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Abstract

Background

Prediction of post-operative systemic inflammatory response syndrome (SIRS) and

sepsis would assist risk stratification prior to major vascular surgery, and may

positively affect morbidity and mortality rates. Reciprocal regulation exists between

immuno-inflammatory and neuroendocrine responses. Like inflammatory events, the

neuroendocrine stress response is an important component of surgical

pathophysiology. Psychological variables may influence neuroendocrine function

and therefore modulate the neuroendocrine response to major vascular surgery.

Comparison of both immuno-inflammatory and neuroendocrine responses to open

abdominal aortic aneurysm (AAA) repair and endovascular aneurysm repair (EVAR)

would enhance understanding of biological mechanisms underlying the differing

clinical outcomes from these surgical approaches.

Aims

The aims of the current study were: (1) to identify relationships between post-

operative SIRS and sepsis and markers of immunological, neuroendocrine,

nutritional and psychological status; (2) to examine relationships between

psychological variables and neuroendocrine responses to surgery; and (3) to identify

differences in immunological and neuroendocrine responses to open AAA repair

compared with EVAR.
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Methods

A prospective cohort study was performed involving patients undergoing elective

open AAA repair (n = 36), EVAR (n = 17) and lower limb revascularisation (n = I7).

Pre-operative neutrophil expression of CDllb and CD16b was determined, and

CD32a and CD16b genotyping performed. Plasma cytokines were assayed pre-

operatively, during maximal intra-operative ischaemia (To), and 4, 24 and 72 hours

following T6. Twenty-four hour urinary free cortisol (UFC) and catecholamine

excretion was assayed pre-operatively [T(pre-op)], from anaesthetic induction [T(0-

24)l and 72 hours later lT(72-96)1. Pre-operative nutritional status was assessed by

dual energy x-ray absorptiometry (DEXA). Pre-operative depression and trait anxiety

were evaluated using self-report inventories. SIRS severity and duration within five

post-operative days and sepsis within 30 days were documented.

Results

A positive correlation was identified between CDllb expression and SIRS severity

score amongst EVAR patients. Neither CD32a nor CDl6b genotypes were associated

with sepsis. Fluctuations in IL-6, IL-8, and IL-10 were frequently observed in

association with ArAA repair whereas elevations in TNF-u, tr-lp and n -l2p7o werc

infrequent. IL-10 production predicted sepsis in this cohort but could not be used to

confidently predict sepsis for any individual. Negative correlations were identified

between fat free mass (FFM) and both SIRS score following open AAA repair and

SIRS duration following EVAR. A negative correlation existed between skeletal

muscle mass (SMM) and both SIRS score and duration following open AAA repair.

SIRS duration was significantly longer amongst non-depressed compared to

depressed EVAR subjects categorised by the Beck Depression Inventory - tr (BDI-

XV



II), however no difference was apparent when the Center for Epidemiological

Studies-Depression Scale (CES-D) was employed.

UFC excretion at T(O-24) was significantly greater amongst non-depressed compared

to depressed subjects, but only when BDI-tr classifications were used. Correlations

between trait anxiety and neuroendocrine responses to surgery were weak and non-

significant.

Open AAA repair stimulated greater production of IL-6, IL-8 and IL-10 than EVAR.

Accordingly, SIRS was more frequent, severe and prolonged following open AAA

repair. At T(12-96) both UFC and adrenaline excretion were greater amongst the

open AAA than the EVAR cohort. These neuroendocrine responses were positively

correlated with measures of SIRS and were significantly greater amongst those who

developed sepsis.

Conclusions

Higher pre-operative CD1lb may be associated with more severe SIRS following

major vascular surgery. Lower pre-operative FFM and SMM are associated with

more severe SIRS after AAA repair. Neuroendocrine responses reflect rather than

predict post-operative SIRS and sepsis. No relationships between psychological

parameters and neuroendocrine responses to surgery were identified. Robust

evidence of a greater inflammatory response to open fuq,\ repair than EVAR has

clarified contradictory reports in existing literature.
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CHAPTER 1

INTRODUCTION,

LITERATURE REVIEW

AND

AIMS OF CURRENT STUDY



1.1 Introduction

Abdominal aortic aneurysm (AAA) is a relatively common vascular pathology

affecting 5-97o of males above 65 years of age.l' 2 Epidemiological evidence from

discrete periods between 1950 and 1995 suggests an increasing incidence of AAA's

in Australia,3 Sweden,4 the united States,5 Asia,6 and the united Kingdom.?' 8

Recently reported incidence rates range from 3.0 to 117.2 per 100 000 in the at-risk

Caucasian population.2

The considerable burden of management of this pathology not only arises from its

significant prevalence, however, but also from its natural history and the morbidity

and mortality associated with AAA repair. In the absence of surgical intervention,

the natural history of AAAs is one of progressive expansion and ultimately rupturee,

with those patients with aneurysms 7.0cm or more in diameter subject to a one-year

incidence of probable rupture of 32.5Toro and subsequently a mortality rate estimated

to be approximately 4ïVorr associated with emergency repair necessitated to salvage

the otherwise uniformly fatal event of rupture. Furthermore, whilst elective surgical

repair prevents the progression to an emergency procedure with its associated high

risk of death and can prolong life, and despite improvements in post-operative

outcome achieved over recent decades,l2-l4 elective open repair continues to generate

the significant overall and major morbidity rates of I7-29Vo and 5-I47o

respectively,to'tt with 3O day mortality rates reported by single-centre series ranging

lrom I.6Vo to 6.57o,12'13 increasing to between 6 and. 8%o for operative and hospital

mortality rates reported by regional and population studies.l3' 16 \ryrhilst the advent of

the apparently less invasive endovascular approach to aneurysm repair results in

more favourable short and mid-term morbidity profiles,17-2o suggested benefits to
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short-term mortalitylT have not been consistently demonstrated.zt-z+ Given the

substantial operative risks associated with AAA repair, combined with the fact that

patients undergoing this procedure are predominantly elderly, the need for careful

pre-operative risk stratification and case selection is clear. Furthermore, development

of novel interventions to modify risk would certainly be welcomed by clinicians and

their patients facing AAA surgery.

A number of studies have examined potential prognostic indicators of outcome,

particularly 30-day mortality, following elective AAA repair. Poor lung function,

indicated by factors including low forced expiratory volume in one second (FEV1), a

history of chronic obstructive pulmonary disease, dyspnoea or pulmonary surgery;

and impaired renal function have been repeatedly identified as having prognostic

value in predicting death following AAA repair.2s-31 Similarly, cardiac co-morbidity,

indicated by factors including a history of myocardial infarction, congestive heart

failure and electrocardiographic evidence of myocardial ischaemia, has been found to

be a risk factor in many published studies.26'28' 
30' 31 Associations between older age

and high post-operative risk have been identified in univariate analyses, however the

effect appears to be attenuated when confounding co-morbidities are considered.2s-30'

32 Cerebrovascular disease33 and female gender may also predict a slightly higher

risk of mortalityzT''o as may reduced hospital volume3a and surgeon's experience.35

It is undeniable that an awareness of these risks is useful in obtaining a perception of

an individual's operative risk. Furthermore, efforts have been made to utilize this

awareness of risk factors to generate objective methods of pre-operative risk scoring.

The validity and practical utility of these methods is variable.
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The modified Goldman cardiac risk index is one of the earlier, and most widely

known methods of cardiac risk stratification developed for patients undergoing

noncardiac surgery, including those undergoing major vascular surgery.36 Whilst its

focus on cardiac risk did address one of the leading causes of post-operative

mortalitf6'2e'37-3e and a frequent cause of morbidit ls'+o-az foilowing fuq.\ repair, it

does not attempt to address any of the other frequent causes of post-operative

complications, and most importantly, its predictive value amongst vascular patients

now appears doubtful,a3 prompting its use to be discouraged.aa I-ette et al.a3

identified seven clinical scoring systems for determining cardiac risk, however an

analysis of the predictive capacity of these and an additional eighteen clinical

parameters amongst vascular surgery patient suggested that only diabetes and one of

the scoring systems considered correlated with cardiac morbidity and death amongst

this patient cohort. More recent efforts have been made to utilize available

knowledge about risk factors to develop more inclusive risk scoring tools derived in,

and dedicated to, patients undergoing AAA repair. The most notable of these are the

Glasgow aneurysm score33 , the Eagle Scorea5 the Leiden score'o , the Modified

Leiden sco.e46 and the Vanzetto scoreot , each determining overall operative risk

based on assessments of various combinations of criteria which account for age,

gender, cardiac, pulmonary, renal, and cerebrovascular disease, diabetes and centre-

specific mortality. Nesi ¿r aI. recently examined the validity of these five risk scoring

methods and encouragingly found that all methods predicted the risk of in-hospital

mortality with reasonable accuracy, however these systems did not perform well in

predicting post-operative complications.a2 Furthermore, the complexity of the

Leiden methods was considered as making their clinical use somewhat difficult.a2

3



The existing knowledge of risk factors and methods of risk stratification may, in

some cases, precipitate interventions for the purpose of reducing operative risk.

Impaired pre-operative pulmonary function may, for example, prompt peri-operative

strategies including the use of bronchodilators, physiotherapy, glucocorticoid

administration, cessation of smoking, avoidance of the long acting neuromuscular

blocker pancuronium, and optimisation of post-operative analgesia which may

reduce the risk of pulmonary complications, whilst a knowledge of renal impairment

may, for example, encourage a heightened awareness of the adequacy of fluid

repletion.a6 The suggestion of coronary artery disease may, similarly, prompt

treatment strategies with the intent of improving outcome, however there is evidence

to suggest that pre-operative cardiac revascularization may not offer significant

benefit2s , and the time taken for evaluation and treatment of coronary artery disease

before vascular surgery may in fact be harmful.as The relatively recent emergence of

robust evidence of a reduction in peri-operative cardiac death and non-fatal

myocardial infarction associated with the use of beta-adrenoreceptor antagonists (B-

blockers) amongst high-risk patients undergoing major vascular s,rrge.yoe' to 
has

provided an additional, perhaps under-utilised,sl method of cardiac risk reduction.

The presence of non-modifiable risk factors, such as age or gender, clearly does not

provide an opportunity for specific interventions to reduce the associated risk. They

may, however, prompt the use of an alternative treatment approach, namely

endovascular aneurysm repair (EVAR).

It is seems likely that the benefits to be derived from the existing capacity to both

stratify and modify risks associated with AAA repair have already been expressed in

the reduction in morbidity and mortality seen over recent decades.la Achieving
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further improvements may require a novel approach to assessing and potentially

modifying specific risks which contribute to these two end-points. Assessment of an

individual's pre-operative immune status, and their immunological response to AAA

surgery is one such potential approach to risk stratification worthy of investigation.

The benefits to be derived from an enhanced ability to stratify an individual's

operative risk are also likely to be applicable to those undergoing lower extremity

revascularization procedures for artherosclerotic disease of the lower extremity.

Symptomatic peripheral vascular disease of the lower limb is a common entity, the

frequency of which increases with advancing age.s2 Recent reports derived from

populations in the United Kingdom describe prevalences of intermittent claudication

amongst elderly men ranging from 4.67os3 to 77osa whilst the incidence of critical

limb ischaemia has been estimated by the European'Working Group as ranging from

500 to 1000 per million population per yearss . Whilst the treatment option of

surgical revascularization of the lower limb is considered as frequently imposing a

lesser degree of physiological stress than that of aortic aneurysm repairs6 the

necessity to adequately assess risk remains high, in view of the high burden of co-

morbidity, and indeed debility amongst this patient cohort reflected by particularly

high 5-year cumulative mortality rates reported to range from 4.8Vos' to ITqo s'fo,

male claudicants rising to 5OVo for those with critically ischaemic limbs.5e This

degree of pre-operative morbidity may contribute to the 30-day operative mortality

rates of 2.3Vo to 8Vo 
60-62 reported for lower extremity bypass; rates comparable to

those for AAA repair. The significance of measures which have the potential to

reduce the post-operative morbidity and mortality experienced by this patient group

is heightened by the frequency of this procedure in current vascular surgical
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practice.63 Furthermore, the availability of non-surgical treatment options, including

angioplasty, sympathectomy or pharmacological measures such as prostaglandins64,

provides an alternative for those deemed unsuitable for surgical revasculaization and

therefore heightens the obligation to accurately assess surgical risk, and to minimize

this risk whenever possible. Whilst it is cannot be disputed that cardiovascular

events are the leading cause of post-operative mortality and morbidity after vascular

surgery,65 it is proposed that, as for aortic surgery, immune status, or factors

reflective of immunocompetence, are worthy of investigation as indicators of specific

risks incurred with lower extremity revascularization surgery.
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L.2 Systemic Inflammatory Response Syndrome (SIRS) and

Sepsis

The concepts of systemic inflammatory response syndrome (SIRS), sepsis and the

adverse immunologically based sequelae which they may precede, namely septic

shock, multiple organ dysfunction syndrome (MODS) and multiple organ failure

(MOF),66' 67 usefully categorize the undeniably complex immunological processes

that may be experienced by patients subject to injury, including major vascular

surgery. These events describe a hierarchical continuum of increased inflammatory

response to injury, and inturn, an increasing risk of adverse outcomes associated with

immune dysfunction.66 Whilst this method of classification is not without some

criticism,68 it does permits a comprehensible approach to considering the risk of

adverse outcomes. A capacity to predict, and ultimately ameliorate, the post-

operative occurrence of SIRS, sepsis and the adverse immunological sequelae which

they may precede would assist clinicians in the task of pre-operative risk

stratification prior to major vascular surgery and is likely to positively impact upon

post-operative morbidity and mortality rates, particularly those pertaining to AAA

repair.

1.2.1 Pathophysiology ol SIRS

Localized inflammation is the body's innate and initial, non-specific protective

response to tissue injury produced by mechanical, chemical or microbial stimuli

involving cellular effectors and humoral mediators.6T The cellular effectors of this

highly amplified, but generally tightly controlled inflammatory response are the

polymorphonuclear leukocytes (PMNs), monocytes/macrophages and endothelial
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cells, whilst amongst the initial pro-inflammatory mediators released into the micro-

environment are eicosonadoids, platelet-activating factor (PAF), and a selection of

cytokines6e . The latter are simple polypeptides or glycoproteins, <30 kDa in size,

with pleiotropic, regulatory effects frequently exerted over cells of the immune

system.70 Tissue insult or injury triggers activation of the leukocyte effectors

resulting in increased leukocyte aggregation and tissue infiltration, where the

leukocytes undergo a respiratory burst and increase their production of cytokines

and other inflammatory mediatorr."'" Concomitantly, endothelial cell activation

occurs in response to the local milieu of humoral and leukocyte-derived factors,

resulting in upregulated expression of several adhesion molecules and receptors on

their surface. In addition, activated endothelial cells synthesise and secrete additional

cytokines and secondary inflammatory mediators, including prostaglandins,

leukotrienes, thromboxanes, PAF, oxygen free radicals, nitric oxide and proteases

including cathepsin and elastase, many of which are also generated by leucocytes.

The presence of activated endothelial cells and the enhanced cytokine milieu results

in activation of the coagulation cascade which, in turn, leads to local thrombosis,

thereby minimizing blood loss and walling off injured tissues in an attempt to isolate

inflamed areas.6t

The local pro-inflammatory milieu co-ordinates the elaborate web of events designed

to ameliorate tissue injury and limit further damage. To ensure the pro-inflammatory

mediators do not become destructive, however, a localized, compensatory anti-

inflammatory response ensues, involving, but not limited to interleukin(Il)-4, IL-10,

n 4I,l,-I3, soluble tumour necrosis factor-alpha (TNF-a) receptors, IL-l receptor

antagonists and transforming growth factors.6e'73-77 This compensatory response acts
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to diminish monocyte major histocompatibilty complex (MHC) class II expression,

impair antigen presenting activity, and reduces the ability of cells to produce pro-

inflammatory cytokines.TT These opposing, localized pro- and anti-inflammatory

events may therefore achieve the restoration of homeostasis and lead to the

resolution of tissue injury without systemic involvement.6e

Systemic spillover of small quantities of cytokines into the circulation may occur if a

critical level of pro-inflammatory mediators is reached at the local site.78 At this

stage, the systemic presence of these mediators is considered an appropriate and

beneficial mechanism of controlling an insult not able to be controlled in the

microenvironment.6T'6e The systemic pro-inflammatory mediators recruit PMNs,

lymphocytes, platelets and coagulation factors to the local siteTe and, in turn,

stimulate a compensatory systemic anti-inflammatory response to down-regulate

cytokine production and counteract the effect of cytokines already released thereby

keeping the initial inflammatory response in check. Ultimately, pro- and anti-

inflammatory events may achieve homeostasis resulting in successful wound healing

or resolution of infection. Such events produce few, if any, clinical symptoms or

signs, and organ dysfunction is tare.67'6e'7

An alternative outcome to the successful resolution of inflammatory events following

the small systemic spillover of mediators, is failure to re-establish homeostasis with

the initiation of a massive systemic, typically pro-inflammatory cascade with

predominantly destructive rather than protective effects.6T This pathophysiological

process is recognized clinically as the systemic inflammatory response syndrome
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(SIRS), and patients at this stage may display symptoms and signs indicative of

incipient MODS.

One of the pathophysiological events underlying SIRS, initiated by the flood of

inflammatory cytokines, and the numerous humoral cascades triggered by them, is

progressive endothelial dysfunction, resulting in increased microvascular

permeability and subsequently transudation into the extravascular space and distant

end organs.6e' 
80-84 Dysregulation of vasodilatory and vasoconstrictive mechanisms is

another pathophysiological feature of the SIRS cascade, and results in uncontrolled

systemic vasodilatation, which exacerbates transudation, contributes to

maldistribution of blood flow8s' 86 and produces a decrease in systemic vascular

resistance which may be manifest as hypotension.6T These phenomena, together with

a depression in myocardial contractility, potentially resulting from paracrine nitric

oxide production, coronary non-occlusive microvascular damage and myocyte

injury,Te negate the normal homeostatic responses to maintain oxygen delivery and

correct the abnormal arteriovenous difference in oxygen content.8T' 88 The

cumulative effects of these adverse processes are end-organ hypoperfusion, oedema,

initiation of anaerobic metabolism and potentially end-organ dysfunction.6T

Leukocyte and endothelial cell activation are critical, early events in the physiology

of acute inflammation8e and this process has, in turn, been identified as contributing

to the early pathological features of SIRS. Modulation of complementary adhesion

molecules on the surface of leucocytes and the endothelium is a key event in

leukocyte extravasation from the vascular lumen to interstitial tissues during acute

inflammation, in particular, the process of leukocyte margination, rolling, adhesion
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to the endothelium and diapedesis through endothelial intercellular junctions and

across the basement membrane.tn The adhesion of large numbers of leucocytes to the

vascular endothelium during SIRS has been noted to intemrpt microcirculatory

flow.eO Obstruction of the microcirculation during SIRS is exacerbated by excessive

microthrombi and platelet sludging,6T'er the development of which is triggered by an

increasingly pro-coagulant environment coupled to ongoing injury to the vascular

endothelium.

The mechanisms by which an originally coagulant neutral environment becomes

procoagulant , thereby contributing to occlusion of the microvasculature in SIRS, are

multiple, and relate principally to the disturbance or modulation of the endothelium's

normal role in regulating intra-vascular coagulation through separation of pro-

coagulant pathways, inhibition of pro-coagulant proteins, regulation of fibrinolysis

and production of thromboregulatory compounds.e2 Endothelial stimulation or

injury, as occurs in SIRS, may induce a forty-fold increase in the endothelium's

normally low basal secretion of the procoagulant enzyme, tissue factor.6l Endothelial

damage, induced by activated leucocytes in SIRS, disturbs the endothelium's normal

barrier function preventing contact between the intravascular coagulation factor,

Factor VII, and subendothelial tissue factor, thereby limiting activation of the

extrinsic coagulation pathway and similarly preventing exposure of platelets to pro-

agreggant subendothelial constituents including collagen and Von V/illenbrand

factor.67' 8e The endothelial damage associated with SIRS may also disturb the

capacity of these cells to produce and express the proteoglycan heparin sulphate,

which normally serves to localize and enhance the activity of antithrombin trI and

induce feedback inhibition of the pro-coagulant Factor Vlla-tissue factor complex
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through its interaction with factor Xa. Similarly, a procoagulant environment may be

generated in SIRS by a disturbance of the normal endothelial function of

procoagulant protein inhibition via the autoregulatory protein C system, with

deficiencies in the pathway's constituents, protein C, protein S and thrombomodulin,

having been suggested.e3-es The expression of factors including platelet-endothelial

cell adhesion molecule and thromboxane by activated endothelial cells may also

contribute to intravascular coagulation in SIRS.67 In addition, the extrinsic pathway

of the coagulation cascade may be triggered by TNF-u,e6 one of the most influential

mediators implicated in SIRS and sepsis.6t It is as a consequence of such events that

micro-thrombi may interrupt micro-circulatory flow, contributing to maldistribution

of blood flow and possibly ischaemia, which may inturn lead to ischaemia-

reperfusion injury (RD.et The cumulative effect of these processes is the potential to

exacerbate end-organ injury.67

The potentially destructive regional and systemic responses in SIRS, namely

increased peripheral vasodilation, excessive microvascular permeability, leukocyte

and endothelial activation and the associated acceleration in intravascular

coagulation, contribute to profound pathophysiological changes in various end-

organs and are considered major aetiological factors in the development of septic

shock,67 disseminated intravascular coagulatione8 adult respiratory distress

syndrome (ARDS) and other end-organ dysfunction leading to MODS and

potentially MOF.67

It must be recognized that SIRS, a concept globally adopted by investigators and

cliniciansee since its introduction into conìmon parlance by the 1992 statement
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generated by the American College of Chest Physicians (ACCP) and Society of

Critical Care Medicine (SCCM) Consensus Conferenc"t0o, describes only the pro-

inflammatory sequelae which may result if immunological disequilibrium occurs

following the original systemic spillover of cytokines. A state reflecting an

overwhelming anti-inflammatory reaction may also arise in response to the initial

systemic spillover of inflammatory mediators amongst patients who therefore never

manifest an overwhelming pro-inflammatory cascade. This state of anti-

inflammatory excess may also develop amongst those who survive an initial pro-

inflammatory cascade but whose subsequent compensatory response is greater than

biologically required.6e The resulting state is one of immunosuppression, variously

described in the literature as "immune paralysis",lol a "window of

immunodeficiency"lO2 and perhaps most commonly the "compensatory anti-

inflammatory response syndrome" or GARS.103 The proponents of this concept

suggest that the cellular basis for the development of such an immunosuppressed

state may be an apparently inappropriate inhibition of monocyte/macrophage, B- and

TJymphocyte functions by pro-inflammatory mediators, particularly the interleukins.

It is the fundamental changes in monocyte expression and function, namely a

persistent decrease in the expression of MHC class II moleculesl02 and a reduced

ability to generate pro-inflammatory cytokines,tot'104' 105 that has led Bone et al. to

propose that CARS be defined by a reduction in the expression of monocyte human

leukocyte antigen (HLA) DR to less than 3O7o combined with a diminished ability

of monocytes to produce inflammatory cytokines, such as TNF-a or IL-6.6e The

known capacity of the pro-inflammatory mediators to down-regulate their own

synthesis and to enhance the synthesis of natural antagonists may also contribute to

the immunosuppression if in excess of the body's requirements.6T It has been
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proposed that it is the state of immunosuppression, synonymous with CARS, that

explains the increased susceptibility to infection following haemorrhage, burns and

trauma106-110 and may account for the anergy often found in those subject to thermal

or traumatic injurylO7 and potentially the anergy in patients with pancreatitis.lll

In the preceding model of immune responses to injury the patient's clinical outcome

is influenced, if not determined, by the results of a battle between pro- and anti -

inflammatory reactions, aptly described as the "Ying and Yang" of the inflammatory

system, the initial clinical manifestations of which are SIRS, CARS or an

intermediary mixed inflammatory response syndrome (MARS).67 The adverse states

of MODS and MOF may be reached by an extreme and persistent immune response

that is inappropriate for the patient's biological needs, sometimes referred to as a

state of "immunological dissonance".6e h many patients, it is a persistent

overwhelming pro-inflammatory response that underlies the development and

progression of MODS and MOF with persistently elevated levels of pro-

inflammatory mediators having been associated with increased mortality in patients

with SIRS and MODS .112-r1s In others, persistence of the immunosuppression that

chancterizes CARS, accounts for 'immunological dissonance' and contributes to

adverse outcomes with one study demonstrating an 857o mortality rate amongst those

patients whose human leukocyte antigen-DR (HLA-DR) expression was less than

3OVo for more than 3 or 4 days.lo2

V/hilst much remains to be understood about SIRS, its associated family of

syndromes, and their natural histories, and whilst attempts to modulate the

immunological cascades which comprise these syndromes remain in their infancy,

l4



the very definite contribution to post-operative morbidity made by immune

dysfunction suggests that a capacity to predict these events prior to their

establishment would be a welcome advent to operative risk assessment.

7.2.2 Polymorphonuclear Leukocyte Priming

Integral to the current understanding of the pathophysiology of inflammation is the

concept of leukocyte, and more specifically PMN, activation. The key biochemical

events to which the rubric 'leukocyte activation' refers, are those of receptor-ligand

binding triggering activation of complex intracellular signalling systems, with the

resulting biological activities including elaboration of arachidonic acid metabolites,

degranulation and secretion of lysozomal enzymes and activation of the oxidative

burst, and modulation of leukocyte adhesion molecules.8e'116

A more recently appreciated phenomenon is that of 'leukocyte priming'.tn Cellular

priming is generically defined as an altered response to an agonist induced by an

antecedent stimulus.llt The concept of PMN priming refers to the finding that resting

neutrophils in the circulation are poorly responsive to many agonistsll8 but when

exposed to priming agents, the rate and extent of biochemical functions involved in

PMN activation, such as the oxidative burst and degranulation, as well as the

resulting cellular functions such as phagocytosis, are greatly enhanced when the cell

is exposed to a subsequent or associated pro-inflammatory stimulus. Indeed, studies

of neutrophil function in unfractionated blood have suggested that, rather than

merely enhancing PMN function, priming converts the PMN from a 'non-responder'

to a 'responder' status. A variety of agents including certain cytokines, low

concentrations of chemoattractants and endotoxin are considered effective PMN
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primers. A principal mechanism of priming is thought to be an increase in the

number of specific receptors present on the PMN surface, due to the priming agent

inducing arapid mobilization of sub-cellular granules to the plasma membrane.

Quantitative change in receptors present on the PMN is not considered an adequate

explanation of the mechanisms underlying PMN priming. An additional mechanism

by which priming agents are thought to act, is by inducing qualitative changes in

receptors. Such changes may alter the ligand binding properties of the receptor or

may allow the receptor to become coupled to a new signal transduction pathway that

can lead to cell activation.l16 Exemplifying the latter, are findings by Watso n et al.rre

These authors demonstrated that, in unprimed neutrophils, the respiratory burst

activated by the PMN chemoattractant N-formylmethionine Leucyl-Phenylalanine

can occur in the absence of signalling by phospholipase D activation, however, upon

priming of dihydronicotinamide adenine dinucleotide (NADPH) oxidase, the key

enzyme involved in the respiratory burst, PMN activation becomes heavily

dependant on phospholipase D signal transduction.Ile

Multiple authors have conceptualized inflammatory mediated tissue injury, notably

MOF and acute lung injury, as a "two-hit" phenomenon in which PMN priming, the

first hit, occurs early after injury, creating a vulnerable period of PMN

hyperactivity.t'o A subsequent activating stimulus, the second hit, during this period

of PMN priming is considered necessary for initiating an intense, inflammatory

response that results in PMN-mediated organ injury which culminates in MoF. r2t-t2s

Bone has similarly proposed that this model of priming and subsequent cellular

activation may underlie many cases of SIRS and MODS.6e Whilst Bone suggests
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that considerable evidence suppofts the contention that a single event such as

massive infection or injury alone is sufficient to cause these disorders, this author

contends that many cases may arise due to a pre-existing state of priming. In contrast

to other authors who have identified the priming event as an moderate to large

antecedent insult, such as gut ischaemia-reperfusion in a rat model of MOF123 or

physical trauma in patients subsequently developing inflammatory mediated tissue

injury,l2l' t24' 126 Bone proposes that patients may be primed to developed these

inflammatory disorders simply due to a variety of existing conditions such as

metabolic, neoplastic, or immunodeficiency disorders; diabetes or cirrhosis and

indeed senescence, since these conditions, including advanced age, are associated

with abnormal cytokine levels.6e'127 This author contends that refining the capacity

to identify those at risk of SIRS or MODS requires a consideration of the potential

for pre-existing priming at a cellular or mediator level.6e

1.2.3 Dffinition of Systemic Inflammatory Response

Syndrome (SIRS)

A uniform definition of SIRS, enabling the clinical recognition of this inflammatory

disorder, was established in l99l at the ACCP/SCCM Consensus Conference.l00

The resulting consensus statement determined that SIRS should be identified using

four clinical criteria, as described in Table 1. The concurrent presence of two or more

of these criteria, where the presence of these criteria represent an acute alteration

from baseline in the setting of a disorder known to cause endothelial inflammation,

and in the absence of any other known cause for such abnormalities, constitutes

SIRS.
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Table 1. ACCP/SCCM definition of Systemic Inflammatory Response Syndrome

(sRS).100

PaCOz, partial pressure of carbon dioxide in arterial bood.

Two or more of the following criteria:

o A temperature of > 38 "C or <36 "C

o A heart rate of > 90 beats per minute

o A respiratory rate of > 2Obreaths per minute, or PaCOz < 32 mmHg

o A white blood cell count of > 12.0 x l}efi-,<4.0 x l}e[L, or > I}Toimmature

neutrophils (band forms)

In the setting (or strong suspicion) of a known cause of endothelial inflammation,

such as:

o Infection (caused by gram-negative or gram-positive bacteria, viruses, fungi,

parasites, yeasts, or other organisms)

o Pancreatitis

o Ischaemia

o Multiple trauma and tissue injury

o Haemorrhagic shock

o Immune-mediated organ injury

o Administration of an exogenous mediator (eg. tumour necrosis factor,

interleukin- 1, interleukin-2)

In the absence of any other lcnown cause for such clinical abnormalities.



1.2.4 Definition of Sepsis

The ACCP/SCCM Consensus Conference also addressed the previously haphazard

nomenclature in popular usage to describe infectious processes and the systemic

response to them. 'Sepsis' was the term designated to SIRS of infectious origin.

Sepsis was therefore defined as the systemic inflammatory response to infection,

manifested by the same clinical features as those previously defined for SIRS (Table

1). Furthermore, the definition stipulated that it should be determined that these

manifestations are a part of the direct systemic response to the presence of an

infectious process and that they represent an acute alteration from baseline in the

absence of other known causes for such abnormalities.lOO In 20Ol the

SCCMÆSICI\4/ACCP/ATS/SIS International Sepsis Definitions Conference

revisited the definitions of sepsis and associated syndromes established in 1992. The

consensus definition of infection (Table 2) was essentially the same as that used in

the 1992 document, however the definition of sepsis was subject to modification.

According to these current guidelines 'sepsis' continues to refer to systemic

inflammation in response to infection, however the document explicitly states that

infection and therefore sepsis may be diagnosed when the infectious process is

strongly suspected even in the absence of microbiological confirmation. In addition,

the possible clinical signs of systemic inflammation in response to infection have

been significantly extended beyond the original SIRS criteria as evident in Table 2.

The definition of SIRS itself, whilst subject to some criticism of it's excessive

sensitivity and lack of specificity, remained unchanged by the 2001 consensus

document.ee
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Table 2. 2OOl SCCMÆSICM/ACCP/ATS/SIS International Sepsis Definitions

Conference diagnostic criteria for sepsis.ee

SD, standard deviation; WBC, white blood cell; SBP, systolic blood pressure; MAP,

mean arterial blood pressure; SvOz, mixed venous oxygen saturation; PaOz, partial

pressure of oxygen in arterial blood; FiO2, inspired oxygen concentration; INR,

international normalised ratio; aPTT, activated partial thromboplastin time

TSvOz >707o is normal in children (normally, 75-807o), as is a cardiac index 3.5-5.5,

therefore neither should be used as signs of sepsis in newborns or children.

fDiagnostic criteria for sepsis in the paediatric population are signs and symptoms of

inflammation plus infection with hyper- or hypothermia (rectal temperature >38.5 "C

or <35 "C), tachycardia (may be absent in hypothermic patients), and at least one of

the following indications of altered organ function: altered mental status,

hypoxaemia, increased serum lactate level, or bounding pulses.



Infection, defined as a pøthologic process induced by a microorganism, documented or suspected, and

some of the following:

General variables

o Fever (core temperature > 38.3 'C)

. Hypothermia (core temperature <36 "C)

o Heart rate > 90 beats per minute or >2 SD above the normal value for age

. Tachypnoea

¡ Altered mental status

o Significant oedema or positive fluid balance (>20 ml/kg over 24 hours)

. Hyperglycaemia (plasma glucose >I20 mgldL or 7 .TrnmollL) in the absence of diabetes

Inflammatory variables

o Leukocytosis (WBC count > I2.O x IOeL)

o Leukopaenia (WBC count < 4.0 x IOetL)

o Normal WBC count with > IOTo immature forms

o Plasma C-reactive protein >2 SD above the normal value

o Plasma pro-calcitonin > 2 SD above the normal value

Haemodynamic variables

o Arterial hypotensionr (SBP <90 mmHg , MAP <70, or a SBP decrease > 40mmHg in adults or <2

SD below normal for age)

o SvOz >707oÏ

o Cardiac index > 3.5Llminlmzi

Organ dysfunction variables

o Arterial hypoxaemia (PaO2/FiO2< 300)

o Acute oliguria (urine output < 0.5 ml-/kg/hr or 45mllhr for at least 2 hours)

o Creatinine increase >0.5mg/dl-

o Coagulation abnormalities (INR >1.5 or aPTT > 60 secs)

o Ileus (absent bowel sounds)

o Thrombocytopaenia (platelet count < 100 x 10e/L)

. Hyperbiliribinaemia (plasma total bilirubin > 4 mgldL or 70mmol/L)

Tissue perfusion variables

o Hyperlactataemia (> 1 mmoVl-)

o Decreased capillary refill or mottling



1.2.5 Relevance of SIRS and Sepsis in Møjor Vascular

Surgery

Despite the vigour with which the SIRS concept has been embraced by both

researchers and clinicians,n' and a clear interest in the systemic inflammation

provoked by the combination of surgical trauma and IRI which characterises major

arterial surgery, the latter demonstrated by an array of reports examining fluctuations

in individual biochemical and immunological inflammatory parameters, reporting of

the incidence of SIRS associated with major vascular surgery is remarkably limited.

In a study examining the inflammatory response to EVAR compared with the

conventional open method of AAA repair, Sweeney et al.r28 reported a I2.5Vo

incidence of SIRS following EVAR, whilst SIRS occurred in 33.37o of the cohort

undergoing the open approach. The authors noted that the apparent difference in the

incidence of SIRS associated with the two methods of repair failed to reach statistical

significance.

The only other published data on the incidence of SIRS following major vascular

surgery appears in two recent papers published in consecutive years by a research

group from the Department of Surgery, University of Leicester.l2e' 130 Bown et al.,r3o

in their report of a prospective study involving 100 consecutive patients undergoing

open AAA repair, describe an 897o incidence of SIRS following elective AAA

repair, a 92Vo incidence of SIRS following emergency repair of non-ruptured

aneurysms whilst lÙ07o of patients undergoing repair of a ruptured AAA are

reported to have experienced SIRS post-operatively. Identical rates of SIRS

following elective and emergency repair of ruptured AAA's were reported by

Norwood et al. the following year in their study involving 151 consecutive patients.
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It is implicit in the publication by Norwoo d et al.r2e that the findings are derived

from an expansion of the same cohort of patients described by Bown et al.,t30 and

whilst the consistency of the findings is encouraging, the results cannot be

considered to be independent findings. The disparity in the incidence of SIRS

described by Sweeney et al.r28 and the Leicester researchers may be attributed to the

markedly smaller cohort of twenty patients involved in the former study. It would be

reasonable to suggest that the higher incidence reported by the L,eicester researchers

is therefore more reliable, and that consistent with the authors' conclusions, SIRS is

indeed a coÍrmon event following AAA repair. This finding does not, however,

negate the potential utility of the SIRS concept when applied to this or other patient

populations.

The ACCP/SCCM conference acknowledged the broad, encompassing nature of the

definition of SIRS and recommended that it be combined with further risk

stratification or probability risk estimation techniques to measure the position of an

individual along the continuum of increasing severity of inflammation.lOO Whilst the

original consensus document made reference to several existing methods of severity

scoring and risk estimation, further efforts to develop scoring and stratification

systems relating to the SIRS/MODS continuum were recommended.lOo Whilst

designed to address the natural history and epidemiology of SIRS, sepsis, severe

sepsis and septic shock rather than establish a scoring system, in a large prospective

cohort study of intensive care and ward patients fulfilling SIRS criteria, Rangel-

Frausto et aI. sftatlfied their population according to the number of SIRS criteria met.

A progressive increase in the incidence of sepsis development was noted according

to the initial number of SIRS criteria fulfilled, whilst the time to development of
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sepsis was progressively shorter as more SIRS criteria were met. Similarly, the attack

rates of ARDS, disseminated intravascular coagulopathy (DIC), acute renal failure

(ARF) and shock increased directly as patients met a greater number of the criteria

for SIRS. Finally, there was a highly statistically significant increase in overall

mortality when those stratified as initially fulfilling two SIRS criteria were compared

with the group without SIRS. This finding was replicated when the group fulfilling

three criteria was compared with the group with two SIRS criteria, as it was when the

overall mortality amongst those fulfilling all four SIRS criteria was compared with

that in the group characterised by three SIRS criteria.66 These findings imply

prognostic value in stratification according to the number of SIRS criteria met at the

time of study inclusion. In their study of patients undergoing AAA repair, Norwood

et aI. dichotomised elective patients into those with either high or low SIRS scores

according to the 50th centile of the mean SIRS score for the first four post-operative

days. Whilst this method of stratification failed to identify a positive correlation

between high SIRS scores and adverse outcomes, when patients were dichotomised

according to cumulative SIRS scores, calculated by adding the daily score for the

first four post-operative days, those with very high cumulative SIRS scores were

found to be significantly more likely to die. This finding was interpreted as

indicating that high scores for a number of days in the early post-operative period

was a significant predictor of death.l2n Th" limited data available therefore tends to

support the original contention that stratifying SIRS according to the severity of

inflammation is a useful concept and may be achieved by considering the number of

SIRS criteria fulfilled.
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Surprisingly few studies in the vascular surgery literature report on the incidence of

sepsis following major vascular surgery and, when reported, incidences range

considerably. Three relatively large, but retrospective English language studiesls'a0'

a2 and one prospective, but comparatively small study,131 which have documented

the incidence of sepsis following elective open AAA repair, describe rates varying

from 0.3 to 4Vo, with variable follow-up periods and a lack of definitions hampering

the interpretation of this data. These rates seem remarkably low when data derived

from the prospective study by Rangel-Frausto et a1.,66 which has clearly employed

the term 'sepsis' in accordance with the consensus definitions, is considered in the

context of elective AAA repair. Whilst this study involved mixed medical and

surgical patients, amongst those initially classified as having SIRS only, rates of

progression to culture-negative sepsis ranged from 377o to 467o whilst 327o to 467o

progressed to culture- positive sepsis, the variability arising from the number of SIRS

criteria initially fulfilled, and with a follow-up not greater than that employed by the

aforementioned studies describing sepsis post open fuA-A repair. ff these prognostic

rates are applied to the situation of elective AAA repair with its associated high

incidence of SIRS as previously discussed, an incidence of sepsis considerably

greater than 0.3 to 47o would be expected. Whilst some uncertainty therefore

remains about the precise rate of sepsis following elective AAA repair when

consensus definitions are employed, it is undoubtedly lower than the rate of SIRS,

yet the implications of this diagnosis are of even greater consequence.

The importance of the occurrence of sepsis following AAA repair is highlighted by

data documenting its contribution to mortality amongst this patient population. Nine

percent of the 30-day mortality rate calculated for the 820 patients undergoing
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elective open AAA in the prospective UK Small Aneurysm Trial, was attributed to

sepsis, with only cardiac events, pulmonary problems and renal failure causing more

post-operative deaths.2e It is also noteworthy that multiple organ failure, the

syndrome viewed as the most severe extreme of the inflammatory continuum,

accounted for 67o of 30-day post-operative deaths.2e Indeed, amongst their

considerably smaller patient cohort, Cohen et al. attributed l00%o of their 4.9Vo

mortality rate to MODS, with sepsis preceding MODS in207o of cases.131

Like AAA repair, reports of the relative importance of sepsis following lower limb

revascularization are infrequent with much caution required when interpreting their

findings due to ahaphazard use of undefined terms relating to sepsis. Among those

few reports which appear to use the terminology as it was intended is a study by

Ramdev et al. who considered outcomes in a moderately sized cohort of dialysis-

dependent patients undergoing infra-inguinal revascularization and report a27o rate

of sepsis prior to discharge.l32 Studies by Mertens et al. r33 and Chalmers et al. r3a

have reported on the contribution of sepsis to the high mortality rate amongst patients

with documented infra-inguinal graft infections. Mertens et al. describe an lSVo

mortality rate in their cohort of 67 patients, 58Vo of which was attributed to sepsis.l33

In a somewhat smaller cohort of 26 consecutive patients with infra-inguinal graft

infections, Chalmers et al. noted a l5%o mortality rate, 1007o of which was caused by

methicillin resistant Staphylococcus aureus (MRSA) sepsis.l3a Despite the

inadequacies of the existing data, the considerable impact of sepsis that appears to be

associated with major arterial surgery supports the proposal that a capacity to better

identify those at greater risk of this event would be beneficial.
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1..3 Polymorphonuclear Leukocyte Integrin and

Immunoglobulin G Fc Receptors

PMNs are recognized as playing a pivotal role in SIRS, sepsis and their associated

inflammatory states, not only in a protective capacity but, paradoxically, as critical

effectors of tissue injury6T with the same cellular processes underlying their

contribution to both host defense and tissue destruction.l3s The critical bridge

between cellular and humoral stimuli and leukocyte responses are the receptors borne

on their surface. PMN functions in inflammatory and infectious processes are

mediated by cell surface receptors belonging to the Êz-subfamily of the integrin

superfamily in addition to members of the immunoglobulin (Ig) superfamily, namely

receptors for the constant, or Fc, fragment of IgG (FcyR).1l6It is not surprising then

that these determinants of PMN function have provoked the interest of those

investigating host response to inflammatory and infectious stimuli.

1.3.1 CD11/CD18 Leukocyte Adhesion Molecules

1 .3.1 .I Structure and Distribution

The CD11/CD18 leukocyte adhesion molecules are three surface membrane

heterodimeric glycoproteins belonging to the B2-subfamily of the integrin

superfamily.t3s-137 Each heterodimer consists of one of three homologous but distinct

o subunits, namely CDlla, CDllb or CDllc, with apparent molecular masses of

180Kd, 155Kd, and 150Kd respectively; each non-covalently linked with a common

p subunit, named CD18, of 94Kd.135' 136' 138 The resulting oB transmembrane

complexes are therefore CDlla/CDl8, designated LFA-1; CD1lb/CD18,

alternatively named Mac-1, Mol and CR3; and CDl1c/CD18, designated LeuM5 or
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p150,95.116' 13s Both sub-units constituting each of the three heterodimers span the

leukocyte plasma membrane once, with a short C-terminal cytoplasmic region and a

large N-terminal extracellular domain.l35 The expression of the p2-integrin

molecules is restricted to leukocytes, however the heterodimers have distinct

leukocyte distributions and their relative abundance varies according to leukocyte

type, state of differentiation and activation. Whilst CDlla/CDl8 is present on all

leukocytes, the expression of both CDl1b/CD18 and CDl1c/CD18 is more restricted

with both antigens normally present on PMNs, monocytes, macrophages and natural

killer cells. CD1lc/CD18 is also expressed on specific cells of B-lymphocyte lineage

including those characterising hairy cell leukaemia in addition to certain cloned

cytotoxic T lymphocytes.l35 Importantly, it has been noted that the CD11b/CD18

heterodimer is vastly more abundant than the other two antigens on the surface of

activated neutrophils.l3e For this reason the CD11b/CD18 heterodimer, and

frequently the CD1lb sub-unit in isolation, has been considered a phenotypic marker

of PMN activation.l3s' 140 It is worthy of note that whilst there is a marked

quantitative increase in the surface expression of CDl1b/CD18 during priming by

translocation of pre-formed pools of receptors to the cell surface in secondary and

tertiary PMN granules, there is a body of evidence indicating that additional or

alternative qualitative modifications to the CD11/CD18 receptors are required for

mediating the various adhesive interactions mediated by these receptors.ll6' r3s' t4t

One mechanism for such qualitative modifications of receptor function appears to be

receptor phosphorylation by protein kinase C.116' t3s' 141 Receptor clustering,

potentially also mediated in part by phosphorylation, is an additional mechanism that

has been proposed to qualitatively regulate receptor function.116
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1 .3.1 .2 Function

The function of this group of receptors can broadly be considered to be adhesion-

related. Whilst some functions are unique to the CDl1b/CD18 heterodimer, there is

considerable overlap in the functions of the three CD11/CD18 molecules in

leukocytes of the myeloid series as evident in Table 3. For these cell types, all

CDl1/CD18 receptors contribute to chemotaxis and adhesion to cytokine-activated

endothelium.l3s The latter summarises the essential role of these molecules, and

CDllb/CDl8 in particular, in the transition of the PMN from a state of rolling to

firm adhesion to the endotheliumla2 and in transendothelial migration of PMNsla3

during the process of extravasation. The ligand most commonly considered to

interact with CD11b/CD18 in this process is the inducible antigen, intercellular

adhesion molecule-l (ICAM-l, CD54), however other, as yet unknown ligands may

be involved.l3s' 144' t4s Au CD11/CD18 molecules are also capable of mediating

antibody dependant cell mediated cytotoxicity (ADCC).13s' 146

The CDllb/CD18 heterodimer is considered essential for binding and phagocytosis

of particles opsonised by the complement component C3bi in addition to homotypic

adhesion 116' 135 and is the only CDll/CD18 molecule capable of stimulating particle-

induced PMN oxidative burst and degranulation.l35' t47' t48 The CD11b/CD18

molecule has also been proposed as a signalling partner of the PMN IgG receptor

FcyRIIIb (CD16b).14e The critical role of this group of receptors in contributing to

immunological defense mechanisms is highlighted by the clinical manifestations of

immunodeficiency present in those patients with an inherited deficiency of

CD 1 l/CD 1 8 (Leu-CAM deficiency). 13s
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Table 3. Functions mediated by CDl l/CD18 in myeloid series leukocytes.l3s

ADCC, Antibody dependent cell mediated cytotoxicity

Spreading/random migration/chemotaxis CD11a,b,c/CD18

Adhesion to endothelium CD11a,b,c/CD18

ADCC CD11a,b,c/CD18

Binding to C3bi CD1lb,c/CD18

Aggregation CD11a,b/CD18

Phagocytosis CDI Ib/CD18

Particle-induced oxidative burst and

degranulation
CDI IblCD18



1.3.1.3 CDI Ib and Clinical Outcomes

The concept of pre-operatively predicting post-operative complications induced by

an activated immune system using leukocyte immunophenotyping for activation

antigens and adhesion molecules is exemplified in a study by Trárnok et al.rs0 These

authors examined the ability of neutrophil, monocyte and eosinophil adhesion

molecules and activation markers to pre-operatively predict the occurrence of post-

operative edema and effusion (POEE), an inflammatory complication following

cardiopulmonary bypass (CPB) surgery, in forty-nine children without other pre-

operative evidence of inflammation based on C-reactive protein (CRP) serum

concentrations or white blood cell (WBC) count. Of the I22 ceII surface marker

variables examined, summarized data indicates that CDlla, CD18 and CD45

expression on all three leukocyte types, in addition to CD69 expression on

neutrophils and CDllb on monocytes, was found to be significantly higher amongst

those children who subsequently developed POEE compared with those who did not.

It is notable, however, that use of a single parameter was insufficient for individual

risk assessment, but when the most discriminating parameters were combined, two

discriminant analysis methods correctly classified the post-operative outcomes of

over 897o of patients. These methods were considered to be more useful than surgical

data in identifying patients who would later progress to POEE. Based on the most

discriminating cell surface markers, the authors suggest that POEE patients may have

an allergic or atopic predisposition which when combined with the immune

activation induced by surgical trauma and CPB led to POEE through a summative

effect.lso
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Several other authors have focussed on the potential relationship between PMN

CDllb and outcomes following trauma and surgery. In a small study of patients with

severe blunt trauma, Shih et al.rsr identified that whilst PMN CDllb expression was

elevated following trauma compared with healthy controls, it did not correlate with

injury severity as classified by the injury severity score. More importantly, one week

following injury CDl1b expression remained significantly higher than healthy

control values amongst those who had developed an infectious complication, in

contrast to un-infected patients whose CDllb expression was similar to that of

healthy controls. V/hilst no predictive capacity is implied in this study, a relationship

between PMN CDllb expression and infectious events is apparent.

In a study involving twenty-eight patients undergoing major abdominal resectional

surgery, V/akefield et al.rao examined functional and phenotypic markers of PMN

activation, namely hydrogen peroxide production and CDllb expression

respectively, amongst patients who developed sepsis compared with those who did

not. On the first post-operative day, both mean CDllb expression and hydrogen

peroxide production were significantly greater in those patients who subsequently

developed post-operative sepsis. Importantly, on the first post-operative day the two

groups were clinically indistinguishable with septic complications developing only

after the fourth post-operative day. Interestingly, there was no statistical difference

between the groups with regard to CD1lb expression between the third to tenth post-

operative days, despite sepsis having become clinically apparent during this period.

The authors conclude that an exaggerated PMN activation response to surgery is an

early marker of those destined to develop sepsis.

28



Foulds et al. examined peri-operative PMN activation in a small cohort of twenty

patients undergoing thoracoabdominal aortic aneurysm (TAAA) repair and noted that

those eleven patients who subsequently developed complications, defined by the

presence of renal and./or respiratory failure with paraperesis co-existing in two

patients, were distinguished from the uncomplicated group by a significantly higher

CD1lb expression fifty minutes following the commencement of reperfusion.ls2 On

the basis of these findings, the authors concluded that intra-operative PMN

activation, indicated by increased CDllb expression, is a marker for the

development of post-operative complications following TAAA repair and suggested

that a greater degree of endotoxin absorption, associated with visceral ischaemia,

may account for these findings.

It is notable that the preceding two studies did not suggest a pre-operative difference

in CDllb expression between the complicated and uncomplicated groups. In a

subsequent publication of findings from fifty-one patients undergoing TAAA repair,

which may represent an extension of their previous data set, Foulds et al.rs3 re-iterate

an apparent capacity for CDllb expression to predict the subsequent development of

adverse events. Significantly higher CD11b expression occurred amongst those who

developed organ failure compared with those who did not, with the difference

becoming apparent thirty minutes after aortic clamp removal (reperfusion) and

persisting until the first post-operative day. Similarly, the 13.77o of patients who died

within twelve hours of the operation demonstrated a significantly higher CDllb

expression from thirty minutes after aortic clamp application until the end of the

procedure compared to those who survived beyond twelve hours. It is of great

interest that the pre-operative level of CDllb expression in the l3.7%o of patients
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who died intra-operatively or shortly thereafter was also significantly greater than

those who survived this period. In an analysis of the sub-group of forty-five patients

undergoing TAAA repair without CPB, pre-operative levels of CDllb were found to

be significantly higher in those who developed multiple-organ failure compared with

those who developed failure of only a single organ. Analysis of data derived from the

twelve patients with a Crawford type II TAAA identified a significantly higher pre-

operative CD1lb expression among those patients who subsequently developed

major complications requiring additional post-operative support compared with those

who recovered from surgery without major complications. The authors propose that

the finding of a greater magnitude of intra-operative CDllb expression amongst

those who did not survive the operation coupled with the higher pre-operative

expression of this PMN antigen amongst these non-survivors compared with those

who survived beyond the first 12 post-operative hours, indicates that the PMN's in

the non-survivors existed in an "active" state prior to operative intervention with the

subsequent TAAA repair acting as a secondary insult , resulting in an exaggeration

of PMN activation in this cohort of patients. The pre-existing state of PMN

activation was interpreted by these authors as reflective of the general immunological

status of these patients, which rendered them more susceptible to the adverse effects

of inflammatory mediators produced by visceral ischaemia-reperfusion. This concept

was similarly proposed to account for the capacity of higher pre-operative CDllb

expression to predict a greater degree of organ failure amongst the non-CPB subset

of patients in addition to the development of major complications amongst those

patients with type tr TAAA's. The extent of sub-group analysis in this study must,

however, raise some concerns about the validity of findings.
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1 .3.1.4 CDl lb and AAA Repair

Only a limited number of studies involving small numbers of patients have examined

CDllb expression in AAA surgery and, with the exception of the studies of TAAA

patients by Foulds et al.rs2' 1s3 who included thirteen patients undergoing AAA repair

in a separate control group, and who were unable to identify significant changes in

CD1lb expression from baseline amongst this group, none of these have attempted to

relate this marker to post-operative events. Most recently, Norwood et al.rsa

identified a significant increase in PMN CDllb expression in femoral vein blood

during AAA repair, which was significantly higher than levels of expression of this

integrin measured from portal vein blood or systemic blood sampled from the radial

artery. The graphical representation of this data in fact appears to indicate a decline

in mean CDl lb expression with surgery in blood sampled from the latter two sites. It

is possible that methodological issues may, in part, account for the findings in this

study with the authors alluding to potentially long and seemingly inconsistent periods

having elapsed between blood sampling and the labelling of samples with anti-

CD1lb monoclonal antibody. Bany et al.rss noted an initial rise in CD1lb expression

in vena caval blood samples following lower limb reperfusion in patients undergoing

AJA,A. repair with a simultaneous decrease in integrin expression in systemic arterial

blood. Further decreases in CDllb in both vena caval and arterial blood were noted

at a later sampling time. These authors also noted the apparently contradictory

finding that total neutrophil count and more importantly neutrophil respiratory burst

activity increased during the procedure suggesting that an increasing number of more

'active' PMNs were in fact generated by AAA repair. The possibility of allosteric

hindrance has been proposed by other authorsls4 to account for this incongruity of

increasing respiratory burst activity simultaneous with decreasing CD1lb activity.
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This theory proposes that a falsely low level of CDl lb expression was detected due

to more active PMNs, that is those with a greater expression of CDl1b, binding to

ligands such as soluble ICAM-I present in the sample, rendering the CDllb/CD18

binding domain saturated, thereby preventing binding by the fluorescence-labelled

anti-CDllb probes.

Norwood et al. further suggest that the apparent disparity between venous and

arterial levels of CDllb expression may be the result of pulmonary trapping of

activated neutrophils.ls4 Lr an attempt to clarify the issue of tissue sequestration or

allosteric hindrance giving rise to inaccurate results Swartbol et aI. rs6 examined the

effect of adding plasma from patients undergoing open and endovascular AAA repair

to 'normal' donor granulocytes. An upregulation of donor CDl lb was noted with the

addition of plasma sampled from patients undergoing endovascular repair during the

ischaemic phase and following reperfusion. Whilst conclusive evidence of the

precise nature and magnitude of perturbations of CD1lb expression induced by AAA

repair is therefore lacking, due to the limited number of available studies which are

hampered further by small patient numbers and potential methodological issues,

current findings do, however, support the occurrence of PMN activation with AAA

repair and the occurrence of a potentially variable increase in CDllb expression

which may be anatomically restricted.

1.3.2 Immunoglobulin G Fc Receptors (FcyR)

Leukocyte FcyR belong to the Ig superfamily and are often referred to as a crucial

link between the humoral branch and the effector cells of the immune system.e6' lae'

ts7 Binding of the constant region of IgG, the dominant antibody class in plasma,e6'
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t3'7 to FcyR induces a plethora of cell type specific pro- and anti-inflammatory

functions.e6' r49' ts1 ' 1s8

1 .3.2.1 FcyR Classification

Leukocyte FcyR constitute a heterogeneous family of membrane bound and soluble

proteins. In humans, twelve structurally and biochemically distinct isoforms are

recognized and divided into three major classes: FcyRI (CD64), FcyRII (CD32), and

FcyRItr (CD16) (Table 4).e6' 14e' ts'l Despite intra-class heterogeneity, the three

classes can be distinguished on the basis of their molecular weight, primary structure,

monoclonal antibody reactivity, affinity and specificity for ligands, and cellular

distribution pattern.

The twelve leukocyte FcyR isoforms are encoded by eight genes on the long arm of

chromosome I (Lq2I-24).nu' ttn The FcyRI (CD64) class is encoded by three genes

(FcyRIA, -IB and -IC), generating four different mRNA transcripts, namely FcyRIa,

-Ibl, -Ib2 and -Ic.r60 The FcyRIbl and FcyRIc transcripts do not specify surface

expressed receptors but may encode soluble forms of the receptor, whilst FcyRIb2

has been shown to be retained in the endoplasmic reticulum.16l FcyRIa, the only

surface expressed isoform in this class, chancteizes this class as the only high-

affinity human receptor capable of binding monomeric lgG.ton' ttt Thr"" FcyRII

genes (FcyRIIA, - IIB and -IIC) generate six messenger ribonucleic acid (mRNA)

transcripts (FcyRIIal, -IIaZ, -[Ibl, -IIb2, -flb3 and -IIc). Members of the FcyRII

class are considered low-affinity receptors, due to their low affinity for monomeric

IgG, but do interact efficiently with IgG in complexed or aggregated form. This class

is further characterized by FcyRfIa being the sole FcyR capable of binding to IgG2,
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the main IgG subclass induced in response to bacterial capsular polysaccharide.rae'

157'162 The FcyRIII class is encoded by two genes (Fc1RIIIA and -IIIB) generating

two transcripts. The FcyRIIIa isoform has an intermediate affinity for binding

monomeric IgG, whilst the -Itrb isoform is considered low-affinity with reference to

its monomeric IgG binding capability. Both class III receptors do, however bind IgG

immune complexes readily.e6' t4e' Ls7

1.3.2.2 FcyR Structure and Signalling

The basic structure of FcyR consists of a ligand binding o chain with an extracellular

part composed of two or, in the case of FcyRIa, three extracellular Ig-like domains; a

transmembrane region; and a cytoplasmic tail. The FcyRIIIb isoform, however, is the

only receptor without an intracellular component and instead is anchored in the outer

leaflet of the cell membrane via a glycosyl-phosphatidylinositol (GPD molecule. In

order to induce signalling, most FcyR depend on an association with a y- or (-chain

homo- or hetero-dimer signaling sub-unit whilst a B-chain may serve as a signal

amplifier for FcR 1-chain signaling.163' r6a These signaling sub-units provide FcyRI

and FclRItr with signaling capacities via immunoreceptor tyrosine-based activation

motifs (ITAM) (+) in their intracellular tail. The cytoplasmic tail of FcyRII contains

either an ITAM or an tyrosine-based inhibition motif GInyÐ (-)

which induce signaling cascades in the absence of an accessory signaling sub-unit.e6'

lae FcyRtrIb is unique in its method of signal transduction as its lack of a cytoplasmic

tail indicates that it has no intrinsic signaling capacity yet nor does it associate with a

T- or (-chain sub-unit. Three alternative mechanisms by which FcyRtrIb may

transduce signals that have been suggested are by interaction with FcyRIIa, by

utilizing CR3 as a signaling partner or finally by localization of FcyRIIIb to
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specialized plateaus ('rafts') in the cell membrane which are enriched with accessory

signaling molecules, such as SrcJike tyrosine kinases, which are subsequently

activated.llu Tabl" 5 summarizes the signaling mechanisms employed by FcyR

subclasses.

1.3.2.3 FcyR Cell Distribution and Expression

The cellular distribution of leukocyte FqR is summarized in Table 5. FcyRI is

constitutively expressed on mononuclear phagocytes. Normally FcyRI is present on

the surface of a few circulating PMNs but its expression is up-regulated by the

cytokines granulocyte-colony stimulating factor (G-CSF)165 and interferon-y (IFN-

y), with extreme sensitivity to this cytokine having been demonstrated by Buckle er

al.t66 Interestingly, in vitro study of this receptor by Buckle et al., in small numbers

of healthy volunteers, has demonstrated a wide inter-individual variation in the

percentage of PMNs able to express FcyRI after a l2-hour incubation period at 3l'C

in tissue culture medium, as well as intra-individual variability in the inducibilty of

PMN FcyRI by cytokines on different occasions. The authors suggest that these

findings may demonstrate the influence of the individual's in vivo microenvironment

on FcyRI expression.166

FcyRIIa is expressed on virtually all myeloid cells, including platelets, whilst

FcyRIIb expression is restricted to phagocytes and B-lymphocytes. FclRIIc is

expressed on natural killer (NK) cells. FcyRtrIa is present on monocytes,

macrophages, NK cells and T lymphocyte subsets. PMNs are the only cell type

known to constitutively express FcyRltrb, however eosinophils can be induced to do

so.e6' 
14e Similar to their findings relating to FcyRI, Buckle et al. have found variation
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amongst individuals in the expression of FcyRItrb on their untreated PMNs in

addition to inter-individual variations in the inducibility of this molecule by IFN-y.166

A noteworthy feature of PMN FcyRIIIb is the ability of the extracellular portion of

FcyRItrb to be cleaved from its GPI anchor upon cell activationl6T resulting in the

formation of the soluble receptor,l68 with surface levels regulated by the balance

between rates of receptor shedding and mobilization of pre-formed intra-cellular

stores to the cell surface .r6e-172

1.3.2.4 Leukocyte FcyR Function

Leukocyte effector functions triggered by FcyR are diverse .e6 Important leukocyte

functions associated with FcyRI include ADCC, phagocytosis, and clearance of

immune complexest't3-l7s and this FcyR is superior to others in initiating antigen

presentatioî.r76'177 FcyRtra is known to potently induce leukocyte functions such as

phagocytosis and degranulation, and due to its unique capacity to interact with IgG2,

is thought to be crucial for clearance of encapsulated bacteria.r4e FcyRItrb is thought

to play a dominant role in PMN binding, phagocytosis and respiratory burst

activation of IgG-opsonized pathogensl72' 178 and is particularly important in

activating the secretion of reactive oxidants in response to soluble immune

complexes.l72 FcyRs are also thought to play a role in down-modulation of pro-

inflammatory responses. FcyRIIb may participate in down-modulation of antibody

responses and may have inhibitory effects on monocyte/macrophage functions.

Soluble FcyR (sFcyR) , such as sFqRItrb secreted by PMNs, may also play a

regulatory role by competing for lgG-immune complexes thereby interfering with

induction of FcyR-mediated functions. lae
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Table 4. Characteristics of human leukocyte FcyR classes.e6'lae

Chromosomal locus Iq2I Iq23-24 lq23-24

Genes FcyRIA, -8, -C FcyRIIA, -8, -C FcyRIIIA, -B

Transcripts Ia; Ib1; Ib2;Ic IIaI;IIa2; IIbl; IIb2;

IIb3; IIc

IIIa; IIIb

Molecular weight

(kDa)

72 40 50-80

Affînity for IgG High (10"-10'ill) Low (<10'/\4) IIIa: Intermediate

(3x1o7i\4)

IIIb: Low (<107/l\4)
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Table 5. Leukocyte FqR subclass distribution, signaling properties and allotypes.e6'

PMN, polymorphonuclear leukocyte; G-CSF, granulocyte-colony stimulating factor;

IFN-T, interferon-y; Plt, platelet; T, T lymphocyte; Mo, monocyte; MQ, macrophage;

B, B lymphocyte; NK, natural killer cell; ITAM, immunoreceptor tyrosine-based

activation motif; ITIM, immunoreceptor tyrosine-based inhibition motif; ND, not

determined.

Receptor

class

FcyRIa FcyRIIa FcyRIIb FcyRIIc FcyIIIa FcyIIIb

Cellular

Distribution

Myeloid

cells

PMN (G-

CSF,IFN-Y

induced)

Myeloid

cells

Plr

T (subset)

Endothelial

cells

Mo

M0

B

NK Mo

(subset)

M0

NK

T (subset)

PMN

Eosinophils

(IFN-y

induced)

Signaling

motif

ITAM ITIM ITAM

Accessory

signaling

subunit

v v ND B,T,( cR3,

FcyRIIa

Allotype R13l/H131 v158Æ158 NA1/NA2



1.3.2.5 PMN FcyRI (CD64) and FcyRIII (CD16) Expression in

Clinical Practice

Several authors have examined modulation of PMN FcyRI as a marker of

inflammatory and infective conditions, however their focus has been on the

modulations of this receptor in established conditions rather than as a predictor of

clinical events. Allen et al.r1e found that PMN FcyRI expression usefully

distinguished between patients with inflammatory auto-immune disease and those

with culture-proven infection. Median PMN FcyRI expression was significantly

greater in the group with proven infection compared with that of patients with auto-

immune inflammation whilst both of these groups demonstrated a significantly

greater level of receptor expression than the control group. A study by Qureshi er

al.r8o examined PMN FcyRI distribution and expression amongst ICU patients with

SIRS compared with non-SIRS ICU patients and healthy controls. The percentage of

PMNs expressing FcyRI was found to be significantly higher in SIRS patients than

both non-SIRS patients and healthy controls. The median number of FcyRI

molecules per PMN was also significantly greater in the cohort with SIRS compared

to the healthy control group. Within the group of SIRS patients, the sub-group of

patient with culture-proven sepsis manifested both particularly high numbers of

FcyRl-bearing PMNs and numbers of FcyRI molecules per PMN compared with

SIRS patients without sepsis. Fischer et al.r8r contributed to the accumulating

evidence of the role of PMN FcyRI modulation in infective disease processes

demonstrating significantly higher levels of PMN FcyRI expression amongst ICU

patients with septic shock compared with critically ill patients without sepsis. The

findings of Layseca-Espinosa et alr82 in their study of PMN FcyRI in neonatal

sepsis support the notion of this receptor as a marker of more clinically subtle
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infective processes with enhanced expression of CD64 found to be a highly specific

marker, albeit with a low sensitivity, for the early diagnosis of this often clinically

non-specific illness. These clinical studies attest to the importance of FcyRI in

inflammatory disease and suggest it as a useful marker of early or established

inflammatory and infective processes, and potentially one with an ability to

discriminate between the two disease states. No studies to date have examined the

potential prognostic or predictive capacity of PMN FcyRI with respect to

susceptibility to inflammatory or infective disease following an inciting stimulus.

Several investigators have examined the effect of stimuli including tissue injury and

infective processes on PMN FcyRtrIb expression, with particularly interesting

findings, suggestive of a predictive capacity for this receptor, emanating from two

studies addressing the potential relationship between surgical injury and PMN

expression of FcyRtrIb. In a small study of patients with extensive burns, Shehab ¿r

aI. t83 docu-"nted a significant reduction in the expression of PMN FcyRIIIb

amongst these patients compared with age-matched healthy controls from the second

to the twentieth day following the thermal insult. This reduction was interpreted as

the result of PMN activation with subsequent receptor shedding. Wagner et al.rsa also

demonstrated a significant reduction in the percentage of FcyRlllb-positive PMNs

amongst fourteen patients suffering severe bacterial infections compared with a

control group and an even more impressive reduction in the mean level of PMN

FcyRIIIb expression. Based on modulations of this and other surface receptors

observed following in vitro exposure of PMNs to bacterial lipopolysaccharide, this

reduction in PMN FcyRItrb was able to be attributed to loss of this receptor from the

PMN cell surface.
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The findings of V/akefied et ol.t6r , derived from their study of the effect of surgery

on PMN FcyRItrb expression and metabolism are, however, inconsistent with the

findings of the preceding studies. Amongst their moderately sized cohort of patients

undergoing major abdominal resectional surgery, there was no significant fluctuation

in the level of FcyRIIIb surface expression throughout the post-operative course

compared to baseline pre-operative levels. These investigators additionally

investigated the influence of surgery on the capacity of PMNs to mobilize

intracellular stores of FcyRItrb to the cell surface. Surgery was demonstrated to

reduce the amount of this receptor that could be expressed on the cell surface

following maximal stimulation suggesting that the effect of surgery was to deplete

intracellular stores of FcyRIIIb. Furthermore, treatment of PMNs sampled pre- and

post-operatively with the physiological activators phorbol myristate acetate (PMA),

TNF, formyl-methionyl-leucyl-phenylalanine (FMLP), and Escherichia coli

lipopolysaccharide (LPS) serotype 055:855, demonstrated that surgery induced

PMNs to shed FcyRIIIb in response to such activators. The authors' interpretation of

these collective findings is that receptor shedding does in fact occur in response to

surgical intervention, however cell surface expression appears to be maintained at

constant levels due to mobilization of intracellular stores to the cell surface, with

these stores subsequently becoming depleted.

One of the most relevant findings highlighted by Wakefied et al. t6t was identified

by considering levels of PMN FcyRtrIb expression in those who developed post-

operative sepsis compared with those who did not develop this complication.

FcyRItrb expression was found to be significantly higher both pre-operatively and

throughout the post-operative period amongst the group of patients who subsequently
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developed sepsis, the authors suggesting that this receptor may therefore identify a

cohort susceptible to sepsis following surgical intervention. Whilst this study was

unable to provide a definitive explanation for this finding, the investigators noted that

the apparently greater incidence of malignancy in the group developing sepsis may

be, in part, responsible for the observation since it is recognized that individuals with

malignant disease arc at high risk of surgical infections and data from animal studies

has indicated a higher level of PMN FcyRtrIb expression in tumour-bearing mice.

Attributing the difference in receptor expression and sepsis susceptibility to the

distribution of malignant disease between the septic and non-septic groups is

hazardous given that, as acknowledged by the authors, the difference in the incidence

of malignancy between the two groups was in fact not statistically significant. The

lack of a definitive explanation for the empiric observation regarding the level of

PMN FcyRItrb expression and post-surgical development of sepsis does not,

however, detract from the potential value of this finding.

The findings of Spark et alrss , in their study of PMN FcyRIIIb expression and

phagocytosis in fifty patients undergoing elective infrarenal AAA repair, parallel

those of Wakefield et al.r68. Spark et al. also note that a significantly higher level of

FcyRItrb expression pre-, intra- and post-operatively characterizes those patients

who develop either SIRS or sepsis post-operatively compared with those who do not

experience these post-operative events. [n addition to PMN phenotypic differences

between these two patient groups, Spark et al. also identified differences in PMN

behaviour. More specifically, the authors documented inter-group differences in the

responses of post-operatively obtained PMNs to in vitro stimulation with respect to

receptor expression in addition to differences in numbers of phagocytosing PMNs
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and bacteria phagocytosed per cell. The relevance of these PMN receptors to clinical

events is therefore apparent with preliminary evidence of a potentially predictive role

for these receptors with respect to clinical outcomes.

1.3.2.6 FcyRIIa (CD32a) and FcyRIIIb (CD16b)

Polymorphisms

FcyRs exhibit genetically determined polymorphisms. Whilst a number of non-

functional polymorphisms, as well as polymorphisms with unknown functional

significance have been identified, those receiving most attention are the

polymorphisms manifested by the two FcyR constitutively expressed by human

PMNs, FcyRIIa and FclRtrIb, which have been shown to be both functionally

significant and relevant to human disease (Table 5).e6't4e

FcyRIIa manifests a biallelic polymorphism with the alleles, designated FcyRIIa-

H131 and -R131, differing by two amino acids in their extra-cellular regions. It is the

G to A point mutation in the region specifying its membrane proximal ligand binding

domain, causing an arginine (R) to histidine (H) amino acid substitution at position

131 and generating the FcyRIIa-Rl3l and -H131 allotypes respectively, which

critically affects this receptors Ig affinity and specificity.e6, 14e' ts1' 186-188 The

FcyRIIa-HI3l allotype displays higher binding efficiency for complexed human

IgG2 and IgG3, compared to FclRIIa-R131.18e Since FcyRtra-Hl31 is the sole

leukocyte FcyR known to interact efficiently with humanIgG2, the capacity to bind

this important IgG subclass is therefore dependant on the individual's FcyRIIa

genotype.e6' t4e' ts1 The functional consequence of this biallelic polymorphism has

been proven by studies demonstrating that PMNs from FcyRIIa-Rl3l homozygous
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individuals phagocytose lgG2-opsonized particles far less efficiently than PMNs

from FcyRIIa-Hl3l homozygotes.leO' lel PMNs from individuals who are

heterozygous for this polymorphism have an intermediate phagocytic capacity for

IgG2-opsonized bacteria and IgG3-sensitized erythrocytes when compared with the

homozygote phenotypes. I 57' le2

FcyRItrb bears the neutrophil antigen (NA) polymorphism in its membrane distal Ig-

like domain. The two isoforms, FcyRtrIb-NAl and -N42, differ by four amino acids,

two of which alter potential glycosylation siteslse' 1e0' 1e3' tea PMNs obtained from

NAl homozygotes exhibit a higher affinity for immune complexed IgG31e2 in

addition to a greater phagocytic capacity for particles bound to a variety of opsonins

including pooled human lgGtno, Ig subclasses IgGl and lgG3re2 and the FcyRtrI-

dependant probe concanavalin A1s8 , compared to PMNs derived from NA2

homozygotes. \Vhilst this superior phagocytic capacity of PMNs from NA1

homozygotes compared with NA2 homozygotes has therefore been consistently

demonstrated, the mechanism underlying the difference remains undefined. It has,

however, been demonstrated to be independent of FcyRtra phenotype and appears to

be IgG-ligand independent. re0' 1e2

The identification of functional FcyR polymorphisms has led to intense study of

these alternative allotypes as factors which may contribute to susceptibility to, or

alter the clinical course of auto-immune or infectious diseases.e6'lae The finding that

the FcyRIIa-Hl3l allotype is the sole leukocyte receptor capable of efficient

interaction with IgG2, combined with the knowledge that IgG2 responses are of

particular importance to host defense against encapsulated bacteria, has resulted in
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multiple studies investigating the possibility that the FcyRIIa-Rl31 allotype, and its

characteristically inefficient phagocytosis of IgG2-opsonized bacteria, may represent

a risk factor for infections by encapsulated bacteria in particular. Studies suggesting

that this may indeed be of clinical relevance include that by Sanders et al. les which

demonstrated a decreased frequency of the FclRIIa-Hl3I homozygous genotype

amongst Dutch children with Streptococcus pneumonia¿ upper respiratory tract

infections, whilst the FcyRIIa-Rl3l homozygous genotype has been found to be

enriched amongst American bacteraemic patientsle6. Furthermore, the FcyRtra-Rl31

genotype has been reported to be associated with susceptibility to and severity of

meningococcal diseasete7-tee . As individuals homozygous for both FcyRtra-Rl3l

and FcyRItrb-NA2 have the least efficient FcyR combination on their PMNs,lae this

phenotype was examined by Fijen et al.2o0 and found to be increased among

complement deficient patients with high frequencies of meningococcal disease. The

combination of homozygosity for FcyRIIa-Rl31 and FcyRIIIb-NA2 together with the

FcyRltra-Fl58 homozygous genotype has been shown to be increased among Dutch

relatives of patients with meningococcal disease.2Ol Periodontitis, an infectious

disease resulting from the direct effects of anaerobic Gram-negative

periodontopathic bacteria combined with specific host inflammatory responses, has

been the subject of extensive investigations into its association with FcyR

polymorphisms.e6'lae Studies in Japanese individuals indicate that the FcyRIIIb-NA2

allele is a risk factor for recurrence of adult periodontitis, but not for disease

susceptibilityzo2 ; that generalized, early onset periodontitis was associated with NA2

homozygosity'03 ; rhat the combination of FcyRIIIa-vlSg and FcyRrIIb-NA2

homozygosity is associated with a more severe course of disease2Oa; whilst FcyRltrb-

NAl homozygosity is associated with resistance to periodontitis2os . Amongst the

43



associations between FcyR polymorphisms and periodontitis demonstrated in studies

involving Dutch patients is the finding that the FcyRtra-Hl31 homozygous genotype

is associated with more severe disease.206 There are also suggestions that FcyR

polymorphisms may be relevant to viral and parasitic infections.e6' 14e There are no

studies examining any potential relationship between FcyR polymorphisms and

sepsis per s€, nor susceptibility to, or severity of, post-operative infective

complications.

1.3.3 Influence oÍ Genetic Polymorphisms on Operetive Risk

ønd Sepsis

There is an increasingly large body of literature which has looked to genetic

variability in an attempt to gain insight as to why the physiologic response to surgery

varies among individuals, and furthermore, whether such variability may predict

specific adverse peri-operative clinical outcomes. Encouraging data has emerged

from these studies suggesting that specific alleles and genotypes may predict

pathophysiological response and clinically relevant post-operative adverse events.

Continued identification of allotypes and haplotypes predictive of operative outcome

has the potential to decrease surgical morbidity and mortality through pre-operative

risk assessment and through an enhanced ability to identify subsets of patients likely

to benefit from administration of prophylactic thercpy.2o7

Studies emerging from a variety of surgical settings have suggested that genotype

may significantly influence the degree and severity of the inflammatory response to

surgery which may in turn impact upon the occurrence of those adverse post-

operative outcomes with an immunological basis.207 The intense inflammatory
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response generated by coronary artery bypass graft (CABG) surgery and CPB has

stimulated several investigators to examine the influence of genetic variability in this

setting. Shastri et a1.208 demonstrated significantly greater protamine-induced

complement activation and post-operative pulmonary shunt fraction in patients

undergoing CPB-assisted CABG with the complement componentC4anull allele.

The overwhelming majority of studies investigating genetic modulation of surgical

pathophysiology and outcomes have, however, focused on cytokine genetics given

that cytokines play a critical role in orchestrating the inflammatory response to

surgery. Even after controlling for possible confounding factors, Brull et al.20e noted

significantly higher levels of the pro-inflammatory cytokine interleukin (IL)-6 after

CABG with CPB in patients canying the G-572C allele and in patients homozygous

for the G-174C allele. Grocott et al.2r0 demonstrated that apolipoprotein (APO) E

genotype significantly influences the balance of pro-inflammatory tr--1p and its

naturally occurring inhibitor IL-1 receptor antagonist (Il.-lra) in response to CPB,

whilst increased levels of pro-inflammatory TNF-u and IL-8 have been associated

with APO e4 genotype in patients undergoing CABG. Yende et al.zrl examined the

influence of three single nucleotide polymorphisms (SNPs), two at TNF loci and at

an IL-10 promoter polymorphism, on the outcome of CABG. The G to A

substitutions at position -308 within the promoter region of the TNF-a gene and at

the +250 site within the first intron of the TNF-P (lymphotoxin a) gene, have been

associated with elevated levels of TNF-o207'2tt-214 whilst the G to A substitution at

position -1082 within the IL-10 promoter region is associated with lower IL-10

levels2ll . These authors demonstrated that amongst patients undergoing CABG with

CPB, those with a TNF +250Gl-308G haplotype had a longer duration of mechanical
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ventilation than those without this haplotype, whilst the Il-10 -1082 G allele was

associated with a higher mortality rate compared to the A allele.

These findings, relating genetic polymorphisms to surgical outcomes, are not limited

to the cardiac surgery setting. For example, Carter et al.zrs observed that allele 2 at

the ll--lra polymorphic site predicts the development of pouchitis after the surgical

treatment of ulcerative colitis by colectomy and ileal pouch-anal anastomosis. Only

one study to date has examined genetic variability and its influence on the outcome

from AAA repair. Bown et al.2r6 have recently demonstrated that amongst patients

undergoing elective open AAA repair, those possessing a G allele at the n -6 -I74

locus had a significantly higher incidence of organ failure than those who did not,

whilst those patients with an A allele at the TNF-a -308 locus had significantly

longer critical care stays than those who did not posses this allele. The authors

appropriately suggest caution in generalizing the findings given that the same

associations were not present in a cohort of patients undergoing emergency repair of

ruptured AAAs nor did a particular allele at the loci examined predict more than one

of the adverse outcome measures within the elective patient cohort. It is in fact the

uncertainty surrounding the validity of these particular findings, when considered in

the context of considerable evidence supporting the concept of genetic modulation of

post-operative outcome in other surgical settings, which must encourage further

investigation of genetic polymorphisms and outcome following major vascular

surgery, particularly AAA repair.

Genetic epidemiology studies provide much support for the notion that susceptibility

and response to infection have a strong genetic influence. Whilst the ability to
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identify the genetic basis of nonmendelian polygenic disorders, such as susceptibilty

to sepsis and septic shock, represent a considerable challenge, studies examining

candidate genes and their polymorphism have given rise to promising, although

sometimes conflicting results.2l7

Polymorphisms of the TNF genes, encoding TNF-u and TNF-p have been implicated

in sepsis susceptibility and severity in several studies. In a study examining the role

of the bi-allelic polymorphism at position -308 of the TNF-u gene in patients with

post-operative sepsis Tang et al.2r8 noted a higher frequency of the A allele

compared in this cohort compared with the general population in addition to a higher

mortality rate amongst those with septic shock who carried the A allele compared

with those who did not. These findings are strongly supported by Mira et al.2re who

found that the A allele occurred more frequently in medical ICU patients with septic

shock compared to a control group. These authors also demonstrated this allele to be

an independent risk factor for death due to septic shock. Together these studies

demonstrate an association of the A allele at the TNF-g -308 locus with a

susceptibility to sepsis, septic shock and death due to septic-shock. It is notable

however that these findings were not supported in a smaller, but well designed study

of post-operative patients with severe sepsis.22o

Several studies have noted that the bi-allelic restriction site fragment polymorphism

in the first intron of the TNF-B gene at position 1064-1069, identified by the

restriction fragments TNFB 1 and TNFB2, appears to influence sepsis susceptibility

and outcome. Majetschak et al.zra noted that homozygosity for the TNFB2 allele

conferred a susceptibility to the development of severe sepsis following severe blunt
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trauma whilst Stuber et al.2r2 reported that amongst their cohort of post-operative

patients with severe sepsis TNFB2 homozygotes had a significantly higher mortality

rate than heterozygotes. Both studies confirmed that amongst individuals with severe

sepsis, TNFB2 homozygotes display increased levels of circulating TNF-o. Schlüter

et al.22r examined the influence of a SNP (G/C) at position -I74 in the IL-6 gene

promoter region in a group of post-operative intensive care unit (ICU) patients.

Whilst the polymorphism did not affect the incidence of sepsis, amongst those who

developed sepsis, the GG homozygous genotype was significantly more frequent

amongst survivors compared with those who died. Given that this finding was

independent of the systemic IL-6 response, the authors suggest that other genetically

linked polymorphism may be the primary cause for the apparent survival advantage.

When the various findings of this array of studies are considered together, the

principal implication is that there is an abundance of evidence for a genetic influence

on the individual immunological response to stimuli, including microbiological or

mechanical insults such as surgery, and this may influence susceptibility and

outcome from peri-operative infection.
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1.4 Cytokines

1.4.1 Cytokines: An Overview

Cytokines are regulatory proteins whose constitutive production, with notable

exceptions, is generally low or absent but are secreted in response to stimuli arising

from both exogenous and endogenous challenges to the integrity of the host, by

white blood cells and indeed almost all nucleated cells in the body, with pleitotropic

regulatory effects on haematopoietic and many other cell types that participate in

host defense and repair ptocesser.To' 222' 223 Most are simple polypeptides or

glycoproteins < 30 kDa in size with many existing as homodimers or homotrimers

with one, n -12, being a heterodimer. C¡okines function as intercellular messengers,

marshalling co-ordinated cellular responses typically by altering rates of cell

proliferation, inducing changes in states of cellular differentiation or expression of

differentiated cell function and induce such actions by binding to specific high

affinity cell surface receptors. Whilst there are several important instances when

cytokines do not obey the general rule, it is considered a characteristic feature that

contributes to their distinction from hormones, that cytokine production is transient

and they act over short distances as autocrine or paracrine signals in local tissues and

only in specific instances spill over into the systemic circulation and initiate systemic

reactions.To'"t Thei, role as critical mediators in the pathogenesis of SIRS, sepsis

and MODS6''"t e^emplifies such instances. Molecular mechanisms with important

functional consequences manifested by this group of proteins also include synergistic

and antagonistic effects on cells following exposure to multiple cytokines; cascade

effects whereby one cytokine may increase, or decrease the production of another;

receptor transmodulation, referring to the modulation by one cytokine of another's

receptor expression; and receptor trans-signaling, where one cytokine alters signaling
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by receptors for other cytokines or growth factors. Redundancy, referring to the

significant overlap in the bioactivity of structurally distinct cytokines, is also a

characteristic of this group of proteins.To' 224 Whilst their biology is therefore

complex, and their nomenclature somewhat chaotic, the importance of

comprehending and extending the current knowledge of their role in those subject to

surgical insults was aptly summarized by Raeburn et a|.222 who described surgical

patients as "..a stew of pulsating cytokines."

The generation of cytokines in an excessive, uncontrolled manner by stimuli

including tissue trauma, haemorrhage, large volume blood transfusion, ischaemia-

reperfusion injwy22a'22s ffirdpotentially the exposure of usually sterile sites to micro-

organisms and the associated adverse clinical consequences which may result, is an

issue relevant to most forms of major surgery. The somewhat unique combination

and intensity of these insults in patients undergoing major vascular surgery, and open

fuAA repair in particular, makes the cytokine response amongst this patient cohort

particularly noteworthy. The nature and timing of the cytokine response to elective

open AAA repair has already gained some attention with the presentation of

sometimes conflicting data in the literature. A selection of these studies have

examined the relationship of a narrow spectrum of the cytokine response to

subsequent clinical outcomes with variable findings .224 The same concept has been

adopted by several investigators and applied to cardiac surgery and trauma patients

with promising findings. Identification of a potential pattern of cytokine response

which may serve as a marker or predictor of subsequent adverse clinical events

necessitates an understanding of the putative mechanisms of cytokine generation in

major vascular surgery, the process by which these cytokines may induce tissue
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injury of clinical consequence and the basic biology of a selection of the potentially

relevant cytokines, including those which have been the focus of much attention and

those which have, to date, been the subject of fewer clinical studies, particularly

those involving patients undergoing major vascular surgery .

7.4.2 Cytokine Biology

1 .4.2.I Tumour necrosis factor-a (TNF-a)

TNF-a is a pleiotropic pro-inflammatory cytokine with multiple and diverse

biological effects and is considered as playing an important role in the host response

to stimuli associated with major surgical interventions.z22' 226 This cytokine is

synthesized as a 26 kDa transmembrane precursor which undergoes proteolytic

cleavage to yield the mature biologically active 17 kDa TNF-a227 that forms a trimer

in solution"t . CeIIular sources of TNF-o are numerous and include both non-

immune cells as well as multiple immune cells, including macrophages/monocytes,

PMNs, NK cells, B and T cells, basophils, eosinophils and mast cells. An array of

factors may account for cell-specific stimulation of TNF-a production. Those most

relevant to the surgical setting include bacterial endotoxin (LPS) induction in

monocytes, T-cell receptor activation, cross-linking of B cell surface Ig, complement

component C5a, the cytokines IL-l and macrophage inflammatory protein-lo (MIP-

1o,), leukotrienes, hypoxia, nitric oxide and oxygen free radicals. A diverse range of

suppressors of TNF-o expression by macrophages has also been identified. Amongst

these are prostaglandin Ez (PGEz); the cytokines IFN-ü, IFN-1, n--4,n--6,IL-10, and

G-CSF; and glucocorticoids.
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Localized low level expression of TNF-o participates in beneficial tissue remodeling

and host defense, however systemic overproduction, as a response to infection and

injury, may result in deleterious effects.226 Biosynthesis of TNF-o is therefore tightly

controlled at many different levels ensuring only scant production of this cytokine in

quiescent cells, yet rapid and significant upregulation occurs in response to cellular

activation.22e The in vivo cellular responses stimulated by TNF-o amongst

immunological and non-immunlogical cell lines encompasses an arlay of

mechanisms, most of which are considered pivotal in the hosts inflammatory and

stress response to injury.

The summative effect of the individual cellular responses stimulated by TNF-o

accounts for the clinical responses to this cytokine observed in vivo. Amongst the

central nervous system effects of systemic TNF-a of particular relevance to insults

associated with surgical intervention are the production of fever, anorexia and

alteration of pituitary hormone secretion. Metabolic manifestations of the cellular

effects to TNF-o include net protein and lipid catabolism, the release of stress

hormones and insulin resistance. The cardiovascular responses to this cytokine

include the cardinal features characterizing systemic inflammation, sepsis and MOF.

Rearrangement of the vascular endothelial cytoskeleton with loss of tight junctions

and increased cellular permeability induced by TNF-a causes the capillary leakage

syndrome. This feature, in addition to TNF-o mediated negative inotropism,

decreased peripheral vascular tone and pro-coagulant effects on the vascular

endothelium account for several of the hallmarks of these pro-inflammatory states.

Indeed, septic shock is one of a number of infectious and pro-inflammatory disease

processes in humans in which TNF-a has been directly implicated.226
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1.4.2.2 Interleukin- I B QL- I P, L- I F2)

tr--lp, more recently named f--lF2 reflecting its membership to the IL-l ligand

superfamily which is composed of three other primary members in addition to six

less thoroughly studied ligands,23o has been considered as the prototypical pro-

inflammatory cytokine induced by common surgical stimuli.222 tr--lP is synthesized

as a biologically inactive 30 kDa precursor molecule which is generally cleaved

intracellularly by the cysteine protease tr--1P converting enzyme (ICE), or caspase-1,

to generate the mature 17.5 kDa form of tr--lP which is subsequently secreted.222'23o

A variety of proteases commonly found in inflammatory fluids can, however, process

the IL-18 precursor extracellularly into its active form. The primary sources of IL-IB

are the blood monocyte, tissue macrophages and dendritic cells. B cells and NK cells

are also sources as are certain malignant tumour cell lines. The induction of tr--18

production is highly sensitive to stimulation by bacterial products.230 TNF-a is also

known to induce tr--lp expression,23l whilst in vitro studies have led to the

recognition that IL-l itself can stimulate its own expression."o Ar is the case with

TNF-o, there is a dissociation between transcription and translation steps of tr--18

synthesis. Stimulants such as complement component C5a, hypoxia, adherence to

sutfaces, or clotting of blood, whilst inducing mRNA synthesis in monocytes, do not

result in significant translation into protein,232 however the addition of stimulants

such as bacterial endotoxin results in augmented translation.23O

The primary role of Il-1B is to function as a pro-inflammatory cytokine by

stimulating the expression of genes associated with inflammation as well as those

associated with auto-immune disease. The most salient properties of IL-lp in

inflammation are the initiation of cyclooxygenase type 2 (COX-2), type 2
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phospholipase and inducible nitric oxide synthase, which accounts for the production

of PGE2, PAF and nitric oxide following tr--lp exposure. An additional pro-

inflammatory property of IL-1p is its ability to increase the expression of adhesion

molecules such as ICAM-I on mesenchymal cells and vascular-cell adhesion

molecule-l (VCAM-l) on endothelial ce11s.222'23o The latter property promotes the

infiltration of inflammatory and immunocompetent cells into the extravascular space.

In addition to its role in promoting inflammation, this cytokine may function as an

angiogenic factor, as an adjuvant during antibody production and induces

differentiation of bone marrow stem cells into cells of the myeloid series.23o

1.4.2.3 Interleukin-í (IL-6)

IL-6 is a glycoprotein which is subject to differential post-translational modifications

including N- and O-linked glycosylations and phosphorylations, resulting in a

molecular mass ranging from 2l to 28kDa, the prevailing subtype after endotoxin

challenge being a 26-I<Da protein.6T' 233-23s Like most cytokines, IL-6 is pleiotropic

with a wide range of biological activities and is produced by both lymphoid and non-

lymphoid ce11s.233 It is known to regulate immune reactivity through its action as a B

cell stimul atory factor23a and through its involvement in T cell activation, growth

and differentiation23a'236' 237 . Il-6 is one of several cytokines considered to be

haemopoietic growth factors23s with a stimulatory effect on pluripotent

haematopoietic progenitors and megakaryocytes and may play a part in the final

maturation of cells of the granulocyte-monocyt e lineage.z33

A particularly important function of IL-6 in the context of acute surgical insults is an

apparently causal role in the induction of the hepatic acute-phase response233 , which
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describes the synthesis and secretion of specific proteins by hepatocytes following

stressful stimuli23e . Additional functions of this cytokine of particular relevance to

the surgical setting include its role as an essential component of the febrile response

to IL-l and lipopolysaccharide, its capacity to stimulate the secretion of a variety of

anterior pituitary hormones including adrenocorticotrophic hormone (ACTH), and a

suggested part in the function of macrophages and neutrophils in vivo.233 Its

importance in the inflammatory response to injurious stimuli is reflected by its use by

some investigators as an index of the magnitude of the systemic inflammation."'

Actions of IL-6 extend beyond those directly relevant to the surgical setting and

include a possible role in growth of nerve and vascular smooth muscle cells as well

as osteoclast development; acting as a growth factor for various cells including

keratinocytes and hepatocytes and those constituting plasmacytomas, myelomas,

hybridomas, renal cell carcinomas, and Kaposi's sarcoma. Conversely, this cytokine

may serve as a growth inhibitor for a number of other carcinoma and leukaemic cell

lines.233 IL-6 production is regulated by a number of signals. Its production in T cells

or T-cell clones is induced by T-cell mitogens or antigenic stimulation. LPS

enhances IL-6 production in monocytes and fibroblasts. A number of peptide factors

including the cytokines IL-l, TNF, n--2 and FN-B also induce IL-6 production. In

contrast, the cytokines IL-4 and IL-13 inhibit its production in monocytes.233

1 .4.2.4 Interleukin- I 0 ( L- I 0 )

L-10 is a non-covalent homodimer whose importance in the response to surgical

stimuli is attributable to its role as a key regulator of immune responses and whose

predominant effects result in it being considered an anti-inflammatory, and more

55



generally, an immunosuppressive cytokine despite possessing some pro-

inflammatory and immunostimulatory properties.222' 240 [-10 is expressed in a

variety of cells including T cells, B cells, monocytes and macrophages, NK cells,

keratinocytes, eosinophils, mesangial cells, epithelial cells and tumour cells.

The potent immunosuppressive and anti-inflammatory function of IL-10 may be

recognized by its actions on individual cell types and through study of its in vivo

effects in experimental pro-inflammatory states. Anti-inflammatory and

immunosuppressive cellular effects of this cytokine on T helper (Tn) cells include the

direct inhibition of production of Ts1 cytokines as well as IFN-T, the induction of

long term anergy and the production of a negative regulatory T cell subset2al'to' . An

immunosuppressive effect is exerted by IL-10 on B cells by the inhibition of T

dependant responses. Negative regulatory effects of IL-10 on monocytes and

macrophages include inhibition of their antigen presenting functions; decreased

synthesis of cytokines including IL-lo, n--lp, l,-6, IL-8, n--12, TNF-o,

granulocyte-macrophage colony stimulating factor (GM-CSF) as well as reactive

oxygen and nitrogen intermediates; inhibition of both COX-2 expression and IL-l

receptor induction; inhibition of proliferation and promotion of apoptosis of these

cells; and decreased expression of several surface receptors involved in

immunostimulatory signal transduction. IL-10 induces comparable effects on

dendritic cells, reducing synthesis of specific cytokines and reducing the expression

of selected receptors, in addition to decreasing the antigen presenting capacity of the

dendritic cell.
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Notable effects of IL-10 on the PMN include inhibition of mobilization of specific

granules to the cell membrane and suppression of superoxide production. The ability

of this cytokine to inhibit IFN-y production by NK cells and the expression of

ICAM-I on activated vascular endothelial cells may also contribute to the anti-

inflammatory effect of IL-10.240

IL-10 production is regulated by other cytokines. Production of IL-10 by monocytes,

T and B cells, NK cells and mast cells may be induced by IL-1, [--2,I]-3,n -6,IL-7,

tr -I2 and IL-15.243-248 TNF-a, IFN-T, and transforming growth factor-p (TGF-P)

have also be found to induce IL-10 production in specific cell types.2ae-254

Conversely n -4,1,-13 and IFN-y have been found to exert an inhibitory influence

on IL-10 production in activated monocytes,2ss' 256 whilst IL-10 may have an

autoregulatory role by inhibiting its own production2sT.

1.4.2.5 Interleukin- 12 (IL- 12, IL- 12p70)

Receiving far less attention in the surgical literature, despite being considered as one

of the cytokines of surgical relevance by Raeburn et al. "t , i, tr -12. Biologically

active IL-LZ is a 70 kDa heterodimeric protein composed of a heavy chain (p40) and

a covalently associated light chain (p35), the expression of each sub-unit being

independently regulated. Co-expression of both sub-units therefore determines the

ability of a given cell type to express and secrete bioactive tL-I2. Those cells

recognized as having the capacity to secrete bioactive n--Iz are monoc5rtes,

macrophages, dendritic cells, neutrophils, endothelial cells and mesoglia.
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n -n has been considered as playing a crucial role in regulating nearly every aspect

of the immune response through its positive impact on cell-mediated immunity, both

at the level of its induction as well as effector mechanisms. Specifically, it is the key

factor in the induction of protective T¡11-type responses by CD4-positive T cells; it

promotes the cytolytic activity of T lymphocytes and natural killer cells; it plays a

role in B cell survival, differentiation and effector function and modulates antigen

presenting cell (APC) function.258 The capacity of tr -I2 to induce the production of

TNF-u in addition to IFN-1, in synergism with IL-18, confers this cytokine with a

potent pro-inflammatory potential.2zz'2s8'2se Effective induction of bioactive IL-12 is

thought to require at least two different signals which may include the interaction of

CD40L, expressed by helper T cells, with CD40 on APCs in combination with a co-

stimulatory cytokine, the combination of signal induction by both IFN-y and a

bacterial product, or CD40L engagement together with a bacterial product. A range

of factors have been demonstrate to powerfully inhibit n -2 production including

IL- 10, IFN-y and glucocorticoids.2s8

1.4.2.6 Chemokines

The chemokines ane a burgeoning family of over forty structurally related low

molecular weight cytokines, most of which exhibit chemotactic activity for a limited

spectrum of leukocytes, thus giving origin to the family's title (chemotactic

cytokines).222' 260-262 Chemokines exert their biological effects, which are now

recognized as extending far beyond leukocyte physiology, by binding to and

subsequently signaling via specific G protein-coupled cell surface receptors on their

target cells.260-263 Most chemokines have at least four cysteines in highly conserved

positions, enabling the classification of these proteins into subfamilies, designated
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CXC or a-chemokines, cc or p-chemokines, cxxc or ô-chemokines and c or 1-

chemokines respectively, on the basis of the relative position of these cysteine

residues. The CXC subfamily is so named as one non-conserved amino acid

separates the first two NH2-terminal cysteines (cysteine-X amino acid-cysteine). This

subfamily is subdivided further into ELR+ and ELR- CXC chemokines, based on the

presence or absence of the tripeptide glutamic acid-leucine-arginine (ELR) amino

acid motif immediately preceding the first cysteine residue.260-t63 The latter

classification has functional implications with the ELR+ CXC chemokines binding to

CXC receptor 1 (CXCRI) atdlor CXCR2 and acting as potent PMN

chemoattractants and activators, in contrast to the ELR CXC group of chemokines

which generally bind to CXCR3-CXCR5 and act primarily on mononuclear

leukocytes. 260-263 Members of the second major chemokine subfamily, the cc

chemokines are characterizedby the first two cysteines being adjacent to one another

with no intervening amino acid (cysteine-cysteine). The CXXC subfamily is

comprised of only one member, named fraktalkine, or alternatively neurotactin, in

which three non-conserved amino acids intervene between the first two cysteine

residues. The C chemokine subfamily similarly consists of a single member,

lymphotactin, characterized by the lone cysteine residue in the NH2-terminal

domain.260,262,263

1.4.2.6. 1 Interleukin-\ (IL-\, CXCLS)

[--8, or CXCLS according to the recently introduced systematic chemokine

nomenclature system,26t' 264' 26s is the prototypical CXC chemokine222,262 and is

considered by Raeburn et a1.222 to be one of the surgically relevant cytokines. This

ELR* CXC chemokine is produced by leukocytic cells, including monocytes, T cells,
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PMNs and NK cells; non-leukocytic somatic cells, namely fibroblasts, endothelial

cells and epithelial cells; as well as tumour cells.261' 
262' 266' 267 Ir most cell types, its

production is non-constitutive, but is rapidly induced by a variety of stimuli

including pro-inflammatory cytokines, such as IL-l and TNF-o;268 bacteria;26e

bacterial products;261 and may be induced by hypoxia26l . Inhibition of IL-8 gene

transcription may be achieved by IFN-y and glucocorticoids.26l Differential

processing at the NH2-terminus, largely determined by cell type, yields several

truncation analogs of IL-8, with the most abundant naturally occurring form being

7 2-amino acids in 1ength.261' 
270' 27 t

The principal effects of IL-8 on PMNs are those of activation and promotion of

transendothelial migration. Activation events stimulated by IL-8 include induction of

degranulation and respiratory burst;267'272 activation of S-lipoxygenase with release

of leukotriene Ba and 5-hydroxyeicosatetraenoic acid (5-HETE);273 in addition to the

induction of PAF synthesis by PMNs 274 . Also considered activating events, and

critical to the trafficking of PMNs from the vascular to the extravascular

compartment during inflammatory processes, are the IL-8 stimulated processes of

PMN shedding of L-selectin, quantitative and qualitative up-regulation of the B2-

integrins CD1lb/CD18 and CD1lc/CD l8,27s-ztt thereby signaling the conversion of

early low-affinity selectin-mediated rolling of PMNs along the endothelium to the

high-affinity, integrin-mediated interaction that leads to extravasation 260

Furthermore, IL-8 promotes chemotaxis by enhancing PMN adhesion to extra-

cellular matrix proteins through CD1lb/CD 18.27s
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Cellular activation and chemotactic effects of IL-8 are not, however, limited to

PMNs. IL-8 elicits a weak respiratory burst in monocytes2ls and may have a role in

macrophage migration in vivo26t II--8 induces effects in basophils including

chemotaxis,2Te adherence to endothelial cells,280 and can induce the release of

histamine and leukotrienes from IL-3 pretreated basophils28l . Chemotaxis by both T-

282 and B-cells283 also occurs in response to IL-8. The pathological processes in

which IL-8 is considered to play a central role are clearly consistent with the cellular

effects of this chemokine. Of particular relevance to a variety of surgical settings is

the demonstrated involvement of IL-8 in infectious processes.261 Of perhaps even

greater consequence to vascular surgery is the likely involvement of CXC

chemokines, including IL-8, in establishing ischaemia-reperfusion injury261 which is

charucterized by PMN adhesion to vascular endothelium and tissue infiltration2s4'28s .

1.4.3 Generøtion oÍ Cytokines in Major Vasculør Surgery

1.4.3.1 Ischaemia and Reperfusion Injury QRI)

The generation of cytokines in response to tissue injury, transient ischaemia and

microbiological insults occurs to a variable extent in most major surgical

interventions, however the necessary interventions involved in major elective

vascular surgery and open aortic surgery in particular provide the relatively unique

situation of exposure of patients to unavoidable, intense, yet relatively predictable

cytokine-provoking stimuli. The consistent exposure to ischaemia and subsequently

IRI associated with open aortic surgery is considered as the major surgical stimulus

to cytokine production to which these patients are subjected.223 Application of

vascular clamps during aortic surgery is a predominant cause of tissue ischaemia and

IRI initiated in tissues distal to the site of clamping and possibly those supplied by
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arterial branches immediately proximal to the "lu p,"t with arterial clamping

during lower limb revascularization procedures imparting an analogous insult.

1 .4.3.2 The Vascular Endothelium

Damage to the vascular endothelium during IRI may contribute to the generation of

cytokines during major vascular surgery. IRl-associated endothelial damage results

in PMN adhesion, activation and endothelial transmigration, triggering further tissue

damage and impairs nitric oxide production by endothelial cells, further exacerbating

endothelial dysfunction and impairing vascular homeostasis. Cytokines are therefore

generated directly by the damaged endothelial and vascular smooth muscle cells

themselves, and indirectly through the process of PMN activation. Hypoxia itself,

independent of subsequent reperfusion events, is also a stimulus for endothelial

cytokine production.223

1.4.3.3 Lower Limbs and Gastro-intestinal Tract

Both the lower limbs and the gastro-intestinal tract have been implicated as sites of

origin of the inflammatory response, and particularly the generation of cytokines,

associated with AJA.A. repair.286 The cytokine profiles generated by isolated limb IRI

in humans have not been studied in great detail. Raised IL-l and TNF-o levels have

been observed following tourniquet-induced limb ischaemiazs'l whilst IL-6, IL-10

and IL-l receptor antagonist have also been observed following traumatic and

tourniquet-induced limb ischaemia2s8 Intra-operative sampling of femoral vein

blood during open AAA repair by Holmb erg et al.28e demonstrated significant

increases in IL-6, IL-10 and the CC chemokine sub-family member monocyte
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chemotactic protein-l (MCP-l), during the ischaemic phase of surgery, with further

increases following reperfusion.

Norwood et a1.286 sought to examine the relative contribution made by the gastro-

intestinal tract and lower limbs to cytokine production during open AAA repair by

comparing IL-6 levels in femoral vein, portal vein and radial artery blood. The

finding that IL-6 levels were significantly higher in portal vein samples compared

with radial artery samples during ischaemia, and were significantly higher than both

femoral vein and radial artery samples during reperfusion, led these authors to

conclude that the gastro-intestinal tract was the predominant source of IL-6 and is

therefore likely to be responsible for the initiation of the inflammatory response

caused by AAA repair. IRI induced by vascular clamping is not, however, considered

to be the sole cause of cytokine release from the gastro-intestinal tract during open

fuL\ repair. General handling of the bowel, mesenteric traction and intestinal

cooling may also be important contributors to intestinal ischaemia as a consequence

of the release of vasoactive agents. which may inturn disrupt mucosal integrity

leading to translocation of bacterial endotoxin from the lumen223' 224' 286

Endotoxaemia, demonstrated after AAA repair and implicated in the aetiology of the

inflammatory response, may thus contribute to the observed cytokin aemia.22a' 
286

Finally, the release of cytokines from the gastro-intestinal tract may be stimulated

indirectly by effects on the lower limbs. White cell activation in the lower limbs

following reperfusion may result in plugging of the intestinal vasculature by

leukocytes thereby inducing hypoperfusion. In addition, lower limb reperfusion may

induce intestinal hypoperfusion by provoking redistribution of blood from the

spl anchnic cir cuLation.z2a
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1.4.3.4 Kidneys

Renal ischaemia and IRI are also believed to contribute to cytokine generation during

AJqA repair. Whilst supra-renal aortic cross clamping imparts the greatest effects on

renal perfusion, infra-renal clamping also causes renal damage and changes in renal

perfusion. Elevated tissue levels of IL-l, n--2, tr--6, TNF-c, TGF-p, and IFN-y

identified in animal studies of renal IRI suggests that the total or partial ischaemic

insult to the renal parenchyma and subsequent reperfusion during open AAA repair

may contribute to an observed cytokinaemia.223 Large volume blood transfusion is

an additional factor which may contribute to the peri-operative cytokine response

pattetn.22a

1.4.3.5 Cytokine Generation in EVAR

The marked difference in operative techniques involved in EVAR compared with

open AAA repair imply that different pathophysiological mechanisms may account

for the inflammatory response, and therefore cytokine generation, associated with

these procedures. Whilst a reduction in tissue injury, blood transfusion and most

notably IRI occurs with EVAR compared to open AAA repair, factors which may

contribute to the initiation of the inflammatory response to EVAR include cellular

interactions with the biomaterials lining the endograft, in addition to manipulations

with introducers and catheters resulting in direct endothelial damage or indeed the

release of cytokines, such as IL-6, from thrombus within the aneurysmal aorta.2eo
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1.4.4 Cytokines ønd the Prediction of Clinical Outcomes

The concept of using cytokine profiles to predict the occurrence of adverse clinical

outcomes is not without precedent. Several authors have identified biologically valid

correlates between specific cytokine profiles and subsequent clinical events amongst

cohorts including those subject to trauma, cardiac surgery, and indeed major vascular

surgery, with several examples of cytokine levels predicting outcome in established

pro-inflammatory states such as MOF.

Several authors have investigated the capacity of cytokine profiles to predict clinical

events amongst patients undergoing open AAA repair. As with similar studies

involving different patient cohorts, non-survival has frequently been selected as a

principle measure of clinical outcome. Amongst a small cohort of eleven patients

undergoing open AAA repair, selected on the basis of their clinical outcome, Soong

et al.2er examined plasma levels of IL-6 and changes in soluble p55TNF receptor

levels amongst survivors compared with non-survivors over five post-operative days,

with p55TNF receptor levels considered by these authors to be a sensitive marker of

the systemic response to endotoxaemia. The longitudinal profile of IL-6 levels

appeared to differ between the two patient groups, with significantly greater plasma

IL-6 levels apparent amongst non-survivors at 48 and 96 hours post-operatively

compared with survivors. Similarly, a significantly greater increase in soluble

p55TNF receptor levels was observed at 48 and 72 hours amongst those who

subsequently died compared with those who survived.

Roumen et al.22s studied cytokine patterns in a cohort constituted by patients subject

to multi-trauma, rupture of fuqA's complicated by shock, and elective open AAA

65



repair. These authors dichotomized the entire cohort according to survival, with

elective open AAA patients constituting l4Vo of non-survivors, enabling a

comparison of IL-lp, IL-6 and TNF-o levels over the f\rst24 hours from admission

or skin incision. This comparison identified significantly higher levels of both tr--1P

and TNF-u, both on admission/skin incision 6 hours later, with a significant

difference also being observed at 24 hours in the case of n--lp, amongst non-

survivors compared with survivors. The trend towards greater IL-6 levels in non-

survivors, however, failed to reach statistical significance. Dichotomizing the cohort

into those who developed ARDS/ MOF, 307o of whom underwent elective AAA

repair, and those who did not, also demonstrated both early and late differences in

cytokine profiles. Notably, greater levels of IL-lp were apparent as early as 6 hours

post admission/skin incision in the ARDS/MOF cohort, and again on the seventh and

ninth days, however this just failed to reach statistical significance. Lævels of TNF-a

amongst those who developed ARDS/I\4OF were significantly greater at 6 hours and

on the seventh day, whilst significantly greater levels of IL-6 distinguished the

ARDS/MOF cohort from the second to eleventh day. Bown et al.2r6 examined the

same panel of cytokines, in addition to IL-10, at 24 hours post-operatively, amongst

a sizeable cohort of patients undergoing open AAA repair, either electively or as an

emergency procedure. Amongst patients undergoing elective repair, patients

categoñzed as having longer periods in hospital and longer stays in critical care, both

exhibited higher levels of IL-10. Amongst patients undergoing emergency AAA

repair, those who developed MOF had significantly higher levels of both IL-6 and

TNF-o than those who did not whilst TNF-a levels were significantly higher in those

patients who subsequently died. Hamano et al.2e2 examtned patients with established

post-operative MOF, following major cardiac, aortic or peripheral revascularization
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surgery, in an effort to identify predictors of survival. These authors noted that levels

of IL-8, but not IL-6, were significantly higher amongst non-survivors compared

with survivors, both at the onset of MOF and one week later. Froon et al.2e3 studied

patients undergoing elective and emergency repair of AAA's and identified higher

peak plasma levels of IL-6, as well as the pro-inflammatory soluble ICAM-I,

amongst those who subsequently died. In a study involving twenty patients

undergoing elective AAA repair, Baigrie et al.2ea also noted a unique IL-6 profile

distinguishing those who developed unexpected major complications. IL-6 levels in

this group were significantly higher within 6-8 hours of skin incision, and remained

elevated for longer, compared to those without major complications. Importantly,

these authors note that the rises in IL-6 preceded the onset of major complications by

12-48 hours. Amongst 17 patients undergoing elective AAA repair, Jedynak et al.zes

found no relationship between serum n--Izlevels and post-operative course.

Studies focussing exclusively on patients undergoing cardiac surgery with CPB also

support the concept that cytokine profiles may predict sub-sets of patients at risk of

adverse post-operative events. Ben-Abraham et al.2e6 and Lotan et al.2e7 present

findings from the same cohort of children undergoing cardiac surgery with CPB, to

support this contention, with a particular focus on chemokine profiles. Children

requiring post-operative inotropes were distinguished by higher IL-8 levels from the

time that CPB commenced until twelve hours post-operativeIy.zeí Significantly

higher IL-8 levels also distinguished those suffering from post-operative

tachycardia,2eí however the time at which this difference was detected is unclear.

These findings suggest that IL-8 may be an early marker of post-operative morbidity.

Children requiring post-operative inotropes also tended to have higher MCP-1 levels
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at all sampling times from anaesthetic induction until 24 hours post-operatively,

however statistical significance was reached only at the time of CPB

commencemen| one hour post CPB and 12 hours post-operatively.2eT Patients

requiring subsequent surgical interventions also displayed higher MCP-1 levels at all

time points, with significance reached at the time of CPB commencement and aortic

cross clamping. Levels of RANTES, another member of the CC chemokine sub-

family, also distinguished this group of patients, being lower at all time points

compared with patients not requiring re-intervention, with statistical significance

being reached l,12 and,24 hours post-operatively.2eT

In a study examining cytokine profiles amongst patients with established MODS post

cardiac surgery with CPB, Slabotzki et al.2e8 noted that those who subsequently died

exhibited significantly higher plasma levels of IL-18, a pro-inflammatory member of

the IL-l cytokine family,zse on each of the first four post-operative day compared

with those who survived. The use of the APACHE II illness severity score only

distinguished survivors from non-survivors on the fourth post-operative day.

An alternative methodological approach to identifying correlates between in vivo

plasma cytokine levels and outcome, but with similar implications, is the

identification of correlates with cytokine levels generated in vitro by stimulation of

isolated leukocytes. Hensler et al.2ee applied this methodology in a large study of

monocyte n -n production amongst patients undergoing major gastro-intestinal

surgery. Theses authors demonstrated that amongst those subsequently developing

sepsis, stimulated monocyte tr--12 secretion was suppressed prior to surgery and

remained low until the onset of sepsis suggesting that reduced n--12 release
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distinguishes a sub-set of patients who are susceptible to the development of sepsis

following this surgical insult. Those who developed post-operative sepsis were also

charucteized by significantly greater levels of stimulated monocyte TNF-ü secretion

prior to surgery and on the first post-operative day compared with those with an

uneventful recovery. Similarly, Weighardt et a1.300 investigated associations between

levels of cytokines generated by stimulated monocytes and survival amongst patients

with established sepsis following major visceral surgery. These authors demonstrated

that whilst monocytes from all septic patients exhibited suppressed secretion of IL-

I2p40, tr--lp, and IL-10 during the early phase of sepsis, survival was characteized

by a significant recovery of tL-I2p4O and tr--lp production. These findings provide

further evidence for the contention that the cytokine response may be prognostic of

clinical outcomes.

Considered collectively, these studies imply that profiles of certain cytokines may

not only act as markers of established clinical processes but may in fact predict

impending adverse events amongst those subject to major surgery. No available

studies to date, however, have examined the capacity of a wider spectrum of relevant

cytokines to predict the onset of sepsis following major vascular surgery.
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L.5 Nutritional Status and Surgical Outcomes

1.5J Dffinitions

Adequate nutritional status is a broad concept inferring a sufficient food intake to

meet the requirements for specific nutrients to suppoft optimal health and well-being.

Whilst there is no universally accepted definition of malnutrition, this term refers to a

continuum of inadequate nutritional status due to insufficient intake or exaggerated

substrate loss.301 The term protein-energy malnutrition (PEM) describes the form

most frequently seen in clinical practice, in which there is a deficiency of

carbohydrate, proteins and fats in addition to multiple vitamin, mineral, and trace

element deficiencies3O2 and leads to low body fat-free mass and fat mass303.

7.5.2 Frequency of Malnutrition

Evidence generated over the past thirty years has documented that PEM, or the

possibility of its development, occurs frequently in surgical patients admitted to

hospital, with a deterioration of nutritional status occurring over the course of

hospitilisation.3Oa A study of pre-operative nutritional status amongst surgical

patients documented the frequency of impaired nutritional status amongst their

cohort of patients undergoing major vascular surgery tobe l8Vo, a prevalence greater

than observed amongst patients undergoing abdominal surgery.305 The finding by

Spark et al.3o6 that patients with chronic critical limb ischaemia exhibited

significantly lower values of several nutritional markers compared with general

surgical patients supports the contention that impaired nutrition appears to be a

relatively frequent characteristic of candidates for major vascular surgery. The

pathogenesis of undernutrition in these patients has not been defined, however
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contributing factors may include the disease process itself and associated pain and

loss of appetite.3O4 The frequently elderly nature of vascular surgery patients, in

particular, may also be a contributor, with PEM a common finding in geriatric

patients due to the concurrency of diseases that may impair nutritional status, an age-

associated reduction in appetite, and a reduction in lean body mass even in the

absence of overt catabolic illness, which may initiate a cycle of illness and

wasting.3O7 Peri-operative starvation and the hypermetabolic stress response

accompanying both surgical trauma and infective complications may compound the

adverse metabolic302' 308 
, and inturn, the clinical consequences experienced by such

patients.

1.5.3 Malnutrition and Surgical Outcomes

Since Studley's30e 1936 publication on the relationship between pre-operative weight

loss and post-operative mortality, evidence of the relationship between malnutrition

and adverse post-operative outcomes has continued to accumulate. Subsequent

studies have employed an array of surgical cohorts and markers of nutrition to

identify an apparent relationship between poor nutritional status and an increase in

post-operative complications and mortality.304' :to Particularly relevant are studies

which have documented that nutritional status may be prognostic for the occuffence

of post-operative infective complications.3o4'310' 311 These adverse effects appear to

translate to a prolonged post-operative convalescence, hospital stay and an impaired

quality of life.3oa

The causal factors underlying the relationship between poor nutritional status and

adverse outcomes have also received considerable attention. Modulation of the
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immune response by impaired nutrition is considered to have a particularly important

bearing on this relationship,3O2 however a depression of the immune response by

impaired nutrition has not been the universal finding as might be expected. Moderate

to severe protein restriction has indeed been demonstrated to inhibit the development

of antibody-producing cells, the production of circulating antibody3r2 and secretory

IgA and antibody affinity3l3 . Other aspects of immune function suggested to be

impaired by PEM include phagocytic function, the complement system and notably

cytokine production."3 Cottversely T-cell mediated immune responses have been

suggested to be preserved, and potentially enhanced in states of protein deficiency3la'

31s Similarly, animal studies of chronic moderate restrictions of energy intake,

including both carbohydrates and fat, translate into vigorous immunologic

function.316

Impairments in gastro-intestinal tract function are considered a consequence of both

the global effects of malnutrition and a lack of nutrient contact with the gastro-

intestinal mucosa and, like the immune response, are considered relevant to the

relationship between malnutrition and surgical outcomes.302 Impaired function of the

gut as a barrier against translocation of bacteria and their toxins is found in

malnutrition, particularly when additional factors, many of which are relevant to

major vascular surgery, such as trauma, endotoxaemia and reperfusion are present.3O2

Animal models have indicated that consequences of disruption of gut barrier function

may include sepsis and MOF.302

Clinical studies of the effect of nutritional status on the cumulative inflammatory

response to surgery are, however, relatively few in number and the validity of
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generaLizing findings limited by the nature of the surgical cohorts examined. A study

by Hatada et aI.3r7 indicated that amongst patients undergoing surgery for colorectal

cancer, dichotomized according to blood loss as a marker of surgical stress, those

who were diagnosed with PEM on the basis of their creatinine height index,

exhibited a significantly higher early post-operative serum Il-6 response. Amongst

the sub-set of patients with a lower intra-operative blood loss, significantly higher

levels of the chemokine stimulating soluble IL-6 receptor (sIL-6R) characterized the

malnourished cohort after post-operative day 3, whilst amongst those with a greater

intra-operative blood loss, malnourished patients exhibited significantly lower levels

of anti-inflammatory IL-lra on post-operative days 3 andT but a significantly greater

percentage of peripheral neutrophils and CRP level on post-operative days 3 and 7

respectively. Collectively these findings were interpreted as indicative of a more

marked activation of the pro-inflammatory network associated with a decreased

antagonistic reaction amongst malnourished patients. Surprisingly, there was no

statistical difference in the rate of septic complications between those with PEM and

those considered to be adequately nourished. These authors proposed that the

observed association between malnutrition and a more intense pro-inflammatory

response to surgery may have a bearing on neutrophil activation and subsequent

clinical outcomes amongst those undergoing surgery for colorectal cancer.

Comparable conclusions were drawn from a study of liver transplant recipients

which reported an involvçment of surgically induced malnutrition in an exaggerated

post-operative cytokine response. 318

Evidence obtained from immunonutritional studies supports the suggestion that

improved nutritional status may dampen exaggerated inflammatory responses
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stimulated by surgery3le

infl ammtory cytokines32o

induced MOF321 .

including some evidence to suggest reductions in pro-

and SIRS days per patient amongst those with trauma
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1.6 The Neuroendocrine Response to Surgical Stress

Major surgical interventions represent a significant physiological stress, triggering

marked changes in the activities of the hypothalamo-pituitary-adrenocortical (HPA)

axis and the autonomic nervous system with measurable fluctuations in their

constituent hormones and neuropepti des.322' 323 These, as well as other

neuroendocrine effects, produce changes in cardiovascular, metabolic, immune and

haemostatic function,323 which have evolved as an integral part of the host's

homeostatic response to injury32a . In modern surgical practice, however, where

severe physiological disturbances are prevented or rapidly treated, there is some

evidence to suggest that these changes may precipitate clinically important

complications. Indeed, this realisation has prompted attempts to identify anaesthetic

and analgesic regimens which may optimally attenuate the neuroendocrine stress

response.3'3'32s \ryhilst physical injury is typically considered the principal source of

the neuroendocrine response to surgery, given that surgery may be viewed as a

source of psychological stress ,326'327 itself a trigger of neuroendocrine modulation,32s

psychological factors may influence the neuroendocrine response to surgical

mJury. 326,327

I. 6. I The Hy p othølamo -pituitary -adrenoc ortic al (H PA) Axis

Corticotropin-releasing factor (CRF) and arginine vasopressin (AVP), synthesized in

the hypothalamic paraventricular nucleus, and transported down axonal projections

to the median eminence, are the principal neuropeptides involved in mediating HPA

axis activity. During non-stressful periods, the HPA axis exhibits a strict circadian

rhythm, regulated by the suprachiasmatic nucleus. In response to a stressor, CRF and

AVP are immediately released from storage vesicles in the median eminence into the
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superior hypophyseal artery and are transported down a dense capillary network of

portal blood vessels to the anterior pituitary. Here, CRF and AVP act synergistically

on corticotroph cells to increase expression of the ACTH precursor pro-

opiomelanocortin (POMC), thereby stimulating the release of ACTH into the

circulation. ACTH in turn stimulates secretion of the glucocorticoid, cortisol, from

zona fasiculata cells of the adrenal cortex.23e'328

HPA axis activity is regulated by a complex system of integrated, multiJayered

controls (Fig. 1). Amongst these, glucocorticoids exert negative feed-back control

over basal and stress-elevated HPA axis activity, the latter via hippocamapal and

hypothalamic receptors .322' 
328 Of particular interest, is the bi-directional regulation

between the immune system and HPA axis.32e'330 Pro-inflammatory cytokines, most

notably IL-1o, tr--18, tr -2,il--6 and TNF-o, exert marked stimulatory influences on

the HPA axis,33l thus provoking the release of glucocorticoids which complete the

homeostatic neuroendocrine-immune regulatory loop by modulating immuno-

inflammatory activity.32e' 33o This modulating influence, exerts immunosuppressive

effects upon many facets of the innate immune response, as well as cellular and

humoral acquired immune responses. Current evidence indicates, however, that the

effects of glucocorticoids on immune function, and on cytokine production in

particular, should be considered as immunomodulatory rather than simply

immunosuppressive as physiological levels of glucocorticoids cause a shift in the

pattern of cytokine production from a primarily pro-inflanìmatory to an anti-

inflammatory pattern. This occurs by the glucocorticoid mediated inhibition of T¡¡1

cytokine production, together with an enhancement of T¡¡2 cytokine production; these
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two sub-sets of cytokines corresponding roughly to pro- and anti-inflammatory

cytokine categories respectively.32e

7.6.2 The Sympathetic Nervous System

Surgical stress is one of many stressors, both physical and physocological, known to

activate the sympathetic nervous system (SNS), resulting in variable increases in the

release of mediators of its responses, including the catecholamines adrenaline and

noradrenaline.322' 332 Adrenaline, noradrenaline and dopamine are secreted by the

adrenal medulla in response to stimulation by sympathetic preganglionic nerve fibres

in the splanchnic nerves. V/hilst the catecholamine output of the adrenal vein is

principally adrenaline, noradrenaline also enters the circulation from post-ganglionic

sympathetic nerve endings.23e' 
322

The effects of adrenaline and noradrenaline are multiple and include metabolic

effects; a marked influence on the cardiovascular system including inotropic and

chronotropic effects, an influence on the state of vasoconstriction, and in turn blood

pressure; and a state of heightened alertness is also provoked by catecholamine

release.23e In addition, catecholamines have the potential to influence immuno-

inflammatory responses, albeit in what is presumably afar more limited manner than

glucocorticoids. Evidence for such a role includes the ability of adrenaline and

noradrenaline to inhibit neutrophil chemotaxis in vitro,333 to cause selective

suppression of cellular immunity and to induce a shift from Ts1 to Ts2-mediated

humoral immunity both in vitro and, in vivo33a. Furthermore, sympathetic innervation

of organs with immune functions, such as the spleen, may also play an important role

in the regulation of immunityt'n . h vivo studies relating the catecholamine response
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to surgical outcomes have suggested a relationship with post-operative

haemodynamic and thrombotic outcomes,33s however a potential relationship with

post-operative immuno-inflammatory outcomes has not been investigated to date.
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Figure 1. Schematic representation of the Hypothalamo-pituitary-adrenocortical

(HPA) axis demonstrating multi-layered and integrated regulation system.328

-, inhibitory effect; *, stimulatory effect

ACTH, adrenocorticotropic hormone; AVP, arginine vasopressin; CRF,

corticotropin-releasing factor; GABA, gamma-aminobutyrate
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1.7 Psychological Influences on Surgical Response and

Outcome

1.7.1 Depression

1.7.1 .I Prevalence of Depressive Disorder

Whilst data on the prevalence of depressive disorder amongst vascular surgery

candidates is lacking, general population studies indicate that approximately 10 -
l57o of the elderly suffer from depressive complaints warranting intervention,336 this

being the age group most frequently subject to major vascular interventions. The

increasing awareness that depression may occur concurrently with other illnesses,

and that it may have a negative effect on recovery from those conditions,33T has led

to the study of this disorder amongst specific patient sub-groups, particularly those

with cardiac conditions, and of most relevance to the current study, those undergoing

CABG surgery. A particularly high prevalence of pre-operative depression, ranging

from 15 -36Vo, has been reported in studies focusing on those undergoing CABG,338-

34t t*o of which have examined Australian cohorts33s' 340 . Whether patients facing

the prospect of major aortic or peripheral vascular surgery display a similarly high

prevalence of depression is unknown.

1.7.1.2 Depression and Adverse Disease Outcomes

Convincing evidence has emerged from studies involving patients with cardiac

conditions to suggest that depression may increase the risk of adverse disease

outcomes.338' 33e Much of this data emanates from studies involving patients

experiencing myocardial infarction, which have found that a diagnosis of major

depression significantly increases the risk of subsequent cardiovascular mortality and
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morbidity, independent of disease severity.342-34s This knowledge, in turn, has

prompted several investigators to examine the influence of pre-operative depression

on outcomes following CABG surgery. Baker et a1.338 reported that the incidence of

late mortality was significantly greater amongst those CABG surgery patients

displaying pre-operative depressive symptoms compared with those who were not

considered depressed. Furthermore, Burg et al.33e found that pre-operative depression

independently predicted several measures of post-operative morbidity six months

following CABG surgery, namely cardiac-related hospital re-admission, continued

surgical pain and failure to return to previous activities. How depression leads to

adverse outcomes in cardiac patients remains unclear, although several explanations,

both psychosocial and biological, have been proposed.337

1.7.1.2.1 Depression and Health-related Quality of Ltfe (HRQoL)

Health-related quality of life (HRQoL) is an outcome measure that is now considered

as one of the essential elements of health care evaluation3a6 and has been

increasingly recognised as an important component of outcome analysis in vascular

surgery research3aT'348 . The concept of HRQoL is multi-faceted3ae and refers to how

health impacts an individual's ability to function and their perceived well-being in

physical, mental and social domains of life.3a6 Similar to the relationship

demonstrated amongst cardiac cohorts between depression and traditional outcome

measures such as medical morbidity and mortality, studies suggest that depression

may also be a particularly important predictor of HRQoL.350 Not only have

depressive symptoms following myocardial infarction been shown to predict

decreased HRQoL,351 but several studies suggest amongst cohorts of cardiac surgery

have suggested that pre-operative depressive symptoms are associated with poorer
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post-operative HRQoL.3so' 3s2 It is unknown whether depression is a similarly

important determinant of HRQoL following major vascular surgery.

1.7.1.3 Depression and Immune Dysregulation

Abundant evidence has accumulated demonstrating that depression and

psychological stress are associated with immune dysregulation, and furthermore are

associated with an increased susceptibility to infectious diseases.3s3-3s5 An array of

studies have documented the suppression of various indices of immune function in

depressed patients, including zymosan-induced PMN phagocytosis, mitogen-

stimulated lymphocyte proliferation and NK cell activity, supporting the traditional

view of depression being associated with features of immunosuppression.3sa More

recently, an equally large and convincing body of evidence has arisen to indicate that

major depression is, in addition, associated with the activation of various aspects of

immune function.353' 3s4' 3s6' 3s7 The finding of increased concentrations of cytokines

amongst depressed individuals, including IL-6, sIL-6R, soluble [,-2 receptor (sIL-

2R), IL-18, IL-1Ra and IFN-Y, have been presented to support this concept.

Increased concentrations of complement, various positive acute phase proteins,

increased numbers of specific T-and B-cell subsets and enhanced monocyte

phagocytosis also indicate the presence of immunological activation in depressed

patients.3sa Considered together, the evidence strongly supports the notion of

immune dysfunction amongst depressed patients, manifesting as suppression of some

immune responses whereas other responses are enhanced.3s6 Whether this immune

dysregulation increases susceptibility of depressed individuals to immune-related

disorders is not yet known.35s The possibility that it may influence the immunological

response to surgical injury has not yet been examined.
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1 .7.1 .4 Neuroendocrine Features of Depression

Hyperactivity of the HPA axis is a frequent finding amongst depressed patients.353'

3sa Elevations in both CRF and cortisol have been reported, suggesting that a defect

in the negative feedback of cortisol on CRF secretion exists in these patients.35a It is

also worth noting that the co-existence of elevated circulating pro-inflammatory

cytokines and hypercortisolaemia observed in depressed patients is somewhat of a

paradox, given the usual inhibitory influence of glucocorticoids on the release of pro-

inflammatory cytokines. The absence of the normal inverse relationship between

circulating glucocoficoid and pro-inflammatory cytokine concentrations in

depressed patients has been attributed to a defect in the inhibitory feedback of

glucocorticoids on cytokine secretion by immunocytes.3sa It is unknown whether the

HPA axis hyperactivity observed in un-stimulated depressed patients may result in an

altered endocrine response to surgical injury.

1.7.2 Anxiety

If the concept that neuro-endocrine responses to surgery may be influenced be

psychological variables"t is to be examined, then anxiety, a state characteñzed by

subjective feelings of tension, nervousness and worry, and objectively by activation

of the autonomic nervous system,3ss must be considered as a potential influence on

this response. Only one resea.rch group appears to have directly examined this

concept in a small cohort of patients undergoing major abdominal surgery.35e Whilst

their findings appear to support the notion that the surgical stress response, indicated

by plasma cortisol and catecholamine levels, is associated with psychological

influences, they are contrary to the intuitive view that pre-operative anxiety should

promote alarger endocrine response. Indeed, they suggest that anxiety, or a variable
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correlated with it, might protect against a larger stress .esponse."n' '60 Further

investigations of the influence of anxiety on the neuro-endocrine response to surgery

are therefore warranted.
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1.8 fmmune and Neuroendocrine Responses in Open AAA

Repair Compared to BVAR

Since the introduction of an endovascular method of AAA repair by Volodos in the

ukraine36l and Parodi, Parmaz and Barone in Argentinf62 in the early 1990's,

commercial development of the technology363 combinecl with an increasing body of

data to support its usel7 has led to the worldwide diffusion of EVAR363 . Whilst its

use has been tempered by clinical concerns pertaining to endoleak and endotension,

combined with the lack of long-term evidence of either graft durability or survival

benefits, it is employed by many as a feasible alternative to open AAA for patients

whose anatomy is considered suitable.36a Receiving less attention than the clinical

controversies that currently dominate the literature relating to EVAR, is the

pathophysiological response triggered by this relatively new technique and its

relationship to the short-term morbidity2l' 36s and mortalitylT'363 advantages it confers

compared with open repair. Investigations into the immuno-inflammatory response

to EVAR compared with open AAA repair have generated sometimes conflicting

evidence, whilst few reports comparing the neuroendocrine response to the

alternative methods of repair have been generated.

1.8. 7 The Immuno-inflømmatory Re spons e

A compelling rationale underlies the suggestion that given the clear differences in

operative technique between EVAR, advocated as minimally invasive, and open

AAA rcpur, the magnitude or nature of the immuno-inflammatory responses they

provoke must also differ. EVAR avoids several pro-inflammatory stimuli

necessitated by open transperitoneal AAA repair, namely alarge abdominal incision,
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mobilization of abdominal viscera, retroperitoneal dissection366 and notably aortic

and iliac-cross clamping with the attendant bowel IRI it provokes3ó7 , although the

lower limbs may still be subject to short periods of ischaemiat6t . 'Whilst 
the notion

that EVAR may therefore involve an attenuated systemic inflammatory response is

intuitive and supported by some researcht", evidence to the contrary has also been

presented. Inconsistencies between current findings, and the limited range of

cytokines examined, indicates that further comparison is warranted.

Several studies examining cytokine responses to EVAR and open AAA repair have

provided evidence to support the intuitive hypothesis that open AAA repair provokes

a greater pro-inflammatory response. Elmarasy et a1.367 noted that the generation of

IL-6 was significantly greater during open repair compared with EVAR from two to

twenty-four hours post-reperfusion, but no statistical difference was observed

between assays at subsequent time points. Similarly, significantly greater mean

levels of TNF-ct were detected during conventional repair from four to twelve hours

post-reperfusion. Boyle et a1.366 reported the similar finding of higher median plasma

IL-6 levels in association with open repair, reaching statistical significance on the

first and second post-operative days. Median plasma levels of TNF-o were also

found to be higher in the open cohort compared to those undergoing EVAR, reaching

significance at six time points between the sta¡t of the procedure and the third post-

operative day. IL-18 was also assayed but did not differ between the two methods of

AAA repair. Odegard et al.36e also examined IL-6 and TNF-o responses to both

methods of repair until the first post-operative morning, however employed a less

direct method of comparison. These authors compared the maximal increase in

cytokine levels generated by the two alternative methods of repair and noted that the
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maximal increase in IL-6 generated by open repair was significantly greater than

during EVAR, however no significant fluctuations in TNF-u were associated were

either procedure. Swartbol et aI.37o also identified significantly higher levels of IL-6

during open AAA repair in contrast to TNF-u levels which were greater in those

undergoing EVAR, the latter finding being attributed to the intra-operative

hypotension affecting this cohort.

Consistent with the findings of these studies, Rowlands et a1.368 reported significantly

higher levels of IL-6 resulting from open AAA repair compared with EVAR, the

difference between groups being noted at all time points and persisting until 144

hours post-clamp release. These authors also examined IL-8 levels, and whilst the

statistical comparison between groups is not clearly reported, graphical

representations of the data suggest no obvious difference between groups. Levels of

L-10 generated by the alternative methods of repair were not significantly different.

The finding of a significantly higher peak IL-6 level associated with open repair

compared with EVAR, reported by Bolke et al. "t , i, also consistent with the

aforementioned studies. A study by Sweeney et al. 128 is hampered somewhat by a

small sample size but is the only report to have used the SIRS classificationlO0 to

compare the inflammatory response to EVAR and open AAA repair. These authors

describe a lower incidence of SIRS resulting from EVAR but this apparent difference

failed to reach statistical significance.

Using a study design and cohort sizes comparable with others investigating the

inflammatory response to the alternative methods of AAA repair, Morikage et a1.372

have documented findings which differ somewhat from their peers. Mean plasma IL-

86



6 levels in the EVAR cohort tended to be greater than those of the open cohort at all

time points until the sixth post-operative day, reaching significance on the first post-

operative duy, despite the cohorts being well matched for co-morbidities,

experiencing statistically comparable operative times, and a lower mean blood loss

experienced by the EVAR cohort. The finding that IL-8 levels did not differ between

the two methods of repair is, however, consistent with other research36s . The

comparison of the inflammatory response to the alternative methods of repair

reported by Galle et al.2e0, demonstrated a tendency toward higher mean TNF-u and

IL-8 levels in the EVAR cohort, however the differences were not statistically

significant. IL-6 levels did not differ between the EVAR and open methods of repair.

It is notable that the cohort sizes involved in this study are somewhat smaller than

those described by other research groups.

1.8.2 The Neuroendocrine Response

Prior to publication of data derived, in part, from the current study373 only two

preceding studies have contrasted the neuroendocrine response experienced as a

result of EVAR with that associated with the conventional open approach. Thompson

et al.37a examined plasma catecholamine levels during each method of repair, and

noted a greatu adrenaline response to open fuq.A. repair until the final sampling time,

thirty minutes following aortic clamp release or aortic balloon deflation. Mean

plasma noradrenaline levels also tended to be higher in the open cohort but this failed

to reach statistical significance. In a study involving relatively small patient cohorts,

Salartash et al.37s also compared serum catecholamine levels in addition to cortisol

and several other measures of the neuro-endocrine response to surgical stress during

the first twenty-four hours from the commencement of surgery. Consistent with the
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findings of Thompson ¿/ al. 374 , these authors reported a greater increase in

adrenaline levels during open repair compared with EVAR, the difference reaching

statistical significance six, eighteen, and twenty-four hours after the baseline pre-

operative sample. No statistical difference in noradrenaline levels were detected

between patient groups. Cortisol levels were elevated compared with baseline in both

groups, but the rise from baseline was significantly greater in the open cohort at only

one sampling time, six hours after surgery commenced. Indeed, twenty-four hours

after surgery commenced the increase from baseline in the EVAR group appeared to

exceed that of the open cohort but this was not statistically significant. In view of the

limited nature of the available evidence, further data comparing the neuroendocrine

response, particularly cortisol, to the alternative methods of AAA repair is warranted.
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L.9 Aims of Current Study

The principle aims of the current study were:

1. To identify early predictors of adverse events, in particular SIRS and sepsis

following major vascular surgery by examining the relationship of the following

variables with measures of clinical outcomes including, where relevant, SIRS,

sepsis and infection, in addition to several measures of general post-operative

morbidity:

. pre-operative levels of expression of PMN B2-integrin, CDllb, and

immunoglobulin G Fc receptors, FcyRI (CD64) and FcyRItrb (CD16b);

o genotypes of the polymorphic immunoglobulin G Fc receptors, FcyRIIa

(CD32), and FcyRtrIb (CD16b);

. pre-, intra- and early post-operative levels of cytokines TNF-a, IL-lp, IL-

6,IL-8 (CXLC8), IL-10 andtr -12p70.

adrenaline and noradrenaline, assayed peri-operatively.

2. To examine a potential relationship between pre-operative psychological

variables, namely depression and anxiety, and neuroendocrine responses to major

vascular surgery.
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3. To identify potential differences in neuroendocrine and immunological responses

to open AAA repair compared with EVAR, as possible biological mechanisms

underlying observed clinical outcomes.
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CHAPTER 2

METHODS



2.1 Approval and Informed Consent

The protocol employed in this prospective cohort study was reviewed, approved and

monitored by the North Western Adelaide Health Service Ethics of Human Research

Committee and the Royal Adelaide Hospital Research Ethics Committee, whose

deliberations are guided by the Declaration of Helsinki of 1975, as revised in 1983,

and the National Health and Medical Research Council Guidelines on Human

Experimentation. Written informed consent to participate in the study was obtained

from all subjects, or their next of kin, at the time of recruitment.
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2.2 Patients

2.2.7 Inclusion Criteria

Consecutive patients scheduled to undergo elective open aortic aneurysm repair or

EVAR by The Queen Elizabeth and Royal Adelaide Hospital Vascular Surgery

Units, Adelaide, South Australia, and those scheduled to undergo a major lower limb

revascularization procedure at the Queen Elizabeth Hospital between 31't March

2OO4 and,29rh April2005 were considered for recruitment to this study, having been

identified as surgical candidates by a vascular surgeon. Allocation of aortic aneurysm

patients to the alternative open or endovascular methods of repair did not, therefore,

involve a process of randomisation but was determined by the surgical team prior to

study entry. Anatomical suitability for EVAR was a principal determinant of the

chosen method of repair, however surgeon and patient preference were also

considerations. All study participants underwent pre-operative assessment by a

consultant anaesthetist and, in many cases, a general physician or cardiologist, who

identified patients as medically fit to proceed with surgery, with or without pre-

operative optimisation of co-morbid conditions. There were neither age nor gender

specifications for involvement in the study.

2.2.2 Exclusion Criteria

Patients unwilling or unable to give informed consent to participation in the study,

including those unable to communicate in English without the assistance of an

interpreter, were excluded from involvement. The occuffence of major surgery of

any kind, or a minor vascular intervention considered to be associated with IRI,

within three months preceding the proposed procedure was a criterion for exclusion
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from enrolment in the study. Patients taking immunosuppressive medication, with

the exception of corticosteroids, were also excluded.

Due to the frequency of ulceration and gangrene in patients with critically ischaemic

lower limbs, who constitute a large proportion of those undergoing revascularization

procedures, neither infection nor inflammation per se, could be considered as criteria

for exclusion. Fulfilment of the criteria for the diagnosis of SIRS (Table 1) or sepsis

(Table 2) between the time of recruitment and operative intervention was, however,

grounds for exclusion.

Criteria were specified which precluded the measurement or analysis of particular

patient measures but not of overall study involvement. These are described in the

relevant sections to follow.

2.2.3 Withdrawal Criteria

Major surgical intervention within the study period, subsequent to the principal

vascular repair, was established as a protocol violation warranting the withdrawal of

such patients from further participation in the study and exclusion of their data from

analysis. Subject non-compliance with the study protocol and patient request were

also established as grounds for withdrawal from the study.
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2.2.4 Open Aortic Aneurysm Repair ('Open') Cohort

2.2.4.1 Inclusions and Exclusions

Retrospective audit of computerised theatre logs (HASS-OT) identified 68 patients

who underwent elective open aneurysm repair by the aforementioned vascular units

during the specified time period. Of these, 17 (25.OEo) were unable to be accessed in

sufficient time to offer participation in the study. Of the remaining 51 accessible

patients, 15 (22.1%o) fulfilled at least one of the exclusion criteria and were therefore

either not enrolled or withdrawn from study involvement. Nine (13.27o) of these

patients declined the invitation to participate, two (2.9Vo) patients had experienced

major surgery within three months of the proposed date for aneurysm repair, one

(l.S%o) patient was non-English speaking, one (1.5%o) was receiving ongoing

immunosuppressive medication for a renal transplant and a further patient (I.SVo)

was excluded from consideration due to evidence of pre-operative sepsis associated

with an existing graft infection. All data pertaining to one (I.57o) recruited patient

was excluded from analysis due to an unplanned major operative intervention (partial

T9, T10-L1 laminectomy and evacuation of spinal haematoma), necessitated by a

complication of epidural insertion, on post-operative day two. The remaining 36

(52.9Eo) patients constitute the 'open' cohort considered in this study.

2.2.4.2 Patient Characteristics and Aneurysm Morphology

All patients' demographic details and relevant aspects of their medical histories were

documented following consent to study involvement and were complemented by

current information obtained from their medical records. Burden of comorbidity was

recorded using the American Society of Anesthesiologists (ASA) Physical Status
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Classification3T6 in addition to the Charlson Index,377 a measure whose concurrent,

predictive and construct validity has been established amongst surgical and medical

populations as has it's reliability3T8 . This index is comprised of 19 weighted

conditions, and yields a score generated by summing the weights of those conditions

manifested by the individual (Appendix 1, Table 1). The presence and severity of

specific comorbid conditions considered most relevant to vascular surgery outcomes,

namely diabetes, hypertension, hyperlipidaemia, cardiac, renal, pulmonary and

carotid disease, in addition to tobacco use, was documented according to the grading

system recommended by the Joint Council of The Society for Vascular Surgery and

the North American Chapter of the International Society for Cardiovascular Surgery

(SVS/ISCVS¡aa lRppendix 1, Table 2). Aneurysm morphology was determined from

pre-operative computerised tomography (CT) imaging.

Thirty-six patients (5 female, 31 male) with a median age (range) of 72 (52 - 81)

years constituted this cohort. The demographic and clinical profile of this cohoft,

including presence of specific comorbid conditions and use of B-adrenoreceptor

antagonists (B-blockers), is reported in Table 6. Thirty-four of these patients

underwent repair of an AAA. The aortic aneurysms of the remaining two patients in

this cohort were thoraco-abdominal (TAAA), the repair of which was planned as

endovascular in one case and a hybrid open and endovascular approach in the other.

The intra-operative conversion of both cases to an open approach by laparotomy

necessitated these patients being classified in the 'open' cohort for comparability of

outcome measures. The details of aneurysm morphology, including anatomic site and

maximum aneurysm diameter, characterising both the 'open' and the EVAR cohorts,

are presented in Table 7.
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Table 6. Demographic and clinical characteristics of the 'open' aneurysm repair,

EVAR and 'lower limb' revascularisation cohorts

EVAR, endovascular aneurysm repair; NS, not significant; ASA, American Society

of Anaesthesiologists' physical status classification.

Values are expressed as absolute numbers and percentages in parentheses unless

otherwise indicated.

tValues expressed are median with range in parentheses;p values obtained by pair-

wise post hoc analyses using Mann-V/hitney U tests following demonstration of

statistically significant difference between the three cohorts by Kruskal-'Wallis test.

fRefer to Appendix 1, Table 1 for full details of Charlson Index of Comorbidity

scoring system.

$Values are absolute numbers, with percentage in parentheses, of those with the co-

morbid or clinical condition. Following initial scoring using the Joint Council of The

Society for Vascular Surgery and the North American Chapter of the International

Society for Cardiovascular Surgery (SVSÆSVS) grading system for conditions that

may modify surgical outcomes,4 (Appendix 1, Table 2), grades I,2 and 3 were then

collapsed into one category to indicate the presence of the comorbid condition, whilst

grade 0 constituted the category indicative of the absence of the co-morbidity.

J[ Severity did not exceed grade 1 for any subject.

tt Statistical comparison between group values performed using Pearson's chi-

square test (2 x 3 or 3 x 3 contingency tables as appropriate).



Demograpbics

Age (years)t

Gender (F:M)

Country of birth
Australia
United Kingdom
ftaty
Greece
Germany
Holland
Poland
Ukraine

Marital status
Married/Defacto
Separated/Single/
Divorced/Widow

Clinical Characteristics

Charlson Index scoreti

Diabetes$

Hypertension$

Hypertipidaemiað

Cardiac disease6

Pulmonary diseases

Renal diseases r

Carotid disease$

Tobacco use$

Current malignancy

p-blocker
administration
Pre-operatively
Pre-, intra-, or
post-operatively

II
trI
rV

ASA

Living
afiangements
Accompanied
Alone

72 (52 - 8t)

5:31

20 (55.67o)
12 (33.37o)

I (2.8Vo)

I (2.8Vo)

I (2.87o)

I (2.8Vo)

0 (0.0Vo)

O (O.OVo)

29 (8O.6Vo)

7 (l9.4%o)

29 (80.6Vo)

7 (19.47o)

9 (25.07o)

22 (6t.tVo)
5 (t39Eo)

2(o-4)

6 (l6.7Vo)

23 (63.9Vo)

3t (86.tvo)

20 (55.6Vo)

tB (50.o%o)

tt (30.67o)

I (2.8Vo)

2l (58.3To)

2 (5.6Vo)

27 QS.oVo)

3l (86.l%o)

78 (61 - 86)

0:17

l0 (58.870)

2 (ll.\Vo)
2 (tt.\Eo)
O (O.OVo)

0 (0.0Vo)

I (5.97o)

I (5.9Vo)

I (5.9Vo)

tt (64.7vo)

6 (353Vo)

tt (64.7Vo)

6 (35.3Vo)

3 (l7.6Vo)
t3 (76.5Vo)

| (5.97o)

1(0-3)

3 (t7.6Vo)

9 (52.9Vo)

ll (64.7Vo)

I (47.lVo)

10 (58.87o)

2 (ll.\Vo)

2 (ll.8Vo)

4 (23,580)

2 (ll.8Vo)

rl (64.7Vo)

ll (64.7Vo)

3 (17.67')
3 (l7.6Vo)
I (5.9Eo)

3(1-6)

9 (52.9Vo\

7 (4t.2Vo)

ll (64.7Vo)

7 (41.27o)

5 (29.4Vo)

2 (ll.\Vo)

I (5.9Vo)

10 (58.870)

O (0Vo)

62 (41 - 84)

4:13

12 (7O.6Vo)

2 (lt.8Vo)
0 (0.0Vo)

o (o.0Vo)

2 (lt.8%o)
O (o.o%o)

t (5.9Vo)

O (O.OVo)

lt (64.7vo)

6 (35.3Vo)

t5 (88.2To)

2 (lt.tVo)

3 (t7.6Vo)

7 (4l.2Vo)

0.004 NS 0.031

NS''

NSfl

NS 0.001

0.00311

0.012

0.013tT

NSI

NSil

NS''

NSlf

NSlt

NSI'

0.043ff



Table 7. Aneurysm features and selected operative details for 'open' aneurysm

repair and EVAR cohorts.

N/A, not applicable; IIA, internal iliac artery; CIA, common iliac artery; SFA,

superficial femoral artery; SMA, superior mesenteric artery; IMA, inferior

mesenteric artery; POD 3, post-operative day three.

Values are expressed as absolute numbers with percentages in parentheses, unless

otherwise indicated.

tValues expressed as median (range)

f Excluding thoracoabdominal aneurysm repairs, hence n=34

$ Defined according to Joint Council of The Society for Vascular Surgery and the

North American Chapter of the International Society for Cardiovascular Surgery

(SVSÆSVS) Ad Hoc Committee on Reporting Standards recommendations.3Te

*Significant difference versus EVAR, p = 0.014 (Mann-V/hitney U test)



Aneurysm Features
Anatomic site

Maximum diameter (cm)f

Operative Details
Operative access

Site of proximal arterial
control+

Other procedures$:
Adjunctive vascular

Concomitant non-
vascular

Midline laparotomy
Transverse laparotomy

Infrarenal

Suprarenal

Graft limb to left IIA
bypass & oversew right
IIA
Subclavian to aortic graft
bypass & endograft to
aortic bifurcation bypass
Oversewing CIA
SFA embolectomy
Aorta to SMA bypass
Re-implanatation IMA

Ureteric stent insertion I (2.8Eo)

Adhesiolysis
Colonic polypectomy
Excision Meckel's
diverticulum

t (2.8Eo)

I (2.87o)

6.0 (4.7 - 10.r).

28 (77.\Eo)
6 (16.77o)
2 (5.6Eo)

29 (80.6Eo)

7 (19.47o)

25 (73.5Eo)

9 (26.5Eo)

Infrarenal
Juxtarenal
Thoracoabdominal

I (2.8Vo)

I (2.8Vo)

I (2.8Vo)

| (2.8Eo)

2 (5.6Vo)

I (2.8Vo)

I (2.8Vo)

Bilateral groin incisions
Percutaneous

Failed embolisation
accessory renal artery
(POD 3)
Angioplasty & stent
insertion

l7 (lo07o)

s.s (4.3 - 6.5)

I (5.9Vo)

t (5.9Vo)

I (5.97o)

N/A

Infrarenal

N/A

Coiling IIA

t6 (94.tVo)
I (5.97o)



2.2.4. 3 Anaesthetic Management

Whilst formal standardisation of anaesthesia was not able to be instituted for the

purposes of this study, standard regional and institutional practises resulted in

considerable homogeneity in the anaesthetic management of study participants. All

open aneurysm repairs were performed under a general anaesthetic (GA). Prior to the

induction of anaesthesia, epidural catheter insertion was attempted in 27 patients for

the purpose of intra-operative and/or post-operative analgesia. A test dose of

ropivacaine or bupivacaine in adrenaline was administered in the 26 patients in

whom successful insertion occurred. Induction was achieved with propofol andlor

midazolam with or without the use of fentanyVremifentaniUalt-entanil. Vecuronium,

rocuronium or atracurium was administered to facilitate tracheal intubation.

Maintenance of anaesthesia was with inhalational agents in all but three cases, using

isoflurane/sevoflurane/desflurane in an oxygenlair mixture, epidural administration

of a fentanyl and ropivacaine/bupivacaine cocktail in 18 patients and./or intravenous

fentanyUremifentanil/alfentanil. In the remaining three patients, total intravenous

anaesthesia (TIVA) was employed for maintenance, using propofol in combination

with remifentanil in two cases, and with an epidural cocktail in another. Additional

boluses of a nondepolarizing neuromuscular blocking agent were administered to all

patients as required for maintenance of muscle relaxation. Ventilation was adjusted

to maintain normocarbia. Of the 35 patients who survived beyond the completion of

surgery, 12 (34.37o) were considered suitable for extubation at the conclusion of

surgery following reversal of residual relaxants with neostigmine and glycopyrrolate,

the cessation of inhalational or intravenous anaesthetic agents and the restoration of

spontaneous ventilation. Artificial ventilation was continued in the ICU in the

remaining 23 (65.7Vo) patients.
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Ethical principles and practicality prevented standardisation of methods used to

maintain intra- or post-operative homeostasis during this study. The methods used

intra-operatively and in the ICU; including the administration of crystalloid/colloids,

blood products and pharmacotherapy; were therefore at the discretion of the

anaesthetist or intensivists respectively, but were prospectively documented. Intra-

operative pharmacotherapy to maintain haemodynamic variables within acceptable

limits involved the use of noncatecholamine sympathomimetic agents, including

phenylephrine, ephedrine and metaraminol, and in some cases the catecholamines

adrenaline and noradrenaline for management of hypotension. ICU management of

hypotension also involved the use of adrenaline and noradrenaline in addition to

dobutamine. Agents used for management of intra-operative hypertension were

nitroglycerine, esmolol and metoprolol.

2.2.4.4 Operative Management

Prophylactic antibiotics administered at anaesthetic induction consisted of a first

generation cephalosporin +l- gentamicin +/- metronidazole, according to surgeon

preference. Further intra-operative doses were administered according to operative

duration. Al1 operative procedures considered in this study were undertaken by 16

principal surgeons (nine vascular consultants, three fellows and four trainees). All

surgeons operating on those 34 patients in the 'open' cohort with an AAA employed

a standard transperitoneal method of repair. The abdominal cavity was accessed via a

midline incision in 29 (80.67o) of the 36 patients in the 'open' cohort, and via a

transverse incision in the remaining 7 (19.47o) patients. The sites of proximal arterial

control in the AAA patients are reported in Table 7. Prior to initial aortic clamping

2500 to 5000 units of unfractionated heparin were administered intravenously (IV)
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with repeated boluses of 1000 to 5000 units administered as required. Intravenous

protamine was administered prior to closure for reversal of excessive anti-

coagulation as indicated by the activated partial thromboplastin time (aPTT).

Mannitol was infused in 1I (30.67o) members of this cohort prior to aortic clamping.

Twenty-six of the grafts inserted in the 34 AAA patients were gelatin coated Dacron

grafts (Gelsoft Plus@, Sulzer Vascutek Ltd., Renfrewshire, Scotland, UK) and eight

were polytetrafluoroethylene (PTFE) grafts (Advanta@, Atrium, Hudson, New

Hampshire, USA; and GORE-TEX@, V/.L. Gore & Associates Inc, Flagstaff,

Arizona, USA). Thirteen tube and 2I bifiircated grafts were used in these patients.

The planned endovascular TAAA repair involved insertion of a customised

fenestrated thoracic endograft (Cook, Brisbane, Queensland, Australia). This

procedure was complicated by the occlusion of the coeliac and superior mesenteric

arteries (SMA) by the fenestrated graft, which could not be overcome by

endovascular graft manipulation, necessitating a laparotomy to enable an adjunctive

aortic-SMA bypass. The planned hybrid open and endovascular approach involved

the endovascular deployment of TAG@ Thoracic Endoprosthesis in combination

with an endograft to aortic bifurcation bypass via an open approach using a GORE-

TEX@ straight Vascular Graft (both W'.L. Gore & Associates Inc, Flagstaff, Arizona,

USA) as the principle procedure. This was facilitated by an adjunctive temporary

aortic bypass procedure comprised by a coeliac trunk and left renal artery to right

coÍrmon and left external iliac artery bypass using a bifurcated graft, in association

with a left subclavian to right limb of bifurcated graft bypass (GORE-TEX@

Vascular Grafts, W.L. Gore & Associates Inc, Flagstaff, Arizona, USA).

98



In the process of these 36 aneurysm repairs, an adjunctive vascular procedure,

defined by the SVS/ISCVS Ad Hoc Committee on Reporting Standards as one that

aims to augment the princip al repair,3le occurred in six cases. Whilst there were no

cases requiring an ancillary vascular procedure, defined as one that does not

contribute to the effects of the vascular repair,31e five cases involved concomitant

non-vascular procedures. These additional procedures are detailed in Table 7.

2.2.4.5 Post-operative Management

Those 35 patients who survived the immediate operative period were either

transf'erred directly to the ICU (27 patients, 77.17o) or to a high-dependency unit

(HDU) following a period in the surgical recovery room (8 patients,22.97o). All

patients progressed through the HDU prior to being transferred to the vascular

surgery ward for ongoing management as their clinical condition improved. Post-

operative antibiotic prophylaxis, consisting of a first or third generation

cephalosporin, was administered to all patients. Subsequent antibiotic regimens were

administered according to the presence of documented or suspected infection. Post-

operative analgesia was optimised in all cases, the initial regimen determined by the

Acute Pain Service. Twenty-four (70.6Vo) of the 34 subjects who survived beyond

the early post-operative period were initially administered post-operative analgesia

via the epidural route, in the form of a fentanyl and bupivacaine/ropivacaine cocktail.

The remaining patients were initially administered intravenous opioid analgesia.

During the patients' subsequent post-operative course, these regimens were

substituted with subcutaneous and oral analgesia. Prophylactic doses of low

molecular weight or unfractionated heparin were administered subcutaneously during

the post-operative course.
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2.2.5 Endovascular Aortic Aneurysm Repøir (EVAR) Cohort

2.2.5.1 Inclusions and Exclusions

Retrospective audit identified 27 patients who underwent EVAR as an elective

procedure by the specified vascular units during the period of patient recruitment.

Two (7.4Vo) of these 27 patients were inaccessible, preventing an invitation to

participate being made, whilst a further four patients (14.87o) declined such an

invitation. Two patients (7.4Vo) were excluded on the basis of an inability to obtain

informed consent as a result of being non-English speaking and cognitively impaired,

respectively. An additional two patients (7.47o) were excluded, having undergone a

major operative procedure and a more minor vascular procedure known to induce IRI

respectively, within the three months preceding the proposed EVAR. The remaining

17 patients (63.07o) constitute the EVAR cohort considered in this study.

2.2.5.2 Patient Characteristics and Aneurysm Morphology

Documentation of demographics, clinical details and aneurysm morphology for the

EVAR patients involved in this study was undertaken in the same manner as

described for the 'open' cohort. Seventeen patients (0 female, 17 male) with a

median age (range) of 78 (61 - 86) years constituted this cohort. The demographic

and clinical profile of these patients is summarised in Table 6. The anatomical site of

aneurysms amongst the EVAR cohort was infrarenal in all cases (Table 7).

2.2. 5. 3 Anae sthetic Manag ement

Epidural insertion was not considered necessary in any patient undergoing this

procedure. As with the 'open' cohort, all EVARs were performed under a GA.
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Induction was similarly achieved with propofol and/or midazolam with or without

fentanyUremifentanil administration. Tracheal intubation was then facilitated using

non-depolarizing neuromuscular blocking agents as for the 'open' procedures.

Inhalational anaesthesia, as previously described but without the addition of

epidurals, was employed for maintenance of anaesthesia in all but two cases. The

latter two patients received TIVA comprised of propofol and remifentanil.

Maintenance of muscle relaxation and acceptable ventilatory parameters were

achieved as described for the 'open cohort'. Only two (ll.\Vo) patients in this cohort

required mechanical ventilation beyond the conclusion of surgery, whilst the

remaining 15 (88.2Vo) were able to be extubated immediately following surgery. As

for the 'open' cohort, agents used to manage intra-operative hypotension,

unresponsive to fluid administration, were the noncatecholamine sympathomimetics

phenylephrine, ephedrine and metaraminol, and in some cases, the catecholamine

adrenaline was employed for this purpose.

2.2.5.4 Operative Management

Operative antibiotic prophylaxis in this patient group was the same as that described

for the 'open' cohort. EVAR procedures were undertaken by a principal surgeon in

association with an interventional radiologist. Vascular access was obtained via

bilateral transverse or longitudinal groin incisions in 16 (94.IEo) cases permitting

exposure of the common femoral arteries (CFAs) through which endoluminal stents

and their delivery system were subsequently introduced. Percutaneous vascular

access was achieved in one (5.9Vo) patient. Two thousand five hundred to 5000 units

of unfractionated heparin were administered IV prior to graft deployment with

additional boluses administered as required. Eleven of the grafts used in this patient
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cohort were Zenith@ AAA Endovascular Grafts (Cook, Bloomington, Indiana,

USA), four were Excluder@ Bifurcated Endoprostheses (W.L. Gore & Associates

Inc, Flagstaff, Arizona, USA) and two were Talent@ Stent Grafts (Medtronic AVE,

Santa Rosa, California, USA). Adjunctive vascular procedures were required in three

cases as outlined in Table 7.

2.2. 5. 5 Post-operative Management

Only one (5.97o) patient in this cohort required direct transfer to the ICU for post-

operative management. The remaining 16 (94.I%o) patients were managed in the

HDU or vascular ward according to their clinical condition following a period in the

surgical recovery room. Post-operative antibiotic prophylaxis consisted of a first

generation cephalosporin. Additional or subsequent antibiotics were administered

according to the presence of documented or suspected infection. Early post-operative

analgesia, when required, consisted of IV or subcutaneous opiates. Such regimens

were rapidly replaced with oral opiate and/or non-opiate analgesics. Post-operative

prophylactic anticoagulants were administered as in the 'open' cohort. One patient

received heparin in therapeutic doses during the post-operative period prior to re-

introduction of warfarin.

2.2.6 Lower Limb Revascularisation ((Lower Limb') Cohort

2.2.6.1 Inclusions and Exclusions

Retrospective audit identified 47 patients who underwent a major operative lower

limb revascularisation by the Queen Elizabeth Hospital Vascular Unit during the

specified time period. Twenty-three (49.07o) of these could not be accessed in
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sufficient time to offer participation and completion of pre-operative study

requirements. Five (lO.6Vo) patients declined the invitation to participate, whilst a

further two (4.37o) were non-English speaking and were therefore excluded from

further consideration. The remaining 17 (36.2Vo) patients constitute the 'lower limb'

cohort considered in this study.

2.2.6.2 Patient Characteristics and Lower Limb Pathology

Seventeen patients (4 female, 13 male) with a median age (range) of 62 (4I - 84)

years constituted this cohort. A profile of their demographic characteristics and co-

morbid conditions is presented in Table 6. The indication for operative intervention

in all cases was chronic arterial occlusive disease resulting in symptomatic lower

limb ischaemia, the severity of which was graded according to SVS/ISCVS

recommendations for standardized, reporting practicesaa and is reported in Table 8.

The underlying pathology in all but one case was atherosclerotic arterial disease, the

exception being one case of adventitial cystic disease.

2.2.6. 3 Anae sthetic Management

Fifteen (88.2Vo) of the 17 cases were performed under GA, preceded by epidural

catheter insertion on one patient. The method of anaesthetic induction and tracheal

intubation was identical to that previously described for the EVAR cohort.

Maintenance of anaesthesia was with inhalational agents in 1l patients, as described

for the two preceding cohorts, with the adjunctive use of epidural anaesthesia in the

one, previously mentioned, case. TfVA, using propofol with or without remifentanil

was employed for anaesthetic maintenance in four cases. Only one (5.97o) patient

required mechanical ventilation beyond the immediate post-operative period. The
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remainder of those who received a GA were extubated at the completion of the

operation. Two (1I.87o) patients in this cohort underwent the operative procedure

with regional anaesthesia, namely spinal anaesthesia consisting of a

bupivacaine/fentanyl cocktail, combined with IV propofol sedation.

Methods of managing abnormal intra-operative haemodynamic parameters were

highly comparable to those employed for the two cohorts previously discussed.

Pharmacotherapy for hypotension included the sympathomimetics phenylephrine,

ephedrine, metaraminol and, in one case, the catecholamine noradrenaline.

Hypertension and/or tachycardia were managed with IV administration of the p-

blockers metoprolol or atenolol. Atropine was employed for the management of

intra-operative bradycardia in one case.

2. 2. 6.4 P re - op e rativ e and O p e rativ e M ana g ement

Five patients in this cohort received oral or IV antibiotics for a period preceding

operative intervention. Intra-operative antibiotic administration, guided when

relevant by pre-operative regimens, consisted of either a first generation

cephalosporin, a penicillin, quinolone, or glycopeptide +l- gentamicin +l-

metronidazole. The operative lower extremity revascularisations performed on the 17

patients in this cohort were categorized according to SVS/ISCVS reporting

standardsaa and are reported in Table 8. Standard operative techniques were

employed when performing the revascularisation procedures. Prior to vascular

clamping, 3000 to 5000 units of unfractionated heparin were administered IV and

repeated boluses of 1000 units administered as indicated. Prophylactic mannitol was

infused in one patient. Eleven (64.77o) of the revascularisation procedures involved
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the exclusive use of autologous vein grafts. Four of the five (29.47o) cases using

synthetic grafts exclusively, involved a PTFE graft (Unity Construction@, Sulzer

Vascutek Ltd., Renfrewshire, Scotland, UK; GORE-TEX Propaten@, W.L. Gore &

Associates Inc, Flagstaff, Arizona, USA; and Advanta@, Atrium, Hudson, New

Hampshire, USA ) whilst a gelatin coated Dacron graft (Gelsoft Plus@, Sulzer

Vascutek Ltd., Renfrewshire, Scotland, UK) was employed in one of these cases. In

one (5.97o) case both autologous vein and a synthetic PTFE graft was used to achieve

revascularisation. Adjunctive vascular procedures were performed in five cases,

whilst three patients required an ancillary vascular procedure at the time of the

principle revascularization. These procedures are summarised in Table 8.

2.2.6. 5 P ost-operative Management

Two (11.87o) of the 17 patients in this cohort were transferred directly to the ICU for

post-operative management. The clinical condition of the remaining 15 (88.27o)

patients enabled their early post-operative management to occur in the HDU or

vascular ward following an initial period in the surgical recovery room. Initial post-

operative antibiotic regimens were the same as those employed during the intra-

operative period for this cohort. Subsequent regimens were, in some cases, modified

according to the presence of documented or suspected infection. Early post-operative

analgesia was delivered via the epidural route, in the form of a fentanyl and

bupivacaine/ropivacaine cocktail, in one (5.97o) of the 17 patients. The remaining 16

patients (94.17o) were administered fV or subcutaneous opioids or oral analgesia as

indicated. Therapeutic doses of heparin were indicated during the post-operative

course of four patients (23.57o), whilst the remaining 13 patients (76.5Vo) received
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prophylactic post-operative anticoagulants as described for the preceding two

cohorts.
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Table 8. Severity of lower limb ischaemia and selected operative details for 'lower

limb' revascularisation cohort.

CFA, common femoral artery; PFA, profunda femoral artery; SFA, superficial

femoral artery; IMA, inferior mesenteric artery.

Values are expressed as absolute numbers with percentages in parentheses.

tCategorized according to the Joint Council of The Society for Vascular Surgery and

the North American Chapter of the International Society for Cardiovascular Surgery

(SVS/ISVS) recommendations for standardised reporting practice s.44' 
37 e

Disease Severity
Chronic limb ischaemia gradet

Operative Details
Category of operation

Other procedurest:
Adjunctive vascular

Ancillary vascular

Endarterectomy of CFAÆFA + SFA+ popliteal
artery & vein patch
Aortic endarterectomy
Re-implantation IMA

3 (11.67o)

(s
(s

1 )
1 )

.9Vo

.97o

Grade 0
Grade I
Grade II
Grade III

o (ÙEo)

6 (35.37o)
4 (23.5Vo)
't (4l.2Eo)

S upra-inguinal revascularisation
Infr a-ingui nal revascularisation

2 (ll.8Eo)
15 (88.280)

2 (lI.\Eo)
I (5.97o)

Debridement + split skin graft
Toe amputation



2.3 Documentation of Operative and Post-operative Clinical

Variables

2.3.1 Operative Duration and Duration of Ischaemia

For each subject, operative duration (in minutes) was recorded for the purpose of

identifying an association with specific outcome variables. Similarly, the duration of

intra-operative ischaemia (in minutes) was documented for the purpose of identifying

whether this variable was associated with specific outcomes in the current study.

Duration of ischaemia, without reperfusion, was thus determined from operative

records and defined as the period commencing from initial occlusion of aortic or

peripheral arterial flow until the first occasion of reperfusing the first lower limb for

the open AJA,A' and lower limb cohorts. This period was not considered applicable to

the EVAR procedure.

2.3.2 Other Clinical Variables

In addition to the variables referred to previously, namely anaesthetic type,

categorised as GA or spinal with sedation, and principle route of post-operative

analgesia, categorised as epidural or other, other intra- and post-operative variables

were prospectively documented for the purpose of description and comparison of

cohorts. Documented variables included the estimated intra-operative blood loss (in

millilitres, ml); total volume of blood transfused intra-operatively (autologous, donor

packed red cells andlor cell-saved blood, in ml); total volume of blood transfused

post-operatively (autologous, donor packed red cells and/or cell-saved blood, in ml);

and total volume of crystalloid and/or colloid (in ml) administered intra-operatively.

Duration of post-operative mechanical ventilation (in minutes) was also recorded.
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2.4 Blood Sample Collection and Storage Protocol

Blood samples were drawn from subjects for the purpose of pre-operative

measurement of PMN integrin and immunoglobulin receptor expression and

genotyping, and for plasma cytokine assays and standard haematology and

biochemistry analyses at pre-, intra- and post-operative time points.

A pre-operative peripheral venous blood sample was drawn from all subjects within

seven days, and in most cases within 24 hours, of their proposed procedure and

immediately aliquoted into two pre-chilled 4ml and 10ml collection tubes on ice and

transported to the laboratory. The 4ml collection tube was then stored for a

maximum period of 24hours, at 4oC, until deoxyribonucleic acid (DNA) extraction

was performed, typically within two hours of sample collection. Blood contained

within the 10 ml tube was used for determination of PMN integrin and

immunoglobulin expression using the methodology described below. Plasma was

obtained within two hours of venipuncture from the residual blood as described

below. An intra-operative blood sample was drawn into 10ml collection tubes from

subjects in the 'open' and 'lower limb' cohorts immediately prior to the first

occasion of reperfusion of the first lower limb, or immediately prior to endovascular

stent deployment for those in the EVAR cohort. These operative stages were

considered to most accurately demarcate a time when maximal ischaemia, without

reperfusion, had been induced by the three respective operative procedures, and were

therefore considered as a comparable sampling time, designated as Ts. Blood drawn

at this, and subsequent time points, was kept at room temperature for a maximum of

two hours, until plasma was separated from the sample. Subsequent samples were

similarly drawn from all patients at 4,24,72 and 120 hours following Ts, unless a
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subject was discharged prior to the sampling time or refused the intervention. These

time points are henceforth designated Ts * 4, Ts t 24,To + 72, and Ts + 120 hours,

respectively.

All of the aforementioned samples were drawn into collection tubes (Vacuette@,

greiner bio-one GmbH, Kremsmünster, Austria) coated with K-ethylenediamine

tetra-acetic acid (K-EDTA). The techniques used for sampling of blood at the intra-

and post-operative time points were dependent on available vascular access. When l¿

situ, upper limb arterial lines were used as the primary source for blood samples,

whilst existing central venous lines were a secondary source of blood samples at

these time points. On the occasions when blood was drawn through existing vascular

access, the initial 3-5ml of blood sampled was discarded in accordance with standard

practice in order to avoid potential sample contamination, prior to collection of blood

for analysis. Peripheral venipuncture was undertaken when no alternative vascular

access was available for blood sampling. Plasma was obtained from blood at all time

points by centrifugation (Megafuge 1.0R, Heraeus Instruments, Germany) at room

temperature (22"C) for 10 minutes at 25OOg. Separated plasma was then pipetted in

0.5m1 aliquots into 1.5m1polypropylene microtubes (Sarstedt, Nümbrecht, Germany)

and immediately placed into storage at -80"C until batch analysis.

Assessment of the post-operative outcome measures, SIRS, sepsis and APACHE tr

(acute physiology and chronic health evaluation) score, the details of which are

described in sections to follow, on each of the first five post-operative days whilst the

patient remained hospitalised, required that parameters measured from complete

blood examinations and standard biochemical analysis of blood samples, namely
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total WBC count, packed cell volume (PCV), serum sodium, potassium and

creatinine, be determined on each of these days. These laboratory data were obtained

from analyses performed on blood samples drawn on each of post-operative days

(POD) 0, defined as zero to24 hours post skin closure, POD1 (24to 48 hours post

skin closure), POD2 (48 to 72 hours post skin closure), POD3 (72 to 96 hours post

skin closure) and POD4 (96 to I2O hours post skin closure), either in the course of

routine clinical care or for the exclusive purposes of the current study. In all cases,

blood for haematological studies was collected into 4ml K-EDTA tubes (Vacuette@,

greiner bio-one GmbH, Kremsmünster, Austria) whilst samples for biochemical

analysis were collected into 10ml lithium heparin tubes (Vacuette@, greiner bio-one

GmbH, Kremsmünster, Austria). These haematological and biochemical analyses

were performed using automated instruments by the Institute of Medical and

Veterinary Science (IMVS) (Woodville South and Adelaide laboratories, South

Australia).

110



2.5 Measurement of Pre-operative PMN CDllb, FcyRI

(CD64) and FcyRIIIb (CD16b) Expression

2. 5. 7 Direct Immunofluorescenc e Støining

Pre-operative peripheral venous blood samples, drawn into pre-chilled 10ml K-

EDTA coated collection tubes as previously described, were kept on ice for exactly

45 minutes following venipuncture, at which time direct immunofluorescence

staining was commenced using a methodology adapted from guidelines provided by

Serotec (Oxford, UK), for use with their directly conjugated monoclonal

antibodies.3sO Previous studies in this laboratory have demonstrated a moderate,

gradual increase in measures of CDllb expression, and to a lesser extent CD16b

expression, over the course of a given sample standing on ice for one hour post

venipuncture, after which measured expression declines (data not shown).The

aforementioned 45 minute period standing on ice therefore permitted transport of all

samples to the laboratory whilst ensuring standardisation of the small, but

measurable effect of ex vivo time on PMN surface integrin and immunoglobulin

levels. At this time point, 100p1 aliquots of the subject's well mixed whole blood

sample were pipetted into each of four 5ml plastic test tubes (Selby Biolab, Victoria,

Australia). A 10 pl aliquot of R. phycoerythrin (RPE)-conjugated purified mouse

IgGl anti-human CDllb (Serotec, Oxford, UK) was then rapidly added to the whole

blood contained within the first of the test tubes. Five pl aliquots of Fluorescein

Isothiocyanate Isomer I (FlTC)-conjugated purified mouse IgGl anti-human CD16

(Serotec, Oxford, UK), and FlTC-conjugated purified mouse IgGl anti-human CD64

(Serotec, Oxford, UK) were added to blood contained in the second and third test

tubes respectively. A 5 ¡tl aliquot of FITC- and RPE- conjugated mouse IgGl isotype
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negative control (Serotec, Oxford, UK) was added to the blood sample contained in

the fourth test tube for the purpose of identifying 'background' antibody binding.

Prior to their initial use, all directly-conjugated antibody reagents were reconstituted

or diluted, where necessary, according to the manufacturer's instructions and

thoroughly mixed prior to subsequent usage. Optimal volumes of conjugated

antibody reagents added to whole blood samples were determined by a series of

titrations, guided by the manufacturer's recommendations, previously undertaken in

this laboratory (data not shown). The four test tubes were then agitated to ensure

thorough mixing of the contained whole blood and directly-conjugated antibody

product and subsequently incubated for 30 minutes at room temperature in the dark.

Two ml of Erythrolyse Red Blood Cell Lysing Buffer (Serotec, Oxford, UK), diluted

according to the manufacturer's instructions prior to use, was added to the whole

blood-monoclonal antibody mixture contained within each tube which was then

vortexed to achieve thorough mixing of the contents. Lysis of erythrocytes was thus

achieved following incubation of the tubes for 10 minutes at room temperature in the

dark. A leucocyte pellet was obtained in each respective tube by centrifugation

(Megafuge 1.0R, Heraeus Instruments, Germany) at 5009 for 5 minutes at room

temperature and the supernatant decanted. The pellets were then washed by

resuspension in 2rnl of phosphate buffered saline (PBS) containing 20mM glucose

(Ajax Chemicals, Auburn, NSIV, Australia) plus lVo bovine serum albumin (Sigma

Chemical Co Ltd., St Louis, Missouri, USA) (PBSG) added to each tube, and the

suspensions centrifuged at 5009 for 5 minutes at room temperature. The resulting

leucocyte pellets were obtained by decanting and discarding the supernatants, and

then resuspended in 300p1 of 0.57o paraformaldehyde in PBS. Each tube was then
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stored for a maximum of 72 hours in the dark at 4oC, until data was acquired from

the samples by flow cytometry.

2.5.2 Flow Cytometry

Flow cytometric analysis of antibody-labelled blood samples was performed within

72 hours of immunofluorescence staining, based on previous work in this laboratory

which has demonstrated stability of measures of CD1lb and CD16b expression when

data acquisition occurs within this time period (data not shown).

Immunofluorescence studies were performed using a FACScan flow cytometer,

(Becton Dickson Immunocytometry Systems, San José, California, USA) supported

by an Apple Macintosh computer using CELLQuest acquisition software (Becton

Dickson, San José, California, USA), calibrated prior to each episode of analysis

with the use of Flow-Set@ Flow Cytometry Calibration Beads (Beckman Coulter

Inc., Florida, USA) thereby eliminating variable responses by the flow cytometer

over time. Forward angle and 90" light scatter measurements were collected and 10

000 fluorescence (FLl or FL2) events counted on each sample within a gated region

for PMNs. The resulting data was analysed using V/inMDI 2.8 software (Scripps

Research Institute, http:llfacs.scripps.edu/software.html) employing a density plot to

gate the PMN population by virtue of its light scattering properties. From the density

plot, the software was used to generate a frequency histogram of fluorescence events

for each analysed sample and, by conversion of the log acquired data to a linear

scale, an arithmetic mean fluorescence intensity (MFI) was generated, this value

being considered a measure of the level of a receptor's expression. The level of

background antibody binding was accounted for by subtracting the MFI measured

from a subject's negative control sample from each of the three MFI values measured
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from that subject's samples labelled with anti-CDllb, anti-CD16 and anti-CD64

antibodies respectively. The MFI values described henceforth refer to values adjusted

for background antibody binding. Reproducibility of data obtained by the methods of

immunofluorescence staining and flow cytometric analysis described herein has

previously been demonstrated in this laboratory (data not shown).
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2.6 Determination of FcyRIIa (CD32a) and FcyRIIIb

(CD16b) Genotypes

2.6.1 Isolation of Deoxyribonucleic Acid (DNA) From Whole

Blood

Genomic DNA was prep¿ìred from pre-operative peripheral venous blood drawn into

a 4ml K-EDTA collection tube stored at 4"C until DNA isolation was commenced.

This occurred within 24 hours, and in most cases within two hours of venipuncture,

thus minimising DNA degradation due to apoptosis. Genomic DNA extraction was

performed using the commercially available QIAamp@ DNA Mini Kit (Qiagen Inc,

Valencia, California, USA) according to the manufacturer's Blood and Body Fluid

Spin Protocol. This protocol yields purified DNA in 200¡rl of elution buffer, which

was stored at 4"C until batch DNA amplification by polymerase chain reactions

(PCR). Prior to PCR, the concentration and purity of DNA isolated from each

patient's blood sample was confirmed by spectrophotometry (Smartspec@ 3000,

Biorad, Hercules, California, USA).

2.6.2 FcyRIIø (CD32a) Genotyping

FcyRlIa (CD32a) genotyping was performed using an allele-specific PCR based on

the method described by Rodrígu ez et al.38r Two master mixes, designated 'Hmix'

and 'Rmix' according to their CD32a H131- or R13l-allele specificity respectively,

were prepared to each yield a volume of 20¡tl per sample for amplification. The

composition of each master mix is detailed in Table 9. One hundred ng of each

patient's DNA, diluted with distilled water when necessary to yield a volume of 5¡rl,

was then combined with 20¡rl of both the 'Hmix' and 'Rmix'. Negative controls were
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included with each episode of PCR amplification, consisting of 20pl of both master

mixes each combined with 5pl of distilled water without the addition of DNA, for the

purpose of identifying any master mix contamination. The common CD32a antisense

primer, 5'CAA TTT TGC TGC TAT GGG C 3', used in this methodology is from an

intron shared by the sequences for FcyRIIa, FcyRIIb and FcyRIIc 381 . The two

human growth hormone primers (5' HGH and 3' HGH) included in the master mixes

served as internal positive controls, amplifying a 439-bp (base-pair) fragment of the

human growth hormone (HGH) gene."t

The PCR was performed in a thermal cycler (MyCycler@, Biorad, Hercules,

California, USA) using a protocol consisting of one cycle at 95'C for 10 minutes

(initial heat activation); 10 cycles of 96' for 1 minute (denaturation), 54C for 2

minutes (annealing) and 72"C forl minute (extension); followed by 22 cycles of

95'C for 1 minute, 54'C for 2 minutes, and 72"C for I minute, to enhance the

sensitivity; and a final extension step at 72"C for 10 minutes. PCR products were

then kept at 4"C until gel electrophoresis was performed. Duplicate PCRs were

performed and analysed for most samples to increase the certainty of genotyping.

Ethidium bromide-stuned 27o agarose gels were produced for each PCR by

dissolving 2 grams of DNA grade agarose (Progen Biosciences, Archerfield BC,

QLD, Australia) in 100m1 of tris-acetate (TAE) [0.04M TAE, 0.001M

ethylenediamine tetraacetic acid (EDTA); Sigma Chemical Co Ltd., St Louis,

Missouri, USA)I followed by the addition of 10 ¡rl of 10 mg/ml ethidium bromide

(Sigma Chemical Co Ltd., St Louis, Missouri, USA). The resulting mixture was

subsequently poured and allowed to solidify. The PCR amplification products,
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including 'Hmix' and 'Rmix' negative controls, in addition to a 1kb DNA ladder

(Invitrogen Australia Pty. Ltd., Mount Waverley, Victoria, Australia) and a pUC19

ladder (Geneworks, Adelaide, Australia), were separated on the ethidium bromide-

stained 2Vo asarose gel by electrophoresis at 100 Volts. The resulting gel was then

visualized under ultra-violet (UV) light using a Quantity One Gel Documentation

System (Biorad, Hercules, California, USA) supported by a Dell computer using

Quantity One, version 1.0 software (Biorad, Hercules, California, USA). Lanes

loaded with PCR products were evaluated for the presence of the 439 bp HGH gene

amplification control product, to demonstrate success of the PCR process, and for the

presence of a 253bp CD32a gene amplification product. The presence of a CD32a

amplification product in only that lane corresponding to either the H131- or R131-

specific PCR, therefore indicated homozygosity for that particular allele, whilst

visualization of a CD32a amplification product in two lanes, corresponding to the

H131- and R13l-specific PCRs respectively, indicated heterozygosity of the subject

from which the DNA was obtained.

2.6.3 FcyRIIIb (CD16b) Genotyping

FcyRItrb (CD16b) genotyping was petformed using an allele-specific PCR based on

the method described by Bux et a1.382 In a method comparable to that described for

CD32a genotyping, two master mixes, designated 'NAl' and 'NA2' according to

their CD16b NAl- or NA2-allele specificity respectively, were prepared to each

yield a volume of 20¡tl per sample for amplification. The composition of each master

mix is described in Table 10. One hundred ng of each patient's DNA, diluted with

distilled water when necessary to yield a volume of 5pl, was then combined with

20pl of both the 'NAl' and 'NA2' master mixes. Two negative controls were

tt7



included with each episode of PCR amplification, comprising 20pl of both master

mixes each combined with 5pl of distilled water without the addition of DNA, for the

purpose of identifying any master mix contamination. The two HGH primers used in

this methodology were identical to those used for CD32a genotyping, and were

similarly employed as internal positive controls, their amplification of a 439-bp

fragment of the HGH gene confirming the success of each PCR. The CD16b NAl-

and NA2-allele specific primers, in addition to the common CDl6b antisense primer

used in this methodology, bind within the exon EC-l of the CD16b gene. In addition

the allele specific primers discriminate between the CD16b gene and the highly

homologous CD16a gene. The NAl-specific primer is situated at position 208-221

and contains a mismatch at position four from the 3' end in order to prevent

mispriming and to enhance specificity. The use of this primer in the NAl-allele

specific PCR yields a 141-bp amplification product when this allele is present in a

subject's template DNA. The NA2-specific primer is situated at position I3O-I4I

and has aT at the 3' end and a C seven nucleotides from the 3'end, these comprising

two polymorphic sites. The presence of an NA2 allele in a subject's template DNA

results in a 2I9-bp amplification product from the use of this primer in the NA2-

specific PCR. The common CD16b antisense primer is situated at position 331-

349.382

The PCR was similarly performed in a thermal cycler (MyCycler@, Biorad,

Hercules, California, USA) using the following amplification protocol: one cycle at

94"C for 15 minutes (initial heat activation); 30 cycles of 94"C for 1 minute

(denaturation), 55"C for I minute (annealing) and J2"C for I minute (extension);

followed by a final extension step of 72"C for 10 minutes. PCR products were again
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kept at 4"C until gel electrophoresis was performed. As was the case for CD32

genotyping, duplicate CDl6 PCRs were also performed and analysed for most

samples to increase the certainty of genotyping.

The amplification products of each CD16b PCR episode, including 'NA1' and

'NA2' negative controls, in addition to the DNA ladders previously described, were

separated using gel electrophoresis and visualized under UV light using a

methodology identical to that described for CD32a genotyping. With the exception

of lanes loaded with negative control samples, the presence of the HGH

amplification control band was identified to confirm a successful enzymatic process

in each lane loaded with PCR product. NAl homozygosity was indicated by the

presence of a 141-bp product in the lane corresponding to that patient's NAl-specific

PCR, combined with the absence of a 219-bp product in the lane loaded with that

subject's NA2-specific PCR. Conversely, NA2 homozygosity was indicated by a

219-bp product in the lane loaded with contents of the NA2-specific PCR combined

with the absence of a l4I-bp product in the lane loaded with that subject's NA-l

specific PCR. Heterozygosity was thus indicated by the presence of both the 141-bp

and 219-bp products in the individual lanes loaded with products of that subject's

NAl- and NA2-specific PCR, respectively.
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Table 9. Master mix composition for FcyRIIa (CD32a) polymerase chain reaction

(PCR) based on the method of Rodríguez et al.38r

dNTP, deoxynucleotide triphosphates; DNA, deoxyribonucleic acid: HGH, human

growth hormone.

t Contains 15mM MgCl2

f(Qiagen Inc., Valencia, California, USA)

$ (Promega Corporation, Madison, Wisconsin, USA)

t[(Geneworks, Adelaide, Australia)

10pM 5'HGH primeé
5'CAG TGC CTT CCC AAC CAT TCC CTT A 3'

10pM 3'HGH primerq
5'ATC CAC TCA CGG ATT TCT GTT GTG TTT C 3'

0.5pM

1.25

0.5pM t.25

0.5pM t.25

0.5pM t.25

0.5pM

5U/¡rl HotstarTaq DNA Polymerase+

Distilled water

Total

40mM dNTP$ (10mM each)

10x Hotstar Buffer (10x) 2.5

0.5

0.1

10.65

1.25

200pM each

0.5u

10pM CD32 antisense primer{
5'CAA TTT TGC TGC TAT GGG C 3'

Hmix:
10¡rM H13l-specific sense primerÍ

5'ATC CCA GAA ATT CTC CCA 3'
OR

Rmix:
10pM Rl31-specific sense primerl

5'ATC CCA GAA ATT CTC CCG 3'



Table 10. Master mix composition for FcyRtrIb (CD16b) polymerase chain reaction (PCR)

based on the method of Bux et a1.382

dNTP, deoxynucleotide triphosphates; DNA, deoxyribonucleic acid: HGH, human growth

hormone.

T Contains 15mM MgCl2

f(Qiagen Inc., Valencia, California, USA)

$(Promega Corporation, Madison, Wisconsin, USA)

fl(Geneworks, Adelaide, Australia

10pM 3'HGH primer{
5'ATC CAC TCA CGG ATT TCT GTT GTG TTT C 3'

0.5pM

0.5¡rM 1.25

r.25

0.5pM 1.25

t.250.5pM

0.5pM

Total

l0x Hotstar Bufter (l0x) 2.5

0.5

0.1

10.65

1.25

200pM each

0.5u

10pM 5'HGH primer{
5'CAG TGC CTT CCC AAC CAT TCC CTT A 3'

10pM CD16 antisense primerfl
5'ATG GAC TTC TAG CTG CAC 3'

NAl mix:
10pM NAl-specific sense primerÍ

5'CAG TGG TT"T CAC AAT GTG AA 3'
OR

NA2 mix:
10pM NA2-specific sense primerÍ

5'CAA TGG TAC AGC GTG CTT 3'

40mM dNTP$ (10mM each)

5U/pl HotstarTaq DNA Polymerase+

Distilled water



2.7 Plasma Cytokine Assays

Plasma samples from each subject in the 'open' and EVAR cohorts, separated and

stored from whole blood drawn pre-operatively, at To, To + 4, Ts + 24, Ts+ 72, and

To + 120 hours, as previously described, were thawed immediately prior to

commencing cytokine assays. Limitations on the availability of assay kits prevented

the measurement of cytokines in plasma obtained from subjects in the 'lower limb'

cohort. Furthermore, the limited availability of cytokine kits permitted samples

obtained at T6 + 120 hours to be analysed for only 16 of the subjects undergoing

AAA repair. Cytokine data from this time point was therefore excluded from the

analyses and discussion presented hereinafter.

Concentrations (pglml) of TNF-o, IL-1P, IL-6, IL-8 (CXLC8), IL-10 andn -I2p7O

present in the aforementioned plasma samples were determined using the BD@

Cytometric Bead Array (CBA) Human Inflammation Kit (BD Biosciences, San

Diego, California, USA) in accordance with the manufacturer's instructions. All

sample assays were performed using plasma in an undiluted form.

The assay principle of the BD@ CBA cytokine kit used in this study enables multiple

soluble cytokine analytes to be simultaneously assayed from a single plasma sample.

Thus, the Human Inflammation Kit employs six bead populations with distinct

fluorescence intensities that have been coated with capture antibodies specific for

TNF-o, tr--lp, IL-6, IL-8 (CXLC8), IL-10 andn -12p70 proteins. The multiple bead

populations are thus mixed together to form the BD@ CBA. Aliquots of the CBA are

then incubated with the individual test plasma samples, and with a series of standard

dilutions. The latter are a set of serial dilutions of the recombinant human TNF-g, IL-
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lP, IL-6, IL-8 (CXLC8), IL-10 and n--I2p70 proteins, and are required for the

purpose of generating standard curves for each respective cytokine. The capture bead

and plasma/recombinant protein standards combinations are then washed,

centrifuged, and supernatants removed prior to incubation with aliquots of a

detection reagent which consists of RPE-conjugated anti-human TNF-o, IL-1P, IL-6,

IL-8 (CXLC8), IL-10 andn -12p70 proteins. The resulting combinations are again

washed, centrifuged and their supernatants removed prior to resuspension of the

resulting pellet. The result of these steps is the formation of complexes comprised of

recombinant or test sample cytokines sandwiched between the specific corresponding

capture bead and the corresponding RPE-conjugated detection antibody.

Following preparation of CBA plasma samples and standard serial dilutions, flow

cytometry was undertaken to acquire the data in accordance with the manufacturer's

instructions, using a BD FACSCalibur@ flow cytometer, supported by an Apple

Macintosh computer using CELLQuest (Becton Dickson, San José, California, USA)

and BD@ CBA Software (BD Biosciences, San Diego, California, USA). Briefly,

instrument settings were optimised, using the kit's Cytometer Setup Beads protocol,

prior to each episode of flow cytometric analysis. Data from the recombinant

standard serial dilutions, including a negative control sample, was acquired for the

puryose of generating standard curves for each analyte, followed by data acquisition

from the prepared plasma assays. BD@ CBA Software (BD Biosciences, San Diego,

California, USA) was subsequently used to extrapolate individual cytokine

concentrations from the prepared samples by comparison against the corresponding

standard curve. The individual standard curye range for each cytokine assayed using
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the BD@ CBA Human Inflammation defined the minimum and maximum

quantifiable levels as 20 pg/ml and 5000 pg/rnl respectively.
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2.8 Determination of Neuroendocrine Response to Surgical

Interventions

2.8.1 Twenty-four Hour Urine Collections

The HPA response to surgical intervention was assessed by quantitation of free

cortisol in patients' urine, whilst the SNS response was determined by assaying

urinary adrenaline and noradrenaline levels. These assays were performed on 24-

hour urine saves, collected during three time intervals. A baseline, pre-operative 24-

hour urine collection was performed in the week preceding the proposed vascular

procedure, a second 24-how collection was commenced at anaesthetic induction, and

a third 24-hour urine save was cofirmenced 72 hours from anaesthetic induction.

These three intervals are designated hereinafter as T(pre-op),T(0-24), andT(72-96)

respectively; the latter two designations describing the collection interval with

reference to anaesthetic induction. Urine saves were collected in containers

containing 2.4M hydrochloric acid, as a catecholamine preservative, by subjects

and/or nursing staff who were provided with written and verbal instructions on

performing the collection. Urinary free cortisol (UFC) and urinary catecholamine

assays were performed by the IMVS, Department of Clinical Biochemistry, in the

Woodville South and Adelaide laboratories respectively, using established

methodologies, employed for commercial application, as outlined below. Incomplete

urine saves were not submitted for laboratory analysis. All urinary measures are

expressed in nmoll24 hours.

t23



2.8.2 Automøted Chemiluminescent Immunoassay lor

Urinøry Free Cortisol (UFC)

An ACS:180@ Cortisol Assay (Bayer Healthcare, New York, USA) was employed

for measurement of UFC in 24-hotr urine collections. Briefly, this automated system

performs a competitive direct chemiluminescent immunoassay for determination of

cortisol concentrations in patient samples. Thus, during a five minute incubation

period at 37oC, cortisol in the patient sample competes with acridium ester-labelled

cortisol, contained in a vehicle comprised of buffered saline with sodium salicylate,

sodium azide and preservatives, for binding to polyclonal rabbit anti-cortisol

antibody bound to monoclonal mouse anti-rabbit IgG antibody, which is covalently

coupled to paramagnetic particles in a vehicle of buffered saline, sodium azide and

preservatives. The system then magnetically separates the paramagnetic particles and

initiates a chemiluminescent reaction by the addition of hydrogen peroxide in an

alkaline environment. The amount of relative light units detected by the system is

inversely related to the concentration of cortisol in the patient sample, a measure of

which is generated by comparison against stored master curve values. Cortisol

concentration values generated by the system are converted by the laboratory into

nmoll}4 hours using a standard formula recofitmended by the manufacturer.

The ACS:180@ Cortisol assay is considered to be highly specific for cortisol,

however cross-reactivity by structurally related compounds and pharmaceuticals has

been quantitated by the manufacture..3s' UFC measures from samples excreted by

those subjects who were administered pharmaceuticals demonstrated by the

manufacturer to have greater than O.20Vo cross-reactivity with the ACS:180@

Cortisol assay during the collection interval were therefore excluded from analyses.
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An additional UFC measure was excluded due to the unexpected administration of a

dexamethasone suppression test during the collection interval.

2.8.3 Urinary Catecholamine Assay by High Perþrmance

Liquid Chromøtography (HP LC )

The urinary catecholamines, adrenaline and noradrenaline, were assayed by HPLC

with electrochemical detection according to an established commercial laboratory

technique. Briefly, an aliquot of acidified urine was added to a lM phosphate buffer

(pH 7.0) and internal calibrator. The pH was adjusted to pH 6-7 and the mixture

poured onto a disposable micro-cation exchange column. The column was then

washed with an aliquot of ammonium phosphate buffer and the catecholamines then

selectively eluted from the column with ammonium pentaborate. Alumina extraction

was then performed by adding activated alumina to a portion of the eluent which had

been mixed with sodium metabisulphite and tris buffer. After washing, the

catecholamines were removed from the alumina with 0.4M acetic acid. An aliquot of

the acetic acid eluent was then used in a HPLC assay. The individual catecholamines

were thus separated on a reverse phase column and measured with an

electrochemical detector.

2.8.4 Vølidity of Urinary Measures oÍ Neuroendocrine

Response

The validity of employing urinary measures of excreted cortisol and catecholamines

as measures of the neuroendocrine stress response is evident from the finding that

UFC and urinary catecholamine measures are closely related to their corresponding
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serum concentrations.3s4'385 Furthe.more, the lack of influence of diurnal patterns of

secretion on 24-hour urinary cortisol measurements has resulted in this methodology

being considered as an optimal approach to the assessment of cortisol production,3s6

and by implication, HPA axis activity.
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2.9 Determination of Pre-operative Nutritional Status

Each consenting subject's pre-operative nutritional status was assessed using two

distinct methodologies, namely the practitioner-administered Mini Nutrtional

Assessment (MNA) tool and body composition analysis by dual energy X-ray

absorptiometry (DEXA).

2.9.1 The Mini-Nutritional Assessment (MNA)

Subject's pre-operative nutritional status was assessed, in part, using the MNA

administered in the pre-operative period by the study investigator. The MNA is a

practitioner-administered tool designed to provide a single, rapid assessment of

nutritional status in elderly patients. This 18 item tool is comprised of anthropometric

assessments, namely measurements of body mass index (BMI), mid-arm and calf

circumference and an assessment of weight loss; a general assessment, consisting of

six questions related to lifestyle, mobility and medications; a dietary assessment,

consisting of eight questions regarding the details of food and fluid intake and

autonomy of feeding; and a self-assessment component, measuring the subject's self-

perception of their health and nutrition. An overall score (maximum 30 points) is

calculated which classifies the patient as either well nourished (a score of > 24

points), at risk of malnutrition, indicating borderline nutritional status (17-23.5

points) or malnourished (<17 points) (Appendix 2, Figure 1;.382-:ae V/ith the use of

these recommended scoring thresholds, the MNA has been found to have a

sensitivity of 96Vo, a specificity of 98Vo, and a predictive value of 977o.388

The validity of the MNA scale was established by three principal successive studies.

The developmental and validation studies involved populations representing a
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spectrum of elderly subjects, from the frail, severely malnourished to the very

healthy, and established the validity and discriminatory potential of the tool. The

third study was used to validate the MNA in a non-institutionalised elderly

population in a different cultural context.3eO Inter-observer agreement when using the

scale has since been investigated and confirmed its reliability.3s8' ret

The MNA was developed specifically for the evaluation of nutritional status amongst

frail, elderly individuals, defined as those with functional impairments, such as

mobility, hearing or cognitive disorders, those who live alone, in nursing homes, or

who are more than 85 years old but living in the community. Those who developed

the tool have, however, also recoÍrmended its use amongst hospitalised elderly, and

notably amongst those who require sutgery."* This nutritional assessment tool was

therefore considered applicable to major vascular surgery candidates who comprise

the cohorts included in the current study.

2.9.2 Dual Energy X-Ray Absorptiometry (DEXA)

Whole body composition analysis was performed pre-operatively by DEXA

scanning. Body composition analysis by DEXA is a relatively novel technique which

generates regional and total body measures of bone mineral content (BMC), fat-free

soft tissue mass (FFST), and fat mass (FM). To perform these measurements, DEXA

systems have an X-ray source, which after appropriate filtration, emit two effective

photon energy peaks which are transmitted through the patient and subsequently

measured by the scanning instrument .3e2' 
3e3 When placed on one side of an object,

attenuation of the incident photons occurs, the extent of which is related to the

thickness, density and chemical composition of the object as well as the energy of the
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incident photon. Thus, lean tissue, fat and bone result in different degrees of

attenuation of incident photons of a given energy due to differences in their density

and chemical composition. Based on this phenomenon, DEXA analysis, which

employs a two-compartmental model of body composition, uses an algorithm

relating the masses of the two constituent tissues, or compartments, to their relative

attenuation of the two DEXA energy peaks, the latter being calculated from the

measured intensity of the transmitted photon beam and known mass attenuation

coefficients associated with the body tissues in question. Thus, for those body

regions where the photon beam passes through bone and overlying soft tissue, a set

of two equations, using the appropriate attenuation coefficients, is employed to

produce measurements of bone mass and total soft tissue mass. For body regions

without bone, the same two-compartmental model, and set of equations but with the

appropriate attenuation coefficients, is used to generate measurements for FM and

f'fST. Generation of the final regional and total body composition values reported

following DEXA scanning, that is BMC, FFST, and FM, involves the scanning

instrument separating pixels of the scanned image. For whole body scans,

approximately 40 to 457o of the pixels are classified as containing bone. The

remaining pixels are used to calculate a fat-to-lean ratio. For those scanned regions

where the beam has passed through bone, permitting the initial calculation of a bone

and overlying total (fat and lean) soft tissue mass only, the latter value is then broken

down into FM and FFST values, by applying the fat-to-lean ratio calculated from

non-bone pixels in the same scan region.3ea

The relative novelty of this application of DEXA accounts for the relatively limited

body of research addressing the validity of the technique. Whilst a high degree of
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reproducibility of measurements has been demonstrated, data confirming the

absolute accuracy of the technique is less abundant. The lack of verification of total

body DEXA measurements by human cadaver analyses is notable in this regard,

however animal validation studies have been performed.3e3' 3e4 The accuracy of the

technique is further supported by the demonstration of a good agreement between

DEXA derived values of BMC, FFST and FM and values derived from the reference

norm most often preferred for evaluation and/or calibration of alternate body

composition analysis techniques, namely a multi-compartmental model based on

elemental neutron activation analysis.3es The manufacturer of the DEXA instrument

may, however, exert a substantial influence on DEXA measurements due to the

effect of calibration and the algorithms used.3ea No patient specific factors are

known to significantly influence the validity of DEXA derived BMC or FM

measurements. Deficiencies or excesses in a subject's state of hydration would be

appropriately registered as changes in FFST.3e2

Analysis of consenting subject's pre-operative body composition was thus performed

using GE-Lunar Prodigy Vision densitometers (GE Medical Systems Lunar

Corporation, Wisconsin, USA) in the Department of Nuclear Medicine and Bone

Densitometry, The Royal Adelaide Hospital and in the Osteoporosis Centre,

Departments of Endocrinology and Nuclear Medicine, The Queen Elizabeth

Hospital. The two densitometers, employed for routine clinical bone densitometry

scanning and research purposes, were cross calibrated using a phantom. On those

occasions when patients had unavoidably experienced radioisotope administration

prior to scanning, at least one week was allowed to elapse prior to DEXA scanning to

avoid the possibility of this factor influencing DEXA measurements. When this aim
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was unable to be achieved, due to the proximity of the impending operative

intervention, affected subject's were excluded from this analysis, but not the study

overall. In addition, limitations on access to the densitometers prevented some

subjects from undergoing body composition analysis.

Five DEXA derived measures of total body composition, namely fat-free mass

(FFM), fat mass (FM), fat-free mass index (FFMI), fat-mass index (FMI), and

estimated skeletal muscle mass (SMM), were identified as relevant and potentially

useful markers of nutritional status on the basis of findings in the existing literature

and were therefore determined for each scanned subject. FM and FFM were selected

as markers of nutritional status on the basis of abundant evidence demonstrating loss

of these component tissues with undernutrition, and PEM in particular.'o'''n6 Total

body FM (kg) was obtained directly from DEXA data reports, whilst FFM (kg) was

calculated from reported data by summing its constituent components, total BMC

and FFST, as described by Hanse n et al.3e7 . It has been suggested that normalisation

of individual's FFM and FM measurements for height, to yield the indices FFMI and

FMI index respectively, may result in more valid indicators of nutritional status.3e8

Modelled after BMI, height normalised indices were therefore calculated, according

to the method of Vanltallie et al.3e8, as follows:

PPMI = FFM (kg)/treight (m)2,

and

FMI = FM (kg)/ height (m)2

It has been recognised that whilst an individual's FFM is a useful indicator of PEM,

this body composition measure is in itself a surrogate marker of that individual's
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total skeletal muscle mass.'en Thus SMM, which does in fact represent a large

portion of FFM,3e7 is considered a reliable indicator of PEM severity and outcomeaO0

. This is attributable to skeletal muscle serving as a large and highly metabolically

active pool of protein that is responsive to negative energy balances, and

furthermore, it's mass can be quantitated.3eT' 4o0 The use of DEXA measurements

represents one of the ways in which SMM may be estimated. Thus, if it is assumed

that the limb FFST value measured by DEXA closely represent limb SMM, as

discussed by Heymsfield, et ol,oot then total SMM can be calculated for normal

individuals on the basis of the proportion of limb SMM to total SMM (0.75) reported

in cadaver studies.3eT Total body SMM (kg) was therefore calculated for scanned

subjects from the sum of total arm and total leg FFST values, assuming that this sum

represents total limb SMM, and that this inturn represents 757o of total body SMM,

using the following formula, as described by Hansen et al.3e7 :

SMM = 1.333 (arm FFST + leg FFST)

This method of SMM estimation has been validated in a group of healthy older

subjects.3eT
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2.10 Pre-operative Psychological Assessments

Following successful recruitment and informed consent, which entailed a description

of the nature and purpose of the psychological inventories used in the study and

confirmation of confidentiality, subjects were asked by the study investigator to

independently complete three self-administered inventories according to provided

instructions, at a convenient time during the pre-operative period. Cognitively

impaired subjects, or those whose level of literacy prevented comprehension of

written English to the standard required by the self-administered tools, were

identified at this stage and excluded from psychological assessment, but not from the

overall study. Completed inventories were collected pre-operatively by the study

investigator.

The Beck Depression Inventory-Il (BDI-II)402 and the Center for Epidemiological

Studies-Depression Scale (CES-D)403 constituted two of the pre-operative

psychological assessment tools completed by individual subjects for the purpose of

identifying depression. This enabled the cohorts to be dichotomised into depressed

and non-depressed individuals according to the findings of each instrument. These

two screening instruments which differ somewhat in content, were selected and their

findings independently assessed to enhance the validity of findings, in view of

concerns raised by a pilot study (data not shown) which identified an inexplicably

low incidence of depression amongst a comparable cohort when the BDI-[ alone

was employed. A measure of each subject's trait anxiety was obtained from the third

questionnaire completed in the pre-operative period, the Spielberger Trait-Anxiety

Scale (STAI Form Y-2)."t
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2.70.7 Messures of Depression

2.10.1.1 Beck Depression Inventory-Il (BDI-il)

The BDI-tr is a 2l-item self-report inventory designed to measure depressive

symptoms and severity of depression in persons aged 13 and older, which can be

completed in 5 to 10 minutes when self-administered (Appendix 3, Figure 1). The

BDI-tr represents a substantial modification of the original BDI, and its primary

revision, the BDI-IA, such that the assessment of symptoms coffesponds to the

current Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteiaa0z

thereby improving content validity. The content of this inventory reflects the

cognitive, affective, somatic, and vegetative symptoms of depression.aø BDI items

have been found to discriminate between anxiety and depression, and to be more

strongly correlated with the latter.a0s Since its initial revision, the BDI has been

widely accepted and used for assessing the intensity of depression in psychiatric and

normal populations, including older adults,4O4 and has an extensive history of use in

primary care depression screening researchaO5 . The BDI-II has been shown to be

reliable with high measures of internal consistency and test-retest reliability.aoa

Construct and criterion validity have been demonstrated by the developers of this

psychometric tool.ao2

Completed BDI-tr questionnaires were manually scored according to the inventory's

guidelines. The total score range generated by this inventory is zero to 63. According

to these guidelines, a total score of zero to 13 is considered to be in the 'minimal

range' , a score in the runge of 14 to 19 indicates mild depression, 20 to 28 indicates

moderate depression, whilst severe depression is indicated by a score of 29 to 63Í04

Individuals in each study cohort were therefore categorised into a non-depressed
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group, when their BDI-II score was ( 13, or a depressed group if their total BDI-II

score was >13.

2.10.1.2 Center for Epidemiological Studies-Depression Scale

(cES-D)

The CES-D is a 2O-item inventory developed for use as a research tool to measure

the presence and severity of depressive symptomatology in the general population

(Appendix 3, Figure 2).403 When self-administered it requires approximately 10

minutes to complete. Items assess perceived mood and level of functioning during

the preceding week. Its focus on cognitive-affective, rather than physical symptoms

of depression has recommended its use in studies involving cardiac patients amongst

whom comparable physical symptoms may be due to their medical condition itself

rather than any associated psychiatric condition.337 It is considered a reliable

instrument with a high internal consistency. The moderate test-retest correlations

reported for this instrument may be expected as the scale measures 'current' level of

symptomatology and is therefore sensitive to changes in depressive symptoms. The

identification of stronger correlations with shorter test-retest intervals supports this

notion. Furthermore, good content and criterion validity are features of this scale,

which is both widely recognizeda0a and used in studies involving cohorts of cardiac

patients33T' a06 and the elderlyaoT .

CES-D inventories were manually scored according to accompanying guidelines.

The possible range of scores is zero to 60. A higher total score reflects greater

symptoms of depression, weighted by frequency of occurrence in the preceding

week.4oa A total CES-D score of >
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depression.4O4' 40s A separate dichotomisation of patients in each cohort into

depressed and non-depressed groups was therefore performed on the basis of their

CES-D score, independent of the findings of the BDI-II. Those with a total score of >

16 were categorised as depressed, whilst those with a score of < 16 were categorised

as non-depressed, according to the CES-D

2.10.2 Meøsurement of Trait Anxiety

2.10.2.1 Spielberger Trait-AnxieQ Scale (STAI Form Y-2)

One of the most widely used measures of anxiety,aos the Spielberger State-Trait

Anxiety Inventory (STAI) for Adults is comprised by two independent self-report

scales, STAI Form Y-l and STAI Form Y-2, for measuring state and trait anxiety

respectively.3ts The two scales distinguish between the concepts of personality states

and personality traits. In contrast to personality states, which describe often transitory

emotional states evoked by an appropriate stimulus, personality traits can be

conceptualised as relatively enduring differences among people in their tendencies to

perceive the world in a certain way and to react or behave in a particular and

predictable *anner."t Subjects participating in the current study were asked to

complete only the trait anxiety scale, STAI Form Y-2, pre-operatively according to

instructions provided on the test form. The concept of trait anxiety thus refers to the

relatively stable characteristic of individuals' tendency to perceive a stressful

situation as dangerous or threatening and reflects the extent to which they respond to

such situations with elevations in the intensity of their state anxiety reactions. Trait

anxiety may also reflect individual differences in the frequency and intensity with

which anxiety states have been manifested in the past, and the probability that state

anxiety will be experienced in the future. The stronger an individual's anxiety trait,
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the more probable it is that the individual will experience greater state anxiety in

response to a threatening situation.3ss In view of the impracticality, and indeed

impossibility, of assessing state anxiety at multiple peri-operative time points, trait

anxiety was used as a surrogate measure to grade subject's likelihood of manifesting

a greater state anxiety in response to events experienced in the peri-operative period.

The STAI was designed for self-administration and each of the component forms can

be completed in six to ten minutes. STAI Form Y-2 is a 2}-item inventory of

statements that assess how a subject generally feels by rating the frequency of their

feelings of anxiety on a four-point scale (Appendix 3, Figure 3).3s8 Completed forms

were manually scored, according to the inventory's guidelines, by adding the

weighted scores for each of the twenty constituent items. The total score for both

STAI Form Y-l and STAI Form Y-2 can range from a minimum of 20 to a

maximum of 80.3s8 The reliability of this tool has been determined in several

different cohorts. Moderate to strong test-retest correlations have been identified,

depending on the cohort tested, whilst measures of internal consistency for the trait

anxiety scale, including those calculated using subjects from the Australian general

population, are uniformly high.3s8' 408 Evidence of the concurrent, convergent,

divergent and construct validity of the STAI scales has also been demonstrated. A

feature of the STAI Form Y-2 making its use particularly valid in the current context

is that unlike other trait anxiety scales, it does not employ items that may reflect

depression rather than anxiety. It is worthy of note that whilst correlations of

individual's scores for the two STAI forms support the theory that those high in trait

anxiety tend to be higher in state anxiety, a finding with potential implications for the

use of STAI Form Y-2 as a surrogate measure in the current study is that the strength
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of the correlations depend on the amount and kind of stress under which the state

anxiety is measured. This is consistent with the Trait-State Anxiety theory which

predicts higher correlations between social and evaluative situations and lower

correlations in situations of physical danger.3ss
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2.ll Outcome Measures

2.11.1 Systemic Inflammatory Response Syndrome (SIRS)

Score and Duration

For the pulposes of the current study, SIRS was defined using the only recognized

consensus definition, established in l99I by the ACCP/SCCM Consensus

Conferencel00, described in detail in Chapter 1. On the basis of the limited published

data reporting the frequency of SIRS following AAA repairl28-130, it was anticipated

that the use of simply the presence or absence of SIRS would not be a sufficiently

meaningful outcome measure. Furthermore, combining a severity scoring system

with a broad, encompassing clinical definition such as that established for SIRS for

the purpose of providing a measure of the position of an individual along the

inflammatory continuum, was vigorously recommended by the ACCP/SCCM

Consensus Conference.l0o For this reason, SIRS severity was measured by means of

a scoring system and by determining the duration for which SIRS was present in

individual patients.

2.1 I .1.1 S/RS Score

On each of the first five post-operative days, described herein after as POD 0 (zero to

24 hours post skin closure), POD1 (24 to 48 hours post skin closure), POD2 (48 to

72 hours post skin closure), POD3 (72 to 96 hours post skin closure) and POD4 (96

to I20 hours post skin closure), the presence of SIRS was prospectively identified

and, when present, the number of SIRS criteria met was used as a weighting of the

severity of SIRS on that day. According to the ACCP/SCCM definitionlOo 1Tabl" 1,

Chapter 1) the presence of zero or one criterion does not constitute SIRS, hence a
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score of 0 was assigned on days when either zero or only one criterion were met.

'When either two, three or four criteria were met simultaneously on a given day, a

score of 1,2 or 3 respectively was assigned. Thus, for each of POD 0 to POD4, a

score of 0, l, 2 or 3 was assigned. On any day when SIRS was present, but the

number of criteria fulfilled simultaneously fluctuated over the 24-hour period, the

score associated with the maximum number of criteria fulfilled simultaneously was

assigned for that day. V/hen subjects were discharged before the end of POD4 (120

hours post skin closure), it was considered reasonable to assume that SIRS was no

longer present. As a result, any of the first five post-operative days that elapsed

following discharge were assigned a score of 0, unless a higher score was

necessitated by the number of criteria met during any of the 24-hour period that

elapsed prior to discharge. A cumulative SIRS score was determined for each subject

by summing the SIRS scores on each of POD 0 to POD4. The possible cumulative

SIRS score range was therefore 0 (scores of 0 on each of POD 0 to POD4) to 15

(scores of 3 on each of POD 0 to POD4).

The validity of using SIRS criteria to weight the severity of SIRS is suggested by

early research which indicated that an increasing number of SIRS criteria was

directly associated with the incidence of subsequent ARDS, DIC, shock and

mortality66 The use of comparable scoring systems have been previously

employed.l2e'4oe The system employed in the current study most closely resembles

that used by Norwood et al. in a study of the clinical value of the SIRS concept in

AAA rcpairrze . These authors scored patients from 0 to 4 on each of the post-

operative days evaluated, according to the number of SIRS criteria met, and similarly

generated cumulative scores by summation of a subject's daily scores. It was found
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that elective AAA patients with high cumulative SIRS scores in the first four post-

operative days were more likely to die, suggesting the utility of this scoring system

as an outcome measure during the early post-operative period.

2.11.1.2 SIRS Duration

An additional, surrogate measure of the severity of an individual's SIRS response

was the duration (measured in days), for which SIRS was present during the first five

post-operative days. Consecutive and non-consecutive days on which SIRS was

diagnosed were tallied to yield the final duration of SIRS for each subject. Once

aga\n, SIRS was assumed to be absent during any period within the five day post-

operative study interval that elapsed following discharge.

The use of SIRS duration as an outcome measure is conceptually comparable to the

frequently used morbidity measures of post-operative length of ICU or hospital stay.

Furthermore, the use of SIRS duration as a potentially useful outcome measure is

supported by literature which suggests that the persistence of SIRS over time may be

a more accurate indicator of a pathologic inflammatory process than brief periods of

SIRS, or the occurrence of SIRS pr, ,r.tto'ot'

2.1 1.2 Sepsis Occuruence

The current consensus definition of sepsis produced by the 2O0l

SCCMÆSICM/ACCP/ATS/SIS International Sepsis Definitions Conferenceee and

detailed in Chapter l, was employed in the current study. Briefly, these guidelines

define sepsis as a systemic inflammatory response in the presence of documented or

suspected infection. In accordance with these guidelines, the presence of infection in
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the current study was therefore determined by positive microbiological culture or the

strong suspicion of invasion by micro-organisms, on the basis of radiological

investigations. Pulmonary consolidation, for example, as indicated by X-ray or

computed tomography (CT) was therefore considered as evidence of infection, even

in the absence of microbiological confirmation. Thus, the presence or absence of

sepsis, within 30 post-operative days was doeumented for each subject. This was

achieved by the thorough, prospective evaluation of all available clinical information

throughout each subject's hospitalisation. The occurrence of sepsis following

discharge was identified retrospectively by examining the details of radiological

andlor laboratory data in addition to subject's history of public hospital episodes

within this period, using the South Australian public hospital system's OACIS

Clinical Care Suite (Dinmar Inc., USA) database. When the suggestion of a septic

event was identified from the information contained in this database, subjects' public

hospital records were retrieved to confirm or refute the occurrence of sepsis.

2.17.3 Occurrence of Infection

The occurrence of any infection, regardless of the presence or absence of an

associated systemic inflammatory response, within 30 days post-operatively was

documented for each subject. The definition of infection used for this categorisation

was that contained within the 2001 SCCMÆSICM/ACCP/ATS/SIS International

Sepsis Definitions Conference diagnostic criteria for sepsisee (Chapter I, Table 2),

described above. The information required for this categorisation was therefore

simply extracted from the data collected for the purpose of identifying the presence

or absence of sepsis, as described above. This outcome measure was therefore used
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to dichotomise each cohort into those who developed an infection and those who did

not.

2.11.4 Measures ol Generøl Post-operative Morbidity

2.1 1 .4.1 Occurrence of Moderate/Severe Post-operative

Complication(s)

The occurrence of all local and systemic complications within 30 post-operative days

was identified using the process described for the identification of sepsis.

Complications were documented and their severity scored according to the

recommendations of the SVS/ISCVS Ad Hoc Committee on Reporting Standards44'

ott 
lAppendix 4, Figure 1). This system involves each complication being assigned a

severity score of either 1, denoting a mild complication; 2, to denote a complication

of moderate severity; or 3, indicating a severe complication. Patients in each cohort

were therefore dichotomised into those who developed one or more moderate/severe

(severity score of 2 or 3) complications and those who did not.

2.11.4.2 Maximum APACHE II Score

The APACHE II (Acute Physiology And Chronic Health Evaluation) severity of

disease classification systemal2 was used as a measure of general post-operative

morbidity (Appendix 4, Figure 2). Briefly, APACHE II assigns weighted point-

scores according to the degree of derangement of twelve routinely measured

physiological variables, age and previous health status to provide a general measure

of acute illness severity. This tool generates a total score which may range from 0 to

70. Increasing total scores indicate increased illness severity and have been closely
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coffelated with the subsequent risk of hospital death. This validity of this index has

been demonstrated amongst medical and surgical patients in ICU settings and has

been recommended for use as a research tool for the purpose of classifying illness

severity.4l2

For each subject, an APACHE II score was thus calculated on each of POD 0 to

POD4, whilst subjects remained hospitalised. Each patient's maximum APACHE tr

score was used as a measure of their post-operative morbidity.

2.11.4.3 ICU and Post-operative Length of Stay (LOS)

ICU LOS (expressed in days) and total post-operative hospital LOS (expressed in

days) were documented for each subject and used as additional measures of post-

operative morbidity.

2.71.5 Health-releted Quøhty of Ltle (HRQoL)

2.11.5.1 Medical Outcomes Study 36-Item Short-Form (SF-36)

Health Survey

In association with the request to complete the afore-mentioned psychological

inventories (Section 2.IO), subjects were asked to pre-operatively self-administer the

Medical Outcomes Study 36-Item Short-Form (SF-36) Health Survey (Standard

English - Australia/New Z,eaLand Version 1.0)ot' (Appendix 4, Figure 3) for the

purpose of assessing pre-operative HRQoL. Like the psychological inventories,

completed SF-36 surveys were collected by the investigator prior to operative

intervention. Post-operative HRQoL was subsequently assessed at one, three and six

months following surgical intervention by requesting patients to complete and return
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SF-36 surveys which were sent by mail at each of the afore-mentioned assessment

intervals

The SF-36 health survey is a widely used 36-item questionnaire designed to examine

perceived health status amongst respondents aged 14 and older. Self-administration

of the survey requires approximately 7 to 10 minutes, and is amongst the methods of

administration for which the instrument was designed.3a6' a13 The instrument

measures generic health concepts relevant across ãgê, disease and treatment

groupsot3 and has been frequently used for the assessment of HRQoL amongst

cohorts of AAA patients and those with peripheral vascular disease.348'414-417 A11 but

one of the 36 items constituting the SF-36, contribute to one of eight multi-item

scales, each of which aggregates two to 10 items. The multi-item scales measure the

following eight health concepts:

o Physical Functioning (PF): extent to which health limits physical activities such

as self-care, walking, climbing stairs, bending, lifting, and moderate and vigorous

exercises.

o Role Functioning - Physical (RP): extent to which physical health interferes with

work or other daily activities, including accomplishing less than wanted,

limitations in the kind of activities performed, or difficulties in performing

activities.

o Bodily Pain (BP): intensity of pain and effect of pain on normal work, both inside

and outside the home.

o General Health (GH): personal evaluation of health, including current health,

health outlook, and resistance to illness.

o Vitality (VT): feeling energetic versus feeling tired and worn out.
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o Social Functioning (SF): extent to which physical health or emotional problems

interfere with normal social activities.

o Role Functioning - Emotional (RE): extent to which emotional health interferes

with work or other daily activities, including decreased time spent on activities,

accomplishing less, and not working as carefully as usual.

o Mental Health (MH): general mental health, including depression, anxiety,

behavioural-emotional control, and general positive affect.

Thus, answers to each item are scored to produce raw scale scores for each of the

eight health concepts, which are then transformed to a 0 to 100 scale.al3 Scoring

algorithms can then be applied to produce two norm-based suÍrmary scores, the

Physical Component Summary score (PCS) and the Mental Component Summary

score (MCs¡.als-+zt These summary scores reflect the contribution of physical and

mental factors respectively, to overall HRQoL3a6. In all cases, higher scores indicate

a better HRQoL.al3 SF-36 scoring software was used for scoring surveys in the

current study. Only the PCS and MCS scores were employed in analyses of HRQoL.

The reliability and validity of this instrument, and its constituent scales, have been

extensively reported.3a6
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2.12 Documentation of Potential Confounding Clinical

Factors

2. 1 2. 1 Peri-op erativ e Pharmacotherapy

The peri-operative use of particular pharmacotherapeutic agents was recognised as a

potential confounding factor in the analyses examining the influence of other patient

characteristics on specific outcome measures. The optimal approach of considering

the pre-operative use of these agents as exclusion criteria was not viable given the

frequency of their use amongst the population being investigated. Furthermore, the

establishment of a protocol of peri-operative care, preventing their use in the study

period, was not ethically acceptable. Prospective documentation of their

administration, and testing for their influence on relevant outcome measures was

therefore undertaken.

Given that one of the ACCP/SCCM Consensus Conference criteria for defining SIRS

is a heart rate exceeding 90 beats per minute,lm (Table 1, Chapter 1) the

administration of p-blockers was considered to be a factor with the potential to

confound analyses relating to this outcome due to their negative chronotropic effect.

Each cohort was thus dichotomised into those subjects who were administered B-

blockers either pre-operatively, intra-operatively, or in the first five post-operative

days, and into those who did not receive this class of drugs during this period.

In view of the anti-inflammatory and immunosuppressive properties of exogenous

corticosteroid medications, the administration of this drug class was considered as

being a potential confounding influence on analyses of the outcome measures of
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SIRS, sepsis and occurrence of infection. For the purpose of testing this possibility,

subjects in each cohort were dichotomised into those subjects who were administered

exogenous oral or intravenous corticosteroids either pre-operatively, intra-

operatively, or during the first five post-operative days, and into those who were not

administered this class of drugs during the aforementioned period.

Whilst there is currently no available literature describing the pharmacological

influence of the exogenously administered catecholamines adrenaline and

noradrenaline on the urinary measures of the endogenously produced

catecholamines, recently published analyses of data derived from a subset of the

cohorts within the current study provided statistical evidence for a confounding

effect of exogenously administered catecholamines on urinary measures of

adrenaline and noradrenaline3T3 . In view of this suggested confounding influence,

the amount (in milligrams) of both adrenaline and noradrenaline administered during

each 24-hour urine collection period was documented for each patient for the

purpose of inclusion as a covariate in statistical analyses of urinary catecholamines.
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2.13 Statistical Analyses

2.13.1 Overview of Støtisticøl Anølyses Perþrmed

Prior to undertaking analyses of variables measured on ordinal or numerical scales,

each variable's normality of distribution was determined. The measures of central

tendency and dispersion used to describe skewed data are the median and range

(minimum to maximum values). Nonparametric tests were employed for analyses

involving variables with a skewed distribution, with several exceptions. Logro

transformations were applied to normalise skewed cytokine data prior to undertaking

regression analyses, as described in section2.l3.2.In addition, neuroendocrine data

was logro transformed thus normalising the distributions prior to analyses with

parametric tests, thereby enabling potential confounding factors to be entered as

covariates, when necessary. V/hilst the results of statistical analyses of

neuroendocrine data presented herein have therefore been obtained following log

transformation, for the purpose of clinical relevance, the measures of central

tendency and dispersion presented for the neuroendocrine data refer to absolute,

rather than log transformed data. The measures of central tendency and dispersion

used to describe normally distributed data, as well as neuroendocrine data, are the

mean and standard error of the mean (SEM). Parametric tests were employed for

those analyses involving only normally distributed variables, inclusive of those

subject to logarithmic transformation.

The relationship between two variables measured on nominal scales was examined

using chi-square tests, or Fisher's exact tests in instances of small expected

frequencies. Relationships between two variables measured on numerical scales were

analysed using Pearson product moment correlations or nonparametric Spearman
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rank correlations, as appropriate. Partial correlations were used for this purpose when

a 'covariats' was included in the analysis. Comparison of two independent groups

with regard to a single variable measured on an ordinal or numerical scale was

performed using the un-paired Student's t test or its nonparametric counterpart, the

Mann-Whitney U test, as appropriate. For analyses requiring the comparison of two

independent groups with regard to a dependent numerical variable, whon

confounding factors, or covariates, required consideration in the analyses, one-way

analysis of variance (ANOVA) was employed. Comparison of the same group of

subjects with regard to a single normally distributed, or logro transformed variable

measured at two different time points was achieved using paired t tests, or repeated-

measures ANOVA for analyses involving covariates.

One-way ANOVA was also employed for the pu{pose of comparing three groups

with one independent variable, with regard to a dependent variable when the latter

variable was normally distributed and the assumption of equal variances was met. In

those instances where ANOVA resulted in a significant F test, post hoc comparisons

were performed using Scheffe's procedure. V/hen the dependent variable was

skewed or the assumption of equal variances was not met, the Kruskal-Wallis test

was employed to compare three groups with one independent variable. In those

instances where the Kruskal-Wallis test was significant post hoc pair-wise

comparisons were performed using the Mann-Whitney U test. Statistical significance

was defined as p<0.05. Analyses were performed using SPSS, version 10.0

(Statistical Package for the Social Sciences, SPSS Inc., Chicago, L, USA).
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2.73.2 Relationship Between Cytokines ønd Sepsis

For the purpose of examining the relationship between subjects' cytokine profiles

and the occuffence of sepsis, for every subject contributing to this data set, data for

each cytokine assayed was reduced to three values: the pre-operative concentration,

the maximum concentration and the average hourly cytokine concentration. The

latter is a derived value obtained from a calculation of the area under the curve

(AUC) for each of the six assayed cytokines, for each subject. Each AUC is

calculated from a plot of concentrations of the relevant cytokine (y-axis) against

sampling time (x-axis), the latter commencing from Ts and terminating at Ts r 72,

that is 72 hours following To. The resulting AUC therefore represents total cytokine

production over the 72 hour period from T6. Dividing the AUC by 72, therefore

yields a calculated value of the average hourly plasma cytokine concentration.

The capacity of the three values for each cytokine, namely the pre-operative

concentration, the maximum concentration and the avetage hourly cytokine

concentration, to predict the occurrence of sepsis was examined using a multiple

regression model which took the form:

logfp/ (I - p)] = Êo + 0r log(av. hrly. conc. +1) + p2log(maximum conc. +1) + B3 log(pre-op. conc. +1)

where p is the probability of developing post-operative sepsis; Bs is the constant

regression coefficient which denotes the intercept of the regression line; and þr þ2,

and p3 are the regression coefficients associated with each of the respective

independent variables. As indicated by the equation, logs were taken of the

independent variables since they were highly skewed.
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CHAPTER3

RESULTS



3.L Operative Outcomes

3.1J Operøtive and Post-operative Clinicøl Variables

For each of the three cohorts considered in this study, descriptive statistics of

operative and post-operative clinical data, considered to be general markers of the

severity of the operative insult andlor associated morbidity, are presented in Table

11. Results of Kruskal-Wallis tests demonstrated that there were significant

differences between the three cohorts with respect to operative duration ltr-w Q) =

11.64, p = 0.0031, intra-operative blood loss [262¡-1,y (2) = 14.O6, p = 0.001], total

volume of blood transfused intra-operatively [2¿2ç-1,y (2) = 51.00, p< 0.0001 ], volume

of blood transfused post-operatively [2¿2¡ç-y¡ (2) = 6.84,p = 0.033], and the volume of

crystalloid andlor colloid administered intra-operatively [r('* * (2) = 41.22,

p<0.00011. In addition, the duration of post-operative artificial ventilation differed

significantly between the three groups [It*-* (2) = 25.62, p< 0.0001]. Post hoc pair-

wise analyses were then performed using Mann-Whitney U tests, to identify which

two cohorts differed significantly from each other with respect to each of the afore-

mentioned clinical variables. These findings are reported in Table 11.
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Table 11. Descriptive statistics and inter-cohort comparisons for selected intra- and

post-operative clinical variables characterising the 'open', EVAR, and 'lower limb'

cohorts.

Tabulated values are medians and ranges in parentheses.

Number of subjects (n) contributing data is indicated for each cohorlclinical variable

combination.

tResult of post-hoc pair-wise analysis using Mann-Whitney U test, following

demonstration of statistically significant difference between the three cohorts for all

tabulated clinical variables by Kruskal-Wallis test.



<0.0001 <0.0001 NS

NS

NS

NS

NS

<0.0001 <0.0001

<0.0001 <0.0001

0.019

0.001 0.022NS

NS

0.0010.038

2rs (99-s07)
(n=I7)

3s00 (1500 - 6000)
(n=I7)

s38 {100 -2LsO)
(n=9)

zts (90 - s07)
(n=17)

0 (o - t42t)
(n=17)

0 (0 - 833)
(n=I7)

1s0 (11s - 23s)
(n=17)

2000 (1000 - ss00)
(n=17)

s00 (0 - 1000)
(n=2)

0(o-0)
(n=I7)

0 (0 -zee)
(n=17)

0 (0 - 11ss)
(n=17)

207.s (99 - 94s)
(n=36)

6000 (30s2 - 16000)
(n=36)

20s3 (732 - 14000)
(n=24)

t034.s (1400 -7200)
(n=36)

45s (0 - 81 ls)
(n=35)

0 (0 - 304s)
(n=35)

Intra-operative variables

Operative duration (mins)

Crystalloid/colloid intused (m1)

Blood transfused intra-op. (nrl)

Post-operative variables

Blood transfused post-op (ml)

Blood loss (rrl)

Duration mechanical
ventilation (mins)



3.7.2 Outcome Measures of General Post-operative Morbidity

ønd Mortølity

Descriptive statistics for each of the principal outcome measures of general post-

operative morbidity employed in this study are presented in Table 12 for each of the

three cohorts. ICU LOS differed significantly between the three cohorts [12¡-y¿ 12¡ =

33.02, p <0.00011, as did the maximum APACFIE II score attained Iy3*-* (2) =

26.44, p<0.00011. A significant difference between the three cohorts was also

identified with respect to post-operative hospital LOS [F (2, 65) = 18.95, p<0.0001].

The results of post-hoc comparisons, performed using the Mann-Whitney U test or

Scheffe's procedure as appropriate, are presented in Table 12, indicating which

particular cohort differed from another, for each of the afore-mentioned outcome

measures. This table also reports the incidence of one or more moderate/severe

complications, as defined in Chapter 2, Section 2.11.4.1, amongst each cohort. The

occurrence of this adverse outcome was significantly associated with the category of

vascular intervention, that is open fuq,{ repair, EVAR or lower limb

revascularisation, performed (Table I 2).

Of potential relevance to the validity of the urinary measures of neuroendocrine

response is the observation that no subject experienced renal complications of either

a moderate (SVS/ISCVS grade 2) or severe (SVSÆSCVS grade 3) nature.

Furthermore, only two members (5.6Vo) of the 'open' cohort and one member (5.97o)

of the 'lower limb' cohort experienced mild (SVSÆSCVS grade 1) post-operative

renal insufficiency.
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A 30-day mortality rate of 4.37o was recorded amongst the collective cohort (n=70)

involved in the current study. Two of the non-surviving subjects were female, had a

TAAA and were classified as belonging to the 'open' cohort for the purposes of this

study (see Chapter 2, Section 2.2.4.2), however their respective aneurysm repairs

were performed by different vascular surgeons, at different institutions. One of these

subjects experienced a particularly prolonged procedure, lasting 15 hours and 45

minutes, due to difficulties with deployment of a customised fenestrated endograft

which necessitated a laparotomy and an aortic-SMA bypass for management of

deployment-induced colonic ischaemia. DIC, associated with massive intra-operative

haemorrhage, culminated in death six hours and five minutes following skin closure.

The other death within this cohort of patients occurred intra-operatively during a

hybrid EVAR/open procedure, eight hours and 58 minutes after commencement of

the procedure. Major anastomotic haemorrhage, in the setting of coagulopathy with

left ventricular decompensation, resulted in the death of this subject. The deaths of

these subjects early in the study therefore diminished the size (n) of the 'open' cohort

contributing data to many of the analyses presented herein. A third male subject died

2I days following an open fuA,{ repair as a result of a myocardial infarction,

preceded by respiratory failure arising from pneumonia in the setting of severe

chronic obstructive pulmonary disease. The occurrence of pneumonia resulted in this

subject being categorised as having sepsis.
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Table 12. Descriptive statistics and inter-cohort comparisons for principal outcome

measures of general post-operative morbidity amongst the 'open', EVAR, and 'lower

limb'cohorts.

ICU, intensive care unit; LOS, length of stay.

Number of subjects (n) contributing data is indicated for each cohorlclinical variable

combination

tTabulated dataare median and range in parentheses; post-hoc statistical comparison

between cohorts performed using Mann-V/hitney U tests.

fTabulated data are means and SEM in parentheses; post-hoc statistical comparison

between cohofs performed using Scheffe's procedures.

$Tabulated data arc absolute numbers with percentage of cohort in parentheses;

statistical comparison between cohorts performed using Pearson's chi-square test (2

x 3 contingency table).



<0.0001 <0.0001

<0.0001 <0.0001

0.0170.031

0.00001

<0.0001

NS

NS

0 (0 - 1.19)
(n=I7)

r0 (4 - 20)
(n=17)

8.18 (0.88)
(n=I7)

2 (II.8Vo)
(n=17)

0 (0 - 0.e6)
(n=17)

11 (8 - 18)
(n=17)

4.47 (0.70)
(n=I7)

4 (23.5Vo)
(n=I7)

r.23 (0 - 6.99)
(n=35)

17 (r0-27)
(n=35)

rt.tz (0.69)
(n=34)

27 (75.OEo)

(n=36)

Maximum APACIIE II scoreÌ

Post-operative LOS (days)f

One or more moderate/severe complications$

ICULOS (days)T



3.1.3 Outcome Measures of SIRS, Sepsis and Infection

The incidence of SIRS amongst the surviving members of the 'open', EVAR and

'lower limb' cohorts was 88.27o, 47.17o, and l0.6Vo respectively (Figure 2). Chi-

square analysis (2 x 3 contingency table) confirmed the significant association of

SIRS occuffence with procedure type tt Ø = 9.97, p = 0.OO7l. Accordingly,

cumulative SIRS scores also differed significantly between the three cohorts [?C'*-*

(2) = ll.l0, p = 0.0041. Figure 3 depicts the cumulative SIRS scores characterising

each cohort and reports the findings of post hoc analyses, demonstrating between

which cohorts the significant difference in cumulative SIRS scores lay. The cohorts

also cliffered significantly with respect to mean duration of SIRS lF (2,65) = 7 .25, p

= 0.001]. Using Scheffe's procedures for post hoc analyses, the 'open' cohort was

identified as having a significantly longer mean duration of SIRS than those

undergoing EVAR (p = 0.002), whilst the 'lower limb' cohort's mean duration of

SIRS did not differ significantly from the other two cohorts (Figure 4).

The incidence of sepsis amongst the 'open', EVAR and 'lower limb' cohorts was

5OVo,5.9Vo and 11.87o respectively (Figure 5). Sepsis occuffence was significantly

associated with procedure type tf Ø = l4.O3,p = 0.0009,2 x 3 contingency tablel.

Amongst the 17 subjects in the 'open' cohort categorised as having developed sepsis,

the aetiology was pulmonary in 16 cases. Two of these subjects fulfilled the criteria

for sepsis on the basis of a second source of documented and./or suspected infection,

namely post-operative oesophageal candidiasis and a peri-graft collection considered

sufficiently suspicious to warrant long-term antibiotic therapy. Post-operative

Escherichia coli septicaemia accounted for the diagnosis of sepsis in one subject in

this cohort. A pulmonary aetiology accounted for all cases of sepsis amongst the
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EVAR and 'lower limb' cohorts. It is noteworthy that both subjects categorised as

having sepsis in the 'lower limb' cohort underwent supra-inguinal revascularisation

procedures.

The incidence of post-operative infection, irrespective of the occurrence of a

systemic inflammatory response, was 52.9vo, lJ .6vo, and 35.37o amongst the 'open',

EVAR and 'lower limb' cohorts respectively. Chi-square analysis (2 x 3 contingency

table) demonstrated an association between the occurrence of a post-operative

infection and the type of operative intervention that reached statistical significance

tt Ø = 6.08, p = 0.0481. The excess rate of infection, beyond that described for

sepsis, was accounted for amongst the 'open' cohort by an additional case of

pneumonia, whilst amongst the EVAR cohort, an additional case of pneumonia in

one subject and a superficial wound infection of unspecified microbiological

aetiology in another accounted for the infection rate. Amongst the 'lower limb'

cohort, an additional four subjects developed post-operative superficial wound

infections, two of which were attributed to Staphylococcus aureu,¡ being methicillin

resistant in one case and methicillin sensitive in the other. Mixed coliforms

accounted for one wound infection in this cohort, whilst the aetiological organism(s)

were unspecified in the fourth case.
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Figure 2. Incidence (%o) of post-operative SIRS in the 'open', EVAR and 'lower

limb'cohorts.

SIRS incidence was significantly associated with procedure category (cohort) (p =

0.007, 2 x 3 contingency table).

Figure 3. Box and whisker plot of cumulative SIRS scores in the 'open', EVAR and

'lower limb' cohorts.

Plot presents median, first (257o) and third (757o) quartiles, and range of data for

each cohort.

*p = O.O3l (post hoc comparison using Mann-Whitney U test)

>F*p - 0.002 (post hoc comparison using Mann-Whitney U test)

Figure 4. Mean duration of SIRS in the 'open', EVAR and 'lower limb' cohorts.

Values are mean (SEM).

*'Open' differs significantly from EVAR cohort, P = O.OO2 (post hoc comparison

using Scheffe' s procedure).
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Figure 5. Incidence ('/ù of post-operative sepsis in the 'open', EVAR and 'lower

limb'cohorts.

Incidence of sepsis was significantly associated with procedure category (cohort) þ
: 0.0009, 2 x 3 contingency table).
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3 - 1.4 Potential Confounding F øctors

3. 1.4. 1 þ-Blocker Administration

The potential influence of p-blocker use, whether administered pre-operatively, intra-

operatively, andloÍ within the first 5 post-operative days, on the classification of

presence or absence of SIRS was examined within each of the three operative

cohorts. The incidence of administration of this drug class in each cohort is

summarised in Table 6, Chapter 1. Statistical analysis demonstrated that within the

'open' cohort, there was no significant effect of B-blocker use on the classification of

SIRS as either present or absent (p = O.28, two-tailed Fisher's exact test). The lack of

a significant association between B-blocker use and SIRS classification was also

apparent for both the EVAR and 'lower limb' cohorts (p = 0.16 and p = 1.00

respectively, two-tailed Fisher's exact tests). This lack of association was confirmed

when all subjects were considered as belonging to one collective cohort tf G) =

0.07, p = 0.791.

3. 1 .4.2 Corticosteroid Administration

Oral or fV corticosteroids use, whether pre-operatively, intra-operatively, and/or

within the five post-operative days, occurred amongst four (11.87o) of the surviving

members of the 'open' cohort, only two (ll.87o) of the 'lower limb' cohort, whilst no

member of the EVAR cohort received this medication during the relevant period.

The influence of oral or IV corticosteroids on the presence or absence of SIRS, sepsis

within 30 post-operative days, and on the presence or absence of infection within 30

post-operative days was therefore examined for the 'open AAA' and 'lower limb'

cohorts. Amongst the 'open AAA' cohort, statistical analysis (two-tailed Fisher's
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exact tests) demonstrated no relationship between corticosteroid use and the presence

or absence of SIRS (p = 1.00), the development of sepsis (p = 0.10) or on the

occuffence of infection (p =0.11). Statistical analysis (twotailed Fisher's exact tests)

similarly demonstrated the lack of an influence of corticosteroid use on the

occulrence of SIRS (p = 1.00), sepsis (p = 0.23), or infection (p = O.ll) amongst the

'lower limb' cohort.

158



3.2 Operative Duration and Duration of Ischaemia

Association with Clinical Outcomes

Analyses of the relationships between the two operative variables, 'operative

duration' and 'duration of ischaemia', and clinical outcome measures were

performed by separately considering the 'open', EVAR and 'lower limb' cohorts.

3.2.1 Associations with S/RS

As reported in Table 13, the correlations between 'operative duration' and both

cumulative SIRS score and SIRS duration were weak and not statistically significant.

Similarly, the correlations between 'duration of ischaemia' and measures of SIRS

severity within the 'open' cohort were weak and non-significant (Table 13).

3.2.3 Associøtions with Sepsis

As detailed in Table 14, neither the duration of operative procedures nor the duration

of ischaemia differed significantly between those who developed sepsis and those

who did not.

3.2.3 Associøtions with Measures oÍ Generøl Post-operøtive

Morbidity

Amongst the 'open' cohort, there was a moderate, positive and statistically

significant association between 'operative duration' and the maximum APACHE tr

score attained. Within this cohort, the weak, positive associations between this

operative variable and the outcome measures of ICU LOS and post-operative LOS
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approached but did not reach significance. Within the EVAR cohort, however, the

positive association between 'operative duration' and post-operative LOS was

moderate and significant, whilst the association between 'operative duration' and

both the maximum APACFIE II score and ICU LOS were weak and not statistically

significant. Weak and non-significant associations were also demonstrated between

'operative duration' and all of the aforementioned measures of general post-operative

morbidity within the 'lower limb' cohort (Table 13). It is apparent from Table 14that

the duration of the operative intervention failed to distinguish between those subjects

who subsequently developed one or more moderate/severe complications and those

who did not develop this adverse post-operative outcome within each of the cohorts.

Amongst the 'open' cohort, 'duration of ischaemia' was moderately, positively and

significantly associated with both the maximum APACHE II score and post-

operative LOS, however, the positive correlation between this operative variable and

ICU LOS was weak and non-significant (Table 13). The mean 'duration of

ischaemia' did not differ between those who developed one or more moderate/severe

complications, and those who did not (Table 14).
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Table L3. Conelations between operative variables and measures of SIRS severity

and general post-operative morbidity within the 'open', EVAR and 'lower limb'

cohorts

ICU, intensive care unit; LOS, length of stay; mins; minutes

Tabulated values are Spearman rank correlations (r"), unless otherwise indicated,

with associated statistical significance þ value) in parentheses. The actual p value is

reported only when the correlation was statistically significant or approached

significance at the 0.05 level (twotailed).

The number of subjects contributing data (n) is reported for each correlation.

Insufficient data on 'duration of ischaemia' was available for meaningful correlations

within the 'lower limb' cohort.

tPearson product moment corelations (r) with statistical significance (p value) in

parentheses.



EVAR

Lower Limb

Open 0.141(NS)
(n=34)

0.179 (NS)
(n=34)

0322 (0.059)
(n=35)

0.404 (0.01ó)
(n=35)

0.307 (0.077)
(n=34)

0.222 (NS)
(n=17)

0.248 (NS)
(n=17)

-0.128 (NS)
(n=17)

0.002 (NS)
(n=17)

0.s02 (0.040)
(n=17)

0.059 (NS)
(n=17)

0.119 (NS)
(n=17)

0.201(NS)
(n=17)

0.324 (NS)
(n=17)

0.316 (NS)
(n=17)

Operative
Duration (mins)

Open 0.255 (NS)
(n=29)

0.225 (NS)t
(n=29)

0.267 (NS)
(n=29)

0.4t2 (o.o2qt
(n=29)

0.483 (0.00s)1
(n=29)

Duration of
Ischaemia (mins)



Table 14. Association between operative variables and both the development of

sepsis and the occurrence of one or more moderate/severe complications within the

'open', EVAR, and 'lower limb' cohorts.

mins, minutes

Number of subjects contributing data to each group (n) is reported.

t Tabulated values are medians and range in parentheses; statistical difference

between groups analysed using Mann Whitney U test.

f Tabulated values are means and SEM in parentheses; statistical difference between

groups analysed using Student's t test.

Operative
Duration (mins)l

Open

Lower Limb

EVAR

NS

NS

NS

200 (99 - 45s)
(n=17)

205 (r37 - 3s0)
(n=17)

180 (r80 - r80)
(n=l)

150 (1 15 - 235)
(n=r6)

270 (210 - 330)
(n=2)

2ls (9o - 5o7)
(z=15)

NS

NS

NS

210 (99 - 94s)
(n47)

190(137 -455)
(n=9)

160 (1s0 - l80)
(n=4)

145 (rls - 235)
(n=13)

230 (210 -2s0)
(n=-2)

2rs (90 - s07)
(z=1s)

Duration of
Ischaemia (mins)f

Open NSs9.69 (s.48)
(n=16)

58.15 (4.8e)
(n=13)

NSs8.70 (4.47)
(n=23)

60.00 (4.43)
(nJ)



3.3 Immunological Parameters

3.3.1 Pre-operative PMN CDLLb, FcyRI (CD64) ønd

FcyRIIIb (CD16b) Expression and Associøtions with Clinicøl

Outcomes

Figure 6 presents representative density plots, depicting size and granularity of cell

populations, and associated histograms of fluorescence events, generated by

WinMDI 2.8 following flow cytometry analysis of suspended leukocyte pellets

labelled with mouse anti-human CDllb: RPE, mouse anti-human CD64: FITC,

mouse anti-human CD16: FITC and mouse IgGl: FITC/RPE negative control

respectively.

Analyses of PMN expression of immunoglobulin G Fc receptors and the p2-integrin

sub-unit, CDllb, were performed by separately considering the 'open', EVAR and

'lower limb' cohorts.
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Figure 6. Representative WinMDI 2.8 density plots and corresponding frequency

histograms of fluorescence (FLl or FL2) events measuring mean fluorescence

intensity (MFI) for CDllb, FcyRI (CD64), FcyRtrIb (CD16b) and the negative

control for a single subject.

MFI, mean fluorescence intensity

Manually gated PMN region is shown on each density plot which depicts size and

granularity of cell population.

A. CDI lb density plot

B. CD1lb frequency histogram of fluorescence (FL2) events

C. FcyRI (CD64) density plot

D. FcyRI (CD64) frequency histogram of fluorescence (FLl) events

E. FcyRIIIb (CD16b) density plot

F. FcyRIIIb (CD16b) frequency histogram of fluorescence (FLl) events



e *1f\-

A.

o

B.

È
N

No

C

E.

Ø
E
@

U

!
.sì
I

m
Ø

Eù
U

Ë
.qr

I
(J
Øfr

-0
U

FSC-Height

FSC-Heiglt
'to23

E

D.

Øn
N

F

@n
fl

}tr"¡ = lDs.il

Log FluorescenD€ lFL21 lnten'sitl

= 6-tù

LcE FluûrÉscÊnrre tFLl J lnt€nsitf'

5trI: l3i-.{8
No

.srt
I

Øû

.i¡üsrl

FSC-Height

E

Log FluûrEacsnre lFLf ir Intensity



Figure 6. Continued.

G. Negative control density plot

H. Negative control frequency histogram of fluorescence (FLl) events

I. Negative control frequency histogram of fluorescence (FL2) events
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3.3.1.1 Associations with S/RS

As detailed in Table 15, there was a moderate, positive correlation between pre-

operative CD1lb expression and cumulative SIRS score within the EVAR cohort. It

is also noteworthy that within this cohort there was a positive, moderate correlation

between CD1lb expression and SIRS duration which approached, but did not reach

statistical significance. The correlations between these same variables within the

'open' and 'lower limb' cohorts were, however, weak and clearly not statistically

significant. The correlations for pre-operative expression of FcyRI (CD64) and

FqRItrb (CD16b) with measures of SIRS severity were similarly weak and non-

significant amongst all operative cohorts (Table 15).

3.3.1.2 Associations with Sepsi

Table 16 reports that there were no significant differences in pre-operative PMN

expression of either CD1lb, FcyRI (CD64), or FcyRtrIb (CD16b) amongst those who

developed sepsis compared with those who did not develop this complication, within

any of the operative cohorts.
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Table 1.5. Pearson product moment (r) and Spearman rank correlations (rJ

correlations for pre-operative expression (MFI) of selected polymorphonuclear

leukocyte integrin and immunoglobulin G Fc receptors (FcyR) with measures of

post-operative SIRS severity within the 'open, EVAR and 'lower limb' cohorts.

The number of subjects contributing data (n) is reported for each correlation.

The actual p vallue is reported only when the correlation was statistically significant

or approached significance at the 0.05 level (two-tailed).

EVAR

Lower Limb

Open r" = 0.218 (NS)
(n=31)

r"= -0.082 (NS)
(n=24)

r" = -0.006 (NS)
(n=31)

r" = 0.539 (0.047)
(n=I4)

r" = -0.266 (NS)
(n=14)

r" = -0.111(NS)
(n=15)

r" = -0.021 (NS)
(n=I6)

r" = 0.031 (NS)
(n=12)

r, = 0.189 (NS)
(n=16)

Cumulative SIRS
Score

EVAR

Lower Limb

SIRS Duration (days)

Open r = 0.110 (NS)
(n=31)

r" = -0.024 (NS)
(n=24)

r = 0.015 (NS)
(n=31)

r = 0.491(0.075)
(n=I4)

r"= -0.308 (NS)
(n=14)

r= -0.147 (NS)
(n=15)

r = 0.119 (NS)
(n=I6)

r" = -0.036 (NS)
(n=12)

r = -0.039 (NS)
(n=I6)



Table 16. Comparison of pre-operative expression (MFI) of selected

polymorphonuclear leukocyte integrin and immunoglobulin G Fc receptors (FcyR)

between subjects who developed sepsis and those who did not, within the 'open',

EVAR and 'lower limb' cohorts.

NS, not significant

The number of subjects contributing data (n) is reported for each group.

Actual p values are not reported as differences between group values did not

approach significance at the 0.05 level.

Data was insufficient for meaningful comparison of CDllb expression amongst

members of the EVAR cohort.

fTabulated values are means and SEM in parentheses; statistical difference between

'sepsis-present' and 'sepsis-absent' groups analysed using Student's t test.

fTabulated values are medians and range in parentheses; statistical difference

between 'sepsis-present' and 'sepsis-absent' groups analysed using Mann Whitney U

test.



NS

NS

94.s8 (8.70)
(n=I6)

e7.74 (rs.r3)
(n=2)

82.98 (4.670)
(n=15)

82.68 (6.26)
(n=I4)

cDllbi

Open

Lower Limb

CD64 (FcyRI)*

Open

EVAR

Lower Limb

NS

NS

NS

4.35 (2.25 - 8.92)
(n=14)

3.68 (3.68 - 3.68)
(n=l)

s.22 (2.79 -7.64)
(n=2)

3.76 (3.0e - 6.11)
(n=10)

4.2t(3.02-7.14)
(n=13)

5.09 (3.14 - t7.66)
(n=10)

CDl6b (reyRltrb)i

Open

EVAR

Lower Limb

NS

NS

NS

s64.82 (43.ss)
(n=I6)

5r9.4t
(n=l)

s70.80 (32.81)
(n=2)

s22.33 (43.s5)
(n=15)

s43.t6 (27.66)
(n=14)

637.66 (28.82)
(n=I4)



3.3.2 FcyR Genotypes and Associations with Clinical

Outcomes

Sample size considerations prohibited FcyR genotype analyses being performed

separately for each operative cohort. Subjects were therefore considered as belonging

to a single, collective cohort for the purpose of presentation and analysis of data

pertaining to FcyR genotypes.

3.3.2.1 FcyRIIa (CD32a) Genotypes and Association with

Clinical Outcome

Representative results from gel electrophoresis of the allele-specific PCR for CD32a

genotyping of four patients, run in duplicate, are shown in Figure 7. Determination of

CD32a genotype was not possible for 12 of the 70 patients comprising the

cumulative cohort involved in the study due to operative intervention prior to

establishment of this PCR technique. The distribution of CD32a genotypes

(R131/R131 : HI3I{HI3L : H131/R131) amongst the remaining cohort of 58

patients, inclusive of non-survivors, was 2l7o : 24 7o : 55%o. Deviation of the

observed genotype distribution from that expected amongst a population in Hardy-

Weinberg equilibrium was statistically insignificant ly3 (1) = 0.64, 0.25<p<0.501.

That is to say, this data followed Hardy Weinberg's equilibrium.

Included in Table l7 arc CD32a genotype frequencies amongst those who developed

sepsis and those who did not within the collective cohort (n = 56), excluding non-

survivors. There was no statistically significant association between CD32a genotype

and the development of sepsistt Q) = 1.38,p = 0.501. In particular, there was no

r63



trend towards a greater frequency of sepsis amongst CD32a R131 homozygotes.

Table 17 also reports the distribution of CD32a genotypes amongst those who

developed an infectious process compared with those who did not within the

collective cohort (n = 56). Once again, there was no significant association between

CD32a genotype and the development of infection ff Ø = Ll7, p = O.5571.

Specifically, this data demonstrates no trend towards a greater frequency of infection

amongst CD32 R131 homozygotes.
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Figure 7. Gel electrophoresis for FcyRtra CD32a) genotyping by sequence specific

polymerase chain reaction (PCR-SSP).

Representative results from four subjects in duplicate. Upper panel depicts wells

loaded with Hl3l-specific PCR products. Lower panel depicts wells loaded with

Rl3l-specific PCR products. For any given lane, allocated to an individual subject,

presence of a 253 base pair (bp) CD32a gene amplification product in both the upper

panel, corresponding to the H13l-specific PCR, and lower panel, corresponding to

the Rl3l-specific PCR, indicates CD32aheterozygosity. Lanes containing a CD32a

gene amplification product in only the upper panel or the lower panel indicate

homozygosity for the Hl31, or Rl31 allele respectively. Lane allocations andCD32a

genotypes are as follows:

Lane 1: lkb DNA ladder (upper and lower panels)

Lane2: pUC 19 DNA ladder (upper and lower panels)

Lane 3: 'Hmix' negative control ('Hmix' without DNA, upper panel);

negative control ('Rmix' without DNA, lower panel)

Lane 4: Subject A - H131/R131 heterozygote

Lane 5: Subject A in duplicate

Lane 6: Subject B - H131/R131 heterozygote

LaneT: Subject B in duplicate

Lane 8: Subject C - H131 homozygote

Lane9 Subject C in duplicate

Lane 10: Subject D - H131/R131 heterozygote

Lane 11: Subject D in duplicate.

'Rmix'

The combination of absence of the 439 bp human growth hormone (HGH) gene

amplification product from lane 3 (negative controls, upper and lower panels) and

presence of the product in lanes 4 to 11 (upper and lower panels) indicates success of

the PCR process.
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Table 17" FcyRtra (CD32a) genotype distributions according to the presence or

absence of post-operative sepsis, and the presence or absence of post-operative

infection within the collective cohort.

Tabulated values are absolute subject numbers with percentage of total collective

cohort (n=56) in parentheses.

tStatistical association between post-operative outcome and FcyRtra genotype

determined using Pearson's chi-square test (2 x 3 contingency table).

Post-operative sepsis

Present

Absent
0.501

3 (5.47o)

I0 (ll.97o)

3 (5.4t/o)

9 (I6.lVo)

12 (2l.4%o)

19 (33.9Vo)

Post-operative infection

Present

Absent
0.56Ì

5 (21.47o)

7 (12.5c/o)

4 (7.17o)

9 (t6.t7o)

15 (26.8Vo)

16 (28.67o)



3.3.2.2 FcyRIIIb (CD16b) Genotypes and Association with

Clinical Outcome

Representative results from gel electrophoresis of the allele-specific PCR for CDl6b

genotyping of four patients, run in duplicate, are shown in Figure 8. Determination of

CD16b genotype was not possible for four of the 70 patients comprising the

cumulative cohort involved in the study due to operative intervention prior to

establishment of this PCR technique. The distribution of CDl6b genotypes

(NA1/NA1 : NA2/NA2 : NA1/1.{42) amongst the remaining cohort of 66 patients,

inclusive of non-survivors, was IJVo :33 7o :5OVo. This genotype distribution did not

differ significantly from that predicted by the Hardy Weinberg equilibrium lt 0) =

0.054, 0.75<p<0.901. That is to say, this data followed Hardy Weinberg's

equilibrium.

Table 18 reports CDl6b genotype distributions according to the presence or absence

of sepsis, and the presence or absence of infection within the collective cohort (z =

64). This data revealed no statistical association between CD16b genotype and the

occuffence of either sepsis tf Ø = 1.66, p = 0.441or post-operative infection tt Q)

- 0.98, p = 0.611. More specifically, genotype distributions did not reveal a trend

towards a greater incidence of either post-operative sepsis or infection amongst NA2

homozygotes.
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Figure 8. Gel electrophoresis for FcyRIIIb (CD16b) genotyping by sequence specific

polymerase chain reaction (PCR-SSP).

Representative results from four subjects, in duplicate. Upper panel depicts wells

loaded with NAl-specific PCR products. Lower panel depicts wells loaded with

NA2-specific PCR products. For any given lane, allocated to an individual subject,

presence of both the 141 base pair (bp) NAl-allele amplification product in the upper

panel and the 2L9 bp NA2-allele amplification product in the lower panel indicates

CD16b heterozygosity. Lanes containing a CD16b gene amplification product in

only the upper panel or the lower panel indicate homozygosity for the NAl, or the

NA2 allele respectively. Lane allocations and CDl6b genotypes are as follows:

Lane 1: lkb DNA ladder (upper and lower panels)

Lane2; pUC 19 DNA ladder (upper and lower panels)

Lane 3: Blank lane

Lane 4: 'NAl mix' negative control ('NAl mix' without DNA, upper panel); 'NA2

mix' negative control ('NA2 mix' without DNA, lower panel)

Lane 5: Subject a - NA2 homozygote

Lane 6; Subject a in duplicate

LaneT: Subject b - NA2 homozygote

Lane 8: Subject b in duplicate

Lane 9: Subject c - NAl homozygote

Lane 10: Subject c in duplicate

Lane 11: Subject d - NAln\A2heterozygote

Lane 12: Subject d in duplicate

The combination of absence of the 439 bp human growth hormone (HGH) gene

amplification product from lane 4 (negative controls, upper and lower panels) and

presence of the product in lanes 5 to 12 (upper and lower panels) indicates success of

the PCR process.
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Table 18. FcyRtrIb (CD16b) genotype distributions according to the presence or

absence of post-operative sepsis, and the presence or absence of post-operative

infection within the collective cohort.

Tabulated values are absolute subject numbers with percentage of total collective

cohort (n=64) in parentheses.

tStatistical association between post-operative outcome and FqRItrb genotype

determined using Pearson's chi-square test (2 x 3 contingency table).

Post-operative sepsis

Present

Absent
0.44Ï

3 (4.7Eo)

8 (12.57o)

8 (l2.5%o)

13 (2O.3Vo)

7 (10.97o)

25 (39.LEo)

Post-operative infection

Present

Absent
0.61f

4 (6.37o)

7 (lO.9Vo)

IO (15.67o)

Il (17.2%o)

lI (t7.2Eo)

2l (32.87o)



3.3.3 Plasma Cytokines

3.3.3.1 Cytokine Responses to Open AA/+ Repair Compared to

EVAR

Figures 9 to 14 present plasma concentrations of the cytokines, TNF-u, IL-IP, IL-6,

IL-10, n--I2p70 and IL-8, amongst members of the 'open' cohort compared with the

EVAR cohort at each of the assayed time points, namely pre-operatively,To, Ts r 4,

Ts t 24, and Ts + J2, in the form of back-to-back histograms.

Due to the highly skewed nature of this data, cytokine concentrations for the two

cohorts, at each of the aforementioned time points, were compared using the Mann-

Whitney U test (Table 19 to Table 24). IrL summary, there were no statistically

significant differences in concentrations of TNF-o, tr--lp or n--12p70, at any of the

assayed time points, between the 'open' and EVAR cohorts. (Tables 19, 20 and 23)

Whilst the two cohorts' pre-operative concentrations of IL-6 were comparable,

concentrations of this cytokine were significantly higher in the 'open' cohort

compared with the EVAR cohort atTsQ) < 0.001) and Te + 4 (p < 0.001). Elevated

median concentrations of II--6 at To + 24 and Ts + J2 werc apparent amongst both

cohorts, however the difference between the cohorts was not statistically significant

at either time point (Table 21). Similarly, pre-operative IL-10 concentrations did not

differ significantly between the cohorts. Plasma IL-10 concentrations were

significantly higher in the 'open' cohort atToQ) = O.O2), To + 4 (p = 0.005), and To +

24 @ = 0.02) compared to those of the EVAR group. Concentrations of IL-10 at T6 *

12 did not differ between the two operative groups. (Table 22) Whilst both cohorts

exhibited raised median IL-8 concentrations pre-operatively, these concentrations did
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not differ significantly. Significantly greater concentrations of this cytokine were

associated with open AAA repair, compared to EVAR atTs(p = 0.03) and To + 4 (p

= 0.001), however the difference did not reach significance at Ts + 24 fp = 0.07).

Raised median concentrations of IL-8 persisted in both cohorts at To + 72,but did not

differ significantly between the cohorts. (Table 24)
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Figure 9. TNF-o plasma concentrations (pglml) amongst members of the 'open

AAA' cohort compared with those of the EVAR cohort at each assayed time point.

To: knmediately prior to reperfusion of first lower limb in 'open AAA' cohort and

immediately prior to endograft deployment in EVAR cohort (time of maximal

ischaemia without reperfusion).

Te + 4: four hours post Ts.

Ts+ 24: twenty-four hours post T6

Ts + 72: seventy-two hours post Ts.
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Table 19. Median TNF-a concentrations for 'open' cohort compared with EVAR

cohort at pre-, intra- and post-operative time points.

NS, Not significant

T6, immediately prior to reperfusion of first lower limb in open AAA repair or

immediately prior to endovascular stent deployment in EVAR (time of maximal

ischaemia).

T6 * 4, four hours following T6.

Tsr 24,24 hours following Ts.

'ls* 72,72 hours following T6.

Tabulated values are medians and ranges of concentrations (pglml) in parentheses

Number of subjects (n) contributing data is indicated for each time point.

0.28 (NS)

0.33 (NS)

0.73 (NS)

0.s7 (NS)

0.6s (Ns)

o (o - 46.s0)
(ru=38)

0 (0 - 3.2s)
(n=37)

0 (0 - 3.15)
(n=36)

0 (0 - 3.7s)
(n=35)

o (o - 4.7e)
(n=35)

0(0-0)
(n=15)

0(0-0)
(n=12)

0 (0 - 62.e0)
(n=15)

0(0-0)
(n=13)

0(0-0)
(n=9)

Te+ 4

Ts+24

Ts+72

Pre-operative

To

fStatistical difference between cohorts calculated using Mann-\Vhitney U test.



Figure 1,0. IL-IP plasma concentrations (pglrnl) amongst members of the 'open

AAA' cohort compared with those of the EVAR cohort at each assayed time point.

To: knmediately prior to reperfusion of first lower limb in 'open AAA' cohort and

immediately prior to endograft deployment in EVAR cohort (time of maximal

ischaemia without reperfusion).

Ts + 4: four hours post Ts.

Ts+ 24: twenty-four hours post Te.

To + 72; seventy-two hours post Ts.
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Table 20. Median tr--lp concentrations for 'open' cohort compared with EVAR

cohort at pre-, intra- and post-operative time points.

NS, Not significant

Ts, immediately prior to reperfusion of first lower limb in open AAA repair or

immediately prior to endovascular stent deployment in EVAR (time of maximal

ischaemia).

Tsr 4, four hours following Ts.

Ts+ 24,24 hours following Ts.

Tsr72,72 hours following Ts.

Tabulated values are medians and ranges of concentrations (pglrnl) in parentheses.

Number of subjects (n) contributing data is indicated for each time point.

0.91(NS)

0.s3 (NS)

0.e2 (NS)

0.12 (NS)

0.30 (NS)

0 (0 - 317.11)
(n=38)

0 (o - 37.e4)
(n=37)

0 (0 - 37.60)
(n=36)

0 (0 - 3s.s8)
(n=35)

0 (0 - 8.13)
(n=35)

0 (0 - 93.62)
(n=I5)

0 (0 - 1s0.90)
(n=12)

0 (0 - 1s4.80)
(n=I5)

0 (0 - 104.20)
(n=I3)

0 (0 - es.20)
(n=9)

Pre-operative

Ts

Ts+ 4

Ts+24

To+72

tStatistical difference between cohorts calculated using Mann-Whitney U test.



Figure ll.il--6 plasma concentrations (pglml) amongst members of the 'open AAA'

cohort compared with those of the EVAR cohort at each assayed time point.

Ts: Immediately prior to reperfusion of first lower limb in 'open AAA' cohort and

immediately prior to endograft deployment in EVAR cohort (time of maximal

ischaemia without reperfusion).

Ts + 4: four hours post T6.

To+ 24: twenty-four hours post Ts.

To + 72: seventy-two hours post Te.
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Table 21. Median IL-6 concentrations for 'open' cohort compared with EVAR

cohort at pre-, intra- and post-operative time points.

NS, Not significant

Te, immediately prior to reperfusion of first lower limb in open AAA repair or

immediately prior to endovascular stent deployment in EVAR (time of maximal

ischaemia).

Tsr 4, four hours following T6.

Ts+ 24,24 hours following Ts.

Tsr72,72 hours following Ts.

Tabulated values are medians and ranges of concentrations (pdrnl) in parentheses.

Number of subjects (n) contributing data is indicated for each time point.

Ts

T6+ 4

Ts+24

T¡+72

Pre-operative 0.51(NS)

<0.001

<0.001

0.98 (NS)

0.18 (NS)

0 (0 - 41.s0)
(n=38)

23.10 (0 - 1329.20)
(n=37)

164.30 (10.86 - 2377 .sO)
(n=36)

120.40 (29.24 - r4r'1.70)
(n=35)

30.29 (1.10 - 22t.70)
(n=35)

0 (0 - s.es)
(n=15)

0 (0 - 33.00)
(n=12)

29.40 (5 .8t - 106.60)
(n=15)

142.70 (s4.39 - 214.47)
(n=13)

39.7 (24.s0 - 165.86)
(n=9)

tStatistical difference between cohorts calculated using Mann-Whitney U test.



Figure 12. lL-lO plasma concentrations (pglml) amongst members of the 'open

AAA' cohort compared with those of the EVAR cohort at each assayed time point.

Ts: knmediately prior to reperfusion of first lower limb in 'open AAA' cohort and

immediately prior to endograft deployment in EVAR cohort (time of maximal

ischaemia without reperfusion).

To + 4: four hours post Ts.

To+ 24: twenty-four hours post Te.

To +'12; seventy-two hours post T6.
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Table 22. Median IL-10 concentrations for 'open' cohort compared with EVAR

cohort atpre-, intra- and post-operative time points.

NS, Not significant

Ts, immediately prior to reperfusion of first lower limb in open AAA repair or

immediately prior to endovascular stent deployment in EVAR (time of maximal

ischaemia).

Ts * 4, four hours following T6.

Ts+ 24,24 hours following T6.

Ts*72,72 hours following Ts.

Tabulated values are medians and ranges of concentrations (pglrtt) in parentheses.

Number of subjects (z) contributing data is indicated for each time point.

Te

T6+ 4

Ts+24

Ts+72

Pre-operative 0.61(NS)

0.ee (NS)

0.02

0.005

o.o2

o (o - 49.s6)
(n=38)

3.40 (0 - 6s.10)
(n=37)

7.85 (0 - 341.rO)
(n=36)

4.50 (0 - s7.63)
(n=35)

0 (0 - 11.60)
(n=35)

0 (0 - 3.90)
(n=15)

0 (0 - 9.60)
(n=12)

0 (0 - 46.s0)
(n=15)

2.27 (O - 8.80)
(n=13)

0 (0 - 10.7)
(n=9)

fStatistical difference between cohorts calculated using Mann-Whitney U test.



Figure 13.IL-I2p70 plasma concentrations (pglml) amongst members of the 'open

AAA' cohort compared with those of the EVAR cohort at each assayed time points.

T6: knrnediately prior to reperfusion of first lower limb in 'open AAA' cohort and

immediately prior to endograft deployment in EVAR cohort (time of maximal

ischaemia without reperfusion).

T6 + 4: four hours post Ts.

Ts+ 24: twenty-four hours post T¡.

To + 72: seventy-two hours post T6.
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Table 23. Median IL-12p70 concentrations for 'open' cohort compared with EVAR

cohort at pre-, intra- and post-operative time points.

NS, Not significant

T6, immediately prior to reperfusion of first lower limb in open AAA repair or

immediately prior to endovascular stent deployment in EVAR (time of maximal

ischaemia).

Tsr 4, four hours following T6.

Tst 24,24 hours following T6.

Tsr72,72 hours following Ts.

Tabulated values are medians and ranges of concentrations (pglrnl) in parentheses.

Number of subjects (n) contributing data is indicated for each time point.

Te

T6+ 4

T6+24

Ts+72

Pre-operative 0.20 (NS)

0.73 (NS)

0.92 (NS)

0.e6 (Ns)

0.82 (NS)

0 (0 - 120.30)
(n=38)

o (0 - 12.24)
(n=37)

0 (0 - 13.86)
(n=36)

o (o - t6.92)
(n=35)

0 (0 - 8.81)
(n=35)

0(0-0)
(n=15)

0 (0 - 17.40)
(n=12)

0 (0 - 8e.7)
(n=15)

0 (0 - e.20)
(n=13)

0(0-0)
(n=9)

tStatistical difference between cohorts calculated using Mann-Whitney U test.



Figure L4. IL-8 plasma concentrations (pglml) amongst members of the 'open AAA'

cohort compared with those of the EVAR cohort at each assayed time point.

To: kr¡nediately prior to reperfusion of first lower limb in 'open AAA' cohort and

immediately prior to endograft deployment in EVAR cohort (time of maximal

ischaemia without reperfusion).

Ts + 4: four hours post Ts.

Ts+ 24: twenty-four hours post T6.

Ts + 72: seventy-two hours post Ts.
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Table 24. Median IL-8 concentrations for 'open' cohort compared with EVAR

cohort at pre-, intra- and post-operative time points.

NS, Not significant

Ts, irnmediately prior to repetfusion of first lower limb in open AAA repair or

immediately prior to endovascular stent deployment in EVAR (time of maximal

ischaemia).

Tst 4, four hours following Ts.

Tst24,24 hours following Ts.

Tst72,72 hours following Ts.

Tabulated values are medians and ranges of concentrations (pdrnl) in parentheses.

Number of subjects (z) contributing data is indicated for each time point.

Pre-operative

Ts

T6+ 4

Ts+24

T¡¡+72

0.e0 (Ns)

0.03

<0.001

0.07 (NS)

0.s1(NS)

8.0 (0 - 113.87)
(n=38)

14.4r (3.00 - t43.90)
(n=37)

49.90 (8.ss - s96.01)
(n=36)

26.14 (8.02 - t75.20)
(n=35)

1s.70 (0 - 68.10)
(n=35)

9.1 (r.7 - 17.s9)
(n=15)

8.es (0 - 3s.4)
(n=12)

tt.4 (5.20 - 91.80)
(n=15)

18.20 (3.60 - s0.03)
(n=13)

13.38 (4.6 - 492.77)
(n=9)

tStatistical difference between cohorts calculated using Mann-Whitney U test.



3.3.3.2 Prediction of Sepsis frorn Plasrna Cytokine Values

For the purpose of analysing the capacity of plasma cytokine values to predict the

development of sepsis, all subjects contributing data to this analysis (n = 51) were

considered as a single collective cohort. Using the multiple regression model

discussed previously (Chapter 2, Section 2.13.2),logistic regressions were initially

fitted separately for each cytokine. Non-significant terms were eliminated, and the

resulting regressions are shown in Table 25. Null deviance equalled 68.3, and the

residual deviance reported in Table 25 is that remaining after fitting the terms shown.

This table also reports the Akaike information criteria (AIC) associated with each

regression model. The lowest AIC was obtained for the IL-10 regression model,

indicating that of the models specified, this should be the preferred model.

When terms for all cytokines were included in the regression, the only term that

remained statistically significant was that of the average hourly concentration of IL-

10 [og(av. hrly. conc. IL-10 + 1)]. That is, the other terms added no extra

information over and above the average hourly IL-10 concentration term. The

constant regression coefficient (go) for the model is -2.582 (standard error = 0.871)

and the regression coefficient (0r) for [og(av. hrly. conc. IL-10 + 1)] is 1.159

(standard error = 0.465).

The implications of the regression model are demonstrated by considering Figure 15,

which shows the probability of sepsis predicted by the model as a function of the

average hourly IL-10 concentration. This plot shows the tendency of those with high

hourly IL-10 concentrations to develop sepsis, but demonstrates that for an

individual patient, prediction cannot be done with great confidence. As a measure of
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model prediction, Nagelkerke's R2 value is O.214. The R2 index ranges from zero to

one, where zero indicates random predictions and one indicates perfect predictions.

This R2 value reinforces the observation that this model cannot predict sepsis

occurrence for an individual patient with great confidence.
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Table 25. Significant independent variable terms identified by logistic regression

model examining relationship between plasma cytokine values and occurrence of

post-operative sepsis.

av, average; hrly, hourly; conc, concentration

L-10 log(av. hrly. conc. + 1) 62.9 58.9 50 0.002

log(maximum conc. +
1)

66.7 62.7 0.019IL-8 50

log(maximum conc. +
1)

66.6 0.018IL-6 62.6 50



Figure 15. Graphical representation of the probability of post-operative sepsis

predicted by logistic regression model as a function of average hourly IL-10

concentration including data on which the model is based.

2 5 10 20 50

Average hourly IL-10 Concentration (pglml)

Open red circles (along top) plot avorage hourly IL-10 concentrations of each subject

who developed post-operative sepsis.

Open blue circles (along base) plot average hourly IL-10 concentrations of each

subject who did not develop post-operative sepsis.
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3.4 Pre-operative Nutritional Status and Associations with

Clinical Outcome

Analyses of nutritional data were performed by separately considering the 'open',

EVAR and 'lower limb' cohorts.

3.4.1 Body Mass Index (BMI) ønd DEXA Derived Measures

of Body Composition

3.4.1.1 Associations with S/RS

The anthropometric measure of BMI is both a component of the MNA and is

reported by DEXA. The associations between this measure of nutrition and measures

of SIRS are reported in Table 26. In summary, within the 'lower limb' cohort, there

was a moderate, negative and statistically significant association between BMI and

both cumulative SIRS score and SIRS duration. The correlations between BMI and

measures of sIRS within the 'open' and EVAR cohorts were weak and not

statistically significant.

Table 26 also reports the correlations between each of the five DEXA derived

measures of body composition with SIRS outcomes. In sufilmary, within the 'open'

cohort, there was a moderate, negative and significant association between FFM and

cumulative SIRS score. The moderate, negative association between FFM and SIRS

duration within this cohort, however, just failed to reach statistical significance.

Within the EVAR cohort, the moderate, negative association between FFM and SIRS

duration was statistically significant. V/ithin the 'lower limb' cohort, there was a

moderate, negative association between FM and cumulative SIRS score which
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approached, but did not reach significance. Moderate, negative and statistically

significant associations were demonstrated between SMM and both cumulative SIRS

score and SIRS duration within the 'open' cohort. The remainder of the associations

between the five DEXA derived measures of body composition and SIRS outcomes

were weak or moderate, and clearly not statistically significant.

3.4.1.2 Associations with Sepsis

Table 27 reports that there were no significant differences between mean values of

BMI amongst those who developed sepsis compared with those who did not, within

any of the operative cohorts. Similarly, mean values for each of the DEXA derived

measures of body composition did not differ significantly between those who

developed sepsis and those who did not (Table 27).

3.4.1.3 Associations with Measures of General Post-operative

Morbidity

None of the associations between BMI and measures of general post-operative

morbidity reached statistical significance, however amongst the 'open' cohort a

weak, negative association with post-operative LOS approached significance (Table

26), whilst amongst the 'lower limb' cohort there was a trend, towards a lower mean

BMI amongst those who developed one or more moderate/severe complications

compared with those who did not, which approached significance (TabIe 27).

Tables 26 and 27 report the associations between DEXA derived measures of body

composition and all measures of general post-operative morbidity. Amongst the
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'open' cohort, FFM was moderately, negatively and significantly associated with

ICU LOS. The strength and significance of the association persisted when this body

composition measure was indexed for height (FFMÐ. A moderate, negative and

significant association was also demonstrated between SMM and ICU LOS within

the 'open' cohort. All other correlations between measures of body composition were

weak to moderate and not statistically significant. A trend, which failed to reach

significance, towards a lower mean SMM amongst those with one or more

moderate/severe complications compared to subjects without this adverse outcome

was observed amongst the 'open' cohort. All other mean values of body composition

measures were statistically comparable between those with one or more

moderate/severe complications and those without this adverse outcome.
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Table 26. Pearson product moment (r) and Spearman rank correlations (r,) for body

mass index and five DEXA-derived measures of total body composition with

measures of SIRS severity and general post-operative morbidity within the 'open',

EVAR, and 'lower limb' cohorts.

ICU, intensive care unit; LOS, length of stay; BMI, body mass index; FFM, fat free

mass; FFMI, fat free mass index; FM; fat mass; FMI, fat mass index; SMM,

estimated skeletal muscle mass; NS, not significant.

Tabulated values are Pearson product moment (r) or Spearman rank correlations (rr)

as indicated by the column heading with associated statistical significance (p value)

in parentheses. The actual p value is reported only when the correlation was

statistically significant or approached significance at the 0.05 level (two-tailed).

The number of subjects contributingdata to each correlation (n) is reported in row

headings.

l(n=33)



BMI (kdm'z)
Open
(n=32)
EVAR
(n=16)
Lower Limb
(n=14')

-0.1¿14 (NS)

-0.249 (NS)

-0.545 (0.044)

-0.249 (NS)

-0.236 (NS)

-0.626 (0.017)

-0.013 (NS)t

0.420 (NS)

-0.332 (NS)

-0.259 (NS)I

0.264 (NS)

0.127 (NS)

-0.323 (0.072)

-0.127 (NS)

-0.1e9 (NS)

rFM (kg)
Open
(n=18)
EVAR
(n=13)
Lower Limb
(n=12')

-o.472 (0.048)

-0.46s (NS)

-0.0e0 (NS)

-0.452 (0.060)

-0.s77 (0.039)

-0.2s3 (NS)

-0.661 (0.003)

0.154 (NS)

-0.011 (NS)

-0.284 (NS)

-0.003 (NS)

-0.277 (NS)

-0.260 (NS)

-0.226 (NS)

-0.111(NS)

-0.336 (NS)

0.267 (NS)

-0.238 (NS)

-0.329 (NS)

-0.0s7 (NS)

-0.484 (NS)

-0.544 (0.020)

0.30e (¡{s)

-0.151(NS)

-0.rs6 (NS)

0.s11(0.074)

-0.183 (NS)

-0.256 (NS)

-0.153 (NS)

-0.100 (NS)

FFMI (ke/m1
Open
(z=18)
EVAR
(n=13)

Lower Limb
(n=12)

-0.063 (NS)

-0.132 (NS)

-0.52s (0.079)

-0.158 (NS)

-0.116 (NS)

-0.376 (NS)

-0.074 (NS)

0.463 (NS)

-0.124 (NS)

0.r14 (NS)

-0.075 (NS)

0.163 (NS)

-0.1s8 (NS)

0.186 (NS)

-0.217 (NS)

FM (ke)
Open
(z=18)
EVAR
(n=13)
Lower Limb
(n=12\

-0.0r8 (NS)

0.069 (NS)

-0.360 (NS)

-0.0s1(NS)

-0.00e (Ns)

-0.309 (NS)

-0.032 (NS)

0.463 (NS)

-0.016 (NS)

0.177 (NS)

0.033 (NS)

0.217 (NS)

-0.0e2 (NS)

0.190 (NS)

-0.141 (NS)

['MI (ke/m1
Open
(n=18)
EVAR
(n=13)
Lower Limb
fu=12)

-0.s46 (0.023)

-0.318 (NS)

0.022 (NS)

-0.607 (0.010)

-0.424 (NS)

-0.163 (NS)

-0.649 (0.00s)

0.309 (NS)

-0.011(NS)

-0.332 (NS)

-0.031(NS)

-0.289 (NS)

-0.420 (NS)

-0.077 (NS)

-0.266 (NS)

sMM (ke)
Open
(n=17)
EVAR
(n=13)
Lower Limb
(n=12)



Table 27. Association of mean values of body mass index and five DEXA-derived

measures of total body composition with the development of sepsis and the

occuffence of one or more moderate/severe complications within the 'open', EVAR,

and 'lower limb' cohorts.

BMI, body mass index; FFM, fat free mass; FFMI, fat free mass index; FM; fat

mass; FMI, fat mass index; SMM, estimated skeletal muscle mass; NS, not

significant.

Tabulated values are mean (SEM).

Statistical difference between group means analysed using Student's t test (two-

tailed). The actual p value is reported only when the difference between group means

approached significance at the 0.05 level.

The number of subjects contributing data (n) is reported for each group.



26.4 (0.98)
(n=26)
29.s (2.36)
(n=3)
21.6 (1.s5)
(n=2)

28.0 (0.e4)
(n=8)
28.0 (r.41)
(n=13)
26.1 (0.89)
h=12\

NS

NS

0.071

BMI (ke/m')

Open

EVAR

Lower Limb

26.6 (t.ts)
(n=t7)
25.0
(n=t)
22.2 (2.15)
tu=2't

28.2(o.69)
(n=1s)
28.s (1.27)
(z=15)
26.0 (0.91)
(n=12)

NS

NS

NS

FFM (ks)

Open

EVAR

Lower Limb

53.01(3.24)
(n=10)
51.28
(n=1)
48.38 (13.26)
h=J\

57.89 (3.ss)
(z=8)
s9.70 (1.50)
(n=12)
53.52 Qsr)
(n=10)

NS

NS

NS

s1.94 (3.08)
(n=14)
57.61 (3.41)
(n=3)
44.29 (9.r7)
tu=2)

s9.99 (3.29)
(n=5)
59.49 (1.78)
(n=10)

54.33 Q.63)
(n=10)

NS

NS

NS

18.89 (0.67)
(n=t4)
19.67 (0.96)
(n=3)
16.40 (2.33)
h=2\

19.75 (0.46)
(n=5)
20.0s (0.71)
(n=10)
18.6s (0.5s)
(n=l0\

NS

NS

NS

FIMI (kg/m')

Open

EVAR

I-ower Limb

t9.27 (0.77)
(n=10)
17.75
(n=t)
t6.66 (2.se)
(n:2¡

re.sl (0.49)
(z=8)
20.14 (o.s9)
(n=r2)
18.60 (0.54)
(z=10)

NS

NS

NS

I'M (ks)

Open

EVAR

I¡wer Limb

22.29 (3.50)
(n=10)
20.60
(n=t)
16.38 (0.42)
h=2\

22.78 Q.zt)
(n=8)
27.04 (3.16)
(n=12)
18.38 (2.17)

Ø=to)

NS

NS

NS

22.s7 Q.79)
(n=14)
29.32 (4.97)
(n=3)
1s.42 (0.s4)
(n2)

NS

NS

NS

19.97 (1.7s)
(n=5)
2s.71(3.62)
(z=10)
r8.s7 (2.14)
(¿=10)

8.26 (1.00)
(n=14)
9.94 (1.5s)
(n=3)
5.81 (0.60)
¡n=2\

NS

NS

NS

6.73 (0.91)
(n=s)
8.64 (1.23)
(a=10)
6.s6 (0.91)
(n=10)

FMI (kg/m')

Open

EVAR

I-ower Limb

8.20 (1.32)
(a=10)
7.05
(n=1)
s.82 (0.58)
(n2)

7.84 (o.82)
(n=8)
e.10 (1.07)
(n=12)
6.ss (0.s8)
(n=10)

NS

NS

NS

sMM (ks)

Open

EVAR

I-ower Limb

31.48 Q.37)
(n=8)
3r.86 (0.96)
(n=12)
27.77 (1.49)
(n=10)

NS

NS

NS

26.49 (r.73)
(n=9)
26.83
(n=t)
26.03 (8.30)
(n=2\

26.2s (1.88)
(n=r3)
31.23 (2.29)
(n=3)
22.32 (4.58)
(n=2)

0.069

NS

NS

32.82 Q.29)
(n=s)
3r.54 (1.12)
(n=10)
28.51(1.62)
(¿=10)



3.4.2 Nutritionøl Støtus Cløssified by Mini Nutritional

Assessment (MNA)

Classification of nutritional status using the MNA tool was achieved for most, but

not all subjects recruited to the current study, due to the inclusion of this assessment

tool in the study protocol after the operative intervention was performed for several

subjects. Of the 31 subjects in the 'open' cohort whose nutritional status was

classified using the MNA, 24 (77 .4Vo) were classified as 'well-nourished', 6 (19.47o)

were classified as 'at risk of malnutrition', and only one (3.27o) was categorised as

being 'malnourished'. Since the latter category was represented by a single subject

who died shortly after skin closure as described in Section3.l.2, and for whomthe

majority of outcome variables were not meaningful, this category was not included in

the statistical analyses. It is noteworthy, nonetheless, that this subject was the only

individual in the current study to be classified as malnourished, and subsequently

died. Indeed, all three subjects who died within the study period were classified as

either 'at risk of malnutrition' or 'malnourished'. The nutritional status of sixteen of

the EVAR patients was classified using the MNA. Of these subjects, 15 (93.87o)

were classified as 'well nourished' and only one was classified as being 'at risk of

malnutrition'. All members of the 'lower limb' cohort were assessed using the MNA

tool. Nine subjects (52.97o) were categorised as 'well nourished' whilst the

remaining 8 (47 .IVo) were considered to be 'at risk of malnutrition' according to the

MNA.
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3.4.2.1 Associations with S/RS

As reported in Table 28, neither cumulative SIRS scores nor SIRS duration differed

significantly between those categorised as 'at risk of malnutrition' and those

categorised as 'well nourished' by the MNA.

3.4.2.2 Associations with Sepsis

Table 29 reports the lack of association between MNA classification and the

occuffence of post-operative sepsis within all operative categories.

3.4.2.3 Associations with Measures of General Post-operative

Morbidity

It is evident from the results presented in Table 28 and 29, that the only measure of

general morbidity that differed significantly between the MNA categories was the

APACIIE II score, which was significantly higher amongst those 'at risk of

malnutrition' compared with 'well nourished' subjects within the EVAR cohort

(Table 28).
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Table 28. Comparison of measures of SIRS severity and general post-operative

morbidity between subjects classified by nutritional status, according to the Mini

Nutritional Assessment (MNA)3e0.

ICU, Intensive care unit; LOS, length of stay; NS, not significant.

The number of subjects contributing data (n) is reported for each group.

The actual p value is reported only when the statistical difference between group

values was significant at the 0.05 level.

tTabulated values are medians and range in parentheses; statistical difference

between 'at risk of malnutrition' and 'well nourished' groups analysed using Mann-

V/hitney U test.

tTabulated values are means and SEM in parentheses; statistical difference between

'at risk of malnutrition' and 'well nourished' groups analysed using Student's t test.



Cumulative SIRS Score

Open

EVAR

Lower Limb

3(t-7)
(n=5)
3(3-3)
(n=r)
1.5 (0 - 11)

3(o-8)
(n=24)
0(0-4)
(ru=15)

l(0-3)

NS

NS

NS

SIRS Duration (days)+

Open

EVAR

Lower Limb

2.60 (0.s1)
(n=5)
2.OO

(n=t)
e.r3 (1.88)
(n=8)

2.2s (0.28)
(n=24)
0.73 (0.2s)
(n=15)
0.89 (0.3s)
(n=9)

NS

NS

NS

ICU LOS (days) I

Open

EVAR

Lower Limb

1.85 (0 - 3.18)
(n=6)
0
(n=t)
0 (0 - r.re)
(n=8)

2.05 (0 - 6.ee)
(n=24)
0 (0 - 0.e6)
(n=15)
0(0-0)
(n=9)

NS

NS

NS

MaximumAPACHE II

Open

EVAR

Lower Limb

17.33 (2.42)
(n=6)
18.00
(n=t)
9.13 (1.37)

17.t7 (0.96)
(n=24)
11.20 (0.s4)
(n=15)
t0.s6 (r.72)

NS

0.007

NS

Post-operative LOS (days) +

Open

EVAR

Lower Limb

t2.20 (2.71)
(n=5)
4.00
(n=t)
'7.38 (1.34)
(n=8)

t0.92 (0.67)
(n=24)
3.87 (0.42)
(n=t5)
8.89 (r.17)
tu=e)

NS

NS

NS



Table 29. Associations between nutritional status, classified according to the Mini

Nutritional Assessment (MNA)3e0, and the development of post-operative sepsis and

one or more moderate/severe complications within the 'open', EVAR and 'lower

limb'cohorts.

NS, not significant

Tabulated values are absolute numbers and percentage of each operative cohort in

parentheses.

Statistical association between nutritional status and each post-operative outcome

(sepsis and one or more moderate/severe complications) determined by Fisher's

exact test.



At risk of
malnutrition

Well nourished

Open

3 (t0.37o) 2 (6.97o)

t2 (4t.47o) t2 (4t.47o)

NS

6 (l9.4%o) 1. (3.27o)

19 (6I.3Vo) 5 (16.17o)

NS

At risk of
malnutrition

Well nourished

EVAR

O (07o) t (6.3Vo)

t (6.3Eo) t4 (93.3Eo)

NS

3 (t8.8%o) 12 (75.07o)

0 (O7o) I (6.37o)

NS

Lower Limb

At risk of
malnutrition

Well nourished

2 (rr.87o) 6 (35.3Vo)

O (O7o) 9 (52.9Vo)

NS

I (5.97o) 7 (41.27o)

I (5.97o) 8(47.lEo)

NS



3.5 Neuroendocrine Responses to Surgical Intervention

3.5.7 Reporting of Døtø and Statistical Considerations

As previously described (Chapter 2, Section 2.13.I), the reported results of statistical

analyses involving neuroendocrine data were obtained following logro transformation

of that data. For the purposes of clinical relevance, however, the descriptive statistics

(mean and SEM) for neuroendocrine data are presented as absolute (untransformed)

values (nmoU24hours).

No subject received exogenous catecholamines during either the T(pre-op) or the

T(72-96) urine collection intervals, hence exogenous catecholamine administration

did not confound analyses of urinary adrenaline or noradrenaline excretion at these

time points. The potential confounding effect of exogenous catecholamine

administration on urinary measures of adrenaline and noradrenaline during the T(0-

24) interval was controlled for by entering the amounts of adrenaline or

noradrenaline administered exogenously during this interval as a covariate in all

analyses of T(0-2Ð urinary adrenaline or noradrenaline excretion respectively,

unless otherwise indicated.

For the purpose of describing the patterns of neuroendocrine response within each

operative cohort over the course of time (Section 3.5.2), for each respective

neuroendocrine measure, mean urinary levels at each time interval were compared

with one another using paired Student's t tests, or repeated measures ANOVA when

the analysis required the involvement of exogenous catecholamine administration as

a covariate. Whilst the use of these analyses is statistically appropriate and necessary

for the current purpose of comparing data from the same subjects at two time points,
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it is necessary to be aware that when applied to data sets such as these where various

data points are missing or excluded, the number of subjects contributing data to each

comparison is less than the total cohort and varies for each pair-wise comparison.

Furthermore, when this effect is combined with the absence of data due to patient

discharge, particularly by T(72-96) within the EVAR cohort, the result is the

involvement of particularly small subject numbers in specific analyses of that data.

This, in turn, prevented the inclusion of exogenous catecholamine administration as a

covariate in analyses of the time course of adrenaline and noradrenaline responses

for the EVAR and 'lower limb' cohorts. Exogenous catecholamine administration

was, however, either extremely unlikely to have confounded these particular

analyses, or was in fact not a relevant consideration, as discussed further in Section

3.5.2. Results of analyses involving particularly small subject numbers are reported,

however the potential implications of the sample size should be recognised.

3.5.2 Time Course of Neuroendocrine Responses

3.5.2.1 Urinary Free Cortisol (UFC)

3.5.2.1.1 Open AAA Repair

Amongst the 'open' cohort, there was a significant increase in UFC excretion

(nmoU24 hours) from T(pre-op) (mean 382.52, SEM 20.70) to T(0-24) (mean

1393.76, SEM 170.67), lt (20) = -10.81, p <0.0001, n = 2l). By T(72-96) a slight

reduction in UFC excretion was apparent (mean 1222.31, SEM 78.59) compared

with T(0-24) (mean 1527.52, SEM 162.96) but this trend was not statistically

significant tt (26) - 1.42, p = O.17, n = 27).Indeed. UFC atT(72-96) (mean 1153.05,
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SEM = 80.74) remained significantly elevated above pre-operative UFC excretion

(mean 384.55, SEM = 20.32), tt (19) = -10.90, p <0.0001, n = 2Ol.

3.5.2.1.2 EVAR

Amongst those undergoing EVAR, mean UFC excretion (nmoU24 hours) during T(0-

24) was significantly greater than during the pre-operative period [T(0-24): mean

1252.33, SEM 163.35 vs. T(pre-op): mean 351.n, SEM 63.501, [t (5) - -7.36, p =

0.001, n = 61. As observed amongst the 'open' cohort, the trend towards a decrease in

UFC excretion at T(72-96) from the T(0-24) interval [T(0-24): mean 1094.00, SEM

lO7 .16 vs. T(72-96) mean 644.00, SEM 143.04 I did not reach statistical significance

Ít (2) = 2.83, p = 0. 1 1, n = 31.

3.5.2. 1.3 Lower Limb Revascularisation

Amongst the 'lower limb' cohort, mean UFC excretion (nmoV24 hours) increased

significantly during T(O-24) from baseline levels [T(pre-op): mean 442.20, SE}l{

77.81vs T(0-24): mean 1329.50, SE}ld 236.231, [t (9) = -3.J2, p = 0.005, n = l0].

There was a subsequent significant fall in UFC excretion from T(O-24) (mean

1173.89, SEM 230.74) to levels at T(72-96) (mean 603.56, SEM 84.86), [t (8) =

3.84, p = 0.005, n = 9l which did not differ significantly from initial pre-operative

values [T(pre-op): mean 398.14, SElvlI 77.73 vs. T(72-96): mean 538.43, SEM

65.821, [t (6) = -1.62, P = 0.16, n = 71.
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3. 5.2.2 Urinary Adrenaline Excretion

3.5.2.2.1 Open tuU+ Repair

Controlling for the effect of exogenous adrenaline administration, there was a

significant increase in urinary adrenaline excretion from the initial mean pre-

operative level (mean 37.61, SEM 8.32) to that during the T(0-24) period (mean

232.17, SEM 96.03), lF (2, 20) = I4.I5, P = 0.001, n = 231. Once again, controlling

for adrenaline administration in analyses, there was a subsequent significant decrease

in mean adrenaline excretion from T(0-24) to levels at T(72-96) tT(0-24): mean

170.60, SEM 73.41 vs "1(72-96): mean 117.40, SEM 23.671 , ÍF (2, 27) = 8.75, p -

0.006, n = 301, which were comparable to pre-operative levels [T(pre-op): mean

38.45, SEM 8.65 vs.T(72-96): mean 121.32, SEM 31.581, [F(2,19) = 0.11, p =0.J4,

n = 221.

3.5.2.2.2 EVAR

As previously alluded to in Section 3.5.1, analyses examining the changes in

adrenaline excretion over time within the EVAR cohort could not control for

exogenous adrenaline administration, due to the small sample size involved. On the

basis of the non-significant correlation between adrenaline administration and

urinary adrenaline excretion during theT(O-24) period (r = -0.51, p = 0.089, n = 12)

it is, in fact, unlikely that adrenaline administration exerted any measurable

confounding effect on these analyses. The available data demonstrated a significant

rise in adrenaline excretion (nmoU24 hours) from T(pre-op) (mean 40.43, SEM

11.46) to T(0-24) (mean 88.00, SEM 29.03) tt (6) = -2.85, p = 0.029, n = 7f. As

discussed in Section 3.5.1, whilst several limitations impact upon analyses of trends

in adrenaline excretion involving the T(72-96) interval, the available data suggested
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that mean urinary levels at T(72-96) did not differ significantly from those at the

preceding assay interval [T(O-2Ð: mean 50.75, SEM 19.96 vs. T(72-96): mean

28.25, SEM 1.441, [t (3) = 1.23, P = 0.3I, n = 31.

3.5.2.2.3 Lower Limb Revascularisation

No patient within the 'lower limb' cohort received exogenous adrenaline hence this

was not a relevant consideration in the following analyses which demonstrated that

apparent fluctuations in adrenaline excretion over time failed to reach statistical

significance. Thus, the suggested trend towards a greater excretion of this

catecholamine at T(0-24) compared with baseline values was not significant [T(pre-

op): mean 25.73, SEM 4.55, T(O-24): mean 41.18, SEM 8.961, [t (10) - -1.88, p =

0.090, n = I1l. Similarly, the trend towards a further rise from T(O-24) to T(72-96)

lT(O-24): mean 48.55, SEM 8.41 vs.T(72-96): mean 80.11, SEM 26.181 was not

statistically significant tt (10) = -0.096, p = O.93, n = lll.

3. 5.2. 3 Urinary Noradrenaline Excretion

3.5.2.3.1 Open tu t+ Repair

Once exogenous noradrenaline administration was controlled for in analyses

examining the pattern of peri-operative urinary noradrenaline excretion, the

suggested modest fluctuations were found not be statistically significant. Thus, the

trend towards a greater noradrenaline response during T(O-24) compared with T(pre-

op) [T(pre-op): mean 230.61, SEM 18.76 vs. T(0-24): mean 315.00, SEM 60.06] was

not significant [F (2, 20) = 3.33, P = 0.082, n = 231. The suggestion of a further rise

in urinary noradrenaline from T(O-24) (mean 328.10, SEM 53.59) toT(72-96) (mean
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4I5.I7, SEM 48.77) was also demonstrated to be non-significant [F (2,27) = O.52, p

=0.48, n=301.

3.5.2.3.2 EVAR

As no patients within the EVAR cohort were administered noradrenaline during the

T(O-24) period, this factor was not a relevant consideration in the analyses examining

trends in noradrenaline excretion over time. As for the 'open' cohort, the modest

fluctuations in the urinary excretion noradrenaline between assay intervals were

found to be statistically non-significant. Thus, whilst there was a trend towards a

modest rise in urinary noradrenaline from T(pre-op) (mean 298.43, SEM 46.23) to

T(O-24) (mean 321.86, SEIN{ 32.37) this was not a statistically significant difference

It (6) = -0.74, p = 0.49, n = 71. The suggested subsequent decrease at T(72-96)

compared to T(0-24) lT(0-2Ð: mean 287 .15, SEM 31.16 vs. T(72-96): mean 258.50,

SEM 20.911 was similarly non-significant [t (3) = O.55, p = 0.62, n = 4].

3. 5.2. 3. 3 Lower Limb Revascularisation

Whilst exogenous noradrenaline excretion was not able to be controlled for in

analyses examining the trend in urinary noradrenaline levels over time within the

'lower limb' cohort, as described in Section 3.5.1, only one subject was administered

this inotrope during the T(O-24) period. It is therefore not surprising that the Pearson

correlation between exogenous noradrenaline administration and urinary

noradrenaline levels during this time interval was weak and non-significant (r = 0.10,

p = 0.71, n = 16), indicating that the following analyses of noradrenaline excretion

within the 'lower limb' cohort were extremely unlikely to have been confounded by

the administration of inotropes. There was a significant rise in noradrenaline
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excretion from T(pre-op) (mean 222.27, SEM 26.48) to T(0-24) (mean 390.64, SEM

53.99), tt (10) - -3.44,p = 0.006, n= llf. The suggestion of afurtherrise atT(72-

96) was, however, found to be non-significant [T(0-2a): mean 370.82, SEM 57.78

vs. T(72-96): 422.91,SEM 1 10.751, tt (10) = -0.26,p = 0.80, n = Ill.

3.5.3 Neuroendocrine Responses in Open fuU{ Repøir

Compared to EVAR

3.5.3.1 Urinary Free Cortisol (UFC)

Figure 16 presents mean (SEM) UFC excretion amongst the 'open' cohort compared

to the EVAR cohort at each time point in graphical form. It is apparent that UFC did

not differ significantly between the two cohorts at either T(pre-op), tt (10.95) = 0.15,

p = 0.891, or at T(0-24), [t (40) = 0.30, p = 0.771, but was significantly greater at

"î(72-96) amongst the 'open' cohort compared with the EVAR cohort [t (31) =

-3.73,P = 0.0011.

3. 5.3.2 Urinary Adrenaline Excretion

Figure 17 compares mean (SEM) urinary adrenaline excretion amongst the two

cohorts in a graphical form. The two cohorts did not differ significantly from one

another with respect to urinary adrenaline excretion at T(pre-op) tt (33) - 0.43, p =

0.671, nor was there a significant difference atT(O-24) when the analysis controlled

for exogenous adrenaline administration IF (2,42) = 0.065, p = 0.80]. As was

observed for UFC, adrenaline excretion at T(72-96) was significantly greater

amongst the 'open' cohort compared to those who had undergone EVAR lt (32.9) =

-5.25,p <0.00011.
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3. 5. 3. 3 Urinary Noradrenaline Excretion

Baseline noradrenaline values tended to be higher amongst the EVAR cohort

compared with the 'open' cohort, however this difference was not statistically

significant tt (33) - 1.94, p = O.06ll. Controlling for exogenous noradrenaline

administration in the analysis, a significantly greater excretion of this catecholamine

was apparent amongst the EVAR cohort compared to those who underwent open

tuL\ repair, during theT(O-24) interval lF(2,43) = 6.60, p = O.Ol4l. AtT(72-96) the

cohorts no longer differed significantly with respect to noradrenaline excretion [t

(33) = -0.507, p = 0.231. These comparisons are presented graphically using absolute

(untransformed) mean values in Figure 18.
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Figure L6. Mean urinary free cortisol (UFC) excretion at three 24-how assay

intervals for the 'open' and EVAR cohorts.

Data presented are the mean (SEM) as absolute (untransformed) values (nmoU24

hours).

T(pre-op) : Pre-operative twenty-four hour assay interval.

T(O-24): Twenty-four hour assay interval commencing at anaesthetic induction.

T(72-96): Twenty-four hour assay interval commencing 72 hours from anaesthetic

induction.

Number of subjects (n) from each cohort contributingdata at each time point is as

follows:

Open AAA repair: T(pre-op), n = 24; T (O-24), n = 3 l; T (7 2-96), n = 29

EVAR: T(pre-op), n = I0; T (0-24), n = IIt T (7 2-96), n = 4

*Open vs. EVAR, p = 0.001 (two-tailed Student's t test)
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Figure 17. Mean urinary adrenaline excretion at three 24-hour assay intervals for the

'open' and EVAR cohorts.

Data presented are the mean (SEM) as absolute (untransformed) values (nmoU24

hours).

T(pre-op) : Pre-operative twenty-four hour assay interval.

T(O-24): Twenty-four hour assay interval commencing at anaesthetic induction.

T(72-96): Twenty-four hour assay interval commencing 72 hours from anaesthetic

induction.

Number of subjects (n) from each cohort contributing data at each time point is as

follows:

Open AAA repair: T(pre-op), n = 25;T(O-24), n = 331'T(72-96), n = 3l

EVAR: T(pre-op), n = IOi T (O-24), n = 12; T (7 2-96), n = 4

*Open vs. EVAR, p < 0.0001 (two-tailed Student's t test).
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Figure 18. Mean urinary noradrenaline excretion at three 24-hour assay intervals for

the 'open' and EVAR cohorts.

Data presented are the mean (SEM) as absolute (untransformed) values (nmoV24

hours).

T(pre-op) : Pre-operative twenty-four hour assay interval.

TQ-2Ð: Twenty-four hour assay interval commencing at anaesthetic induction.

T(72-96): Twenty-four hour assay interval commencing 72 hours from anaesthetic

induction.

Number of subjects (n) from each cohort contributing data at each time point is as

follows:

Open AAA repair: T(pre-op), n = 25iT(O-24), n = 33;T(72-96), n = 3l

EVAR: T(pre-op), n = lO; T (0-24), n = 12; T (7 2-96), n = 4

*EVAR vs. open, p = O.OI4 (one-way ANOVA, controlling for volume of exogenous

noradrenaline administration)
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3 .5.3 .4 Post-operative Analgesia

The route of post-operative analgesia, in particular the administration of analgesics

via an epidural route in contrast to alternative routes, was considered a factor which

may have exerted an influence on the observed neuroendocrine stress response and,

in turn, potentially confounded comparisons of neuroendocrine data between

operative cohorts. In view of this possibility, the 'open' and EVAR cohorts were

dichotomised according to the route of post-operative analgesia administration which

was categorised as 'epidural' or 'other'. As previously described (Chapter 2, Sections

2.2.4.5 and 2.2.5.5) the incidence of epidural use amongst those 34 subjects in the

'open' cohort who survived beyond the early post-operative period was JO.67o,

compared to OVo of the 17 subjects constituting the EVAR cohort. Chi-square

analysis confirmed that the significant association between epidural use and the

operative cohort tf O> = 22.67, p < 0.00011, providing statistical support for the

notion that this factor may have confounded the comparison of neuroendocrine

responses between the operative cohorts atT(0-24) and/or T(12-96).

3.5.4 Associøtions Between Neuroendocrine Responses and

Clinical Outcome

Analyses of the relationship between neuroendocrine responses and clinical outcome

measures were performed by considering all subjects as belonging to a single,

collective cohort.
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3.5.4.1 Associations with SIRS

Correlation coefficients, and the associated statistical significance, for the

associations between measures of the neuroendocrine response at the three assayed

time intervals and measures of SIRS severity, are detailed in Table 30. In summary,

there was a positive, moderate and highly statistically significant correlation between

UFC at T(72-96) and both cumulative SIRS score and SIRS duration. There was,

similarly, a positive, moderate and highly significant correlation between adrenaline

excretion at T(72-96) and both cumulative SIRS score and SIRS duration. The

remaining associations between neuroendocrine measures, including UFC,

adrenaline and noradrenaline excretion assayed at the various time intervals, and

SIRS outcomes were weak and clearly not significant.

3.5.4.2 Associations with Sepsis

Table 31 presents mean (SEM) values of UFC, adrenaline and noradrenaline

excretion amongst those who developed post-operative sepsis compared with those

did not develop this complication. In summary, both mean UFC and urinary

adrenaline excretion at T(12-96) were significantly greater amongst subjects

classified as having post-operative sepsis compared with those without sepsis. At the

preceding two assay intervals, however, these neuroendocrine measures did not

differ significantly between those who did and did not develop sepsis. Mean urinary

noradrenaline excretion, at all assay intervals, failed to distinguish between subjects

who did and did not develop sepsis.
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3.5.4.3 Associations with Measures of General Post-operative

Morbidity

The relationship between the magnitude of neuroendocrine responses at various

assay intervals and measures of general post-operative morbidity are presented in

Tables 30 and 31. It is apparent that there was a moderate, positive and highly

significant correlation between UFC at T(72-96) and the maximum APACFIE II

score attained (Table 30). Furthermore, a significantly greater mean UFC response

during the T(72-96) interval distinguished those who developed one or more

moderate/severe complications from those who did not. When adjusted for the

amounts of exogenous noradrenaline administered during the T(0-24) interval, mean

urinary noradrenaline excretion during this assay interval was, su{prisingly, greater

amongst subjects who were free of one or more moderate/severe complications

compared to those who did experience one or more moderate/severe complications.

It is worth noting that the statistical significance of this difference (p = 0.046) was

marginal.
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Table 30. Conelations between neuroendocrine responses and measures of SIRS

severity and general post-operative morbidity within the collective cohort.

Los, length of stay; uFC, urinary free cortisol; nmou24 hrs, nanomol per 24 hours;

NS, not significant

T(pre-op) : Pre-operative twenty-four hour assay interval.

T(O-24): Twenty-four hour assay interval commencing at anaesthetic induction.

T(72-96): Twenty-four hour assay interval commencing 72 hours from anaesthetic

induction.

All correlations were performed following logro transformation of neuroendocrine

data. Tabulated correlations are Pearson product moment correlations, except where

indicated, with associated statistical significance (p value) in parentheses. The actual

p value is reported only when the correlation was statistically significant or

approached significance at the 0.05 level (two-tailed).

The number of subjects contributing data to each correlation (n) is reported in row

headings.

t Spearman rank correlations.

$Corresponding row values are partial correlations, with amounts of exogenous

adrenaline administered during the urine collection/assay interval entered as a

covariate.

$Corresponding row values are partial correlations, with amounts of exogenous

noradrenaline administered during the urine collection/assay interval entered as a

covariate.



0.413 (0.006) t 0.40s (0.007) 0.s80 (<0.0001) 0.220 (NS)

0.053 (NS) 0.132 (NS)

0.180 (NS) 0.186 (NS)

-0.064 (NS)f o.os9 (NS)

-0.017 (NS)t 0.000 (NS)r(0-24)
(n=57)

T('.t2-96)
(n=43)

UT'C
(nmoUZ hrs)

T(pre-op)
(n=43)

0.191(NS) 0.207 (NS) 0.187 (NS) 0.118 (NS)

0.157 (NS)

-0.018 (NS) Ì 0.010 (NS) -0.051 (NS) -0.055 (NS)

0.403 (0.005) f 0.458 (0.001) 0.120 (NS)

'1(0-2Ðt.
(z=58)

T(72-96)
(n=47)

Adrenaline
(nmoU24 hrs)

T(pre-op)
(n=45)

-0.134 (NS) -0.046 (NS)

-0.1e3 (NS) -0.197 (NS) -0.178 (NS) -0.203 (NS)

-0.077 (NS) 0.043 (NS)

-0.154 (NS) f -0.149 (NS)

0.r22 (NS) t 0.234 (NS)

T(o-24)$
(z=58)

r(72-96)
(n=47)

Noradrenaline
(nmoVZ hrs)

T(pre-op)
(n=45)



Table 31. Association between magnitude of neuroendocrine responses and the

development of both sepsis and the occurrence of one or more moderate/severe

complications amongst the collective cohort.

UFC, urinary free cortisol; nmoV24 hrs, nanomol per 24 hours; NS, not significant

T(pre-op) : Pre-operative twenty-four hour assay interval.

T(O-24): Twenty-four hour assay interval commencing at anaesthetic induction.

T(72-96): Twenty-four hour assay interval commencing 72 hours from anaesthetic

induction.

Tabulated data are mean (SEM), presented as absolute (untransformed) values. All

statistical analyses were performed following log1s transformation of neuroendocrine

data. Statistical difference between group means analysed using Student's t test (two-

tailed), except where indicated. The actual p value is reported only when the

difference between group means was statistically significant, or approached

significance, at the 0.05 level.

The number of subjects contributing data (n) is reported for each group.

lDifference between group means determined by one-way ANOVA, with amounts

of exogenous adrenaline administered during the urine collection/assay interval

entered as a covariate.

fDifference between group means determined by one-way ANOVA, with amounts

of exogenous noradrenaline administered during the urine collection/assay interval

entered as a covariate.



UFC
(nmoUZ hrs)

T(pre-op)

T(O-24)

T(72-96) o046

NS

NS

394.21(46.28)
(n=14)

416.90 (26.96)
(n=29)

1427.47 (r4O.45)
(n=17)

1388.95 (t21.94)
(n=4O)

1242.2 (r33.47)
(n=r5)

927.32 Q7.60)
(n=28)

0 001

NS

NS

382.61(32.96)
(n43)

433.33 (31.64)
(n=2r)

1365.48 (r49,O2)
(n47)

143t.90 (121.89)
(n=30)

l23t.7O (94.51)
(n23)

813.45 (86.92)
(n40\

Adrenaline
(nmoUZ hrs)

T(pre-op)

"rQ2-e6)

T(o-24)

NS

NSl

o.o23

44.33 (12.60)
(n=1s)

29.33 (3.32)
(n=30)

243.s3 (t3.eo)
(n=19)

78.00 (14.27)
(n=42)

136,56 (30.97)
(n=18)

67.4s (17.s9)
(n=29)

NS

NSI

0.063

35.84 (8.17)
(n=2s)

31.s2 (3.s7)
(n2t)

185.63 (74.es)
(n=30)

75.29 (8.87)
(n=31)

122.85 (26.98)
(n47)

s4.8s (e.42)
(n=2o)

Noradrenaline
(nmoUZ hrs)

T(pre-op)

r(72-96)

T(o-24)

NS

NS+

NS

236.00 (24.34)
(n=15)

257.97 (18.97)
(n=30)

414.05 (76.38)
(n=r9)

296.83 (24.64)
(n-42)

509.61 (89.37)
(z=18)

323.97 (31.30)
(n=29)

NS

0.046+

NS

3r.76 (19.34)
(n=2s)

268.76 (22.3e)
(n=21)

319.73 (s2.47)
(n=30)

346.52 Q9.s8)
(n=31)

405.33 (53,88)
(n=27)

381.20 (64.43)

@ao)



3.6 Psychological Measures and Influence on Surgical

Response and Outcome

3.6. I Pre-operativ e Depression

3.6. 1. I Incidence of Pre-operative Depression

3.6. 1. 1. 1 Classification by BDI-II

Valid BDI-II scores were available for twenty-seven subjects within the 'open'

cohort, of whom fow (14.87o) were classified as being depressed pre-operatively.

Two (18.2Vo) of the 11 subjects within the EVAR cohort with valid BDI-tr scores

were categorised as being depressed. Only four subjects within the 'lower limb'

cohort could be classified by the BDI-[I, of whom two (507o) were categorised as

being depressed. The overall pre-operative incidence of depression amongst study

participants, when considered as belonging to a single collective cohort, was

therefore 19.OVo, according to BDI-tr classifications.

3.6.1.1.2 Classification by CES-D

Twenty-three members of the 'open' cohort were able to be classified by the CES-D,

of whom six (26.l%o) were categorised as being depressed pre-operatively. Three

(33.3Vo) of the nine EVAR subjects with valid CES-D scores were considered

depressed, whilst three (42.97o) of the seven subjects within the 'lower limb' cohort

for whom CES-D categorisation was possible were classified as being depressed

using this inventory. Considering subjects as belonging to a single collective cohort,

the CES-D thus yielded an overall incidence of pre-operative depression of 30.87o,

which was therefore somewhat greater than detected by the BDI-II.
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Where possible, analyses relating to pre-operative depression were performed

considering subjects as belonging to the three separate operative cohorts, however,

several analyses have considered study participants as a single collective cohort in

view of the modest number of subjects able to be classified by either the BDI-II or

CES-D.

3.6.1 .2 Depression and Measures of General Post-operative

Morbidity

Both the BDI-II and CES-D categorisation of the presence or absence of pre-

operative depression were considered in analyses examining the relationship between

this variable and the two measures of post-operative morbidity, post-operative LOS

and the occurrence of one or more moderate/severe complications. Furthermore,

analyses were performed both considering each of the three operative cohorts

separately, in addition to considering subjects as a single collective cohort. As

detailed in Table 32, therc were no significant differences within the separate

operative cohorts, or the collective cohort, in mean post-operative LOS between

those classified as being depressed compared with subjects not considered depressed

when subjects were classified by either the BDI-II or the CES-D. There was similarly

no association within the separate operative cohorts or the collective cohort, between

the presence or absence of pre-operative depression, when categorised by either the

BDI-tr or the CES-D, and the occurrence of one or more moderate/severe

complications (Table 33).
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Table 32. Comparison of mean post-operative length of stay (LOS) between subjects

classified as 'depressed' or 'not depressed' by BDI-tr and CES-D within the 'open',

EVAR, 'lower limb' and collective cohorts.

BDI-tr, Beck Depression Inventory-tr; CES-D, Center for Epidemiological Studies-

Depression Scale; LOS, length of stay; NS, not significant.

Tabulated values are means and SEM in parentheses. Statistical difference between

'depressed' and 'not depressed' groups analysed using Student's t test.

The actual p value is reported only when the statistical difference between group

values was significant at the 0.05 level.

The number of subjects contributing data (n) is reported for each group.

Post-
operative
LOS (days)

Lower Limb

All Subjects

EVAR

Open NS

NS

NS

NS

12.00 (1.78)
(n=4)

11.4s (0.9s)
(n=22)

2.s0 (0.s0)
(n=2)

s.44 (r.2t)
(n=9)

s.00 (0.00)
(n=2)

8.s0 (1.50)
(n=2)

7.87 (1.80)
(z=8)

9.64 (0.8s)
(n=33)

NS

NS

NS

NS

1 1.00 (1.s2)
(n=5)

11.12 (1.10)
(n=17)

3.00 (0.41)
(n=4)

4.83 (0.79)
(n=6)

6.00 (1.00)
(n=3)

I 1.s0 (1.85)
(n=4)

7.08 (1.23)
(n=I2)

e.78 (0.91)
(n=27)



Table 33. Association between presence of pre-operative depression, identified by

BDI-tr and CES-D, and occurrence of one or more moderate/severe post-operative

complications within the 'open', EVAR, 'lower limb' and collective cohorts.

BDI-tr, Beck Depression Inventory-tr; CES-D, Center for Epidemiological Studies-

Depression Scale; NS, not significant.

Tabulated values are absolute numbers and percentage of each cohort in parentheses.

For each cohort, statistical association between BDI-tr or CES-D classification of

depression and occurrence of one or more moderate/severe complications determined

by Fisher's exact test.



Open

Present

Absent

4 (14.87o) l7 (63.07o)

0 (07o) 6 (22.2Vo)

NS

6 (26.l%o) 12 (52.2Vo)

0 (07o) 5 (21.77o)

NS

EVAR

Present

Absent 2 (t8.2%o) 5 (45.5Vo)

0 (O7o) 4 (36.47o)

NS

0 (o7o) 2 (20.oEo)

4 (40.0Eo) 4 (4080)

NS

Lower Limb

Present

Absent 2 (5O.O7o) I (25.0Vo)

0 (07o) I (25.07o)

NS

o (07o) 2 (28.6Eo)

3 (42.9ïo) 2 (28.67o)

NS

All Subjects

Present

Absent

4 (9.57o) 22 (52.4Eo)

4 (9.57o) 12 Q8.6Vo)

NS
6 (15.07o) 16 (40.0Eo)

7 (l7.5Vo) tt Q757o)

NS



3.6.1.3 Depression and Health-related Quality of Ltfe

For the purposes of analysing the relationship between the presence or absence of

pre-operative depression and peri-operative HRQoL, measured by the SF-36 PCS

and MCS, subjects were considered as belonging to one collective cohort. The lack

of a significant difference in HRQoL between the three operative cohorts,

demonstrated using Student's t tests, suggests that the approach of analysing all

patients collectively was indeed statistically sound, and was unlikely to have been

confounded by subject's having undergone one of three categories of operative

intervention, namely open AAA rcpair, EVAR and lower limb revascularisation.

In addition to considering the potential confounding influence of 'operative

category/cohort' on analyses of the relationship between HRQoL and depression,

several other potentially confounding variables were considered. Student's t tests

demonstrated that there was no significant difference between male and female

subjects with respect to HRQoL, suggesting that gender would not confound

subsequent analyses. Pearson product moment correlations were performed to

identify whether analyses of the relationship between pre-operative depression and

peri-operative HRQoL may have been confounded by subjects' age or burden of

comorbidity as rated by the Charlson Index score. For those analyses involving post-

operative HRQoL as the dependent variable, subjects' pre-operative HRQoL and

post-operative LOS were also considered as potential confounding factors. Those

variables that were moderately and significantly correlated with SF-36 HRQoL PCS

or MCS, at either of the four specific assessment time points, are listed in Table 34,

and were interpreted as factors likely to confound analyses of the relationship

between depression and the relevant HRQoL measure. These likely confounding
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variables were therefore entered as 'independent variables', or 'covariates', in the

ANOVAs performed to examine the relationship between the relevant HRQoL

measure and depression. Table 34 presents mean SF-36 PCS and MCS measures

amongst depressed and non-depressed patients and the results of comparison of the

group means using ANOVA, controlling for the listed confounding factors. These

analyses were separately performed for the BDI-tr and CES-D categorisation of the

presence or absence of pre-operative depression.

As reported in Table 34, controlling for subjects' age in the analysis, the mean pre-

operative SF-36 MCS was significantly lower amongst depressed subjects, indicating

that, as might be expected, the mental health aspect of HRQoL was poorer amongst

these subjects compared with subjects categorised as not depressed. This significant

difference was apparent for both the BDI-II and CES-D categorisations, however, the

BDI-tr categorisation suggested a more highly significant difference than the CES-D

categorisation. There was no significant difference between depressed and non-

depressed subjects with regard to the physical aspect of their pre-operative HRQoL,

measured by the SF-36 PCS when the Charlson Index score was used to control for

the burden of subjects' comorbidities. One month post-operatively, the pre-operative

difference in the mental health aspect of HRQoL between depressed and non-

depressed subjects was no longer apparent when confounding variables were

controlled for in the analysis. Controlling for the confounding influence of pre-

operative SF-36 MCS, depressed subjects identified using the BDI-tr were once

again found to have a significantly lower mean SF-36 MCS three months post-

operatively compared to non-depressed subjects. Using the CES-D categorisation,

however, no significant difference between the groups was apparent. In considering
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the findings relating to HRQoL at 6 months post-operatively, the relatively small

numbers of patients constituting the non-depressed, and particularly the depressed

groups, must be appreciated. At this time point, controlling for the confounding

effect of subjects' pre-operative SF-36 PCS, the mean SF-36 PCS was significantly

lower amongst depressed patients compared with non-depressed patients, categorised

using the BDI-II. When the CES-D findings were used to examine the relationship

with SF-36 PCS at 6 months, a trend towards a lower score was evident amongst

depressed subjects compared to those considered not to be depressed, but this failed

to reach statistical significance. Using the BDI-tr categorisation of depression and

controlling for the confounding effect of pre-operative SF-36 MCS, ANOVA

suggested a significantly greater six month SF-36 MCS amongst depressed subjects.

This unexpected and paradoxical finding amongst the particularly small cohort of

subjects at this time point, was not replicated when the CES-D categorisation of

depression was employed. Employing this depression inventory, there was no

difference between depressed and non-depressed subjects with respect to the SF-36

MCS at six months (Table 34).
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Table 34. Comparison of HRQoL, measured by the SF-36 Physical Component

Summary score (PCS) and Mental Component Summary score (MCS) at four peri-

operative time points, between subjects classified as 'depressed' or 'not depressed'

by BDI-II and CES-D for the collective cohort.

HRQoL, Health-related Quality of Life; SF-36, Medical Outcomes Study 36-Item

Short-Form Health Survey; BDI-tr, Beck Depression Inventory-Il; CES-D, Center

for Epidemiological Studies-Depression Scale; NS, not significant.

tRelevant independent variables identified as moderate and significant correlates of

a specific dependent variable (SF-36 HRQoL MCS or PCS), using Pearson product

moment correlations, were considered as potential confounding factors in the

relationship between that dependent variable and depression. These potential

confounding factors are tabulated and were entered as covariates in the relevant

ANOVA performed to analyse differences in mean SF-36 HRQOL MCS or PCS

between 'depressed' and 'not depressed' groups.

fTabulated data arc mean (SEM) of the dependent variable (PCS or MCS, as

indicated in the row heading).

Difference between group means determined by ANOVA, controlling for potential

confounding factors.

The actual p value is reported only when the statistical difference between group

values was statistically significant, or approached significance at the 0.05 level.

The number of subjects contributing data (n) is reported for each group or

correlation.



0.Mt

NS40.13 (2.r0)
(n+3)

50.56 (1.84)
(n13\

40.43 (3.96)
(lr10)

40.82 (4.02)
0rl0)

NS

NS

32.31Q.46)
(n:18)

47.48 Q.6s)
lz:18)

41.29 (4.47)

Qr7)

42.8s Q.940
(t=7\

NS

NS

39.59 Q,72)
(z:15)

s3.3s Q.E2)
(¡ø-l5\

40.47 (s.94)
(r=5)

45.04 (4.s2)
(lr5\

0.065

NS

48.8s (6.42)

OF4)

5s.51 (5.43)
(n4\

34.91(6.23)
(rF4)

s4.22 Q.42)
(F4\

<0.0001

NS39.88 (2.1s)
(rF25)

s2.2s (t.ss)
(?È25)

39.43 (4.s9)
(r,Á)

3r.69 (3.03)
h=6)

NS

NS

32.93 Q.s7)
(trl8)

4e.44 Q.tz)
lrlS)

37.94 (5.86)
(n:5)

32.s4 (4.1s)
(tr5\

NS

o.044

38.32 Q.64)
Qrrs)

55.31(1.32)
0rl5\

36.40 (4.5s)
(n4)

34.38 (6.23)
tu4)

0.017

0.023

4t.3s (5.34)
(tr6)

s4.36 Q.29)(16\

26.34
(rr1)

56.97
('l--l)

-0.451(0.007)
(z:35)

0.506 (0.002)
(tF35)

0.604 (0.001)
(n+7)

-0.38r (0.034)
(n:31)

-0.447 (0.0t2)
(n:31)

0.633 (<0.0001)
tu=27)

0.768 (<0.0001)
(rfll)

-0.476 (0.02s)
(rflz)

0.714 (<0.000r)
tu2t)

0.733 (0.02s)
(tð)

-0.669 (0.049)
tu4\

Chælson Index Score

Subjects' age

Preop. SF-36 PCS

Charlson Index Score

Post-operative LOS

Pre-op. SF-36 MCS

Preop. SF-36 PCS

Charlson Index Score

Pre-op. SF-36 MCS

Pre-op. SF-36 PCS

Pre-op. SF-36 MCS

MCS

Pre-operative
PCS

MCS

l Month
PCS

MCS

3 Months
PCS

MCS

6 Months
PCS



3.6.1 .4 Depression and Post-operative SIRS

Both the BDI-tr and CES-D categorisation of the presence or absence of pre-

operative depression were once again considered separately in analyses examining

the relationship between this variable and the two measures of post-operative SIRS

severity, cumulative SIRS score and SIRS duration. Like the analyses examining

depression and general post-operative morbidity described in Section 3.6.I.2, the

potential relationship between pre-operative depression and SIRS outcomes were

analysed separately for each of the three operative cohorts in addition to analysing

the potential relationship within the collective cohort (Table 35). Within the

relatively small EVAR cohort, mean SIRS duration was found to be significantly

longer amongst those subjects considered not to be depressed compared with those

classified as having depression, according to the BDI-II. Classification of depression

status with the CES-D, however, failed to identify this significant difference. No

other significant differences between depressed and non-depressed subjects, with

respect to either mean SIRS duration or cumulative SIRS score, were identified

(Table 35).

3.6.1.5 Depression and Post-operative Sepsis

Table 36 details the lack of a significant association between the presence or absence

of pre-operative depression, when classified either by the BDI-tr or the CES-D, and

the occurrence of post-operative sepsis within either the 'open', EVAR, or the 'lower

limb' cohorts. The suggested lack of a significant association between the presence

or absence of pre-operative depression and the development of post-operative sepsis

was also apparent when the analysis was performed by considering all subjects

within a single, larger cohort.
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Table 35. Comparison of measures of SIRS severity between subjects classified as

'depressed' or 'not depressed' by BDI-tr and CES-D within the 'open', EVAR,

'lower limb' and collective cohorts.

BDI-II, Beck Depression Inventory-Il; CES-D, Center for Epidemiological Studies-

Depression Scale; NS, not significant.

The number of subjects contributing data (z) is reported for each group.

The actual p value is reported only when the difference between group means was

statistically significant at the 0.05 level.

tTabulated values are medians and range in parentheses; statistical difference

between 'depressed' and 'not depressed' groups analysed using Mann-Whitney U

test.

fTabulated values are means and SEM in parentheses; statistical difference between

'depressed' and 'not depressed' groups analysed using Student's t test.



NS

NS

NS

NS

3(1-8)
(n=5)

2(0-7)
(n=17)

l.s (0 - 3)
(n=4)

0(0-2)
(n=6)

1(0-2)
(n=3)

2(1-11)
(n=4)

1.5 (0 - 8)
(n=12)

2(0-11)
(n=27)

Cumulativet
SIRS Score

Lower Limb

All Subjects

EVAR

Open NS

NS

NS

NS

1.s (1 - 6)
(n=4)

2.s (0 - 8)
(n=22)

0(0-0)
(n=2)

1(0-3)
(n=9)

t.s (t - 2)
(n=2)

6(1-11)
(n=2)

r(0-6)
(n=8)

2(0-11)
(n=33)

SIRS Duration+
(days)

Lower Limb

All Subjects

EVAR

Open

0.0r7

NS

NS

NS

1.7s (0.48)
(n=4)

2.r4 (0.3t)
(n=22)

0.00 (0.00)
(n=2)

1.00 (0.33)
(n=9)

r.50 (0.50)
(n=2)

3.00 (2.00)
(n=2)

1.88 (0.26)
(n=33)

t.2s (0.37)
(n=8)

NS

NS

NS

NS

2.20 (0.s8)
(z=5)

2.18 (0.3s)
(n=17)

1.00 (0.58)
(n4)

0.67 (O.42)
(n=6)

1.00 (0.s8)
(n=3)

2.2s (0.9s)
(n=4)

1.8s (0.29)
(n=27)

1.50 (0.36)
(n=12)



Table 36. Association between presence of pre-operative depression, identified by

BDI-tr and CES-D, and occurrence of sepsis within the 'open', EVAR, 'lower limb'

and collective cohorts.

BDI-tr, Beck Depression Inventory-tr; CES-D, Center for Epidemiological Studies-

Depression Scale; NS, not significant; N/4, not applicable.

Tabulated values are absolute numbers and percentage of each cohort in parentheses.

For each cohort, statistical association between BDI-II or CES-D classification of

depression and occurrence of sepsis determined by Fisher's exact test.



Open

Sepsis Present

Sepsis Absent

| (3.8Eo) t2 (46.27o)

3 (ll.57o) lO (38.57o)

NS

3 (13.67o) 9 (4O.9Vo)

2 (9.t%o) I (36.47o)

NS

EVAR

Sepsis Present

Sepsis Absent 2 (l8.2Vo) 8 (72.77o)

0 (07o) t (9.tVo)

NS

o(07o) 4(4o%o)

0(o7o) 6(607o)

N/A

Lower Limb

Sepsis Present

Sepsis Absent 2(5OVo) | (25Eo)

0 (07o) t (25Vo)

NS

0 (o7o) t (t4.37o)

3 (42.97o) 3 (42.9Vo)

NS

All Subjects

Sepsis Present

Sepsis Absent

I (2.4Vo) 14 (34.lEo)

7 (t7.t7o) 19 (46.3Eo)

NS
3 (7.77o) t0 Q5.6Eo)

9 (23.t%o) t7 (43.67o)

NS



3.6.1 .6 Depression and the Neuroendocrine Response to

Surgery

Both the BDI-II and CES-D findings were, once again, separately considered in

analyses comparing mean UFC excretion, at the three 24-hour assay intervals,

between subjects classifiecl as being clepressecl comparecl with those consi<lere<l not

to be depressed within the collective cohort. A significantly greater UFC excretion at

T(O-24) appeared to characterise subjects who were not considered depressed

compared with depressed subjects, when the BDI-II findings were employed (Table

3l). This difference was not replicated when the CES-D categorisation was

employed in the analysis of UFC excretion at the T(O-24) interval. It is apparent from

Table 37 that there were no differences between depressed and non-depressed

subjects with respect to mean UFC excretion at either T(pre-op) or T(72-96) when

either the BDI-tr or the CES-D findings were employed.

3.6.2 Pre-operøtive Trait Anxiety

3.6.2. I Association with Neuroendocrine Responses

Correlations between Spielberger Trait Anxiety Scale (STAI Form Y-2) scores and

urinary measures of the HPA axis and SNS responses, namely UFC, adrenaline and

noradrenaline excretion, at each of the three assay intervals were determined by

considering subjects as constituting a single collective cohort and are presented in

Table 38. There was a positive, moderate and statistically significant correlation

between noradrenaline excretion at T(pre-op) and trait anxiety score. All other

correlations between neuroendocrine measures and trait anxiety scores were weak

and not statistically significant (Table 38).
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Table 37. Comparison of mean urinary free cortisol (UFC) excretion, at three 24-

hour assay intervals, between subjects classified as 'depressed' or 'not depressed' by

BDI-tr and CES-D within the collective cohort.

BDI-tr, Beck Depression Inventory-Il; CES-D, Center for Epidemiological Studies-

Depression Scale; nmoU24 hrs, nanomol per 24 hours; NS, not significant.

T(pre-op): Pre-operative twenty-four hour assay interval.

T(0-24): Twenty-four hour assay interval commencing at anaesthetic induction.

T(72-96): Twenty-four hour assay interval commencing 72 hours from anaesthetic

induction.

Tabulated data are mean (SEM), presented as absolute (untransformed) values.

Statistical difference between group means analysed using Student's t test (two-

tailed) following logr6 transformation of UFC data. The actual p value is reported

only when the difference between group means was statistically significant at the

0.05 level.

UT'C
(nmoUZ hrs)

T(pre-op)

"r(72-96)

T(O-24)

NS

0.035

NS

382.86 (s3.41)
(n=7)

394.04 (33.23)
(n=23)

980.50 (164.73)
(z=8)

l4ot.o3 (123.62)
(n=29)

'Ì34.33 (256.57)
(n=3)

ttoT .64 (91.72)
(n45)

NS

NS

NS

388.ó7 (48.83)
(n=9)

413.31 (183.53)
(n=16)

1187.00 (165.0r)
(n=9)

t425.57 (165.25)
(n=23)

lt39.7t (268.s2)
(n=7)

967.22 (79.O7)
(z=18)

' 
The number of subjects contributing data (z) is reported for each group.



Table 38. Correlations between Spielberger Trait Anxiety Scale (STAI Form Y-2)

score and neuroendocrine measures at tluee 24-hour assay intervals for the collective

cohort.

UFC, urinary free cortisol; nmoV24 hrs, nanomol per 24 hours; NS, not significant.

T(pre-op) : Pre-operative twenty-four hour assay interval.

T(O-24): Twenty-four hour assay interval commencing at anaesthetic induction.

T(72-96): Twenty-four hour assay interval commencing 72 hours from anaesthetic

induction.

All correlations were performed following lo916 transformation of neuroendocrine

data. Tabulated correlations are Pearson product moment correlations, except where

indicated, with associated statistical significance (p value) in parentheses. The actual

p value is reported only when the correlation was statistically significant at the 0.05

level (two-tailed).

The number of subjects contributing data to each correlation (n) is reported.

tPartial correlation, with amounts of exogenous adrenaline administered during the

urine collection/assay interval entered as a covariate.

fPartial correlation, with amounts of exogenous noradrenaline administered during

the urine collection/assay interval entered as a covariate.



T(O-24)

r(72-e6)

UFC (nmoV24 hrs)

T(pre-op) 0.0es (NS)
(n = 25)

-0.10e (Ns)
(n = 33)

-0.086 (NS)
(n= 25)

r(0-24)

r(72-e6)

Adrenaline (nmoU24 hrs)

T(pre-op) 0.12s (NS)
(n=27)

0.143 (NS)t
(n = 33)

0.166 (NS)
(n = 29\

Noradrenaline (nmoU24 hrs)

T(pre-op)

r(o-24)

T(72-96)

0.419 (0.030)
(n = 27)

-0.062 (NS)+
(n = 33)

0.030 (NS)
(n = 29)



CHAPTER4

DISCUSSION



4.L General Limitations of Current Study

The current study has several general limitations which are relevant to the

interpretation of many of the findings presented herein. Given the potential of these

limitations to have a bearing on many of the conclusions presented in subsequent

sections, a discussion of these limitations from the outset is considered prudent.

Additional limitations, relevant only to specific data sets, are presented in the

appropriate sections to follow.

4.1.1 Sample Size

The importance of power analysis prior to study commencement cannot be over

emphasised,a22 however the relative absence of reliable estimates for most of the

variables considered in this study made this process largely invalid. Furthermore,

when considering the issue of sample size with respect to the current study, the finite

and indeed relatively modest size of the population being sampled must be

acknowledged. When combined with the practicalities of subject recruitment,

including inaccessibility to potential subjects and the refusal of study participation by

others, the resulting cohort size, whilst potentially smaller than statistically optimal,

reflected the combination of actual operative activity and the realities of clinical

research. Regardless of clinical reality, however, the influence of sample size on the

probability of a type I and type II enora2z must be acknowledged. For this reason,

operative cohorts were combined when necessary and acceptable, to maximize power

of the analyses. Furthermore, cautious interpretations and conclusions have been

drawn when small sample sizes were involved.
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4.1.2 Inclusion Criteria

A conceivable criticism of the current study may be that the inclusion criteria were

overly permissive, resulting in the 'open' and 'lower limb' cohorts, in particular,

being somewhat heterogeneous with regard to the surgical interventions experienced

by their constituent members. Indeed, the 'open' cohort included not only subjects

with abdominal aortic aneurysms, but included those with thoracoabdominal

aneurysms, whilst members of the 'lower limb' cohort were subject to a variety of

both infra- and supra-inguinal revascularisation procedures. Whilst the recruitment of

such subjects was conceivably over-inclusive, limiting the range of acceptable

interventions would have resulted in an unacceptable reduction in the size of the

population being sampled, and therefore the size of the recruited cohort. It may,

however, be argued that the potential confounding effect introduced by the

heterogeneity of the cohorts was, in fact, taken into account by the measurement of

'operative duration' and 'duration of ischaemia' and by the subsequent analyses of

their relationship to outcome variables. Furthermore, it is proposed that the inclusion

of a variety of operative procedures in the 'lower limb' cohort, in particular,

increases the capacity to generalise the findings to a wider patient population than if

only one type of lower limb revascularisation had been considered.

4. 7.3 Exclusion Criteria

Intimately related to the issue of sample size, is that of the stringency of exclusion

criteria that may be reasonably adopted. Ideally, subjects' manifesting any factor

known to alter the immune response, and in turn the possibility of developing SIRS

or sepsis in response to a given insult, would be excluded from a study with the

current aims; such stringent criteria would, however, render the current study
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virtually implausible due to restrictions that would be imposed on the sample size.

Thus, whilst exclusion of subjects' exhibiting symptoms or signs of an inflammatory

or infectious process within a given pre-operative period would have been desirable,

this was not feasible for the reasons described in Chapter 2, Section 2.2.2.It seems

likely that the most significant impact of this factor would have been on data arising

from the 'lower limb' cohort, whilst data arising from the 'open' and EVAR cohorts

is less likely to have been confounded by such an influence.

The known association of cellular immunodeficiency with human cance/23 suggests

that the presence of malignancy may also, ideally, have been considered a criterion

for exclusion. The theoretical advantage of excluding subjects' exhibiting this

potentially confounding influence was foregone in view of the possible impact upon

sample size. On balance, given that malignancy affected only 5.17o of the collective

cohort at the time of recruitment, in addition to the type and stage of those

423malignancies,*" it seems unlikely that, if this factor was indeed biologically

relevant, it would have had any marked influence on the findings.

In view of the immunosuppressive effect of pharmacological doses of

corticosteroids,32e it would similarly have been optimal to exclude subjects'

administered this drug class, either pre-operatively, intra-operatively or within the

post-operative study period. It may reasonably have been hypothesised that subjects

administered these agents may have had a lower incidence of SIRS, and a greater

incidence of infection. Intuitively, it may also have been anticipated that subjects

using corticosteroids may have had a greater incidence of sepsis, however, a

plausible argument also exists for anticipating a lower incidence of sepsis amongst
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subjects administered these agents, due to the potential suppression of the pro-

inflammatory systemic response to invading micro-organisms. Once again, however,

given the potential impact upon the sample size of the current study, corticosteroid

administration was not considered a feasible exclusion criterion. Ultimately, it was

encouraging to note that there was no statistically significant relationship between

corticosteroid use and the occuffence of either SIRS, infection or sepsis, hence it is

particularly unlikely that corticosteroid use confounded analyses involving these

outcome measures in the current study. As previously described (Chapter 2, Section

2.8.2), the potential effect of corticosteroid pharmacotherapy on UFC measures was

managed by excluding affected urine samples from immunoassay.

4.1.4 Standardisation of Clinical Protocols

Whilst the establishment of strict protocols standardising subjects' care during the

intra- and post-operative period is likely to have enabled the minimisation of

potential confounding factors and increased the reliability of the study findings, this

would not have been ethically acceptable given the frequent need to individualise

management to achieve optimal anaesthetic and surgical care. This potential inter-

subject variability in management may involve an affay of factors including

pharmacotherapy, fluid management, and the duration of mechanical ventilation, in

addition to the undertaking of various adjunctive vascular, ancillary vascular and

concomitant non-vascular procedures at the time of the principal procedure for some

subjects. Furthermore, controlling for all possible confounding variables by statistical

means is not feasible. The presentation of descriptive statistics for an array of

variables considered to have a potential impact on the outcomes in this study is,

however, some recompense for the inability to standardise these factors.
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Whilst the lack of a formal protocol governing the intra- and post-operative

management of study participants may therefore be considered a shortcoming of this

study, it is necessary to acknowledge that regional, and particularly local practices

a.re relatively homogeneous, hence minimising the potential impact of non-

standardisation, for at least some variables such as anaesthetic techniques. Indeed,

this is perhaps more appropriately considered a limitation of observational cohort

studies in general, reflected by the level of evidence with which they are associated,

rather than being a specific weakness of the current study.
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4.2 Consensus Definitions of SIRS and Sepsis

4.2.1 Dffinition ol SIRS

Despite the extent to which the SIRS concept has been adopted by clinicians and

investigatorsee since its formal inception in 1992,100 valid concerns have been

expressed in the literature contending that it is both insufficiently specific and

excessively sensitive6s'ee'424 and suggestions made to ameliorate the apparent short-

comingsl2e. It was for these reasons that the 2001 SCCMÆSICM/ACCP/ATS/SIS

International Sepsis Definitions Conference revisited the concept of SIRS and its

definition and, whilst the validity of the concept was reaffirmed, the previously cited

deficiencies were acknowledged. Despite this acknowledgment, however, the

participants were unable to propose a more satisfactory biochemical, immunological

or clinical diagnostic alternative.ee Until a consensus can be reached on a more

suitable approach to identifying or measuring this inflammatory event, the 1992

definition continues to be used, with an awareness of its inherent weaknesses. Some

concerns regarding the potential excessive sensitivity of the SIRS definition in the

current study may, however, be allayed by the reassuring observation that the use of

p-blockers did not influence classification of the presence or absence of SIRS within

the collective cohort, nor was there an influence when subjects were considered as

belonging to three separate operative cohorts, despite the effect of this drug class on

heart rate, one of the SIRS criteria.

Whilst the validity of their arguments cannot be denied, the critics of SIRS and its

definition frequently overlook the recommendation made in the 1992 consensus

document, that the newly proposed SIRS definition should, in view of it relatively

broad and encompassing nature, be combined with a severity scoring system or
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probability risk estimation technique in order to measure the position of an individual

patient along the continuum of inflammatory severity.lo0 The frequency with which

SIRS occurred in the current study, particularly amongst the 'open' cohort, indicates

that gradation of the severity of SIRS is not only desirable but essential for the SIRS

concept to be usefully applied in the research setting. Furthermore, it is proposed that

the use of severity scoring systems in the current study, such as the 'cumulative SIRS

score' and, perhaps to a lesser extent 'SIRS duration', goes some way to address the

excessive sensitivity of the 1992 SIRS definition by adding the dimensions of a

weighting system and/or a time scale, thereby enhancing its discriminatory potential.

It is thus suggested that those subjects who may have been erroneously identified as

having SIRS, in whom the identified physiological derangement was due to another

overlooked factor causing a mild or transient physiological disturbance, would attract

a much lower 'cumulative SIRS score' and 'SIRS duration' than those who

experience persistent or severe systemic inflammation. It must be acknowledged,

nonetheless, that a fundamental change to the 1992 consensus for defining and

diagnosing SIRS, which is less inclusive and allows the identification of systemic

inflammation with greater specificity, would increase the value and utility of the

SIRS concept, and the conclusions of research, such as the current study, which are

based upon it.

4.2.2 Definition ol Sepsis

The revised definition and criteria for the diagnosis of sepsis that emerged from the

2001 SCCM/ESICI\4/ACCP/ATS/SIS International Sepsis Definitions Conference

represents a marked improvement of that established in 1992, from both clinical and

research perspectives. As described in Chapter 1, Section I.2.4, one of the most
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notable aspects of the 2001 revision is the explicit statement that infection, and

accordingly sepsis, may be diagnosed when an infectious process is strongly

suspected even without microbiological confirmation.ee This modification was an

acknowledgement of the clinical reality that a positive microbiological culture may

be obtained in less than 5OVo of patients believed to have sepsis on clinical

grounds.66'68 From the perspective of diagnosing sepsis in observational research,

such as the current study, employment of the 2001 criteria is likely to achieve a

reduction in the rate of false-negative diagnoses that were undoubtedly a

consequence of the 1992 definition of sepsis, and a rate of sepsis that more closely

approximates clinical reality. It must also be acknowledged, however, that use of the

2001 criteria for diagnosing sepsis permits greater scope for false-positive diagnoses

than the previous definition which required the presence of a 'confirmed infectious

process'lOO. The possible false-positive diagnosis of subjects may, in turn, have

hindered the capacity to identify a true association between this outcome measure

and variables examined in the current study.
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4.3 Incidence of Clinical Outcomes in Current Study

The validity and capacity to generalise the findings of the current study are

dependent, in part, on the occurrence of the various outcome measures being

consistent with those observed in current vascular practice.

4.3.r S/RS

Whilst the relative dearth of published data on the incidence of this event amongst

patients undergoing major vascular surgery, discussed in Chapter 1, Section 1.2.5,

makes it difficult to conclude with great certainty that the findings derived from the

current patient cohort are representative of that which might be observed in the

population, it is reassuringly apparent that the 88.27o incidence of SIRS amongst the

'open' cohort is highly comparable with the recently described 89Vo incidence

observed by the University of Leicester research group.t'n' t'o Similar, reliable

comparative data does not exist for the EVAR or 'lower limb' cohorts however it is

entirely conceivable that the apparent validity of SIRS classification observed for the

'open' cohort may extend to all operative cohorts in the current study. It is

acknowledged, nonetheless, that the smaller size of the EVAR and 'lower limb'

cohorts is associated with an increased risk of having identified a non-representative

incidence of SIRS for these operative procedures.

4.3.2 Sepsis

As discussed in Chapter 1, Section 1.2.5, not only is there a scarcity of published

data on the incidence of sepsis following major vascular surgery, but the variable

follow-up periods and lack of definitions which characterises this data, makes direct
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comparison with the rates of sepsis identified in the current study fraught with

hazards. Given the rates of SIRS affecting subjects in the current study, the

documented incidence of sepsis occurrence within the three cohorts are not

unreasonable in view of the rate of progression from SIRS to both culture-negative

and culture-positive sepsis described by Rangel-Frausto et a1.66 (Chapter 1, Section

r.2.s).

4.3.3 General Post-operøtive Morbidity and Mortølity

Of the measures of general post-operative morbidity employed in the current study,

ICU and post-operative hospital LOS are amongst the more frequently described

variables in current vascular literature, particularly that focussing on open AAA

repair and EVAR. Thus, the descriptive statistics presented for these outcome

measures aÍe entirely consistent with recently published data, considered

representative of international standards, for these patient populations.tt'21 The 30-

day mortality rate observed amongst the current cohort is similarly consistent with

accepted standards. 
12' t3' t6
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4.4 Rationale for Separation of Study Cohort

There is an intuitive clinical awareness that the three principal operative categories

included in the current study differ with respect to a number of operative and post-

operative variables in addition to their clinical outcomes. Statistical analyses

confirmed that the operative cohorts did indeed differ with regard to multiple intra-

and post-operative variables and measures of general post-operative morbidity

(Chapter 3, Sections 3.1.1 and 3.1.2). These differences were frequently observed

between the 'open' and EVAR cohorts and between the 'open' and 'lower limb'

cohorts and may be considered to reflect the severity of the operative insult.

Considered collectively, these differences thus indicate that, as might seem intuitive,

open AAA repair induced a more severe surgical insult than either EVAR or lower

limb revascularisation, whilst the magnitude of the insult associated with the latter

two procedures appears to be relatively comparable. Inter-cohort differences in

measures of SIRS severity, sepsis and post-operative infection were similarly

demonstrated when subjects were considered as constituting three distinct cohorts

(Chapter 3, Section 3.1.3). It is a general principle that cohorts should be maximally

homogenous, except with regard to the variables of interest, in order to minimise

potential confounding effects. The particular importance of adhering to this principle

in studies examining SIRS, thereby avoiding erroneous conclusions, has been

recently emphasised by Norwoo d, et al.r2e . It was therefore considered desirable to

separately consider the three operative cohorts for subsequent data analysis, where

relevant and permitted by sample size considerations, thus eliminating the possibility

of these analyses being confounded by the aforementioned factors. As suggested in

Section 4.I.1, however, the pooling of cohorts was considered a statistical necessity

for several analyses in view of sample size considerations.
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4.5 operative variables - Relationship with Ctinical

Outcomes

In a study pursuing novel approaches to the early prediction of adverse operative

outcomes, in particular SIRS and sepsis, it was considered necessaty to establish

from the outset whether several key operative variables, namely the duration of the

operation and the duration of intra-operative ischaemia without reperfusion, may in

fact have the capacity to independently predict the occurrence of these outcomes. Not

only might such a finding explain the potential lack of relationship between operative

outcomes and the other peri-operative variables examined, but would tend to

recontmend against further attempts to identify novel factors, particularly pre-

operative patient characteristics, to predict these adverse outcomes.

4.s.r slRs

The intense ischaemia and subsequently IRI to which patients undergoing major

vascular surgery, in particular open AAA rcpair, are subjected is undoubtedly a

major stimulus for the activation of inflammatory pathways"3 Furthermore,

duration of ischaemia has been directly correlated not only with the production of

cytokines including IL-6 during both open AAA repair2se and EVAR425 in addition

to IL-1028e and MCP-I in open AAA rcpaira26, but has also been found to be a

correlate of the magnitude of intra- and early post-operative PMN activation,

indicated by CD11b expression, in TAAA repairl53 . The lack of relationship between

duration of ischaemia and measures of SIRS severity identified in the current study

might therefore appear inconsistent with the clear biological contribution of intra-

operative ischaemia and IRI to inflammatory events. It is conceivable that the
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documented ischaemic duration may have been an insufficiently accurate measure of

the magnitude of the actual ischaemic insult or IRI given that events such as clamp

re-application were not accounted for in this measure. This, in turn, may have

prevented the identification of a true relationship between the variables. It is more

likely, however, that the inability to identify a relationship between duration of

ischaemia and measures of SIRS severity is attributable to a more fundamental issue,

with implications for many of the analyses involving SIRS as an outcome measure.

This issue is that of the multi-factorial aetiology of sRS224' 225 which, combined

with its complex and dynamic nature,6e may have obscured the identification of a

statistical relationship with individual stimuli or their surrogate markers. This issue is

similarly likely to underlie the lack of a statistical relationship between operative

duration and SIRS outcomes identified in the current study. ff the finding of a lack of

association between these key operative variables and SIRS outcomes is accepted as

being valid, this might be considered as ratification of the need for novel predictors

of these inflammatory outcomes.

4.5.2 Søpsds

It has been established that sepsis, like SIRS, is a complex and dynamic clinical

syndrome, the occurrence and course of which must result from the interplay of a

multitude of variables, including clinical, immunological and microbiological

factors.424 In view of this, the lack of any demonstrated relationship between the

operative variables, 'duration of ischaemia' and 'operative duration', and the

subsequent development of sepsis, cannot be considered to exclude the possibility

that these variables are a component of the aetio-pathogenesis of sepsis, but rather

this finding indicates that their individual role is insufficient to permit the
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identification of a statistical relationship with sepsis occurrence. Ultimately,

however, the inability of these operative variables to differentiate between those who

progressed to sepsis and those who did not further validates the pursuit of novel

subject-specific characteristics which may render individuals susceptible to sepsis.

4.5.3 Measures oÍ Generøl Post-operative Morbidity

Given that 'operative duration' may be considered a surrogate measure of the

magnitude of the overall surgical insult, and that the maximum APACIIE II score

results in a direct measure of the magnitude of post-operative physiological

derangement, the observation that those with a longer operative duration experienced

a higher maximum APACHE II score is perhaps not surprising, whilst the finding

that a longer 'operative duration' was associated with a longer post-operative LOS

amongst the EVAR cohort is similarly intuitive. The statistical confirmation of these

clinically intuitive relationships supports the validity of the measured variables.
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4.6 Immunological Parameters

4.6.7 Pre-operøtive PMN CDLIb, FcyRI (CD64) and

FcyRIIIb (CD16b) - Relationship with Clinicøl Outcome

4.6.1.1 PMN CDllb

The observations relating to CDl lb and SIRS outcomes are the most notable arising

from the investigation of the relationship between pre-operative PMN expression of

both integrin and immunoglobulin Fc receptors and post-operative inflammatory

outcomes. Analyses indicated that a higher pre-operative expression of the PMN

activation marker, CDllb, was associated with a higher post-operative cumulative

SIRS score and tended to be associated with longer duration of SIRS amongst those

in the EVAR cohort. If this is accepted as a valid observation it implies that those

individuals who's PMNs existed in an already activated or primed state pre-

operatively were subject to more severe, and perhaps more prolonged SIRS. As

initially suggested by Foulds et alrs3 in their attempt to account for their comparable

observations of a greater pre-operative CDllb expression amongst patients

undergoing TAAA who died intra-operatively or shortly thereafter compared to those

who did not, those who developed MOF compared to those who manifested failure

of only a single organ, in addition to those who experienced major post-operative

complications comp¿ìred to those who did not, it is possible that amongst patients

with a pre-existing state of PMN activation, indicated by a higher CDl lb expression,

intra-operative inflammatory stimuli serve as a secondary insult, resulting in an

exaggeration of PMN activation thus fuelling the inflammatory cascade, translating

to more severe or prolonged post-operative SIRS.
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The apparent relationship between CDl1b and post-operative SIRS documented in

the current study is, as previously indicated, biologically plausible and particularly

encouraging, however it is acknowledged that some caution is warranted in the

interpretation of these results. It is conceded that the relationship between CDllb

and SIRS duration failed to reach statistical significance. Furthermore, the small

cohort size raises some concern about the heightened probability of a type I statistical

error. The lack of a similar association between CDllb and measures of SIRS

amongst the 'lower limb' and particularly the 'open' cohort might be considered as

supporting the notion that the findings arising from the EVAR cohort were

associated with a type I effor. Conversely, it might be argued that these operative

interventions are sufficiently distinct, both clinically and biologically, that findings in

one cohort should not be expected to be replicated in another. It is conceivable, for

example, that the greater ischaemic insult associated with open AAA repair

compared to EVAR may nullify any pre-existing PMN activation, thereby

eradicating a potential relationship between this pre-operative variable and post-

operative outcomes. Finally, Rosenbloom et al.a21 have proposed that daily

fluctuations in CDllb expression may occur in the absence of an obvious causative

factor. Given that the current study's protocol did not require that blood sampling,

for the purpose of determining CDllb expression, occur immediately prior to

anaesthetic induction but permitted a small degree of variability in the precise pre-

operative sampling time, if CDllb expression is indeed labile, it is possible that

measured CDllb expression differed slightly from subjects' levels at the

commencement of surgery, potentially invalidating the proposed biological basis of

the statistical relationship.
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The inability of pre-operative CDllb to distinguish between those who developed

sepsis and those who did not implies that, if this factor does in fact play a biological

role in the complex aetio-pathogenesis of sepsis, it is of an insufficient magnitude to

be independently identified in the circumstances of the cunent study.

4.6.1.2 PMN FcyRI (CD64)

A particularly striking feature of the CD64 MFI data set, which can be appreciated

from the tabulated data ranges (maximum and minimum values), is the lack of

variance or spread of data about the median value. That is to say, pre-operative CD64

expression was highly comparable amongst subjects, not only within the separate

operative cohorts, but throughout the study population. Furthermore, whilst

comparison of subjects' MFI data with a control group is not within the scope of the

current study, it is reasonable to suggest that, overall, CD64 expression was low,

given that CD64 MFI values were not markedly greater than the reported

representative FLl negative control MFI. In view of this low and particularly

homogenous level of expression of PMN CD64 throughout the operative cohorts,

this variable clearly could not be expected to have any great discriminatory potential.

This was confirmed by statistical analyses demonstrating the absence of a

relationship with measures of SIRS or the occurrence of sepsis.

4.6.1.3 PMN FcyRIIIb (CD16b)

Unlike PMN CD64, CDl6b expression levels varied considerably between

individuals, reflected by the tabulated SEM for the CD16b MFI data. This is

consistent with literature reporting considerable variation in levels of expression of

this receptor amongst healthy volunteersl66 . Nonetheless, it is apparent that the
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expression of this receptor demonstrated no relationship with measures of post-

operative SIRS or the occurrence of sepsis. This is, perhaps, surprising given the two

previously discussed reports (Chapter 1, Section 1.3.2.5) documenting a higher level

of pre-operative CD16b expression amongst subjects who subsequently developed

these adverse outcomes.l68' 185 Several factors may account for this inconsistency.

Like the current study, both of the aforementioned studies involved relatively small

patient numbers, hence all are subject to the similar probability of erroneously

accepting or rejecting the null hypothesis. Furthermore, the study by Wakefield et

' 168al.'"" examrned subjects undergoing major gastro-intestinal surgery rather than

major vascular surgery, and employed a definition of sepsis which differed

somewhat from the consensus definition employed in the current study. These

differences are in themselves sufficient to account for the discrepancy between the

studies findings. Whilst Spark et al.rBs did involve subjects undergoing open AAA

repair, the group of subjects characterised by a higher pre-operative CD16b

expression appears to be heterogenous with regard to the inflammatory outcome they

experienced which is imprecisely described as 'SIRS or sepsis', raising the question

of whether these findings can be reliably compared with those of the current study.

Thus, whilst the current data suggests that pre-operative CD16b levels do not have a

measurable influence on either post-operative SIRS or sepsis, and although valid

explanations can account for the inconsistencies with published findings, an

expansion of the current cohort may be warranted before a definitive conclusion

regarding CDl6b is made.

2lo



4.6.2 FcyR Genotypes ønd Clinicøl Outcomes

The observation that the distribution of both the CD32a and CD16b genotypes

amongst the current study's Caucasian cohort followed Hardy Weinberg's

equilibrium goes some way to indicate that the sample represented the genetic

distributions that might be expected in the wider population. The recognition that the

CD32a distribution observed in this study was, in fact, highly consistent with

published reports involving generally large Caucasian cohorts, including a recent

meta-analysis and, perhaps more relevant to the current study, a report of the CD32a

genotype distribution amongst a moderately sized group of Australian Red Cross

blood donors,l62' tee' 428-43r provides even more convincing evidence that the current

cohort was genetically representative of the wider Caucasian population with respect

to this FcyR polymorphism. V/hilst the observed distribution of CDl6b genotypes

varied slightly from that previously identified by this laboratory amongst a similarly

sized (n = 51) cohort of Australian Red Cross donors (NAl/NAl , 6.ÙVo : NA2/NA2,

55.O7o : NA1/l'{42, 39Vo), it was not dissimilar to the distributions reported by

studies involving considerably larger Caucasian cohorts3s2' 428' 42e' 431-434, implying

that the current cohort could be considered as representative of the population with

respect to the CD16b polymorphism.

Several biological explanations may account for a lack of association between the

genotypes under investigation and the occurrence of either infection or sepsis

following major vascular surgery. As described in chapter 1, Section 1.3.2.6, the

functional relevance of the CD32a polymorphism in infectious disease is principally

attributed to the fact that CD32a-HI31 represents the sole human FcyR capable of

interacting with lgG21ae. Given that this IgG sub-class is thought to be particularly
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crucial for immunity against encapsulated bacteria,'on , it is not surprising that a large

proportion of the published clinical studies investigating CD32a-R131 associated

susceptibility to infection have focussed on infections with a single, specific

encapsulated bacteria as the established aetiological agente6' 
tan . Similatly, studies

reporting CD16b-NA2 as a risk factor for infection have typically examined diseases

caused by a single, specified organism, thought to trigger phagocytosis as a principle

host defence mechanisme6' ton Multiple organisms, dependent on a variety of

virulence factors and therefore stimulating a similar variety of host defences, are

likely to have given rise to the cases of infection and sepsis in the current study, and

to post-operative infection and sepsis in actual vascular practice. It might therefore

be argued that the relatively restricted immunological consequences of the CD32a

and CD16b gene polymorphisms are unlikely to induce susceptibility to such

microbiologically heterogeneous post-operative events and may therefore account for

current study's negative findings.

Before it is accepted that neither CD32a nor CD16b genotype bears any relationship

to the occurrence of infection or sepsis following major vascular surgery, however,

several other factors that may have adversely influenced the reported analyses

require consideration. The relatively small size of the individual operative cohorts

prohibited analyses of the relationship between genotype and clinical outcome being

performed separately for the three cohorts. The approach of considering subjects

within a single collective cohort for these analyses, whilst unavoidable, is considered

sub-optimal due to the associated risk of introducing confounding factors, as

discussed in Section 4.4. Furthermore, even after pooling of subjects was performed

to increase the sample size, the probability that the analysis was undetpowered is not
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insignificant. As discussed by Ziegeler et al.,2o1 gene association studies, such as

this, must be sufficiently powered to account for genetic admixture, that is the

inclusion of subjects originating from many distinct genetic backgrounds, within the

study population. V/hilst all subjects recruited to the current study were Caucasian,

genetic admixture could not be avoided due to the genetically heterogeneous nature

of the Australian population and therefore the population sampled by the current

study. Ziegeler et al.2o7 note the particular importance of this issue in studies

examining complex polygenic diseases and recommend caution in the interpretation

of negative findings arising from association studies examining 'only several

hundred patients of high genetic admixture'. The current study, with its modest

sample size, element of genetic admixture and use of the complex and presumably

non-mendelian polygenic disorder of sepsis susceptibility2lT as an end-point, is

therefore subject to these cautions.

4.6.3 Cytokine Responses in Major Vasculør Surgery

4.6.3.1 Cytokine Levels Amongst Collective Aortic Aneurysm

Repair Cohort

Before addressing the findings regarding the value of cytokines in the prediction of

post-operative sepsis, the basic fluctuations, or lack thereof, in systemic levels of the

assayed cytokines requires brief consideration.

It is apparent from both the graphical presentation and the descriptive statistics of

assayed TNF-o concentrations, that amongst the collective cohort of patients

undergoing aortic aneurysm repair, whether by an open technique or EVAR, very
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few subjects displayed measurable levels of this cytokine at any of the assayed time

points. Whilst it is considered to be amongst the most surgically relevant

cytokines,222 and is one of the most frequently assayed cytokines in studies

examining the inflammatory response to AAA repair, there is, in fact, great

variability in the literature in the reported capacity to detect circulating TNF-u, and,

when detected, there is a similarly large degree of variability in the reported

magnitude of the TNF-u response"4. Amongst the explanations previously proposed

for these apparently contradictory findings, and particularly for the inability to detect

circulating TNF-o, is the use of inaccurate assay methods22a . Syk et al.a2s were,

however, able to definitively exclude this as a possible explanation for the absence of

TNF-o detected amongst their EVAR cohort. It has also been suggested that a lack of

detectable TNF-o may be attributable to in vivo antagonism of this cytokine by

soluble TNF-u receptors.2'o It is, however, the observation by Swartbol et al.22a that

plasma levels of TNF-a peak and decline rapidly following the provoking stimulus,

and such a transient fluctuation may therefore be missed without intensive blood

sampling intra-operatively and within the first 24 hours post-operatively, that is most

likely to account for the overall lack of TNF-o observed in the current study.

As for TNF-o, detectable fluctuations of IL-lp were absent amongst the majority of

subjects undergoing AAA repair, despite this cytokine being considered as one of the

prototypical pro-inflammatory cytokines induced by common surgical stimuli222 and

multiple reports of elevated levels associated with open AAA repair and EVAR22a .

Once again, several explanations may account for this apparent inconsistency.

Amongst these is the suggestion by Baigrie et al.2ea that the overflow of IL-IB into

the systemic circulation in fact occurs less consistently than other pro-inflammatory
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cytokines, such as IL-6. Particularly relevant to the findings of the current study is

the observation by these, and other authors, that peak tr--18 concentrations associated

with major surgical insults are both early and transient and may only be detected by

intense intra-operative blood sampling.224'2e4 As suggested for TNF-a findings, it is

therefore possible that the frequency of blood sampling in the current study was

insufficient to detect actual elevations in IL-lp.

Whilst tr--I2 has also been nominated as a surgically relevant cytokine22z , it has

been infrequently assayed in the relevant vascular surgery literature. The reasons for

the relatively infrequent occurrence of measurable IL-12 elevations observed in the

current study are therefore less certain, but may include methodological factors.

Jedynak et al.zes reported that fluctuations in systemic tL-12 concentrations did

occur amongst their relatively small cohort of patients undergoing fuA-A repair and

concentrations were significantly higher than amongst a control group. Possible

explanations for the apparent discrepancy between these findings and those of the

current study include differing blood sampling times and Jedynak et al.'s use of a

reportedly highly sensitive enzyme-linked immunosorbent assay (ELISA)

technique.2e5

Whilst the time course of cytokine fluctuations was not evaluated statistically, it is

notable that the peak levels of all assayed cytokines tended to occur at the T6 + 4

time point. This is consistent with the predominant stimuli for cytokine production

during the operative and peri-operative period having been the cumulative surgical

insult, intra-operative ischaemia and, perhaps more importantly, IRI.
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4.6.3.2 Prediction of Sepsis from Plasma Cytokine Values

Of the cytokines for which notable elevations in plasma concentrations were

observed to have occurred in response to surgery, namely IL-6, IL-8 and IL-10,

multiple regression demonstrated the tendency for maximum concentrations of IL-6

and IL-8, in addition to the average hourly IL-10 concentrations, to predict the

occurrence of sepsis amongst the collective cohort, however, the latter was identified

as being the most valuable for this purpose. When considered in the context of sepsis

pathogenesis, the statistical tendency for greater average IL-10 concentrations to

predict sepsis occurrence within the study cohort may be interpreted in several ways.

Firstly, greater average hourly concentrations of the anti-inflammatory cytokine, IL-

10, may be considered a response to, and therefore reflective of a more intense pro-

inflammatory cascade, which differentiates those developing or manifesting sepsis

from patients who do not progress to sepsis. Alternatively, it is proposed that greater

average hourly IL-10 concentrations may characterise patients succumbing to

overwhelming CARS who are therefore subject to the associated immunological

anergy and susceptibility to infectionl06-1r1 and ultimately the risk of sepsis.

Whilst the relationship between IL-10 and sepsis contributes to the body of

knowledge about sepsis susceptibility and pathogenesis and emphasises the

significance of the anti-inflammatory response in surgical outcomes, the inability of

cytokine concentrations to predict sepsis occuffence for the individual indicates that

these findings are unlikely to translate to a useful clinical tool. A cautionary warning

regarding the potential statistical implications of pooling two operative cohorts

(Section 4.4) does, however, apply to the regression analyses and their interpretation.
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4.7 Pre-operative Nutritional Status and Relationship to

Clinical Outcomes

4.7. 7 Pre-operative Nutritional Status

Amongst the measures employed in this study, the MNA together with the

commonly used anthropometric measure of BMI, whilst not without their individual

limitations, serve as useful indicators of the overall nutritional status of the study

cohort. In view of previous reports of the considerable frequency of impaired

nutritional status amongst hospitalised surgical patients,30a and particularly the lSVo

incidence of impaired nutrition documented by Warnold et al.3os amongst patients

undergoing major vascular surgery, it is perhaps surprising that, amongst all subjects

whose nutritional status was classified using the MNA, only one was identified as

being 'malnourished'. Whilst the use of the MNA may be subject to some criticism,

including its application to several subjects who, in view of their relative youth

and/or freedom from functional impairment, could not be considered to be amongst

the frail, elderly population for whom the tool was designed38e, its indication that

global nutritional status was adequate amongst a surprisingly large proportion of the

collective cohort, is strongly supported by the reported BMI descriptive statistics.

Whilst comparison with published rates of malnutrition cannot be performed with

any precision due to the variety of measurement tools employed and the associated

variability in the definitions used in the existing literature, it is reasonable to suggest

that poor nutrition was not as prevalent as might have been predicted. Several

explanations for this observation are proposed. It is suggested that involvement of

only elective patients, and hence the exclusion of those undergoing emergency
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vascular interventions or non-surgical management of vascular pathology, may result

in recruitment from a population of patients who have already been selected on the

basis of a satisfactory general medical status, of which nutritional adequacy is an

integral part. Furthermore, selection bias may have generated data indicative of a

better nutritional status than actually present in the target population. For example,

inability to obtain informed consent as a consequence of cognitive impairment, a

factor known to be associated with malnutrition,3sT may have contributed to the

under-representation of malnourished individuals. A similar selection bias may have

occurred as a consequence of the conceivable association between refusal to

participate and a greater burden of co-morbidity, which is, in turn, suggestive of a

greater risk of malnutrition38T .

A final point to appreciate, before considering the analyses of nutritional data, is that

the early death of two subjects within the 'open' cohort, whose nutritional status was

classified as 'malnourished' and 'at risk of malnutrition' respectively, resulted in an

inability to include their nutritional data in relevant analyses due to the lack of

associated outcome measures. This therefore resulted in a further reduction in data

representative of poorer nutritional status in analyses of the 'open' cohort.

4.7.2 BMI ønd DEXA Derived Measures of Nutritional Status

- Reløtionship to Clinical Outcome

4.7.2.1 S/RS

Of the five DEXA derived measures of body composition analysed, two indices,

namely fat free mass (FFM) and estimated skeletal muscle mass (SMM), in addition
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to the anthropometric measure of BMI, demonstrated noteworthy associations with

measures of post-operative SIRS. Amongst the 'lower limb' cohort it was notable

that a lower BMI was associated with both a higher SIRS score and a longer duration

of SIRS, however, this relationship was not replicated amongst the 'open' or EVAR

cohorts. It should be noted that the correlations performed for the latter two cohorts

involved larger data sets, and may therefore be considered as statistically more

reliable than those of the 'lower limb' cohort.

Similar to the aforementioned BMI findings, amongst those within the 'open' cohort,

a lower pre-operative FFM was associated with a higher post-operative SIRS score,

and tended to be associated with a longer duration of SIRS. Whilst the latter

association just failed to reach statistical significance within the 'open' cohort, this

same relationship was statistically significant within the EVAR cohort. When FFM

was indexed for subjects' height to yield the variable FFMI, the strength and

statistical significance of the previously observed associations with SIRS outcomes

were no longer appa"rent. Given that FFM is, in effect, a surrogate marker of the

individual's total skeletal muscle -ass'ne it is reassuring that a lower SMM was

similarly, and significantly associated with both a higher post-operative SIRS score

and a longer duration of post-operative SIRS within the 'open' cohort. It is

interesting that no relationship between fat mass and measures of SIRS outcomes

were apparent, despite the biological basis of the hypothesised relationship being the

same as for both FFM and SMM. This, however, by no means invalidates the

findings relating to the latter two indices of body composition.
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These findings indicate that amongst those subject to major vascular surgery,

particularly open AAA repair, a lower pre-operative lean body mass, and perhaps

more precisely a lower total skeletal muscle mass, is associated with the development

of more severe post-operative SIRS. Stated conversely, a greater lean or skeletal

muscle mass appears to protect against the development of a more severe systemic

inflammatory response to major vascular surgery. As SMM is considered a reliable

indicator of PEMaOO the aforementioned relationship implies that those with PEM,

identified by a particularly low SMM, are more likely to develop severe post-

operative SIRS than well nourished individuals, who necessarily have a higher

SMM. Whilst the findings relating to BMI are perhaps less reliable than those

pertaining to FFM and SMM, they are consistent with the notion that poorer nutrition

may be related to a more intense inflammatory response to surgery. Collectively,

these findings are consistent with the conclusions drawn from both the limited

number of clinical studies examining the effect of nutritional status on the

inflammatory response to surgery, which have reported a more marked pro-

inflammatory response amongst malnourished individuals,3lT' 318 and from

immunonutritional studies which have identified a dampening of surgically

stimulated inflammatory responses by an improved nutritional status3le-321 .

4.7.2.2 Measures of General Post-operative Morbidity

As described in Chapter 1, Section 1.5.3, there is a relative abundance of literature

documenting the relationship between poor nutrition and a variety of adverse post-

operative outcomes. Examining the relationships between nutritional indices and

adverse post-operative events was therefore not intended to be conceptually novel.

Rather, the identification of trends and significant associations between the various

220



markers of post-operative morbidity and the DEXA-derived measures of FFM,

FFMI, and SMM, in particular, reinforces the validity of the suggestion that, like

BMI, these relatively novel measures of body composition do demonstrate sound,

and biologically relevant relationships with surgical outcomes.

4.7.2.3 Sepsis

The biological basis for the postulate that poorer nutritional status may increase the

risk of sepsis following major vascular surgery would seem to have a particularly

strong biological basis, which includes the extensively documented association

between poor nutrition and post-operative infection3Oa The findings that

malnutrition impairs the gut's function as a barrier against translocation of bacteria

and their toxins, particularly in the presence of insults known to be associated with

major vascular surgery, and that disruption of gut barrier function may, in turn, lead

to sepsis and MOF30' are also strongly in favour of identification of a relationship

between poor nutrition and the development of sepsis in the current study. Yet, this

was not the case, as septic and non-septic individuals were unable to be differentiated

using BMI and body composition indices as markers of nutrition. This finding is

surprisingly consistent with that of Hatada et al3r7 who noted that the incidence of

post-operative sepsis did not differ significantly between well nourished and

malnourished individuals undergoing surgical management of colorectal cancer. It

therefore seems likely that whilst nutritional status may play some role in post-

operative sepsis pathogenesis, it may not be a straight-forward relationship, nor one

which can be demonstrated clinically, given the complexity of both the

immunological perturbations associated with differing nutritional states312-316 and the

aetiopathogenesis of sepsis.
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4.7.3 MNA Classification of Nutritional Status - Reløtionship

to Clinical Outcome

In view of the preceding evidence, that specific pre-operative nutritional indices do

have a relationship with post-operative outcomes, namely measures of SIRS severity

and selected measures of general morbidity following major vascular surgery, despite

the apparent lack of relationship between these outcome measures, in particular

SIRS, and nutritional status classified by the MNA it cannot be concluded that pre-

operative nutrition is unrelated to these outcomes. Rather, it is suggested that the lack

of relationship must be attributed to the nature of the MNA itself. It is most likely

that the MNA's broad categorisation of subjects, whilst clearly desirable in a clinical

setting, fails to identify with sufficient detail, those specific aspects of subjects'

nutritional status that relate to the severity of post-operative inflammatory events,

and the development of specific post-operative morbidities. The single positive

finding arising from analyses of MNA data, that those 'at risk of malnutrition' within

the EVAR cohort manifested a higher maximum APACHE II score than well

nourished subjects, whilst entirely consistent with the exiting literature, is not

considered statistically reliable given that there was only one subject within the

aforementioned nutritional category.

V/hilst the reliability of the analyses examining the relationship between MNA

classification of nutrition and sepsis is adversely affected by the particularly small

cohort sizes, in light of the preceding discussions regarding both nutritional status

and the likelihood of identifying a statistical relationship with sepsis occurrence

(Section 4.7.2.3) and the limitations of the MNA in the current setting, it is proposed

that expansion of the cohort would, in fact, confirm the current findings.
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4.8 Neuroendocrine Response to Surgical Intervention

4.8.1 Potentiøl Limitations of Neuroendocrine Anølyses

It may be apparent that the validity of the data obtained from neuroendocrine assays,

and theref'ore the lindings drawn from them could, conceivably, have been adversely

affected by several factors. These are therefore considered before addressing the

findings arising from analyses of this data.

4.8.1 .I Administration of Exogenous Catecholamines

As discussed in Chapter 2, Section 2.12.1, the pharmacological effect of exogenous

catecholamine administration on measures of urinary adrenaline and noradrenaline

determined by HPLC is currently not documented. The possibility that exogenously

administered adrenaline and noradrenaline may be excreted in subjects' urine and

subsequently measured by the HPLC assay cannot therefore be excluded. ff this were

the case, urinary adrenaline and noradrenaline measures would no longer reflect the

physiological stress response alone, but would reflect a combination of

pharmacological therapy together with the subjects' innate stress response. Given

that a protocol preventing administration of exogenous catecholamines was not

considered ethically acceptable, and exclusion of patients who were administered

these agents was prohibited by the frequency of their use in major vascular surgery,

the alternative approach of statistically controlling for the potential effect of this

factor on neuroendocrine analyses was adopted. As noted in Chapter 3, Section 3.5.1,

this was achieved by entering the volume of exogenous adrenaline or noradrenaline

administered as a covariate in relevant neuroendocrine analyses. It is undeniable that,

if exogenous catecholamine administration did, in fact, influence urinary
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neuroendocrine measures, statistical manipulations could not fully compensate for

such a methodological problem.

4.8.1.2 Renal Function

As indicated in Chapter 2, Section 2.8.4, the value of urinary measures of excreted

cortisol and catecholamines in the current study is dependant on the observation that

the measured values a.re closely related to their corresponding serum

concentrations3so'385 . It is reasonable to suggest that this relationship may be altered

in the presence of a particular degree of renal dysfunction, and therefore urinary

excretion of cortisol or catecholamines may no longer strictly reflect neuroendocrine

responses. This is, however, unlikely to have occurred to any notable extent in the

current study given both the limited severity of pre-operative renal disease amongst

the collective cohort (Chapter 2, Section 2.2, Table 6) and the limited occurrence and

severity of renal dysfunction as a post-operative complication (Chapter 3, Section

3.r.2).

4.8.2 Time Course of Neuroendocrine Responses

4.8.2.1 Urinary Free Cortisol (UFC)

The observed rise in UFC from the pre-operative assay period to T(0-24) within all

operative cohorts reflects the known stimulatory effect of surgical trauma on the

HPA axis322 and is consistent with the elevations in plasma cortisol that have been

observed at comparable post-operative time points in amongst mixed and general

surgical cohorts subject to either moderatea3t o. severe surgical trauma436. Published

data on neuroendocrine responses at later post-operative time points are relatively
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lacking, particularly following major vascular surgery, hence the findings arising

from the current study atT(72-96) are a somewhat more novel contribution to current

knowledge. It is notable that whilst all cohorts demonstrated a trend towards a

decrease in UFC at this time, this was significant only in the 'lower limb' cohort, and

indeed levels at T(72-96) approached pre-operative, baseline values in the latter

cohort. This is perhaps a more sensitive indicator of the relative degree of surgical

trauma induced by the different vascular interventions than intra- and post-operative

clinical variables, and implies a more rapid physiological recovery following lower

limb revascularisation than occurs following either method of AAA repair. The

limitations associated with the EVAR data atT(12-96) (Chapter 3, Section 3.5.1)

notwithstanding, it is interesting to consider that, on the basis of cortisol responses,

which are considered to correlate well with the degree of surgical trauma,32z a

significant physiological stress response persisted at a time when many EVAR

patients are discharged.

4.8.2.2 Adrenaline

The apparent rise in urinary adrenaline levels from baseline values to those observed

at T(0-24), although failing to reach statistical significance among the 'lower limb'

cohort, is similarly consistent with the known stimulatory effect of surgery on the

SNS.322 The suggested decrease in adrenaline levels by T(72-96), which reached

significance in the 'open' cohort but admittedly not within the EVAR cohort, implies

that the SNS, and particularly its adrenomedullary component, ffiây return to normal

baseline function following surgical insults of this magnitude, more rapidly than the

HPA axis. The overall lack of statistical significance associated with the fluctuations

in adrenaline over time within the 'lower limb' cohort, together with the observation,
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not subject to statistical analysis, that lower limb revascularisation gave rise to

generally lower levels of adrenaline than AAA repair, may be interpreted as

indicating that this was a weaker, and more variable stimulus for adrenaline secretion

than AAA repair, regardless of whether by an open or endovascular approach.

4.8.2.3 Noradrenaline

The overall lack of statistically significant noradrenaline fluctuations, with the

exception of the significant rise from baseline to T(O-24) with the 'lower limb'

cohort, suggests that this catecholamine may be a less sensitive, and therefore useful

marker of the stress response to surgery than either cortisol or adrenaline. It is

notable, nonetheless, that within both the 'open' and 'lower limb' cohorts, following

an initial rise at T(O-24), a further rise in noradrenaline levels occurred atT(72-96).

Whilst the lack of statistical significance associated with these trends cannot be

dismissed, the apparent persistent rise in noradrenaline is not entirely surprising in

view of findings which have noted elevations in noradrenaline that are more

sustained than the rise in adrenaline following traumatica3T and surgical injurya35.

4.8.3 Associøtion Between Neuroendocrine Responses ønd

Clinicøl Outcome

4.8.3./ S/RS

It is notable that there was a direct and highly statistically significant association

between HPA axis activity at T(72-96) and measures of SIRS severity within the

collective cohort. This relationship may be interpreted in several ways. The more

simplistic and perhaps more likely explanation for the relationship is that greater
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HPA axis activity, and in turn greater cortisol excretion, reflects the greater degree of

physiological stress experienced by subjects with more severe inflammatory

responses. Subtly different from this, is the possibility that, given the known

stimulatory effect of pro-inflammatory cytokines on the HPA axis331 , the higher

levels of pro-inflammatory cytokines possessed by those with more severe SIRS may

stimulate the secretion and therefore excretion of greater amounts of cortisol. The

finding that a greater adrenaline response at T(72-96) was directly and significantly

associated with both a greatt cumulative SIRS score and more prolonged SIRS is,

however, inconsistent with the immunosuppressive and anti-inflammatory properties

attributed to catecholamines in the literature33a . It is therefore most likely that the

relationship demonstrated in the current study simply reflects the greater

physiological stress, and therefore greater degree of adrenomedullary secretion of

adrenaline, that occurred amongst subjects who experienced more severe SIRS. If it

is accepted that noradrenaline is a less sensitive indicator of surgical stress than

either cortisol or adrenaline, as previously suggested (Section 4.8.2.3), then it is not

surprising that a relationship between this catecholamine and SIRS severity did not

exist. Regardless of the biological mechanisms underlying the observed relationships

between SIRS severity and levels of either cortisol or adrenaline, the time point at

which the relationships were observed does not support the notion that

neuroendocrine responses may be clinically useful predictors of SIRS, but rather they

may simply reflect the presence or severity of inflammatory events.

4.8.3.2 Sepsis

Analyses of the relationship between neuroendocrine responses and sepsis within the

collective cohort demonstrated that those who developed post-operative sepsis were
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characterised by greater cortisol and adrenaline responses at the T(72-96) time point.

It is almost certainly not coincidental that these mediators of the stress response, and

the time point at which they were assayed, are the same as those found to be

associated with SIRS severity. Once again several biological mechanisms are

proposed for the observed relationships with sepsis occurrence. A plausible

explanation for the observed relationship between eortisol and sopsis occurrence is

that greater glucocorticoid levels, reflecting a more intense HPA axis response to the

surgical insult, may have exerted an immunosuppressive effect32e'334 which, in turn,

may have induced sepsis susceptibility amongst these individuals. In the case of

adrenaline, it may be similarly suggested that a greater adrenaline response to

surgery induced sepsis susceptibility as a consequence of this catecholamine's

capacity to suppress cellular immunity and promote a switch to a predominantly anti-

inflammatory humoral immune .esponse"o. There is, in fact, considerable evidence

supporting this notion that exaggerated SNS and HPA axis activity, arising from

physical trauma, or indeed psychological stress, may result in susceptibility to

infectious processes.33a It must be acknowledged, however, that as this explanation

implies causation of sepsis by heightened glucocorticoid and catecholamine levels, it

would be more plausible if the relationship had involved UFC and adrenaline

assayed at the earlier T(0-24) time point. As suggested for SIRS severity, it is

therefore most likely that the occuffence of both greater cortisol and adrenaline

responses amongst those who developed sepsis simply reflects the greater degree of

physiological stress, and in turn HPA axis and SNS stimulation being experienced by

septic compared with non-septic patients.
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4.8.3.3 Measures of General Post-operative Morbidity

The observation that a greater cortisol response at T(72-96) was directly and

significantly associated with the maximum APACHE II score, together with the

finding that greater levels of this glucocorticoid assayed at the T(12-96) interval

distinguished subjects who developed one or more moderate/severe complications

from those who did not, supports the notion that a more intense HPA axis response at

this post-operative time point simply reflects the greater physiological derangement

being experienced by subjects. These findings therefore render the preceding

alternative explanations, that the relationships between SIRS or sepsis and mediators

of the stress response were a consequence of bi-directional modulation between the

neuroendocrine axes and the immune system, far less likely. Whilst the statistical

significance associated with the finding that greater noradrenaline levels at T(O-24)

were experience by those who were free of one or more moderate/severe post-

operative complications compared to those who did experience this adverse outcome

was marginal, a biologically viable explanation can account for this finding. It is

plausible that, in contrast to the earlier findings involving neuroendocrine responses

at a later post-operative time point, a greater catecholamine response at the earlier

T(0-24) interval may reflect the fact that neuroendocrine responses evolved as an

integral part of the hosts ability to achieve homeostasis followin g injury32a . Thus

catecholamine secretion of an adequate, but not excessive magnitude at this assay

interval may therefore have contributed to the achievement of a satisfactory

resolution to physiological disturbance, hence reducing the likelihood of subsequent

morbidity. ff this is indeed the case, noradrenaline responses during this interval may

have some capacity to predict general post-operative morbidity.
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4.9 Psychological Measures and Influence on Surgical

Response and Outcomes

4.9.1 Incidence of Pre-operøtive Depression

It is apparent that the use of the CES-D indicated that pre-operative depression was

present amongst a somewhat greater proportion of the collective cohort than

suggested by the BDI-[ inventory. This discrepancy was unexpected, since

concordance between the inventories has been previously demonstratod,oo5 and the

reason for it is uncertain. Indeed, it would seem more likely for the BDI-tr to indicate

a greater incidence of depression amongst a surgical cohort given that the BDI has

been criticised for having items that are confounded by the physical sequelae

associated with physical disability or diseas eaoa and may therefore give rise to false-

positive classifications amongst such a population, in contrast to the CES-D which

has been widely used and validated in cohorts of medical patients and the elderlyaOa.

It has, however, been suggested that the CES-D may not be specific for depression,

but may be a measure of general distress.aoa If this were the case, an inflated

incidence of depression could conceivably arise from the use of this inventory in a

cohort of patients facing the potentially distressing prospect of impending major

vascular surgery.

Whilst there is a degree of uncertainty about the true incidence of depression in the

current study, due to the discrepancy between the rates suggested by the two

depression inventories, it is likely to have been in the range of I9.OVo to 3O.87o, as

indicated by the BDI-II and CES-D respectively. This is somewhat greater than the

incidence of depression warranting intervention observed amongst elderly members

230



of the general population336 , but is highly comparable to published rates of

depression observed amongst patients undergoing CABG338'341 .

It is unlikely that the aforementioned degree of uncertainty regarding the precise

incidence of pre-operative depression in the current study markedly affected the

conclusions able to be drawn from analyses involving this variable since all relevant

analyses were performed using both the BDI-II and the CES-D findings. It is worth

noting that standard cut-off scores, designed to identify even mildly depressed

individuals,aOs were used in the current study. The use of more stringent cut-off

scores may have reduced the probable inclusion of false-positives in the group of

subjects categorised as 'depressed' and may, in turn, have altered the results of

analyses involving this variable.

4.9.2 Depression and General Post-operative Morbidity

Employing post-operative LOS and the occurrence of one or more moderate/severe

complications as markers of early post-operative morbidity, the current study found

no evidence to support the hypothesis that pre-operative depression is associated with

greater general post-operative morbidity. These results are therefore at variance with

findings emanating from studies amongst cardiac patients,342-34s and particularly

those derived from cohorts of patients undergoing CABG surgery33s'33e which have

demonstrated that depression increases the risk of not only subsequent morbidity but

also mortality. It must be noted, however, that these studies examined morbidity and

mortality no earlier than 6 months following the relevant cardiac event or

intervention, whereas the current study's outcome measures of morbidity were

limited to the very early post-operative period. It is therefore possible that
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insufficient time was allowed to elapse for a relationship between pre-operative

depression and post-operative morbidity to manifest. It is, however, possible that the

mechanisms underlying the previously documented relationship between depression

and morbidity, which remain uncertain,337 may not generalise to the cohort of

vascular surgery patients examined in the current study. For example, it has been

postulated that the relationship documented amongst cardiac patients may exist as

depression may result in poor compliance with treatment recommendations,

continued smoking, low motivation for positive lifestyle change and potentially

serotonin-mediated disturbances in platelet function which, in turn, may all

contribute to a greater rate of morbidity and mortality amongst patients with cardiac

disease.337 These factors are far less relevant to subjects undergoing AAA repair.

Whilst these biological mechanisms may be more relevant to subjects undergoing

lower limb revascularisation for atherosclerotic peripheral vascular disease, it should

be recognised that these patients constituted a relatively small proportion of the

current study cohort. It is therefore possible that a relationship between pre-operative

depression and post-operative morbidity may become evident amongst an expanded

'lower limb' cohort.

4.9.3 Depression and Health-reløted Quølity of Ltfe

The finding that the mental health aspect of HRQoL was poorer amongst depressed

patients pre-operatively was not unexpected and was recently demonstrated by

Cheok et a1.337 amongst a large cohort of cardiac patients. In contrast to the findings

of these authors, however, the physical component of pre-operative HRQoL was not

affected by the presence or absence of depression in the current study. It is reassuring
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that analyses using the two respective depression inventories yielded consistent

findings regarding the relationship with pre-operative HRQoL.

It is notable that analyses involving the BDI-II and CES-D respectively, both

demonstrated that at one month post-operatively, pre-operative depression was no

longer related to the mental component of HRQoL. Given the absence of a pre-

operative relationship between depression and the physical component of HRQoL, it

is not surprising such a relationship was similarly absent at both one and three

months post-operatively.

Employing the BDI-II categorisation of subjects, by three months post-operatively,

pre-operative depression was once again associated with a poorer mental health

component of HRQoL. It is apparent that the analysis employing the CES-D

categorisations failed to demonstrate this relationship. The possibility that the use of

the CES-D resulted in more false-positive diagnoses of pre-operative depression than

the BDI-tr, in association with the smaller sample size involved in analyses at this

time point may account for this finding.

In view of the particularly small sample size involved in analyses of HRQoL six

months post-operatively, the results of these analyses must be interpreted cautiously.

Whilst the observation that subjects categorised as depressed by the BDI-II

experienced a poorer physical component of HRQoL at 6 months is not

unreasonable, and a comparable trend was indeed apparent when the CES-D

classification of depression was employed, a larger sample size is required to confirm

these findings. It is, nonetheless, conceivable that non-depressed individuals interpret
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their physical recovery, and associated quality of life, more positively than depressed

individuals. The seemingly paradoxical finding that depressed patients experienced a

better HRQoL at six months post-operatively, from the perspective of mental health,

seems unlikely. The fact that this relationship was demonstrated only by the analysis

of BDI-tr data makes it particularly questionable.

It would not be incorrect to suggest that these findings indicate that patients who are

depressed pre-operatively experience a poorer mental health aspect of HRQoL three

months post-operatively. This is similar to the conclusion reached by Mayou et aI.3sr

from their study examining depression and anxiety as predictors of outcome in MI

patients in which they suggest that baseline depression predicted poorer HRQoL at

three and twelve months following subjects' cardiac event and baseline

psychological evaluation. It is suggested that a more accurate interpretation of the

collective findings regarding pre-operative depression and the mental aspect of

HRQoL in the current study is that these two factors are indeed intimately related, as

indicated by analyses of pre-operative data, however operative intervention, and

perhaps the distress associated with it, results in the mental aspect of HRQoL

experienced by all subjects at one month post-operatively being comparable,

regardless of the presence or absence of depression pre-operatively. By three months

post-operatively, it is likely that patients had recovered sufficiently from the

operative intervention to permit the re-emergence of the pre-operative relationship

between depression and HRQoL.

234



4.9.4 Depression ønd Post-operative S/RS and Sepsis

As previously discussed, (Chapter 1, Section I.7.I.3) the proposal that pre-operative

depression my influence the occurrence or severity of surgical outcomes, such as

SIRS or sepsis, which are explicitly related to immune function is based on abundant

evidence that depression and psychological stress are associated with immune

dysfunction and an increased susceptibility to infectious disease3s3-3ss . In the current

study, however, there was no demonstrable relationship between pre-operative

depression and post-operative sepsis and the only evidence to support the notion of a

relationship between pre-operative depression and post-operative SIRS, was the

finding that non-depressed subjects undergoing EVAR experienced a longer duration

of SIRS than their depressed counterparts. The reliability of the positive finding

within the EVAR cohort is somewhat questionable given that it was derived from a

particularly small sample size, was not replicated by the analysis based on the CES-

D categorisation of depression status, and was not observed amongst the 'open' or

'lower limb' cohorts. 'When considering the reason for the lack of a demonstrable

relationship between depression and the aforementioned measures of post-operative

outcome, it must be appreciated that the known relationship between depression and

immune function is by no means straight-forward, as some aspects of immunity are

suppressed amongst depressed individuals whereas other components of the immune

response are enhanced356 . When the effect of surgery, with its associated complex

effects on immunity, is added to this relationship, it is perhaps not surprising that no

clear, overwhelming relationship was identified with outcome measures whose

pathogeneses are themselves complex.
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4.9.5 Depression and Neuroendocrine Responses to Surgery

It is accepted that HPA axis hyperactivity occurs frequently amongst depressed

individuals,3s3' 3s4 and manifests as elevations in both CRF and cortisol3sa . Of

particular relevance to the current study is the observation that not only has

hypercortisolaemia been demonstrated amongst depressed individuals3so but 24-hour

urinary cortisol excretion has also been reported to be both significantly correlated

with depressive symptoms, measured by BDI scores, and significantly greater

amongst those who have clinically significant depression compared to non-depressed

individualso" . It is perhaps surprising then that baseline, pre-operative UFC did not

differ between depressed and non-depressed individuals in the current study. It was

even more unexpected, and in fact seems paradoxical, that levels of UFC at the T(0-

24) assay interval were found to be greater amongst non-depressed subjects

compared to those who were classified as depressed pre-operatively by the BDI-II.

Given that this difference was not demonstrated by the analysis based upon the CES-

D classifications of depression, and furthermore, that these analyses pooled data from

the three operative categories and may therefore have been confounded by this effect,

the value of this finding seems questionable. Greater certainty regarding the issue of

whether depression influences the HPA-axis response to vascular surgery may be

achieved by expansion of the operative cohorts and separation of these cohorts for

the purpose of data analysis.

236



4.9.6 Pre-operative Trøit Anxiety and Neuroendocrine

Response to Surgery

The finding that trait anxiety was directly and significantly associated with pre-

operative noradrenaline levels is consistent with the relationship identified amongst

healthy individualsa3s and replicates the results of Salmon et al.3se derived from their

comparably sized cohort of subjects undergoing major abdominal surgery. The

positive correlation between trait anxiety and post-operative levels of noradrenaline

observed by Salmon et al. 3se was not, however, apparent in the current study.

Indeed, the current study failed to demonstrate any association between subjects'

trait anxiety and neuroendocrine responses to surgery. This is at variance with the

small body of literature which suggests that there is a significant inverse association

between pre-operative trait anxiety and levels of intra-operative adrenaline35e as well

as post-operative levels of both adrenaline and cortisol327' 3se amongst cohorts

undergoing major abdominal or minor colorectal surgery. These same researcher

groups have also reported a similar inverse relationship between pre-operative state

anxiety and post-operative levels of both cortisol3z7'a3e and adrenalinea3e . It is

possible that the approach of pooling data from the three operative categories, which

have been demonstrated to be associated with differing degrees of surgical trauma,

may have introduced a confounding effect which, in turn, contributed to the failure to

demonstrate the hypothesised relationship between pre-operative anxiety and

neuroendocrine responses to surgery. The discrepancy between the findings of the

current study and the aforementioned publications may, however, be attributable to

methodological differences. Whilst reports of a relationship between anxiety and

neuroendocrine responses to surgery have been based on plasma cortisol and

catecholamine levels sampled at specified post-operative intervalr,327'3se which have
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the capacity to detect transient fluctuations in the assayed hormone, the correlations

in the current study were based on urinary measures of cumulative HPA axis and

SNS responses over 24 hours. It is.therefore possible that the current methodology

was not sufficiently sensitive to demonstrate the putative relationship between trait

anxiety and neuroendocrine responses to major vascular surgery.
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4.10 rmmunological and Neuroendocrine Responses in

Open AAA Repair Compared to EVAR

4.10J Comparøbi@ of 'Open' and EVAR cohorts

In order to reliably compare open AAA repair and EVAR, with regard to the

immunological and neuroendocrine responses associated with the respective

operative interventions, it is a general principle that the cohorts should be

comparable with respect to all variables other than those that are the subject of

analysis. Prior to examining differences demonstrated between the cohorts, a

consideration of factors which may have confounded the statistical comparisons and

potentially compromised the capacity to attribute observed differences to the nature

of the operative procedures is therefore warranted.

It is apparent that subjects constituting the EVAR cohort were significantly older

than those undergoing open AAA repair. Given that the phenomenon of human

immunesenescence has been widely establishedaaO and may include alterations in

cytokine production,al this could, theoretically, have confounded inter-cohort

comparisons of SIRS occurrence and severity and cytokine responses. Furthermore,

in view of some evidence of HPA axis activationa2 and adrenal hyperfunction

amongst the elderlyaa3 it is reasonable to suggest that age may have influenced

subjects' physiological stress response and therefore influenced the ability to reliably

compare the neuroendocrine response stimulated by the alternative methods of AAA

repair. Aneurysm morphology also differed somewhat between the cohorts. Thus, the

greater maximum aneurysm diameter characterising the 'open' cohort could

conceivably have influenced the immunological and, potentially, the neuroendocrine
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comparisons between the cohorts given that aneurysm diameter may influence the

extent of dissection during open AAA repair, whilst the postulated contribution of

thrombus to cytokine release during EVAR2eO may imply that thrombus and, in turn,

aneurysm size may be relevant to the responses to this method of AAA repair.

Furthermore, the inclusion of subjects' in the 'open' cohort with juxtarenal AAAs

and TAAAs, as well as those with infrarenal AAAs, of which the EVAR cohort was

exclusively comprised, may have similarly confounded the comparison of the

operative techniques. It is also apparent that concomitant non-vascular procedures

occurred in 13.9%o of the 'open' cohort but were not required by any member of the

EVAR cohort. Whilst these additional procedures may, theoretically, have

contributed to both the immunological and neuroendocrine response attributed to the

open method of repair, it should be noted that all concomitant non-vascular

procedures were minor interventions; hence the physiological response they induced

was likely to have been minimal. Importantly, the two operative cohorts were highly

comparable with respect to the burden of comorbidity, as indicated by the Charlson

Index and ASA scores, in addition to the incidence of specific comorbid conditions.

The limitation associated with the inability to standardise clinical protocols,

including anaesthetic and analgesic techniques, has been previously mentioned

(Section 4.1.4). Given that the anaesthetic modification of the neuroendocrine

response to surgery has received particular attention in the literature,32'' 3'a it was

considered prudent to re-visit the topic of non-standardisation of anaesthesia and

analgesia in the context of factors which may have confounded comparison of the

neuroendocrine responses to the alternative methods of AAA repair. Of particular

note was the marked difference between the 'open' and EVAR groups in the extent
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to which the epidural route of anaesthesia and analgesia was employed. Indeed, when

the rate of post-operative analgesic administration via the epidural route amongst the

two groups was compared statistically, a significant association was demonstrated

between the category of operative procedure and epidural use. This may be relevant

to the comparison of measured neuroendocrine responses given that afferent neural

blockade by epidural administration of local anaesthetics and opiates may decrease

the endocrine stress response to surgical intervention32a .'lhe latter effect is in itself

the source of extensive research and appears to be influenced by a number of

variables including the type and level of surgery.322'324 It is somewhat reassuring that

a recent randomised, albeit modestly sized trial, investigated patients undergoing

uncomplicated open infrarenal AAA repair and demonstrated no difference in

cortisol, adrenaline or noradrenaline responses between those randomised to a GA

followed by post-operative patient-controlled analgesia with intravenous morphine

and those subjects who received a GA combined with intra-operative epidural

bupivacaine followed by post-operative analgesia with epidural morphin lM In the

specific circumstances of the current study, the differential use of epidurals may not,

therefore, have induced a measurable difference in the neuroendocrine response

between the two cohorts.

4.70.2 The Immuno-inflømmatory Response in Open AA I

Repair Compared to EVAR

4. 1 0.2. 1 Cytokine Responses

In view of the overall lack of fluctuation in assayed levels of TNF-o, tr--lp and IL-

12, discussed in Section 4.6.3.1, it is not surprising that these cytokines did not
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distinguish between the alternative methods of AAA repair. The current study has,

however, provided further evidence to support the most consistent finding in the

current literature comparing the inflammatory response to the alternative methods of

repair, that greater IL-6 levels are provoked by the open approach.366-37r Itis notable

that this difference was observed only at Ts and Ts * 4, which strongly supports the

notion that this difference is a consequence of the nature of the operative

intervention, and particularly the greater ischaemia and IRI associated with open

AAA repair compared to EVAR.367 It is particularly interesting that the current study

demonstrated that open AAA repair does induce significantly higher levels of IL-8,

up to fours hours following maximal ischaemia, in addition to significantly greater

levels of the anti-inflammatory cytokine IL-10 up to 24 hours following maximal

intra-operative ischaemia, compared to EVAR. This is in contrast to the limited

number of published studies which failed to identify any significant difference

between the two methods of repair, with respect to levels of these cytokines.2eO'368

4.10.2.2 SIR.S

The current study's finding that post-operative SIRS occurred more frequently and

was a more severe and prolonged event after open fuA.{ repair compared to EVAR

tends to confirm the trend observed by Sweeney et al.r28 and provides further

support for the contention that open AAA repair is associated with a greater

inflammatory insult than EVAR.
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4.10.3 The Neuroendocrine Response in Open A Ll Repair

Compared to EVAR

The current finding that open AJAA repair induced significantly greater levels of

cortisol and adrenaline at 'fQ2-96) than EVAR is consistent with the conclusion

reached by Thomps on et a1.374 and Salartash et al. 37s that open AAA repair serves

as a greater stimulus for release of these stress hormones than EVAR. It is notable,

however, that these studies, and therefore the differences they identified, were

limited to the intra- and very early post-operative period in contrast to the current

study which detected a difference between the operative groups only duringalater

post-operative period. This discrepancy may be associated with the fact that, unlike

plasma assays, the methodology employed in the current study does not have the

capacity to detect or, therefore, permit comparison of transient fluctuations in

hormone levels. It is suggested that the seemingly inconsistent finding that

noradrenaline levels were greater amongst the EVAR cohort at T(0-24) may have

arisen as a consequence of the apparently anomalous occurrence of greater pre-

operative noradrenaline levels amongst the EVAR cohort. This would seem

particularly likely given that both Thompson et al.37a and Salartash et al.37s found no

significant differences in noradrenaline levels stimulated by the alternate methods of

repar.

In view of the post-operative time point at which neuroendocrine responses

distinguished between the 'open' and EVAR cohorts, it cannot yet be suggested that

these differing levels of neuroendocrine axis activity and secretion are causal of the

differences in clinical morbidity associated with open AAA repair compared to

EVAR. Plasma cortisol and catecholamine assays in the intra- and early post-
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operative period may provide evidence to support the notion of a causal relationship.

Based on current findings, it can be stated that greater HPA axis and SNS activity

amongst those undergoing open AAA repair appears to reflect the greater morbidity

experienced by these patients compared to those undergoing EVAR.
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CHAPTER 5

CONCLUSIONS

AND

FUTURE DIRECTIONS



5.1 SIRS and Sepsis - Value and Limitations

The current study has been largely dedicated to examining the outcomes of SIRS and

sepsis following major vascular surgery. These are considered as both biologically

important and clinically valuable concepts in vascular surgical practice. These

attributes are necessary but not sufficient to enable these outcome measures to be

usefully employed in either clinical or research settings. It is imperative for research,

and is highly desirable for clinical practice, that these clinical events can be defined

and diagnosed with a high degree of both sensitivity and specificity. This is an as yet

unresolved limitation of these outcomes, in particular SIRS, and therefore any

clinical research of which they are the focus.

There is a general consensus in the current literature that whilst conceptually valid,

the SIRS definition lacks specificity and is excessively sensitive.6s' ee, 424 It is

suggested that whilst the use of a severity scoring system and assessment of SIRS

duration in the current study enhanced the discriminatory capacity of the SIRS

definition, the ultimate resolution of its current shortcomings may require the pursuit

of a novel definition based on biochemical and/or immunologic criteria, either used

aloneee or in combination with clinical features.

V/hilst the revision of the consensus definition of sepsis in 2001ee represented a

significant improvement upon the capacity for diagnosing sepsis bestowed by the

original 1992 definitionlOO, the emphasis was explicitly on facilitating the diagnosis

in a clinical setting rather than ensuring suitability for research purposesne . The

consequence is a set of diagnostic criteria which may be over inclusive when applied

rigidly in the research setting. Further refinement of the criteria is, however, unlikely
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to yield great benefits. Benefits, both for clinical and research applications, a.re likely

to arise if the recommendation by the 2O0l SCCMÆSICM/ACCP/ATS/SIS

International Sepsis Definitions Conference that a staging system for sepsis should

be developed, which stratifies patients on the basis of their Predisposing conditions,

the nature and extent of the lnfecting insult, the nature and magnitude of the host

Response, and the degree of concomitant Organ dysfunction, which they therefore

designated the 'PIRO' system for staging sepsis,ee is pursued. Indeed, the current

study can be viewed as an attempt to do just this, through its attempt to identify novel

factors which may predispose to sepsis.

A final point made by Levy et al.,ee which is relevant to the current attempt to

identify factors which may predispose to sepsis, and which may have contributed to

the current study's negative results, is that not only is there likely to be a complex

interaction between multiple factors that predispose to the onset and progression of

sepsis, but the predisposition induced by an individual factor may be complex. Thus,

an individual factor, such as a genetic polymorphism, for example, may result in a

more aggressive inflammatory response to an invading microorganism, which may

decrease an individual's risk of infection, but may increase the risk of an overly

exuberant and potentially harmful inflammatory response if infection does

eventuate.ee An awareness of this complexity is necessary for the planning of future

research into factors that may influence sepsis occurrence and outcome.
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5.2 Immunological Parameters

5.2.1 PMN Integrin ønd Immunglobulin G Fc Receptors

Amongst the more encouraging findings arising from the investigation of potential

predictors of post-operative SIRS and sepsis, was the significant association between

pre-operative CDllb and post-operative SIRS severity. Given that this relationship

appeared to be limited to the modestly sized EVAR cohort and that the study

protocol permitted some variation in the pre-operative time point at which potentially

labile CDllb levels were assayed, confirmation of the current findings through

further investigations, which may include an expansion of the EVAR cohort and

blood sampling immediately prior to anaesthetic induction, are recommended.

Despite the inability to demonstrate a relationship between pre-operative CD16b and

pot-operative SIRS or sepsis, the discrepancy between this finding and limited

published findings indicates that a larger cohort of subjects is required before a

definitive conclusion regarding CD16b can be reached. In contrast, pre-operative

CD64levels appear highly unlikely to be of any value in prediction of these post-

operative events.

The aforementioned negative findings should not discourage further forays into the

examination of the capacity of cell surface antigens to predict adverse post-operative

events. This is reinforced by the findings of Tarnok et al.rs0 who investi gated 122

granulocyte and monocyte cell surface activation antigens and adhesion molecules to

identify only 2O that distinguished between patients with post-operative edema and

effusion (POEE) and controls, and furthermore suggested the need for a panel of the

most discriminative parameters to predict POEE in individual patients, using

relatively complex discriminant analysis methods. The prediction of SIRS, and
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potentially sepsis, following major vascular surgery may similarly require the

investigation of an array of leukocyte cell surface molecules to identify a panel of

molecules which may contribute to these events by a summative effect. Intra-

operative and early post-operative levels of these leukocyte cell surface molecules

would be worthy of inclusion in future investigations. It is evident from the study by

Tarnok et al.rs0 that advanced statistical methods may be required in future

investigations examining the predictive value of panels of leukocyte cell surface

molecules.

5.2.2 FcyR Genotypes

V/hilst the current study demonstrated no evidence of an association between either

CD32a or CDl6b genotypes and the development of infection or sepsis following

major vascular surgery, it is essential to appreciate the methodological limitations

which may have influenced these analyses. The most notable limitations were the

possibility that the analyses were not sufficiently powered to detect potential

associations, particularly due to the effect of genetic admixture, in addition to the

possibility that confounding factors were introduced by pooling the 'open', EVAR

and 'lower limb' cohorts into a single collective cohort for these analyses.

Nonetheless, when these negative findings are considered in the context of the

known restricted immunological consequences of CD32a and CD16b polymorphisms

it raises some doubt about the likelihood of these genetic polymorphisms having the

capacity to predict the microbiologically heterogeneous and immunologically

complex events of post-operative infection and sepsis, in particular. Despite this

conclusion, sound evidence has been identified in the current literature for a genetic

susceptibility to both sepsis2l7 and specific peri-operative risks and outcomes,
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including inflammatory events2O7 Continued research into the identification of

allotypes and haplotypes which may aid in the prediction of these post-operative

adverse events, and potentially decrease surgical morbidity and mortality, is

therefore vigorously endorsed.

5.2.3 Cytokines

Elevations in IL-6, IL-8 and IL-10 were observed to have occurred in response to

AAA repair. Methodological limitations may have contributed to elevations in TNF-

o and tr--lp being infrequently observed in the current study. It is suggested that

further investigation of n -I2 responses to AAA repair are required before it can be

concluded with confidence that this cytokine has minimal relevance to major

vascular surgery.

The tendency for IL-6, IL-8, and particularly IL-10 levels to predict sepsis amongst

those undergoing AAA repair, emphasises the pathogenetic role played by these

cytokines in sepsis development. The limited capacity to reliably predict this adverse

event from IL-10 levels for any individual, however, adds to the ever increasing

awareness that sepsis is a highly complex, dynamic process which may not be

possible to predict on the basis of single parameters.
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5.3 Pre-operative Nutritional Status

Whilst the MNA was not found to be a particularly useful tool for assessment of

nutritional status for research purposes, it suggested a surprising degree of nutritional

adequacy amongst the current cohort. V/hilst this may, in part, reflect selection bias,

a more optimistic interpretation of this finding is that nutritional status, perhaps as a

component of patient's general medical status, already serves as a necessary criterion

for selecting patients who are most suitable for major vascular surgical interventions.

A significant inverse association between the DEXA derived body composition

measures, FFM and SMM, and post-operative SIRS severity was identified by this

study, indicating that a lower pre-operative lean body mass and, perhaps more

precisely a lower total skeletal muscle mass, may predispose to more severe SIRS

following major vascular interventions. V/hilst body composition analysis by DEXA

is not yet employed beyond the research setting, these findings strongly support the

suggestion that patients with PEM may be at particular risk of more severe post-

operative SIRS and, potentially, it's associated adverse inflammatory sequelae. It is

suggested that the inability to identify an association between nutritional markers and

post-operative sepsis does not discount the potential role of nutritional status in

sepsis susceptibility, rather it may reflect the fact that the relationship is complex and

not readily identified in a clinical cohort study comprised of a modest number of

subjects.
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5.4 Neuroendocrine Responses to Surgical Intervention

Unlike cortisol and adrenaline, noradrenaline did not appear to be a useful marker of

the physiological stress response to surgical stimuli. Accordingly, greater post-

operative cortisol and adrenaline responses were found to be significantly associated

with a more severe post-operative systemic inflammatory response in addition to the

occurrence of post-operative sepsis. It is conceivable that these associations arose as

a consequence of the bi-directional regulation that exists between the immune and

neuroendocrine axes322' 
32e , however, an explanation that more fully accounts for

these findings is that the HPA axis and SNS responses simply reflected the degree of

physiological derangement experienced by those with either more severe SIRS or

sepsis. These findings do not, therefore, support the hypothesis that neuroendocrine

responses may predict post-operative inflammatory events, but rather they may

simply reflect their occurrence and severity. The potential methodological limitations

associated with the neuroendocrine data in this study, notably the inclusion of

subjects administered exogenous catecholamines and the inability to detect transient

fluctuations in hormone levels that may be observed by assaying plasma levels of

these hormones, should be appreciated when considering these findings.
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5.5 Psychological Measures and Influence on Surgical

Response and Outcome

5. 5. 7 Pre-op erøtiv e Depres sion ønd Po st-operøtiv e Outc ome s

This study has highlighted the frequency of depression amongst vascular surgery

patients, which appears to exceed reported rates amongst elderly members of the

general population336, but is comparable to reported rates amongst CABG patients33s-

3al 
, which seem to have attracted far greater attention in the surgical literature.

The current study did not identify the relationship between pre-operative depression

and post-operative general morbidity described amongst patients undergoing CABG

surgery33s'"n . It is proposed that the biological basis of this relationship may not

generalise to those undergoing fuq,A. repair, but may be applicable to patients

undergoing lower limb revascularisation. Further investigation of this relationship,

involving an expanded cohort of patients undergoing lower limb revascularisation

and the consideration of markers of morbidity at later post-operative time points than

could be addressed in this study, would be worthwhile.

The current investigation confirmed the relationship between pre-operative

depression and a poorer pre-operative mental component of HRQoL that might seem

intuitive. Consideration of the effect of surgical intervention on this relationship

indicated that in the early peri-operative period, depression was no longer an

important determinant of HRQoL, however the relationship appeared to re-emerge

three months post-operatively. Thus, it is suggested that the effect of surgery on

HRQoL within one month of surgery may negate the influence of depression on
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HRQoL, whilst recovery from surgery permits the re-emergence of the pre-operative

relationship. The suggestion that pre-operatively depressed patients may experience a

poorer physical component of HRQoL six months post-operatively requires a larger

sample size for confirmation.

Whilst depressed individuals are known to manifest an array of immunological

pertubations3s3' 354' 3s6'357 and appear to have an increased susceptibility to disease,3s3

no convincing relationship between pre-operative depression and the development of

either post-operative SIRS or sepsis was evident in this study. In view of these

results, it has been suggested that a clear and straight-forward relationship between

depression and these surgical outcomes may not, in fact, exist given that the

immunological dysfunction associated with the proposed predictive variable is

complex,356 the surgical intervention is in itself a cause of considerable

immunological derangement, and the outcomes themselves have a complex

pathogenesis. It is similarly feasible that the intense immunological disturbances

associated with major vascular surgery may simply negate any pre-existing

immunological effects of depression. A clinically relevant relationship between pre-

operative depression and the post-operative outcomes of SIRS and sepsis therefore

seems unlikely.

5.5.2 Pre-operative Depression ønd Neuroendocrtne

Responses to Surgery

The hypothesis that depression may predispose to an exaggerated cortisol response to

surgery, as a consequence of the known un-stimulated hyperactivity of the HPA axis

in these individuals353' 3s4 was not supported by the findings of the current study.
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Indeed, it is of some concern that baseline UFC levels demonstrated no difference in

HPA axis activity between depressed and non-depressed individuals. Prior to the

definitive rejection of the alternative hypothesis, an increased sample size is

therefore recommended as is the separation of the three operative cohorts for

subsequent analyses of the expanded data set.

5.5.3 Pre-operative Trait Anxiety and Neuroendocrine

Responses to Surgery

Whilst a positive and significant relationship between trait anxiety and pre-operative

noradrenaline excretion was consistent with the small body of relevant existing

literature3se' 438 the apparent absence of a demonstrable relationship with the

neuroendocrine responses to surgical intervention was not. It is proposed, once again,

that discounting the existence of a relationship between the variables in question may

be premature before potential methodological issues have been addressed,

particularly the recommendation of separating the operative cohorts for data analysis

for the purpose of eliminating potential confounding factors.
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5.6 Immunological and Neuroendocrine Responses in Open

AAA Repair Compared to EVAR

5.6. I The Immuno-inflammatory Re spons e

The current study has provided overwhelming evidence that the open approach to

AAA repair serves as a greater stimulus for inflammatory events that EVAR. This

was evident from the significantly greater levels of IL-6, IL-8 and IL-10 generated in

response to open AAA repair compared to EVAR. The time points at which these

differences were observed strongly supports the notion that the differing degrees of

ischaemia and IRI induced by the respective methods of repair36' 
^uy 

largely

account for the findings. Indeed, not only was the difference confirmed at an

immunological level, but the greater inflammatory response associated with the open

approach was clinically evident in the greater frequency, severity and duration of

SIRS identified in this cohort compared to those undergoing EVAR.

5.6.2 The Neuroendocrine Response

This investigation similarly provided convincing evidence that open AAA repair is

associated with a greater degree of HPA axis and SNS stimulation than EVAR. It

was notable, however, that a significant difference was apparent only at the later

T(12-96) time interval. Published results, although limited, suggest that significant

differences may exist in the intra- and very early post-operative period.3Ta'"t The

influence of exogenous catecholamine administration may, in part, have contributed

to this discrepancy as may the method of assaying excreted hormones rather than

plasma levels. In view of the time point at which the differences in neuroendocrine

response were observed, it cannot yet be concluded that these are causal of the
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differences in morbidity associated with the alternate methods of AAA repair, but

may be considered as reflective of this clinical difference.
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5.7 Concluding Remarks

The current investigation of parameters which may serve as early predictors of

adverse events, in particular SIRS and sepsis, following major vascular surgery

identified a higher pre-operative expression of CDllb as a potential indicator of

more severe post-operative SIRS, and therefore worthy of further investigation whilst

a lower pre-operative FFM or SMM was found to be associated with more severe

and prolonged SIRS. Levels of IL-6, IL-8, and particularly IL-10 may predict sepsis

amongst a large patient cohort, however, these cytokines do not appear to reliably

predict this outcome for the individual patient, implying their lack of suitability as

predictive tools in the clinical setting. HPA axis and SNS activity appears to reflect

rather than predict post-operative SIRS and sepsis. Sepsis, in particular, emerged as

an event which may be particularly difficult to predict as a consequence of its

complex pathogenesis, which may result in any given, potentially predictive

parameter imposing a different risk for the components of infection, inflammatory

response and subsequent organ dysfunction. Nonetheless, the current findings should

serve to encourage further research, addressing the limitations identified in this

study, into factors which may predispose to adverse inflammatory sequelae following

major surgery.

Methodological limitations may have impeded the ability to identify a relationship

between pre-operative psychological state and the neuroendocrine response to

vascular surgery. Further investigation is warranted prior to reaching definitive

conclusions regarding this relationship.

251



Robust evidence of a greater inflammatory response to open AAA repair compared

with EVAR has emerged from this investigation, thus clarifying occasionally

contradictory findings in the published literature on this topic.
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APPENDICES



Appendix L: Comorbidity Scoring

Tabte 1. The Charlson Index, a weighted index of comorbidity.3TT

ECG, electrocardiograph; PND, paroxysmal nocturnal dyspnoea; CVA,

cerebrovascular accident; TIA, transient ischaemic attack; AML, acute myelogenous

leukaemia; CML, chronic myelogenous leukaemia; ALL, acute lymphocytic

leukaemia; CLL, chronic lymphocytic leukaemia; NHL, non-Hodgkin's lymphoma;

AIDS, acquired immunodeficiency syndrome

fAssigned weight for each condition that a patient has, the sum of which equals the

total score. For example: congestive cardiac failure (1) + chronic pulmonary disease

(1) + diabetes with end organ damage (2) = total score (4).
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Myocardial infarction

. Hospitalized & ECG +l- enzyme changes

Congesti ve cardiac failure

¡ Exertional orPND with response to digoxin, diuretics or afterload reducing agents

Peripheral vascular disease

o Claudicants, bypass for arterial insufficiency, presence ofgangrene, acute arterial

insufficiency, untreated thoracic or abdominal aortic aneurysm > 6cm

Cerebrovascular disease

o CVA or TIA

Dementia

o Chronic cognitive deficit

Chronic pulmonary disease

Connective tissue disease

Peptic ulcer disease

Mild liver disease

o Cirrhosis without portal hypertension or chronic hepatitis

Diabetes without end organ damage

1

Dense hemiplegia or paraplegia

Moderate or severe renal disease

. Moderate: creatinine > O.264mmoUL

. Severe: dialysis, transplanted, orpresence ofuraemia

Diabetes with end organ damage

læukaemia

e AML, CML, ALL, CLL or polycythaemia rubra vera

Lymphoma

¡ Hodgkin's lymphoma, NHL, lymphosarcoma, Waldenstrom's macroglobulinaemia,

myeloma and other lymphomas

Non-metastatic solid tumour

. No documented metastases but initially treated within last 5 years

2

Moderate or severe liver disease

o Moderate: cirrhosis with portal hypertension , without bleeding

. Severe: cirrhosis with portal hypertension and a history ofvariceal bleeding

3

Metastatic solid tumour

AIDS

6
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Table 2.Ioint Council of The Society for Vascular Surgery and the North American

Chapter of the International Society for Cardiovascular Surgery (SVS/ISVS) grading

system for conditions that may modify surgical outcomes.44

pck/day, packet per day; LDL, low density lipoprotein; ECG, electrocardiograph;

MI, myocardial infarction; CCF, congestive cardiac failure; CXR, chest x-ray; PFTs,

pulmonary function tests; VC, vital capacity; FEV1, forced expiatory volume in one

second; PaCOz, partial pressure of carbon dioxide in arterial blood; 02, ox]gen
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Diabetes None Adult onset,
controlled by diet or
oral agents

Adult onset, insulin
controlled

Juvenile onset

Tobacco Use None or none for
last 10 years

None current, but
smoked in last 10

Years

Current (includes
abstinence < I
vear). < I ock/dav

Current> I pck/day

Hypertension None (diastolic
usually < 90mmHg)

Controlled
(diastolic usually <
90 mmHg) with
sinsle drug

Controlled with two
drugs

Requires > 2 drugs
or uncontrolled

Hyperlipidaemia Cholesterol (LDL
and total) and
triglyceride levels
within normal limits
for age

Mild elevation,
readily controllable
by diet

Moderate elevation
requiring strict
dietary control

Elevation requiring
strict dietary and
drug control

Cardiac Status Asymptomatic, with
normal ECG

Asymptomatic, but
either remote MI by
history (> 6
months), occult MI
by ECG, or fixed
defect on
dipyridamole
thallium or similar
scan

Any 1 of the
following: stable
angina; no angina
but signifrcant
reversible perfusion
defect on
dypridamole
thallium scan;

significant silent
ischaemia þ-l7o of
time) on Holter
monitoring; ejection
fraction 25Vo to
457o; controlled
ectopy or
asymptomatic
arrhythmia; history
of CCF that is now
well compensated

Any 1 of the
following: unstable
angina,
symptomatic or
poorly controlled
ectopy/anhythmia
(chronic/recurrent);
poorly compensated
or recurrent CCF;
ejection fraction <
25Vo;MI within 6
months

Asymptomatic but
with evidence of
disease determined
by duplex scan or
other accepted non-
invasive test or
arteriogram

Carotid Disease No symptoms, no
evidence ofdisease

Transient or
temporary stroke

Completed stroke
with permanent
neurologic deficit or
acute stroke

Renal Status
(reþrs to stable
levels, not transient
drops or elevatians
ín response to IV
med¡cat¡on,
hydratìan or
contrast media)

No known renal
disease, normal
serum creatinine
level

Moderately
elevated creatinine
level as high as

0.210 mmoUl

Creatinine level,
0.220-0.520
mmoVL

Creatinine level >
0.530 mmoUl or on
dialysis or with
kidney transplant

Pulmonary Status Asymptomatic,
normal CXR, PFTs
within20Øo of
predicted

Asymptomatic or
mild dyspnoea on
exertion, mild
chronic
parenchymal x-ray
changes, PFls 65Vo

to SOVo of predicted

Between I and 3 VC < 1.85 L, FEVI
< l.2L or <35Vo of
predicted, maximal
voluntary
ventilation 507o of
predicted, PaCO2
>45 mmHg,
supplemental 02
use medically
necessary, or
pulmonary
hypertension
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Appendix 2z Mini Nutritional Assessment

Figure 1,. The Mini Nutritional Assessment (MNA).3eO

The total assessment score is obtained by adding the individual scores, recorded in

the boxes. This total assessment score is then compared with the Malnutrition

Indicator Score to classify the subject's nutritional status.
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Name:

MINI NUTRITIONAL ASSESSMENT (MNATM)

ID#................ Weight, kg................ Height, cm: ....... Date:

Body Mass Index (BMI) (weight in kg)/
(height in m)2
a. BMI< 19 =0points
b. BMI 19 to < 21 = 1 point
c. BMI2lto <23 = 2 points
d. BMI>23 =3ooints

Points

Mid-arm circumference (MAC) in cm
a. MAC < 21 = 0.0 points
b. M.AC2I <22 = 0.5 points
c. MAC>22 = l.0points

J

!
Calf circumference (CC) in cm
a. CC<31 =Opoints
b. CC> 3l = I point

-)-

Weight loss during last 3 months
a. Weight loss > 3kg = Q p¡i¡¡s
b. Does not know = I point
c. Weight loss 1-3kg = 2 points
d. No weight loss = 3 points

4.

13. Selected consumption markers for protein
intake
o At least one serving ofdaþ products

(milk, cheese, yoghurt) per day?

YesDNoD
o Two or more sevings oflegumes or eggs

per week

YesDNotr
o Meat fish or poultry everyday?

YestrNo!
a. If0 or 1 yes = 0.0 points
b. If 2 yes = 0.5 points
c. If 3 yes = l.Opoints

Points

13. Consume 2 or more servings offruits or
vegetables per day?
a. No =Opoints
b. Yes=lpoint

14. Has food intake declined over the past 3
months due to loss of appetite, digestive
problems, chewing or swallowing diffrculties?
a. Severe loss ofappetite = 0 points
b. Moderate loss of appetite = I point
c. No loss ofappetite = 2 points

15. How much fluid (water, juice, coffee, tea,
milk. . ..) is consumed per day? (l cup = g s2)
a. Iæss than 3 cups = 0.0 points
b. 3 to 5 cups = 0.5 points
c. More than 5 cups = 1.0 points !.fl

16. Mode of feeding
a. Unable to eat without

assistance = 0 points
b. Self-feed with some difhculty = I point
c. Self- feed without any

problem =zpoint

6. Lives independently (not in a nursing
home
or hospital)
a. No =Opoints
b. Yes=lpoints
Takes more than 3 prescription drugs per
day
a. Yes=0points
b. No =lpoint

7

Has suffered psychological stress or acute
disease in the past 3 months
a. Yes = 0points
b. No =2points

n
9. Mobility

a. Bed or chairbound
points

b. Able to get out ofbed/chair
but does not go out
point

c. Goes out
points

=0

=1

_,

10. Neuropsychologicalproblems
a. Severe dementia or

depression = 0
points

b. Mild dementia = I
point

c. No psychological problems = 2
Doints

Pressu¡e so¡es or skin ulcers
a. Yes=0points !b. No=1

17. Do they view themselves as having
nutritional problems?
a. Major malnutrition = 0 points
b. Does notknow ormoderate

malnutrition = 1 point
c. No nutritionalproblem = 2 points

18. In comparison with other people of the same
age, how do they consider their health status?
a. Not as good = 0.0 points
b. Does not know = 0.5 poirts
c. As good = 1.0 points
d. Better = 2.0 points n

12. How many full meals does the patient eat
daily
a. lmeal =Opoints
b. 2meals =lpoint
c. 3meals =2points n

ASSESSMENT TOTAL (max. 30 points), ! n . n

124 points

17 to 23.5 points

< 17 points

well-nourished

at risk of malnutrition

malnourished
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Appendix 3: Psychological Questionnaires

Figure 1. The Beck Depression Inventory-tr (BDI-Ð402 test form.

For each of the 2l constituent items, symptom severity is rated on a four-point scale

from 0 (not at all) to 3 (extreme form of each symptom). The total score is obtained

by summing the selected severity ratings for each item. A score > 13 indicates

depression.
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Instructions: This questionnaire consists of21 groups ofstatements. Please read each group of
statements carefully, and then pick out the one statement in each group that best describes the way you
have been feeling during the past tvvo weeks, including todøy. Ctrcle the number beside the statement
you have picked. If several statements in the group seem to apply equally well, circle the highest
number for that group. Be sure that you do not choose more than one statement for any group,
including Item 16 (Changes in Sleeping Pattern) or Item 18 (Changes in Appetite).

I do not feel sad.
I feel sad much of the time.
I am sad all the time.
I am so sad or unhappy that I can't stand
ir.

2. Pessimism
0 I am not discouraged about my future
1 I feel more discouraged about my future

than I used to be.
2 I do not expect things to work out for me
3 I feel my future is hopeless and will only

get worse.

3. Past Failure
0 I do not feel like a failure.
1 I have failed more than I should have.
2 As I look back, I see a lot of failures.
3 I feel I am a total failure as a person.

4. Loss of Pleasure
0 I get as much pleasure as I ever did from

the things I enjoy.
1 I don't enjoy things as much as I used to.
2 I get very little pleasure from the things I

used to.
3 I can't get any pleasure from the things I

used to.

5. Guity Feelings
0 I don't feel particularly guilty.
1 I feel guilty over many things that I have

done or should have done.
2 I feel quite guilty most of the time.
3 I feel guilty all of the time.

6. Punishment Feelings
0 I don'tfeel I ambeingpunished.
1 I feel I may be punished.
2 I expect to be punished.
3 I feel I am being punished.

0
1

2
3

1. Sadness 7. Self-Dislike
0 I feel the same about myself as ever
1 I feel I may be punished.
2 I am disappointed in myself.
3 I dislike myself.

8. Self-Criticalness
0 I don't criticize or blame myself as much

as usual.
I I am more critical of myself than I used to

be.
2 I critictze myself for all of my faults.
3 I blame myself for everything bad that

happens.

9. Suicidal Thoughts or Wishes
0 I don't have any thoughts ofkilling

myself.
1 I have thoughts of killing myself, but I

would not carry them out.
2 I would like to kill myself.
3 I would kill myself if I had the chance.

10. Crying
0 I don't cry anymore than I used to.
I I cry more than I used to.
2 I cry over every little thing.
3 I feel like crying but I can't.

11. Agitation
0 I am no more restless or wound up than

usual.
1 I feel more restless or wound up than

usual.
2 I am so restless or agitated that it's hard to

stay still.
3 I am so restless or agitated that I have to

keep moving or doing something.
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12. Loss of Interest
0 I have not lost interest in other people or

activities.
1 I am less interested in other people or

things than before.
2 I have lost most of my interest in other

people or things.
3 It's hard to get interested in anything.

13. Indecisiveness
0 I make decisions about as well as ever.
1 I find it more difficult to make decisions

than usual.
2 I have much greater difficulty in making

decisions than I used to.
3 I have trouble making an decisions.

14. Worthlessness
0 I do not feel I am worthless.
1 I don't consider myself as worthwhile and

useful as I used to.
2 | feel more worthless as compared to other

people.
3 I feel utterly worthless.

15. Loss of energy
0 I have as much energy as ever.
1 I have less energy than I used to have.
2 I don'thave enough energy to do very

much.
3 I don't have enough energy to do

anything.

16. Changes in Sleeping Pattern
0 I have not experienced any change in my

sleeping pattern.

la I sleep somewhat more than usual.
1b I sleep somewhat less than usual.

2a I sleep a lot more than usual.
2c I sleep a lot less than usual.

3a I sleep most of the day.
3b I wake tp l-2 hours early and can't get

back to sleep.

lT.Irritability
0 I am no moré initable than usual.
1 I am more irritable than usual.
2 I am much more irritable than usual.
3 I am irritable all the time.

18. Changes in Appetite
0 I have not experienced any change in my

appetite.

la My appetite is somewhat less than usual
1b My appetite is somewhat greater than

usual.

2a My appetite is much less than before.
2c My appetite is much greater than usual.

3a I have no appetite at all.
3b I crave food all the time.

19. Concentration Diffïculty
0 I can concentrate as well as ever.
1 I can't concentrate as well as usual.
2 It's hard to keep my mind on anything for

very long.
3 I find I can't concentrate on anything.

20. Tiredness or Fatigue
0 I am no more tired or fatigued than usual.
1 I get more tired or fatigued more easily

than usual.
2 I am too tired or fatigued to do a lot of the

things I used to do.
3 I am too tired or fatigued to do most of the

things I used to do.

21. Loss of Interest in Sex
0 I have not noticed any recent change in

my interest in sex.
I I am less interested in sex than I used to

be.
2 I am much less interested in sex now.
3 I have lost interest in sex completely.
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Figure 2.The Center for Epidemiological Studies-Depression Scale (CES-D)403 test

form.

For each of the 20 constituent items, symptom frequency is rated on a four-point

scale from 0, to indicate rarely or none of the time (less than I day), to 3, to indicate

most or all of the time (5 to 7 days). Items are suÍrmed to obtain a total score, using

the 0 to 3 scores selected by the subject for each item. Four items (4, 8, 12, and 16)

are worded in a positive direction to reduce tendency towards response bias and are

therefore reversed scored. A total CES-D score of ) 16 indicates depression.
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Circle the number for each statement which best describes how often you felt or behaved this way
during the past week.

Rarely or none
of the time
(less than I

duY)

Some or a little
of the time

(1 to 2 days)

Occasionally or
a moderate

amount of time
(3 to 4 days)

Most or all of
the time

(5 to 7 days)

During the past week,.......

1. I was bothered by things that don't
usually bother me.

2. I did not feel like eating; my
appetite was poor.

3. I felt that I could not shake off the
blues even with help from my
family or friends.

4. I felt that I was just as good as

other people.
5. I had trouble keeping my mind on

what I was doing.
6. I felt depressed.
7. I felt that everything I did was an

effort.
8. I felt hopeful about the future.
9. I thought my life had been a

failure.
10. I felt tearful.
11. My sleep was restless.

12. I was happy.
13. I talked less than usual.
14. Ifeltlonely.
15. People were unfriendly.
16. I enjoyed life.
17. Ihad crying spells.
18. I felt sad.

19. I felt that people disliked me.

20. I could not 'get going'.

1

1

1

1

1

I

1

I

1

1

I
1

1

1

1

1

1

1

1

1

0

0

0

0

0

0

0

0

0

0
0
0
0
0
0
0
0
0
0

0

3

J

2

2

32

-t

3

J

3

J

3

3

3

3

3

3

3

3

3

3

3

3

2

2

2

2

2

2

2
2
2
2
2
2
2
2
2
2

2
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Figure 3. The Spielberger State-Trait Anxiety Inventory : Trait Anxiety Scale test

form (STAI Form Y-2)."r

For each of the 20 items, subject's are asked to indicate how they generally feel by

rating the frequency of their feelings of anxiety on a four-point scale ranging from I

(almost never) to 4 (almost always). A rating of 4 indicates the presence of a high

level of anxiety for eleven of the items on the scale, whereas a high rating for the

remaining nine items (items l, 3, 6,7, lO, 13, 14, 16, 19) indicates the absence of

anxiety. The scoring weights for the nine 'anxiety-absent' items are reversed, thus

responses marked I, 2, 3 or 4 arc scored 4, 3, 2 or 1 respectively. A total score is

obtained by adding the weighted scores for each of the twenty items. A higher total

score therefore indicates greater trait anxiety.
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A number of statements which people have used to describe themselves are given below. Read each

statement and then circle the appropriate number to the right of the statement to indicate how you
generaily feeL

Almost sometimes often
never

Almost
always

4
4
4
4
4
4
4
4

4

4
4
4
4
4
4
4
4

4

4
4

1. I feel pleasant
2. I feel nervous and restless
3. I feel satisfied with myself
4. I wish I could be as happy as others seem to be
5. I feel like a failure
6. I feel rested
1. I am "calm, cool and collected"
8. I feel that difficulties are piling up so that I cannot

overcome them
9. I wony too much over something that really doesn't

matter
10. I am happy
I 1. I have disturbing thoughts
12. I lack self-confidence
13. I feel secure
14. I make decisions easily
15. I feel inadequate
16. I am content
17. Some unimportant thought runs through my mind and

bother me
18. I take disappointments so keenly that I can't put them

out of my mind
19. I am a steady person
20. I get in a state of tension or turmoil as I think over my

recent concerns and interests

-t

J
3

-1

J
J
J
J

.,'

3

3

J

J

J

J

J

J

-l

3

-l

2
2
2
2
2
2
2
2

2

2
2
2
2
2
2
2
2

2

2
2

I
1

1

1

1

1

1

I

1

1

1

1

1

I
1

1

1
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Appendix 4z Post-operative Outcome Scoring

Figure L. Abridged system for reporting complications including grading of severity

recoÍrmended by the Ad Hoc Committee for Standardised Reporting Practices in

Vascular Surgery of the Society of Vascular Surgery/International Society for

Cardiovascular Surgery (SVS/ISCVS¡.ø' +t t

AAA, abdominal aortic aneurysm

tGradings of severity are as follows: l=mild, 2=moderate, 3=sovero.

fSeverity grading based on the SVSISCVS scale for reporting change in clinical

status following treatment for peripheral arterial occlusive disease.aa According to

this scale a grading of +1 defines the following change in clinical status:

minimally improved: greater than 0.10 increase in ankle brachial index but no

categorical improvement or vice versa (that is, upward categorical shift without an

increase in ankle brachial index of more than 0.10).
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Stroke/Transient ischaemic attack

Pulmonary
Atelectasis
Pneumonia
Adult respiratory distress syndrome

Renal insufficiency
Contrast media induced
Thromboembolic
Ischemic (acute tubular necrosis)
Obstructive

Coagulation complications (including drug-induced)
Spontaneous haemonhage
Thrombocytopaenia
Thrombosis from antitlrombin III, protein C or S

deficiency

Systemic /remote
Cardiac:

Ectopic/anhythmia
Congestive failure
Myocardial infarction

Deep venous th¡ombosis
Suspected
Confirmed

Pulmonary embolism
Suspected
Confirmed

l=little/no haemodynamic consequence
2=symptomatic/required treatment
3=cardiac arreslfatal

I =transient ischaemic attack/temporary deficit
2=permanent deficit
3=fataI

1 =hospitalization not prolonged
2=treatment prolonged hospitalization
3=required operation

l=mild, required antithrombotic drugs
2=serious, required resuscitation
3=severe, required embolectomy or fatal

l=prompt recovery with medical treatment
2=prolonged hospitalization or intravenous antibiotics
3=prolonged intubation, tracheostomy, deterioration in

pulmonary function, oxygen dependence, or fatal outcome

1=transient, not requiring dialysis
2=transient, required dialysis
3- permanent (dialysis, transplant, death)

1 =resolving without treatment
2=requiring drug therapy
3=requiring operation or fatal

Unsatisfactory haemodynamic result (despite patency)
Insufficient inflow
Insufficient outflow
'Steal'

Unexpected tissue loss/amputation

Colon ischaemia

Spinal cord ischaemia

Atherothrombembolism

LocaUvascular
Anastomotic haemonhage

Extemal bleeding
Intemal (haematoma)

Graft thrombosis
Early
Cause found
Cause not found

1=observed
2=required aspiration, drainage
3=required anastomotic repair, revision

l=not corre¡ted
2=required revision or redo
3=limb loss (unexpected tissue loss)

l=minor tissue loss without amputation
2=minor amput¿tion
3=major amputation

1=without tissue loss
2=with minor tissue loss/arnputation
3=with major tissue loss/amputation

1= >+1t(but less than expected)
2= +l+
3=<+17

1 =t¡ansient
2=minor permanent deficit
3=major permanent deficit

l=not requiring operation
2=colon resection or colostomy
3=fatal
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Local/nonvascular
Non-infectious wound fl uid accumulation

Haematoma
Seroma
Lymphocoele

Wound infections
Superficial
Deep
Exposed/contaminated graft

Lymphatic disruption
Lymphedema
Lymphocoele
Lymph fistula

Ureteric injury
Complete obstruction
Partial obstruction
Urinoma (closed leak)
Urinary fistula

1=observed, resolved
2=aspirated
3=surgical drainage

I =treated with antibiotics
2=treated with drainage
3=required graft removal or bypass

I =no treatment required
2=aspiration, drainage
3=exploration with closure of lymphatics

I =resolved spontaneously
2=required drainage, diversion
3=surgical coûection or nephrectomy required

Endovascular repair: deployment related
complications
Failed deployment with or without conversion

Operative bleeding

Aorlic dissection (within 30 days of repair)

Arterial perforation or rupture

Access artery dissection or thrombosis

Peripheral microembolization

Peripheral macroembolization

Access site haematoma

Access site false aneurysm

l=no complications from attempted endovascular procedure,
hospital stay not prolonged after endovascular repair

2=conversion to open repair, no permanent disability
3=signifi cant permanent disability that impairs employment,

function or ability to live or death

l=autotransfusion <2 units, no homologous transfusion
2=>2units autologous, < 3 units homologous, limited incision for

control
3=>3units homologous, laparotomy, thoracotomy, or necessitated

exposure in addition to initial vessel cutdown to control
bleeding

l=incidentally noted, asymptomatic
2=resolved with endovascular repair
3=open repair or fatal

1=spontaneous closure
2=stent graft or limited retroperitoneal iliac repair at primary

procedure
3=lapa¡otomy

l=incidentally noted, non-flow limiting dissection, local
repairþrophylactic patch closure of access artery

2=stent, limited retroperitoneal bypass, or necessiiated retum to
operating room for thrombosis

3=conversion to open AAA repair

1=resolution without tissue loss
2=minor tissue loss, including toe or ray amputation
3=major amputation or significant tissue loss

1=resolution with intraoperative embolectomy at primary
procedure

2=embolectomy or other minor secondary operation, minor tissue
loss

3=arterial bypass or major arterial repair, major amputation

1=spontaneous resolution
2=surgical evacuation
3=nerve compression or associated arterial repair

l=resolved spontaneously, with compression or thrombin therapy
2=surgical repai¡
3=ruptured
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Access site lymphocoele, lymphonhea, lymphedema

Access site infection

Fever of unknown origin

l=resolution with or without aspiration, minor edema easily
controlled with elastic support
2=open drainage or repair
3=Permanent debilitating oedema

1=resolved with oral antibiotics
2=operative drainage, [V antibiotics
3=major debridement, a¡tery repair

1=prolonged hospital stay

Endovascular repair: implant-related complications
Intraoperative endograft limb obstruction

Postoperative endograft limb obstruction

Buttock, leg claudication/ischaemia

1=resolved at primary procedure
2=limited retroperitoneal repair or tkombectomy
3=bypass ot conversion

2=resolved with endovascular repair, minor tissue loss, including
toe or ray amputation

3=lytic therapy or open operative repair, major amputation

1=transient
2=prersistent but not disabling (controlled with exercise or

pharmacotherapy)
3=sufficiently disabling to necessitate intervention

Death
Procedure-related or device -related

Verihed ( by autopsy, direct surgical observation, or
definitive
Imaging of endograft) or probable (consistent clinical
picture)
¿r indeterminate

No complications
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Figure 2. The Acute Physiology and Chronic Health Evaluation (APACI{E) II
severity of disease classification system, adapted from Knau s et al.ar2

bpm, beats per minute; A-a DOz , alveolar-arterial oxygen gradient; PaOz, partial

pressure of oxygen in arterial blood; FiO2, inspired oxygen concentration; HCO:,

bicarbonate; ABG, arterial blood gas.

Total APACHE tr Score is the sum of Acute Physiology Score points (A) + Age

points (B) + Chronic Health Points (C).

tCalculated using the following formula:

A-aDOz =(713 xFiOz) -Q.25 xPaCO2) -PaO2

fPoints assigned only if the patient has a history of severe organ system insufficiency

or immuno-compromise. These states must have been evident prior to this hospital

admission and conform to the following criteria:

Liver: Biopsy proven cirrhosis and documented portal hypertension; episodes of past

upper gastrointestinal bleeding attributed to portal hypertension; or prior episodes of

hepatic failure/encephalopathy/coma.

Cardiovascular: New York Heart Association Class fV

Respiratory: Chronic restrictive, obstructive, or vascular disease resulting in severe

exercise restriction, that is, inability to climb stairs or perform household duties; or

documented chronic hypoxia, hypercapnia, secondary polycythaemia, severe

pulmonary hypertension (>4OmmHB), or respirator dependency.

Renal: Receiving chronic dialysis.

Immuno-compromised: The patient has received therapy that suppresses resistance to

infection, for example, immuno-suppression, chemotherapy, radiation, long term or

recent high dose steroids; or has a disease that is sufficiently advanced to suppress

resistance to infection, for example, leukaemia, lymphoma, acquired immuno-

deficiency syndrome (AIDS).
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39
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o
<55

o
<7.15
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<15
o

<110
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o
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O
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o
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55-69

o
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o
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o
t20-729

O
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o
<.050

O
20-29.9

o
7-2.9

+1
o

34-3s.9

U
10-l I

6t-70

(-)

3-3.4

o
t2-24

o
<200

>70

o
7.33-7.49

o
22-31.9

o
130-149

O
3.5-5.4

0
U

36-38.4

70-109
o

70-to9

o
.050-.120

O
30-45.9

o
3-14.9

+1
o

38.5-38.9

o
25-34

o
7.5-7.s9

o
3240.9

o
150-154

o
5.5-5.9

O
46-49.9

o
15-19.9

+2

al

t10-129
o

I 10-139

200-349

o
155-159

o
130-.170

O
50-59.9

o
20-39.9

+3

39-40.9

130-159

o
140-179

o
3549

U
350-499

o
7.6-7.69

o
4t-51.9

o
160-179

o
6-6.9

o
180-.300

Low abnormal RangeIligh Abnormal Ranse
+4

>_41

>160

o
>180

ô
150

o
>500

>:7.7-ö-
>52

o
>180

O
>7

o
>.310

O
>60
o

>40

Physiologic Variable

Temperature - core ("C)

Mean arterial pressure (mmHg)

Heaf rate - ventricula¡ response @pm)

Respiratory rate - non-ventilated or ventilated
(breaths/min)

Oxygenation: A-aDO2 or PaO2

b. FiO2 < 0.5 record only PaO2

(mmHe)
Ia- > 0.5 record

Serum HCO3 (venous mmoVl)
[Not preferred. use onlv if no ABGs availablel

A¡terial PH

Serum sodium (mmoUl)

Serum potassium (mmol,/L)

Serum creatinine (mmoVl)
Double point score for acute renal failure

Packed cell volume (7o)

White blood count (x 10Y/L)

Glasgow Coma Score (GCS) points:
Point score = 15 minus actual GCS
A. Total Acute Physialagy Score:

Sum ofthe 12 individual variable points
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Figure 3. Medical Outcomes Study 36-Item Short-Form (SF-36) Health Survey

(Standard English - Australia./New Znaland Version 1.0), for measurement of health-

related quality of life (HRQoL).413
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Instructions: This questionnaire asks for your views about your health, how you feel and how well
you are able to do your usual activities.
Answer every question by marking the answer as indicated. If you are unsure about how to answer a
question, please give the best answer you can.

1. In general, would you say your health is
(circle one)

1

2

3

4
5

Fair.
Poor

Excellent.
Very good

2. Compared to one year ago,how would you rate your health now?

Somewhat better now than one year ago....... ..........2
About the same as one yeil a9o............... ...............3
Somewhat worse now than one year ago ................4
Much worse now than one year ago............... .........5

1

(circle one)

Much better than one year ago

3. The following questions are about activities you might do during a typical day. Does your health
now limit you in these activities? If so, how much?

( circle one number on each line)

Activities
Yes,

limited a
lot

Yes,
limited a

little

No, not
limited at

all
a. Vigorous activities, such as running, lifting heavy objects,

participatins in strenuous sports
1 2 -)

b. Moderqte activities, such as moving a table, pushing a
vacuum cleaner, bowling, or playing golf

1 2 3

c. Lifting or carrying groceries I 2 3

d. Climbine several flights of stairs I 2 -1

e. Climbing one flisht of stairs 1 2 3

f. Bending, kneeling or stooping 1 2 J

9,. Walking more than one kilometre 1 2 3

h. Walking half a kilometre I 2 ^1

i. Walking 100 metres 1 2 J
j. Bathing or dressing yourself 1 2 3
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4. During the past 4 weeks, have you had any of the following problems with your work or other
regular daily activities as a result ofyour physical health?

( circle one number on each line)
Yes No

a. Cut down on the amount of time you spent on work or
other activities

1 2

b. Accomplished less than you would like I 2
c. Were limited in the kind of work or other activities 1 2

d. Had diffrculty performing the work or other activities (for
example, it took extra effort)

1 2

5. During the past 4 weeks, have you had any of the following problems with your work or other
regular daily activities as a result of any emotional problems (such as feeling depressed or
anxious)?

( circle one number on each line)
Yes No

a. Cut down on the amount of time you spent on work or
other activities

1 2

b. Accomplished less Lhan you would like 1 2
c. Didn't do work or other activities as carefully as usual 1 2

6. During the past 4 weeks, to what extent has your physical health or emotional problems interfered
with your normal social activities with family, friends, neighbours or groups?

(circle one)

Not at a11......

Slightly........
1

2
3

4
5

Moderately

Quite a bit.
Extremely.

7. How much bodily pain have you had during the past 4 weeks?
(circle one)

No bodily pain. I
2
3

4
5

6

Very mild

Moderate
Severe..........
Very severe

8. During the past 4 weeks how much did pain interfere with your normal work (including both
work outside the home and housework)?

(circle one)
Not at all..
A little bit

1

2
3

4
5

Moderately

Quite a bit..
Extremely..

281



9, These questions are about how you feel and how things have been with you during the past 4
weeks. For each question, please give the answer that comes closest to the way you have been
feeling. How much of the time during the past 4 weeks:

(circle one number on each line)

All of
the

time

Most
of the
time

A good
bit of

the
time

Some
of the
time

A little
of the
time

None
of the
time

a. Did vou feel full of life? 1 2 3 4 5 6
b. Have you been a very nervous

person? 1 2 3 4 5 6

ç. Have you felt so down in the
dumps that nothing could cheer
you up?

1 2 3 4 5 6

d. Have you felt calm and peaceful? I 2 3 4 5 6
e. Did you have a lot of energy? I 2 3 4 5 6
f. Have you felt down? I 2 3 4 5 6

s. Did you feel worn out? 1 2 3 4 5 6
h. Have you been ahappy person? 1 2 3 4 5 6
i. Did vou feel tired? 1 2 3 4 5 6

10. During the past 4 weeks, how much of the time has your physical health or emotional problems
interfered with your social activities (like visiting with friends, relatives, etc.)?

(circle one)
All of the time

Some of the time 3

A little of the time 4
None of the time. 5

1 1. How TRUE or FALSE is each of the following statements for you?

(circle one number on each line)
Definitely

true
Mostly

true
Don't
know

Mostly
fale

Definitely
false

4,. I seem to get sick a little easier
than other people I 2 -1 4 5

b. I am as healthy as anybody I know I 2 3 4 5

c. I expect my health to get worse 1 2 3 4 5

d. My health is excellent
1 2 3 4 5
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Appendix 5: Abbreviations

AAA

A-aDOz

ABG

ACCP

ACTH

ADCC

AIDS

ALL

AML

ANOVA

APACHE tr

APC

APO

aPTT

ARDS

ARF

ASA

AUC

av.

AVP

adenine

abdominal aortic aneurysm

alveolar-arterial oxygen gradient

arterial blood gas

American College of Chest Physicians

adrenocorticotrophic hormone

antibody dependent cell mediated cytotoxicity

acquired immunodeficiency syndrome

acute lymphocytic leukaemia

acute myelogenous leukaemia

analysis of variance

Acute Physiology and Chronic Health Evaluation

antigen presenting cell

apolipoprotein

activated partial thromboplastin time

adult respiratory distress syndrome

acute renal failure

American Society of Anesthesiologists (physical

status classification)

area under the curve

aveÍage

arginine vasopressin

B lymphocyte

tr

B
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bpm

C

OC

BDI-tr

BMC

BMI

CARS

CBA

CCF

CES-D

CFA

CIA

CLL

CML

conc.

COX-2

CPB

CRF

CRP

Beck Depression Inventory-tr

bone mineral content

body mass index

beats per minute

cytosine

degrees celcius

coronary artery bypass graft

compensatory anti-inflammatory response

syndrome

cytometric bead arcay

congestive cardiac failure

cluster of differentiation antigen

Center for Epidemiological Studies-Depression

Scale

common femoral artery

common iliac artery

chronic lymphocytic leukaemia

chronic myelogenous leukaemia

concentration

cyclooxygenase type 2

cardiopulmonary bypass

corticotrophin-releasing factor

C-reactive protein

computed tomography

cerebrovascular accident

CABG

CD

CT

CVA
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CXR

DEXA

DIC

DNA

dNTP

DSM-TV

ECG

ELISA

ELR

EVAR

FcyR

FEVr

chest x-ray

dual energy x-ray absorptiometry

disseminated intravascular coagulopathy

deoxyribonucleic acid

deoxynucleotide triphosphates

Diagnostic and Statistical Manual of Mental

Disorders-[V

electrocardiograph

enzyme-linked immunosorbent assay

glutamic acid-leucine-arginine

endovascular aneurysm repair

receptor for constant fragment (Fc) of

immunoglobulin G

forced expiratory volume in one second

fat free mass

fat free mass index

fat free soft tissue mass

inspired oxygen concentration

fl uoroscein isothiocyanate isomer- 1

fat mass

fat mass index

formyl-methionyl-leucyl-phenylalanine

acceleration due to gravity (unit of force)

guanme

general anaesthetic

FFM

FPMI

FFST

FiOz

FITC

FMLP

FM

FMI

oÞ

G

GA
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GABA

G-CSF

GM-CSF

gamma-amino butyrate

granulocyte colony-stimulating factor

granulocyte-macrophage colony-stimulating

factor

glyco s yl-pho sphatidylino sitol

histidine

bicarbonate

high dependency unit

human growth hormone

human leukocyte antigen

hypothalamo -pituitary- adrenocortic al

high performance liquid chromatography

health-related quality of life

hourly

5-hydroxyeicosatetranoic acid

intercellular adhesion molecule- 1

interleukin- 1 B converting enzyme

intensive care unit

interferon-gamma

immunoglobulin

interleukin

interleukin-1 receptor antagonist

inferior mesenteric artery

Institute of Medical and Veterinary Science

international normalised ratio

GPI

H

HCO¡

HDU

HGH

HLA

HPA

HPLC

HRQoL

hrly.

5-HETE

ICAM-1

ICE

ICU

IFN-y

Ig

IL

IL-lra

IMA

IMVS

INR
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IRI

TV

ITAM (+)

n[v1(-)

kDa

K-EDTA

ischaemia-reperfusion injury

immunoreceptor tyrosine-based activation motif

immunoreceptor tyrosine-based inhibition motif

intravenous

kilodalton

K-ethylenediamine tetra-acetic acid

kilogram

low density lipoprotein

length of stay

lipopolysaccharide

mole

mean arterial pressure

macrophage chemotactic protein- I

mental component summary score

mean fluorescence intensity

milligram

milligrams per millilitre

major histocompatibility complex

myocardial infarction

minutes

macrophage inflammatory protein- 1 alpha

millilitre

Mini Nutritional Assessment

monocyte

macrophage

kg

LDL

LOS

LPS

M

MAP

MCP-1

MCS

MFI

mg

mg/ml

MHC

MI

mins

MIP-lcr

ml

MNA

Mo

M0
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MODS

MOF

multiple organ dysfunction syndrome

multiple organ failure

messenger ribonucleic acid

methicillin resistant Staphylo co ccus aureus

neutrophil antigen

not applicable

dihydronicotinamide adenine dinucleotide

not determined

non-Hodgkin' s lymphoma

natural killer (cell)

nanomol per twenty-four hours

not significant

oxygen

platelet-activating factor

partial pressure of carbon dioxide in arterial

blood

partial pressure of oxygen in arterial blood

packed cell volume

phosphate buffered saline

phosphate buffered saline containing glucose

packet per day

polymerase chain reaction

sequence specific polymerase chain reaction

physical component summary score

protein energy malnutrition

ND

NK

NS

Oz

mRNA

MRSA

NA

N/A

NADPH

NHL

nmoUZ4 hours

PaCOz

PaOz

PCV

PBS

PBSG

pck/day

PCR

PCR-SSP

PCS

PAF

PEM
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PFA

PFT

PGE2

pglml

PND

POD

POEE

POMC

PTFE

RPE

SBP

SCCM

S CCMÆS ICN,I/ACCP/AT S/S IS

SEM

SFA

profunda femoral artery

pulmonary function test

prostaglandin E2

picograms per millilitre

platelet

phorbol myristate acetate

polymorphonuclear leukocyte

paroxysmal nocturnal dyspnoea

post-operative day

post-operative edema and effusion

pro-opiomelanocortin

polytetrafl uoroethylene

arginine

R. phycoerythrin

systolic blood pressure

Society of Critical Care Medicine

Society of Critical Care MedicineÆhe European

Society of Intensive Care MedicineÆhe

American College of Chest Physicians/American

Thoracic Society/Surgical Infection Society

standard deviation

standard error of the mean

superficial femoral artery

soluble receptor for constant fragment (Fc) of

immunoglobulin G

Plt

PMA

PMN

R

SD

sFcyR
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SF-36

SIL-2R

SIL-6R

SMA

SMM

SNP

SNS

SPSS

STAI

STAI Form Y-l

STAI Form Y-2

SvOz

SVS/ISCVS

Medical Outcomes Study 36-Item Short-Form

Health Survey

soluble interleukin -2 receptor

soluble interleukin-6 receptor

superior mesenteric artery

estimated skeletal muscle mass

single nucleotide polymorphism

sympathetic neryous system

Statistical Package for Social Sciences

Spielberger State-Trait Anxiety lnventory

Spielberger State-Anxiety Scale

Spielberger Trait-Anxiety Scale

mixed venous oxygen saturation

Joint Council of The Society for Vascular

Surgery and the North American Chapter of the

International Society for Cardiovascular Surgery

T lymphocyte

thoracoabdominal aortic aneurysm

tris-acetate

transforming growth factor-beta

T helper cell (subset 1)

transient ischaemic attack

total intravenous anaesthesia

tumour necrosis factor-alpha

tumour necrosis factor-beta (lymphotxin a)

T

TAAA

TAE

rGF-p

Tn(r)

TIA

TTVA

TNF-a

rNF-p
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UFC

VC

VCAM-1

WBC

UK

p1

UV

VS

7o

urinary free cortisol

United Kingdom

microlitre

ultra-violet

vital capacity

vascular cell adhesion molecule-1

versus

white blood cell

percent
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CHAPTER 1.: INTRODUCTION, LITERATURE REVIEW

AND AIMS OF CURRENT STT]DY

1.2. I PøthophysiologY o/ SIRS

Page 13,Iine 19

Erratum: Bone et al.

Should read: Bone

Bone, R.C. is the sole author of the article (reference 69) to which reference is made.

CHAPTER 4: DISCUSSION

4.6 Immunological Parameters

Addendum

As described in Chapter 2, Section 2.4, the pre-operative peripheral venous blood

sample drawn from all subjects for purposes including quantitation of pre-operative

PMN integrin and immunoglobulin receptor expression and plasma cytokine assays was

obtained within seven days, and in most cases within 24 hours, of their proposed

surgery. Whilst the application of a more strictly standardised protocol governing the

timing of pre-operative blood sampling is likely to have further minimised the

introduction of potential confounding effects, thereby increasing the reliability of

findings relating to pre-operative immunological data, this was prevented by constraints

imposed by availability and access to subjects in the cuffent study. As discussed in

Chapter 4, Section 4.6.1, the issue of variability in pre-operative sampling times is of



greatest relevance to the observed relationship between pre-operative CD11b expression

and post-operative SIRS severity'

Whilst variability in sites of blood sampling at the intra- and post-operative time points

occurred in the current study as a consequence of available vascular access, as described

in detail in Chapter 2, Section 2.4, published evidence argues against any significant

influence of this variability on the measured immunological parameters. In their study of

CDl6b expression amongst subjects undergoing elective open AAA repair, Spark er

¿/.18s demonstrated no significant difference in levels of expression of this PMN

immunoglobulin receptor between paired arterial and venous blood samples drawn at

pre-, intra- and post-operative time points. Similarly, the finding by Norwood et a\.286

that no significant differences in IL-6 levels existed between paired radial artery and

femoral vein blood samples drawn at pre-, intra- and post-operative time points amongst

a cohort of patients undergoing elective open AAA repair, tends to negate any

suggestion that sampling site variability may have confounded findings relating to

cytokine data in the current study.

As discussed in Chapter 2, Sections 2.5.1 and2.5.2, the methodology employed for

determination of PMN CDllb, CD64 and CD16b expression was established prior to its

application in the current study and included the demonstration of intra- and inter-assay

reproducibility.

It is similarly contended that the method employed for plasma cytokine assays in the

current study, using the BD@ Cytometric Bead Array (CBA) Human Inflammation Kit



(BD Biosciences, San Diego, California, USA) in accordance with the manufacturer's

instructions, as reported in Chapter 2, Section 2.'7, was characterised by a high degree of

precision with data demonstrating intra- and inter-assay reproducibility provided by the

manufacturer. Evidence of inter-assay reproducibility, in particular, suggests that whilst

the use of several kits was necessitated by the fact that the number of samples to be

assayed exceeded that which can be performed using a single kit, this is unlikely to have

been associated with significant data variability.

4.8.3.3 Measures of General Post-operative Morbidity

Page 229,line 12

Erratum: were experience

Should read: were experienced

4.9.4 Depression and Post-operative SIRS and Sepsis

Page 235,line 2

Erratum: depression my influence

Should read: depression may influence
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5.6. 1 The Immuno-inflammøtory Response
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Erratum: inflammatory events that EVAR

Should read: inflammatory events than EVAR




