bepalen van de ernst van ziekte. Echter, op
het ogenblik is de plaats van zowel ontstekingsmediatoren als score Systemen in de
medische besluitvorming rondom de individuele patient zeer beperkt.
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APPENDIX

Definitions

Systemic inflammatory response syndrome (SIRS):
The systemic inflammatory response to a variety of severe clinical insults. The response is

manifested by two or more of the following conditions: (1) temperature >38°C or <36°C; (2) heart rate
>90 beats per minute; respiratory rate >20 breaths per minute or PaCO2 <32 mmHg; and (4) white blood
cell count >12.000/ mm', <4.000/ mm', or >10% immature (bands) forms.

Sepsis:
SIRS as a result of infection.

Severe sepsis:
Sepsis associated with organ dysfunction, hypoperfusion or hypotension. Hypoperfusion and

perfusion abnormalities may include, but are not limited to lactic acidosis, oliguria, or an acute alteration
in mental status.

Septic shock:
Sepsis-induced hypotension despite adequate fluid resuscitation along with the presence of

perfusion abnormalities that may include, but are not limited to lactic acidosis, oliguria, or an acute
alteration in mental status. Patients who are receiving inotropic or vasopressor agents may not be
hypotensive at the time that perfusion abnormalities are measured

Sepsis-induced hypotension:
A systolic blood pressure <90 mmHg or a reduction of 240 mmHg from baseline in the absence of

other causes for hypotension.

Muliple organ dysfunction (MODS):
presence of altered organ function in an acutely ill patient such that homeostasis cannot be

maintained without intervention.

Definitions for sepsis and organ failure and guidelines for the use of innovative therapies in sepsis. The
ACCP/ SCCM Consensus Conference Committee. American College of Chest Physicians/ Society of
Critical Care Medicine. R.C. Bone et al., Chest 1992; 101:1644-55
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APACHE II Score

PHYSIOLOGIC VARIABLE +2 + 1 +3 +4

TEMPERATURE - rectal
MEAN ARTERIAL PRESSURE - mmHg
HEART RATE (ventricular response)
RESPIRATORY RATE (non-ventilated or ventilated)
OXYGENATION: (A-a)DO2 or PaO2 (mmHg)

a. FiO2 20.5 record (A-a)DO2
b. FiO2 <0.5 record only PaO2

ARTERIAL pH

SERUM SODIUM (mmol/ L)
SERUM POTASIUM (mmol/ L)
SERUM CREATININE (mg/ 100 mL)

double point score for acute renal failure
HEMATOCRIT (%)

WHITE BLOOD COUNT (total/ mm*) in 1.000s
GLASGOW COMA SCORE (GCS): 15 minus actual GCS

241

2160

2180

250

2500

27.7

2180

27

2300

260

240

39-J09

130-159

140-179

35-49

350-499

7.6-7.69

160-179

6-69

176-300

110-129

110-139

200-349

155-159

126-175

50-59.9

20-39.9

38.5-38.9

25-34

7.5-7.59

150-154

5.5-5.9

46-49.9

15-19.9

36-38.4

70-109

70-109

12-24

£200

>70

7.33-7.49

130-149

3.5-5.4

50-125

30-45.9

3-14.9

34-35.9

10-11

61-70

3-3.4

32-33.9

50-69

55-69

6-9

7.25-7.32

120-129

2.5-2.9

<50

20-29.9

1-2.9

30-31.9

40-54

55-60

7.15-7.24

111-119

£29.9

£49

£39

£5

<55
£7.15

£110

£2.5

£20

£1

ACUTE PHYSIOLOGY SCORE (APS): Sum of the 12 individual variable points

B) AGE POINTS

Assign points to age as follows

Age (yrs)

£44

45-54

55-64

65-74

275

Points

0

2

3

5
6

C) CHRONIC HEALTH POINTS
If the patient has a history of severe organ
system insufficiency or is immuno-
compromised assign points as follows:

a. for nonoperative or emergency

postoperative patients 5 points or

b. for elective postoperative patients 2

points

DEFINITIONS
Organ insufficiency or immuno-
compromised state must have evident
prior to this hospital admission and
conform the following criteria;

LIVER: Biopsy proven cirrhosis and
documented portal hypertension:
episodes of past upper GI bleeding
attributed to portal hypertension: or prior
episodes of hepatic failure/
encephalopathy/ coma.

CARDIOVASCULAR: New York Heart
Association Class IV

RESPIRATORY: Chronic restrictive .
obstructive, or vascular disease resultng
in severe exercise restriction, i.e.. unable
to climb stairs or perform household
duties:

or documented chronic hypoxia.
hypercapnia. secondary polycythemia,
severe pulmonary hypertension (40 mm
Hg). or respiratory dependency

RENAL: Receiving chronic dialysis

IMMUNO-COMPROMISED: The patient
has received therapy that suppresses
resistance to infection, e.g. immuno-
suppression. chemotherapy, radiation,
long term or recent high dose steroids, or
has a disease that is sufficiently advanced
to suppress resistance to infection, e.g..
leukemia, lymphoma. AIDS.

APACHE II SCORE
Sum of A+B+C
A) APS points
B) Age points
C) Chronic Health point»
Total APACHE II

Knaus WA et al. APACHE II: a severity of
disease classification system. Crit Care
Med 1985;! 3:818-29



Appendix

The Grading of Sepsis

Table I: SCORING OF LOCAL EFFECTS OF TISSUE
INFECTION

Table III: SCORING OF SECONDARY EFFECTS OF
SEPSIS

Attribute Score Attribute Score
Wound infection with purulent discharge/
entrocutaneous fistula

Requiring only light dressing changed not 2
more than once daily
Requiring to be dressed with a pack, dressing 4
needing to be changed more than once daily,
requiring application of a bag and/ or
requiring suction

Peritonitis 2
Localized 6
Generalized

Chest infection
Clinical or radiolgical signs of chest infection 2

without productive cough
Clinical or radiolgical signs of chest infection 4

with a cough producing purulent sputum
Full clinical manifestation of lobular/ 6

bronchopneumonia
Deep-seated infection (e.g. subfrenic abscess, 6
pelvic abscess, empyema thoracis, acute or
chronic osteomyelitis)

Table II: SCORING OF PYREXIA (ORAL
TEMPERATURE)

Obvious jaundice (in the absence of established 2
hepatobiliary disease)

Metabolic acidosis
Compensated 1
Uncompensated 2

Renal failure 3
Gross disturbance of mental orientation/ level 3

of conciousness (e.g. delirium, coma) and/ or
other focal neurological manifestations of
pyemia/ septicemia (having excluded other
causes)

Bleeding diathesis (from disseminated 3
intravascular coagulation)

Table IV: SCORING OF LABORATORY DATA

Attribute Score

Attribute Score

Maximum daily temperature (°C)
36-37.4
37.5-38.4
38.5-39
>39
<36

Minimum daily temperature >37.5°C
If 2 or more temperature peaks above 38.4°C in
one da)'
If anv rigours occur in a day
Temperature should be recorded at least 4 times
h. The record for the 24h period is assessed as
and pyrexia score' computed.

0
1
2
3
3

Add
1
1

1

in 24
above

Leukocyte count (xlOE9/ L)
12-30
>30
<25

Hemoglobin level in the (
bleeding (g/ dL)

7-10
<7

Platelet count (xlOE9/ L)
100-150
<100

Plasma albumin level (g/ L)
31-35
2S-30
<25

Blood culture
Single positive culture 1
Two or more positive cultures separated by 3
24h
Single positive culture + history of invasive 3
procedure
Single positive culture + cardiac mumer and/ 3
or tender enlarged spleen

Elebute EA, Stoner HB. The grading of sepsis. Br J Surg
1983;70:29-31

Plasma total bilirubin level in the abscence of
clinically obvious jaundice

>25 umol/ L 1
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