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1. 1 ATHEROSCLEROSIS 

Cardiovascular disease is the major cause of morbidity and mortality in the Western World. It 

claims more lives in the USA each year than the next seven leading causes of death 

combined.(1) 

 

The principal manifestations of cardiovascular disease are heart attack and stroke. These 

represent the clinical sequelae of atherosclerosis. Atherosclerosis is a disease of ageing, and 

premature atherosclerosis may be precipitated by a number of clinical conditions, the most 

prominent of which include excess LDL cholesterol, diabetes mellitus, hypertension and 

cigarette smoking.(2, 3) Of these risk factors, excess LDL cholesterol has received most 

attention of late. 

 

Atherosclerosis is an insidious process that may persist for many years before clinical 

manifestations become evident. This observation is due to the fact that the processes involved 

in atherogenesis require prolonged exposure to predisposing factors. It is only the latter stages 

of the disease that progress rapidly and lead to clinical manifestations.  

 

1.1.1 Epidemiology and risk factors 

Many risk factors such as smoking and diabetes mellitus are associated with an increased risk 

of atherosclerosis. 

 

Cigarette smoking. The link between cigarette smoking and heart disease dates back to the 

1940s and 1950s when a series of studies unequivocally linked smoking and heart disease.(4-6) 

More recently the Surgeon General’s report estimates that smoking increases atherosclerotic 
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disease by more than 50% and doubles the incidence of coronary artery disease.(7) This excess 

risk of smoking on coronary disease is readily reduced through smoking cessation. In fact, the 

risk of heart attack in ex-smokers declines to almost that of non-smokers over 2 years.(8) 

 

Hypertension. Hypertension is defined as systolic blood pressure greater than 140mmHg or a 

diastolic blood pressure above 90mmHg.(9) There appears to be an approximately linear 

connection between blood pressure elevation and the increased incidence of atherosclerotic 

vascular disease with an increase of 7mmHg of diastolic blood pressure corresponding to a 

27% increase in myocardial infarction and 42% increase in stroke.(10) 

 

Diabetes mellitus. Atherosclerotic coronary disease is a major complication of diabetes 

mellitus. In patients with diabetes, the risk of coronary athersclerosis is 3-5 times greater than 

non-diabetics despite controlling for other risk factors.(11,12) Although improved glucose 

control in diabetes is associated with a reduction in the number of diabetes complications, 

coronary atherosclerosis is not reproducibly reduced by improved diabetic control. 

 

Serum cholesterol. The association between cholesterol and atherosclerosis is unequivocal. 

The excess risk of increased LDL cholesterol appears to be linear with a 1% increase in serum 

cholesterol corresponding to a 2% increase in the risk of coronary heart disease. This risk can 

be lowered greatly by cholesterol lowering therapy. With the advent in the last 10 years of 

HMG CoA reductase inhibitors, statins, there has been a dramatic improvement in the 

morbidity and mortality from cardiovascular disease in patients with hypercholesterolaemia. 
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1.1.2 Morphological features of atherosclerosis 

Figure 1: Sectional view of artery showing layers of the wall 

 

 
 

The arterial wall normally consists of three well-defined concentric layers: the innermost layer, 

the intima, the media and the outermost layer the adventitia. Concentric layers of elastin 

known as the internal elastic lamina demarcate these three layers. The luminal surface of 

arteries is lined by a single contiguous layer of endothelial cells that sits upon the basement 

membrane of extracellular matrix, and is bordered by the internal elastic lamina. Endothelial 

cells are attached to each other by a series of interconnections known as junctional complexes. 

The amount of extracellular matrix and elastin in the internal elastic lamina is most prominent 

in medium and large sized arteries such as the carotid artery. The endothelial cells form a 

dynamic barrier between the luminal surface of the artery and the stroma of the arterial wall. 

At one time it was thought that endothelial cells were quite passive in their function, but it is 

now known that they regulate a wide range of functions in the arterial wall including 

thrombosis, vascular tone, and leucocyte trafficking within the arterial wall. The media consists 

of a single cell type, smooth muscle cells. Cells are held together by an extracellular matrix 
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(ECM) composed largely of elastic fibres and collagen. The ECM within the arterial wall is 

produced predominately by the SMC. This includes collagen, proteoglycans and elastic fibres. 

The media can vary in size considerably, based on the function of a given artery. For example, 

in very small arteries the media may be only one cell thick or not present at all, whereas in 

large arteries like the carotid, the media may be many cell layers thick and consist of 

considerable elastin as part of the ECM. The principal reason for this is the requirement for 

recoil during diastole.  

The outermost adventitia typically consists of a loose matrix of elastin smooth muscle cells, 

fibroblasts and collagen. 

 

1.1.3 Development of the atherosclerotic plaque 

Atherosclerosis is typically manifested in three stages known as early, developing and mature 

lesions. Early lesions are characterised by nodular areas of lipid deposition that have been 

termed ‘fatty streaks’. These represent lipid filled macrophages and smooth muscle cells in 

focal areas of the intima. These lesions may be present even in the first year of life and are to 

be found in children regardless of geography, race, sex or environment.(13) 

In experimental atherosclerosis, one of the earliest events seen after starting a cholesterol rich 

diet is an increase in the adherence of circulating monocytes to the arterial endothelium.(14) 

These monocytes enter the intima of the vessel from the lumen and become macrophages. 

The macrophages accumulate lipid, giving rise to foam cells, named due to their foam-like 

appearance after removal of their lipid content when prepared for histological examination. 

This cholesterol ester containing macrophage is the most distinctive histological feature of an 

atheromatous lesion. Some smooth muscle cells migrate from the media to the intima and 

although these may also accumulate lipid, it is not to the same extent as the macrophage-
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derived foam cells. However, these smooth muscle cells proliferate within the plaque and 

become the more dominant cell type, forming a layer over the luminal side of the lipid core 

and secreting collagen into the matrix, causing the plaque to increase in size. This culminates 

into an advanced atherosclerotic plaque which has a very characteristic microanatomy 

comprising a core of extracellular lipid derived from the death of foam cells which in turn is 

covered by a sheet of smooth muscle cells followed by a thick collagen cap separating the 

plaque from the lumen of the vessel.(15-17) 

When fully developed, plaques may undergo a series of changes resulting in the complicated 

plaque. Firstly, advanced plaques become associated with calcium to a varying extent and 

eventually the vessel may become brittle. Secondly, ulceration of the plaque luminal surface 

may develop and if rupture occurs, the release of plaque contents into the bloodstream may 

produce microemboli (cholesterol emboli). Thirdly, in the case of fissured or ulcerated lesions, 

an excess of platelet aggregation may lead to thrombosis and total or partial occlusion of the 

vessel. Finally, haemorrhage may occur into the plaque; this may be localised within the intima 

or can involve the lumen. Figure 2 demonstrates the development of atherosclerotic lesions 

and more complicated plaques.  

 

Figure 2: Development of the atherosclerotic plaque 
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1.1.4 Theories of atheroma 

Historically, there are two major theories that describe the genesis of atheroma.  

First, the ‘imbibition theory’(18) which proposes that all structural changes in the intima are 

initiated by an invading stream of plasma. This invasion causes a proliferation of connective 

tissue cells and an increase in connective tissue ground substance leading to an increased 

infiltration of plasma proteins and lipids from the blood. Virchow’s theory has recently 
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attracted new support under the guise of the ‘lipid infiltration’ hypothesis as it has been 

shown that elevated plasma lipoproteins, most specifically LDL can be a sufficient cause of 

atherosclerosis. An increase in the level of LDL can result in more LDL becoming oxidatively 

modified in the subendothelial space of the artery wall, leading to its increased uptake by the 

scavenger receptor which is not down regulated following cholesterol uptake. This process is 

explained in greater detail in section 1.3 and leads to increased LDL uptake into the various 

cells in the artery wall, such as smooth muscle cells, macrophages and endothelial cells.(19) 

Evidence for such uptake has been shown in the classic works of Goldstein and Brown(20) 

using patients with familial hypercholesterolaemia, who typically have an absence or decrease 

in functional LDL receptors. In these patients, the decreased number of LDL receptors results 

in greatly increased levels of plasma cholesterol, causing the development of severe 

atherosclerosis due to the non-regulated uptake of LDL by the scavenger receptor. Similar 

changes are to be found in the LDL-receptor deficient rabbits first described by Watanabe(21) 

in Japan. 

 

The second theory is the ‘response to injury’ hypothesis(22-25), which suggests that the 

atherosclerotic lesion represents a specialised form of protective inflammatory-

fibroproliferative response to various forms of injury to the arterial wall. Possible causes of 

injury, acting individually or in combination, include: elevated and modified LDL; free radicals 

caused by cigarette smoking, hypertension, and diabetes mellitus; genetic alterations and 

elevated homocysteine. The resultant loss of endothelial cells from the arterial surface elicits 

an inflammatory response, which if excessive leads to the development of atherosclerosis. 

Endothelial injury causes dysfunction of the endothelium and mononuclear cells in the blood 

adhere and spread on the luminal surface of the arterial tree, particularly at branches and 
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bifurcations. These cells then migrate across the endothelium and accumulate within the 

intima. The proteins mediating these interactions are called adhesion molecules. Leucocyte 

rolling is mediated mainly by the selectins such as P- and E-selectin expressed on platelets and 

endothelial cells respectively. Leucocyte adhesion and transmigration are mediated by 

integrins and members of the immunoglobulin superfamily. Integrins are expressed on 

leucocytes and endothelial cells, as well as other cells and mediate both cell-cell and cell-

matrix interactions. The immunoglobulin superfamily includes intercellular adhesion molecules 

(ICAM), and vascular cell adhesion molecules (VCAM). Blockade or loss of one or more of the 

members of the immunoglobulin superfamily will decrease leucocyte adhesion and 

extravasation and in some cases also affect leucocyte rolling.  

 

As there are many connections between the ‘imbibition’ and ‘response to injury’ theories, 

these two views of atherosclerosis are better regarded as two faces of a unified hypothesis as 

outlined in figure 3.(19)   

 

Figure 3    Schematic representation of the development of atherosclerosis unifying the 
lipid infiltration hypothesis and the endothelial cell injury hypothesis 
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1.2 LIPOPROTEIN COMPOSITION AND METABOLISM 

 

1.2.1 Lipids 

Lipids are a heterogeneous group of compounds that have in common the property of 

solubility in organic solvents and insolubility in water. The lipid groups primarily associated 

with lipoprotein particles are cholesterol (cholesterol ester, free cholesterol), triglycerides and 

phospholipids.  

 

1.2.2 Proteins 

The protein groups associated with lipid molecules in the circulation are known as 

apoproteins. They have three main functions: (1) due to their interactions with phospholipids 

they help solubilise cholesterol esters and triglyceride; (2) they regulate the interactions of 

these lipids with enzymes such as lecithin cholesteryl transferase (LCAT), lipoprotein lipase 

(LP), and hepatic lipase (HL); and (3) they bind to cell surface receptors and so determine the 

sites of uptake and rates of degradation of other lipoprotein constituents, notably cholesterol. 

 

1.2.3 Lipoproteins 

Lipoproteins are spherical complexes consisting of protein and lipid, the apoprotein 

component forming a helical structure around a lipid core. The apoprotein component is 

amphipathic, that is, possessing both hydrophobic and hydrophilic surfaces. Apoproteins can 

interact with both the aqueous environment in which they are found and the lipid core of the 

lipoprotein. The orientation of the lipid component is such that the polar heads of the 

phospholipids and the alcohol groups of the unesterified cholesterol project from the surface 

of the particle into the aqueous environment, while the non-polar components of the 
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cholesterol ester and triglyceride are located within the core of the particle.  

 

Figure 4  Components of a lipoprotein molecule 

 

 

1.2.4 Lipoprotein classes 

Lipoproteins are a heterogeneous group of particles, differing in size and composition. These 

particles are unusual, if not unique in that they undergo a considerable degree of metabolic 

modification while circulating in the blood. These particles can be separated according to their 

density using ultra centrifugation. Five standard classes are defined in this way: chylomicrons 

(CM); very low-density lipoproteins (VLDL); intermediate density lipoproteins (IDL); low-density 

lipoproteins (LDL); and high-density lipoproteins (HDL);  
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Chylomicrons 

Chylomicrons are the largest of the lipoprotein particles consisting mainly of triglyceride, 

together with lesser amounts of phospholipids, free cholesterol, cholesterol esters and 

protein. Most dietary triglyceride is transported in this form into the systemic circulation from 

its intestinal site of absorption. 

 

VLDL 

While very similar to chylomicrons in structure and composition, VLDL particles are smaller 

and contain relatively less triglyceride but more cholesterol, phospholipids and protein. Unlike 

chylomicrons, VLDL particles are mainly synthesised in the liver and their chief role is the 

transport of endogenously synthesised triglyceride. The protein composition comprises mainly 

apo B100, together with apo CI, CII, CIII and apo E. 

 

IDL 

As these particles are formed during the remodelling of VLDL to LDL they are sometimes 

termed VLDL remnants. They have a composition intermediate between VLDL and LDL. 
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LDL 

In a normal individual, LDL is the main cholesterol carrying lipoprotein accounting for 60% of 

the total cholesterol in the circulation. LDL differs from its precursor molecule in that it has a 

much lower concentration of triglyceride and retains only one of the apoproteins namely apo 

B100. The majority of LDL particles found in the circulation are the product of VLDL remodelling, 

although some are synthesised by the liver and released directly into the circulation (26) 

 

HDL 

HDL are the smallest of the lipoprotein particles, and are synthesised in both liver and intestine 

 

1.2.5 Lipoprotein metabolism (figure 5) 

Triglycerides and cholesterol may be derived from dietary sources or synthesised by the body 

de novo. Metabolism of lipids therefore may be considered as involving either exogenous or 

endogenous transport of lipids to tissues. In addition, reverse cholesterol transport occurs 

which allows removal of excess cholesterol from tissues and involves HDL. The latter can be 

considered as performing a scavenging function, collecting cholesterol from the tissues and 

transporting it to the liver. 
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Exogenous pathway 

Dietary triglyceride and cholesterol are emulsified by the action of bile salts within the lumen 

of the small intestine, producing small micelles with a hydrophobic core of fat. The action of 

pancreatic lipases on triglycerides produces monoglycerides and hence causes the release of 

free fatty acids. Within the cells of the intestinal mucosal layer, the fatty acids and cholesterol 

esters are re-esterified to form cholesterol esters and triglycerides, which are then packaged 

for transport via the intestinal lymph into the bloodstream as nascent chylomicrons containing 

apo B48. On entering the circulation, HDL donates apo A, C and E to the chylomicron particles. 

Lipoprotein lipase (LPL) is activated by apo CII on the chylomicron particle, causing hydrolysis 

of triglycerides to glycerol and free fatty acids. The fatty acids are taken up by surrounding 

cells as an energy source, or resynthesised into triglycerides for storage. The resultant 

chylomicron particle returns apo A and apo C to the HDL particle, and becomes enriched with 

cholesterol ester, donated by HDL in exchange for triglyceride. The remaining triglyceride poor, 

cholesterol-ester enriched chylomicron remnants are avidly taken up by the apo B and E 

receptors in the liver where they serve as an important source of cholesterol.(27) 

 

Endogenous pathway 

 VLDL particles are the vehicles for plasma triglyceride transport in the post-absorptive state. 

They are the chylomicron equivalents in the endogenous pathway and have a similar 

metabolic fate, although there are subtle differences between these two classes of 

lipoproteins. Unlike chylomicrons VLDL particles are manufactured in the liver not in the 

intestine. They contain apo B100 not apo B48, and are much smaller particles. However, similar 

to chylomicrons, once the nascent VLDL particles have been secreted from the liver into the 

circulation, there is an exchange of apoproteins from HDL. Lipolytic enzymes are responsible 
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for the remodelling of the VLDL particles, as described for chylomicron metabolism. The action 

of LPL causes the hydrolysis of core triglycerides within the VLDL producing VLDL2 particles, 

which are further remodelled to IDL. The IDL particles can have two metabolic fates; firstly, 

they can be removed by apo B receptors in the liver; and secondly, they can be further 

delipidated by the action of a second lipolytic enzyme, hepatic lipase (HPL), with the end 

product being LDL.  
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Figure 5 Lipoprotein metabolism 
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1.2.6 LDL uptake (figure 6) 

This LDL remains in the circulation for about 48 hours before being cleared by the apo B100 

receptors. Its major function is the delivery of cholesterol to the tissues; however, the liver is 

responsible for the removal of about 75% of these LDL particles. LDL is removed in both 

circumstances by receptor-mediated endocytosis(28,29) and once internalised into a cell, it is 

catabolised by lysosomal enzymes. The protein component of LDL is hydrolysed to free amino 

acids while the cholesterol esters are hydrolysed by a lysosomal acid lipase. The released 

unesterified cholesterol can be used for membrane biosynthesis or re-esterified for storage 

within the cell by the action of the enzyme acyl CoA: cholesterol acyl transferase (ACAT). Entry 

of cholesterol into the cell is regulated in two ways. Firstly, the released cholesterol suppresses 

transcription of the gene responsible for synthesis of the enzyme 3-hydroxy-3-methylglutaryl 

CoA reductase (HMGCoA reductase), which is responsible for the committed step in 

cholesterol biosynthesis. Secondly, the LDL receptor itself is subject to feedback regulation; 

new receptors are not synthesised when cholesterol is abundant within the cell, so the uptake 

of additional cholesterol from the plasma is blocked.(30) 
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Figure 6 LDL uptake by hepatocyte 
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1.2.7 Reverse cholesterol transport (figure 7) 

Reverse cholesterol transport is the transfer of free cholesterol from peripheral tissues to the 

liver where it is disposed of via the hepatobiliary system. Small lipid poor HDL particles 

released from the liver are responsible for the removal of free cholesterol from peripheral 

tissues. Free cholesterol is esterified by LCAT to cholesterol ester, thereby converting HDL3 

particles into larger HDL2 particles(31) which are then removed by the liver. 

 

Figure 7 
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1.2.8 LDL pathway 

All mammalian cells require free cholesterol for their plasma membranes. Nearly all of the free 

cholesterol in human fibroblasts is found in the plasma membrane where it is intercalated 

among the phospholipid molecules. Any cholesterol that accumulates over and above the 

amount that can be inserted into membranes is esterified with a long chain fatty acid and 

stored within the cell as a cholesterol ester.(32) The studies of Bailey in the 1960s(33) first 

demonstrated that when mammalian cells are grown in tissue culture, they do not produce 

their own cholesterol but preferentially utilise the exogenous cholesterol contained in the 

lipoproteins of the serum that is present in the culture medium. Since the bulk of the 

cholesterol in lipoproteins is esterified and as there is no known mechanism by which 

extremely non-polar molecules such as cholesterol esters can passively cross cell membranes, 

these studies suggested that a specific mechanism was necessary to mediate the uptake of 

cholesterol from plasma lipoproteins. In the 1970s, the specific mechanism underlying this 

mechanism was elucidated through studies in human fibroblasts derived from normal subjects 

and patients with genetic disorder of cholesterol metabolism.(28,34-36) The LDL pathway 

consists of an ordered sequence of events in which LDL is first bound to a high affinity receptor 

on the cell surface, and is then internalised by endocytosis and delivered to lysosomes where 

the cholesterol esters are hydrolysed so that free cholesterol can be made available for use by 

the cells. 
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1.2.9 The LDL receptor 

The critical component of the LDL pathway is the specific receptor on the cell surface that 

binds plasma LDL.(37-40) Extensive biochemical and genetic evidence indicates that this 

receptor is a protein. The kinetics of LDL receptor function has been studied by measurement 

of the binding of  125I-labelled LDL to the receptor in intact fibroblast monolayers in situ. When 

such LDL is incubated with normal fibroblasts at 4ºC, binding of the lipoprotein to the receptor 

occurs.(34, 37, 38) Binding of 125I-LDL to the receptor is competitively inhibited by VLDL,(37, 

38) a lipoprotein that shares apo B with LDL. On the other hand, HDL, which lacks apo B(41,42) 

does not compete effectively with 125I-LDL for binding to the LDL receptor. This suggests that 

the specificity of the LDL receptor is directed toward the apo B component of LDL. The 

internalisation of the receptor bound 125I-LDL is relatively rapid and much faster than the rate 

of dissociation, so that essentially all of the particles of 125I-LDL that bind to the receptors are 

taken into the cell, and the binding reaction is thus functionally irreversible. 

 

Regulation of the LDL receptor 

The ability of the LDL pathway to regulate the cellular content of cholesterol depends on the 

susceptibility of the LDL receptor to metabolic regulation. When fibroblasts are grown in the 

presence of LDL, the cells adjust the number of LDL receptors so that they take up only enough 

cholesterol to satisfy the requirement for new membrane synthesis and to replace sterol that 

is lost as a result of membrane turnover.(28,43,44) When these cells are deprived of 

exogenous LDL, the number of receptors increases progressively as a result of an apparent 

increase in the rate of synthesis of receptor molecules.(43) This illustrates the importance of 

the LDL receptor in preventing an over accumulation of cellular cholesterol esters. 
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LDL pathway in human cells in vivo 

A pattern of regulation has been elucidated in cultured human fibroblasts.(28) 

When fibroblasts are grown in the presence of normal serum containing LDL they establish a 

steady state in which HMG CoA reductase activity (and hence cholesterol synthesis) is low and 

the cells derive all of the cholesterol that they need by means of a small number of LDL 

receptors. Under these conditions, the rate of synthesis of cholesterol equals the rate of 

hydrolysis. When LDL is removed from the culture medium, the number of LDL receptors and 

the activity of HMG CoA reductase greatly increase while cholesterol-esterifying activity 

declines. Since LDL is absent, the increased number of LDL receptors is not able to supply the 

cell with cholesterol; hence the cholesterol required for membrane formation must be derived 

from accelerated de novo synthesis and from net hydrolysis of cholesterol esters stored within 

the cell. When LDL is added back to the culture medium, the lipoprotein is bound at the 

receptor site, internalised and degraded to yield unesterified cholesterol. This in turn 

suppresses de novo synthesis and stimulates the esterifying process so that excess cholesterol 

can be stored as cholesterol esters. When sufficient cellular cholesterol has accumulated, the 

number of LDL receptors becomes suppressed and cells return to their original steady state 

thus completing a metabolic cycle.  

The conclusion of the above studies is that the LDL pathway is protective against 

atherosclerosis. This protection is achieved through 2 properties of the cell surface LDL 

receptor. Firstly, the susceptibility of the receptor to regulation permits most cells to suppress 

LDL receptor activity when cholesterol stores are adequate, thus avoiding the type of 

pathologic over accumulation of cholesterol esters that occurs in atherosclerosis. Secondly, the 

high affinity of the LDL receptor allows cells to satisfy all of their cholesterol requirements 
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under condition in which the level of LDL in intestinal fluid is kept low.  

 

1.3 LDL AND ATHEROGENESIS 

It is now well known that hypercholesterolaemia is an important cause of coronary heart 

disease. Clinical and experimental studies have firmly established that elevated plasma 

concentrations of LDL are associated with accelerated atherogenesis.(19,45,46) As discussed in 

section 1.1, the earliest recognised gross lesion in atherogenesis is the fatty streak, 

characterised by an accumulation of cells loaded with cholesterol esters (foam cells) just 

beneath the endothelium.  

 

The classic studies of Brown and Goldstein(28,29,46) established the critical importance of the 

LDL receptor in the cellular uptake of LDL. In vivo studies have shown that two thirds or more 

of LDL removed from plasma is mediated by LDL receptors.(47) However, two lines of evidence 

strongly suggest that arterial uptake of LDL giving rise to foam cells and fatty steaks must be by 

pathways independent of the LDL receptor. Firstly, lesions rich in foam cells develop even in 

patients and animals deficient in functional LDL receptors i.e. homozygous patients with 

familial hypercholesterolaemia and Watanabe heritable hyperlipidaemic (WHHL) rabbits.(48-

50) Secondly, normal monocytes and monocyte-derived tissue macrophages in culture cannot 

be converted to foam cells by incubation with even very high concentrations of native 

LDL.(50,51) This can be explained by the fact that macrophages express a relatively limited 

number of receptors for native LDL and the receptors they do have can be down regulated in 

the presence of high concentrations of LDL.  

 

Goldstein and coworkers(51) were the first to describe a modified form of LDL that could be 
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taken up rapidly enough by macrophages which are converted into foam cells. They found that 

chemical acetylation converted LDL to a form recognised specifically by the 

monocyte/macrophage and taken up at a rate many times that of the native LDL. This uptake 

could not be saturated and was attributed to a specific new receptor designated the 

‘scavenger’ receptor which is distinct from the LDL receptor and in fact does not recognise 

native LDL. In 1981, Henrikson and coworkers demonstrated that when LDL was incubated 

with cultured endothelial cells it underwent a series of physical and chemical reactions, and 

the resulting cell-modified LDL was taken up by cultured macrophages up to 10 times more 

rapidly than native LDL.(52,53) It has also been shown that smooth muscle cells, monocytes 

and macrophages can effect similar modifications in LDL.(54-57) Therefore, all three of the 

major cell types in the artery wall can convert LDL to a form recognised by the scavenger 

receptor.  

 

This modification has been shown to be oxidative in nature as it is totally inhibited by 

antioxidants such as butylated hydroxytoluene and vitamin E.(54,58) It is absolutely dependent 

upon low concentrations of iron or copper. Cell induced oxidative modification can be 

mimicked by incubating LDL in a serum free medium in the presence of a sufficiently high 

concentration of copper or iron. The addition of plasma inhibits cell-induced oxidation 

suggesting that in vivo the process must occur extravascularly, in microenvironments 

protected from naturally occurring antioxidants. 

 

1.3.1 Atherogenic properties of oxidised LDL 

Oxidised LDL has many characteristics that potentially promote atherogenesis, in addition to 

the ability to be taken up rapidly by macrophages to form foam cells. It is a chemoattractant 
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for circulating monocytes,(59) both directly and via the stimulation of the release of monocyte 

chemoattractant protein-1 from endothelial cells.(60) Oxidised LDL also promotes the 

differentiation of monocytes into tissue macrophages by enhancing the release of macrophage 

colony stimulating factor from endothelial cells,(61) and inhibits the motility of resident 

macrophages.(59) It is a chemoattractant for T cells(62) but not for B cells and consequently 

the atherosclerotic plaque contains primarily monocytes and T cells. It is also cytotoxic to 

various cell types including endothelial cells,(63) resulting in loss of endothelial integrity, and 

inhibits tumour necrosis factor (TNF) expression.(64) 
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1.3.2 Evidence supporting the occurrence of LDL oxidation in vivo 

This is supported by several lines of evidence: (1) oxidised apo B-100 epitopes and increased 

levels of lipid peroxidation products can be detected in LDL gently extracted from both rabbit 

and human atherosclerotic lesions;(65) (2) immunohistochemical staining of atherosclerotic 

lesions with specific monoclonal antibodies has demonstrated the presence of ox-LDL;(66) (3) 

circulating anti-ox-LDL antibodies have been demonstrated in serum, and titres correlate with 

the progression of atherosclerotic lesions;(66) (4) studies in different animal models of 

atherosclerosis suggest that progression of the lesion can be delayed by antioxidant 

administration. The fact that several different antioxidants have been used (probucol, vitamin 

E, butylated hydroxytoluene and diphenylphenylene-diamine) supports the implication that 

the antiatherogenic effect is due the antioxidant properties of these drugs rather than any 

other biological effect;(67) (5) epidemiological evidence indicates that low antioxidant 

consumption is associated with an increased risk of cardiovascular disease.(68, 69) The 

evidence is strongest in the cases of vitamin E, with less consistent support for the protective 

roles of vitamin C, carotenoids and flavenoids; 

 

1.3.3 Mechanisms of LDL oxidation in vivo 

Many cell types are capable of oxidising LDL, including monocytes, macrophages, neutrophils, 

endothelial cells, smooth muscle cells and fibroblasts. However, cell types that are involved in 

the atherosclerotic lesion (macrophages, endothelial cells and smooth muscle cells) would 

seem the most likely to contribute to LDL oxidation in vivo. It appears likely that LDL is oxidised 

in microdomains in the arterial wall, sequestered by proteoglycans and other extracellular 

matrix constituents, where it is protected from plasma antioxidants.(70)  
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1.3.4 Mediators of lipoprotein oxidation 

Oxidation of LDL can be initiated by a number of stimuli such as metal ions, lipoxygenase, 

myeloperoxidase and reactive nitrogen species. 

 

Transition metal ions 

One important pathway for LDL oxidation in vitro requires redox active metal ions. The 

variable valency of transition metals means that they can be involved in both accepting and 

donating single electrons and hence are potent promoters of free radical reactions (71). Metal 

ions can participate in lipid peroxidation in two ways. Firstly, they can initiate chain reactions 

with polyunsaturated fatty acids (PUFAs). This reaction is thermodynamically unfavourable and 

unlikely to occur in vivo. Secondly, and more importantly, transition metal ions decompose 

peroxides to peroxyl and alkoxyl radicals when added to systems already containing trace 

amounts of preformed lipid peroxides. The peroxyl radical so formed can participate in 

hydrogen abstraction from neighbouring PUFA side chains and so perpetuate the chain 

reaction. Heinecke et al(72) demonstrated that before LDL could be oxidised by cultured 

arterial smooth muscle cells the addition of micromolar concentration of copper or iron was 

required and it was Esterbauer et al(73) who first applied the widespread use of these ions to 

study oxidation of LDL in vitro. Latterly, the studies of Swain and Gutteridge in 1995(74) 

demonstrated the presence of copper and iron in atherosclerotic material, and it has been 

shown that two unnatural isomers, o- and m-tyrosine, are specific products of copper induced 

protein oxidation. These isomers have not been detected in early atherogenesis, the fatty 

streak and intermediate lesion, but are observed in advanced atherosclerotic lesions.(75) 

Therefore, although the role of metal ions in the early stages of atherogenesis may be 



 30 

uncertain, we can be sure they have a very central role in the later stages of the disease. 

 

Lipoxygenase 

The lipoxygenases are intracellular enzymes that add oxygen to PUFAs.(76) These enzymes are 

present in all major cell types of the arterial wall and have been observed in association with 

atherosclerotic lesions.(76-78) These findings have fuelled speculation that lipoxygenases may 

play an important role in the oxidation of LDL that leads to atherosclerosis and two lines of 

evidence further support this theory. Firstly, when LDL is incubated with pure soybean 

lipoxygenase most of the changes are the same of those induced by the incubation of LDL with 

endothelial cells.(79) Secondly, several inhibitors of cell lipoxygenases are effective in blocking 

the cell-induced oxidative modification of LDL.(80) 

 

Glycoxidation reactions 

As already mentioned, diabetes is a potent risk factor for premature atherosclerosis. The 

increased risk of atherosclerosis associated with diabetes has not been well identified, but one 

proposed mechanism includes excess glucose since hyperglycaemia is the hallmark of 

diabetes. This so-called ‘glucose hypothesis’ suggests that oxidation reactions induced by 

glucose help modify LDL to forms that support the initiation of atherosclerosis and lesion 

development. This hypothesis draws some support from studies showing that intensive 

glycaemic control in type I diabetics produces reduced vascular complications.(81) 

 

Reactive nitrogen species 

Nitric oxide (NO) plays a major role in regulating vasomotor tone and a wide variety of other 

biological events.(82)  NO can also react with superoxide in vivo to form peroxynitrite, a 
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reactive species that is known to promote LDL oxidation.(83) This suggests that, along with its 

well established anti-atherogenic properties related to vasomotor relaxation, NO may also 

have atherogenic properties and thus promote atherogenesis.  
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1.4 ANTIOXIDANT DEFENCE MECHANISM 

An antioxidant is any substance that if present at low concentrations when compared to those 

of an oxidisable substrate significantly delays or inhibits oxidation of that substrate. 

 

1.4.1 Chain breaking antioxidants 

Epidemiological evidence suggests that individuals in geographic areas where plasma 

antioxidant consumption is high, such as the Mediterranean area, have a decreased mortality 

from ischaemic heart disease (IHD). There is substantial evidence supporting the hypothesis 

that such antioxidants protect against the oxidative modification of LDL.(84) The serum lipid 

soluble, lipoprotein associated antioxidants include vitamin E (α- and γ-tocopherols), 

carotenoids (β-carotene and lycopene) and ubiquinol Q10. Antioxidants associated with the 

aqueous environment of the plasma include vitamin C (ascorbic acid), urate, bilirubin and the 

flavenoids. Together these lipid and water soluble antioxidants provide an efficient system 

against oxidative injury,(73) and it is the balance between antioxidants and pro-oxidants in the 

cell and lipoprotein that determines the extent to which the lipoproteins are oxidised, and 

hence their atherogenic potency. 

 

1.4.2 Lipophilic antioxidants 

On a molar basis vitamin E is the major antioxidant within the LDL particle.(85) Vitamin E 

scavenges the free radicals produced during oxidation and becomes inactivated in the 

process.(85,86) Studies have demonstrated that vitamin E supplementation in vivo results in a 

significant increase in LDL’s resistance to oxidation in vitro.(87) β-carotene and lycopene can 

also exhibit antioxidant properties in vitro and during LDL oxidation are the last antioxidants to 

be consumed.(86) Although low serum β-carotene levels have been linked with high rates of 
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cardiovascular disease (CVD) and increased risk of myocardial infarction among smokers,(88) 

carotenoid involvement against free radicals in vivo remains unclear. 

 

1.4.3 Hydrophilic antioxidants 

Vitamin C is the major hydrophilic vitamin affording protection to LDL during oxidation, and is 

the first line of defence against aqueous-phase free radicals.(89,90) Vitamin C acts 

synergistically with vitamin E to suppress LDL oxidation by donating a hydrogen atom to the 

vitamin E radical, so recycling the vitamin E molecule and enabling it to undergo a further 

reaction with another peroxyl radical. Vitamin C can also modify Cu (II) binding sites on LDL 

and in doing so makes the LDL particle more resistant to metal-dependent oxidation.(91) The 

water soluble antioxidants urate and bilirubin have been shown to inhibit peroxidation of 

lipids in vitro. However, at present their involvement in this process in vivo remains unclear. 
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1.5 THE CONCEPT OF DISEASE ACTIVITY 

The events leading to the lesion initiation and establishment of the mature atherosclerotic 

lesion have been reviewed. The classical mature atherosclerotic lesion involves a central core 

of foam cells with extracellular cholesterol arranged in so-called cholesterol ‘clefts’. Overlying 

the central core of necrotic debris is a fibrous cap comprised of extracellular matrix, smooth 

muscle cells and collagen. Lesions may remain quiescent in this state for many years and to 

effect atherosclerotic disease activity (i.e., heart attack or stroke), the lesion must become 

activated. Activation of the lesion is initiated by rupture of the atherosclerotic plaque to 

expose the contents to the luminal surface of the artery. Contact with blood components in 

the plaque then leads to a thrombotic response that may precipitate a vascular event. 

 

1.5.1 The fibrous cap 

For many years, end organ ischaemia was thought to result as a consequence of progressive 

narrowing of the arterial lumen and loss of blood flow. Although rupture of the atherosclerotic 

plaque was proposed in the first half of this century,(92) it is only in the past 15 years that this 

phenomenon has been appreciated in the genesis of clinical events in atherosclerosis. Autopsy 

studies have consistently identified a number of morphological features that are associated 

with recently ruptured atherosclerotic plaque. These include a large necrotic core of lipid and 

cellular debris, a thin fibrous cap that is often eccentric, and often a relatively modest 

protrusion into the arterial lumen.(93,94) One theory for these morphological characteristics 

concerns mechanical stresses on the fibrous cap. In particular, the presence of a large soft lipid 

core compromises the structural integrity of the cap as the core is unable to bear mechanical 

forces and focuses available forces on the fibrous cap.(95) Large portions of these forces are 

concentrated at the junction of the fibrous cap with a normal vessel, the so-called shoulder 
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region. This region of the plaque, coincidentally, is the region most likely to rupture, based on 

autopsy studies.(93) 

 

Among the major components of the atherosclerotic plaque is extracellular matrix, consisting 

of collagens types I, III, IV, and V, elastin, proteoglycans, and glycoproteins. These components 

interact to form a complex network that gives blood vessels their elastic physical 

characteristics. Continual mechanical stresses will cause weakening of the vessel wall if the 

structural integrity and physical properties of the matrix are not maintained. The matrix 

composition is determined by a group of enzymes known as matrix metalloproteinases 

(MMPs). The matrix, therefore, rather than being merely a system of scaffolding for the 

surrounding cells, is a dynamic structure that is central to the control of vascular remodelling. 

Connective tissue repair and remodelling to maintain matrix integrity involves the synthesis 

and removal of these proteins, a process that depends on the action of a range of proteases 

and their inhibitors. 

 

1.5.2 The matrix metalloproteinase family 

MMPs are a family of Zn2+ and Ca2+- dependent enzymes, which are important in the 

resorption of extracellular matrices in both normal physiological processes and pathological 

states. The MMP subgroups include the collagenases that degrade structural type I to III 

collagens only, type IV collagenases/gelatinases, which act in particular on the basement 

membrane components and partially degraded collagen, and the stromelysins, which have 

broad substrate specificity (proteoglycans, laminin, fibronectin, gelatin, and basement 

membrane collagens). The MMPs once activated can degrade all extracellular matrix 

components. It is important, therefore that the activity of these enzymes is kept under tight 
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control.(96,97) 

 

A number of cytokines and growth factors have been shown to induce or stimulate the 

synthesis of MMPs, including interleukin-1 (Il-1), platelet derived growth factor (PDGF), and 

tumour necrosis factor-α (TNF-α). These are released by foam cells, SMCs and macrophages in 

the atherosclerotic plaque.(98,99) 

 

1.5.3 Inhibitors of MMPs 

The MMPs are inhibited by a family of naturally occurring specific inhibitors called tissue 

inhibitors of metalloproteinases (TIMPS).  These are secreted multifunction proteins that are 

essential in the regulation of connective tissue metabolism. Three types have been identified 

to date, TIMP-1, TIMP-2, and TIMP-3. TIMP-1 is synthesised by most connective tissue cell 

types as well as macrophages and acts against all members of the collagenases, stromelysins, 

and gelatinase class of enzyme. It forms high affinity reversible non-covalent complexes with 

the active forms of the enzymes. It is highly expressed in actively resorbing tissues, and its role 

is to regulate enzyme activity tightly, at the level of activation of MMPs from both their latent 

form and their catalytic activity.(100) The net level of proteinase activity is therefore 

dependent on the relative concentrations of enzymes and inhibitors. 

Atherosclerotic plaque disruption predominantly occurs in the shoulder of the plaque. This 

area has been found to be rich in macrophages,(101) and the production of MMPs had been 

found to be significantly higher in this region than in other parts of the plaque.(99) MMP (in 

particular MMP-2 and MMP-9) activity in coronary plaques has been shown to correlate 

closely with the onset of unstable angina.(102) MMP-2 is constitutively expressed in vascular 

smooth muscle cells in normal arteries while plaques exhibit increased levels of expression. 
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Plaques prone to acute disruption also exhibit induction and activation of MMP-9 in smooth 

muscle cells and inflammatory macrophages. More recently, the level of MMP-9 has been 

shown to be four times higher in the most unstable plaques based on symptomatology, 

embolisation and histological features of plaque instability,(103) and plasma MMP-9 has also 

been shown to be higher in patients with unstable carotid plaques.(104) 
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1.6 CAROTID ARTERY STENOSIS 

Stroke is the third leading cause of death in the United States each year. The earliest report-

linking stroke with extracranial vascular disease is credited to Gowers, who in 1875 described a 

patient with right hemiplegia and blindness in the left eye.(105) He attributed this syndrome 

to an occlusion of the left carotid artery in the neck. Several similar reports soon 

followed.(106-108) In spite of these early reports, work in this field remained relatively 

dormant until Moniz and his coworkers reported in 1937 that arteriography could be used to 

diagnose carotid artery occlusion.(109) The first report of a successful surgical procedure on 

the extracranial carotid artery appeared in 1954: Eastcott and colleagues described their 

experience with a patient who had transient ischaemic attacks.(110)  

The surgical approach to cerebrovascular disease is predicated on the relief of symptoms of 

cerebral dysfunction and the prevention of cerebral infarction or stroke by excision of a critical 

lesion in the extracranial carotid artery.  

 

1.6.1 Ischaemic stroke  

This is an ischaemic injury to the brain that causes a persistent clinical neurological deficit at 24 

hours. The severity of the neurological deficit is not the determinant for the diagnosis of 

stroke, only that the deficit is present at 24 hours.  

There have been several studies on the natural history of stroke.(111,112) Wallace studied 158 

cases of stroke of which 101 were due to cerebral infarction. The mortality rate of the first 

attack was 37%, and the recurrence rate among survivors was 35%. The mortality rate with 

first recurrence was 35% but the mortality rate for subsequent recurrences in survivors of a 

first recurrence was 65%. This data indicates that cerebral infarction produces significant 

morbidity and mortality.  
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1.6.2 Transient ischaemic attacks 

Transient ischaemic attacks (TIAs) are ischaemic neurologic deficits that produce focal 

neurologic symptoms and signs that completely resolve in 24 hours. Short TIAs that resolve 

within minutes usually do not cause permanent damage to the central nervous system but a 

longer TIA that lasts for hours can be associated with cell death.  

In a review of the literature Wiebers and Whisnant noted that of the available studies, the 

reported annual stroke incidence in patients with TIA ranged from 5.3% to 8.6% per year for 

the first 5 years. They concluded that the average annual stroke rate among TIA patients was 

7% per year for the first 5 years or that approximately one third of patients with TIA will suffer 

a stroke within 5 years of onset.(113) 

 

1.6.3 Pathology  

The primary pathologic entity responsible for cerebrovascular disease is atherosclerosis, which 

accounts for over 90% of lesions seen in the Western world. The remaining 10% include such 

entities as fibromuscular dysplasia, intimal dissection and the inflammatory angiopathies. 

Atheromatous lesions characteristically occur at branches or arterial bifurcations. The common 

sites include (1) the points of take off for the branches of the aortic arch; (2) the origins of the 

vertebral artery from the subclavian artery; (3) the bifurcation of the common carotid artery 

and particularly the carotid bulb; and (4) the origins of the anterior and middle cerebral 

arteries. Extracranial cerebrovascular disease is estimated to cause up to 70% of ischaemic 

strokes.(114, 115) 

Without question, the most common of these locations is the carotid bifurcation, which will be 

discussed in detail. 
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1.6.4 Pathogenetic mechanism of cerebral dysfunction 

Lateralising TIAs 

Several theories have been proposed to explain ischaemic events that are transient in nature. 

These have included cerebral angiospasm, mechanical reduction of cerebral blood flow 

secondary to a critical arterial lesion, and cerebral emboli resulting from atherosclerotic 

plaques. It is now thought that hemispheric TIAs can be best explained as a manifestation of 

cerebral embolisation originating from the plaque surface. These emboli may consist of 

atheromatous debris, platelet aggregates, or thrombus. Embolisation may occur either at the 

time an atheromatous plaque ruptures into the luminal surface and dislodges atheromatous 

contents into the bloodstream, or from secondary platelet or thrombus aggregation on the 

surface of the plaque.  

 

Completed stroke 

This represents an area of brain infarction. Cerebral infarction can result from embolic 

occlusion of a critical vessel, thrombosis of an end vessel, or an acute deprivation of blood flow 

as a result of proximal arterial occlusion with inadequate collateral circulation through the 

circle of Willis.  

 

Figure 8 Pathogenesis of ischaemic stroke in carotid artery stenosis 
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1.6.5 Diagnosis and management of carotid artery stenosis 

Clinical evaluation 

A history of a lateralising TIA, amaurosis fugax or ischaemic stroke with symptoms in the 

territory of the middle cerebral artery are suggestive of carotid artery stenosis. Neurological 

examination should be carried out looking for focal neurological signs, and auscultation of the 

carotid arteries to determine if there is a bruit. Presence of a carotid bruit is suggestive of 

arterial disease but is not necessarily predictive of the severity of that disease. The variable 

significance of the carotid bruit was highlighted in a study of symptomatic patients referred to 

the Bristol Vascular Laboratory.(116) It was found that a carotid bruit was audible over the 

appropriately symptomatic carotid artery in only 45% of cases. Absence of a bruit did not 

indicate the absence of disease and a high-grade stenosis was often silent. In the Framingham 

population study, the vast majority of strokes were thrombo-embolic and occurred in 

individuals who had no carotid bruits.(117)  In the group with asymptomatic carotid bruits, an 

increased incidence of stroke was noted; however these correlated with the side of the bruit in 

less than 50% of cases. Since the presence or absence of a bruit is unreliable, it is essential in 

all patients where a lesion of the carotid artery is suspected that a carotid artery duplex should 
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be carried out. 

 

Duplex scanning 

Ultrasonic duplex scanning was initially developed by Barber et al(118) because of the 

perceived shortcomings of imaging and pulsed Doppler methods when used separately. The 

Doppler technique is capable of providing important flow-related data but is of limited value 

unless the sampled site is known. The ultrasonic image may provide important morphologic 

information, but has difficulties in distinguishing thrombus and has been shown to be 

inaccurate in classifying the degree of stenosis.  

The combination of B-mode and Doppler ultrasound in the form of a Duplex scanner 

overcomes many of the individual limitations of each technique. 

Since its introduction there have been dramatic improvements in both Doppler and B-mode 

quality, instrument reliability and versatility. Although its uses were originally confined to the 

carotid arteries, it is now being widely applied to vascular diagnosis in other areas.  

Technique of carotid artery examination 

The B-mode image is used to identify the vessels that are recognised by their prominent wall 

echoes separated by a dark sonographic lumen. The pulsed Doppler sample volume is 

selectively placed at specific locations within the vessel to assess the velocity patterns.  

Most of the interpretation of the examination relies on using the velocity indices, with a higher 

velocity suggestive of a higher-grade stenosis.  

 

1.6.6 Management of carotid artery disease 

Carotid endarterectomy 

This procedure can be performed under either local or general anaesthesia. Local anaesthesia 
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has the advantage of allowing the surgeon to evaluate the patients’ tolerance to carotid 

clamping. 

At operation the carotid bifurcation is exposed. The common carotid, internal and external 

carotid arteries are clamped, an arteriotomy is performed and a shunt maybe inserted. The 

atheromatous lesion in the internal carotid artery is excised, the shunt removed and the 

arteriotomy closed. 

 

The method of arteriotomy closure after CEA has been a matter of considerable debate.(119-

121) Recent articles(122-124) indicate patch closure is independently associated with a 

decreased incidence of recurrent stenosis compared with primary closure following 

endarterectomy.  

 

 

 

Complications of CEA 

Wound complications 

2. Plaque is removed 
from the artery 

Blocked 
section of 
artery 

1. Artery is opened 
revealing plaque 

3. Clean artery is 
sutured 

Figure 9 Carotid endarterectomy 
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Haematoma: Although carotid reconstruction is performed with the use of full heparin 

anticoagulation and preoperative antiplatelet therapy, the incidence of postoperative 

haematoma is surprisingly low, around 1%.(125,126) Infection and false aneurysm:  

Postoperative cervical infections almost never occur because the neck represents a clean 

surgical field with abundant circulation, and only anecdotal reports of carotid false aneurysms 

have been described.(127)  Cranial nerve dysfunction:  The hypoglossal nerve descends into 

the neck medial to the internal carotid artery before crossing anterior to the external carotid 

artery to enter the base of the tongue. It is therefore vulnerable in carotid surgery and the 

incidence of damage to it has been reported to be from 5-8%.(128,129)  Operative stroke:  

Carotid endarterectomy must be associated with a low incidence of iatrogenic stroke if it is to 

be considered a reasonable alternative to non-operative management of cerebrovascular 

disease. Remarkable improvements have been made in this respect since the Joint Study of 

Extracranial Arterial Occlusion reported, for operations performed prior to 1969, an overall 

mortality of 8% and determined that fatal complications occurred in 42% of patients who had 

sustained completed strokes within the 2 weeks preceding surgery.(130,131) The incidence of 

perioperative stroke is now much lower. In a collective review of 25 series reported between 

1980 and 1996, Rothwell and associates(132) calculated an aggregate combined stroke and 

mortality rate of 3.4% for asymptomatic patients and 5.2% for symptomatic patients. 

 

1.6.7 Selection of patients for surgery 

Symptomatic disease 

1991 was a landmark year in the management of carotid stenosis with the publication of both 

the European Carotid Surgery Trial (ECST)(133) and the North American Symptomatic Carotid 

Endarterectomy Trial (NASCET).(134) The ECST published data about the risk of stroke in 
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symptomatic patients with mild (0-29%), moderate (30-69%) and severe (70-99%) carotid 

stenosis. For those with minor or moderate stenosis, CEA did not confer significant benefit 

over best medical therapy alone, and is not indicated in the treatment of these 

patients.(133,135) The annual risk of stroke in patients with a symptomatic stenosis of 0-49% 

and 50-69% stenosis is less than 3% and 5% respectively. In those patients with severe (70-

99%) stenosis, the 3-year risk of stroke was 21.9% in medically treated patients and 12.3% in 

patients treated with surgery. This equates to a 9.6% absolute risk reduction. The findings in 

the NASCET study were similar.  

 

In practical terms, the ECST and NASCET results mean that with an operative death and any 

stroke rate of less than 5%, CEA should be offered to those symptomatic patients with carotid 

stenosis between 70 and 99%. 

 

Asymptomatic disease 

In patients with asymptomatic carotid stenosis there have been three major studies, the 

Veterans Administration (VA) Study, the Asymptomatic Carotid Atherosclerosis Study (ACAS), 

and most recently the Asymptomatic Carotid Surgery Trial (ACST).  

The VA study(136) showed that surgery was of some benefit in reducing the risk of TIA and 

stroke but the overall value of surgery was lessened by late deaths particularly from other 

vascular diseases and myocardial infarction. ACAS(137) showed the risk of stroke or death in 

surgical patients to be 5.1% as compared with 11% in medical patients. However CEA did not 

prevent disabling stroke and there was little benefit in women. In the ACST(138) 3120 

asymptomatic patients were randomised to CEA or best medical treatment. It was found that 

surgery approximately halved the five-year stroke risk. The reduction applied to both men and 
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women suggesting that CEA should be offered to asymptomatic patients less than 75 years of 

age with carotid stenosis.     
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1.6.8 Non-surgical management 

The basis of non-surgical management of carotid artery disease is the modification of risk 

factors. Patients should be encouraged to stop smoking and if necessary given advice on 

smoking cessation strategies. Patients should also be given a statin as the recent publication of 

the MRC/BHF Heart Protection Study(139) has shown that statins decrease the risk of 

myocardial infarction and stroke in patients with a wide range of pre-treatment cholesterol 

levels, therefore suggesting that all patients with atherosclerosis should be on a statin 

regardless of their cholesterol level. Aggressive measures should be taken to lower both 

systolic and diastolic blood pressure. Finally, blood sugar control is also essential.  

 

In addition to risk factor modification, other factors have been used to slow the progression of 

peripheral atherosclerosis and to decrease cardiovascular morbidity and mortality. The role of 

platelets in thrombus formation has led to many studies on the effectiveness of various 

antiplatelet agents, particularly aspirin, in preventing thrombus formation and subsequent 

acute ischaemic events. A comprehensive overview of the efficacy and safety of antiplatelet 

agents in the prevention of ischaemic events in high-risk patients was performed via a meta-

analysis conducted by the Antiplatelet Trialists’ Collaboration.(140) The results showed 

conclusively that when compared to placebo, antiplatelet therapy reduces the risk of 

ischaemic events by approximately 25%. Clopidogrel, an inhibitor of adenosine diphosphate 

induced platelet aggregation, has been reported to be more effective than aspirin in 

preventing cardiovascular events in patients with atherosclerosis.(140,141) 

Therefore all patients with carotid artery disease should be treated with antiplatelet agents 

unless they are contraindicated. 
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1.7  RECURRENT CAROTID STENOSIS 

Although its true incidence and clinical implications remain controversial, recurrent stenosis 

can occur at any time following endarterectomy. Most recurrent lesions are caused by either 

of two aetiologic factors, myointimal hyperplasia which is generally seen within 24 months 

following surgery,(142) or secondary atherosclerosis which occurs after 24 months and is more 

closely associated with smoking and hyperlipidaemia.(143,144) Myointimal hyperplasia is firm, 

homogenous and has a high collagen and smooth muscle content not prone to ulceration or 

calcification,(145-147) and is thought to cause less turbulence at the lesion site and minimise 

the potential for embolism. This may explain why the reported clinical behaviour of early 

recurrent stenosis is more benign. These lesions have also been reported to remodel with a 

decrease in the severity of stenosis with time.(148-150) 

The reported incidence of recurrent carotid stenosis is quite variable, ranging from <2% to as 

much as 30%.(145,151-153) Early recurrent stenosis, within 2 years is said to occur in 4% to 

19%.(148,149,151,154)   

 

Vascular repair following endarterectomy is a very complex phenomenon that involves a local 

intense inflammatory response, smooth muscle cell proliferation and migration, and 

extracellular matrix production and contraction. Thus it may be considered the vascular 

manifestation of a general biological response to tissue injury, reflecting the systemic wound 

healing process.(155,156) It has been suggested that systemic and local redox state may have 

an important role in the functional and organic changes characterising the process of vascular 

response to injury.(157-159) In an animal model it has been shown that vascular repair is 

negatively influenced by a high oxidation state of circulating LDL and benefits from antioxidant 

vitamin administration.(159) Recently in humans, vascular surgery such as CEA has been 
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shown to be associated with a transient increase in systemic oxidative stress,(160) which has 

an important role in promoting and conditioning vascular healing and renarrowing. It has also 

been demonstrated that antioxidants such as probucol(161) and vitamin C(162) administrated 

before or immediately after percutaneous coronary angioplasty were able to significantly 

attenuate restenosis which adds further confirmation to the increased oxidative stress theory.  

 

In conclusion, CEA to remove atherosclerotic plaque is followed by a long lasting healing and 

remodelling process that may be affected by oxidative stress and influence restenosis.   

 

1.8 STATINS 

As discussed previously, hyperlipidaemia is a major risk factor for atherosclerosis. It therefore 

stands to reason that reduction of lipid levels is of major importance in the medical 

management of atherosclerosis. The most effective drugs at lowering cholesterol levels are 

statins. Statins are inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase, 

the enzyme catalysing the rate-limiting step of cholesterol synthesis in the liver. Statins 

therefore decrease synthesis of cholesterol by the liver which results in two important effects: 

the up-regulation of LDL receptors by hepatocytes and consequent increased removal of apo B 

and E- containing lipoproteins from the circulation, and a reduction in the synthesis and 

secretion of lipoproteins from the liver. The net effect of statin therapy is to lower plasma 

concentrations of cholesterol carrying proteins, the most prominent of which is LDL. 

Importantly, however statins also increase the removal and reduce the secretion of remnant 

particles, i.e., very low density lipoprotein (VLDL) and intermediate density lipoprotein (IDL). 

This means that in patients who have an elevation of both LDL cholesterol and triglycerides a 

statin is the therapy of choice because of its ability to effectively lower LDL cholesterol levels.  



 50 

Clinical trials have demonstrated that statin therapy greatly reduces cardiovascular related 

mortality in patients with and without coronary artery disease.(163-168) This database of trials 

is consistent in its positive results. In particular, clinical trials in the 1980s and 1990s have 

provided compelling evidence of the benefits of cholesterol lowering. Low-density lipoprotein 

cholesterol levels serve as the focus of cholesterol treatment guidelines.(169,170) 

 

However, an improvement in cardiovascular endpoints and coronary stenosis is incompletely 

explained by the baseline or treated LDL cholesterol level.(163-168) The relationship between 

baseline and treated LDL cholesterol levels and cardiovascular endpoints has been evaluated in 

several clinical trials.(163,165,167) In the Scandinavian Simvastatin Survival study, it was 

reported that major coronary events were reduced by similar amounts regardless of the 

baseline LDL cholesterol level.(163) The West of Scotland Coronary Prevention Study 

(WOSCOPS) evaluated the relationship between on-treatment LDL-cholesterol levels or total 

cholesterol change and coronary heart disease (CHD) risk. The CHD event rate in Pravastatin 

treated patients was not related to the magnitude of LDL cholesterol level lowering when the 

LDL cholesterol level reduction ranged from 19 – 54%.(165) These studies therefore suggest 

that the beneficial effects of statins on clinical events may involve non-lipid mechanisms that 

affect endothelial function, smooth muscle cells and monocyte-macrophage function, 

inflammatory responses, and plaque stability.(171-173) These nonlipid mechanisms of statins 

may contribute to the cardiovascular event reduction and explain the early clinical benefit in 

these clinical trials.(165-167) 

 

1.8.1 Effects of statins on inflammation 

Subjects with hypercholesterolaemia have increased adhesiveness of isolated monocytes to 
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endothelial cells, which in vitro is diminished with the addition of statins.(174) This effect of 

statins may be mediated through decreasing the expression of LDL receptors on 

monocytes.(175) 

 

C-reactive protein (CRP) is a marker of inflammation.(176) Strandberg et al (177) 

demonstrated that simvastatin or atorvastatin lowered CRP in hyperlipidaemic coronary 

patients. The association between CRP and subsequent risk of recurrent coronary events was 

demonstrated in the Cholesterol and Recurrent Events Trial.(178) Those randomised to 

Pravastatin had significant reduction of CRP that was not related to the magnitude of lipid 

alteration observed. 

 

1.8.2 Effects of statins on plaque stability 

Collagen is the main component of fibrous caps and is responsible for their tensile strength. 

Macrophages are capable of degrading extracellular matrix by phagocytosis or by secreting 

proteolytic enzymes (MMPs) that may weaken the fibrous cap, predisposing to its rupture. 

Lipids in the atheroma not only create mechanical instability, but also biologically active lipids 

participate in promoting oxidative stress and inflammatory responses such as monocyte 

migration. Lipid lowering may therefore influence the matrix degradation cascade that appears 

most active in macrophage rich areas of the atheroma, as well as promote mechanical stability 

within the plaque. 

Lowering blood LDL cholesterol levels may facilitate plaque stability either through a reduction 

in size(179) or by an alteration of the physiochemical properties of lipid cores.(180) Hydrolysis 

of liquid cholesterol esters to solid cholesterol crystal can yield firmer plaques.  In this regard, 

Aikawa et al(181) demonstrated that lipid lowering favoured accumulation of mature smooth 
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muscle cells in the atherosclerotic intima and that these smooth muscle cells displayed 

reduced expression of MMP-3 and 9. Xu et al.(182) demonstrated that oxidised LDL 

upregulated MMP-9 expression while reducing TIMP-1. Statins have recently been shown to 

inhibit MMP production by macrophages in culture, an inhibition reversed by the addition of 

mevalonate.(183) This data strongly support the potential for non-lipid effects of statins. 

 

1.9 INTIMA-MEDIA THICKNESS OF THE COMMON CAROTID ARTERY 

Various non-invasive markers of early arterial wall alteration are currently available, such as 

arterial wall thickening and stiffening, endothelial dysfunction and coronary artery 

calcification.(184) Intima media thickness (IMT) of the common carotid artery was 

recommended as a useful parameter to assess the presence of coronary artery disease in a 

recent publication of the American Heart Association.(185) IMT is the combined thickness of 

the arterial intima and media as measured on B-mode ultrasound. It is a relatively simple 

procedure, and represents a safe, inexpensive, precise and reproducible measure.(186) This 

explains why IMT is increasingly used in clinical research: (i) to test the value of new or 

emerging risk factors by means of observational or epidemiological studies in groups of 

patients or in general populations,(187) and (ii) to evaluate effects of risk factor modifications 

by various drugs on the progression of early arterial wall alteration in therapeutic trials.(188) 

In clinical practice, measurement of IMT is not performed as a routine investigation but the 

predictive value of IMT with regards to cardiovascular complications has been established in 

several prospective studies, suggesting that IMT measurement may be used in future to 

stratify cardiovascular risk of asymptomatic patients in primary prevention.(189) 
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1.9.1 Methods of measurement 

There are important differences in B-mode measurement of carotid IMT between 

laboratories.(190) These may concern IMT image acquisition as well as IMT image analysis. 

They can also involve the determination of the echo boundary defining the IMT 

interfaces,(191) which may be manual cursor placement or automated computerised edge 

detection. Two main approaches are used for measuring IMT according to the above criteria: 

(i) measurement at multiple extracranial carotid sites in both near and far walls(192) and (ii) 

automated computerised measurement restricted to the far wall of the distal common carotid 

artery.(193) 

 

Far wall common carotid computerised measurement 

The superficial and straight distal segment of the common carotid artery offers the best 

geometric conditions for obtaining a high precision and reproducibility rate of ultrasound IMT 

measurement.(194) Firstly IMT is not measured at a single point but averaged on 

approximately 100 points of measure along at least 1cm of longitudinal length of the vessel. 

Secondly, the distal carotid provides an optimal ultrasound image clearly defining IMT (i.e. the 

double line pattern); this image consists of two parallel echogenic interfaces: the first one 

between the blood and the intima and the other between the media and the adventitia.(191) 

Finally, IMT image is frozen and transferred to a computer.(193) Then a program of analysis 

allows an automated measurement of IMT to be performed without reader dependence. 

These computerised procedures improve the precision and reproducibility rate of the IMT 

measurement, providing approximately 3% of relative difference between two successive 

measures.(195) However, the measure of IMT in the distal common carotid artery suffers from 
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the inability to assess whether IMT represents atherosclerosis (intimal thickening) or vascular 

hypertrophy (medial thickening), or both. The reason that ultrasonography cannot distinguish 

between intimal or medial thickness in the IMT measurement is because of insufficient axial 

resolution. Therefore IMT when measured in the distal common carotid artery free from 

intrusive atherosclerotic plaque, should be considered as a marker of early arterial wall change 

rather than as a surrogate for atherosclerosis. The premise usually applies to all segments 

including the distal common carotid artery. The common carotid is less likely to have intrusive 

plaque than the bifurcation and internal segments and therefore may not be the most 

appropriate segment to study if the objective is a specific investigation for atherosclerosis. 

 

1.9.2 Relationship to arterial risk 

A close relationship of IMT has been found with a number of cardiovascular risk 

factors.(187,196-200) Traditional risk factors such as male sex,(193) ageing,(193) obesity,(193) 

hypertension,(201-206) hypercholesterolaemia,(207-209) diabetes and insulin resistance(210-

212) and cigarette smoking(213,214) are positively associated with carotid IMT in 

observational and epidemiological studies in patients with cardiovascular risk and in the 

general population. Of all traditional risk factors, hypertension appears to have the greatest 

effect on IMT, probably via medial hypertrophy, which is a process specifically related to this 

disease.(207-209) 

 

1.9.3 Relationship to clinical events 

Several prospective studies of asymptomatic subjects in primary prevention have tested the 

predictive value of IMT with regard to clinical cardiovascular complications(215-220) such as 

myocardial infarction or stroke. All these studies are concordant in demonstrating that 
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increased IMT is a powerful predictor of coronary and cerebrovascular complications whatever 

the method of measurement. 

 

1.9.4 Therapeutic trials on IMT 

Because of its quantitative value and high precision and reproducibility rates, carotid IMT 

measurement is more and more frequently used in therapeutic trials to test the effects of 

drugs. Various trials have tested the effects of lipid-lowering drugs (statins) on carotid 

IMT.(221,222) They have shown that statins as opposed to placebo significantly decreased IMT 

progression over 4 years in hypercholesterolaemic patients. 

 

1.10 CAROTID PLAQUE MORPHOLOGY 

1.10.1 Plaque composition 

Two types of atherosclerotic lesions are found, simple fibrous plaques and complicated 

lesions. The simple fibrous plaque appears whitish and generally consists of a central core of 

lipid (principally cholesterol) and cell debris, surrounded by smooth muscle cells, collagen and 

elastic fibres. A fibrous cap of variable thickness separates the lipid core from the lumen.(223) 

A fibrous plaque can degenerate to form a complicated lesion. These plaques can become 

calcified and haemorrhage is often found within the lesion, which can often become irregular 

and ulcerated on the surface.(223) 

 

The importance of intraplaque haemorrhage 

Intraplaque haemorrhage (IPH) is noticed early on as a characteristic of carotid artery plaques 

and much emphasis has been placed on its relation to symptoms. It has been attributed to 

three sources: 1) rupture of vessels derived from the vasa vasorum in the base of the lesion; 2) 
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rupture of the superficial vessels (possibly derived from the lumen); 3) dissection of blood 

from the arterial lumen through an ulcer or fissure.(224) 

Several studies have concentrated on the incidence of IPH in the carotid plaque specimens 

taken at endarterectomy. The overall incidence of IPH varies from 87%(225) to only 31%.(226) 

Some studies have found a significant correlation between the presence of IPH and 

symptoms(226-229) whereas others have demonstrated no correlation.(230-234) With this 

conflicting evidence it is difficult to draw conclusions on the role of IPH in producing symptoms 

and this needs to be investigated further. 

 

The importance of ulceration in carotid plaques 

Ulceration has been noted as a feature of plaques removed at carotid endarterectomy and 

many studies have been done to see whether ulceration makes a plaque symptomatic. 

Ulceration has been defined as an observable disruption of the intima, exposing adjacent 

atheromatous plaque or media. Ulceration is believed to be important because it causes 

exposure of the thrombogenic layers of the plaque and subsequent thrombus adhering to the 

plaque can break off to produce emboli.  

Again there is conflicting evidence as to the relevance of plaque ulceration. Imparato et al(226) 

found no significant difference between the numbers of symptomatic plaques with ulcerations 

compared to asymptomatic plaques. He also found no correlation between the degree of 

stenosis and the occurrence of ulcers. Bassioumy et al(230) agreed, finding no significant 

difference in the numbers of ulcers between the groups. However he did find a higher 

incidence of ulceration in the plaques producing a higher-grade stenosis. In contradiction, 

Fryer et al(227) found that 67% of symptomatic plaques had ulceration compared to 30% of 

asymptomatic plaques and Sterpetti et al(235) also found that ulceration was statistically 
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related to the presence of hemispheric symptoms. 

 

There are still many important questions concerning carotid plaque morphology not answered 

conclusively. Randomised trials like the North American Symptomatic Carotid Endarterectomy 

Trial, the European Carotid Surgery Trial and The Asymptomatic Carotid Surgery Trial have 

helped to determine the optimum treatment for patients with different categories of carotid 

bifurcation disease defined by degree of stenosis, but more work needs to be done on how 

plaque morphology relates to symptoms of carotid disease. 
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2.1 BACKGROUND  

Although the pathogenesis of atherosclerosis remains undetermined, an important event in its 

development has been suggested to be the infiltration, activation and accumulation of 

macrophages within the vessel wall and the uptake by these cells of oxidised low-density 

lipoprotein (LDL).  Native LDL is not readily taken up by macrophages but oxidised LDL is 

rapidly scavenged, converting resident macrophages to foam cells.  Modified-LDL is a potent 

chemoattractant for circulating monocytes.  Paradoxically, it is also a potent inhibitor of the 

motility of resident macrophages, possibly by increasing the expression of adhesion molecules 

on the endothelium, such as ICAM-1 and VCAM, which increases adhesiveness of inflammatory 

cells to the vessel wall.  This, together with its chemoattractive activity, will lead to a local 

accumulation of inflammatory cells. These macrophages can produce reactive oxygen species 

e.g. the superoxide radical and hydrogen peroxide causing more lipid peroxidation. This may 

explain the relationship observed between the extent of atheroma formation and lipid 

peroxidation. High plasma concentrations of several byproducts of lipid peroxidation have 

been shown to be the best predictors of increased carotid wall thickness.  

 

Collagens and other extracellular membrane components found in atherosclerotic plaques are 

degraded by a family of enzymes called metalloproteinases. These are produced by a variety of 

cell types including macrophages and neutrophils found in the plaque.  The ability of 

metalloproteinases to degrade extracellular membrane proteins is essential for the matrix 

remodelling that occurs during infiltration of inflammatory cells, intimal thickening, 

angiogenesis and plaque rupture which are all a result of atherosclerosis. Increased 

metalloproteinase activity may occur due to stimulation of metalloproteinase expression by 

cytokines and growth factors, activation of metalloproteinases and down regulation of their 
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tissue inhibitors. The serum and tissue levels of matrix metalloproteinase–9 have been found 

to be raised in the patients with unstable carotid plaques. It may therefore provide a useful 

systemic marker of plaque instability and the risk of embolisation. 

 

The progression of atherosclerotic lesions, especially complicated necrotic and haemorrhagic 

plaques, can give rise to devastating clinical events.  In the carotid territory cerebral ischaemic 

episodes may occur. The risk of stroke in patients with evidence of severe carotid artery 

stenosis greater than 70% is approximately 20% over a three-year period. Recent multi-centre 

studies have provided convincing evidence that carotid endarterectomy is the better 

treatment compared to medical therapy in those patients with symptomatic and 

asymptomatic severe stenosis. Unfortunately, surgery is not without risk and 15-20% will 

develop restenosis. 

   

It has been shown that reducing circulating levels of lipoprotein molecules using lipid-lowering 

agents such as the 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors 

may retard the progression of atherosclerotic plaques. Pravastatin has been found to reduce 

total cholesterol, apolipoprotein B and triglycerides while increasing HDL cholesterol and 

apolipoprotein A1. It significantly reduces LDL within one week, which reaches a new steady 

state by four weeks. These agents have been shown to be effective in reducing the risk of 

ischaemic cardiac events and strokes. Statins are able to retard the development of carotid 

atherosclerosis in patients with coronary heart disease not only in patients with 

hypercholesterolaemia but also in a wide range of pretreatment cholesterol levels.  

IMT of the common carotid artery is a marker for generalized atherosclerosis and has been 

shown to correlate with the risk of coronary artery disease. A reduction in progression of the 
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intima-media thickness has been observed in a group of hypercholesterolaemic patients taking 

Pravastatin compared to those on placebo.  

 

One possible mode of action of statins may be the reduction of inflammatory cells within the 

atherosclerotic plaque. They have been shown to attenuate monocyte and leucocyte 

adhesiveness, which is observed in subjects with hypercholesterolaemia. By abrogating the 

process of atherogenesis in these lesions or by minimising the progression of arterial 

narrowing, the number of patients requiring surgery and therefore placed at risk may be 

reduced, as carotid endarterectomy is not without morbidity and mortality. 

 

2.2 HYPOTHESIS 

We postulate that: 1) statins may decrease inflammatory and lipid peroxidation products in 

normocholesterolaemic patients; 2) symptomatic patients may have less stable plaques, and 3) 

restenosis following endarterectomy is related to the oxidative induced inflammatory process. 
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2.3 AIMS 

The aims of this thesis are to therefore:  
 

1) Elucidate the mechanism of action of pravastatin that is independent of the lipid 

lowering effects. 

2) Compare blood and plaque characteristics in symptomatic and asymptomatic patients 

with carotid artery stenosis, and  

3) Investigate the incidence of recurrent carotid stenosis and its relationship to lipid 

induced oxidative injury. 
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3.1  PATIENTS 

All patients with carotid artery disease referred to the Vascular Surgery Unit of Belfast City 

Hospital between August 2001 and February 2003 were considered. Written informed consent 

was obtained. Demographic details, relevant history, risk factors for vascular disease, current 

medications were recorded and random cholesterol was measured. Carotid duplex was carried 

out by one of 2 trained technicians to confirm the severity of stenosis.   

 

Those patients not on a statin with cholesterol level less than 5.5mmol/l were selected, and 

subdivided into 2 subgroups depending upon whether they were to undergo carotid 

endarterectomy (CEA). Patients were advised to undergo CEA if they had stenosis greater than 

70% and had suffered a focal neurological event related to the stenotic carotid artery within 6 

months. If they had a carotid stenosis greater than 70% but were asymptomatic surgery was 

offered depending on the wish of the patient. These patients were assigned to group I. Group 

II consisted of patients with mild or moderate carotid stenosis or patients with severe 

asymptomatic stenosis who were treated with best medical therapy.  

 

Group I 

Twenty mls of blood was collected by direct venous puncture and patients were randomised in 

a blinded fashion, in blocks of four, to receive either Pravastatin 40mg daily, or placebo. Six 

weeks following randomisation, (the waiting time in the unit) these patients were admitted for 

CEA. A further 20mls of blood was taken preoperatively. CEA was carried out as described in 

section 3.2 and at operation the carotid plaque was excised and prepared as described below.  
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Group II 

Fifteen mls of blood was collected by direct venous puncture and IMT of both common carotid 

arteries measured. Patients were also randomised in a blinded fashion, in blocks of four, to 

receive either Pravastatin 40mg daily, or placebo. Subjects were reassessed at 3 monthly 

intervals until termination of the study. At each visit, a blood sample was taken and IMT 

measured.  

 

All other patients undergoing CEA regardless of their preoperative cholesterol level or 

medications had a preoperative blood sample taken and the plaque prepared for further 

analysis.  

 

3.2 ANAESTHESIA AND SURGERY 

CEA was carried out under either local or general anaesthesia. All patients were premedicated 

2 hours prior to surgery with diazepam and ranitidine. For those undergoing local anaesthesia, 

a deep and superficial cervical plexus block was administered with up to 150mg 0.375% 

chirocaine. This was supplemented as necessary by the surgeon with 1% lignocaine. A carotid 

shunt was only inserted if neurological deficit became apparent after clamping of the internal 

carotid artery.  

Those undergoing general anaesthesia were induced with midazolam / etomidate / fentanyl, 

with rocuronium as a muscle relaxant. Patients were intubated, ventilated and anaesthesia 

was maintained with oxygen, air and sevofluorane, and reversed with neostigmine and 

glycopyrollate. All patients undergoing general anaesthesia had a carotid shunt inserted.   
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Operations were performed mainly by one of three consultant vascular surgeons, while 4 

trainees in vascular surgery carried out the remainder under direct consultant supervision. 

Patch angioplasty was performed selectively depending upon findings at operation. All 

patients received 5000iu of intravenous heparin 5 minutes prior to application of the common 

carotid clamp. 

At operation the carotid plaque was removed and prepared as in section 3.5. 

 

Post-operatively, the patients were managed in the high dependency unit. These patients had 

their cardiac rate, rhythm and arterial blood pressure monitored (Hewlett-Packard HP78560A, 

Andover, USA) routinely for at least six hours following surgery. 

 

3.3  BLOOD TESTS 

10mls of blood was collected in ethylene diamine tetra-acetic acid (EDTA) bottles and 10mls in 

clotted blood sample bottles. Samples were centrifuged within 1 hour of collection at 3000 

revolutions per minute for 10 minutes at 4°c. The plasma and serum were then aliquoted into 

O-ring tubes and stored at -70°c until assayed.  

 



 67 

3.3.1 Intercellular adhesion molecule (ICAM) 

Materials and reagents 

1) 96-well microtitre plate coated with capture antibody B-H17 (Diaclone; available 

from IDS, Tyne and Wear, UK) 

2) Phosphate buffer solution 

3) Bovine serum albumin (Sigma-Aldrich, Gillingham, Dorset, UK) 

4) Tween (Sigma-Aldrich, Gillingham, Dorset, UK) 

5) Sodium azide (Sigma-Aldrich, Gillingham, Dorset, UK) 

6) Detection bioatinylated antibody B-H22  (Diaclone; available from IDS, Tyne and 

Wear, UK) 

7) Streptavidin-Horseradish peroxidase (HRP)  (Diaclone; available from IDS, Tyne and 

Wear, UK) 

8) TMB (Diaclone; available from IDS, Tyne and Wear, UK) 

9) 1M sulphuric acid 

 

Principles and methodology 

Plasma intercellular adhesion molecule was quantified by an intercellular adhesion molecule 

specific enzyme linked immunosorbant assay carried out as follows. 96-well microtitre plates 

(Maxosorb, Nunc, Denmark) were coated overnight with 100µl capture antibody B-H17 

(Diaclone, Tyne and Wear, UK) at 10µl /ml in PBS, pH 7.2-7.4. The plates were then washed 

twice with 400µl PBS-tween 0.05%, and blocked with 250µl saturation buffer (PBS 5% BSA) for 

2 hours at room temperature. The plate was then emptied by tapping on absorbant paper and 

let dry on the bench for 24h. A standard titration curve was obtained by making serial dilutions 

of a known sample of human recombinant intercellular adhesion molecule (Diaclone, Tyne and 
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wear, UK). 

Plasma was diluted 1:1000 in standard diluent buffer (PBS 1% BSA) and 100µl of standard or 

sample was dispensed into each well. Each sample/standard was run in duplicate. Biotinylated 

detection anti ICAM-1 was reconstituted with PBS 0.1% sodium azide, and 50µl (20µl /ml) was 

distributed into each well. This was co-incubated for 1h at room temperature. The plate was 

then washed 3 times as before. 100µl HRP-Streptavidin was dispensed per well and incubated 

for 20 minutes at room temperature. The plates were then again washed 3 times. 100µl of 

ready to use TMB was distributed into each well and the reaction allowed to develop for 15 

minutes in the dark, the reaction was then stopped by adding 100µl of 1M sulphuric acid. The 

absorbance at 450nm with a reference filter set at 650nm was measured using a micro-

enzyme-linked immunosorbant assay plate reader. The concentration of ICAM in the plasma 

was determined from the standard curve. The inter-assay controls gave coefficients of 

variation of less than 10%.   

 

3.3.2  Vascular cell adhesion molecule (ICAM) 

Materials and reagents 

1) 96-well microtitre plate coated with capture antibody B-S6 (Diaclone; available from 

IDS, Tyne and Wear, UK) 

2) Phosphate buffer solution 

3) Bovine serum albumin (Sigma-Aldrich, Gillingham, Dorset, UK) 

4) Tween (Sigma-Aldrich, Gillingham, Dorset, UK) 

5) Sodium azide (Sigma-Aldrich, Gillingham, Dorset, UK) 

6) Detection bioatinylated antibody B-N8 (Diaclone; available from IDS, Tyne and Wear, 

UK) 
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7) Streptavidin-Horseradish peroxidase (HRP)  (Diaclone; available from IDS, Tyne and 

Wear, UK) 

8) TMB (Diaclone; available from IDS, Tyne and Wear, UK) 

9) 1M sulphuric acid 

 

Principles and methodology 

Plasma vascular cell adhesion molecule was quantified by a vascular cell adhesion molecule 

specific enzyme linked immunosorbant assay carried out as follows. 96-well microtitre plates 

(Maxisorb, Nunc, Denmark) were coated overnight with 100µl capture antibody B-S6 

(Diaclone, Tyne and Wear, UK) at 10µl /ml in PBS, pH 7.2-7.4. The plates were then washed 

twice with 400µl  PBS-tween 0.05%, and blocked with 250µl  saturation buffer (PBS 5% BSA) 

for 2 hours at room temperature. The plate was then emptied by tapping on absorbant paper 

and let dry on the bench for 24h. A standard titration curve was obtained by making serial 

dilutions of a known sample of human recombinant vascular cell adhesion molecule (Diaclone, 

Tyne and wear, UK). 

Plasma was diluted 1:1000 in standard diluent buffer (PBS 1% BSA) and 100µl of standard or 

sample was dispensed into each well. Each sample/standard was run in duplicate. Biotinylated 

detection anti VCAM-1 was reconstituted with PBS 0.1% sodium azide, and 50µl (20µl /ml) was 

distributed into each well. This was co-incubated for 1h at room temperature. The plate was 

then washed 3 times as before. 100µl HRP-Streptavidin was dispensed per well and incubated 

for 20 minutes at room temperature. The plates were then again washed 3 times. 100µl of 

ready to use TMB was distributed into each well and the reaction allowed to develop for 15 

minutes in the dark, the reaction was then stopped by adding 100µl of 1M sulphuric acid. The 

absorbance at 450nm with a reference filter set at 650nm was measured using a micro-
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enzyme-linked immunosorbant assay plate reader. The concentration of VCAM in the plasma 

was determined from the standard. The inter-assay controls gave coefficients of variation of 

less than 10%.   

 

3.3.3 Matrix metalloproteinase – 9 

Materials and reagents (Quantikine, R&D Systems Europe Ltd, Oxon, UK). 

1) Total MMP-9 microplate (part 890613) – 96 well polystyrene microplate coated 

with a polyclonal antibody against MMP-9  

2) Total MMP-9 conjugate (part 890614) – polyclonal antibody against human MMP-

9 conjugated to horseradish peroxidase, with preservative  

3) Total MMP-9 standard (part 890615) – recombinant human pro-MMP-9 in a 

buffered protein base with preservative, lipophylised 

4) Assay diluent RD1-34 (part 895265) – buffered protein base with preservative  

5) Calibrator diluent RD5-10 (part 895266) –– buffered protein base with 

preservative  

6) Wash buffer concentrate (part 895003) – 25-fold concentrated solution of 

buffered surfactant with preservative 

7) Colour reagent A (part 895000) – stabilized hydrogen peroxide 

8) Colour reagent B (part 895001) – stabilized hydrogen chromogen 

(tetramethylbenzidine) 

9) Stop solution (part 895032) – 2M sulphuric acid 

 

Principles and methodology 

This assay employs the quantitative sandwich enzyme immunoassay technique, and was 
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carried out as follows. The plates had been pre-coated with a polyclonal antibody specific for 

MMP-9.  100µl of Assay Diluent RD1-34 was added to each well. Samples (serum) were diluted 

1 in 200 with Calibrator diluent RD5-10. MMP-9 standard was reconstituted with 1ml of 

deionised water to produce a stock solution of 20ng/ml. This was diluted with Calibrator 

Diluent RD5-10 to produce concentration ranging from 0 – 20ng/ml. 50µl sample / standard 

was added to each well in duplicate. The plate was covered with an adhesive strip and 

incubated for 2 hours on a microplate shaker. The plate was then washed 3 times with wash 

buffer, which had been prepared by dilution of wash buffer concentrate in deionised water. 

200µl of MMP-9 conjugate was added to each well, and again the plate was incubated for 2 

hours on a microplate shaker. The wash was repeated. 200µl substrate solution (made by 

mixing colour reagent A with colour reagent B in equal volumes) was added to each well, and 

the plate incubated for 30 minutes on the in the dark at room temperature. Finally 50µl of 

Stop Solution (sulphuric acid) was added to each well. The optical density of each well was 

determined within 30 minutes using a microplate reader set to 450nm with wavelength 

correction set to 540nm. The concentration of MMP-9 in the serum was determined from the 

standard curve. The inter-assay controls gave coefficients of variation of less than 10%.  

 

3.3.4   Matrix metalloproteinase – 2 

Materials and reagents (Quantikine, R&D Systems Europe Ltd, Oxon, UK). 

1) Total MMP-2 microplate (part 892253) – 96 well polystyrene microplate coated with a 

polyclonal antibody against MMP-2  

2) Total MMP-2 conjugate (part 892254) – polyclonal antibody against human MMP-2 

conjugated to horseradish peroxidase, with preservative  
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3) Total MMP-2 standard (part 892255) – recombinant human pro-MMP-2 in a buffered 

protein base with preservative, lipophylised 

4) Assay diluent RD1-74 (part 895809) – buffered protein base with preservative  

5) Calibrator diluent RD5-32 (part 895810) –– buffered protein base with preservative  

6) Wash buffer concentrate (part 895003) – 25-fold concentrated solution of buffered 

surfactant with preservative 

7) Colour reagent A (part 895000) – stabilized hydrogen peroxide 

8) Colour reagent B (part 895001) – stabilized hydrogen chromogen 

(tetramethylbenzidine) 

9) Stop solution (part 895032) – 2M sulphuric acid 

 

Principles and methodology 

This assay employs the quantitative sandwich enzyme immunoassay technique, and was 

carried out as follows. The plates were pre-coated with a polyclonal antibody specific for 

MMP-2.  100µl of Assay Diluent RD1-74 was added to each well. Samples (serum) were diluted 

1 in 20 with Calibrator diluent RD5-32. MMP-2 standard was reconstituted with 1ml of 

deionised water to produce a stock solution of 100ng/ml. This was then diluted with Calibrator 

Diluent RD5-32 to produce concentration ranging from 0 – 50ng/ml. 50µl sample / standard 

was added to each well in duplicate. The plate was covered with an adhesive strip and 

incubated for 2 hours on a microplate shaker. The plate was washed 3 times with wash buffer, 

which had been prepared by dilution of wash buffer concentrate in deionised water. 200µl of 

MMP-2 conjugate was added to each well, and again the plate was incubated for 2 hours on a 

microplate shaker. The wash was repeated. 200µl substrate solution (made by mixing colour 

reagent A with colour reagent B in equal volumes) was added to each well, and the plate 
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incubated for 30 minutes on the in the dark at room temperature. Finally 50µl of Stop Solution 

(sulphuric acid) was added to each well. The optical density of each well was determined 

within 30 minutes using a microplate reader set to 450nm with wavelength correction set to 

540nm. The concentration of MMP-2 in the serum was determined from the standard curve. 

The inter-assay controls gave coefficients of variation of less than 10%.   
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3.3.5 Tissue Inhibitor of Metalloproteinase-2 

Materials and reagents (Duoset ELISA Development kit, 
R&D Systems Europe Ltd, Oxon, UK). 

1) 96-well microtitre plate (Diaclone; available from IDS, Tyne and Wear, UK) 

2) Capture antibody (part 840528) –mouse anti-human TIMP-2  

3) Detection antibody (part 840529) – biotinylated goat anti-human TIMP-2 

4) Standard (part 840530) – recombinant human TIMP-2 

5) Streptavidin-HRP (part 890803) 

6) Phosphate buffered saline – pH 7.2-7.4 

7) Wash buffer – 0.05% Tween 20 in PBS 

8) Block buffer 1% BSA, 5% sucrose in PBS with 0.05% sodium azide 

9) Reagent diluent – 1% BSA in PBS 

10) Substrate solution – 1:1 mixture of colour reagent A (hydrogen peroxide) and 

colour reagent B (tetramethylbenzidine) (R&D systems, Oxon, UK) 

11) Stop solution – 2M sulphuric acid 

 

Principles and methodology 

Tissue Inhibitor of Metalloproteinase-2 was quantified by a TIMP-2 specific enzyme linked 

immunosorbant assay carried out as follows:  

The capture antibody was diluted to the working concentration in PBS, and the microplate was 

coated with 100µl of the diluted capture antibody. The plate was sealed and incubated 

overnight at room temperature. Each plate was washed 2 times with wash buffer, and blocked 

by adding 300µl block buffer to each well, then incubated for 1 hour at room temperature. The 

wash was repeated 
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Samples (serum) were diluted 1 in 100 with reagents diluent. Standard was reconstituted with 

reagent diluent to make concentrations ranging from 0 – 2000pg/ml. 100µl standards/samples 

was then added to each well in duplicate. The plate was then incubated for 2 hours at room 

temperature. The wash was repeated as above. 100µl  detection antibody was then added to 

each well and incubated for a further 2 hours. The wash was again repeated. 100µl  

Streptavidin-HRP was added to each well and incubated for 20 minutes at room temperature. 

50µl stop solution was added and the optical density of each well was determined using a 

microplate reader set to 450nm with wavelength correction set to 540nm. The concentration 

of TIMP-2 in the serum was determined from the standard curve. The inter-assay controls gave 

coefficients of variation of less than 10%.     



 76 

3.3.6 Lipid Soluble Antioxidants 

Serum concentrations of lipid soluble antioxidants were measured according to a method 

described by Craft et al (236). This high performance liquid chromatography assay using diode 

array detection was used to assess retinol, γ-tocopherol, α-tocopherol, lutein, β-cryptoxanthin, 

α-carotene, β-carotene and lycopene. A 300 µl aliquot of serum or standard was pipetted into 

a labelled glass tube. Ethanol (0.25 ml) containing 0.25 g/l butylated hydroxytoluene (BHT) and 

the internal standard α-tocopherol acetate was added to each tube.  Heptane (0.5 ml) was 

then added to each tube.  Samples were vortexed vigorously for 1 min and then centrifuged at 

825 g for 5 min. The resulting heptane layer was retained and transferred to an identically 

labelled glass tube and a second heptane extraction was performed.  All standard tube 

contents were retained and dried.  The combined heptane layers were evaporated to dryness 

in a centrifugal evaporator under vacuum.  The standards and samples were reconstituted in 

methanol (150 µl), vortexed and assayed by a Thermo Separation Products automated HPLC 

system with a diode array detector.  The mobile phase consisted of 97% methanol and 3% 

tetrahydrofuran, which was filtered and degassed using an inline degasser.  The mobile phase 

was pumped at a flow rate of 1 ml/min.  The column used was a Vydac 201TP C18, 5 µm (4.6 x 

250 mm) (ThermoFinnegan).  The assay was standardised using serum samples of known 

concentration from the National Institute of Standards and Technology (NIST), Gaithersburgh, 

MD, USA. The intra-assay CV for each of the lipid-soluble antioxidants was <10%.  The 

detection limits for retinol and the tocopherols were 0.05 µmol/l and 0.005 µmol/l for 

carotenoids.  
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3.3.7 Ascorbic Acid 

Ascorbic acid concentrations were determined as described by Vuillemier & Keck(237).  The 

procedure is based on the enzymatic oxidation of ascorbic acid and subsequent quinoxaline 

formation to generate a fluorescent derivative measured on the Cobas Fara centrifugal 

analyser. After centrifugation of the whole blood sample (3000 rpm, 10 minutes) the plasma 

was precipitated by adding 100 µl of plasma to 900 µl of 5% metaphosphoric acid (Fisher 

Scientific) and vortex mixed.  Once precipitated the sample was stable for 1 year at -70°C.  

Working standards (0, 1, 5, 10, 15, 20 µmol/l) were prepared for each run from a freshly made 

stock standard of 20 µmol/l ascorbic acid in 5% metaphosphoric acid.  Approximately 200 µl of 

standards and samples were placed in Cobas cups, and oxidising reagent (9.9 ml 2 mol/l 

acetate buffer and stock ascorbate oxidase) and coupling reagent (20 mg of 1,2-

phenylenediamine dissolved in 20 ml deionised water) added to appropriate reagent wells.  

The assay was then started.  The intra-assay CV was calculated for several different serum 

samples.  At a mean concentration of 4.2 µmol/l, the inter-assay CV was 6.80% (n=9), at 50.6 

µmol/l the inter-assay CV was 0.72%, while at 151.0 µmol/l the inter-assay CV was 1.50%. 
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3.3.8 Bio-Rad protein assay 

Principles and Methodology 

The Bio-Rad protein assay is based on the observation that the absorbance maximum for an 

acidic solution of Coomassie Brilliant Blue G-250 shifts from 465nm to 595nm when binding to 

protein occurs.(238,239) Bradford(240) first demonstrated the usefulness of this principle in 

protein assay. Spector(241) found that the extinction coefficient of a dye-albumin complex 

solution was constant over a 10-fold concentration range. Thus Beer’s law may be applied for 

accurate quantification of protein by selecting an appropriate ratio of dye volume to sample 

concentration. Over a broader range of protein concentrations, the dye-binding method gives 

an accurate but not entirely linear response.  

Plaque homogenates were diluted 1 in 100 in duplicate. Deionised water was used as a 

standard. 300µl of Bio-Rad reagent was added to samples and standards and mixed gently. 

After a period of 5-60 minutes the absorbance of the sample was measured as compared to 

the standard on a spectrophotometer, and the protein concentration calculated from a 

previously constructed standard curve. The inter-assay controls gave coefficients of variation 

of less than 10%.  
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3.3.9 FOX assays 

Principles 

Ferrous iron oxidation xylenol orange (FOX) assays are used for the estimation of 

hydroperoxide concentration. This method is based upon the oxidation of reagent Fe 2+ to Fe3+ 

by sample oxidizing agents, which then binds with reagent xylenol orange (XO) to give a colour 

complex having absorption maximum at 560nm.(242,243) Two version of FOX assays are 

described, FOX-1 and FOX-2.(242,243)  

 

FOX-1 

FOX-1 is used to determine hydroperoxides in the aqueous phase of plasma. Hydroperoxides 

oxidise ferrous ions to ferric ions in dilute acids and the resultant ferric ions can be determined 

using ferric-sensitive dyes as an indirect measure of hydroperoxide concentration. Samples are 

spiked with catalase to discriminate between authentic hydroperoxides reacting with ferrous 

ions and H2O2, which may be present in the sample.  

 

Reagents 

Sulphuric acid – 25mM (Fisher Scientific, UK Ltd) 

Xylenol orange - 100µM: 0.007606g/100ml 25mM H2SO4  (BDH Lab Supplies, Poole, Dorset, UK) 

Ammonium ferrous sulphate - 250µM: 0.0098g/100ml 25mM H2SO4 (BDH Lab Supplies, Poole, 

Dorset, UK) 

Sorbitol – 100mM: 1.8217g/100ml 25mM H2SO4 (Sigma-Aldrich, Gillingham, Dorset, UK) 

 

Method 

To each O-ring tube, 10µl catalase and 90µl serum was added. A catalase blank was made by 
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adding 90µl water. The tubes were incubated for 30 minutes at room temperature. FOX-1 

reagent was made by dissolving xylenol orange, ammonium ferrous sulphate and sorbitol 

25mM H2SO4. After incubation 900µl of FOX-1 reagent was added to the samples and blank. 

These were gently mixed and incubated at room temperature in the dark for 30 minutes. The 

samples and blank were then microfuged for 5 minutes to remove any flocculant material. 

Absorbance at 560nm was measured in the spectrophotometer and hydroperoxide calculated 

from the standard curve.  

 

FOX-2 

FOX-2 is used to determine lipid phase hydroperoxides. Triphenylphosphine (TPP) is used to 

discriminate between background signal generated by ferric ions present in the sample and 

that generated by hydroperoxides in the sample. TPP is a specific reductant of hydroperoxides 

and thus allows definitive identification of authentic hydroperoxide reacting in the FOX-2 

assay. Samples are incubated in the presence and absence of TPP.  
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Reagents 

Sulphuric acid – 250mM 

Xylenol orange – 1mM: 0.007606g/10ml 250mM H2SO4 (BDH Lab Supplies, Poole, Dorset, UK) 

Ammonium ferrous sulphate – 2.5mM: 0.0098g/10ml 250mM H2SO4 (BDH Lab Supplies, Poole, 

Dorset, UK) 

Butylated hydroxytoluene (BHT) – 4.4mM: 0.097g/100ml methanol 

Methanol (HPLC grade) – 100ml 

TPP – 10mM: 0.02623g/10ml methanol 

 

Method 

FOX2 reagent was prepared by dissolving xylenol orange and ammonium ferrous sulphate in 

250mM H2SO4 to final concentrations of 1mM and 2.5mM, respectively. One volume of this 

concentrated reagent was added to 9 vols of HPLC grade methanol containing 4.4 M BHT to 

make the working reagent, which comprised 250µM ammonium ferrous sulphate, 100µM 

xylenol orange, 25mM H2SO4, and 4mM BHT in 90% (v/v) methanol.  

Samples were resuspended in HPLC grade methanol either in 100µl for samples without TPP or 

in 90µl methanol to which were added 10ml TPP (25 mM in methanol). Samples were allowed 

to incubate at room temperature for 30 min in the dark and then for a further 30 min following 

the addition of the working FOX-2 reagent. Absorbances were determined 

spectrophotometrically at 560 nm and the concentration of LHPOs determined using a molar 

absorption coefficient derived for standard linoleate hydroperoxide. The concentration of 

authentic hydroperoxides was determined by subtracting concentration of the sample plus 

TPP from concentration of sample minus TPP. Dilution factor was taken into account by 

dividing final concentration by 0.9.  
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3.3.10  Total Cholesterol (Chronolab A.G. Switzerland) 

Materials and Reagents 

4-aminoantitipyrine  0.30mmol/l 

phenol    6mmol/l 

peroxidase   ≥0.5U/ml 

cholesterol esterase  ≥0.15U/ml 

cholesterol oxidase  ≥0.1U/ml 

pipes buffer   80mmol/ml;pH 6.8 

standard   5.17mmol/l 

 

Principles and methodology 

Cholesterol esterase catalyses the hydrolysis of cholesterol esters and fatty acids. The free 

cholesterol is then oxidised to 4-cholesten-3-one and hydrogen peroxide in the presence 

cholesterol oxidase. Phenol and 4-aminoantipyrine then combine with the hydrogen peroxide 

in the presence of peroxidase to produce red quinoeimine. The intensity of the colour thus 

produced in directly proportional to the total cholesterol concentration of the sample. 

The working reagent is prepared by dissolving the cholesterol esterase, cholesterol oxidase, 

peroxidase and 4-aminoantipyrine with the corresponding volume of buffer. The 

sample/standard is prepared by adding 10µl of serum/standard to the working reagent. It is 

mixed and incubated for 10 minutes at room temperature. The absorbance is measured 

against the reagent blank at 500-550nm and the cholesterol calculated.  
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3.3.11  Triglycerides (Chronolab A.G. Switzerland) 

Reagents 

Buffer   pipes buffer    40mmol/l, pH7.6 

   4-chloro-phenol   5.5mmol/l 

   magnesium ions   17.7mmol/l 

Enzyme reagent 4-aminophenazone   0.5mmol/l 

   ATP     1.0mmol/l 

   Lipases    ≥150U/ml 

   Glycerol-kinase   ≥0.4U/ml 

   Glycerol-3-phosphate oxidase ≥1.5U/ml 

   Peroxidase    ≥0.5U/ml 

Standard       2.29mmol/l 

 

Principles and methodology 

Glycerol produced by the enzymatic hydrolysis of triglycerides is phosphorylated by ATP to 

produce glycerol-3-phosphate and ADP in the reaction catalysed by glycerol kinase (GK). 

Glycerol-3-phosphate oxidase (GPO) catalyses the oxidation of the glycerol –3-phosphate to 

produce dihydroxyacetone phosphate and H2O2. In a further reaction, quinoneimine is formed 

from H2O2, 4-aminoantipyrine and 4-chlorophenol under the catalytic influence of peroxidase 

(POD). The intensity of the colour formed is proportional to the concentration of glycerol in 

the reaction mixture and hence to the level of triglycerides in the sample.  

The working reagent is made by reconstituting the enzyme reagent with the corresponding 

volume of buffer.  The sample/standard is prepared by adding 10µl of serum/standard to 

1000µl of the working reagent. It is mixed and incubated for 10 minutes at room temperature. 



 84 

The absorbance is measured against the reagent blank at 500-550nm and the triglyceride 

calculated.  

 

3.3.12 HDL cholesterol (Chronolab A.G. Switzerland) 

Reagents 

HDL reagent  Phosphotungstic acid   0.55mmol/l 

Magnesium chloride   25mmol/l 

Cholesterol reagent peroxidase    ≥0.5U/ml 

cholesterol esterase   ≥0.15U/ml 

cholesterol oxidase   ≥0.1U/ml 

4-aminoantitipyrine   0.30mmol/l 

 

Principles and methodology 

Low-density lipoproteins and chylomicron fractions are precipitated quantitatively by the 

addition of phosphotungstic acid in the presence of magnesium ions. After centrifugation, the 

cholesterol concentration in the HDL (high density lipoprotein) fraction, which remains in the 

supernatant, is determined 

Precipitation. 500µl sample is added to the working reagent. This is mixed, allowed to stand 

for 10 minutes and centrifuged at 4000rpm for 10 minutes. After centrifugation, the clear 

supernatant is separated from the precipitate. 100µl water/serum in added to 1000µl of the 

cholesterol reagent to make the reagent blank/sample. It is mixed, incubated for 10 minutes at 

20-25°C. The absorbance of the sample is measured against the reagent blank at 500-550nm.  

 

3.3.13  Highly sensitive C-reactive protein (Dade Behring, Newark, USA)  
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Reagents 

Assay buffer   Polyethylene glycol  0.5% 

    Tris/HCl buffer  20mmol/I, pH 7.4 

    Sodium chloride  150mmol/l 

Antibody-latex reagent latex particles coated with antibody to CRP 

 

Principles and methodology 

The sample is reacted with a buffer and anti-CRP coated latex. The formation of the antigen-

antibody complex during the reaction results in an increase in turbidity, the extent of which is 

measured as the amount of light absorbed at 550nm. By constructing a standard curve from 

the absorbance of the standards, CRP concentration of sample can be determined.  

 

3.4 Intima media thickness 

An ATL5000 duplex ultrasound scanner with L4-7MHz linear array transducer was used to 

image both sides of the neck of each subject. One operator, blinded to patient treatment or 

randomisation performed all the scans. The subjects were asked to lie supine on a couch. The 

carotid artery bifurcation was located as a reference point (figure 10) and then a high 

resolution, high-density longitudinal B-mode image of the common carotid artery just proximal 

to the bifurcation was visualised (figure 11). This represented images showing 2cm lengths of 

the distal common carotid artery. In all cases an attempt was made to keep the far wall of the 

artery parallel with the scanner head so as to enable a high quality, best resolution image of 

the intima and media features of the artery wall. Images were recorded at each subject visit 

and for each side of the neck. These images were transferred in a digital format to a pc to be 

stored and analysed off-line. The transferred images were composed of the raw data and 
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retained the original spatial resolution. They also allowed adjustment of brightness and 

contrast. 

For each subject the stored images were analysed at the end of their participation in the study 

so that each set of images from the same side of the neck could be compared for the different 

visits. Images were rejected if there was extensive plaque formation throughout the length of 

the vessel or if there was poor repeatability. 
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Figure 10 Duplex image of carotid bifurcation 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

The ‘HDILabs’ research program, which employs computer edge tracking software, was used to 

Figure 11: B mode image of carotid bifurcation 
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measure the intima-medial thickness (IMT). The edge tracking software was employed over a 

10mm length of the far wall of the vessel normally extending over the region from 1-2cm 

below the bifurcation. If there were small areas of plaque formation these were avoided or 

omitted from the measurement when possible. The ability of the edge tracking software to 

locate the edge of the intima and media was monitored visually and when necessary was 

adjusted manually. The average thickness and standard deviation along this 10mm length was 

recorded for each image (figure 12). 

 

Figure 12: Image showing edge tracking software to identify lumen:intima and 

media:adventitia interfaces 

 

 

 

 

 

 

 

 

 

 

 

 

Baseline measurements were recorded for each subject before treatment/randomisation. 

Subsequent results for each visit were compared to this baseline measurement. After the 
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images had been analysed, subjects were grouped depending on their randomisation or 

treatment. Patients randomised to the statin group and patients (with high cholesterol) in the 

statin group were combined and compared to subjects randomised to the placebo group.  

 

3.5 PREPARATION AND ANALYSIS OF THE CAROTID PLAQUE 

Once the carotid plaque was excised, it was divided into 3 equal parts. One part was immersed 

in formaldehyde until histological analysis (see section 3.6). The other 2 parts were frozen and 

stored at –70°C until analysis.  

 

Plaque preparation for analysis of MMPs and TIMPs 

One part of the carotid plaque was thawed and washed in phosphate buffered saline solution 

to remove any residual blood. The tissue was then weighed and pulverized for 3 minutes in a 

mortar and pestle in  1ml of homogenization buffer solution ( 50mM Tris chloride, 5mM 

calcium chloride, 150mM sodium chloride and 0.1% Brij-35)  per0.1g of plaque. The sample 

was then sonicated for 10 minutes to facilitate further cell breakdown. The supernatant was 

pipetted off and the solution centrifuged for 5 minutes at 13 000rpm. The supernatant was 

again pipetted off, shaken gently and aliquoted into o-ring tubes. These samples were frozen 

at –70°C until further analysis.  
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Preparation for analysis of vitamins, adhesion molecules, lipid hydroperoxides etc 

The final part of the plaque was thawed, washed in PBS and weighed. A solution of 1:100 

butylated hydroxytoluene (BHT):phosphate buffered saline(PBS) was made. 1ml per 0.1g of 

plaque was added and the plaque pulverized, sonicated, centrifuged as above. Samples were 

again aliquoted into o-ring tubes and frozen at –70°C until further analysis. 

 

 3.6     HISTOLOGICAL ANALYSIS OF THE CAROTID PLAQUE 

Specimens were received in 10% formaldehyde and fixed and decalcified in Formic acid. After 

washing, the specimens were dissected, and 5-µm-thick paraffin sections were obtained at 3-

mm intervals. These sections were stained with haematoxylin and eosin and with Masson 

Trichrome stains. Each section was examined by a single experienced pathologist with a special 

interest in vascular disease and atherosclerosis. The thickness of the lipid core and fibrosis was 

scored in thirds, from 0 (none present) to 3 (full thickness). Fibrous tissue was defined by the 

demonstration of connective tissue matrix, including collagen, elastic fibre, and proteoglycans. 

Lipid core was defined by the presence of a disorganised mass of lipid material, cholesterol 

clefts, cellular debris, and lipid-laden foam macrophages. This was scored 0 – 2, 0 indicating 

none, 1 indicating a small lipid core and 2 indicting a large lipid core.(244) 

 

Each section was also scored for the presence or absence of ulceration, defined by fissuring of 

the fibrous cap. This definition allowed the differentiation of ulceration from surgical or 

processing artefact. Any macroscopic ulceration present was identified before sectioning to 

facilitate its detection on microscopic examination. An intramural thrombosis and in vivo 

plaque haemorrhage were discriminated from artificial haemorrhage due to surgical 

manipulation by accompanying signs of organisation in varying stages. Sections were also 
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scored for the presence or absence of haemorrhage. The inflammatory infiltrate was scored 0 

– 2, 0 indicating no inflammation, 1 indicating focal/patchy inflammation and 2 indicating 

diffuse or marked inflammation. Calcification was scored 0 – 3, 0 indicating none; 1 – 

indicating foci less than 3mm, 2 – indicating larger multiple foci and 3 indicating 

diffuse/marked calcification.  

 

3.7 STATISTICS 

The methods of statistical analysis are addressed in each results chapter.  

 

 



 92 

CHAPTER 4 

THE EFFECT OF PRAVASTATIN IN PATIENTS WITH NORMAL 

CHOLESTEROL 

 
           Page

  

4.1 Introduction         95 

4.2 Patients and Methodology       99 

4.3 Results         101 

4.4 Discussion         110 



 93 

4.1 INTRODUCTION 

The advent of statins has revolutionised the treatment of hypercholesterolaemia. Statins are 

the most commonly prescribed agents for this condition because of their efficacy in reducing 

LDL and their excellent tolerability and safety. Statins inhibit HMG-Co-A reductase, the enzyme 

that catalyses the rate-limiting step in cholesterol biosynthesis.(245) The resultant reduction in 

hepatocyte cholesterol concentration triggers increased expression of hepatic LDL receptors, 

which clear LDL and LDL precursors from the circulation.(246)  

 

Clinical trials 

There is convincing evidence from large prospective cohort studies that elevated blood 

cholesterol is associated with a greater risk of cardiovascular and peripheral vascular 

disease.(247) Given that the underlying process is largely similar (i.e. atherosclerosis), it is 

reasonable to assume that elevated blood cholesterol would be associated with a higher risk of 

stroke. This has been shown not to be necessarily the case. In the Framingham study(248) and 

Honolulu Heart Study,(249) no overall correlation between cholesterol level and stroke was 

demonstrated. However when the participants were followed up for 15 years or more(250) a 

significant relationship between elevated cholesterol level, coronary artery disease and 

thromboembolic stroke was seen. A systematic review published in 1995(251) also found no 

significant association between cholesterol and stroke. There is little or no evidence, which 

supports the role of cholesterol as an independent risk factor for stroke recurrence i.e. once a 

stroke or TIA has already occurred. 

Over the last number of years, data has emerged on the beneficial effects of statins in the 

prevention of coronary heart disease.(167,252-257) The three large clinical intervention trials, 

the 4S, WOSCOP and CARE studies showed benefit with elevated cholesterol(163-165) while 



 94 

more recently the MRC/BHF Heart Protection Study has found a substantial benefit regardless 

of initial cholesterol level.(139) 

Reduction of stroke has also been seen in these trials and the results have been combined into 

various meta-analyses,(258-260) which have shown a relative risk reduction for stroke similar 

to that for coronary heart disease of around 30%. Again the Heart Protection Study(139) found 

a ‘definite and substantial reduction in ischaemic stroke, with an additional reduction in 

transient cerebral ischaemic attacks’ in patients with a wide range of pre-treatment 

cholesterol levels.  

 

The reduction in clinical events secondary to lipid lowering has traditionally been attributed to 

depletion of both the lipid and foam cell content of plaque by reducing cholesterol deposition 

and by promoting cholesterol efflux from the plaque. It has been hypothesised that this 

alteration of plaque architecture makes it less prone to fissuring, disruption and acute 

thrombosis. In coronary arteries, lowering LDL has yielded significant clinical benefits in a 

number of trials, whereas the magnitude of accompanying anatomic plaque regression 

demonstrated by coronary angiography has been relatively small. This discrepancy between 

angiographic and clinical data in the coronary artery suggests that plaque regression may not 

be the only beneficial mechanism of action of statins in the vasculature and plaques may 

stabilise without regressing. 

A key process in the pathogenesis of atherosclerosis is the adhesion and migration of blood 

monocytes into the vessel wall followed by their conversion into adherent macrophages and 

foam cells by the upregulated uptake of modified lipoproteins through the so-called scavenger 

receptors. Statins have been shown to cause decreases in serum levels of adhesion molecules 

such as ICAM(261,262) and VCAM in patients with hypercholesterolaemia. The drug has also 
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been shown to suppress macrophage growth(263) and inhibit migration of smooth muscle 

cells(264-266) through a decrease in oxidative stress.  

 

MMPs also play a major role in atherosclerosis by remodelling the extracellular 

matrix.(267,268) Expression of MMPs –1, -3, -9 is upregulated in cells present in atheroma 

including endothelial cells,(269) vascular smooth muscle cells,(270,271) and 

macrophages.(272,273) Recent studies have demonstrated that statins reduced MMP-9 

secretion by macrophages and MMP-1 secretion from vascular endothelial cells.(183,274,275) 

 

Population based studies have found an association between common carotid IMT  

cardiovascular risk factors and the prevalence of cardiovascular disease(196, 218, 276-279). 

Moreover follow-up studies have shown a strong and graded association between increased 

incidence of myocardial infarction and stroke.(215,216,219,220) Results of these studies 

support the view that increased IMT is an indicator of generalised atherosclerosis.(280) Statins 

again have been found to be beneficial and to slow progression and in fact decrease IMT 

within 1-2 years of initiation of treatment.(281-283)   

 

Aim 

The aim of this chapter was to determine the effect of Pravastatin on lipid hydroperoxides, 

antioxidant vitamins, MMPs, TIMPs, adhesion molecules, intima media thickness of the 

common carotid artery and carotid plaque characteristics in patients with normal cholesterol 

levels.  
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4.2 PATIENTS AND METHODOLOGY 

Patients with moderate to severe carotid artery stenosis and normal cholesterol levels were 

examined. CEA was offered to patients, as deemed appropriate, with carotid stenosis > 70% 

measured with carotid duplex. A blood sample was taken at baseline and IMT of the common 

carotid artery measured as in chapter 3. Patients were randomised to receive Pravastatin 

40mg daily or placebo. In the surgical group IMT was measured again and blood withdrawn 

just before operation (6 weeks following randomisation). CEA was carried out and the carotid 

plaque prepared and analysed as detailed in chapter 3. The non-surgical group of patients 

were followed up every 3 months with blood samples and IMT measurements. Blood was 

analysed for lipid hydroperoxides, antioxidant vitamins, adhesion molecules, MMP-2, MMP-9, 

TIMP-2, CRP and lipids.    

 

Statistical Analysis 

The calculation of sample size was based on the estimated change in intima media thickness. It 

was assumed that the rate of progression of intima media thickness was 0.2mm/year ± 0.12 

(estimated on a three year follow-up). It was estimated that 100 patients would be required to 

achieve 90% power with significance of 5% after a treatment period of 6 months.  

Demographics were analysed using the Chi-squared test.  

Due to the diminishing number of patients with length of follow-up, the baseline and 6 month 

measurements were used in the analysis. The difference between pravastatin and placebo 

groups at baseline and 6 months were calculated using analysis of covariance (ANCOVA). The 

covariates adjusted for were, age, gender, smoking status, presence of coronary artery disease 

and diabetes mellitus. It was assumed that the residuals are independently and identically 

distributed as normals and that continuously distributed covariates have a linear adjustment 
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with the outcome of interest. Data is expressed as mean ±SEM. The tests are based on a two-

sided hypothesis. A p value of less than 0.05 was taken as evidence of statistical significance. 

All data was analysed with SPSS 10.0 for Windows (Copyright SPSS Inc, 1989-99). 
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4.3 RESULTS 

No patient in either group suffered a stroke or death during the study. 

 Group 1 (surgical patients) 

Patient demographics 

Eighteen patients were recruited, nine randomised to receive pravastatin and nine, placebo. 

There was no significant difference between the major demographic features or cardiovascular 

risk factors between the 2 groups. (χ2 test) (Table 1) 

Table 1 

Clinical risk factors for surgical patients randomised to pravastatin or placebo 

 

Risk factor  Placebo  Pravastatin  p value 

 

Age, median(IQR) 72(70-81)  72(61-76)     0.39  

Sex, male: female 7:2   8:1     0.53 

Smoking, n(%) 5(56)   7(78)    0.62 

IHD, n(%)  3(33)   5(56)   0.64 

Diabetes, n(%)  1(11)   2(22)    0.53 

 

Smoking indicates past or present history of smoking; IHD, ischaemic heart disease (past 

history of myocardial infarction or angina requiring treatment); diabetes, insulin and non-

insulin dependent requiring treatment, including diet controlled;  

There was no significant difference between groups for any of the independent risk factors. 

Histological examination of the plaques 

The microscopic appearance of the plaques was qualified in all cases, and the results are 

N=9 N=9 
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shown in table 2. No microscopic features were found to be significantly different between 

patients receiving pravastatin or placebo. 

 
Table 2: Histological plaque characteristics for each of the groups 
 
                            
Feature      Histological   Placebo  Pravastatin 
           grade 
 
 
Calcification           0   3(33)        0(0) 
  N(%)                         1   1(11)   3(33) 
                                    2        3(33)   0 
                                    3   2(22)   6(67) 
 
Inflammation        0   9(100)   4(44) 
N(%)                     1   0           2(22) 
              2           0                 3(33) 
                                    3                  0              0(0) 
 
Fibrous cap       0                         0    0 
N(%)              1     3(33)    1(11) 

            2    3(33)   6(67) 
              3   3(33)     2(22) 
 
Lipids           0    1(11)   0 
N(%)              1      3(33)   2(22) 

            2   2(22)    3(33) 
            3   3(33)   4(44) 

 
Haemorrhage         0    6(67)    7(78) 
N(%)              1    3(33)    2(22) 
 
Ulceration              0     8(89)   8(89) 
N(%)              1   1(11)   1(11) 
 
Thrombus             0     9(100)    9(100) 
N(%)              1   0     0 
 

Blood analysis 

There was no significant difference at baseline between groups of patients in levels of lipid 

hydroperoxides (LHPOs), adhesion molecules, antioxidant vitamins, MMP-2, MMP-9, TIMP-2 or 

N=9 N=9 
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lipids. The table below shows the change in concentration of blood parameters at 6 weeks. A 

negative value shows a fall in concentration, while a positive value indicates an increase in 

concentration. As expected, cholesterol concentration was significantly lower in the group of 

patients randomised to pravastatin. There was no significant change in any other parameters 

measured.  
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Table 3: Change in concentration of lipid hydroperoxides, antioxidant vitamins, adhesion 

molecules, MMPs, and lipids 6 weeks after randomisation 

           
  
    Placebo  Pravastatin  p value  
      n=9        n=9            (ANCOVA) 
 
LPHO(µM)   -0.31±0.12  0.14±0.19  0.16 

Vitamin C(µM/l)  -6.32±6.23  -2.06±6.18  0.77 

ICAM(µg/ml)   -0.67±0.22  -0.58±0.46  0.88 

VCAM(µg/ml)  -0.54±0.15  -0.67±0.60  0.75 

Retinol(µmol/l)  -1.29±0.48  -0.26±0.47  0.28 

Gammatocopherol(µmol/l) -0.68±0.24  -0.21±0.19  0.08 

Alphatocopherol(µmol/l) -14.51±4.87  -5.94±4.12  0.24 

Lutein(µmol/l)   -0.02±0.006  -0.007±0.004  0.38 

Beta-cryptoxanthin(µmol/l) -0.003±0.003  0.004±0.06  0.34 

Alphacarotene(µmol/l) -0.01±0.02  -0.006±0.03  0.72 

Betacarotene(µmol/l)  -0.07±0.003  0.004±0.06  0.56 

Lycopene(µmol/l)  -0.08±0.14  0.05±0.24  0.86 

MMP-2(ng/ml)  -44.17±48.57  0.53±41.80  0.68 

MMP-9(ng/ml)  -12.36±331.12  390.68±231.46 0.45  

TIMP-2(ng/ml)  84.65±9.26  -2.51±82.98  0.52 

Cholesterol(mmol/l)  -0.71±0.14  -1.69±0.21  0.001 

Triglycerides(mmol/l)  -0.64±0.24  -0.49±0.32  0.87 

HDL(mmol/l)   -0.14±0.11  -0.17±0.06  0.82 

Plaque analysis 
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There were no significant differences in plaque concentrations of LHPOs, ICAM, VCAM, MMP-

2, MMP-9, and TIMP-2 between those on pravastatin and placebo. However there was 

significantly less cholesterol in the plaque of those patients who had been randomised to the 

statin group. 

 

Table 4: Plaque concentrations of LHPOs, ICAM, VCAM, MMP-2, MMP-9, 

TIMP-2 and lipids (expressed as raw values per unit protein) 

    

 

LHPO   2.0±0.6  1.1±0.3  0.2 

ICAM   1.7±0.2  2.0±0.3  0.3 

VCAM  5.4±1.4  5.9±1.3  0.9 

Cholesterol  9.3±2.9  4.5±0.04  0.02 

Triglyceride  9.1±2.1  13.6±2.4  0.7   

MMP-2  1.0±0.2  1.2±0.4  0.3 

MMP-9  3.9±2.1  0.9±0.2  0.3 

TIMP-2  28.6±14.1  11.4±4.2  0.4 

           

 

 Placebo                      Pravastatin            p value                
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Group 6 (non-surgical patients) 

Patient demographics 

Sixty-four patients were recruited, 31 randomised to receive pravastatin and 33, placebo. 

There was no significant difference between the major demographic features or cardiovascular 

risk factors between the 2 groups. (χ2 test) (Table 5) 

 

Table 5 : Clinical risk factors for non-surgical patients randomised to pravastatin or placebo 

 

Risk factor   Placebo  Pravastatin  p value 

 

Age, median(range), y  70(64-76.5)  72(66-76)  0.77 

Sex, male: female  24:9   23:8    0.89 

Smoking, n(%)  18(55)   17(55)    0.98 

IHD, n(%)   6(18)   7(23)   0.90  

Diabetes, n(%)   4(12)   5(16)     0.92 

 

Smoking indicates past or present history of smoking; IHD, ischaemic heart disease (past 

history of myocardial infarction or angina requiring treatment); diabetes, insulin and non-

insulin dependent requiring treatment, including diet controlled; There was no significant 

difference between groups for any of the independent risk factors. 

As the number of patients attending for follow-up diminished over time, this group was 

analysed by comparing the baseline values with the final follow-up measurements. Figure 13 

shows how the numbers of patients decreased with time. 

Figure 13: Number of patients at follow-up 

N=33 N=31 
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Blood analysis 

There was no significant difference at baseline between groups of patients in levels of lipid 

hydroperoxides (LHPOs), adhesion molecules, antioxidant vitamins, MMP-2, MMP-9, TIMP-2 or 

lipids. As the number of patients followed-up declined quite dramatically with time, the blood 

sample at 6 months after randomisation was used in analysis as approximately 80% of patients 

randomised were included at this stage. Table 6 shows the change in blood concentrations 

between baseline and 6 months. A negative value indicates a fall in concentration while a 

positive value shows an increase in concentration. 

Table 6: Change in concentration of LPHOs, adhesion molecules, antioxidant vitamins, 

MMPs, and lipids 6 months following randomisation  

           
  
    Placebo  Pravastatin  p value  
     n=24       n=25         (ANCOVA) 
 
LPHO(µM)   0.03±0.07  0.04±0.10  0.77  

Vitamin C(µM/l)  -5.4±3.04  -4.77±4.16  0.78 
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ICAM(µg/ml)   0.47±0.43  -0.72±0.34  0.05 

VCAM(µg/ml)  0.02±0.91  1.68±0.98  0.30 

Retinol(µmol/l)  0.06±0.27  -0.08±0.15  0.90 

Gammatocopherol(µmol/l) 0.07±0.15  -0.04±0.23  0.63 

Alphatocopherol(µmol/l) -0.48±1.25  -0.33±1.80  0.70 

Lutein(µmol/l)   0.001±0.003  0±0.004  0.58 

Beta-cryptoxanthin(µmol/l) 0.002±0.002  -0.004±0.004  0.11 

Alphacarotene(µmol/l) 0.005±0.005  0.04±0.03  0.26 

Betacarotene(µmol/l)  -0.004±0.03  0.28±0.31  0.20 

Lycopene(µmol/l)  -0.02±0.005  -0.03±0.04  0.82 

MMP-2(ng/ml)  -1.4±8.54  0.85±11.90  0.84 

MMP-9(ng/ml)  -108.20±105.54 55.73±183.17  0.47 

TIMP-2(ng/ml)  20.35±19.75  12.61±27.90  0.65 

Cholesterol(mmol/l)  -0.16±0.12  -0.93±0.19  0.004 

Triglycerides(mmol/l)  -0.20±0.12  -0.18±0.10  0.67 

HDL(mmol/l)   -0.16±0.12  0.03±0.05  0.27 

Intima media thickness 

There was no significant difference in combined IMT of both carotid arteries at baseline 

between patients groups. IMT did however decrease significantly in patients on pravastatin. 

The below bar chart shows the baseline and 6 month measurements of IMT.  

    

Figure 14: Baseline and 6 month measurements of combined common carotid artery IMT 
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There was no significant change in IMT in the placebo group [1.53±0.07 - 1.65±0.08], however 

there was a significant decrerase in IMT after 6 months of pravastatin [1.61±0.08 -1.53±0.08] 

p=0.03. 

 

 

 

 

4.4 DISCUSSION 

It is known that statins have properties independent of their cholesterol lowering effects, 

which may partly account for their established benefit in the prevention of coronary heart 

disease beyond the reduction of cholesterol levels. The aim of this study was to investigate 

some of these effects as all the patients had normal pre-treatment cholesterol levels. The 

study was divided into two groups, surgical and non-surgical. The number of patients in both 

groups was much smaller than anticipated. There were two main reasons for this: firstly, the 



 107 

great majority of patients with carotid artery stenosis referred to the vascular unit were 

already prescribed a statin, and about half of those who were not had cholesterol levels above 

5.5mmol/l and therefore were excluded from the study. Secondly, the untimely publication of 

the MRC/BHF Heart Protection Study in 2002(139) resulted in many patients with normal 

cholesterol levels being prescribed a statin by their GP or referring physician before attending 

the vascular unit for assessment of their carotid disease. After the publication of the above 

study we sought advice from the chairman of the Local Research Ethical Committee, who felt 

that it was not necessary to formally reapply for ethical approval as the National Institute of 

Clinical Excellence guidelines on use of statins had not yet been published. The study was 

therefore continued. 

 

A further factor influencing the results particularly in the surgical group was the length of time 

from recruitment and randomisation to final measurement of blood parameters, which was 

only six weeks. This was the waiting time for carotid surgery in the unit and it would have been 

unethical to prolong this period particularly in those patients with symptomatic stenosis. It was 

ambitious to expect a change in levels of blood constituents and a difference in plaque 

composition and histology within the short study period. 

In the surgical group, when comparing pravastatin and placebo patients 6 weeks following 

randomisation, there were no significant changes in concentration of blood constituents 

measured. It is likely to be because the length of time between randomisation and final 

analysis was too short (only 6 weeks). 

   

Both numbers of patients and length of follow-up again were significant limitations in the non-

surgical group. Although the number of patients recruited in this group was much greater than 
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in the surgical group it was probably still too small to show significant changes in many of the 

parameters measured. Due to the time limitation of the study, the number of patients at each 

follow-up visit diminished leaving only very few followed up for the maximum 15 months. It 

was therefore decided for the purpose of analysis the concentration of blood paramteres at 6 

months would be compared between the groups. Six months was chosen as about 80% of 

patients would be included. Those who were only followed up for three months were omitted 

from this part of the analysis.  

 

The circulating level of ICAM decreased significantly in the Pravastatin group compared to that 

of placebo. However this is a guarded observation as when a Bonferroni adjustment is made 

the difference no longer becomes significant. The decrese could however be explained by the 

following: ICAM is expressed on quiescent and activated endothelium and plays an important 

role in the regulation of adhesion and migration of all types of inflammatory cells.(284) 

Furthermore, it has been demonstrated that monocyte and macrophage homing to 

atherosclerotic plaques depends on the expression of ICAM on the endothelium.(285) 

Regulation of the inflammatory components of atherosclerosis is complex. The nuclear factor 

κB, an important transcription factor that acts on different genes encoding for 

proinflammatory substances like cytokines and adhesion molecules,(286) has been shown to 

be up-regulated by oxidised LDL. Decreased serum levels of cholesterol and possibly less 

available oxidised LDL might lead to reduced expression of ICAM. Thus, the reduction seen in 

ICAM could be explained by the reduction in cholesterol. However, in this study there was no 

correlation between the change in ICAM and that of cholesterol suggesting that this may be an 

effect independent of cholesterol lowering.   
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Retinol, gamma-tocopherol, alpha-tocopherol, betacryptoxanthin, and lycopene all decreased 

in the stain group although none reaching statistical significance. These results may help partly 

explain the antioxidant properties of statins. Various enzymes identified in atherosclerosis 

have been implicated in the oxidation of LDL. These include nicotinamide adenine dinucleotide 

(NADPH) oxidases, xanthine oxidase, lipooxygenases, myeloperoxidases and nitric oxide 

synthases.(287, 288) These enzymes, which are present in macrophages or endothelial cells, 

may produce various reactive oxygen species that may modify LDL particles. Nitric oxide (NO) 

can have either antioxidant or pro-oxidant properties depending upon local conditions such as 

the level of oxidative stress and the availability of cofactors.(289) There are already several 

proposed mechanisms whereby statins may reduce oxidative stress. Atorvastatin has been 

demonstrated to inhibit angiotensin II-induced superoxide formation by NADPH oxidase in 

isolated rat vascular smooth muscle cells(290) and in rats in vivo.(291) These effects of statins 

may be clinically relevant. Indeed NADPH oxidases have been suggested as one of the most 

important sources of superoxidase in human coronary arteries and their activities are 

increased in patients with coronary heart disease.(292) Statins have also been reported to 

increase the release of NO.(293,294) Endogenous antioxidants other than NO may also be 

influenced by statins. Atorvastatin has been shown to reduce the enhanced cellular uptake of 

ox-LDL and of monocytes differentiating into macrophages.(295) Studies with antioxidants in 

animal models have been promising. Powerful antioxidants such as probucol and α-tocopherol 

can reduce atherosclerosis in experimental models.(296,297) However it is still unclear 

whether these results are due to cellular effects other than preventing LDL oxidation, and it 

has been noted that the ability to prevent LDL from oxidation does not always predict the anti-

atherosclerotic effect of different antioxidants. In contrast to the data gathered in animal 

models, results in human subjects have been mixed. For example α-tocopherol does not 
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appear to have beneficial effects on microvascular function in hypercholesterolaemic 

patients.(298) A possible explanation for the variation in results between animal models and 

clinical trials may be the phase of the disease studied. Most animal based experiments have 

tended to investigate the early stages of the atherosclerotic process, whilst human studies 

have focussed on subjects with coronary heart disease or long-standing risk factors. Therefore, 

it may be that antioxidants become less effective as atherosclerosis progresses.  

Perhaps unexpectedly, the concentrations of some antioxidant vitamins decrease in this study 

rather than increase. One possibility to explain this is that statins may cause consumption of 

these factors by modifying or neutralising the circulating LDL. This in turn may reduce the 

oxidative stress and retard atherogenesis.  

It has previously been shown that carotenoid intake is inversely associated with carotid intima 

media thickness(299,300) and that lower serum β-cryptoxanthin and lutein levels are related 

to the absence of symptoms in patients with carotid atherosclerosis. In this study no such 

correlations were found, nor was there a relationship between change in levels of antioxidant 

vitamins from baseline and change in IMT.  However, this study did demonstrate significant 

regression of carotid IMT within 6 months in the setting of marked cholesterol reduction with 

pravastatin 40mg. Atherosclerosis regression in the coronary and carotid arteries is a validated 

surrogate endpoint for the clinical endpoint of cholesterol reduction. Several observational 

studies have shown that individuals with cardiovascular disease have greater IMT values, 

which are associated with increased risk of clinical disease. The effects of statin therapy on 

atherosclerosis have been assessed by high-resolution ultrasonographic measurement of 

carotid IMT in a number of studies. However, the lack of a standardised protocol for measuring 

IMT change makes inter-study comparison difficult. In particular, imaging protocols vary with 

respect to the carotid artery selected for measurement, i.e. right or left CCA, the carotid bulb 
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or ICA, as well as the specific segment of the artery. In this study, both CCAs were analysed, 

and an image was taken of the carotid bifurcation at baseline so that this constant point could 

be used as a reference and the IMT measured over an identical segment of the artery at 

subsequent visits. The IMT was calculated using a computer program removing any observer 

bias. It was felt that this was the most accurate method of measurement of IMT and the 

results are therefore reliable with a small interscan variability. These results corroborate those 

in previous studies, which have found a significant decrease in IMT with a statin over a 

relatively short period of time. We cannot say however, that even though the patients had 

normal cholesterol levels, that this effect was independent of the LDL lowering properties of 

statins, as the cholesterol decreased significantly. It is likely that cholesterol lowering has an 

important role in serial changes of IMT, however further work needs to be done to determine 

whether other drug effects unrelated to cholesterol reduction modulate a change in IMT.  

 

In conclusion this study has shown that statins are beneficial to patients with normal 

cholesterol levels in that they cause a decrease in ICAM and IMT. There was also a decrease in 

antioxidant vitamins possibly due to consumption in an attempt to prevent lipid peroxidation. 

It cannot be concluded however that these effects are independent of the lipid lowering 

effects of statins as cholesterol also decreased significantly. 
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5.1 INTRODUCTION 

Since the publication of positive results of large randomised controlled trials,(137, 301)the 

number of carotid endarterectomies (CEAs) performed in the United States and Europe has 

doubled.(302-304) It has been shown that surgery is beneficial in patients with high-grade 

stenosis (70-99%) within 6 months of symptoms.(301,305) In patients with asymptomatic high-

grade stenosis, the evidence has been controversial until recently. The recent publication of 

the results of the Asymptomatic Carotid Surgery Trial (ACST)(138) has shown that CEA, in 

patients under 75 years of age, halves the 5-year stroke risk. This data therefore, suggests that 

CEA should be offered to all patients with carotid stenosis 70% or greater regardless of 

symptoms. 

 

The mechanisms involved in the initiation, progression, and maturation of atherosclerotic 

plaques are characterised by endothelial injury followed by lipid deposition, macrophage 

migration, vascular smooth muscle proliferation and deposition of extracellular matrix proteins 

in the intimal region between the endothelial lining and the media. Processes within the 

carotid plaque lead to further disruption of the endothelial lining, predisposing the vessel to 

intraluminal thrombogenesis that culminates in myocardial infarction, lower limb ischaemia 

and stroke. 

 

Much recent research on pathogenesis of atherosclerosis has focussed on oxidative stress and 

the role of oxidised LDL. In 1979 Goldstein et al(51) showed that oxidised LDL was rapidly 

ingested by monocytes and appeared to be an initiating factor in the differentiation of 

monocytes into foam cell macrophages. A role for the participation of such oxidatively 

modified lipoproteins in atherosclerotic plaque formation is suggested by studies showing the 
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presence of lipid hydroperoxides, products resulting directly from the oxidation of 

LDLs.(306,307) It has also been hypothesised but not proven that increased fatty acid 

oxidation may be related to symptomatology of the carotid plaque. Conversely, antioxidant 

vitamins may have a role in stabilising the plaque.  

 

Adhesion molecule expression, found preferentially on the endothelium and smooth muscle of 

the atherosclerotic plaque(308-310) is an essential step for the maturation(24, 311) and 

destabilisation(312,313) of plaques. ICAM, VCAM and E-selectin are thought to modulate 

leucocyte endothelial interaction resulting in the emigration of leucocytes and the 

enhancement of the potential for plaque rupture, and it has been suggested that a local 

increase of ICAM expression on the carotid plaque and increased serum ICAM correlates with 

the symptoms of thromoembolic ischaemia and may play a role in the conversion of the 

atheromatous plaque to a prothrombotic state.(314) 

 

Further factors in the atherosclerotic process are MMPs.(99,315,316) These are secreted in 

the latent pro-enzyme form by a range of cell types including inflammatory cells, fibroblasts 

and smooth muscle cells. Initial plaque disruption has been shown to occur predominantly in 

the shoulder of the plaque, an area rich in macrophages.(101) The production of MMPs in this 

region has been shown to be higher than in other parts of the plaque.(317) 

There are only a small number of studies on the relationship of MMPs and their natural 

inhibitors, TIMPs, to carotid plaque instability. Loftus et al have shown increased MMP-9 

activity both in the plaque(103) and in plasma(104) of patients with symptomatic carotid 

artery disease, while Hower et al(318) found that these patients had lower levels of MMP-9 

and higher levels of TIMP-2 suggesting metalloproteinase enzymes are not responsible for 
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plaque instability. 

 

Substantially more research has been carried out on carotid plaque histology and relationship 

to clinical events although again the literature is inconsistent. Imparato et al(226) found that 

macroscopic intraplaque haemorrhage was the only feature that was significantly more 

common in plaques removed from symptomatic patients. Similarly Lusby et al(229) noted 

acute or recent intraplaque haemorrhage in 92% of plaques from symptomatic patients 

compared with 27% from asymptomatic patients. Avril et al(319) classified carotid plaques as 

‘hard’ (predominantly composed of collagen or calcium) or ‘soft’ (containing atheromatous 

debris of intraplaque haemorrhage). Soft plaques were significantly more common in 

symptomatic carotid lesions. In contrast to these reports, in a post-mortem study involving 

individuals who had asymptomatic carotid disease, Svindland and Torvik(320) noted that small 

recent and old haemorrhages were a common finding in carotid plaques that resulted in a 

greater than 60% stenosis. Furthermore, numerous healed ulcerations and organised thrombi 

were seen. The authors concluded that plaque complications are frequent in cases with 

stenosis and that most of them apparently heal without giving rise to symptoms. Bassiounny et 

al(230) similarly concluded that intraplaque haemorrhage was commonly seen in carotid 

plaques, including those without severe stenosis, and did not discriminate between 

symptomatic and asymptomatic stenotic lesions. While Hatsukami et al(321) found that there 

was no difference between plaques removed from asymptomatic and symptomatic patients 

with regard to the presence and volume of fibrous intimal tissue, intraplaque haemorrhage, 

the lipid core, the necrotic core or inflammation. 

 

The aim of this study was to compare symptomatic and asymptomatic patients with severe 



 116 

carotid stenosis undergoing carotid endarterectomy. Lipid hydroperoxides, antioxidant 

vitamins and adhesion molecules were measured in serum and the plaque, while MMPs were 

measured in the plaque. Histological analysis of the atherosclerotic plaque was also 

undertaken. 

 

5.2  MATERIALS AND METHODOLOGY 

Eighty-five consecutive patients admitted to the Vascular Unit of Belfast City Hospital for CEA 

between September 2001 and August 2003 were entered into this study. Local ethical 

committee approval was obtained and all patients gave full informed consent for the study. A 

clinical history was taken from each patient, with particular care taken to establish the nature 

and duration of neurological symptoms together with a record of the time between the last 

symptom and the operation. The patients were then divided into 2 groups, group 1 (n=64) 

consisting of asymptomatic patients and group 2 (n=21) consisting of those with focal 

neurological symptoms less than 6 months preoperatively. Focal neurological symptoms were 

defined as transient ischaemic attack, amaurosis fugax, or cerebrovascular accident. Those 

patients with vague symptoms such as dizziness and headaches but absence of focal 

neurological events were assigned to group 1. All patients were on long-term aspirin therapy 

and there was no difference between the groups in the use of other medications such as 

antihypertensives, statins or in serum lipid levels. All patients underwent a preoperative 

Duplex ultrasound assessment of the carotid plaque for quantification of the degree of 

stenosis. All had >70% stenosis with no difference between the groups in the percentage 

stenosis. 
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Blood samples 

A sample of blood was taken from each patient just before the induction of anaesthesia, 

prepared and stored as described previously. Blood was analysed for lipid hydroperoxides, 

ICAM, VCAM, antioxidant vitamins and lipids.  

 

Procurement of Tissue Specimens 

CEA was performed with standard surgical techniques. Carotid plaques were obtained 

immediately after endarterectomy and prepared as in section 3.5. The plaque was examined 

for levels of protein, lipid hydroperoxides, ICAM, VCAM, MMP-2, MMP-9, and TIMP-2. The 

plaque was also analysed histologically for evidence of calcification, inflammation, intraplaque 

haemorrhage, lipid content, and the presence of ulceration, thrombus and a fibrous cap. 

 

Statistical Analysis 

The calculation of sample size was based on a previous study comparing serum ICAM levels in 

patients with symptomatic and asymptomatic carotid plaques.(314) To achieve 90% power 

with significance of 5% it was calculated that 140 patients was be required.  

Demographics were analysed using the Chi-squared test.  

The mean serum and plaque concentrations of LPHOs, ICAM, VCAM, antioxidant vitamins, and 

lipids were calculated in the two groups. The difference between the means was calculated 

using analysis of covariance (ANCOVA). The covariates adjusted for were, age, gender, smoking 

status, presence of coronary artery disease and diabetes mellitus. It was assumed that the 

residuals are independently and identically distributed as normals and that continuously 

distributed covariates have a linear adjustment with the outcome of interest. Data is 

expressed as mean ±SEM. The tests are based on a two-sided hypothesis. A P value of less than 
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0.05 was taken as evidence of statistical significance. All data was analysed with SPSS 10.0 for 

Windows (Copyright SPSS Inc, 1989-99). 
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5.3  RESULTS 

Patient demographics 

There was no significant difference between the major demographic features or cardiovascular 

risk factors between the 2 groups. (χ2 test,) (Table 7) 

 

Table 7 Clinical risk factors for patients assigned to symptomatic or asymptomatic 
groups 

 

Risk factor   Symptomatic  Asymptomatic  p value 

 

Age, median(range), y  74(56-86)  77(50-94)  0.27  

Sex, male: female  13:8   36:28   0.80 

Smoking, n(%)  8(38)   30(47)   0.61 

IHD, n(%)   8(38)   21(33)   0.79  

Diabetes, n(%)   5(24)   10(16)   0.51 

Hyperlipidaemia, n(%) 17(81)   36(56)   0.07 

 
Smoking indicates past or present history of smoking; IHD, ischaemic heart disease (past 

history of myocardial infarction or angina requiring treatment); diabetes, insulin and non-

insulin dependent requiring treatment, including diet controlled; hyperlipidaemia based on 

current medication and/or random fasting lipid levels. There was no significant difference 

between groups for any of the independent risk factors. 

 

 

Histological examination 

The microscopic appearance of the plaques was qualified in all cases, and the results are 

N=21 N=64 
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shown in table 8. No microscopic features were found to be significantly different between 

symptomatic and asymptomatic patients. (χ2 test)  

 
Table 8: Histological plaque characteristics for each of the symptom groups 
 
                            
Feature      Histological   Symptomatic         Asymptomatic 
          grade 
 
 
Calcification            0         0(0)        10(16) 
  N(%)                        1         6(29)        14(22) 
                                   2         6(29)        16(25) 
                                   3         9(42)        24(37) 
 
Inflammation            0        15(71)                   51(79) 
N(%)                       1        4(19)                   9(14) 
             2                   2(10)                              3(5) 
                                   3                              0(0)                                          1(2) 
 
Fibrous cap             0                                        0(0)         1(2) 
N(%)             1          5(24)         10(16) 

           2         15(71)         38(59) 
             3        1(5)          15(22) 
 
Lipids              0         1(5)         3(5) 
N(%)             1           4(19)        16(25) 

           2        2(10)         17(27) 
           3        14(67)        28(43) 

 
Haemorrhage              0         14(67)         55(86) 
N(%)             1         7(33)         9(14) 
 
Ulceration             0          21(100)        59(92) 
N(%)             1        0(0)            5(8) 
 
Thrombus            0          21(100)         63(99) 
N(%)             1        0(0)          1(1) 

N=21 N=64 
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Blood analysis 

Table 9: The concentrations of LHPOs, adhesion molecules, antioxidant vitamins, and TIMP-2 

in symptomatic and asymptomatic patients.  

 

           
  
    Asymptomatic  Symptomatic  p value  
          n=64       n=21          (ANCOVA) 
 
LPHO(µM)   1.07±0.09  1.14±0.18  0.16 

Vitamin C(µM/l)  29.85±2.52  25.12±5.40  0.97 

ICAM(µg/ml)   1.44±0.10  1.37±0.14  0.70 

VCAM(µg/ml)  3.17±0.32  3.23±0.65  0.06 

Retinol(µM/l)   2.57±0.19  2.87±0.23  0.19 

Gammatocopherol(µM/l) 1.69±0.11  1.76±0.10  0.10 

Alphatocopherol(µM/l) 31.94±1.75  34.06±1.96  0.04 

Lutein(µM/l)   0.03±0.003  0.04±0.007  0.14 

Beta-cryptoxanthin(µM/l) 0.01±0.004  0.01±0.001  0.57 

Alphacarotene(µM/l)  0.05±0.007  0.04±0.01  0.56 

Betacarotene(µM/l)  0.21±0.04  0.17±0.04  0.52 

Lycopene(µM/l)  0.39±0.07  0.29±0.08  0.16 

TIMP-2(ng/ml)  229.43±15.62  255.96±33.99  0.67  

    

In patients with symptomatic carotid plaques there was a significantly higher concentration of 

alphatocopherol, however when a Bonferroni adjustment is made this difference becomes 

insignificant. There were no other differences between the groups.  

Plaque analysis 
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There was no significant difference in plaque constituents between the two groups as can be 

seen from the table below.  

Table 10: Plaque concentrations of LHPOs, ICAM, VCAM, MMP-2, MMP-9, TIMP-2 in 

symptomatic and asymptomatic patients. 

           
  
    Asymptomatic  Symptomatic  p value  
           n=64        n=21           (ANCOVA) 
 
LPHO(µM)   0.60±0.07  0.85±0.17  0.21 

ICAM(µg/ml)   105.04±12.18  106.95±22.57  0.94 

VCAM(µg/ml)  22.56±1.98  23.06±2.98  0.90 

MMP-2(ng/ml)  45.70±3.32  38.62±6.27  0.28 

MMP-9(µg/ml)  113.31±24.08  171.90±56.00  0.26 

TIMP-2(ng/ml)  67.22±8.07  118.96±56.74  0.38  
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5.4  DISCUSSION 

The atherosclerotic plaque is a dynamic structure that undergoes continuous remodelling. The 

processes instrumental in this are a complex interaction of events involving vessel 

conformation, haemodynamic forces, multiple risk factor exposure, cellular composition, and 

physiological mechanisms that include upregulation of inflammatory mediators and plaque 

destabilisation. Attempts to reduce the incidence of strokes that result from carotid 

atherosclerotic thromboemboli require a clearer understanding of the mechanisms associated 

with the conversion of plaques from an asymptomatic to symptomatic state. It is widely 

believed that intraplaque haemorrhage, ulceration, and cap rupture predispose to clinical 

symptoms while calcified fibrous plaques are generally asymptomatic. It has been suggested 

that imaging (Duplex, angiography, MRI) may be able to distinguish these plaque features 

preoperatively and be helpful particularly in asymptomatic patients in deciding whether CEA 

would be beneficial. These histological features may be true of coronary plaques but the 

evidence to back this up in carotid plaques is scanty. Of the few studies carried out of carotid 

plaque histology, 2 suggested that intraplaque haemorrhage is more common in recently 

symptomatic patients(226, 229) while 2 found no difference in these respects.(230, 320) 

Histological analysis of the 85 consecutive carotid plaques in this study showed that there is no 

difference in intraplaque haemorrhage, lipid content, calcification, ulceration, inflammation, 

presence of thrombus and extent of fibrous cap between recently symptomatic and 

asymptomatic patients. Pre-operative ultrasound evaluation of the plaque can differentiate 

between a plaque which is mainly composed of fibrous tissue, calcification or lipids. 

Further efforts at differentiating stable and unstable plaques have involved markers of 

inflammation. It is known that an inflammatory process is vital for initiation, and maturation of 

the atherosclerotic plaque.(322) It has also been shown that inflammation also plays a key role 
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in the destabilisation of the plaque and causing symptoms.(101,312,313,323-325) Lipid 

peroxidation is a key component of inflammation and antioxidants are important regulators of 

this process. The expression of adhesion molecules is thought to modulate 

leucocyte/endothelial interaction, resulting in emigration of leucocytes and enhancement of 

the potential for plaque rupture. It is suggested that increased levels and activity of MMPs 

cause weakening and rupture of the fibrous cap predisposing to symptoms.(103)  It is 

therefore, reasonable to hypothesise that symptomatic patients would have higher levels of 

lipid hydroperoxides, ICAM, VCAM, MMPs 2 and 9, and lower levels of antioxidants and TIMPs. 

However, I was unable to show a significant systemic difference between symptomatic and 

asymptomatic patients. This is possibly because any local increased expression in the 

symptomatic plaque becomes so dilute in the bloodstream that it would require a much larger 

number of patients to demonstrate significance or there may simply be no systemic change in 

these parameters in symptomatic plaques.  

I also found no significant difference between adhesion molecules, MMP-2, MMP-9, and TIMP-

2 levels in the plaque. Some previous studies have found increased MMPs(103) and others 

decreased levels.(318) This study is the largest series to date and reflects a meta-analysis of 

previous studies suggesting that there is no significant difference in plaque MMP levels in 

stable and unstable plaques stability, therefore indicating that these proteins may not be so 

useful in determining which plaques have the potential to give rise to symptoms. 

 

In summary, I have not found any markers of inflammation measured either systemically or 

locally, which are increased in symptomatic plaques, therefore suggesting that it is not useful 

to measure these to predict which asymptomatic patients have the potential to become 

symptomatic and benefit from surgery. It is probable that the cause of a plaque to become 
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symptomatic is due to a combination of many different parameters and it is unlikely that the 

measurement of any one will be useful in identifying the unstable plaque.  
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6.1  INTRODUCTION 

The immediate and long-term durability of carotid endarterectomy may be affected by the 

incidence of recurrent carotid stenosis. The reported incidence of this is quite variable, ranging 

from <2% to as much as 30%. (145, 151-153) A meta-analysis performed by Frerick et al (326) 

concluded that the risk of recurrent stenosis was 10% in the first year, 3% in the second year, 

2% in the third and 1% per year thereafter. Early recurrent carotid stenosis, occurring within 

24 months(142) has been felt to be due to myointimal hyperplasia rather than atherosclerosis. 

Myointimal hyperplasia is firm, homogenous and has a high collagen and smooth muscle 

content. It is not prone to ulceration or calcification(145-147) and therefore causes little flow 

turbulence at the lesion site with minimal potential for embolism. This may explain why the 

reported clinical behaviour of early recurrent stenosis is more benign. These lesions have also 

been reported to remodel with a reduction in the severity of stenosis over time.(148-150)  

The benefit of patch angioplasty compared to primary closure of the arteriotomy has been 

consistently debated in the literature. Some studies have failed to show a difference while 

others have demonstrated a marked difference in favour of patch closure.(119, 120, 327, 328)  

 

The aim of this study was to determine the incidence of early carotid restenosis and 

investigate whether risk factors, blood or plaque characteristics can help predict its 

occurrence.  
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6.2  MATERIALS AND METHODOLOGY 

Ninety-three consecutive patients who underwent CEA between August 2001 and February 

2003 were included in the study. Of these patients, 85 underwent unilateral and eight had 

staged bilateral CEAs, leading to a total of 101 operations. 

Procedures were carried out under either general or local anaesthesia. All patients under GA 

had a carotid shunt inserted while those undergoing local anaesthesia were only shunted if 

they developed neurological symptoms. Patch angioplasty was carried out at the discretion of 

the surgeon. 

All patients were followed-up by Duplex imaging 3, 6 and 12 months post-operatively by one 

registered vascular technologist. The main outcome measure was the development of 

restenosis more than 50% at the 6-month follow-up scans. 

 

Statistical Analysis 

There have been no previous studies investigating the effect of pre-operative antioxidant 

vitamin concentration and incidence of recurrent carotid stenosis, therefore a realistic target 

of 100 patients was selected. 

Demographics were analysed using the Chi-squared test.  

The mean serum and plaque concentrations of LPHOs, ICAM, VCAM, antioxidant vitamins, and 

lipids were calculated in the two groups. The difference between the means was calculated 

using analysis of covariance (ANCOVA). The covariates adjusted for were, age, gender, smoking 

status, presence of coronary artery disease and diabetes mellitus. It was assumed that the 

residuals are independently and identically distributed as normals and that continuously 

distributed covariates have a linear adjustment with the outcome of interest. Data is 

expressed as mean ±SEM. The tests are based on a two-sided hypothesis. A P value of less than 
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0.05 was taken as evidence of statistical significance. All data was analysed with SPSS 10.0 for 

Windows (Copyright SPSS Inc, 1989-99). 
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6.3 RESULTS 

Patient demographics 

At the time of 6th-month duplex scan, 19 arteries (19%) had developed restenosis but only 9 

(9%) were greater than 50%. The median total length of follow-up was 16 months (11-21.75). 

At the final follow-up scan 23(23%) arteries were restenosed, 13(13%) greater than 50%. There 

was no significant difference between demographic details or cardiovascular risk factors 

between patients who developed restenosis and those who did not. (χ2 test).  

Table 11 

Clinical risk factors for patients who had developed carotid restenosis by 6 months following 

CEA 

 

Risk factor   Restenosis  No restenosis  P value 

 

Age, median (IQR)  72(61-75)  73(66-77)     0.30  

Sex, male: female  13:6   48:34     0.60 

Smoking, n (%)  10(53)   36(44)    0.61 

IHD, n (%)   4(21)   29(35)   0.29 

Diabetes, n (%)  2(11)   14(17)    0.73 

Smoking indicates past or present history of smoking; IHD, ischaemic heart disease (past 

history of myocardial infarction or angina requiring treatment); diabetes, insulin and non-

insulin dependent requiring treatment, including diet controlled; There was no significant 

difference between groups for any of the independent risk factors. 

Of the 23 arteries that were patched, 1 (4%) developed restenosis, whereas 18 (23%) of 

arteries that were not patched developed restenosis. This difference bordered on statistical 

               N=19         N=82 
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significance (p=0.06).  

 

The table below shows the blood parameters measured in patients who developed restenosis 

and those who did not. Those patients who developed recurrent stenosis had significantly 

lower vitamin C, betacarotene and lutein levels and significantly higher triglycerides.  
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Table 12: Pre-operative blood concentration of LPHOs, antioxidant vitamins, adhesion 

molecules and lipids in patients who had CEA 

           
  
    Restenosis  No restenosis  p value  
        n=19        n=82           (ANCOVA) 
 
LPHO(µM)   1.16±0.28  0.87±0.07  0.30 

Vitamin C(µM/l)  19.10± 3.69  30.11±19.10  0.02 

ICAM(µg/ml)   1.61±0.21  1.35±0.08  0.27 

VCAM(µg/ml)  3.40±0.51  3.03±0.30  0.54 

Retinol(µmol/l)  2.93±0.48  2.58±0.14  0.50 

Gammatocopherol(µmol/l) 1.75±0.11  1.65±0.09  0.52 

Alphatocopherol(µmol/l) 37.29±4.60  30.80±1.22  0.20 

Lutein(µmol/l)   0.02±0.003  0.03±0.003  0.004 

Beta-cryptoxanthin(µmol/l) 0.007±0.001  0.01±0.01±0.003 0.11 

Alphacarotene(µmol/l) 0.03±0.01  0.05±0.006  0.30 

Betacarotene(µmol/l)  0.11±0.03  0.21±0.04  0.03 

Lycopene(µmol/l)  0.21±0.07  0.37±0.06  0.11 

TIMP-2(ng/ml)  67.22±8.07  118.96±56.74  0.21 

Cholesterol(mmol/l)  5.33±0.58  4.77±0.16  0.38 

Triglycerides(mmol/l)  2.08±0.25  1.39±0.09  0.03 

HDL(mmol/l)   0.85±0.07  0.85±0.33  0.92 

There was no significant correlation between smokers and recurrent stenosis (r=-0.12), or 

between smokers and vitamin C concentration (r=0.02). 

6.4  DISCUSSION 
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The reported incidence of recurrent carotid stenosis following CEA ranges from 1-

36%.(145,151,152) Early recurrent stenosis greater than 50% occurring within 2 years after 

CEA is said to occur in 4-19%.(149,151,154) The definition of restenosis varies from any 

haemodynamically significant stenosis to greater than 50%. Our reported incidence of any 

restenosis 19% is consistent with these reports. No patient who developed restenosis was 

symptomatic, again consistent with the theory that early restenosis is due to myointimal 

hyperplasia and has a benign clinical course.  

Less than 25% of arteries in this study were closed with patch angioplasty, but despite the 

small number, this was shown to decrease the incidence of carotid restenosis almost to 

statistical significance. In the literature, the method of arteriotomy closure, primary versus 

patch has been a matter of considerable debate.(119-121,327-329) Recent 

articles(122,123,330-332) indicate patch closure is independently associated with a decreased 

incidence of recurrent stenosis compared with primary closure following CEA. The type of 

patch material used remains a subject of controversy. Autologous vein, homologous vein, 

polytetrafluoroethylene (PTFE) and Dacron are the various patch angioplasty materials 

commonly used.(126,333-335) No consistently significant difference in terms of perioperative 

morbidity, mortality and incidence of recurrent stenosis has been demonstrated.(336,337) In 

this study, patch angioplasties were performed with either Dacron or bovine pericardium. 

Bovine pericardium exhibits characteristic of an ideal patch material, including similarity in 

consistency to the native artery, non-thrombogenicity, sufficient mechanical strength, 

biocompatibility and off-the-shelf availability. It resists suture line bleeding, requires no 

preclotting, and supports endothelialisation. The only direct comparison in the literature 

between bovine pericardium and Dacron was a study by Marien et al.(338) They concluded 

that bovine pericardium demonstrated a significant decrease in intraoperative suture line 
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bleeding and superior handling characteristics. They demonstrated a 5% restenosis rate but 

failed to mention the length of follow-up time or directly compared this with the restenosis 

rate of the arteries patched with Dacron. Therefore, there are no studies in the literature that 

directly compare the incidence of recurrent stenosis with Dacron or bovine pericardium patch 

angioplasties. In this study as only 23 arteries were closed with patch angioplasty, it was felt 

that the numbers were too small to make comparisons between the restenosis rates, although 

this would be a worthwhile future study.  

 

Interestingly, patients who developed early restenosis had a significantly lower preoperative 

vitamin C level. However again this statement is guarded as this difference no longer is 

significant when a Bonferroni adjustment is applied. One important function of vitamin C is the 

activation of prolyl and lysyl hydroxylases from inactive precursors, providing for hydroxylation 

of procollagen. Inadequately hydroxylated precursors cannot acquire a stable helical 

configuration and cannot be adequately cross-linked, causing them to be poorly secreted by 

the fibroblast. Collagen, which normally has the highest content of hydroxyproline, is most 

affected, particularly in the artery. Collagen is important in the remodelling of the artery wall 

following endarterectomy; and it is possible that a deficiency in vitamin C may lead to 

restenosis due to a defect in the manufacture of collagen.  

Some studies have shown that continued smoking following CEA is a risk factor for 

restenosis(339) while others have not shown this relationship.(144,340) As smokers have 

repeatedly been shown to have a lower vitamin C level,(341-344) it may be contributory to the 

higher restenosis rate in smokers. In this study however, there was no correlation between 

smokers and recurrent stenosis, and no association between smokers and vitamin C level, 

possibly due to small numbers.  
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Vascular repair and remodelling is a very complex phenomenon that involves a local intense 

inflammatory response, smooth muscle cell proliferation and migration, and extracellular 

matrix production and contraction. In an animal model, it has been shown that vascular repair 

is negatively influenced by high oxidation state of circulating LDL and benefits from antioxidant 

vitamin administration.(159) In humans, vascular surgery such as CEA and coronary 

angioplasty have been found to be associated with a transient increase in systemic oxidative 

stress,(160,345) which has been shown to be predictive of restenosis.(346) This could explain 

why, in this study there was a lower betacryptoxanthin level and significantly lower lutein 

concentration in the group of patients who subsequently developed recurrent stenosis. It may 

be that the concentrations of these antioxidants were not sufficient to counteract the increase 

in oxidative stress. This is also an alternative explanation for the low vitamin C predisposing to 

recurrent carotid stenosis.  

 

Hyperlipidaemia has also been shown to be a risk factor in early restenosis.(144,339, 340,347) 

This is surprising, as early restenosis is due to myointimal hyperplasia rather than 

atherosclerosis. However this can be explained by the fact that lipids can be identified in 

microscopic sections even of early plaques.(348) We also found that increased triglyceride 

levels predisposed to a likelihood of restenosis. It is known that statins decrease the incidence 

of neointimal hyperplasia in animal models.(349,350) presumably at least partly due to their 

lipid-lowering effect. As elevated lipid levels predispose to carotid restenosis this provides 

further evidence for the use of statins in patients with carotid artery stenosis. 
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In conclusion, the incidence of early carotid restenosis in this study in well within that quoted 

in the literature. The risk of recurrent stenosis was higher in patients who did not have a patch 

angioplasty, and those with lower vitamin C and higher triglyceride levels. It may therefore be 

beneficial to increase the number of patch angioplasties, and advise patients of a high vitamin 

C diet or provide them with supplements.  



 137 

CHAPTER 7 

GENERAL DISCUSSION 

 
         Page 

7.1 General introduction     142 

7.2 Summary of results      144 

7.3 Conclusion       146 

7.4 Future studies      147 

 



 138 

7.1  GENERAL INTRODUCTION 

Cardiovascular disease is the main cause of morbidity and mortality in the Western world and 

one manifestation of this is stroke, which can be caused by atherosclerosis in the internal 

carotid artery. 

 

Atherosclerosis 

Atherosclerotic plaques typically develop at areas of turbulence in arteries such as the carotid 

bifurcation. One theory for the pathogenesis of atherosclerosis is that of inflammatory 

response to an injury to the arterial wall. Possible causes of injury include elevated LDL, free 

radicals generated by cigarette smoking, hypertension and diabetes mellitus. Loss of 

endothelium from the artery wall generates an inflammatory response which results in 

adherence and accumulation of mononuclear cells in the intima. Monocytes subsequently take 

up LDL and transform into macrophages. 

 

LDL pathway 

 It is well known that hypercholesterolaemia is an important risk factor for atherosclerosis and 

elevated plasma concentration of LDL is associated with accelerated atherogenesis. Uptake of 

LDL by the apo B receptor results in downregulation of receptor expression, which prevents 

accumulation of excessive cholesterol within cells. Therefore, the arterial uptake of LDL that 

gives rise to foam cells and fatty streaks must be by pathways independent of the LDL 

receptor. It has been suggested that the LDL is oxidatively modified to a variant form of LDL 

that can be taken up rapidly enough by macrophages to convert them into foam cells. This 

modified LDL is taken up by scavenger receptors, which do not recognise native LDL.  
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Disease Activity 

The mature atherosclerotic lesion involves a central core of foam cells (lipid-laden 

macrophages) and necrotic debris with an overlying fibrous cap composed of extracellular 

matrix, smooth muscle cells and collagen. Lesion activation is initiated by rupture of the 

atherosclerotic plaque leading to a thrombotic response that may precipitate a vascular event. 

The composition of the extracellular matrix is determined by MMPs, a family of enzymes which 

act on the basement membrane components and collagen. It has been shown that levels of 

MMP-2 and MMP-9 are higher in unstable plaques. 

 

Carotid artery stenosis 

Atherosclerosis of the extracranial carotid artery is estimated to cause up to 70% of ischaemic 

strokes. Carotid endarterectomy has been shown to reduce the risk of stroke in both 

symptomatic and asymptomatic patients. However, the long-term durability of CEA may be 

affected by recurrent carotid stenosis, the incidence of which is anything between 2% and 

30%. Early restenosis is thought to be mainly due to myointimal hyperplasia and produces a 

smooth homogenous lesion, which is generally asymptomatic. 
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Statins 

Statins inhibit the enzyme catalysing the rate-limiting step of cholesterol synthesis in the liver, 

therefore lowering plasma concentrations of cholesterol. Clinical trials have shown that statin 

therapy reduces cardiovascular related mortality in both patients with normal and elevated 

cholesterol levels. However, it has been suggested that statins also have non-lipid effects on 

endothelial function, smooth muscle cells and plaque instability. 

 

Intima media thickness 

IMT, measured by B-mode ultrasound, is a useful non-invasive measure of early 

atherosclerosis. Increased IMT has been shown to have a predictive value with regard to 

clinical cardiovascular complications in particular myocardial infarction. Statins decrease IMT 

in patients with high cholesterol, but no studies have investigated the effect in IMT in patients 

with normal cholesterol levels.   

 

7.2  SUMMARY OF THE RESULTS 

Chapter 4 

The aim of this chapter was to investigate non-lipid lowering effects of pravastatin. However 

even though all the patients had normal pre-treatment cholesterol levels, pravastatin, 40mg 

daily caused a significant decrease in cholesterol concentration. Therefore it cannot be 

concluded that the effects of pravastatin were independent of lipid lowering properties.  

In the surgical arm of the study there were no significant changes with pravastatin. This may 

be due to the short treatment time of only 6 weeks and the small sample size. In the non-

surgical group there was a decrease in ICAM, and less increase in gamma-tocopherol with 

pravastatin compared to placebo. The statin also caused a decrease in cholesterol and an 
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increase in HDL. 

A significant reduction in intima media thickness of the common carotid artery was found in 

the pravastatin group compared to the placebo group in normocholesterolaemic patients from 

as early as 6 months following initiation of treatment. As change in IMT is an early marker for 

generalised atherosclerosis especially that of the coronary arteries, the results provide further 

evidence of the beneficial effects of statins in normocholesterolaemia. 

 

Chapter 5  

Histological analysis of 85 carotid plaques from both symptomatic and asymptomatic patients 

showed no significant difference in plaque characteristics between the two groups. In 

particular, intraplaque haemorrhage did not seem to be associated with symptomatic plaques 

in contrary to previous studies of this nature. 

There was also no difference in markers of inflammation, adhesion molecules, antioxidants or 

MMPs either locally or systemically between symptomatic and asymptomatic patients. This 

suggests that it may be very difficult and unreliable to predict which plaques may become 

symptomatic. This probably reflects the fact that plaque morphology undergoes regular 

changes with breakdown and repair, being a dynamic rather than static process. One main 

flaw in this study is its attempt to identify the markers of instability at one specific time point. 

 

Chapter 6 

The incidence of early restenosis greater than 50% in this series was 9%, well within the range 

quoted in the literature. All the patients with early restenosis were asymptomatic, consistent 

with the natural history of myointimal hyperplasia. Less than a quarter of arteriotomies were 

closed with patch angioplasty, which resulted in a lower incidence of restenosis almost 
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reaching statistical significance despite the small numbers. There was no significant difference 

in demographics or risk factors between the patients who did and did not develop restenosis, 

however, the patients who developed early recurrent stenosis had significantly lower levels of 

vitamin c and lutein and higher triglycerides. This may cause a greater inflammatory reaction 

along the segment of the artery stripped of intima and allow proliferation of smooth muscle 

cells. 

 

7.3  CONCLUSION 

There was no significant difference in lipid hydroperoxides and in fact, gammatocopherol 

increased more than in the placebo group. One explanation for this is that statins may cause 

consumption of this carotenoid. It was found however as expected than ICAM decreased in the 

statin group, but no difference was detected in MMP concentration either locally in the plaque 

or systemically.   

Unfortunately it cannot be said that these changes are independent of lipid lowering effects of 

statins as cholesterol levels decreased significantly also. 

No differences were found between symptomatic and asymptomatic plaques either in blood 

or plaque analysis. 

The results of the restenosis part of the study were interesting in that it seems low levels of 

antioxidant vitamins may predispose to early recurrent stenosis. Vitamin C levels may also 

influence this process by its involvement in collagen and remodelling of the artery after 

endarterectomy. 

 

In conclusion, this study provides further evidence that statins are beneficial in patients with 

normal cholesterol levels. Statins have influence on many different parts of the atherosclerotic 
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process both dependent upon and independent of their lipid lowering effects. Much more 

work could be carried out to further elucidate their mechanisms of action. Future human 

studies however will be difficult in view of the MRC/BHF Heart Protection Study, which has 

shown reduction in morbidity and mortality in patients on statins with both normal and low 

cholesterol concentrations. It would be unethical to conduct a further placebo-controlled trial.   

 

7.4 FUTURE STUDIES 

1. Carotid restenosis and oxidative stress, and the role of antioxidants. 

2. Comparison of bovine pericardium and Dacron patch angioplasty. 

3. Do statins cause the neutralisation of modified LDL by antioxidants?  
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APPENDIX 

Chapter 4 
  
 

Baseline and 6 week measurements of blood lipid hydroperoxide and vitamin C 
 

concentrations in surgical patients 
 
 

 

patient 
pravastatin / placebo  

FOX VITAMIN C 
  baseline 6 weeks baseline 6 weeks 
1 placebo 0.71 0.35 1.40 m 
2 placebo 0.92 0.65 54.20 17.60 
3 placebo 0.67 0.24 49.50 43.50 
4 placebo 0.59 0.26 45.50 46.50 
5 placebo 1.70 0.46 m 26.10 
6 placebo 1.76 1.39 m m 
7 placebo 0.70 0.83 24.50 29.20 
8 placebo 1.33 1.07 26.10 24.20 
9 placebo 0.56 0.28 14.00 14.90 

10 pravastatin 0.73 0.45 21.90 33.30 
11 pravastatin 1.88 1.52 18.50 11.00 
12 pravastatin 0.54 1.10 52.10 24.90 
13 pravastatin 0.47 0.28 m 41.80 
14 pravastatin 0.74 0.58 9.90 32.80 
15 pravastatin 0.57 0.45 33.60 20.10 
16 pravastatin 0.83 2.06 m 16.00 
17 pravastatin 0.45 0.41 10.30 11.10 
18 pravastatin 0.51 0.38 9.10 7.80 
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Baseline and 6 week measurements of blood ICAM and VCAM concentrations in surgical 

patients 

 

patient 
  pravastatin / placebo  

ICAM   VCAM   
baseline 6 weeks baseline 6 weeks 

1 placebo 2.99 2.08 4.45 3.66 
2 placebo 1.36 0.62 6.13 5.11 
3 placebo 1.56 1.12 5.15 4.89 
4 placebo 1.91 2.02 3.86 3.36 
5 placebo 2.43 1.81 6.96 6.71 
6 placebo 1.94 1.31 4.78 3.89 
7 placebo 2.35 2.69 4.30 3.37 
8 placebo 3.08 1.27 3.72 3.08 
9 placebo 2.98 1.63 5.36 5.77 

10 pravastatin 1.07 2.19 4.29 4.23 
11 pravastatin 3.14 2.09 7.69 6.71 
12 pravastatin 2.55 2.16 2.48 6.00 
13 pravastatin 1.87 2.82 4.44 2.70 
14 pravastatin 6.76 3.22 8.38 5.30 
15 pravastatin 1.24 0.89 5.36 3.58 
16 pravastatin 1.20 1.26 1.60 1.23 
17 pravastatin 2.30 1.10 5.55 4.87 
18 pravastatin 2.39 1.53 3.86 2.98 
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Baseline and 6 week measurements of blood retinol and gamma-tocopherol concentrations 

in surgical patients 

 

patient 
  

pravastatin / placebo 
  

RETINOL GAMMA-TOCOPHEROL 
baseline 6 weeks baseline 6 weeks 

1 placebo 2.55 2.05 1.80 2.29 
2 placebo 5.97 2.73 3.00 1.74 
3 placebo 3.61 3.45 1.21 1.47 
4 placebo 3.26 3.68 1.76 0.99 
5 placebo 4.94 3.74 2.97 1.60 
6 placebo 5.28 1.94 1.82 0.72 
7 placebo 3.17 2.61 1.67 0.97 
8 placebo 4.86 2.04 2.51 1.08 
9 placebo 1.34 1.11 0.92 0.66 

10 pravastatin 5.72 5.43 3.00 2.61 
11 pravastatin 5.31 6.20 2.00 1.91 
12 pravastatin 1.68 2.39 1.20 1.41 
13 pravastatin 3.37 2.82 1.25 1.24 
14 pravastatin 2.52 2.15 2.63 2.25 
15 pravastatin 5.30 1.74 3.00 2.36 
16 pravastatin 5.52 4.62 2.48 1.61 
17 pravastatin 4.77 5.42 2.01 1.26 
18 pravastatin 2.84 3.89 2.82 3.84 
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Baseline and 6 week measurements of blood alphatocopherol and lutein concentrations in 

surgical patients 

 

patient 
  pravastatin / placebo  

ALPHATOCOPHEROL LUTEIN   
baseline 6 weeks baseline 6 weeks 

1 placebo 40.78 43.27 0.04 0.05 
2 placebo 71.28 36.51 0.10 0.05 
3 placebo 39.06 43.86 0.05 0.04 
4 placebo 27.67 24.23 0.05 0.04 
5 placebo 46.47 28.40 0.03 0.03 
6 placebo 45.66 21.02 0.03 0.01 
7 placebo 38.76 16.38 0.05 0.03 
8 placebo 53.93 24.00 0.05 0.02 
9 placebo 20.16 15.54 0.01 0.00 

10 pravastatin 41.46 37.02 0.05 0.05 
11 pravastatin 40.23 43.13 0.04 0.03 
12 pravastatin 23.76 26.30 0.04 0.05 
13 pravastatin 27.24 26.00 0.05 0.04 
14 pravastatin 59.37 53.25 0.05 0.04 
15 pravastatin 50.93 23.44 0.03 0.01 
16 pravastatin 37.79 30.32 0.05 0.03 
17 pravastatin 41.70 18.55 0.04 0.05 
18 pravastatin 31.20 42.21 0.04 0.03 
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Baseline and 6 week measurements of blood betacryptoxanthin and alphacarotene 

concentrations in surgical patients 

 
patient 
  Pravastatin / placebo  

BETACRYPTOXANTHIN ALPHACAROTENE   
Baseline  6 weeks Baseline 6 weeks 

1 placebo 0.01 0.01 0.07 0.05 
2 placebo 0.04 0.02 0.18 0.14 
3 placebo 0.01 0.02 0.12 0.18 
4 placebo 0.01 0.01 0.07 0.09 
5 placebo 0.01 0.01 0.09 0.11 
6 placebo 0.01 0.00 0.17 0.04 
7 placebo 0.02 0.01 0.11 0.03 
8 placebo 0.01 0.02 0.09 0.19 
9 placebo 0.01 0.00 0.02 0.00 

10 pravastatin 0.03 0.04 0.21 0.10 
11 pravastatin 0.01 0.02 0.01 0.05 
12 pravastatin 0.03 0.02 0.06 0.17 
13 pravastatin 0.02 0.05 0.08 0.15 
14 pravastatin 0.01 0.01 0.04 0.03 
15 pravastatin 0.01 0.01 0.15 0.04 
16 pravastatin 0.01 0.02 0.10 0.04 
17 pravastatin 0.02 0.01 0.03 0.01 
18 pravastatin 0.01 0.01 0.05 0.09 

 



 187 

Baseline and 6 week measurements of blood betacarotene and lycopene concentrations in 

surgical patients 

 

patient 
  pravastatin / placebo 

BETACAROTENE LYCOPENE   
baseline 6 weeks baseline 6 weeks 

1 placebo 0.11 0.10 0.18 0.12 
2 placebo 0.41 0.49 1.09 0.99 
3 placebo 0.19 0.32 0.36 0.79 
4 placebo 0.29 0.22 0.16 0.58 
5 placebo 0.63 0.28 1.29 0.89 
6 placebo 0.18 0.08 0.42 0.14 
7 placebo 0.47 0.19 1.08 0.26 
8 placebo 0.15 0.20 0.26 0.52 
9 placebo 0.05 0.00 0.14 0.00 

10 pravastatin 0.52 0.75 1.16 0.58 
11 pravastatin 0.07 0.09 0.16 0.10 
12 pravastatin 0.16 0.35 0.40 1.01 
13 pravastatin 0.32 0.42 0.43 0.71 
14 pravastatin 0.24 0.21 0.31 0.24 
15 pravastatin 0.56 0.15 1.15 0.15 
16 pravastatin 0.30 0.21 0.58 0.51 
17 pravastatin 0.19 0.11 0.36 0.15 
18 pravastatin 0.11 0.22 0.01 1.57 
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Baseline and 6 week measurements of blood MMP-2 and MMP-9 concentrations in surgical 

patients 

 

patient 
  pravastatin / placebo  

MMP-2   MMP-9   
baseline 6 weeks baseline 6 weeks 

1 placebo 311.92 539.63 1.89 2.20 
2 placebo 298.22 120.90 0.72 0.58 
3 placebo 259.85 222.52 1.27 1.11 
4 placebo 338.97 341.14 0.93 0.95 
5 placebo 223.25 233.50 1.55 2.11 
6 placebo 225.45 287.94 1.08 0.16 
7 placebo 467.70 190.05 1.61 1.49 
8 placebo 292.21 186.24 1.30 3.27 
9 placebo 369.02 267.17 1.99 0.35 

10 pravastatin 226.38 319.41 0.34 1.51 
11 pravastatin 287.11 168.27 3.11 3.02 
12 pravastatin 269.91 466.98 1.60 2.10 
13 pravastatin 199.25 310.03 0.70 1.03 
14 pravastatin 303.38 211.05 0.62 0.46 
15 pravastatin 243.86 225.14 0.78 1.22 
16 pravastatin m  m m  m 
17 pravastatin 336.60 229.10 1.38 0.90 
18 pravastatin 269.21 209.96 1.83 3.27 
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Baseline and 6 week measurements of blood TIMP-2 and cholesterol concentrations in 

surgical patients 

 

patient 
  pravastatin / placebo  

TIMP 2   CHOLESTEROL 
baseline 6 weeks baseline 6 weeks 

1 placebo m m 5.68 5.48 
2 placebo 109.22 223.52 6.03 5.13 
3 placebo 110.14 117.45 4.11 3.81 
4 placebo 136.58 229.01 5.37 4.07 
5 placebo 136.11 233.39 4.54 4.03 
6 placebo m m 5.35 4.71 
7 placebo 64.17 149.41 4.59 3.18 
8 placebo 160.83 210.36 4.33 3.65 
9 placebo 159.89 229.01 4.18 3.75 

10 pravastatin 109.22 235.97 5.05 3.84 
11 pravastatin 2.02 146.97 4.59 2.58 
12 pravastatin m m 3.79 2.19 
13 pravastatin 143.09 211.50 4.53 3.29 
14 pravastatin 641.17 183.93 5.16 3.91 
15 pravastatin 178.35 198.57 6.19 3.26 
16 pravastatin 109.68 189.23 5.19 4.67 
17 pravastatin 225.02 108.75 5.07 3.67 
18 pravastatin 64.17 200.48 5.69 3.78 
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Baseline and 6 week measurements of blood triglycerides and HDL concentrations in surgical 

patients 

 

patient 
  pravastatin / placebo  

TRIGLYCERIDES HDL   
baseline 6 weeks baseline 6 weeks 

1 placebo 1.83 1.34 0.67 0.58 
2 placebo 1.51 0.82 1.01 1.51 
3 placebo 0.95 0.79 1.70 1.54 
4 placebo 1.12 1.50 1.29 0.92 
5 placebo 2.39 2.35 0.37 0.39 
6 placebo 1.69 0.45 1.26 0.88 
7 placebo 1.35 0.80 0.95 0.73 
8 placebo 3.12 1.02 0.56 0.16 
9 placebo 1.71 0.80 0.69 0.88 

10 pravastatin 1.13 0.86 0.89 0.80 
11 pravastatin 5.29 2.67 0.91 0.48 
12 pravastatin 0.68 0.51 1.39 1.40 
13 pravastatin 0.73 1.10 1.25 0.82 
14 pravastatin 1.59 1.20 0.95 0.86 
15 pravastatin 1.67 1.17 0.82 0.73 
16 pravastatin 1.51 m 0.91 m 
17 pravastatin 0.98 0.77 1.22 1.03 
18 pravastatin 1.10 0.98 1.07 1.03 
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GROUP 6 
 
 
Baseline and final measurements of blood lipid hydroperoxides and vitamin C concentrations 

in non-surgical patients 

 

patient 
  

pravastatin/placebo 
  

FOX   VITAMIN C  
baseline final baseline final 

1 pravastatin 0.58 0.50 m 35.70 
2 pravastatin 0.29 0.45 3.00 1.20 
3 pravastatin 0.61 0.65 11.90 1.90 
4 pravastatin 0.67 0.54 58.30 39.60 
5 pravastatin 0.23 0.41 64.90 39.00 
6 pravastatin 1.16 0.65 39.70 41.50 
7 pravastatin 0.97 0.84 18.65 21.50 
8 pravastatin 1.09 0.80 4.70 26.80 
9 pravastatin 0.85 0.60 41.50 27.70 

10 pravastatin 0.54 1.34 1.70 11.50 
11 pravastatin 0.79 0.64 79.80 28.00 
12 pravastatin 0.93 0.54 53.50 70.00 
13 pravastatin 0.87 1.06 67.70 54.10 
14 pravastatin 0.67 0.83 38.30 20.60 
15 pravastatin 0.61 0.49 41.50 28.00 
16 pravastatin 0.83 1.47 40.00 49.90 
17 pravastatin 0.47 0.30 10.20 16.10 
18 pravastatin 0.92 1.51 37.30 52.90 
19 pravastatin 0.11 0.11 4.00 2.60 
20 pravastatin 0.79 0.54 7.20 15.40 
21 pravastatin 0.12 0.14 39.80 38.10 
22 pravastatin 0.48 0.40 61.10 39.00 
23 pravastatin 0.28 0.20 48.50 56.90 
24 pravastatin 0.66 0.22 19.10 28.60 
25 pravastatin 0.55 0.68 61.80 88.80 
26 pravastatin 0.95 1.08 11.80 7.40 
27 pravastatin 1.23 0.62 16.80 7.00 
28 pravastatin 0.45 0.60 12.20 8.00 
29 pravastatin 0.67 0.83 42.90 27.40 
30 pravastatin 0.74 0.69 46.10 35.40 
31 pravastatin 0.47 0.48 39.50 44.80 
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Baseline and final measurements of blood lipid hydroperoxides and vitamin C concentrations 

in non-surgical patients continued 

 

patient 
  

pravastatin/placebo 
  

FOX   VITAMIN C  
baseline final baseline final 

32 placebo 0.73 0.75 m 15.60 
33 placebo 0.60 0.73 17.90 0.00 
34 placebo 0.52 0.56 43.70 37.30 
35 placebo 0.58 0.73 27.10 28.10 
36 placebo 0.88 0.73 11.30 10.10 
37 placebo 0.23 0.57 4.00 0.50 
38 placebo 0.34 0.78 43.50 51.80 
39 placebo m 0.74 73.00 37.00 
40 placebo 0.92 0.75 6.60 12.90 
41 placebo 0.14 0.15 m 8.10 
42 placebo 1.10 m 8.30 m 
43 placebo 0.51 0.86 22.20 17.20 
44 placebo 0.80 1.12 6.40 12.70 
45 placebo 0.58 0.36 35.40 30.20 
46 placebo 0.88 1.32 28.90 18.30 
47 placebo 0.54 0.83 68.00 83.40 
48 placebo 0.62 1.53 44.70 48.70 
49 placebo 0.31 0.26 45.90 18.30 
50 placebo 0.66 0.87 55.50 44.50 
51 placebo 0.68 0.70 15.70 1.50 
52 placebo 0.09 0.13 56.70 26.90 
53 placebo 1.01 0.42 26.80 2.00 
54 placebo 0.54 0.79 35.90 65.50 
55 placebo 0.78 0.73 30.60 36.30 
56 placebo 0.14 0.18 51.80 41.20 
57 placebo 0.09 0.21 48.50 43.50 
58 placebo 1.32 0.59 12.00 2.60 
59 placebo 0.31 0.87 50.40 48.90 
60 placebo 0.66 0.87 49.00 43.80 
61 placebo 0.25 0.19 18.90 5.20 
62 placebo 0.76 0.61 72.10 31.60 
63 placebo m 0.62 12.00 10.10 
64 placebo 1.36 0.68 74.60 13.10 
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Baseline and final measurements of blood ICAM and VCAM concentrations in non-surgical 

patients 

 

patient 
  

pravastatin/placebo 
  

ICAM   VCAM   
baseline final baseline final 

1 pravastatin 5.40 3.27 19.20 13.97 
2 pravastatin 1.17 2.96 2.34 1.88 
3 pravastatin 3.05 3.55 2.23 1.92 
4 pravastatin 2.04 1.14 1.29 2.01 
5 pravastatin 3.72 2.79 4.34 10.22 
6 pravastatin 3.54 3.72 3.75 8.88 
7 pravastatin 2.76 2.00 3.70     4.40 
8 pravastatin 3.94 3.51 2.31 1.78 
9 pravastatin 5.12 1.30 2.80 3.31 

10 pravastatin 1.21 3.18 13.15 13.66 
11 pravastatin 1.62 0.76 2.96 4.59 
12 pravastatin 3.68 2.10 5.91 8.00 
13 pravastatin 1.75 1.77 1.27 2.89 
14 pravastatin 4.54 2.15 2.07 1.43 
15 pravastatin 1.88 0.97 3.76 5.04 
16 pravastatin 1.89 2.98 2.77 10.02 
17 pravastatin 4.34 2.85 2.56 5.00 
18 pravastatin 1.84 2.41 8.61 5.06 
19 pravastatin 2.69 0.85 4.11 8.24 
20 pravastatin 1.64 1.62 1.76 1.36 
21 pravastatin 5.02 4.01 19.45 14.89 
22 pravastatin 1.28 0.94 1.75 1.72 
23 pravastatin 1.96 1.59 3.41 6.86 
24 pravastatin 3.40 2.36 14.71 12.56 
25 pravastatin 5.29 4.14 m 1.68 
26 pravastatin 3.29 1.91 4.63 1.36 
27 pravastatin 4.73 4.11 m 11.00 
28 pravastatin 1.96 1.22 2.35 4.83 
29 pravastatin 2.98 1.16 3.96 8.06 
30 pravastatin 3.34 2.52 3.94 7.91 
31 pravastatin 3.99 0.97 12.62 13.52 
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Baseline and final measurements of blood ICAM and VCAM concentrations in non-surgical 

patients continued 

patient 
  

pravastatin/placebo 
  

ICAM   VCAM   
baseline final baseline final 

32 placebo 2.97 m 6.20 11.08 
33 placebo 2.67 3.04 17.14 17.33 
34 placebo 2.15 4.18 6.18 13.85 
35 placebo 1.43 3.22 1.68 5.28 
36 placebo 2.00 0.89 m 0.60 
37 placebo 5.64 1.79 0.59 1.51 
38 placebo 1.51 1.79 0.96 1.23 
39 placebo 1.36 2.37 0.95 2.33 
40 placebo 1.46 1.59 0.93 0.85 
41 placebo 3.39 6.59 13.11 13.04 
42 placebo m m m m 
43 placebo 2.59 1.99 2.57 8.12 
44 placebo 2.80 1.93 7.58 8.48 
45 placebo 3.36 6.49 12.49 10.74 
46 placebo 6.00 6.61 11.98 4.20 
47 placebo 1.86 2.01 4.74 4.23 
48 placebo 1.58 2.08 2.37 4.25 
49 placebo 1.15 3.73 m m 
50 placebo 4.35 3.45 5.44 4.31 
51 placebo 2.93 4.52 12.87 13.48 
52 placebo 1.86 3.84 3.55 14.58 
53 placebo 5.95 1.53 12.74 1.95 
54 placebo 0.21 0.70 2.03 2.20 
55 placebo 4.92 2.91 4.85 9.24 
56 placebo 2.48 2.95 3.68 3.28 
57 placebo 4.16 1.46 3.42 9.96 
58 placebo 2.32 1.90 1.75 6.78 
59 placebo 0.92 2.58 1.05 2.53 
60 placebo 1.47 0.81 9.86 10.05 
61 placebo 1.29 1.05 7.62 9.30 
62 placebo 1.16 2.72 5.23 4.26 
63 placebo 1.72 1.30 5.25 4.43 
64 placebo 5.11 3.44 10.38 6.68 
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Baseline and final measurements of blood retinol and gamma-tocopherol concentrations in 

non-surgical patients 

patient 
  

pravastatin/ 
placebo 

RETINOL   GAMMATO-COPHEROL   
baseline final baseline final 

1 pravastatin 2.93 3.28 1.19 0.99 
2 pravastatin 3.22 2.16 1.13 1.23 
3 pravastatin 2.02 3.39 1.21 3.31 
4 pravastatin 2.53 3.25 0.54 0.71 
5 pravastatin 2.61 2.56 0.99 1.14 
6 pravastatin 2.59 1.16 1.58 0.78 
7 pravastatin 1.90 1.86 1.78 1.06 
8 pravastatin 2.90 1.55 0.98 1.04 
9 pravastatin 1.44 1.30 1.68 1.17 

10 pravastatin 1.86 1.95 2.21 1.56 
11 pravastatin 1.96 1.78  0.82 1.65 
12 pravastatin 2.38 3.19 0.93 1.16 
13 pravastatin 2.38 2.52 1.39 1.48 
14 pravastatin 2.24 4.10 0.76 1.19 
15 pravastatin 3.10 3.26 0.98 1.15 
16 pravastatin 1.57 1.14 1.12 0.94 
17 pravastatin 4.20 4.49 2.05 1.97 
18 pravastatin 3.36 4.09 1.12 1.96 
19 pravastatin 4.60 3.08 1.94 1.43 
20 pravastatin 1.97 1.45 1.63 1.68 
21 pravastatin 4.25 3.20 1.19 1.25 
22 pravastatin 2.60 2.71 1.98 1.58 
23 pravastatin 3.54 m 1.50 m 
24 pravastatin 2.56 2.67 1.62 2.34 
25 pravastatin m 1.98  m 1.19 
26 pravastatin 2.25 3.18 1.97 2.12 
27 pravastatin 4.72 3.82 1.36 1.34 
28 pravastatin 1.69 1.50 1.34 1.74 
29 pravastatin 5.05 4.45 1.57 0.95 
30 pravastatin 2.27 1.55 1.03 0.71 
31 pravastatin 1.86 3.86 4.35 1.84 
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Baseline and final measurements of blood retinol and gammatocopherol concentrations in 

non-surgical patients continued 

patient 
  

pravastatin/ 
placebo  

RETINOL   GAMMA-TOCOPHEROL   
baseline final baseline final 

32 placebo 2.06 1.10 2.27 2.31 
33 placebo 2.39 1.96 1.29 1.03 
34 placebo 3.62 2.69 1.90 5.22 
35 placebo 1.65 3.00 0.81 1.88 
36 placebo 4.55 3.15 1.13 1.31 
37 placebo 4.65 5.21 1.80 3.45 
38 placebo 1.61 5.28 2.13 2.15 
39 placebo 3.38 2.02 1.51 0.61 
40 placebo 2.19 1.02 0.86 1.22 
41 placebo 3.24 4.93 1.65 1.23 
42 placebo m m m m 
43 placebo 2.73 3.86 2.36 1.60 
44 placebo 2.23 3.13 1.65 2.87 
45 placebo 3.59 1.95 1.42 1.65 
46 placebo 2.10 1.86 0.75 0.83 
47 placebo 2.14 2.45 0.97 1.13 
48 placebo 2.31 3.58 1.35 2.05 
49 placebo 3.40 3.07 1.52 2.17 
50 placebo 0.82 0.89 0.63 0.79 
51 placebo 3.35 2.36 1.66 2.10 
52 placebo 1.66 2.59 0.76 1.09 
53 placebo 2.73 2.04 2.19 0.87 
54 placebo m 4.01 m 2.05 
55 placebo 1.95 2.58 2.07 2.46 
56 placebo 2.94 3.46 1.19 1.87 
57 placebo 3.13 1.43 2.45 1.53 
58 placebo 2.20 2.04 1.31 1.97 
59 placebo 3.50 3.81 1.20 1.71 
60 placebo 1.54 2.13 0.96 1.43 
61 placebo m m m m 
62 placebo 3.81 2.79 1.76 1.75 
63 placebo 3.11 2.85 1.14 1.37 
64 placebo 4.51 3.15 1.55 2.09 
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Baseline and final measurements of blood alphatocopherol and lutein concentrations in non-

surgical patients 

patient 
  Pravastatin /placebo 

ALPHATOCOPHEROL LUTEIN   
baseline final baseline final 

1 pravastatin 28.31 24.43 0.07 0.05 
2 pravastatin 27.58 24.27 0.02 0.00 
3 pravastatin 29.94 30.65 0.04 0.04 
4 pravastatin 15.92 21.41 0.02 0.03 
5 pravastatin 24.15 17.73 0.03 0.02 
6 pravastatin 31.36 16.13 0.07 0.04 
7 pravastatin 30.35 24.65 0.04 0.03 
8 pravastatin 32.15 18.07 0.04 0.01 
9 pravastatin 27.77 24.68 0.04 0.04 

10 pravastatin 29.12 25.77 0.04 0.05 
11 pravastatin 23.56 m 0.02 m 
12 pravastatin 17.38 34.64 0.03 0.04 
13 pravastatin 21.51 33.75 0.04 0.05 
14 pravastatin 27.80 33.97 0.03 0.05 
15 pravastatin 23.27 25.98 0.04 0.04 
16 pravastatin 24.23 13.20 0.04 0.03 
17 pravastatin 25.95 25.36 0.02 0.02 
18 pravastatin 32.25 46.68 0.07 0.08 
19 pravastatin 33.27 31.07 0.04 0.02 
20 pravastatin 25.12 31.08 0.02 0.04 
21 pravastatin 29.36 24.04 0.02 0.03 
22 pravastatin 33.10 23.69 0.06 0.04 
23 pravastatin 32.78 m 0.05 0.06 
24 pravastatin 24.64 27.99 0.04 0.06 
25 pravastatin 26.97 38.80 0.06 0.08 
26 pravastatin 27.98 28.68 0.02 0.03 
27 pravastatin 37.56 28.00 0.03 0.02 
28 pravastatin 20.45 19.35 0.01 0.01 
29 pravastatin 129.33 69.98 0.02 0.02 
30 pravastatin 30.81 16.07 0.03 0.02 
31 pravastatin 31.92 28.21 0.04 0.03 
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Baseline and final measurements of blood alphatocopherol and lutein concentrations in non-

surgical patients continued 

patient 
  pravastatin/ placebo 

ALPHATOCOPHEROL LUTEIN   
baseline final baseline final 

32 placebo 32.57 36.29 0.02 0.02 
33 placebo 29.97 28.26 0.04 0.04 
34 placebo 36.07 33.83 0.05 0.04 
35 placebo 15.29 29.50 0.02 0.05 
36 placebo 36.11 25.50 0.03 0.02 
37 placebo 33.24 38.17 0.03 0.03 
38 placebo 35.19 47.41 0.03 0.03 
39 placebo 39.32 20.92 0.04 0.02 
40 placebo 73.15 36.92 0.03 0.02 
41 placebo 26.28 25.98 0.02 0.04 
42 placebo m m m m 
43 placebo 33.75 33.28 0.04 0.04 
44 placebo 33.62 38.37 0.02 0.06 
45 placebo 29.49 21.71 0.05 0.04 
46 placebo 17.36 15.84 0.03 0.02 
47 placebo 20.28 26.31 0.04 0.04 
48 placebo 37.74 41.97 0.06 0.13 
49 placebo 27.83 41.20 0.03 0.03 
50 placebo 19.53 18.84 0.01 0.01 
51 placebo 32.43 36.44 0.04 0.04 
52 placebo 15.18 21.49 0.03 0.03 
53 placebo 33.09 26.04 0.02 0.02 
54 placebo 37.98 42.96 0.04 0.06 
55 placebo 33.23 35.78 0.02 0.03 
56 placebo 48.69 38.91 0.03 0.08 
57 placebo 38.32 22.49 0.03 0.02 
58 placebo 26.96 27.27 0.05 0.39 
59 placebo 25.96 26.33 0.04 0.04 
60 placebo 21.93 34.40 0.03 0.08 
61 placebo 33.03 36.78 0.04 0.07 
62 placebo 34.97 31.07 0.10 0.08 
63 placebo 29.16 28.88 0.03 0.03 
64 placebo 38.83 28.67 0.02 0.02 
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Baseline and final measurements of blood betacryptoxanthin and alphacarotene 

concentrations in non-surgical patients 

patient 
  pravastatin/ placebo 

BETACRYPTOXANTHIN   ALPHACAROTENE   
baseline final baseline final 

1 pravastatin 0.11 0.03 0.13 0.07 
2 pravastatin 0.00 0.00 0.03 0.00 
3 pravastatin 0.00 0.01 0.02 0.01 
4 pravastatin 0.01 0.00 0.02 0.11 
5 pravastatin 0.02 0.01 0.08 0.03 
6 pravastatin 0.01 0.01 0.02 0.02 
7 pravastatin 0.02 0.01 0.01 0.03 
8 pravastatin 0.02 0.00 0.02 0.01 
9 pravastatin 0.02 0.01 0.02 0.04 

10 pravastatin 0.01 0.01 0.02 0.06 
11 pravastatin 0.01  0.03 0.01 0.02 
12 pravastatin 0.03 0.01 0.00 0.02 
13 pravastatin 0.00 0.01 0.04 0.04 
14 pravastatin 0.02 0.01 0.03 0.03 
15 pravastatin 0.02 0.01 0.04 0.03 
16 pravastatin 0.01 0.00 0.05 0.02 
17 pravastatin 0.00 0.00 0.01 0.00 
18 pravastatin 0.02 0.02 0.02 0.04 
19 pravastatin 0.01 0.00 0.03 0.01 
20 pravastatin 0.00 0.00 0.01 0.01 
21 pravastatin 0.01 0.01 0.01 0.04 
22 pravastatin 0.01 0.02 0.02 0.02 
23 pravastatin 0.02 0.03 0.03 0.02 
24 pravastatin 0.03 0.04 0.02 0.04 
25 pravastatin m 0.03 m 0.05 
26 pravastatin 0.01 0.00 0.03 0.01 
27 pravastatin 0.00 0.00 0.01 0.00 
28 pravastatin 0.00 0.00 0.00 0.00 
29 pravastatin 0.02 0.01 0.07 0.04 
30 pravastatin 0.01 0.02 0.03 0.01 
31 pravastatin 0.01 0.00 0.05 0.02 

 



 200 

Baseline and final measurements of blood betacryptoxanthin and alphacarotene 

concentrations in non-surgical patients continued 

patient 
  pravastatin/ placebo  

BETACRYPTOXANTHIN   ALPHACAROTENE   
baseline final baseline final 

32 placebo 0.02 0.02 0.04 0.07 
33 placebo 0.00 0.01 0.02 0.01 
34 placebo 0.02 0.03 0.05 0.03 
35 placebo 0.01 0.02 0.04 0.06 
36 placebo 0.00 0.00 0.02 0.01 
37 placebo 0.00 0.00 0.02 0.01 
38 placebo 0.02 0.00 0.02 0.01 
39 placebo 0.01 0.01 0.04 0.04 
40 placebo 0.01 0.01 0.01 0.02 
41 placebo 0.00 0.00 0.01 0.02 
42 placebo 0.01 0.02 0.03 0.02 
43 placebo 0.03 0.02 0.07 0.07 
44 placebo 0.00 0.01 0.02 0.02 
45 placebo 0.01 0.01 0.07 0.05 
46 placebo 0.01 0.00 0.04 0.02 
47 placebo 0.01 0.01 0.06 0.03 
48 placebo 0.02 0.06 0.12 0.08 
49 placebo 0.01 0.01 0.02 0.02 
50 placebo 0.01 0.01 0.04 0.02 
51 placebo 0.02 0.02 0.05 0.04 
52 placebo 0.01 0.01 0.04 0.02 
53 placebo 0.00 0.01 0.02 0.02 
54 placebo 0.01 0.01 0.01 0.03 
55 placebo 0.01 0.02 0.05 0.06 
56 placebo 0.00 0.02 0.01 0.03 
57 placebo 0.02 0.05 0.03 0.02 
58 placebo 0.02 0.01 0.02 0.02 
59 placebo 0.01 0.01 0.05 0.04 
60 placebo 0.02 0.02 0.04 0.09 
61 placebo 0.02 0.03 0.01 0.03 
62 placebo 0.02 0.02 0.08 0.10 
63 placebo 0.01 0.02 0.01 0.06 
64 placebo 0.01 0.01 0.02 0.02 
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Baseline and final measurements of blood betacarotene and lycopene concentrations in 

non-surgical patients 

patient pravastatin/placebo BETACAROTENE   LYCOPENE   
    baseline final baseline final 
1 pravastatin 0.52 0.30 0.70 0.53 
2 pravastatin 0.04 0.00 0.10 0.01 
3 pravastatin 0.13 0.06 0.44 0.16 
4 pravastatin 0.04 0.04 0.08 2.27 
5 pravastatin 0.38 0.29 0.47 0.41 
6 pravastatin 0.08 0.07 0.20 0.28 
7 pravastatin m 0.10 m 0.16 
8 pravastatin 0.11 0.07 0.21 0.12 
9 pravastatin 0.12 0.11 0.29 0.35 

10 pravastatin 0.09 0.16 0.16 0.32 
11 pravastatin 0.04  0.14 0.09 0.26 
12 pravastatin 0.26 0.09 0.10 0.15 
13 pravastatin 0.07 0.06 0.30 0.17 
14 pravastatin 0.30 0.10 0.40 0.19 
15 pravastatin 0.27 0.16 0.39 0.23 
16 pravastatin 0.30 0.09 0.43 0.19 
17 pravastatin 0.04 0.01 0.11 0.02 
18 pravastatin 0.06 0.11 0.16 0.26 
19 pravastatin 0.18 0.04 0.24 0.06 
20 pravastatin 0.03 0.05 0.08 0.12 
21 pravastatin 0.06 0.11 0.11 0.40 
22 pravastatin 0.07 0.09 0.16 0.23 
23 pravastatin 0.07 m 0.12 m 
24 pravastatin 0.19 0.21 0.46 0.30 
25 pravastatin m 0.19 m 0.26 
26 pravastatin 0.07 0.03 0.15 0.07 
27 pravastatin 0.04 0.02 0.01 0.06 
28 pravastatin 0.05 0.02 0.04 0.11 
29 pravastatin 0.36 0.18 0.61 0.22 
30 pravastatin 0.09 0.05 0.17 0.10 
31 pravastatin 0.64 0.03 0.98 0.13 
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Baseline and final measurements of blood betacarotene and lycopene concentrations in 

non-surgical patients continued 

patient 
  

pravastatin/placebo 
  

BETACAROTENE   LYCOPENE   
baseline final baseline final 

32 placebo 0.16 0.12 0.23 0.21 
33 placebo 0.06 0.05 0.07 0.07 
34 placebo 0.02 0.15 0.54 0.26 
35 placebo 0.08 0.18 0.16 0.26 
36 placebo 0.07 0.06 0.17 0.11 
37 placebo 0.05 0.02 0.17 0.04 
38 placebo 0.63 0.12 1.18 0.21 
39 placebo 0.11 0.07 0.22 0.19 
40 placebo 0.08 0.13 0.14 0.34 
41 placebo 0.02 0.05 0.12 0.12 
42 placebo 0.03 0.04 0.16 0.15 
43 placebo 0.55 0.27 0.73 0.35 
44 placebo 0.03 0.04 0.03 0.03 
45 placebo 0.24 0.22 0.52 0.44 
46 placebo 0.14 0.10 0.17 0.18 
47 placebo 0.29 0.17 0.75 0.34 
48 placebo 0.17 0.29 0.48 0.36 
49 placebo 0.12 0.03 0.15 0.09 
50 placebo 0.13 0.15 0.21 0.19 
51 placebo 0.16 0.18 0.21 0.33 
52 placebo 0.15 0.07 0.20 0.19 
53 placebo 0.10 0.05 0.22 0.16 
54 placebo m 0.16 m 0.34 
55 placebo 0.22 0.18 0.46 0.44 
56 placebo 0.07 0.09 0.12 0.13 
57 placebo 0.11 0.10 0.20 0.20 
58 placebo 0.08 0.11 0.11 0.13 
59 placebo 0.23 0.11 0.61 0.22 
60 placebo 0.21 0.33 0.33 0.47 
61 placebo m m m m 
62 placebo 0.19 0.28 0.03 0.41 
63 placebo 0.05 0.34 0.10 0.86 
64 placebo 0.10 0.09 0.15 0.18 
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Baseline and final measurements of blood MMP-2 and MMP-9 concentrations in non-

surgical patients 

patient 
  

pravastatin/placebo 
  

MMP-2 MMP-9 
baseline  final baseline final 

1 pravastatin 501.54 438.86 0.78 0.77 
2 pravastatin 221.05 268.28 0.74 0.95 
3 pravastatin 340.07 304.47 1.81 1.58 
4 pravastatin 284.37 383.72 2.27 1.68 
5 pravastatin 236.19 349.69 1.25 0.73 
6 pravastatin 248.83 208.93 0.92 0.86 
7 pravastatin 203.65 m 0.73 0.55 
8 pravastatin 247.47 255.66 1.85 1.53 
9 pravastatin 444.29 324.53 0.83 0.77 

10 pravastatin 253.83 341.63 1.78 1.84 
11 pravastatin 355.51 295.12 0.43 0.51 
12 pravastatin 356.78  319.09 0.56  0.49 
13 pravastatin 306.54 316.87 0.95 1.14 
14 pravastatin 269.16 259.70 1.25 0.73 
15 pravastatin 197.08 259.88 1.20 1.13 
16 pravastatin 326.33 384.04 1.81 1.21 
17 pravastatin 253.09 233.13 1.06 m 
18 pravastatin 158.16 210.22 0.87 1.56 
19 pravastatin 316.92 218.14 1.20 1.48 
20 pravastatin 289.94 271.87 1.22 1.09 
21 pravastatin 199.26 279.20 1.10 1.05 
22 pravastatin 224.17 188.76 3.81 7.97 
23 pravastatin 262.24 260.60 0.95 0.91 
24 pravastatin 291.78 351.08 0.95 1.07 
25 pravastatin 178.78 177.68 1.66 1.01 
26 pravastatin 297.52 275.36 0.80 1.41 
27 pravastatin 349.20 303.92 1.03 2.49 
28 pravastatin 398.99 327.22 1.29 1.25 
29 pravastatin 238.66 256.60 1.03 0.47 
30 pravastatin 282.89 231.03 0.86 1.19 
31 pravastatin 270.50 245.73 0.89 1.07 
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Baseline and final measurements of blood MMP-2 and MMP-9 concentrations in non-

surgical patients continued 

patient 
  

pravastatin/placebo 
  

MMP-2 MMP-9 
baseline  final baseline final 

32 placebo 189.89 226.13 0.51 0.47 
33 placebo 288.32 248.72 1.22 1.13 
34 placebo 161.04 147.81 1.21 0.64 
35 placebo 282.29 283.31 2.74 1.00 
36 placebo 293.07 245.06 0.90 0.95 
37 placebo 202.14 200.10 3.01 2.45 
38 placebo 164.60 224.43 1.25 1.14 
39 placebo 287.07 243.62 0.97 0.61 
40 placebo 231.84 225.44 0.98 1.05 
41 placebo 261.78 234.19 0.94 0.73 
42 placebo 196.92 196.75 1.48 1.63 
43 placebo 177.58 239.14 1.00 1.32 
44 placebo 212.59 211.44 1.02 1.08 
45 placebo 208.34 253.53 1.07 0.88 
46 placebo 233.38 358.41 0.55 1.10 
47 placebo 303.02 265.83 0.54 1.03 
48 placebo 368.89 352.86 1.00 0.73 
49 placebo 290.03 231.82 1.96 1.55 
50 placebo 305.72 294.19 1.74 2.21 
51 placebo 251.62 277.78 1.31 1.43 
52 placebo 216.43 298.87 0.79 1.03 
53 placebo 385.73 333.43 1.69 1.53 
54 placebo 349.48 299.51 1.11 0.75 
55 placebo 218.64 209.65 0.37 0.51 
56 placebo 309.92 278.35 1.02 1.17 
57 placebo 170.62 242.34 2.58 1.08 
58 placebo 252.12 251.43 2.35 1.27 
59 placebo 134.12 213.50 0.85 0.82 
60 placebo 233.02 228.85 0.56 0.32 
61 placebo 234.11 199.43 1.47 2.80 
62 placebo 313.29 239.60 1.28 1.04 
63 placebo 220.00 223.45 1.08 1.20 
64 placebo m m m m 
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Baseline and final measurements of blood TIMP-2 and triglyceride concentrations in non-

surgical patients 

patient pravastatin/placebo TIMP-2 TRIGLYCERIDES 
    baseline final baseline final 
1 pravastatin 286.50 311.17 0.98 1.16 
2 pravastatin 174.12 101.83 1.51 0.99 
3 pravastatin 84.09 81.34 0.80 0.90 
4 pravastatin 161.07 161.28 0.83 1.25 
5 pravastatin 177.59 255.28 0.57 0.68 
6 pravastatin 213.31 274.63 2.59 0.90 
7 pravastatin 187.60 76.92 2.67 1.82 
8 pravastatin 424.02 230.64 1.58 1.83 
9 pravastatin 195.59 238.33 1.72 0.90 

10 pravastatin 299.49 269.85 1.21 1.11 
11 pravastatin 210.20 143.73 1.36 1.58 
12 pravastatin 142.73 74.89 2.28 1.57 
13 pravastatin 213.11 218.42 1.76 1.75 
14 pravastatin 211.50 285.11 0.81 1.60 
15 pravastatin 187.25 154.66 2.41 1.67 
16 pravastatin 116.76 183.22 0.77 1.40 
17 pravastatin 276.91 352.90 1.64 1.56 
18 pravastatin 137.93 163.12 2.27 1.96 
19 pravastatin 287.93 192.72 0.96 1.34 
20 pravastatin 237.25 214.02 0.93 1.35 
21 pravastatin 159.96 158.20 1.60 1.24 
22 pravastatin 259.79 228.54 0.95 1.03 
23 pravastatin 455.86 366.96 1.42 1.67 
24 pravastatin 167.65 320.50 1.23 1.58 
25 pravastatin 262.95 255.30 1.22 1.08 
26 pravastatin 252.25 297.17 2.00 2.46 
27 pravastatin 93.08 96.46 3.78 2.68 
28 pravastatin 151.65 331.87 0.86 0.93 
29 pravastatin 109.47 231.05 2.74 2.68 
30 pravastatin 262.58 225.77 1.46 1.24 
31 pravastatin 216.07 291.84 0.89 1.00 
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Baseline and final measurements of blood TIMP-2 and triglyceride concentrations in non-

surgical patients continued 

patient pravastatin/placebo TIMP-2 TRIGLYCERIDES 
    baseline final baseline final 

32 placebo 288.59 216.46 1.21 1.00 
33 placebo 200.70 118.41 1.13 1.32 
34 placebo 153.86 158.82 1.29 1.09 
35 placebo 105.28 84.29 0.87 0.56 
36 placebo 117.45 90.53 1.18 1.63 
37 placebo 157.46 128.76 4.19 7.69 
38 placebo 158.60 122.89 1.91 2.43 
39 placebo 214.49 104.71 1.18 1.52 
40 placebo 254.18 140.38 1.95 1.36 
41 placebo 152.52 155.89 1.55 1.79 
42 placebo 154.48 158.96 4.21 2.36 
43 placebo 104.28 133.08 0.96 2.16 
44 placebo 94.99 105.93 2.30 2.97 
45 placebo 156.04 109.22 0.94 0.85 
46 placebo 115.05 130.89 1.32 1.28 
47 placebo 270.50 242.72 1.36 1.16 
48 placebo 167.38 222.52 1.96 2.49 
49 placebo 92.44 84.97 6.31 4.73 
50 placebo 143.60 148.52 1.10 1.10 
51 placebo 197.10 259.95 2.06 1.61 
52 placebo m 142.99 1.45 1.01 
53 placebo 234.03 209.09 2.92 1.65 
54 placebo 110.63 105.46 0.96 1.79 
55 placebo 250.96 222.20 2.87 2.35 
56 placebo 135.23 77.30 1.48 1.97 
57 placebo 138.05 126.59 1.84 1.88 
58 placebo 119.26 128.14 1.30 0.79 
59 placebo 177.95 240.79 1.21 1.47 
60 placebo 68.09 97.71 1.16 1.11 
61 placebo 55.31 86.36 0.81 1.11 
62 placebo 134.51 242.01 1.76 0.72 
63 placebo 154.01 206.51 1.14 1.26 
64 placebo 61.16 73.88 3.45 2.32 
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Baseline and final measurements of blood cholesterol and HDL concentrations in non-

surgical patients 

patient pravastatin/placebo CHOLESTEROL   HDL   
    baseline final baseline final 
1 pravastatin m 3.64 0.83 1.46 
2 pravastatin 5.15 4.55 1.11 1.14 
3 pravastatin 4.70 6.15 m 2.97 
4 pravastatin 4.31 4.11 1.37 0.95 
5 pravastatin 4.08 2.31 0.97 0.44 
6 pravastatin 4.72 2.73 0.49 0.71 
7 pravastatin m 3.10 m 0.69 
8 pravastatin 4.81 4.30 1.08 1.13 
9 pravastatin 5.10 3.39 1.07 1.51 

10 pravastatin 5.82 4.47 1.35 1.17 
11 pravastatin 4.06 3.67 0.87 0.85 
12 pravastatin 5.44 4.99 0.75 0.87 
13 pravastatin 4.91 5.68 1.35 1.93 
14 pravastatin 4.99 5.40 1.10 0.74 
15 pravastatin 4.92 3.17 0.11 0.74 
16 pravastatin 4.37 3.06 0.99 0.72 
17 pravastatin 6.53 6.47 1.97 2.14 
18 pravastatin 6.04 4.00 0.95 0.93 
19 pravastatin 5.72 6.44 1.28 1.11 
20 pravastatin 5.14 4.39 1.26 1.15 
21 pravastatin 6.30 4.45 0.94 0.95 
22 pravastatin 5.36 3.19 0.91 0.75 
23 pravastatin 6.12 5.31 0.95 1.23 
24 pravastatin 5.00 5.39 1.17 1.42 
25 pravastatin 6.89 5.50 2.10 1.96 
26 pravastatin 4.99 5.49 1.05 1.42 
27 pravastatin 5.75 3.97 0.70 0.70 
28 pravastatin 5.53 4.03 1.28 0.78 
29 pravastatin 6.30 4.12 0.70 0.81 
30 pravastatin 6.00 3.37 0.87 0.75 
31 pravastatin 4.74 3.77 1.33 1.56 
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Baseline and final measurements of blood cholesterol and HDL concentrations in non-

surgical patients continued 

patient pravastatin/placebo CHOLESTEROL   HDL   
    baseline final baseline final 

32 placebo 4.88 5.99 0.47 0.60 
33 placebo 5.19 4.50 1.21 1.04 
34 placebo 5.80 5.25 3.37 1.11 
35 placebo 4.68 5.52 1.37 1.69 
36 placebo 5.40 5.58 1.46 1.30 
37 placebo 5.61 4.20 0.56 0.22 
38 placebo 5.90 7.16 1.46 1.42 
39 placebo 5.16 5.04 0.93 1.04 
40 placebo 7.22 7.69 1.74 1.26 
41 placebo 4.12 4.48 1.40 1.11 
42 placebo 5.25 m 0.65 m 
43 placebo 5.17 m 1.11 0.83 
44 placebo 4.36 4.77 1.09 1.01 
45 placebo 4.61 4.84 1.60 1.59 
46 placebo 5.37 4.62 1.03 1.15 
47 placebo 5.66 5.76 0.96 1.30 
48 placebo 6.20 6.34 0.73 0.59 
49 placebo 4.94 4.97 0.50 0.69 
50 placebo 4.50 4.56 0.88 0.54 
51 placebo 5.82 6.07 1.18 1.54 
52 placebo 4.00 3.67 m 0.95 
53 placebo 3.81 2.67 0.70 0.66 
54 placebo 5.74 6.99 1.68 1.44 
55 placebo 5.55 6.17 1.27 0.59 
56 placebo 6.55 5.90 1.37 1.00 
57 placebo 6.73 5.48 0.73 0.81 
58 placebo 5.61 5.80 1.35 1.13 
59 placebo 4.84 5.35 0.86 0.85 
60 placebo 5.81 6.75 1.11 1.41 
61 placebo 3.92 4.31 1.59 1.28 
62 placebo 5.94 5.65 1.44 0.01 
63 placebo 6.12 6.06 1.22 0.85 
64 placebo 6.85 4.98 1.22 0.73 
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Plaque histology in surgical patients on pravastatin or placebo 

 
patient pravastatin / placebo calcification inflammation haemorrhage 

1 placebo 0 0 0 
2 placebo 3 0 0 
3 placebo 1 0 0 
4 placebo 2 0 0 
5 placebo 0 0 1 
6 placebo 2 0 0 
7 placebo 2 0 1 
8 placebo 0 0 1 
9 placebo 3 0 0 

10 pravastatin 3 0 0 
11 pravastatin 3 1 1 
12 pravastatin 1 2 0 
13 pravastatin 1 1 0 
14 pravastatin 3 0 0 
15 pravastatin m m m 
16 pravastatin 3 0 0 
17 pravastatin 3 0 0 
18 pravastatin 3 2 0 
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Plaque histology in surgical patients on pravastatin or placebo continued 
 

patient pravastatin / placebo ulceration thrombus fibrous cap lipids 
1 placebo 0 0 2 3 
2 placebo 0 0 3 1 
3 placebo 0 0 1 0 
4 placebo 0 0 2 2 
5 placebo 0 0 1 3 
6 placebo 1 0 3 1 
7 placebo 0 0 2 3 
8 placebo 0 0 1 2 
9 placebo 0 0 3 1 

10 pravastatin 0 0 2 2 
11 pravastatin 1 0 3 3 
12 pravastatin 0 0 2 2 
13 pravastatin 0 0 2 3 
14 pravastatin 0 0 3 3 
15 pravastatin m m 2 2 
16 pravastatin 0 0 2 3 
17 pravastatin 0 0 2 1 
18 pravastatin 0 0 2 2 
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CHAPTER 5 COMPARISON BETWEEN SYMPTOMATIC AND ASYMPTOMATIC PATIENTS 

Histology and symptoms 

patient symptoms calcification inflammation haemorrhage 
1 no 3 0 0 
2 no 3 0 0 
3 no 3 0 0 
4 no 3 1 0 
5 no 3 0 0 
6 no 3 1 0 
7 no 3 0 0 
8 no 3 0 0 
9 no 3 0 0 

10 no 3 0 1 
11 no 3 0 1 
12 no 3 0 0 
13 no 3 1 0 
14 no 3 3 0 
15 no 3 2 0 
16 no 3 0 0 
17 no 3 0 0 
18 no 3 0 0 
19 no 3 0 0 
20 no 3 1 0 
21 no 3 0 0 
22 no 3 1 1 
23 no 3 0 0 
24 no 3 0 0 
25 no 2 0 0 
26 no 2 1 0 
27 no 2 0 0 
28 no 2 0 1 
29 no 2 0 1 
30 no 2 0 0 
31 no 2 0 0 
32 no 2 0 0 
33 no 2 0 0 
34 no 2 0 0 
35 no 2 1 0 

 
Histology and symptoms continued 
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patient symptoms calcification inflammation haemorrhage 
36 no 2 0 1 
37 no 2 0 0 
38 no 2 0 0 
39 no 2 0 0 
40 no 2 0 0 
41 no 1 0 0 
42 no 1 0 0 
43 no 1 1 0 
44 no 1 0 0 
45 no 1 1 0 
46 no 1 2 0 
47 no 1 0 0 
48 no 1 0 0 
49 no 1 0 0 
50 no 1 0 0 
51 no 1 0 0 
52 no 1 0 0 
53 no 1 0 0 
54 no 1 0 0 
55 no 0 0 0 
56 no 0 0 0 
57 no 0 0 1 
58 no 0 0 0 
59 no 0 0 0 
60 no 0 0 0 
61 no 0 0 0 
62 no 0 0 1 
63 no 0 2 0 
64 no 0 0 1 
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Histology and symptoms continued 

patient symptoms calcification inflammation haemorrhage 
65 yes 3 1 0 
66 yes 3 0 1 
67 yes 3 0 0 
68 yes 3 0 0 
69 yes 3 0 0 
70 yes 3 0 0 
71 yes 3 0 0 
72 yes 3 1 0 
73 yes 3 1 0 
74 yes 2 2 0 
75 yes 2 0 1 
76 yes 2 0 1 
77 yes 2 0 0 
78 yes 2 0 0 
79 yes 2 0 1 
80 yes 1 1 1 
81 yes 1 0 0 
82 yes 1 0 0 
83 yes 1 0 0 
84 yes 1 0 1 
85 yes 1 2 1 
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Histology and symptoms continued 

patient symptoms ulceration thrombus fibrous cap lipids 
1 no 0 0 2 1 
2 no 0 0 2 3 
3 no 0 0 2 3 
4 no 0 0 2 1 
5 no 0 0 3 1 
6 no 1 0 3 1 
7 no 1 0 2 2 
8 no 0 0 2 3 
9 no 0 0 2 2 

10 no 0 0 2 2 
11 no 0 0 3 1 
12 no 0 0 2 1 
13 no 0 0 2 2 
14 no 0 0 2 3 
15 no 0 0 2 2 
16 no 0 0 3 3 
17 no 0 0 2 2 
18 no 0 0 2 3 
19 no 0 0 2 1 
20 no 1 0 2 3 
21 no 0 0 3 0 
22 no 1 0 3 3 
23 no 0 0 3 1 
24 no 0 0 0 3 
25 no 0 0 2 2 
26 no 0 0 2 0 
27 no 0 0 3 1 
28 no 0 0 1 1 
29 no 0 0 3 3 
30 no 0 0 1 1 
31 no 1 0 3 1 
32 no 0 0 2 3 
33 no 0 0 2 1 
34 no 0 0 2 2 
35 no 0 0 2 3 
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Histology and symptoms continued 

patient symptoms ulceration thrombus fibrous cap lipids 
36 no 0 0 1 3 
37 no 0 0 2 3 
38 no 0 0 3 2 
39 no 0 0 2 3 
40 no 0 0 2 2 
41 no 0 0 1 0 
42 no 0 0 1 3 
43 no 0 0 2 3 
44 no 0 0 2 3 
45 no 0 0 2 3 
46 no 0 0 2 2 
47 no 0 0 3 1 
48 no 1 1 2 3 
49 no 0 0 2 1 
50 no 0 0 1 3 
51 no 0 0 2 3 
52 no 0 0 2 3 
53 no 0 0 1 3 
54 no 0 0 2 3 
55 no 0 0 3 1 
56 no 0 0 2 3 
57 no 0 0 1 3 
58 no 0 0 3 2 
59 no 0 0 1 2 
60 no 0 0 2 2 
61 no 0 0 2 2 
62 no 0 0 2 3 
63 no 0 0 3 2 
64 no 0 0 1 2 
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Histology and symptoms continued 

patient symptoms ulceration thrombus fibrous cap lipids 
65 yes 0 0 2 1 
66 yes 0 0 1 1 
67 yes 0 0 2 3 
68 yes 0 0 2 1 
69 yes 0 0 2 0 
70 yes 0 0 2 3 
71 yes 0 0 3 1 
72 yes 0 0 2 3 
73 yes 0 0 2 3 
74 yes 0 0 2 3 
75 yes 0 0 1 3 
76 yes 0 0 2 3 
77 yes 0 0 2 3 
78 yes 0 0 2 2 
79 yes 0 0 2 3 
80 yes 0 0 2 2 
81 yes 0 0 1 3 
82 yes 0 0 2 3 
83 yes 0 0 1 3 
84 yes 0 0 1 3 
85 yes 0 0 2 3 
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Blood results - asymptomatic patients 
 

PATIENT SYMPTOMS FOX VIT C ICAM VCAM RETINOL 
1 no 1.26 13.70 1.28 3.98 2.78 
2 no 1.09 19.78 1.26 3.87 2.98 
3 no 0.26 43.50 m 4.89 2.03 
4 no 0.39 28.90 m 3.66 3.02 
5 no 2.04 13.70 0.96 3.05 2.11 
6 no 0.28 46.50 2.02 3.36 3.42 
7 no 0.31 41.80 m 2.70 2.06 
8 no 1.31 16.60 1.58 0.48 2.90 
9 no 0.52 26.10 1.81 6.71 2.05 

10 no 1.30 65.20 0.92 1.16 2.98 
11 no 1.66 54.30 1.98 4.00 3.26 
12 no 0.65 43.80 1.42 5.05 1.98 
13 no 0.61 35.50 0.77 3.88 1.82 
14 no 0.86 28.90 3.08 2.90 1.73 
15 no 0.31 14.90 1.98 5.77 1.94 
16 no 0.87 28.70 2.06 3.98 1.09 
17 no 0.87 33.40 3.13 4.46 5.91 
18 no 1.37 23.60 1.70 0.79 3.41 
19 no 1.20 26.00 2.19 2.17 1.84 
20 no 1.34 38.70 1.69 1.30 2.12 
21 no 1.25 48.30 0.98 2.01 2.98 
22 no 0.63 6.20 0.89 1.62 1.30 
23 no 0.21 50.90 1.33 2.27 5.03 
24 no 1.54 2.60 1.31 3.89 2.37 
25 no 1.22 24.90 2.07 6.00 1.94 
26 no 0.38 31.30 0.94 0.23 2.03 
27 no 1.28 4.50 2.12 3.08 2.04 
28 no 1.14 m 1.87 0.58 1.71 
29 no 0.15 m 3.31 13.63 0.56 
30 no 1.50 15.10 0.66 4.09 2.66 
31 no 0.76 0.20 0.69 3.78 1.52 
32 no 0.87 29.50 1.62 1.02 2.07 
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Blood results - asymptomatic patients continued 
 

PATIENT SYMPTOMS FOX VIT C ICAM VCAM RETINOL 
33 no 1.13 42.40 1.12 3.05 1.89 
34 no 0.87 36.60 1.15 m 1.45 
35 no 0.98 46.70 1.18 m 2.05 
36 no 1.03 37.80 0.45 2.82 1.52 
37 no 0.65 38.80 0.98 2.43 2.44 
38 no 1.12 57.80 2.08 1.97 2.51 
39 no 0.99 29.70 1.34 2.18 2.68 
40 no 1.78 59.40 1.33 2.21 3.12 
41 no 1.22 19.60 0.91 0.47 1.98 
42 no 0.88 61.00 0.93 2.15 3.21 
43 no 4.42 11.60 1.48 2.09 1.74 
44 no 0.42 7.80 1.53 2.98 2.90 
45 no 0.93 37.90 2.12 4.30 1.46 
46 no 0.97 45.50 1.80 1.01 1.54 
47 no 0.71 26.50 1.13 1.30 2.18 
48 no 0.64 32.80 3.22 5.30 2.77 
49 no 1.85 28.60 2.05 2.09 1.09 
50 no 0.50 33.30 2.19 4.23 2.38 
51 no 2.29 16.00 1.26 1.23 3.65 
52 no 0.45 11.10 1.10 4.87 2.05 
53 no 1.34 28.60 0.42 3.09 2.38 
54 no 1.24 54.60 0.81 3.95 2.98 
55 no 1.45 42.20 2.23 3.64 2.71 
56 no 0.66 26.90 1.16 2.05 2.36 
57 no 1.69 15.00 1.01 4.83 4.79 
58 no 0.50 33.70 1.00 4.09 1.25 
59 no 1.19 24.20 1.27 3.08 3.87 
60 no 1.54 26.40 2.67 2.55 3.44 
61 no 1.98 50.70 0.33 0.79 1.08 
62 no 1.69 11.00 m 6.71 3.44 
63 no 0.72 17.60 0.62 5.11 2.49 
64 no 2.09 14.50 1.04 0.83 2.91 
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Blood results - symptomatic patients  
 

PATIENT SYMPTOMS FOX VIT C ICAM VCAM RETINOL 
65 yes 1.98 m 1.04 0.82 4.42 
66 yes 1.27 55.50 0.75 0.88 1.52 
67 yes 1.47 5.00 1.93 7.97 2.72 
68 yes 1.22 m 1.01 1.09 2.09 
69 yes 0.81 29.20 0.67 0.16 2.12 
70 yes 0.20 m 0.56 2.90 2.67 
71 yes 0.62 45.30 0.95 1.51 1.84 
72 yes 2.11 46.00 1.26 5.51 3.21 
73 yes 0.73 23.30 2.40 2.60 1.97 
74 yes 0.62 12.80 1.32 8.18 3.84 
75 yes 1.05 24.20 1.47 1.20 3.32 
76 yes 1.16 4.00 0.84 2.52 2.76 
77 yes 0.98 7.10 1.82 1.36 2.85 
78 yes 1.98 20.78 1.08 1.90 2.76 
79 yes 3.37 8.80 0.67 6.14 1.99 
80 yes 0.41 34.90 1.28 3.09 2.88 
81 yes 1.40 67.40 1.23 2.75 3.43 
82 yes 1.08 29.39 1.25 4.98 2.87 
83 yes 1.02 4.30 1.29 5.54 3.00 
84 yes 0.92 29.20 2.69 3.37 m 
85 yes 0.50 20.20 1.70 1.12 3.27 
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Blood results - asymptomatic patients continued 
 

PATIENT SYMPTOMS γTOCOPHEROL αTOCOPHEROL LUTEIN 
1 no 1.65 28.76 m 
2 no 1.09 29.09 0.01 
3 no 2.76 38.88 0.03 
4 no 1.87 37.10 m 
5 no 1.65 31.09 0.03 
6 no 1.55 27.98 0.02 
7 no 1.55 26.30 0.04 
8 no 1.06 29.64 0.02 
9 no 1.08 28.04 0.02 

10 no 2.07 35.99 0.02 
11 no 1.04 34.72 0.02 
12 no 1.08 28.67 0.03 
13 no 2.01 37.04 0.03 
14 no 0.98 30.03 0.02 
15 no 1.04 29.30 0.03 
16 no 1.29 30.90 0.01 
17 no 1.61 64.35 0.03 
18 no 1.69 34.04 0.07 
19 no 0.79 19.45 0.02 
20 no 1.29 30.26 0.03 
21 no 1.88 26.04 0.03 
22 no 1.20 28.99 0.03 
23 no 1.61 40.21 0.04 
24 no m 30.04 0.03 
25 no m 29.47 0.02 
26 no 1.08 22.55 0.02 
27 no 1.63 22.89 0.01 
28 no 2.00 36.00 0.02 
29 no 1.59 17.52 0.01 
30 no 1.85 33.78 0.03 
31 no 1.99 24.54 0.03 
32 no 1.41 25.44 0.02 
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Blood results - asymptomatic patients continued 
 

PATIENT SYMPTOMS γTOCOPHEROL αTOCOPHEROL LUTEIN 
1 no 1.49 28.30 0.03 
2 no 1.05 37.94 0.03 
3 no 1.97 38.94 0.02 
4 no 1.87 27.48 0.02 
5 no 1.65 31.09 0.03 
6 no 1.30 m 0.01 
7 no 1.05 29.96 0.03 
8 no 1.06 29.64 0.02 
9 no 1.20 39.79 0.04 

10 no 1.65 26.30 0.03 
11 no 1.04 34.72 0.02 
12 no 1.49 40.29 0.02 
13 no 2.01 37.04 0.03 
14 no 1.04 38.60 0.03 
15 no 1.37 39.48 0.01 
16 no 1.87 40.50 0.04 
17 no 1.61 64.35 0.03 
18 no 1.69 34.04 0.07 
19 no 0.79 19.45 0.02 
20 no 1.29 30.26 0.03 
21 no 1.20 30.49 m 
22 no 1.31 40.39 m 
23 no 1.61 40.21 0.04 
24 no 1.20 23.90 m 
25 no 1.20 29.90 m 
26 no 1.08 22.55 0.02 
27 no 1.63 22.89 0.01 
28 no 2.00 36.00 0.02 
29 no 1.59 17.52 0.01 
30 no 1.85 33.78 0.03 
31 no 1.99 24.54 0.03 
32 no 1.41 25.44 0.02 
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Blood results - asymptomatic patients continued 
 

PATIENT SYMPTOMS γTOCOPHEROL αTOCOPHEROL LUTEIN 
33 no 1.65 30.98 0.02 
34 no 1..78 20.76 0.01 
35 no 2.00 29.67 m 
36 no 2.07 29.45 0.03 
37 no 1.44 30.98 0.05 
38 no 1.41 30.32 0.03 
39 no 1.66 31.97 0.03 
40 no 1.98 31.52 0.04 
41 no 1.76 28.36 0.03 
42 no 1.45 27.68 0.02 
43 no 1.42 23.58 0.01 
44 no 1.66 30.87 0.04 
45 no 3.01 48.09 0.06 
46 no 2.13 36.15 0.03 
47 no 2.48 36.81 0.04 
48 no 2.08 22.65 0.03 
49 no m 39.04 0.02 
50 no m 20.98 0.01 
51 no 1.16 21.03 0.03 
52 no m 30.66 0.03 
53 no 0.73 19.59 0.01 
54 no 1.50 44.09 0.02 
55 no 1.48 33.63 0.02 
56 no 1.67 22.70 0.02 
57 no 4.45 56.66 0.08 
58 no 1.76 18.96 0.02 
59 no 1.09 29.76 0.02 
60 no 1.74 42.95 0.02 
61 no 1.36 30.78 0.01 
62 no 1.50 49.07 0.03 
63 no 1.77 38.99 0.02 
64 no 1.46 28.33 0.02 
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Blood results - symptomatic patients continued 
 

PATIENT SYMPTOMS γTOCOPHEROL αTOCOPHEROL LUTEIN 
65 yes 2.09 52.43 0.02 
66 yes 1.75 27.83 0.05 
67 yes 1.46 35.36 0.03 
68 yes 1.87 m 0.03 
69 yes 1.42 30.59 0.02 
70 yes 1.97 29.65 0.02 
71 yes 2.46 33.29 0.04 
72 yes 1.74 41.07 0.11 
73 yes 1.56 22.47 0.02 
74 yes 2.11 32.97 0.02 
75 yes 1.61 34.56 0.05 
76 yes 1.19 29.18 0.03 
77 yes 2.05 34.71 0.03 
78 yes 2.95 38.76 0.01 
79 yes 2.00 20.67 0.02 
80 yes 1.96 39.49 0.03 
81 yes 1.89 33.86 0.04 
82 yes 1.65 29.30 0.01 
83 yes 1.94 39.97 0.03 
84 yes m m m 
85 yes 1.58 34.41 0.08 
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Blood results - asymptomatic patients continued 
 

PATIENT SYMPTOMS βCRYPTOXANTHIN αCAROTENE βCAROTENE 
1 no 0.03 m m 
2 no 0.02 m m 
3 no 0.02 m m 
4 no 0.03 m m 
5 no 0.01 0.01 0.02 
6 no 0.02 0.01 0.02 
7 no 0.01 0.04 0.01 
8 no 0.01 0.02 0.06 
9 no 0.02 0.03 0.03 

10 no 0.02 0.01 0.03 
11 no 0.01 0.01 0.02 
12 no 0.03 0.02 0.02 
13 no 0.01 0.01 0.03 
14 no 0.02 0.03 0.01 
15 no 0.01 0.02 0.02 
16 no 0.03 0.04 0.03 
17 no 0.01 0.05 0.19 
18 no 0.15 0.06 0.38 
19 no 0.01 0.02 0.05 
20 no 0.01 0.03 0.12 
21 no 0.03 0.03 0.18 
22 no 0.01 0.02 0.17 
23 no 0.01 0.03 0.07 
24 no m 0.02 0.10 
25 no m 0.03 m 
26 no 0.02 0.11 0.38 
27 no 0.00 0.01 0.06 
28 no 0.01 0.02 0.04 
29 no 0.00 0.02 0.06 
30 no 0.01 0.08 0.16 
31 no 0.01 0.03 0.26 
32 no 0.01 0.03 0.06 
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Blood results - asymptomatic patients continued 
 

PATIENT SYMPTOMS βCRYPTOXANTHIN αCAROTENE βCAROTENE 
33 no 0.02 0.11 0.44 
34 no 0.01 0.09 0.38 
35 no 0.03 0.07 0.29 
36 no 0.01 0.11 0.30 
37 no 0.02 0.06 0.30 
38 no 0.01 0.16 0.62 
39 no 0.01 0.13 0.55 
40 no 0.01 0.06 0.20 
41 no 0.02 0.05 0.29 
42 no 0.01 0.07 0.37 
43 no 0.00 0.08 0.00 
44 no 0.01 0.09 0.28 
45 no 0.02 0.12 1.22 
46 no 0.01 0.04 0.20 
47 no 0.01 0.02 0.07 
48 no 0.02 0.11 0.11 
49 no 0.02 0.14 0.16 
50 no 0.01 0.03 0.18 
51 no 0.01 0.01 0.10 
52 no 0.03 0.04 m 
53 no 0.00 0.01 0.03 
54 no 0.01 0.02 0.62 
55 no 0.01 0.04 0.18 
56 no 0.00 0.01 0.09 
57 no 0.02 0.08 0.21 
58 no 0.00 0.02 0.08 
59 no 0.02 0.03 m 
60 no 0.00 0.02 0.06 
61 no 0.02 0.03 0.19 
62 no 0.01 0.04 0.17 
63 no 0.02 0.03 0.25 
64 no 0.01 0.04 0.16 
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Blood results - symptomatic patients continued 
 

PATIENT SYMPTOMS βCRYPTOXANTHIN αCAROTENE βCAROTENE 
65 yes 0.01 0.02 0.09 
66 yes 0.02 0.16 0.61 
67 yes 0.01 0.01 0.08 
68 yes 0.03 0.04 m 
69 yes 0.01 0.05 0.20 
70 yes 0.02 0.02 m 
71 yes 0.01 0.04 0.10 
72 yes 0.01 0.04 0.27 
73 yes 0.01 0.01 0.11 
74 yes 0.00 0.01 0.08 
75 yes 0.01 0.05 0.26 
76 yes 0.01 0.03 0.08 
77 yes 0.01 0.04 0.12 
78 yes 0.02 0.03 0.15 
79 yes 0.02 0.02 0.08 
80 yes 0.01 0.02 0.08 
81 yes 0.01 0.06 0.17 
82 yes 0.03 0.03 1.16 
83 yes 0.01 0.04 0.09 
84 yes 0.01 0.06 0.11 
85 yes 0.01 0.03 0.07 
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Blood results - asymptomatic patients continued 
 

PATIENT SYMPTOMS LYCOPENE TIMP 2 
1 no 0.05 308.64 
2 no 0.04 298.49 
3 no 0.03 196.22 
4 no 0.10 m 
5 no 0.04 234.92 
6 no 0.19 m 
7 no 0.08 305.20 
8 no 0.09 296.90 
9 no 0.12 m 

10 no 0.11 m 
11 no 0.03 255.04 
12 no 0.07 287.93 
13 no 0.04 248.74 
14 no 0.08 209.67 
15 no 0.15 196.29 
16 no 0.09 176.30 
17 no 0.39 162.45 
18 no 0.60 275.64 
19 no 0.10 357.90 
20 no 0.19 321.68 
21 no 0.18 267.99 
22 no 0.15 236.30 
23 no 0.13 216.50 
24 no 0.16 209.98 
25 no m 133.02 
26 no 0.40 144.01 
27 no 0.08 271.06 
28 no 0.04 118.24 
29 no 0.09 88.53 
30 no 0.46 229.99 
31 no 0.33 119.59 
32 no 0.18 121.03 
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Blood results - asymptomatic patients continued 
 

PATIENT SYMPTOMS LYCOPENE TIMP 2 
33 no 0.73 208.39 
34 no 1.20 206.39 
35 no 1.85 139.84 
36 no 0.71 206.06 
37 no 0.91 293.86 
38 no 1.33 295.08 
39 no 0.85 360.07 
40 no 0.40 114.14 
41 no 1.29 199.56 
42 no 0.67 376.18 
43 no 1.66 302.63 
44 no 0.74 208.01 
45 no 1.84 295.20 
46 no 0.25 183.56 
47 no 0.10 104.71 
48 no 0.37 166.02 
49 no 0.48 205.89 
50 no 1.05 306.28 
51 no 0.17 207.39 
52 no 0.07 167.40 
53 no 0.06 204.93 
54 no 1.04 105.40 
55 no 0.69 313.44 
56 no 0.17 207.56 
57 no 0.48 376.21 
58 no 0.11 139.18 
59 no M 194.36 
60 no 0.08 196.03 
61 no m m 
62 no 0.50 m 
63 no 0.98 m 
64 no 0.48 276.77 
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Blood results - symptomatic patients continued 
 

PATIENT SYMPTOMS LYCOPENE TIMP 2 
65 yes 0.21 165.72 
66 yes 1.21 106.00 
67 yes 0.10 288.68 
68 yes 0.17 297.39 
69 yes 0.36 107.29 
70 yes 0.22 315.76 
71 yes 0.12 420.20 
72 yes 0.35 227.57 
73 yes 0.11 396.44 
74 yes 0.13 390.45 
75 yes 0.48 308.45 
76 yes 0.15 301.65 
77 yes 0.23 200.35 
78 yes 0.37 203.76 
79 yes 0.27 301.33 
80 yes 0.26 205.91 
81 yes 0.30 124.21 
82 yes 0.17 176.39 
83 yes m m 
84 yes m m 
85 yes 0.08 180.13 
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CHAPTER 6 RESTENOSIS 
 
Blood results in those with no restenosis 
 

PATIENT RESTENOSIS FOX VITAMIN C ICAM VCAM RETINOL 
1 no 0.65 43.80 1.42 5.05 m 
2 no 1.98 50.70 0.33 0.79 3.06 
3 no 0.50 33.30 2.19 4.23 2.05 
4 no 0.00 37.03 2.08 3.09 1.78 
5 no 1.47 5.00 1.93 7.97 2.72 
6 no 0.73 23.30 2.40 2.60 1.97 
7 no 0.99 30.11 1.34 3.07 2.68 
8 no 1.78 59.40 1.33 2.21 3.12 
9 no 0.00 39.49 1.66 2.98 3.02 

10 no 0.39 36.10 1.03 3.66 3.01 
11 no 2.04 13.70 0.96 3.05 2.11 
12 no 1.30 65.20 0.92 1.16 1.85 
13 no 1.66 54.30 0.97 4.00 3.26 
14 no 1.69 11.00 1.28 6.71 2.94 
15 no 0.86 21.20 1.65 4.73 2.15 
16 no 0.38 31.30 0.94 0.23 2.03 
17 no 1.10 14.70 2.55 4.85 m 
18 no 0.97 45.50 1.80 1.01 1.54 
19 no 0.71 26.50 1.13 1.30 2.18 
20 no 0.00 m 1.65 1.98 m 
21 no 0.62 12.80 1.32 8.18 3.84 
22 no 1.27 55.50 0.75 0.88 1.52 
23 no 1.37 23.60 1.70 0.79 3.41 
24 no 1.13 42.40 1.12 3.05 2.05 
25 no 1.18 37.44 2.18 2.97 2.74 
26 no 1.45 42.20 2.23 3.64 2.71 
27 no 0.88 29.76 2.98 m 1.93 
28 no 0.92 50.90 1.33 2.27 5.03 
29 no 0.57 45.92 3.31 13.63 0.56 
30 no 0.64 32.80 3.22 5.30 2.00 
31 no 0.00 29.90 2.98 3.00 3.06 
32 no 1.05 24.20 1.47 1.20 3.32 
33 no 1.24 54.60 0.81 3.95 2.98 
34 no m 19.60 0.91 0.47 2.66 
35 no 2.29 16.00 1.26 1.23 3.65 
36 no 0.45 11.10 1.10 4.87 m 
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Blood results in those with no restenosis continued 
 

PATIENT RESTENOSIS FOX VITAMIN C ICAM VCAM RETINOL 
37 no 1.12 57.80 2.08 1.97 2.51 
38 no 0.88 61.00 0.93 2.15 3.21 
39 no 1.19 24.20 1.27 3.08 m 
40 no 0.31 14.90 0.00 5.77 1.27 
41 no 0.42 7.80 1.53 2.98 3.95 
42 no 1.69 15.00 1.01 4.83 4.79 
43 no 1.31 16.60 1.58 0.48 2.90 
44 no 1.29 17.93 2.19 2.17 1.84 
45 no 1.22 18.04 1.94 1.95 m 
46 no 1.34 28.60 0.42 2.09 2.38 
47 no 0.50 23.60 1.04 1.04 m 
48 no 0.61 30.04 2.03 2.45 1.82 
49 no 0.96 27.04 1.04 3.94 m 
50 no 0.50 29.04 1.70 1.12 3.27 
51 no 0.00 38.04 1.47 1.57 3.20 
52 no 0.76 29.20 0.69 3.78 1.52 
53 no 0.62 18.09 0.95 1.51 1.84 
54 no 0.72 17.60 0.62 5.11 1.90 
55 no 0.93 41.03 2.12 4.30 1.46 
56 no 0.50 33.70 1.00 2.03 1.25 
57 no 0.81 29.20 0.67 0.16 2.12 
58 no 0.26 43.50 1.04 4.89 3.01 
59 no 0.00 39.97 1.02 4.02 2.39 
60 no 1.50 15.10 0.66 3.04 2.66 
61 no 1.25 48.30 0.98 2.01 2.87 
62 no M 12.22 0.99 m 3.29 
63 no 1.40 67.40 1.23 2.75 3.43 
64 no 1.65 13.70 1.12 m 3.05 
65 no 1.16 4.00 0.84 2.52 2.76 
66 no 0.94 30.74 0.98 2.30 2.04 
67 no m 30.29 1.01 2.76 2.01 
68 no 0.57 26.05 1.06 1.67 3.25 
69 no 1.28 4.50 2.12 3.08 2.04 
70 no m 28.29 1.46 1.31 2.29 
71 no 0.99 37.29 0.90 0.96 1.94 
72 no 1.26 13.70 0.00 m 2.30 
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Blood results in those with and without restenosis continued 
 

PATIENT RESTENOSIS FOX VITAMIN C ICAM VCAM RETINOL 
73 no 1.34 38.70 1.69 1.30 2.12 
74 no 0.87 29.50 1.62 1.02 2.07 
75 no 1.10 54.90 0.39 0.73 1.90 
76 no 0.28 46.50 2.02 3.36 2.36 
77 no 0.65 38.78 0.98 2.43 2.44 
78 no 0.50 20.10 0.89 3.58 2.06 
79 no 2.09 14.50 1.04 0.83 2.91 
80 no 0.41 34.90 1.28 m 1.90 
81 no 2.11 46.00 1.26 5.51 3.21 
82 no 0.63 6.20 0.89 1.62 1.03 
83 yes 0.66 29.94 1.16 2.05 2.36 
84 yes 1.14 30.10 1.87 0.58 1.71 
85 yes 4.42 11.60 1.48 m 1.74 
86 yes m 26.40 2.67 2.55 3.44 
87 yes 3.37 8.80 0.67 6.14 2.03 
88 yes 0.00 29.45 m m 1.09 
89 yes 1.03 m 0.45 2.82 1.52 
90 yes 0.99 13.00 1.13 2.06 2.44 
91 yes 1.98 m 1.04 0.82 4.42 
92 yes 1.22 24.90 0.00 6.00 4.02 
93 yes 0.98 7.10 1.82 1.36 2.85 
94 yes m m m m 1.98 
95 yes 0.31 41.80 m 2.70 2.78 
96 yes 0.52 26.10 1.81 6.71 2.76 
97 yes 1.54 2.60 1.31 3.89 1.90 
98 yes 0.00 m m m 1.67 
99 yes 0.92 29.20 2.69 3.37 1.77 

100 yes 1.02 4.30 1.29 5.54 2.98 
101 yes 0.87 33.40 3.13 4.46 5.91 
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Blood results in those with no restenosis  
 

PATIENT RESTENOSIS γTOCOPHEROL αTOCOPHEROL LUTEIN 
1 no 1.27 28.07 m 
2 no 1.27 30.22 0.01 
3 no 1.89 30.56 0.02 
4 no 2.03 26.04 0.03 
5 no 1.46 35.36 0.03 
6 no 1.56 22.47 0.02 
7 no 1.66 31.97 0.03 
8 no 1.98 31.52 0.04 
9 no 1.45 28.03 m 

10 no 1.99 26.38 m 
11 no 1.65 31.09 0.03 
12 no 1.45 39.66 m 
13 no 1.04 34.72 0.02 
14 no 1.46 28.04 0.03 
15 no 1.35 26.80 0.03 
16 no 1.08 22.55 0.02 
17 no 1.33 26.04 0.02 
18 no 2.13 36.15 0.03 
19 no 2.48 36.81 0.04 
20 no 2.59 38.90 0.03 
21 no 2.11 32.97 0.02 
22 no 1.75 27.83 0.05 
23 no 1.69 34.04 0.07 
24 no 1.56 38.09 0.02 
25 no 1.65 32.66 0.04 
26 no 1.48 33.63 0.02 
27 no 2.33 m 0.01 
28 no 1.61 40.21 0.04 
29 no 1.59 17.52 0.01 
30 no 2.45 m 0.02 
31 no 1.76 28.54 0.04 
32 no 1.61 34.56 0.05 
33 no 1.50 44.09 0.02 
34 no m m 0.03 
35 no 1.16 21.03 0.03 
36 no m m m 
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Blood results in those with no restenosis continued 
 

PATIENT RESTENOSIS γTOCOPHEROL αTOCOPHEROL LUTEIN 
37 no 1.41 30.32 0.03 
38 no 1.45 27.68 0.02 
39 no 1.29 m 0.03 
40 no 1.23 34.19 0.02 
41 no 3.94 38.92 0.04 
42 no 4.45 56.66 0.08 
43 no 1.06 29.64 0.02 
44 no 0.79 19.45 0.02 
45 no 0.98 38.44 0.02 
46 no 0.73 19.59 0.01 
47 no 0.84 29.30 0.03 
48 no 2.01 37.04 0.03 
49 no 1.67 m 0.05 
50 no 1.58 34.41 0.08 
51 no 1.44 30.45 0.04 
52 no 1.99 24.54 0.03 
53 no 2.46 33.29 0.04 
54 no 1.56 28.54 0.05 
55 no 3.01 48.09 0.06 
56 no 1.76 18.96 0.02 
57 no 1.42 30.59 0.02 
58 no 1.28 28.40 0.02 
59 no 1.46 31.64 0.03 
60 no 1.85 33.78 0.03 
61 no 1.44 19.45 0.04 
62 no 1.45 29.55 0.01 
63 no 1.82 33.86 0.04 
64 no 1.33 20.35 0.03 
65 no 1.19 29.18 0.03 
66 no 1.23 30.56 0.02 
67 no m 26.89 0.04 
68 no 1.03 21.00 0.02 
69 no 1.63 22.89 0.01 
70 no 1.25 21.98 0.02 
71 no m m m 
72 no m m m 
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Blood results in those with and without restenosis  
 

PATIENT RESTENOSIS γTOCOPHEROL αTOCOPHEROL LUTEIN 
73 no 1.29 30.26 0.03 
74 no 1.41 25.44 0.02 
75 no 1.45 29.30 0.03 
76 no 1.28 31.56 0.01 
77 no 1.44 30.98 0.05 
78 no 1.27 29.56 0.03 
79 no 1.46 28.33 0.02 
80 no 1,45 30.10 0.04 
81 no 1.74 41.07 0.11 
82 no 1.54 40.87 0.06 
83 yes 1.67 22.70 0.02 
84 yes 2.00 36.00 0.02 
85 yes 1.42 23.58 0.01 
86 yes 1.74 42.95 0.02 
87 yes 1.40 m 0.02 
88 yes 2.00 m 0.03 
89 yes 2.07 29.45 0.03 
90 yes 1.09 29.44 0.02 
91 yes 2.01 52.43 0.02 
92 yes 1.05 56.40 0.04 
93 yes 2.05 34.71 0.03 
94 yes 2.04 37.76 0.01 
95 yes 2.00 29.45 0.04 
96 yes 1.98 41.56 0.03 
97 yes 1.87 29.39 0.02 
98 yes 1.76 48.67 m 
99 yes 1.98 38.87 m 

100 yes m m m 
101 yes 1.61 64.35 0.03 
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Blood results in those with no restenosis  
 

PATIENT RESTENOSIS βCRYPTOXANTHIN αCAROTENE βCAROTENE 

1 no 0.02 0.02 0.11 
2 no 0.01 0.03 0.28 
3 no 0.03 0.03 0.17 
4 no 0.01 0.02 0.26 
5 no 0.01 0.01 0.08 
6 no 0.01 0.01 0.11 
7 no 0.01 0.13 0.55 
8 no 0.01 0.06 0.20 
9 no 0.02 m 0.45 

10 no 0.02 m 0.28 
11 no 0.01 0.01 0.02 
12 no 0.03 0.03 0.09 
13 no 0.01 0.01 0.02 
14 no 0.01 0.01 0.29 
15 no 0.01 0.08 0.19 
16 no 0.02 0.11 0.38 
17 no 0.02 0.01 0.56 
18 no 0.01 0.04 0.20 
19 no 0.01 0.02 0.07 
20 no 0.02 0.04 m 
21 no 0.02 0.01 0.08 
22 no 0.02 0.16 0.61 
23 no 0.15 0.06 0.38 
24 no m 0.03 m 
25 no 0.03 0.04 m 
26 no 0.01 0.04 0.18 
27 no 0.01 0.02 0.09 
28 no 0.01 0.03 0.07 
29 no 0.02 0.02 0.06 
30 no 0.02 0.02 0.11 
31 no 0.02 0.03 m 
32 no 0.01 0.05 0.26 
33 no 0.01 0.02 0.62 
34 no m 0.03 m 
35 no 0.01 0.01 0.10 
36 no m 0.01 m 
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Blood results in those with no restenosis continued 
 

PATIENT RESTENOSIS βCRYPTOXANTHIN αCAROTENE βCAROTENE 

37 no 0.01 0.16 0.62 
38 no 0.01 0.07 0.37 
39 no 0.02 0.04 m 
40 no 0.01 0.04 m 
41 no 0.02 0.07 m 
42 no 0.02 0.08 0.21 
43 no 0.01 0.02 0.06 
44 no 0.01 0.02 0.05 
45 no m 0.02 m 
46 no 0.02 0.01 0.03 
47 no 0.01 0.05 0.08 
48 no 0.01 0.01 0.03 
49 no 0.02 0.04 0.03 
50 no 0.01 0.03 0.07 
51 no 0.01 0.01 0.17 
52 no 0.01 0.03 0.26 
53 no 0.01 0.04 0.10 
54 no 0.01 0.05 0.18 
55 no 0.02 0.12 1.22 
56 no 0.00 0.02 0.08 
57 no 0.01 0.05 0.20 
58 no m 0.03 0.18 
59 no 0.01 0.04 0.03 
60 no 0.01 0.08 0.16 
61 no 0.02 m 0.09 
62 no 0.02 m 0.12 
63 no 0.01 0.06 0.17 
64 no 0.02 m 0.14 
65 no 0.01 0.03 0.08 
66 no 0.01 m 0.02 
67 no 0.02 m 0.04 
68 no 0.02 0.02 0.08 
69 no 0.00 0.01 0.06 
70 no 0.01 0.01 0.04 
71 no 0.02 m 0.08 
72 no 0.01 m 0.15 
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Blood results in those with and without restenosis  
 

PATIENT RESTENOSIS βCRYPTOXANTHIN αCAROTENE βCAROTENE 

73 no 0.01 0.03 0.12 
74 no 0.01 0.03 0.06 
75 no 0.02 0.01 0.17 
76 no 0.01 0.02 0.03 
77 no 0.02 0.06 0.30 
78 no 0.01 0.02 0.14 
79 no 0.01 0.04 0.16 
80 no 0.01 0.03 0.45 
81 no 0.01 0.04 0.27 
82 no 0.01 0.03 0.16 
83 yes 0.02 0.01 0.09 
84 yes 0.01 0.02 0.04 
85 yes 0.01 0.06 0.00 
86 yes 0.01 0.02 0.06 
87 yes 0.02 0.01 0.08 
88 yes 0.02 0.01 0.03 
89 yes 0.01 0.11 0.30 
90 yes 0.01 0.03 0.05 
91 yes 0.01 0.02 0.09 
92 yes 0.01 0.05 0.34 
93 yes 0.01 0.04 0.12 
94 yes 0.02 m 0.02 
95 yes 0.01 0.02 0.02 
96 yes 0.01 0.01 m 
97 yes m 0.01 0.15 
98 yes 0.01 m 0.15 
99 yes 0.01 0.02 0.03 

100 yes 0.01 0.02 m 
101 yes 0.01 0.05 0.19 
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Blood results in those with no restenosis  
 

PATIENT RESTENOSIS LYCOPENE TIMP 2 TRIGS CHOLESTEROL HDL 
1 no 0.18 278.56 m 3.90 m 
2 no 0.02 245.90 m 5.29 m 
3 no 0.14 198.45 m 3.98 m 
4 no 0.18 265.90 m 4.78 m 
5 no 0.10 288.68 1.63 4.60 0.71 
6 no 0.11 396.44 1.25 2.56 0.71 
7 no 0.85 360.07 1.12 5.26 1.01 
8 no 0.40 114.14 2.12 5.37 m 
9 no 0.39 145.56 m 4.90 m 

10 no 0.02 145.45 m 3.99 m 
11 no 0.04 234.92 1.60 4.18 0.78 
12 no 0.17 187.30 2.06 4.32 1.02 
13 no 0.15 255.04 1.53 4.60 0.85 
14 no 0.24 178.39 m 5.23 m 
15 no 0.22 245.57 1.04 4.19 0.96 
16 no 0.40 144.01 0.55 2.86 0.41 
17 no 0.26 246.00 2.59 5.40 0.78 
18 no 0.25 183.56 2.27 4.65 1.13 
19 no 0.10 104.71 1.37 4.43 0.79 
20 no 0.18 m m 5.90 m 
21 no 0.13 390.45 1.44 4.96 1.24 
22 no 1.21 106.00 0.49 4.48 1.08 
23 no 0.60 275.64 1.67 4.38 0.93 
24 no 0.45 m 1.45 m m 
25 no m m 1.09 m m 
26 no 0.69 313.44 1.29 4.89 1.08 
27 no m m 1.34 4.67 m 
28 no 0.13 216.50 2.37 4.79 1.20 
29 no 0.09 88.53 1.70 4.43 0.56 
30 no m m 1.45 m m 
31 no m 254.19 1.56 m m 
32 no 0.48 217.55 1.60 5.00 0.91 
33 no 1.04 105.40 1.28 4.73 0.96 
34 no m m m m m 
35 no 0.17 m 0.81 3.15 0.76 
36 no m m m m m 
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Blood results in those with no restenosis continued 
 

PATIENT RESTENOSIS LYCOPENE TIMP 2 TRIGS CHOLESTEROL HDL 
37 no 1.33 295.08 0.95 4.69 0.92 
38 no 0.67 376.18 1.04 4.02 0.85 
39 no 1.20 389.11 m 4.09 0.98 
40 no 1.56 289.78 m 5.98 0.89 
41 no 0.78 256.56 m 3.99 0.50 
42 no 0.48 376.21 3.68 7.18 0.82 
43 no 0.09 296.90 1.74 4.26 0.67 
44 no 0.10 357.90 1.84 5.01 1.29 
45 no 0.24 389.56 m 5.89 0.67 
46 no 0.06 109.56 1.03 2.40 0.58 
47 no 0.13 244.39 m 4.09 0.67 
48 no 0.04 248.74 1.86 3.76 0.45 
49 no 0.03 278.34 m 5.78 0.76 
50 no 0.08 180.13 m 4.66 0.59 
51 no 0.17 196.54 m 3.60 0.49 
52 no 0.33 119.59 0.62 3.99 0.91 
53 no 0.12 420.20 1.20 3.49 0.40 
54 no 0.16 409.01 m 5.91 0.77 
55 no 1.84 298.56 m 5.03 0.67 
56 no 0.11 139.18 0.75 3.00 0.62 
57 no 0.36 209.56 0.68 3.95 0.98 
58 no 0.24 267.67 m 5.00 0.67 
59 no m 209.55 m 5.68 1.07 
60 no 0.46 229.99 1.59 4.57 1.07 
61 no m m m M 0.56 
62 no m m m 4.67 m 
63 no 0.30 124.21 1.19 5.33 1.03 
64 no m m m 4.98 m 
65 no 0.15 m 1.42 4.71 0.75 
66 no m m m 3.99 m 
67 no m 315.76 1.17 3.29 0.73 
68 no 0.18 265.73 1.75 3.39 0.55 
69 no 0.08 271.06 1.20 3.46 0.84 
70 no 0.07 168.83 1.15 3.61 0.66 
71 no m m 1.01 4.65 0.88 
72 no m m m 4.89 m 
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Blood results in those with and without restenosis 
 

PATIENT RESTENOSIS LYCOPENE TIMP 2 TRIGS CHOLESTEROL HDL 
73 no 0.19 321.68 1.19 5.12 0.82 
74 no 0.18 121.03 1.08 4.46 0.92 
75 no 0.10 176.94 1.08 5.90 0.69 
76 no 0.15 196.44 1.65 4.90 1.17 
77 no 0.91 293.86 0.51 5.30 1.13 
78 no 0.36 294.95 0.67 4.55 1.56 
79 no 0.48 276.77 1.18 5.78 0.96 
80 no 0.35 298.45 0.94 4.98 0.86 
81 no 0.35 227.57 1.36 7.09 1.14 
82 no 0.27 236.30 1.29 4.99 0.77 
83 yes 0.17 193.99 1.67 3.05 0.60 
84 yes 0.04 118.24 1.97 5.47 1.01 
85 yes 0.00 302.63 1.61 2.81 0.75 
86 yes 0.08 196.03 2.50 5.04 0.94 
87 yes 0.09 160.56 1.09 4.89 1.06 
88 yes 0.17 156.04 0.97 4.67 1.07 
89 yes 0.71 206.06 1.33 5.13 0.82 
90 yes 0.07 302.65 1.42 3.41 0.70 
91 yes 0.21 165.72 2.99 4.31 0.59 
92 yes 0.56 195.93 1.95 2.99 0.96 
93 yes 0.23 200.35 1.69 5.65 1.19 
94 yes 0.36 204.94 1.89 6.36 m 
95 yes 0.54 300.56 0.94 4.67 1.56 
96 yes 0.29 245.56 0.45 5.00 1.05 
97 yes 0.29 m 0.40 4.98 1.11 
98 yes 0.27 m 0.67 5.99 0.46 
99 yes 0.37 m m m 0.58 

100 yes m m m m 0.99 
101 yes 0.39 162.45 3.15 6.30 0.77 
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