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SUMMARY

Haemostasis is the physiological response to blood loss following vascular injury. The
process produces a fibrin-platelet clot which seals the damaged blood vessel. Fibrinogen is
polynierised to tibrin by thrombin which is produced by the coagulation pathways. Plasma
fibrinogen has been relaled in several studies (o the development of ischaemic heart disease
and stroke, but the relationship with peripheral arterial disease is less well established.
Another haemostatic factor, fibrin D-dimer, is the terminal breakdown product of cross-linked
fibrin, and is thought to reflect the degree of active {ibrin [ormation and subsequent activation
of {ibrinolysis. Fibrin D-dimer has not been widcly investigated in terms of cardiovascular

risk, and little information is available on its relationship to peripberal arterial disease.

This thesis is composed of two studies. 'The principal aimn of the first study, the Sites of
Atheroma Study, was to determine whether plasma fibrinogen, fibrin D-dimer and other
haemostatic factors (von Willebrand Factor and plasminogen activator inhibitor - type | }y were
related to the angiographic site and severity of atherosclerosis in the arteries of the lower limb.
The principal aim of the second study, the Prognostic Study of Intermittent Claudication, was
to determine whether plasma fibrinogen, fibrin D-dimer and other haemostatic factors (von
Willebrand Factor and tissue plasminogen activator), were related to the future incidence of
atherothrombotic events, and deterioration of pecripheral arterial disease in subjects with

intcrmittent cluudication.

The study samples in both studies consisted of men and women with ischaemic symptoms in

the lower limb referred to the Peripheral Vascular Clinic, Royal Infirmary of HEdinburgh. In




the Sites of Atheroma Study, 192 patients referred for angiography were categorised by site
and severity of peripheral atherosclerosis using the Bollinger angiographic scoring system,
A clinical examination was conducted on each patient including the administration of a
questionnaire and taking of a blood sample for the measurement of hacmostatic factors. In the
Prognostic Study, 607 patients with intermittent clavdication who had had a comprehensive
examination at baseline, including measurement of haemostatic factors, were [ollowed up over
six vears to determine the incidence of [atal and non-fatal ischacmic heart disease and stroke
and deterioration of peripheral arterial disease. Follow-up data were obtained from hospital
records, general practitioness, self-administered questionnaires, the Information and Statistics
division of the Common Scrvices Agency and the Scottish National Health Service Central

Registry.

Results from the Sites of Atheroma Study indicated that 34 (17.7%) patients had
predominantly aorto-iliac disease, 85 (44.3%) had femoro-popliteal disease and 73 (38.0%)
had dual-site disease. There were no significant differences in the mean levels of the
haemostatic factors between patients with disease affecting different sites. An independent
relationship was found between nephelometric fibrinogen and between fibrin D-dimer and
discase severity only in the femoro-popliteal arteries. On multiple regression, fibrinogen
remained mdependently associated with disease severity in the femoro-popliteal arterics, when
life-time smoking or current smoking wese taken into accouat. There was no influence of
current smoking on the association between fibrin D-dimer and disease severity but, on

inclusion of life-time smoking, the association became non-significant.

In the Prognostic Study of Intermittent Claudication, a total of 210 (34.6%) patients died




during the six ycar follow-up period. Of these 90 (42.9%) died from ischaemic heart disease,
29 (13.8%) trom stroke and 27 (12.9%) from other vascular causes, inciuding cardiac
arrhythmias and ruptured ancurysm. Ninety three (15.3%) patients had a non-fatal myocardial
infarction and 79 (13.0%%) had a fatal or non-fatal stroke. Fortly five (7.4%j) patients underwent
investigations for peripheral arterial discase and 64 (10.5%) patients progressed to sevcic
chronic leg ischaemia. A total of 203 (33.4%) patients did not have a vascular event or show

any deterioration of limb ischaemia.

Baseline median levels of plasma tibrinogen, fibrin D-dimer and von Willebrand Factor were
significantly higher in paticnts who died from ischaemic heart disease compared to those who
had no vascular events. Tissue plasminogen activator antigen levels were significantly
elevated in palients who suffered a stroke. All the relationships between the haemostatic
factors and vascular events became weaker and statistically non-significant in analysis

adjusting for cardiovascular risk factors and bascline ischacmic heart disease.

von Willebrand Factor levels were significantly raised in claudicants who developed severe
chronic leg ischaemia (rest pain, ulceration and gangrene). In multivariate analyses adjusting
for life-time smoking, fibrinogen became signilicantly associated with the 1isk of vascular
intervention, and von Willebrand Factor was associated with the risk of severe chronic leg

ischaemia.

In conclusion, these resulfs indicate that there may be a stronger relationship between chronic
smoking and increased fibrin turnover than coagulation in symptomatic peripheral arterial

disease. Increased coagulation and fibrinolyiic activity may also contribufe to thrombosis or




progression of atherosclerosis in the coronary and cerebral arteries in claudicants. The effect
that fibrinogen, [ibrin D-dimer and other haemostatic factors may have on the progression of

peripheral arterial disease was mostly independent of cigarette smoking.
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CHAPTER ONE

INTRODUCTION AND LITERATURE REVIEW

1.1 Peripheral Arterial Disease

1.1.1 Histopathology of lesions

Atherosclerosis in the lower imb may cause stenosis or occlusion of the distal aorta, iliac,
femoral, popliteal or tibio-peroneal arteries. Lesions in these arteries tend 1o be segmental
although, overall, the distribution of disease may be highly diffuse and affect multipie sites
within the lower limb arteries. The histopathology of peripheral atherosclerosis is, however,
similar to atherosclerosis occnrring at other sites within the artcrial tree. There are four main
types of tesions : early lesions, fatty streaks, advanced and complicated lesions (Badimon et

al 1993).

Atherogenesis is thought to be initiated by the disruption of endothelial cell function caused
by factors such as cigarette smoking, hypercholesterolaemia, immuno-complexes and infection
(Ross 1993). Early lesions form within the intima, the innermost layer of the arterial wall, and
are characlerised by accumulation of lipid-laden macrophages (foam cells). Progression of the
discase to a fatty streak is dependent on further accumulation of lipid and smooth muscle cells
within the intima. Fatty streaks can be either flat or raised. Most children will have these

lesions occurring in the aorta between the ages of two and 15 years of age.




When the structure of the intima becomes disrupted and a lipid core has developed, the lesion
is classified as advanced and is common in young adults from about the age of 20 years
onwards. Although it may not causc a rcduction in blood flow, this type of fesion can be
clinically significant because il is prone to rupture or fissuring due to thinning of the fibrous
cap overlying the lipid core. Progression of discase is also related to increases in fibrous tissue
within the intimal, medial and adventitial layers of the artery. This can result in projection of
the lesion into the lumen and blood flow may be reduced. Mural thrombi alsa can become

incorporated within the vessel wall and contribute to narrowing of the lumen.

Finally, when the lesion undergoes degenerative changes, such as ulceration, fissuring or
haemorrhage, it is classified as a complicated lesion. Such changes can cause thrombosis and
occlusion of the artery so that symptoms of ischaemia may occur. Inflammation, the cytotoxic
products relcased from macrophages, shear stress and vasospasm have been implicated as
causal factors in intimal disruption. Levels ot systemic risk factors and the degree of
disruption may also determine the size and persistence of the thrombus and the severity of the

resulting clinical event (Badimon el al 1993).

1.1.2  Definition of peripheral arterial discase

The term peripheral arterial disease’, which is synonymous with 'peripheral vascular disease”,
is used primarily to describe atherosclerotic disease of the arteries of the upper limb and of
the lower limb distal to the aortic bifurcation. Disease in the upper limb arteries is
comparatively rare, however, and therefore the tewm is generally used to denote atherosclerotic

disease in the arteries supplying the lower limb.




An individual caonot be classified as simply 'diseused’ or 'non-disecased’ Lecause the
pathological process bepins early in life and by the age of 40 years, most adulis will have
l_csions in the peripheral arterics (Mitchell and Schwarlz 1965). However, ischaemic
symptoms do not appear untif the disease is relatively advanced. For the purpose of initial
clinical evaluation and foruse in epidennological surveys, peripheral arterial disease is usually
diagnosed by the presence of symptoms, such as intermittent clandication, and by non-invasive
tests to detect the degree or effects of arterial narrowing, Traditionally, angiography is
considered the best objective method of quantifying atherosclerotic disease and is used as the

reference point against which non-invasive techniqucs ase validated.

1.1.3 Measurement of peripheral arterial disease

The WHO Intermitient Clandication Questionnaire, which was developed in the early 1960's
(Rose 1962), has been until recently the most widely used method of detecting sympiomaltic
peripheral arterial disease in the general population, However, new questionnaires have
recently been developed in an attempt to improve the validity of the WHO questionnaire,
which has a particularly poor sensitivity in comparison to diagnosis made by a doctor. For
cxample, the Edinburgh Claudication Questionnaire demonstrated a sensitivity of 85%
compared 1o 65% for the WHO questionnaire when evaluated in community and hospital
surveys (Leng and Fowkes 1992), although the specificity was over 95% for both
questionnaires. Consequently, the Edinburgh Claudication Questionnaire is now being uscd
in an increasing number of epidemiological studics investigating the prevalence of peripheral

arterial disecase.




A variety of non-invasive techniques have been used to assess both symptomatic and
asympfomatic disease in epidemiological studies. These include palpation of periphcral
pulses, segmental pressure measurements, pulse waveforms detected by oscillography, the

aukle brachial pressure index (ABPI), exercise and reactive hyperaemia tests.

Measurcment of the ankle brachial pressure index (ABPI) is perhaps the most common non-
invasive method of assessing the severity of lower limb atherosclerosis and is used extensively
both in clinical practice and in population surveys. In selected hospital patients, an ABPT of
% 0.9 has been shown to be approximately 95% sensitive and 100% specific in identifying
angiogram positive disease in the lower limb (Bernstein and Fronek 1982; Taing and
Greenhalgh 1983). However, this cut-off point may be less valid in confirming the presence
of asymptomatic disease in individual cases within the community. In the Edinburgh Artery
Study, for example, the distribution of the ABPT was nonmal, but with a slight negative skew,
and with no obvious level differentiating abnormally low levels. About 18% of the population

had an ABPI < (3,9 (Fowkes et al 1991).

In subjects who have a raiscd central aortic pressure, or a condition such as diabetes mellitus,
where arterics can be relatively rigid due to medial calcification, the ABPI can be normal at
rest in spite of considerable atherosclerotic disease. A stress test, such as an exercisc or
reactive hyperaemia test, can identify the presence of hacmodynamically significant lesions
and hence improve diagnostic sensitivity in such cases, In subjects with peripheral arterial
disease, systolic ankle pressures are reduced and pressure recovery time is increésed after
exercise, or after occluding blood flow in the leg during the reactive hyperaemia test (Laing

and Greenhalgh 1983). However, the exercise test may not be appropriate for claudicants or




those with concornilant coronary disease, who may be unable to completc the test.

The reactive hyperacmia test, although uncomfortable, is probably more suitable for use in
epidemiological surveys than a treadmill test, since it is conducted at rest and uses simple
cquipment. A 20% change in ankle systolic pressure from the resting to the hyperaemic state
is usually considered valid in identifying cascs of peripheral arterial disease. The accuyacy of
this test has recently been assessed. The cut-off point of 20% was shown to have a sensitivity
of only 52% in identifying true cascs of peripheral arterial disease {Leng et al 1993). Overall,
the findings suggest that a combination of non-invasive tests should be used to investi gate the

wide spectrum of disease which may occur in the general population.

Duplex uitrasonography is a more sophisticated non-invasive technique which is being
increasingly used in vascular units and has recently been employed in two large scalc
epidemiological surveys, the Atherosclerosis Risk in Communities (ARIC) Study in the United
States and the Edinburgh Artery Study (Howard et al 1993; Mowbray et al 1997). Duplex
ultrasound delects arterial disease by a combination of high resolution ultrasound imaging and
assessment of blood flow within the vessel using the Doppler effect, which describes the effect
on a waveform when there are ditferences between transmitter and receiver fre quencies, due

to movemernl between them.

Arteries produce characteristic waveforms on Doppler which are altered by the presence of
atheroscleratic diseasc. Criteria have been developed which relate the changes in waveform
to the extent and severity of disease. The criteria for the peripheral arteries are based on

alterations in peak systolic velocity and spectral broadening which occur at sites of disease.




One of the major advantages of duplex ultrasound is its ability to directly visualisc the severity
and location of atherosclerosis within arteries. On the other hand, it is also recognised as being
relatively expensive, complex and time consuming (Allan 1991).  Studies comparing
ultrasound to angiography in the diagnosis of stenoses > 50% diameter in the aorta, iliac,
femoral and popliteal vessels in symplomatic patients have reported good sensitivity (82%-
87%) and specificity (92%-96%) (Kohler et al 1987; Cossman et al 1989). The validity and
reproducibility of results using this technique have yet to be established in epidemiological

surveys in the community, however.

Angiography (or arteriography) is considered the best abjective method of quantifying
atheroscicrotic disease in Living subjects and is used as the refcrence against which non-
invasive measurement tcchniques of existing arterial disease are validated. The visualisation
of the Jower limb arterial system was first reported by Brooks in 1924 and the technique was
improved by the development of organic contrast media in 1929 (Swick 1929). The use of a
percutaneous catheter technique to cannulate the peripheral arteries has furiher refined the
technigue. Modern radiological practices have also greatly improved diagnostic accuracy, and
have reduced the risk of patients developing significant complications and also the level of

discomtort which can occur during the procedure.

Angiography was developed to directly visualise arterial segments since the disease process
changes the geometry of the affccted artery by narrowing the vessel lumen. Therefore, it is
primarily used to illustrate the location and extent of atherosclerosis. It is less accurate,
however, at predicting the haemodynamic effects of a stenosis, or progression of disease and

is unable 1o detect the morphological changes of a complicated plaque which can lead to
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thrombesis, such as haemorrhage, ulceration and nccrosis,

Disease severity is expressed as percentage stenosis', or the percentage reduction in the lumen.
In the lower limb arteries, developing lesions tend to develop eccentrically, affecting the
posterior wall more severely, and atheroma occurs more commonly at bifurcations and origin
of vessels, Therefore, the extent of atherosclerosis can be under-estimated unless projections

in more than one plane are assessed.

1.14 Prevalence of peripheral arterial disease

The first large scale survey to determine the prevalence of intermittent claudication in the
genetal population was conducted in Framingham, USA, in 1949 (Kannel and Shustleff 1973).
Since then, major epidemiological studies assessing the prevalence of both symptomatic and
asymptomatic peripheral arterial diseasc have been carried out in many other countries,

including Switzerland, Finland, Israel and Scotland (Leng and Fowkes 1993).

Most of thesc surveys have used the WHO questionnaire (Rose 1962) to determine the
prevalence of intermittent claudication. The prevalence has varied widely, ranging from 0.3%
in onc survey in the East coast of America to 7.7% in a Finnish survey (Leng and Fowkes
1993). These differences reflect not only possible population differences, but also the different
age and sex structures of the population samples, possible healthy worker effects and varying
quality of measurement. Also, discrepancics in translation of the questionnairc may have
contributed to differences in the reported prevalences internationally. Overall, however, it can

be concluded that the prevalence of intermittent claudication increases with age and occurs
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more frequently in men than in women (Leng and Fowkes 1993).

The prevalence of asymptomatic discase in the general population has been less widely
studicd, but appears to be much higher than that of claudication. In surveys which have used
only an ABPI < 0.9 as an indicator of disease, prevalence has varied from 4% in two studies
from Belguim and Israel (De Backer et al 1979; Gotin et al 1987) to as high as 17% in the
Edinburgh Artery Study (Fowkes et al 1991). However, the study population in the latter
survey was considerably older (between 55 and 74 years) which may have partly accounted
for the difference in disease prevalence. In another study, which used a combination of non-
invasive lests, including a reactive hyperaemiu test, the prevalence of asymptomatic discase
in large peripheral arteries increased from 3% in subjects less than 60 years of age to over 20%
in subjects of 75 years and older, although the inclusion of hypcrlipidaemic subjects may have

aifccted the prevalence rates (Criqui et al 1985).
1.1.5 Incidence of peripheral arterial disease

The incidence of peripheral arterial disease has been reported in only four large scale
epidemiological studies at present. After 26 years follow-up in the Framingham Study, the
incidence of claudication in men aged 40-49 years was estimated to be 0.2% a year and
showed a progressive increase to 1.2% in men aged 60-69 years (Kannel and McGee 1985).
Among chemical workers in the Basle Study, five vear incidence rates, although not directly
comparable, were similar, and ranged between 1% in men aged 35-44 years to 6% in those
aged 65 ycars and above (Widmer et al 1985). The estimates from the Speedwell prospective

Study were also comparable. Symptoms of claudication developed in 0.3% of mcn aged 45-49




years and 0.5% of men aged 60-63 years (Bainton et al 1994). The most recent survey, the
[idinburgh Artery Study reported the highest incidence of 9% overall, but included ‘probable’
claudicants, a term defined by Criqui et al (1985) to improve the sensitivity of the WHO
questionnaire (Leng et al 1996). All four studies were in agreement that the trend for
incidence increased with age, and was higher in mwen than women, although the gap between

men and women closed with increasing age and particularly after the menopause.

1.1.6 Aetiology of peripheral arterial disease

Risk factors associated with the development of peripheral arterial disease have been identified
in an increasing number of epidemiological surveys, although most are of cross-sectional or
case-control design (Leng and Fowkes 1993). The sirength of the observed rclationships has
varied greatly from study to study; this probably rcflects not only differing methods of
diagnosis, but also the age and sex of the population studied and methods used to determine
levels of risk factors. Although risk factors are thought to act synergistically, the role of the

main risk factors in peripheral arterial disease is described individually below.

Cigarette smoking

Cigarette smoking is a major risk factor for peripheral arterial disease, both in the onset and
progression of disease (Murabito et al 1997). Tt also appears to be a comparatively more
important risk factor for this disease than for ischacmic heart disease (Fowkes et al 1992),
Cross-sectional surveys have shown that the relative risk of developing peripheral arterial

discase in smokers ranges between 1.4 to 10.0 (Leng and Fowkes 1993). 1t is probable,
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however, that sclf{-repertcd smoking in population-bascd surveys is inaccurate, and this may

explain the wide range of risk estimates.

In onc prospective study, the Framingham Study, 78% of incident cases of intermitrent
claudication were attributed to smoking (Kannel and Shurleff 1973). Furthermore, a strong
dose-dependent effect ol smoking on the risk and severity of peripheral arterial disease hus
been observed (Criqui et al 1985; Fowkes et al 1992). In more severe disease, approximately
90% of paticnts attending vascular clinics are cigarette smokers (Hughson ct al 1978a).
Moreover, the clinical prognosis in patients is worse in those who continue ta smoke. For
example, the rate of amputation and re-occlusion of grafts is far higher in smokers than those

who stop smoking (Juergens et al 1960).

Blood pressure

Flevated blood pressure is considered a relatively weak risk factor for intermittent
claudication. Systolic blood pressure is on the whole, howcver, thought to be more closely
related {o peripheral arterial disease than diastolic pressure (Schroll and Munck 1981; Gofin
et al 1987). After 26 years of follow-up, the Framingham Study reported a three times higher
risk of claudication for men with hyperlensiou, systolic pressure being more strongly
associated with the level of risk than diastolic pressure (Kannel and McGhee 1985). In
contrast, the Basie Study found that there was no effect of either diastolic or systolic pressure
on development of discase (Da Silva et al 1979). However, since blood pressure may rise as
a consequence of peripheral arterial disease through increases in peripheral resistance or

because of a decrease in aortic compliance (Levenson et al 1982), it may be difficult to
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establish whether blood pressure has a truly independent effect on risk of disease.

Diabeies mellitus

Peripheral arterial disease is a major complication of diabetes mellitus. Diabetes haslong been
recognised as associated with vascular disease in the distal arteries, and with a poor prognosis
in terms of development ol severe chronic leg ischaemia, graft failure and ampulation,
although peripheral ncuropathy may also contribute (Jarrett 1991). It is not surprising
therefore, that population studies have consistently found the incidence of intermittent
claundication to be significantly higher in diabetics compared to non-diabetics, aithough most
of those affected are non-insulin dependent (Herman et al 1977; Slitoncn ct al 1986; Kannel

and McGhee 1985).

The relationship between non-diabetic glucose infolerance and peripheral arterial disease is
not so well defined, however. Community surveys have shown inconsistent associations
between prevalent orincident claudication and either elevaled fasting glucose orblood glucose
after an ‘oral glucose load’ (Leng and Fowkes 1993), This lack of effect could be related to
small numbers, particularly when cases are further subdivided by gender. Only the
Framingham Study has reported an uncquivocal independent relationship between impaired
glucose tolerance and risk of disease (Kannel and McGhee 1985). On balance, therefore,

glucose intolerance cannot be confirmed as a risk factor for peripheral arterial discase.
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Blood liptds

Serum total cholesterol is an tmportant risk factor for ischaemic heart disease, but evidence
suggests that, overall, it may be a weaker risk factor [or peripheral arterial disease. Patients
with peripheral arterial disease have demonstrated raised levels of serum cholesterol and also
lower levels of HDL cholesterol in most hospital-based case-control studies (Jacobsen et al
1984, Riihling et al 1989; Cardia et al 1990), but not all (Dormandy et al 1973a; Bradby el al

1990). Conflicting results have also been found cross-sectionally (Fowkes 1988).

In longitudinal studies, the association betwceen total cholesterol and development of
intermittent claudication, or disease estimated by the ABP1 is weak, but statistically significant
on multivariate analysis (Schroll and Munck 1981; Kannel and McGhee 1985). These
estimates could have under-estimated the true risk, however; firstly because they are bascd
only on one measurement of cholesterol which tends io fluctuate over time and secondly,
because levels are associated with LDL cholesterol, which demonstrates an imperfect
correlation with total cholesterol levels. Correction of these types of bias led to a substantial
increase in the degree of risk associated with total cholesterol in one prospective study
investigating ischaemtic heart disease (Law et al 1994), and this effect may also be applicable

to lower limb disease.

The relationship between triglycerides and peripheral arterial disease is inconclusive.
Triglyceride levels are often raised in hospital patients with claudication, but in population
studies, an independent effect is usually not maintained after adjusting for other lipids. In the

Edinburgh Artery Study, however, there appeared to be a significant independent relationship
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between triglycerides und more severe lower imb discase, but further contirmation is required
(Fowkes et al 1992), It has been suggested that lipoprotein subfractions may, in fact, be better

discriminators of peripheral arterial disease than lipid levels (Pilger et al 1988},

Hypercoagulability

Fibrinogen has been investigated more than any other haemostalic Factor in studies relating
hypercoagulability to the occurrence of peripheral arterial disease. In case-control studics of
subjects with established and also asymptomatic disease, plasma fibrinogen lcvels are
consistently elevated compared to controls (Dormandy et al 1973a; Christe et al 1984; Smith
et al 1993) and have also been associated with severilty of angiographic lower limb
atherosclerosis (Lassilaetal 1993). From the limited prospective data available, it appears that
fibrinogen may also be related to the future clinical onset of peripheral arterial disease (Kannel
et al 1992). The presence of both symptomatic and asymptomatic peripheral arterial disease
has been associated with elevated plasma levels of other haemostatic factors, including tissue
plasminogen activator (Smith ct al 1994), von Willebrand Factor (Blann and McCollum 1992;
Folsom et al 1993), plasminogen activator inhibitor and fibrin D-dimer (Cortellaro et al 1993;
Lassila et al 1993). In paiticular, the importance of fibrin D-dimer as a risk factor for
peripheral arterial disease, both in primary and secondary prediction is becoming increasingly

apparent (Al-Zahrani et al 1992; Fowkes ¢t al 1993; Woodburn et al 1995).

1.2 Overview of Haemostasis

This section provides an overview of hacmostasis as background to a more detailed literature
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review of the roles of fibrinogen and fibrin D-dimer in this process.

Haemostasis is the physiological response to blood loss following vascular injury. The
process produces a fibrin-platelet clot which effectively seals the damaged blood vessel.
Generation of the clot and subsequent clot lysis involves complex intcractions between
vascular endethelium, blood platelets, coagulation factors and components of the fibrinolytic

system which are finely regulated to localisc the clot to the area of damage.

1.2.1 Primary haemostasis

Following injury to the vessel, vasoconstriction mediated by serotonin and thromboxane A,
precedes platelet adhesion, aggregation and formation of a platelet plug. This process is
termed primary haemostasis and in small blood vessels, such as arterioles and capillaries, is
usually adequate 1o control bleeding. Platelet adhesion is stimulated by vessel wall damage
and exposure of blood o collagen from the subendothelial matrix. Platelet-collagen binding
is mediated by a specific platelet membrane receptor, glycoprotein la/Ifa. However, binding
fo von Willebrand Factor (vWF), a multimeric protein cxpressed by endothelial cells, is

essential for normal platelet adhesion via the platelet receptor, glycoprotein Ib (Sixma 1987},

These interactions result in a monolayer of platelets spreading across the vessel endothelium.
Further recruitmeat of platelets occurs only after platelet activation which is stimulated by
agonists, such as thrombin, adenosine diphosphate (ADP) and thromboxane A,. This
autocatalytic process involves morphological changes in the platclet shape, the expression of

the glycoprotein receptor Ith/1lla for binding of fibrinogen and exposure of negatively charged
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phospholipid molecules on the platelet surface for the binding of coagulation factors. in

addition, platelet micro-particles are formed which have strong pro-coagulant activity.

During activation, platelets release the contents of four types of intra-cellular granules: «-
granules, dense bodies, lysosomes and pcroxisomes. High concentrations of thrombin or
collagen stimulate o-granule release of proteins which mediate coagulation, including
fibrinogen, vWF, factor V, platelet-derived growth factor, platelet factor 4, beta-
thromboglobulin (68-TG), plasminogen, and plasminogen activator inhibitor (PAT). Densc
bodies secrete serotonin, adenosine, nucleotides and inorganic phosphates, in response o
stimulation by ADP, adrenaline and refatively lower concentrations of thrombin and collagen.

Lysosomes contain proteolytic enzymes and peroxisomes contain catalases and other protcins,

Expression of the platelet glycoprotein receptor Hh/Tia for fibrinogen leads to platelet
aggregation by calcium-dependent inter-platelct bridging. Under high shear conditions, e.g.

at arterial stenoses, binding of vWF to this receptor is necessary for platelet aggregation,

1.22 Coagulation pathways

The function of the blood coagulation system is to produce {ibrin in order 1o stabilisc and
strengthen the platelet plug formed as a result of endothelial damage. Blood coagulation is
described as a cascade of reactions which involves the formation of enzyme-cofaclor
complexes and substrates (Mann 1988). Inmactive factors (zymogens) are converted
sequentially to the active protcase enzymes which bind to regulatory factors (co-factors) and

calcium ions 0 generate thrombin which polymerises the substrate, fibrinogen to fibrin. In




vivo asscmbly of these complexes takes place on negatively charged phospholipid surfaces of
activated platelets or endothelial cells which amplifies the activation rate of the coagulation
factors and also localises the clot to a particular site. It is gencrally accepted that there are two
distinct systems in fibrin generation, the intrinsic and extrinsic pathways. Howcver, this

division is arbifrary since the pathways are integrated physiologically. These pathways are

shown in Figure 1.

Intrinsic coagulation pathway

This pathway is described as ‘intrinsic’ because all the components are present in blood in an
inactive precursor form. It can be initiated experimentally by the absorption of factor XIT and
a complex of three proteins, high molecular weight kininogen, prekallikrein and factor X1,
onto a negatively charged surface, and is termed the ‘contact phase'. The conversion of factor
X1 to activated Lactor XIT (XIL,) is followed sequentially by activation of factors XT,TX, X and
prothrombin. A co-factor, factor VIII, is required for factor IX, ta convert factor X to X, in
conjunction with ioniscd calcium, phospholipid and factor X, on cell surfaces. The function
of factor VIII is to orientate factor IX, and its co-factor VIII, on the phospholipid surface for
optimal catalysis. The phospholipid surfaces of platelets can further promote coagulation

pathways by the expression of binding sites for factors V, and VIIL,.

Although the activation of factor XII is involved in other physiological processes, e.g.
fibrinolysis, inflammation and the complement system (Colman 1993), the relevance of factor

XII to coagulation in vivo is not clear. Patients with a deficiency of Factor X1I do not exhibit

abnormal haemostasis, whereas a lack of factor XI can cause 4 severe bleeding disorder. Thus,
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an alternative mechanism may exist to produce factor XI, which does not tequire factor XII.
It has been proposed that thrombin produced by the extrinsic pathway directly activates factor

X1, which in turn generates additional factor X1, through autoactivation, although this has not

been demonstrated in vivo (Gailani and Broze 1991).

Exirinsic coagulation pathwav

It is generally accepted that 1n vivo coagulation is initiated when tissue factor (TF), the high
affinity glycoprotein receptor for factor VII, is expressed on activated cells, Although TF is
present on many cxtravascular cells such as subendothelial collagen and adventitial cells,
intravascular expression of TF on endothelial cells and monocytes occurs through stimulation
by thrombin and the cytokines, interleukin-1, endotoxin and tumour necrosis factor, agonists

which are also involved in the inflammatory response and infection (Gladal 1984).

Subsequent exposure of TF to blood due to injury results in the rapid formation of a 1:1
complex with [actor VII and activation of factor IX to 1X,. Approximately 1% of factor VII
circulates in plasma in the active form. Faclor X, can also be directly gencrated by the TF-
factor VII, complex (although this is rapidly inactivated by tissue factor pathway inhibitor
when a trace of factor X, is produced) and by the factor IX,-factor VIIL, complex. The rate of
factor X activation by the factor IX,-VIII, complex is much greater than the rate of generation
catalysed by the TF-factor VII, complex (Mann et al 1990}, and may be the main mechanism

of factor X, formation in_vivo. Finally, a third complex, the prothrombinase complex, is

formed between factor X, (generated by either of the two coagulation pathways) and its co-

[actor V, on the phospholipid surface of activated platelets or endothelial cells.
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The production of thrombin {rom prothrombin is described as the final common pathway of
coagulation. Factors X, and prothrombin from the prothrombinase complex bind to the cell
membranes by gamma carboxyglutamic residues and calcium ion bridging. Prothrombin
undergoes thice catalytic cleavages regulated by factor V, 1o produce a two-chain thrombin
molecule linked by disulphide bouds which is released from the cell surface (Krishnaswamy

et al 1987).

Formation of the fibrin clot

Thrombin catalyses the polymerisation of fibrinogen by the initial release of fibrinopeptide A
by peptide bond cleavage at the amino terminal end of the Ao chain, and then release of
{ibrinopeptide B from the Bf chain. This allows the resulting tibrin monomers to interact in
a halt-overlap and side-to-side munney to form protofibrils which grow into linear netwoiks,
called fibrin gel. The structure of the gel is influenced by the rate of fibrinogen activation by
thrombin, the formation of which is dependent on the fibrinogen concentration (Blombick
1994). At high fibrinogen concentralions, the gel becomes rigid and tight and occupies a
greater volume than gel formed at lower fibrinogen concentrations (Blombéck et al 1994).

The stability of the fibrin clot or gel is increased by cross-linkage of fibrin polymers catalysed
by factor XJII, activated by thrombin in the presence of ionised calcium. Gamma chains of
adjacent protofibrils arc rapidly linked to form dimers by covalent isopeptide bonding,
followed by slower Ao chain linkage. This cross-linking incrcases the elasticity, tensile
strength and resistance to plasmin degradation of the fibrin clot, Factor XIIT alsv interacts with
the adhesive platelet protein, fibronectin to promote binding of platelets and the fibrin clot to

the vessel wall, thus etfectively sealing the damaged endothelium.
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Reeulation of blood coasulation

There are a nmnber of mechanisms which prevent coagulation from becoming generatised.
Central to this control is the ability of the endothclium to modify its function in response to
pro-coagulant stimuli by expressing anti-coagulant activity. Antithrombin-TIIT (AT-TIT) can
inactivate circulating thrombin. In addition, AT-IIT is abte to neutralise the activity of factors
X1, XI,, 1X,, and X, (Clause and Comp 1986) and the tissue factor-VII, complex (Lawson
ef al 1993), The formation of these complexes is accelerated by exogenous heparin and by the
endogenous AT-III co-factor, heparin sulphate, which is synthesised and expressed on

endothelial cells and binds to AT-111 on the cell sutface.

A second anti-coagulant complex is formed between thrombin and thrombomodulin, 4 specific
thrombin-binding receptor expressed in high concentrations on resting vascular cells (Esmon
et al 1993). Subsequently, thrombin becomes conformationally altered so that it is unable to
either recognise fibrinogen or activate platelets. The thrombin-thrombomodulin complex also
catalyses the activation of protein C, which with its co-factor protein inhibits the coagulation

factors V, and VIII, (Stern et al 1986) and increases plasminogen activator inhibitor (PAI)

formation.

‘Thrombin can itsclf dircelly stimulate the secretion of two vasodilators from the endothelial
cells, prostacyclin and nitric oxide. These mediators act synergistically to inhibit local platelet
aggregation (Radomski et al 1988) and also nitric oxide can inhibit platelet adhesion, thus

limiting the extent of platelet deposition intravascularly.
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1.2.3 Yibrinolysis

The tibrin clot is removed from the bload vessel when normal vascular structure and function
is restored. The fibrinolytic system controls the degradation of fibrin and comprises an
inactive proenzyme, plasminogen which is converted by plasminogen activators io the active
serine protease, plasmin. The system is illustrated in Figure 2. Astrup (1956) suggested that
balanced interactions between fibrin formation and degradation occurs even in healthy
vasculature. Interaction with intrinsic coagulation is demonstrated by the generation of

plasmin by activated factor XII (Francis and Marder 1986).

Two extrinsic plasminogen activators (PA) have been identificd: tissue type PA (t-PA) and
urokinase type PA (u-PA). u-PA may participate maindy in tissue remodelling and repair,
macrophage activily and tumour invasion, through matrix degradation or growth [aclor
activation. In contrast, t-PA is believed to be mainly responsible for the degradation of fibrin
at the endothelial surface. Vascular endothelial cells synthesise and secrete t-PA into plasma
(Van Hinsbergh et al 1994} but platelets also contain a form of t-PA. Other cells, such as
monocytes can be stimulated to produce t-PA by the cylokine, interleukin-4 (Hart et al 1989).
Certain stimuli, such as venous occlusion, catecholamines, exercise and bradykinin causc a

rapid release of t-PA from ccllular storage pools in endothelial cells.

Plasminogen is converted to plasmin by cleavage of a peptide bond which creates a heavy and
a light amino acid chain. The activation rate of plasminogen by t-PA is enhanced markedty
in the presence of fibrin and is duc to three processes: fibrinopeptide A rwelease, fibrin

polymerisation and release of fragment X an early fibrin degradation product (Suenson et al
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1984). A complex is subsequently formed between t-PA, fibrin and plasminogen by
absorption onto the tibrin surface. Optimal orientation of plasminogen by the binding of t-PA
to fibrin by kringle domains also produces enhanced catalysis of plasminogen by t-PA
(Horrevoets et al 1994). The enzymatic activity of plasmin via binding to plasminogen

receptors is also increased on cell surfaces (Gonzalez-Gronow et al 1991).

Regulation of fibrinolysis

Regulation of this system occurs through plasmin inhibitors, t-PA binding to fibrin and celiular
receptors, or via the uclivity of the specific t-PA inhibitors, plasminogen activator inhibitors
(PAI). This effectively limits fibrinolysis to the site of injury and prevents systemic fibrin

breakdown.

The main inhibitor of plasmin is alpha (e),-antiplasmin, which belongs to the «;-proteinase
inhibitor class of serine protease inhibitors (serpins). It forms a irreversible complex with
plasmin in a two-stage reaction, although the spced of this reaction is influenced by the
avaiiability of fibrin binding sites on plasminogen (Wiman and Collen 1978). Plasmin, when
its lysinc binding siles are occupied by fibrin, is inhibited at a rate (wo to three times slower
than free plasmin (Collen and Lijnen 1991). Cross-linking of a,-antiptasmin to fibrin,
catalysed by factor XIIL,, may enhance fibrin resistance to degradation (Aoki and Harpel
1984). Other proteolytic inhibitors, such as o,-macroglobulin, ¢;-antitrypsin and complement
1-inhibitor may play a secondary role in plasmin inhibilion, but only when the functional

concentration of &,-antiplasmin is lower than that of plasmin.
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Regulation of fibrin breakdown is also controlled by specific t-PA cellular receptors. These
receptors control rates of elimination of t-PA by the liver, or localise its activity to specific
cell surfaces. Uptake of (-PA in the liver is mediated by carbohydrate-specific receptors orlow
density lipoprotein (LDL)-receptor related protein receptors. Lack of the carbohydrate,
mannose On t-PA side chains, for example, decreascs the rate of t-PA clearance time by hepatic
endothelial cells (normally about [ive minuies) and hence fibrinolytic activity is effectively

increased (Otter el al 1991),

The interaction of t-PA with celiular receptors expressed on endothelium, platelets and
monocytes can mediate t-PA binding at these sites and increase pro-fibrinolytic activity, For
example, t-PA binding to annexin I on cndothelial cells, in conjunction with plasminogen,
enhances plasminogen activation by supporting the formation of a ternary complex, analogous

to that occurring on the surface of {ibrin (Lijnen et al 1990).

Fibrinolysis is also regulated by specitic t-PA inhibitors, (PAI). PAI are synthesised by a wide
variety of cells and are found in plasma, platelets, placenta and in the extracellular matrix.
There arc at least four forms. PAI-1 (relcased from endothelial cells, hepatocytes and
platelets), PAI-2 (found in the placenta, pregunancy, plasma and also in monocytes), PAI-3
(found in wrine) and protease-nexin 1, which is synthesised by smooth muscle cells and
fibroblasts (Rosenblatt et al 1987). Synthesis and secrction of PAT-1 can be altered by agonists
such as hormones, growth factors and cytokines. It is synthesised in an active form, which
spontaneously converts to a lulent form that may be reactivated on the phospholipid surfaces
of endothclial cells when requircd (Emeis and Kooistra 1986)). Most PAI-1 in platelets (and

hence in blood) cccuss in the latent form.
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Active PAI-1 bound to the co-factor, viironectin, complexes rapidly with t-PA and thus
inhibits further plasmin formation. The binding to vitronectin is thought to stabilise PAL-1
activity and protect it from inactivation (Seiffert et al 1990). In addition, PAI-1 strongly binds

to fibrin and may protect it from plasmin degradation and premature clot lysis.

Fibrin degradation

The removal of the fibrin clot is controlled by the interaction between plasminogen, plasmin,
and their specific activators and inhibitors. Cross-linked fibrin has a greater resistance to
plasmin degradation Lhan either fibrinogen or non cross-linked fibrin due to the stabilising
eftect of factor XIII, ~-induced isopeptide bonds. These bonds are also responsible for the
unique degradation products produced in the breakdown of cross-linked fibrin. [Initial
degradation of the two-stranded protofibril is produced by cleavage of the Aa chain, which is
followed by cleavage ol all threc polypeptide chains, A series of non-covalently bound
complexes are formed, the smallest of which consists of two cross-linked fragment D or

terminal domains of fibrinogen, named D-dimer (Gaffney and Brasher 1973).

1.3 Fibrinogen

Fibrinogen was first described in 1836 by a Glasgow surgeon, Buchanan, who noted that
blood appeared to coagulate because it contained 'at once fibrin and substances capable of
reacting upon it, and so occasioning coagulation' (Buchanan 1836). A potential role for
tibrinogen and fibrin in the pathogenesis of arterial disease was first suggested only a few

years later when the German pathologist, von Rokitansky, concluded that atheroma in the
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arterial wall was formed by fibrin deposits from the hlood (von Rokitansky 1852). In 1946,
another pathologist, Duguid, in Aberdeen, confirmed that fibrin was incorporated both within
and on the swface of atherosclerotic plaques and contributed to mural thrombesis (Duguid

1946).

Although it was recognised thatl there was an association between thrombosis and the
occurrence of myocardial infarction as long ago as 1952 (Gilchrist and Tulloch 1952), the
study of haemostatic factors in the pathogenesis of arterial discase was largely ignored in
favour of blood lipids. Only in the last twenty years has enough evidence accumulated {rom
clinical, experimcntal and epidemiological studies to support the contribution of fibrinogen

and other haemostatic factors to the aetiology of arterial disease.

13.1 Structure of fibrinogen

Fibrinogen is an elongated molecule which is highly asymmetrical. 1t is a dimeric
glycoprotein with a molecular weighi of approximately 340,000 Daltons. It is composed of
three pairs of polypeptide chains, two A, two B and two v, bound together by disulphide
bonds (Daoolittle 1981). The three dimensional stiucture of fibrinogen has been determined
from electron microscopy and biochemical data and is illustrated in Tigure 3. The diagram
shows a central nodule (A) or domain connected to two ideatical terminal domains (D) by
coiled chains comprised of interlocked Aai, BJ, and vy chains. The smaller central domain is
made up of the amino-terminal ends of all six polypeptide chains, whereas the terminal
domains consist of carboxy-terminal regions of the [ and y chains. The fibrinopeptides A and

B, which are released when fibrinogen is converted to fibrin, are situaled at the amino-terminal
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ends of the Ao and B3 chains.

The composition of fibrinogen varies due to dilferences in amino acid residues in the three
polypeptide chains. Hetcrogeneity is predominantly due to changes in amino acids at the
carboxy and amino terminal ends of the Ae chains. Three forms of fibrinogen have heen
identified due to Ax chain heterogeneicity - high moleculas weight fibrinogen and two low
molecular weight fibrinogen variants (Mosesson 1983). High molecular weight fibrinogen
clots more readily than the lower weight variants because of a faster polymerisation rate (Holm
et al 1985). Variation occurs less frequently in the y chain at the carboxy terminal regions but
results in differences in charge and molecular weight. Changes also occur in the B chain

producing differences in sialic acid residues (Topfer-Peterson ct al 1976).

1.3.2 Regulation of fibrinogen synthesis

Plasma fibrinogen is synthesised in the liver by hepatic parenchymal cells. Fach individual
polypeptide chain is synthesiscd separately and assembled into the dimer before secretion by
hepatocytes. It circulates in plasma at a concentration of between 1.5 g/L and 4.5 g/L, which
is well above the concentration (0.5g/L) required for normal haemostasis. About 3% of
circulating fibrinogen is contained in platclet atpha-granules, but appears to lack the v chain.
The biological half life of fibrinogen is approximately 100 hours, but the main catalytic

pathway responsible for its breakdown has not, as yet, been determined (Green and Humphries

1989).

Fibrinogen shows a high degree of biological variation within an individual and between
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individuals in response to many stimuli. Tt is one of & number of proteins whose plasma levels
rise in conditions such as inflammation, infcction, ncoplasia and pregnancy, This systemic
response is called the acute phase reaction. Fibrinogen levels can rise up to 20 times during
this reaction and is due to increases in mRINA levels. Hepatic synthesis of fibrinogen is
believed to be controlled by at least three inflammatory cvtokines, interleukin-6 (IL-6),
leukaemia inhibitory factor and oncostatin M, which are secreted by activated mounocytes or
damaged endothelial cells. In vitro experiments have shown that the addition of Lhese factors
to culture medium can produce up to a six fold rise in fibrinogen synthesis by the hepatoma
cell line, HepG2 (Vassc ot al 1994). There is also some vvidence thaf the production of IL-6
by monocytes is dependent on prior stimulation by fibrin degradation products and therefore
may indirectly control fibrinogen levels through a positive feed-back mechanism.
Glucocorticoid hormones (including insulin) also directly affect fibrinogen synthcesis in the
liver and may be ultimately responsible for controlling the duration of the acute phase response

{(Green and Humphrics 1989),

1.3.3 Function of fibrinogen in haemostasis, atherogenesis and thromhogenesis

One of the key roles of fibrinogen in hacmostasis is its polymerisation to fibrin by the action
of thrombin. Fibrinogen is also involved in a number of other cellular interactions which are

important in haemostasis and potentially implicated in atherogenesis and thrombogenesis.

During haemostasis, the rate of clot formation may be controlled by fibrinogen binding ta
thrombin (Liu et al 1979), but conversely, the binding of fibrinogen to fibrin can inhibit further

fibrin formation. The structure of the fibrin clot also appears be influenced by the level of

29

Dol Speer (.-

o . -
N et LR

ey Lt




plasma fibrinogen, with tight, rigid clots being formed at a higher fibrinogen concentration
which may be potcatially more thrombogenic (Blombéck 1994). Fibrinogen also appears to
be involved in the control of fibrinolysis in which interactions with the fibrinolvtic proteins,

plasminogen and (-PA are thought to increase the rate of clot lysis.

Fibrinogen is an essential co-factor in optimum platelet aggregation, a process which initiates
normal haemostasis. By binding to the platelet glycoprotein receplor, IIb/illa, fibrinogen can
bridge adjacent platelcts previously activated by ADP, thrombin, collagen and adrenaline
(Maiguerie and Plow 1983). Data from the Northwick Park Ileart Study has demonstrated a
direct comrelation between increasing fibrinogen levels and ADP-stimulated platelet
aggregation under laboratory conditions (Meade et al 1985). When high levels of fibrinogen
occur in vivo, the size and speed of platelet-rich clot formation may be increased in potentially

thrombotic events, such as plaque ruptuic.

Fibrinogen is a major determinant of plasma viscosity and red cell aggrcgation, two factors
which strongly influence the flow properties of blood. A two-fold increase in fibrirogen raises
plasma viscosity by 20% and also blood viscosity by the same amount. A rise in viscosity
may also increase blood pressure and shear stress at the vessel wall, which could promote
platelet activation and subsequent thrombus formation in areas where there is restricted
vasomotor activity. Where conditions of low shear predominate, such as at arterial bends and
bifurcations, high levels of fibrinogen (and hence increased local blood viscosity) could
contribuie to atherogenesis through reduced blood flow and accumulation of atherogenic
factors (Lowe 1986). Furthermore, under these low shear conditions, fibrinogen can contribute

to the formation of erythrocyte aggregates which may be important in disturbed microvascular
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blood flow and may [urther promote ischaemia.

In vitro studies using cultured endothelial cells have also found that fibrinogen is implicated
in arterial wall damage, a process which may initiate atherogenesis. Both fibrinogen and fibsin
can alter cndothelial permeabilily by disrupting endothelial cell organisation and cause their
migration into the intima (Dejana et al 1985). Other fibrinogen or fibrin-induced mechanisms
related to the onset of atherosclerosis, include the migration and stimulation of smooth muscle
cell proliferation and a reduction in prostacylin synthesis (Watanabe ct al 1984; Naito et al
1992). Fibrinogen also binds to lipids, particularly Lp(a) and LDL cholesterol and provides
a substrate for their accumulation within the lesion (Thompson and Smith 1989). The process
of intimal thickening observed after induced vascular injury is also influenced by fibringen

levels in vitro (van Pelt-Verkuil et al 1989).

There is also evidence that fibrinogen is implicated in the progression of arterial disease.
Firstly, the amount of fibrin present in atherosclerotic lesions is directly correlated with plasma
fibrinogen levels (Gurewich et al 1976). Using immunological techniques, Bini et al (1987)
have turther shown that the proportion of fibrin II (lacking fibtinopeptides A and B) tiscs with
increasing severity of atherosclerotic lesions and concluded that the particular distribution of
fibrinogen and fibrin within these lesions indicated dynamic interactions between fibrinogen,

macrophages and smooth muscle cells within the evolving plague.

Fibrinogen may be involved in other ccll interactions which are central to the progression of
atherosclerosis. Fibrinogen may facilitate cholesterol ester production and cholesterol transfer

from platelets to macrophages. The process is thought to occur through the binding of
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fibrinogen to two receptors, Mac-1 on activated macrophages and the platelet receptor [Ib/Hla,
with subsequent uptuke of fibrinogen into the macrophage. It was hypothesised that this may
be a mechunism for the transport of chelesterol from platelets to macrophages by
thrombophugocytosis, resulting in foam celi formation which is indicative of progression of

atherosclerosis (Loscalzo 1992).

134 Measurement of fibrinogen levels

Four main types of assays are used to measurc [ibrinogen in clinical and epidcmiological

studies: clotting rate assays, clottable protein assays, precipitation assays and immunological

assays.

Cloiting rate assavs

The Clauss assay measures the time between the addition of thrombin to diluted plasma and
polymerisation of cloitable fibrinogen. The clotting time js calibrated against the clotting
times of standard fibrinogen plasmas and the fibrinogen concentration of the test plasma is
then caleulated (Clauss 1957). The advantage of this assay is that it is easy to perform, but
there may be a degree of variability associated with heterogeneity in fibrinogen structure, and
also because other haemostatic factors, such as fibrin degradation products which can become

attached to thc clot may alter the clotting time.
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Clottable protein assays

In this type of assay, fibrinogen is quantitaled directly. Thrombin is addcd to a sample of
plasma and allowed Lo set until a clot is formed. ‘I'be amount of fibrinogen in the clot mass
is then estimated c.g. by spectrophotometry (optical density at 279um or 315nm) or by
gravimetry (dry weight}. Although fibrinogen heterogeneily seems 10 have a minimal ellect
on measurement, this typc of assay has a number ol disadvantages. Like the Clauss assay, it
requires blood dilution of approximately 10% by citrate anti-coagulants and sample processing

within hours of blood sampling. It is als0 time-consuming and laborious.

Precipitalion assays

Precipitation assays measure total circulating fibrinogen and hence estimaied levels tend to be
higher in this type of assay comparcd to clotting assays. In this method, fibrinogen is
precipifated cither by heating plasma at 56°C diluted in saline buffered at pH 6.3 (Stone and
Thorp 1985) or by using salts, such as sodium sulphite. Fibrinogen is then measured cither
by nephelometry (change in light scatter) or by turbidometry. One limitation of this technique
is that other plasma proteins, such as fibrin degradation products can also be precipitated and

hence the true level of fibrinogen may be over-estimated.

Immunological assays

This technique was ariginally based on polyclonal antibodies which were non-specific and

bound to fragments of fibrinogen and fibrin, in addition to the intact molecule. An ELISA
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(enzyme linked imrnumosorbent assay) has been developed which uses monoclonal antibodies
specific to the amino and carboxy terminal ends of the Aw fibrinogen chain but does not
recognise other fibrinogen derivatives, One advantage of this particular assay is that it only

takes one hour to complete,

1.3.5 Standardisation of fibrinogen

Epidemiological studies have employcd a variety of different assays to measure fibrinogen
levels using 4 number of commercial or in-house standards. As a result, plasma fibrinogen

levels have varied widely between the studies and there has been considerable discussion about

which is the best assay method to employ in assessing the risk of arferial disease. For

examplc, whereas the majority of studies have used clatting or clotting rate assays (which arc
thought to represent the functionality of fibrinogen), recent evidence has suggested that the
assay which measures total circulating fibrinogen by nephelometry may be a better predicior

of artcrial disease (Sweetnam et al 1998),

Although there has not, as yet, been agreement on the type of assay which should be routinely
used in epidemiological studies, a WHO International Standard for fibrinogen measurement
has been established al 2.4 g/L ot clottable fibrinogen (Gaffney and Wong 1992). This should
ensure better inter-laboratory comparability and also help to establish reference ranges which

are important in defining what level might constitute an increase in the risk of arterial disease.,
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13.6 Determinants of fibrinogen levels

Many intrinsic and extrinsic factors can affect fibrinogen levels both in the general population
and i patients with atherosclerotic diseases. Identification of thesc factors is important in
establishing the reference range within different populations and also in the interpretation of
the relationship between fibrinogen and arleriaf disease. In the following section, the major

determinants of fibrinogen are discussed bascd on results from epidemioclogical studies.

Geographical variation

Fibrinogen levels vary considerably among different populations. In general, levels increase
with the population risk of ischaemic heait disease. Fibrinogen levels are highest among the
Irish, Scots and Finns, intermediate among English and Caucasian Americans, and lowest
among Asians, such as the Japancsc, which is consistent with their respective degree of risk
of ischaemiic heart diseasc. However, there are execptions. For example, rural Gambians and
Greenland Eskimoes have high levels of fibrinogen and low risk of ischaemic hearl disease.
In the case of the Africans, this elevation may be attributable to parasitic infection (Folsom
1995), whereas a high dietary intake of polyunsaturated omega-3 fatty acids may account for

these associations in Eskimos (Bjerregaard and Dyerberg 1988).

Plasma fibrinogen levels rise progressively with age in both sexes, This trend is particularly

evident in men from the fourth decade, and in post-menopausal women from the fifth decade
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onwards. It has been cstimated that in adults, fibrinogen increases at a rate of approximately
0.2g/L every ten years (Meade et al 1979; Lee el al 1990; Folsom et al 1991). 'lhis is
consistent with the higher incidence of vascular disease among older age groups. On the ather
hand, elevations in fibrinogen recorded in healthy centenarians in a recent case-control study

suggest that high levels are not always deletcrious (Mari et al 1994 ),

Clotting fibrinogen levels are consistently higher in women compared to men, despite a lower
risk of vascular disease in pre-menopausal women (Kannel et al 1987). Levels are reported
to be similar in men and women, howcver, if fibrinogen is measured by a heat precipitation
assay (GDO Lowe, personal communication). This suggests thal there may be variation in the
molecular streciure of fibrinogen between the sexes or there is a relatively higher proportion

of clotting fibrinogen in total circulating fibrinogen in women.

Cigareite smoking

Cigaretic smoking is considered one of the most important environmental determinants of
fibrinogen levels. Current smokers have approximately 10% higher fibrinogen levels
compared to non-smokers (Ernst and Resch 1993). Most of the major epidemiological studics
have found that the levels of fibrinogen arc highest in current smokers and lowest in non-
smokers, with intermediate levels found in ex-smokers (Withelmsen et al 1984; Balleisen et
al 1985; Mcade et al 1986; Kannel et al 1987). The effect is also dose-dependent, in that

fibrinogen rises linearly with the number of cigarettes smoked per day (Ernst ct al 1987).
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Although fibrinogen levels start to fall within two weeks of stopping smoking, it may take up

to 10 years for levels to return to that of a never-smoker (Meade et al 1987).

It is not clear which components of cigareite smoke are responsible for stimulating {ibrinogen
synthesis. The effect may not be mediated by nicoline because levels of fibrinogen in oral
snutf takers have been found to be similar to non-smokers, even though the snuff takers had
higher levels of cotinine (the main metabolite of nicotine) than current cigarctte smokers
(Eliasson et al 1995), The mechanism by which smoking increases fibrinogen is not fully
understaod, but it may be through an inflammatory responsc to injury to pulmonary or asterial
endotheliom and involves the production of fibrin degradation products which activate
lcucocyles to release cytokines, such as interleukin-6. These in turn may stimulate liver

hepatocytes to up-regulate fibrinogen synthesis.

Blood pressure

Most cpidemiological studies have reposted significant univariate associations of fibrinogen
with systolic and diastolic biood pressure which were not maintained on multivariate analysis
(Wilhelmsen et al 1984; Kannel ct al 1987; Rosengren et al 1990). One exception is the
Minster Study which reported an independent relationship between systolic pressure and
fibrinogen in women (Balleisen et al 1985). In the Framingham Study, fibrinogen levels rose
linearly with the severity of hypertension in both men and women (Kannel et al 1992). There
is a direct correlation between fibrinogen and levels of systolic and diastolic blood pressure

in hypertensive patients.
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Blood lipids

Reports on the corrclation between plasma fibrinogen and blood lipid levels indicate weak
effects within the major epideminlogical studies. Increases in fibrinogen have been related to
a threshold level of serum cholesterol of 232mg/dL in the Framingham Study, which may
account for the low overall correlations (Kannel et al 1992). The PROCAM Study found small
positive correlations between fibrinogen and serum cholesterol and between fibrinogen and
triglycerides, which tended to be stronger in women (Heinrich et al 1990). In contrast, the
ARIC Study reported an inverse correlation between trigtycerides and fibrinogen which was
stronger in Japanese men (r=-0.29) than in other racial groups (Iso et al 1993). Howcver, this
negative effect may reflect the associations of triglycerides with other factors such as HDL
cholesterol.  Other epidemiological studies have reported inverse associalions between

fibrinogen and HDL cholesterol (Iso et al 1993).

Qbesity

Obesity is frequently associated with increases in blood pressure, total cholesterol and
triglvcerides and decreases in HDL cholesterol and physical activity, It is thercfore difficult
to determine any truly independent association between {ibrinogen and cxcess body weight.
Obese subjects have demonstrated higher levels of fibrinogen compared to lean individuals
in some cross-scctional studies, regardless of whether obesity is measured as the body mass
index (Lee ¢t al 1990), the Broca index (Balleisen et al 1985), or skin thickness (Meade 1981).
In another study, the significant univariate association between fibrinogen and abdominat fat

(represented by the waist-io-hip ratio) was not maintained in multivariate analysis which
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included physical fitness (Mgller and Kristensen 1991), whereas another survey among
working men showed no univariate rclationship between fibrinogen and these variables (De
Bocver et al 1995). In post-menopausal women, fibrinogen was correlated with body mass

index, but not with the waist-to-hip ratio (Meilahn ct al 1996).

Menopause

Fibrinogen levels rise more rapidly afier the onset of menopause as does the incidence of
ischaemic heait disease in women. This suggests that sex hormones, such as oestrogen may
have a protective effect against ischaemic heart disease, possibly through haemostatic
mechanisms, Meade et al (1983) estimatcd that fibrinogen levels were between 6% and 10%
higher in postmenopausal women comparcd to premenopausal women of similar age. This
has been confirmed in other studies (Balleisen et al 1985; Meilahn et al 1992; Iso et al 1993;

Brunner et 4l 1996).

Oral contraceptives and hormone replacement therapy

Fibrinogen levels are consistently raised in women who use oral contraceptives containing
oestrogen (Balleisen et al 1985; Lee et al 1993). Ia spite of these elevations, current or past
use ol low-dose contraceptives does not appear to increase the risk of ischaemic heart disease
in healthy women (Brezinka and Padmos 1994). There is, however, a sigaificani increase in
the risk of myocardial infarction and stroke in women over 35 years who both smoke and use
contraceplives. In contrast, oestrogen replacement therapy taken by post-menopausal women

is associated with a decrease in fibrinogen of 0.1-0.15g/L compared to non-users (Iso et al
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1993; Lee et al 1993; Mcilaha ct al 1995). An interaction hetween fibrinogen, distribution of
body [at and oeslrogen use was also noted by Meilahn el al (1995). Women using hormone
therapy had Jess abdominal fat than non-uscrs and this was significantly associated with their

lower levels of fibrinogen in multivariate analysis.

Early development and psychosocial factors

There is increasing evidence that certain factors which operate in carly life may partly
determine fibrinogen levels in adulthood. Barker et al (1992} found that men who had low
rates of infant growth or foetal growth showed higher levels of fibrinogen in adulthood. Other
factors associated with childhood environment (short stature, father's social class and a
stbject's level of education) were inversely related to fibrinogen levels in boih men and
women and these associations were only pastly mediated by current lifestyle factors (Brunner

et al 1996).

The association between the risk of cardiovascular disease and low social c¢lass and
occupational stress is well documented (Marmot el al 1978; Hein et al 1992) and this
relationship may be partly mediated by fibrinogen (Markowe et al 1985). Emotional stress can
directly increase fibrinogen under controlled conditions (Jern et al 1989). However, the
influence of psychosocial factors on fibrinogen is more difficult Lo determine in the general
population. While low social class and occupational stress has been found to be independently
associated with increases in fibrinogen (Markowe et al 1985), other studies have suggested that
this relationship was due to the confounding cffects of smoking, body weight and physical

activity (Baker et al 1988; Rosengren 1990). Similarly, the association between clevated
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fibrinogen and low work control was attenuated by adjustment for these variables and alsa

health status (Brunner et al 1996).

Genetic regulation of fibrinogen

Measurable environmental and personal factors account for only 20% of the differences in
plasma fibrinogen levels observed between individuals, ‘T'he extent to which genetic vartation
aftects fibrinogen levels has been investigated in several recent studies. The genes that encode
each pair of fibrinogen polypeptide chains (Aw, Bf and v chains) occur within a cluster of 50
kb of DNA on chromosome 4 (Kant et al 1985) and in cell culture experiments, synthesis of

the 3 chain has been shown to control the formation of fibrinogen (Yu ct al 1983).

Using path analysis, Hamsien et al (1987) cstimated that 51% of the variance of plasma
fibrinogen among [amilies with early myocardial infarction was due to genetic heritability.
Humphries et al (1987) found that three different genotypes, defined as restriction fragment
length polymorphisms (RTLPs) at the « and 3 gene loci, contributed 15% of the variance of
fibrinogen. The authors concluded that this was probably an underestimation, since this was
based on only one fibrinogen measurement and other RFLPs associatcd with fibrinogen
genotype were not included in the analysis. In contrast, a Norwegian study found no

association between levels of fibrinogen and the « and B genotype (Berg and Kierulf 1989).

Exercise

Regular physical activity is considered a protective factor against thc development of
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cardiovascular disease. The protective eflect may be mediated metabolically, through
reductions in weight, heart rate, blood pressure, insulin and triglyceride levels and increases
in HDL cholesterol. In relation to hacmostatic function, cross-scctional studies have
consistently found that plasma fibrinogen is lower in subjects who exercise regularly (Morris
et al 1990; Roscngien et al 1990; Folsom el al 1991; Elwood et al 1993). Strenuous, acrobic
and long-term exercise appear to have the grealest effect on fibrinogen reduction (Connelly
ct al 1992; Wosornu cf al 1992). In studies of individuals who have undergone cxercise
programmes lasting between 2-6 months, a reduction in fibrinogen appeared to be dependent
on a number of factors, such as the age of the individual, period and level of activity and

presence of other risk factors (Mannucei 1995},

Alcohol and diet

Light regular drinkers have a lower risk of cardiovascular disease than non-drinkers or heavy
drinkers, as well as lower rates of cigarette smoking, blood pressure and body mass index.
Moderale alcohol consumption is also associated with a decrease in levels of fibrinogen
{possibly due 10 reduced hepatic fibrinogen synthesis) and may contribute to the Jower overall
risk of arterial disease (Meade et al 1979; Yarnell ct al 1983; Lee et al 1990); Folsom et al

1991; Iso et al 1993).

The influence of diet on fibrinogen levels has been more controversial. Some studies have
found that fish oil intake reduces fibrinogen levels (Lee et al 1990; Iso ¢t al 1993), but there
are exceptions (Marckmann et al 1991). Dietary fat intake appears to have no significant effect

on fibrinogen (Miller et al 1986). In a diet supplemented with soluble dietary fibre, however,
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fibrinogen levels were significantly raised, but a decrease in the density of the fibrin clot was
observed. This suggests that the functional propertics of fibrinogen may be influenced by diet

(Veldman ct al 1994),

13,7 Associations with angiegraphic disease

Several studics have shown clevations in fibrinogen in patients with symptomatic ischaemic
heart discase. A causal link between fibrinogen levels and the extent of arterial disease defined
by angiography has also been suggested. In one of the earliest studies, Lowe ¢t al (1980)
observed an increase in fibrinogen in men with stenoses in two or threg coronary vessels
compared to men with none or single vessel disease, which was independent of smoking
history. Further studies have confirmed that fibrinogen is significantly related to the extent
(the number of affected vessels) and severity (degiee of stenosis) of angiographic ischaemic
heart disease in both men and women (Hamsten et al 1986; Leschke et al 1987; Handa et al
1989; ECAT Angina Pectoris Study Group 1993; Heinrich ct al 1995). In only one study
{Schmitz-Huber ct al 1988) was the fibrinogen level found not to correlate with the severity
of coronary atherosclerosis. The results from the largest of these studies, the European
Concerted Action on Thrombosis and Disabilities (ECAT) Angina Poctoris Study, further
indicated that [ibrinogen levels were more strongly associated with vessel occlusion rather
than stenoses, suggesling that fibrinogen may not only play a role in the development of

atherosclerosis, but also in thrombogenesis (ECAT Angina Pecloris Study Group 1993).

Although clinical case-control studies of patients with symptomatic peripheral arterial disease
have consistently shown raised fibrinogen levels (Dormandy et al 1973a; Stormer et al 1974;
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Lipinska et al 1979; Christe et al 1984), there have been fow studies relating fibrinogen to the
angiographic severity of peripheral arterial disease. Overall, results have been inconclusive.
Lassila et al (1993) reported a strong coreelation between fibrinogen (both clotting and
nephelometric) and the severity of peripheral atherosclerosis, assessed jointly by angiography,
ABPI and duplex ultrasonagraphy. In contrast, however, Woodburn et al (1995) reported that
fibrinogen levels were not independently related to the extent of peripheral athcrosclerosis in

patients with intermittent claudication or severe chronic leg ischaemia,

14 Fibrin D-dimer

The potential role of other components of the haemostatic system in thrombogenesis is now
being evaluated in both clinical and epidemiological studies. One factor which has attracted
considerable interest as a possible marker of intravascular clot formation is fibrin D-dimer.
Fibrin D-dimer is the terminal degradation product of cross-linked fibiin and measurement of
levels of ihis factor in plasma is thought to reflect the degree of active fibrin formation and
subsequent activation of fibrinolysis during thrombus formation. Elevated fibrin D-dimer
levels have been found in other conditions associatcd with overt thrombosis, such as
disseminated intravascular coagulation, pulmonary thromboembolism and deep venous
thrombosis, Fibrin D-dimer is also derived extravascularly, and is raised in paticnts with
haematoma, inflammation, tumours, liver and renal discase, in pregnancy and after surgery

(Lip and Lowc 1995).
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1.4.1 Structurc of fibrin D-dimer

The fibrin clot is broken down into a series of degradation products, and removed from the site
of injury by the action of plasmin, after wound healing has taken place. Some of these end
products are structurally ditfercat from the degradation products derived from fibrinogen and
non cross-linked fibrin, because the factor XII -catalysed isopeptide bonds (cross-links)
formed between adjacent y-chains (and also a-chains) in stabilised fibrin are resistant to
plasmin and are degraded less extensively during fibrinolysis. Under physiological conditions,
low concentrations of soluble fibrinogen degradation and non cross-linked librin degradation
products circulate in plasma, and are also found within healthy arterial intima (Smith 1994),
suggesting that some degrec of fibrin formation and degradation cccurs normally, either

intravascularly orextravascularly. These products have been identified in vitro using a variety

of techniques, including gel electrophoresis, affinity and gel filtration chromatography. Based
on structural studies, the sequence of fibrinogen and fibrin degradation was described

approximately 25 years ago (Gaffney 1973).

The lysis of fibrinogen and non cross-linked (ibrin by plasmin initially ¢lcaves the Ac chain
and removes the Aa-chain polar appendages. Another peptide fragment, Bp(1-42) is released
from the B chain. This forms fragment X. Progressive cleavage by plasmin produces
[ragment Y, composed of linked D (terminal) and E (central) domains, and a single D domain
or fragment D, The coiled chains linking the £ and D domains are then broken, forming the

terminal 'core' fragments D and E.

Plasmic degradation of cross-linked fibrin proceeds more stowly, but also commences with
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cleavage of the Aga chain and removal of the Ag-chain polar appendages from a fibrin
polymer, whilst the y+y cross-links remain intact. The remaining product is fermed fragment
XX, bul progressively larger soluble complexes (X-oligomers) can be formed depending on
the length and number of protolibrils within the fibrin clot or gel. A series of these complexes
unwque 1o cross-linked f{ibrin has been identified and their molecular weights have been
predicted to be over 1,000,000 Daltons (Francis and Marder 1986). However, clot reduction
only occurs when X-oligomers containing fragment X are released spontaneously (Gaffney
1973). The rigidity of the fibrin gel then gradually decrcascs and disintegrates into solubie
fragments. When these high molccular soluble complexes are released into plasma, they
continue o be degraded into a serics of smaller fragments by cleavages at sites near the yy
chain, or at the D and E domains between the coiied chains (Figure 4), Fibrin D-dimer
{(fragment DD) is the smallest terminal fragment derived from cross-linked fibrin after
prolonged exposure to plasmin, and consists of the D domains of two adjacent fibrin
monomers, cross-linked through the y+y chains. Howcever, in vitro studies indicate that fibrin
D-dimer primarily circulates in plasma in a non-covalent association with fragment E, derived

from the second fibrin strand of a protofibril (Gaffney 1973).

1.4.2 Tunction of fibrin D-dimer in haemostasis, atherogenesis and thrombogenesis

In normal haemostasis, intcractions between fibrin and cross-linked fibrin degradation
products may inhibit fibrin gel formation. The formation of complexes has been domonstrated
in vitro between fragments X, Y and D with fibrin monomers, which can block the extension
of the protofibrils and also inhibit their lateral growth. The rate of clotting and clot stability
may therefore be reduced, since the length of the protofibrils are too short to promate adequate
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FIGURE 4 CROSS—LINKED FIBRIN DEGRADATTON

(E) (YD) (YY)
Complex 1 Complex 2 Complex 3

Two linear fibrin polymers are shown in a half¥-staggered overlap array
with covalent crosslinks belween chains indicated as double lines
between adjacent D domains. Complex 1 shows D—dimer and DD apposed
to Fragment E of the other fibrin strand. 7The complexes can be
expressed as DD/E {(complex 1}, DY/YD (complex 2), and DXD/YY (complex
3).
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[ibre formation (Hermans and McDonagh 1982). In addition, a role in fibrinolysis is indicated
because these fragments can increase the rate of activation of plasminogen to plasmin, the
main fibrinolytic enzyme (Suecnson ct al 1984), Conversely, D-dimer can coinpete with

plasminogen for surface binding siles on tibrin, thus effectively prolonging clotting time.

There is also evidence that fibrin degradation products may contribute o both plaque growth
and thrombus tormation. Inimmusnoassay experiments, high concentrations of fibrin D-dimer
have been found in atherosclerotic Iesions, whereas in normal arterial intima, only small
guantities of intact tibrinogen arc detected. Moreover, as the lesions become more advanced,
the proportion of tibrin D-dimer increases and are distributed around foam cells, cholesterol
and macrophages (Bini et al 1989). Both fibrin and fibrin D-dimer are also concentrated in
large amounts in the centre of mural thrombi, surrounding platelets and leucocytes. The
source of fibrin and fibrin D-dimer appears to originate from within the thrombi through
thrombin and plasmin activity, rather than originating from transport of fibrinogen into the

arterial wall (Smith 1993).

These findings may be significant because fibrin D-dimer appears to affect a number of ceil
functions which may be relevant to atherothrombosis. Firstly, it cun increase endothelial
permeability through disorganisation and retraction of the cell monolayer (Rabbani and
Loscalzo 1994). Other in vitro effccts on the endothelium include a reduction of prostacyclin
synthesis (Ishida and Tanaka 1982). As prostacyclin is a potent iphibitor of platelet
aggregation occurring in response to injury at the vessel wall, this suggests fibrin D-dimer may
be involved in the earlicst stages of endothelial dysfunction. Furthermore, fibrin D-dimer can
stimulatc migration and proliferation of vascular smooth muscle cells, collagen and growth

48




factors, processes which characterise the development of the fibrous plague. Kibrin D-dimer
is also chemotactic for monocytes, another of the major ccll types found in atherosclerotic
lesions and implicated in lipid accumulation within these lesions (Thompson and Smith 1989).
Lastly, high levels of ftbrin D-dimer may increase hepatic syathesis of fibrinogen through
interactions with monocytes. This reaction is thought to be controlled in part by the cytokine,
interleukin-0, released by the monocyte in response to changing levels of D-dimer. This
rclationship may partly expiain the strong correlation found between fibrin D-dimer and

fibrinogen in most epidemiological studies.

143 Measorement of fibrin D-dimer levels

Early assays for the detection of fibrin degradation products, such as the red cell
haemoagglutination inhibition immunoassay or the Thrombo-Wellco test were performed on
serum rather than plasma samples and lacked specificity for the individual fibrin fragments.
It was also suggested that the levels of serum fibrin degradation products do not accurately
represent levels in plasma since seyum concentrations usually tend to be lower (Gatfncy and

Perry 1985).

Current methods used lo measure fibrin D-dimer are based on detecting the specific structure
of cross-linked fibrin degradation productls which differ from those of fibrinogen and non
cross-linked fibrin because of the plasmin-resistant vy chain cross-links. The four most
common techniques used at present to determine D-dimer are gel electrophoresis,
immunoelectrophoresis, the semi-quantitative latex agglutination test and the enzyme linked
immunosorbent assay (ELISA). However, the ELISA is now the prcferred quantitative
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melhod employed in clinical and epidemiological surveys lo assess the role of D-dimer in

cardiovascular disorders.

Gel electropharesis assav

In this type of assay, the propostion of D-dimer formation compared to other degradation
products can be determined by separating the fibrin fragment from plasma samples, diluted
with sodium dodecyl sulphate-polyacrylamide (SDS-PAGE) gel, at a concentration of hetween
2-10%. Purified fibrinogen, labelled with radivactive Piodine is first exposed to thrombin ta
increase the amount of cross-linked fibrin protofibrils and then the fibrinogen and plasma
samples undergo electrophoresis after addition of t-PA. After staining the gel with Coomassie
blue dye, a procedure known as Western blotting transfers the gel pattern of the migrating
protein onto nitrocellulose sheets. A band corresponding to the migration of fibrin D-dimer
through the gel can be detected by autoradiography (Gullney et al 1975). The propostion of

fibrin D-dimer is then determined by densitometry.

In immunoelectrophoresis, fibrin D-dimer iy detected wusing a combination of
immunoprecipitation and Western blotting. Plasma samples arc incubated with thrombin and
the resultant serum is trcated wilh an anti-fibrinogen antibody to remove any fibrin-related
antigens from the sera. Analysis by SDS-PAGE gel electrophoresis and blotting with a
monoclonal antibody specificto fibrin D-dimer detects a precipitation band where the D-dimer
antigen and antibody have reacted (Connaghan et al 1985).
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Latex agelutination test

This teclinique employs a monoclonal antibody (DD-3B6) coated onto latex beads which are
specific for fibrin cross-linked betwecn the D-domains. These beads are mixed with plasma
which has been centrifuged with bentonite to remove fibrinogen and left at room temperature
for three minutes. The slide is then read against a black background for signs of agglutination,
which indicates that the antibody has recognised and comptexed with fibrin D-dimer
(Greenberg et al 1987). The concentration of fibrin D-dimer levels are calculated scmi-
quantitatively by multiplying the highest doubling dilution of piasma showing bead

agglutination by 200ng/mL, which is considered the sensitivily ol the beads for fibrin D-dimer.

Enzyme linked immunosorbent assay

This is a simple and precisc enzyme immunoassay which recognises the fibrin derivatives, P-
dimer, D-dimei/E and high molecular weight complexes containing the D-dimer fragment,
The reactions are carried out on microlitre plates, which have been coated with the D-dimer
specific monoclonal antibody (the capiure antibody). This binds with the D-dimer antigen in
the plasma sample. A second antibody, (the tag antibody) conjugated with horse-radish
peroxidase enzyme is added and compiexes with the bound antigen and any residual untagged
antigen. A colour reaction is produced by adding hydrogen peroxide and a substrate, 2,2
azino-di-3-ethylbenzthiazoline sulphinate. The absorbance of each microtitre well is then

determined at 405-420nm and values calculated with reference to a standard curve.
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144 Determinants of fibrin D-dimer levels

There is relatively little published data on the factors which can influence fibrin D-dimer levels
in the general population and therefore normal valucs within the community are not clearly
known. At present, only three population surveys have examined associations belween [ibrin
D-dimer and its possible determinants (Giansante et al 1994; Lee et al 1995; GDO lLowe,
personal communication). There is also evidenece of associations between fibrin D-dimer and
cardiovascular risk factors based on patients with atherosclerotic disease, but it is probable that
interactions between fibrin D-dimer and other factors may be different in these patients

compared to healthier subjects.

Geographical variation

There are no specific reports at present on variation in levels of fibrin D-dimer among different
populations or by race, in the community. However, the ARIC Study reported that there was
an increase in the risk of early carotid atherosclerosis across quartiles of D-dimer in whitcs,
but not in blacks, although the differences in fibrin D-dimer levels were non-significant
(Salomaa et ai 1995). Conversely, Gaines et al (1992) found that raised fibrin D-dimer levels

were more commen in black patients who suffered a stroke than in whitc paticnts.

&

Age appears to be 4 major determinant of plasma fibrin D-dimer levels in both men and
women in the gencral population. Fibrin D-dimer levels rise linearly with increasing age,
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although the trend is slightly stronger in men (GDO Lowe, personal commugication;
Giansante et al 1994; Lee et al 1995 ). Strong correlations have also been reported between
D-dimer concentrations and increasing age in men with ischaemic heart diseasc (Heinrich et

al 1995) and in patients with more extensive atherosclerosis (Panchenko et al 1995).

Sex and the menopause

Overalf, women tend to have higher levels of fibrin D-dimer than men (Lee et al 1995).
Higher fibrin D-dimer levels have also been reported in pre-menopausal women compared to
men of similar age (GDO Lowe, personal communication). This sex difference is not
maintaincd aflter the menopause, This may be due to an incyease in extravascular fibrin
turnover during menstruation. Also, fibrin D-dimer levels rise in women after the onset of the
menopause. This suggests that sex hormenes, such as oestrogen may influence fibrin D-dimer

levels.

Qral contraceptives and pregnancy

The use of oral contraceptives containing oestrogen has been associated with an increase in
plasma fibrin D-dimer levels (Lip and Lowe 1995). This has also been observed in healthy
pregnancy and also in women who develop pre-eclampsia. Furthermore, pre-eclamptic
pregnant women who have significantly raised fibrin D-dimer ievels had higher blood
pressurcs, more abnormal liver function, higher protein levels in the vrine and a greater risk

of early caesarean section and premature delivery than those with lower fibrin D-dimer levels.
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Cigarette smokin

Two studies in the general population have observed that fibrin D-dimer levels are higher in
male cutrent and ex-cigarette smokers compared to never smokers (Giansante et al 1994; GDO
Lowe, personal communication). No consistent relationship was shown between fibrin D-
dimer levels and smoking habit in women. In the Trieste Study, however, there was an
interaction between age and smoking with fibrin D-dimes in women. A progressive significant
increase in fibiin D-dimer Ievels in women smokers was demonstrated with each successive
decade between 25 and 64 years (Giansante ct al 1994). The association between long-term
smoking and fibrin D-dimer levels appeared to be stronger than the rclationship between D-
dimer levels and current smoking, both in population surveys (Salomaa et al 1995), aud in
subjects (particularly men) with peripheral arlerial disease (Smith et al 1993, Lassila et al
1993; Lee et al 1995). Other studies have found no relationship between fibrin D-dimer levels
and cigarette smoking in claudicants or patients with severe chronic leg ischaemia (Al-Zahrani

et al 1992; Lee et al 1996),

Blood pressure

Relatively low correlations have been reported between fibrin D-dimer and blood pressure in
two population surveys. In the larger Edinbuigh Arlery Study, age adjusied correlations
between fibrin D-dimer and both systolic and diastolic blood pressure wese stronger in women
than in men (Lee et al 1995). In contrast, the WHO MONICA survey found that fibrin D-
dimer correlated more highly with blood pressure in younger men (GDO Lowe, personal
communication). A significant association was alse demonstrated with systolic blood pressure

54




in a pooled case-control analysis investigating early carotid atherosclerosis from the ARIC
Study (Salomaa et al 1995), but conversely, no relationship was found in men with prevalent
ischaemic heart disease (Heinrich et al 1995). Elevations in plasma levels of fibrin D-dimer
have also been shown in hypertensive patients (Varizi et al 1993; Giansante ¢t al 1994; Lip and
Beevers 1994) and this has been suggested as a contributory factor in the increased risk of

stroke and thrombotic episodes observed in hypertensive individuals.

Blood lipids

Evidence is also conflicting regarding the relationship between fibrin D-dimer and serum
lipids in the general population. Whereas Giansante et al (1994) found no sigoificant
correlations between fibrin D-dimer levels and serum lipids in analysis in which the sexes
were combined, only a significant inverse correlation between D-dimer and triglycerides in
men, and a positive association with fibrin D-dimer and total cholesterol among women were
reported (GDO Lowe, personal communication). The Edinburgh Artery Study, on the other
hand, found that the strongest correlalions were between fibrin D-dimer and low HDL
chelesterol in both sexes, but significant associations were also observed with other lipids,

parficularly in women {Lee et al 1995).

Ridker et al (1994a) suggested that the relationship between fibrin D-dimer and serum lipids
may be non-linear, in that a significant increase in {ibrin D-dimer only occurs at high threshold
levels of cholesterol and triglycerides, and at a low level of HDL cholesterol. It is also

possible thal a sex differential effect exists in associalions between fibrin D-dimer and lipids.
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1.4.5 Associations with angiegraphic disease

FEvidence that fibrin D-dimer may have pathological significance in peripheral arterial disease
has been provided by recent prospective, epidemiological and hospital-based studies. Elevated
fibrin D-dimer lovels have consistently been demonstrated in subjects with asymptomatic or
symptomatic peripheral arterial disease, both in clinical practice and in the general population
{Al-Zahrani et al 1992; Coriellaro et al 1993; Smith et al 1993; Herren et al 1994, FHeinrich et
al 1995; Panchenko et al 1995). The Edinburgh Artery Study has further shown that fibrin D-
dimer was independently related to the severity of peripheral arterial disease (as determined
by the ABPI), aftcr adjustment for a range of cardiovascular risk factors, including smoking

consumption (Lee et al 1993),

These findings have been confirmed in two clinical studies of patients in whoni the extent of
peripheral arterial disease was measured directly by angiography. The first of such studies
described a lincar relationship between fibrin D-dimer levels and severity of diseasc, although
the presence of peripheral atherosclerosis was assessed by angiography in only 38% of
patients, with the remainder assessed by non-invasive techniques (ABPI and duplex scanning)
(Lassila et al 1993). However, no account was taken of the effect of cipareite smoking on this
association. In a more recent angiographic study of patients diagnosed as having intermittent
claudication or severe chronic leg ischaemia, fibrin D-dimer showed the strongest assoctation
of any haemostatic or risk factor with increasing severity of peripheral arterial disease, which
was independent of smoking habit (Woodburn et al 1995). Owerall, these findings are
indicative of a role of intravascular fibrin turnover in the development of peripheral arterial
disease, which may be related to increased formation of cross-linked fibrin thrombi.
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1.4.6 Prediction of thrombotic events

The role of fibrin D-dimer in the prediction of thrombotic vascular events has not been widely
studied, cither in the general population or in patients with prevalent peripheral arterial discasc.
From data derived from the the Edinburgh Artery Study, fibrin D-dimer was independently
refated to the risk of stroke after five years of follow-up, in analysis which adjusted for
cigarette smoking, LDL cholcsterol, systolic blood pressure and pre-existing ischaemic heart
disease (Smith ¢t al 1997). Fibrin D-dimer was also predictive of ischaemic heart discase
(cspecially myocardial infarction), although the relationship was weaker and not maintained
on multivariale analysis. These findings were in contrast to findings from the Caerphilly
Study (Lowe et al 1998), and the Physicians Heart Study (Ridker et al 1994a). Comparison
of these studies suggests that there are differences in the age structures, end points and the

covariates entcred into the analysis which may account for the conflicting results.

At present, few studies have investigated the associations between fibrin D-dimer and adverse
outcome in symptomatic peripheral arterial discase. In the PLAT Study, baseline levels of
fibrin D-dimer were assoctated with the incidence of thrombotic events, such as myocardial
infarction and stroke in patients with peripheral atherosclerosis, after one vear of follow-up
(Cortellaro et al 1994). T.evels of fibrin D-dimer, mcasured pre-operatively, have also been
shown to have predictive value in patients who sutfered graft occlusion or death following

reconstructive surgery for severe peripheral arterial discase (Woodburn et al 1996).
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1.5 Background te Research

Thrombosis is an important pathogenic factor in the causation of cerebral and myocardial
infarction (Davies and Thomas 1984) and thrombus formation has been refated 1o high
systemic levels of haemostatic factors, particularly fibrinogen. The relationship between
haemostatic function and peripheral arterial disease is attracting interest, partly because the
pathogenesis of disease in the lower limb is lcss well understood, but also because it is
recognised as a disease associated with a high risk of mortality from thrombotic ischaemic

heart discase and stroke events.

In the research described in this thesis, the author decided to investigate two haemostatic
factors, fibrinogen and fibrin D-dimer for the [ollowing reasons. Firstly, plasma fibrinogen
has been related to the development of ischaemic heart disease and stroke in several studies,
but the relationship with peripheral arterial diseasc is less well established. Secondly, fibrin
D-dimer is a relatively new factor to be investigated in terms of cardiovascular risk and little
evidence ts available on peripheral arterial disease, Measurement of fibrin D-dimer levels
may indicate the level of cross-linked fibrin turnover formed in arterial thrombi and hence may

have prognostic value as a marker of intravascular thrombosis.

Previously, the author conducted a case-control study on men and women, aged 55-74 years,
who were sclected from the Edinburgh Artery Study. This study began as a cross-sectional
survey investigating the prevalence of symptomatic and asymptomatic peripheral artestal
disease in the general population in 1988. The purpose of the nested case-control study was
to determine the relationship between the haemostatic factors, fibrinogen, fibrin D-dimer, von
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Willebrand Factor and plasminogen activator inhibitor and peripheral arterial disease. The
influence of cigarette smoking on these associations was also considered, for two reasons.
Firstly, smoking is probably the most important risk factor in the development and progression
of peripheral arterial disease. Secondly, it may affect plasma levels of hacmostatic factors,
such as fibrinogen (Leng and Fowkes 1993), and hence might influence the strength of the

relationships between haemostatic function and disease.

Interpretation of the results from the case-contro] study indicatcd that neither life-time or
curreni smoking had any real impact or the increased risk of peripheral arterial disease
associated with raised fibrinogen levels, Rather, the main effect of smoking on peripheral
atherosclerosis appcarcd to be more through fibrin formation than through fibrinogen levels
(Smith 1993). In view of these findings, which suggested differing assoctations of hacmostatic
function in peripheral arterial disease compared to that of ischacmic heart disease, two further
studies, the subject of this thesis, were proposed to cxamine the inter-relationships between
cigarette smoking, hacmostatic factors (in particular fibrinogen and fibrin D-dimer) and

peripheral arterial discase.

The [irst study, the Sites of Atheroma Study, was conducted by the author between January
1992 and January 1993. 'This study was designed to investigate the relationship between
haemostatic factors and the site and severity of atherosclerosis of the lower limb to confirm
whether the above relationships were sustained in patients with more severe discasc, as defined
by angiography. The effect of smoking was again considered, since risks due to smoking
appear to differ by site. For example, in addition to being a stronger risk tactor for peripheral
arterial disease compared with ischaemic heart discase (Fowkes et al 1992), smoking, is more
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strongly associatcd with aorto-iliac disease than with disease in the femoral vessels (Sackett

el al 1968; Lawton 1973; Strong and Richards 1976).

The second study, the Prognostic Study of Intermittent Claudication, was established in 1989
to determine whether haemostatic faclors were associated with the future development of acute
vascular events in individuals with intermittent claudication. The author was employed in

1995 to conduct a follow up study of events occurring within the six yeais since baseline.

1.6 Sites of Atheroma Study: Aim and Objectives

To determine whether plasma fibrinogen , fibrin D-dimer and other haemostatic factors (von
Willebrand Factor and plasminogen activator inhibitor-type 1) are related Lo the angiographic
site and severity of atherosclerosis in the arlerics of the lower limb, in order to enhance

understanding of aetiological mechanisms.

QObjectives

I To determine mean differences in levels of plasma fibrinogen, fibrin D-dimer and other
haemostatic factors between subjects with the following sites of atherosclerosis
predominantly in:

L. Aorto-iliac arteries
2. Femoro-popliteal arteries
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3. Dual-site arteries

To determine associations between the above haemostalic factors and the severity of

disease separately within the aorto-iliac and femoro-popliteal arteries.

To determine differences in cigarette smoking and other vascular risk factors belween

subjects with athcrosclerosis predominantly in:

1. Aorto-iliac arteries
2. Femoro-popliteal artesies
3. Dual-site arteries

To determine the influence of cigarette smoking on the associations between plasma
fibrinogen, fibrin D-dimer and other haemostatic factors, and severity of disease within

the aorto-iliac and femoro-popliteal artcrics.

Prognostic Study of Intermitéent Clandication: Aim and Objectives

To determine whether plasma fibrinogen, fibrin D-dimer and clher haemostatic factors, and

cardiovascular risk factors are related to the incidence of atherothrombotic events in subjects

with intermittent claudication, in order to identily possible mechanisms involved in the

aetiology and progression of disease,




Objectives

1 To determine in patients with intermittent claudication, univariate associations
between the following hacmostatic factors:
1. Plasma fibrinogen
2. Fibrin D-dimer
3. von Willebrand Factor
4, Tissue plasminogen actlivator

and the development of vascular events during six years, in terms of :

| 1. Ischaemic heart disease eveuts (fatal and non-fatal)
| 2. Stroke (fatal and non-fatal)
I
|
|
I1 To determine in patients with intermittent clandication, univariate associations between

the above haemostatic factors and the progression of peripheral arterial disease, in

terms of:
1. Yascular intervention
2. Severe chronic leg ischaemia

I To determine multivariate associations between the above haemostatic factors and the
incidence of ischaemic heart disease and stroke events in those patients with

intcrmittent claudication, taking into account the possible effects of life-time cigarcite

smoking and other cardiovascular risk factors.




IV

To determine multivariate associations between the above haemaostatic factors and
progression of peripheral arterial discasce in patients with intermittent claudication,

taking into account the possible effects of life-time smoking and other cardiovascular

risk factors.
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CHAPTER TWO

SITES OF ATHEROMA STUDY: METHODS

2.1 Study Design

The Sites of Atheroma Study comprised a consccutive case series of patients in the form of
a cross-sectional study, which is an observaticnal epidemiological study in which the risk
tactors and disease status of individuals in a defincd population are assessed simultaneously.
The defined population of consecutive cases of intermittent claudication or rest pain consisted
of both new and existing cases, and their current health status was examined in respect to the
risk factors of intcrest. The data coliccted were used to determine the distribution of
physiological and biochemical measurements and the characteristics of disease within this

defined population at a specific time.

2.2 Sample Size

In a recent study designed to classify 300 patienis by retrospective examinaions of
angiograms into groups with predominantly discase in either the aorto-iliac or femoro-
popliteal segments, one-third of patients were catcgoriscd as dual-site becauvse they did not
have disease predominantly in one site or the other (M Whyman, unpublished observations).
Of the remaining 200 subjects, more than 100 had disease in the femoro-popliteal arteries and
less than 100 had disease in the aorto-iliac arteries. The angiograms were coded by site and
severily of disease described by Bollinger et al (1981). In the present study, it was therefore
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assumed that three approximately equal sized groups defined according to site of disease

would be identified.

The sample size had to be adequate to detect significant differcnces between the groups in the
main variables of interest, plasma (ibrinogen and fibrin D-dimer. From data derived from the

Edinburgh Artery Study, mean levels of plasma fibrinogen were as [ollows:

Mean Standard Deviation
Fibrinogen (g/L) 2.72 0.80
Based on the following formula:

Number of patients in each group

fim e xf (e, B)

where (1, - n,)* is the difference in mean fibrinogen which is important to detect.
o is the standard deviation of fibrinogen
o is the type 1 error, normally 0.05

B is the type II error, or power, 0.1 in this case.

1t was estimated that a sample size of 200 would have 90% power 10 detect a mean difference

of plasma librinogen 0.26g/L. between groups at 5% level of significance.

23 Study Population

The study population comprised men and women with ischaemic symptoms in the lower limb.

65




The study sample was selected prospectively from consccutive patients referred for
angiography to the Royal Infirmary of Edinburgh. These patients werc cxperiencing
symptoms of chronic ischaemia, that is, intexmittent claudication in the calf, buttock or hip,
or more severe symptoms, such as pain at rest in the foot or toes. Referral of these patients for
angiography had been made either from the Peripheral Vascular Clinic (out-patients), or the
Vascular Surgery Unit (in-patients). The clinical symptoms of thesc patients were assessed
by a vascular consultunt over a period of several months to determine the probable site and
severity of disease. If it was considered that their condition had worsened significantly or

severely affected their life-style, they were then referred for angiographic investigation.

24 Study Exclusions

Patients with ischaemic symptoms of ulceration and gangrene were excluded fron the study
because infection and inflammation induce a systemic rise of acute-phase reactant levels.
Paticnts who had undergone amputation or reconstructive surgery were also excluded because
the removal of a severely diseased limb, or the replacement of occluded arterial segments,
would not give a true reflection of the scverily or site of arterial disease when assessed by

angiography.

25 Patient Selection

Before the study commenced, permission o recruit paticnts from the vascular wards was
obtained from the scnior consultant, Professor CV Ruckley. The author was introduced to the
ward nursing and other staff who were informed about the study. The Radiology department
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was also visited and permission was obtained from Dr 1 Gillespie, consullant radiologist, to

remove angiographic X-rays from the film store when required for coding purposes.

The paticnts were selected prospectively from a list of patients undergoing radiological
investigations during the forthcoming week. This list was issued at approximately 4 pm on
Friday afiemoon in the Radiology department. The day and date of procedure, name of
patient, ward number, and type and time of procedure were given. Any patient who was listed
as undergoing aortogtaphy, femotal or iliac angiography or femaoral or iliac angioplasty was
noted and considered a potential recruit for the study, This fist was also checked on each
weekday because appointment canccllations [requently occurred and new patients were then

listed.

In addition to this list, patients with symptoms of severe chronic leg ischaemia were
occasionally admitted without prior notification to the vascular wards. Therefore, regular
assessment of all admissions to these wards was required, and hence the numbers potentialily
suifable for inclusion to the study varied from weck to week. Once a list of potential subjects
had been drawn up, the patients’ notes were examined within the vascular wards to cnsure that

they had none of the exclusion criteria.

2.6 Sample Recruitment

Patients undergoing angiography or angioplasty were normally admitted on the day before, or
the day of the procedure, and discharged 24 hours later. Men or women with mose acute
symptoms of limb ischaemia who were scheduled [or vascular surgery were in-patients on the
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vascular wards. Paticnis with less severe symptoms of peripheral arterial disease were

admilted [or a short stay to a Programuned Investigation Unit.

There were only certain limes available for recruitment of subjects. This could only take place
after the patients had been admitted and interviewed by the nursing staff and after they had
been ‘clerked in' by the ward House Ollicer, who gave them a full medical examination,
including palpation of peripheral pulses, blood pressure measurements, elcctrocardiogram, and
a venepuncture. Also, no recruitment was possiblc during consultant ward rounds between
9am and 10 am, at lunch-time between 12.15 pm and 1.30 pm, tea-time between 5 pm and 6

pm and visiting times between 3 pm and 4 pm,

It was also important that the patients had sufficient time fo recover from the initial
examination by the ward doctor, because the examination required by the prescnt study
involved a second venepuncture and blood pressure recordings. However, it was essential to
recruit patients before angiography because the contrast media could activate platelets,

leucocytes and other blood factors.

2.7 Examination Procedurcs

‘The ward sisler was approached to ascertain whether the patient scheduled for angiography

had arrived and had been examined by nursing stafl and the housc officer. 1f so, and a

s gL Vi

reasonable amount of time had clapsed since their last examination, the patient was

approached prior to their angiography. The purpose of the study and the examination

procedure was explained to the patient. It they were willing to take part in the study, they
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were then asked to complete a consent form which emphasised the anonymity and the
confidentiality of the results. This form is shown in Appendix 1. The subjects were informed
that the study had been given ethical approval by a Medical Ethics sub-committee of Lothian

Health Board and the examination then took place.

Patients were recruited and examined over a period of 13 months, between January 1992 and
January 1993. Equipment and patient forms were kept at the Vascular Studies Unit which was
situated in close proximity to the vascular wards. When a patient was recroited from any
ward, the equipment required for the examination was taken by a small portable trolley to the
ward. The patient was examined in the ward at the bed-side. Each examination took
approximately 45 minutes and consisted of venepuncture, blood pressure measurements and

administration ol a questionnaire.

A blood sample was taken following ten minutes rest in the supine position. A tolal of 25 ml.s
of blood was withdrawn from the ante-cubital vein using a 21g hutterfly infusion sct and
without tourniquet wherever possible to prevent platelet lysis. The needle was held in position
using micropore tape. Bruising was prevented after withdrawal of the needle by pressure on
the vein, with the arm held in a vertical position for 20 seconds. Details of the venepuncture
procedure were recorded on a form which identified the subject by name and study nurnber
(Appendix II). Time of venepuncturc was also recorded because cerlain hacmostatic factors
¢.g. plasminogen activator inhibitor are subject to diurnal variation. The form was designed
to record whether venepuncture was successful, because slow venepuncture can lead to
spuriously high levels of some haemostatic faciors. 1[ venepuncture was not possible, the
subject was excluded from the study.
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Blood pressure measurements were taken after venepuncture, when the subject had rested in
the supine position for a further 10 minutes. The systolic and diastolic (phasce V) blood
pressures were taken in the right arm using an adult size latex inflation cuff and a Hawksley
random zcro sphygmomanometer. The ankle systalic blood pressure was recorded on cachleg
by a cuff inflated proximally to the ankle, and the return of blood flow detected using a
Sonicuid doppler probe placed over the posterior tibial or dorsalis pedis artery. The ankle
brachial pressure index (ABRPI), which is the ratio of ankie o brachial systolic pressure was

calculated as a measure of severity of peripheral atherosclerosis (Appendix I1).

Following blood pressure measurements, a self-administered questionnaire was completed by
the subject. The questionnaire was then checked and assistance given if there was difficulty
in answering any of the questions. The questionnairc is shown in Appendix IV, The subject
was asked to provide their name and date of birth and the questionnairc was then divided into
live sections. Firstly, details of past medical history were sought, including questions on

previous myocardial infarction, angina, stroke and other cardiovascular disease.

The second section was to ascertain whether the subjects were prescribed regular medication
from their general practitioner. It was important to quantify those who were receiving aspirin
or anfi-coagulant medication because these can affect hacmostatic [unction. 'Fhirdly, the
subject was asked to provide details on family history of hcart attack, angina and intenmittcot
claudication. This section was included because it is recognised that cardiovascular disease
in first-degree relatives is a risk factor, cspecially for ischaemic heart disease, although this
information was not subsequently used in the study analysis. The smoking scction was
designed to elicit detailed information on current smoking status and to distinguish clearly
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between current, ex- and never cigarette smokers. Questions were listed sequentially to
quantify the amount of tobacca consumption, duration of smoking in current users and thosc
who had quit smoking. For ex-smokers, the length of time since cessation of smoking was

requested.

The Edinburgh Claudication Questionnaire was also administered {(Leng and Fowkes 1992).

Finally, details on previous arterial surgery was obtained. This was to ensute that subjects had

not undergone previous reconstructive surgery or angioplasly which would have excluded

them from the study.

2.8 Blood Assays

2.8.1 Preparation of anti-coagulants

Tri-sodium citrate

This anfi-coagulant was prepared by the author in the Cardiovascular Research Unit,
Dcpartment of Biochemistry, University of Edinburgh. The absolute concentration required
was 0.32 g/mL. Two hundred and fifty white topped Z; plastic tubes with 0.5 mL tri-sodium
citrate salution were prepared, Using a Sauter balance, 8.0 g tri-sodium citratc crystals were
weighed out into a 250 mL conical flask. The crystals were dissolved by shaking gently in

distilled water and more distilled water was added until the 250 mL mark was reached.

Using an Oxford pipette fitted with a plastic disposable tip, 0.5 mL o[ tri-citratc solution was
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measured into each Zs tube. The tubes were then placed in racks and immediatcly frozen in
a -40'C [reezer. If not used immediately, liquid coagulants must be {rozen to prevent

deterioration and resulting changes in anti-coagulant activity.

T'ri-sodium citrate rrasylol

Two hundred and fifty 7, tubes were filled with 1.0 mL solution of 3.8% tri-citrate and
100,000 vnits of trasylol per 100 mL of tri-sodium citrate solution. To formulatc this solution,
3.8 g tri-sodium citrate was measured into a 100 mL conical flask. Distilled water was added
to dissolve the crystals and water added to the 100 mL mark. One ampoule of trasylol,
equivalent to 100,000 units was then added vsing a S mL syringe and 21 g needle, and mixed

into the solution.

A further 250 mL of the solution was prepared. 9.5 mL of tri-sodium citrate were measured
into a 250mL conical flask again using a Sauter balance, and 12.5 ml. trasylol were added.
One mL of the 250 ml. tri-sodivm citrate trasylol solution was added to the Z,; 10 mL tubes

using an Oxford pipette and the tubes were placed in the -40°C freczer.

2.8.2 Blood processing

The procedure for handling and carrying out the initial processing of blood specimens is
detailed in Appendix V., Forestimation of levels of plasma fibrinogen, vou Willebrand Factor
and fibrin D-dimer, 9 mL of blood from the 30 mL syringe were added to a Z,g 10 mL tube
containing 1 mL tri-sodium citrate trasylol anti-coagulant. The tube was inverted five times
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to ensure adequate mixing of blood and anti-coagulant and placed on a roller for 10 minutes.
The sample was then centrifuged at 2800 RPM for 10 minutes at 4°C, Five 0.5mL aliquots of
plasma were removed from the supernatant plasma and pipetted into red microtubes using a
plastic disposable syringe. The tubes were then labelled with the patients' study number and

immediately placed onto dry ice and stored in the -40°C freezer.

For plasminegen activator inhibitor, 4.5 mL of blood were added to a Zs plastic Lube, which
contained 0.5 mL of the anti-coagulant tri-sodium citrate (9:1 V:V, 0.11M). This tube was
also inverted tive times and centrifuged at 2800 RPM for 10 minutes at 4°C. Two 0.5 mL
aliquots of plasma were removed from the supernatant plasma and pipetted into two green

microtubes. These were placed onto dry ice and then placed into the -40°C freezer.

Serum for assay of total cholesterol, HDL cholesterol, serum thiocyanate and serum cotinine
was prepared by adding 10mL of blood {0 a Z,, glass tube without anti-coagulant, and this was
left to stand for approximately onc hour until clotting had taken place. The sample was then
centrifuged at 4°C und 2800 RPM. After centrifugation, 3 mLs of serum were removed,
pipetted into a clear plastic Z tube and placed in the freezer for subsequent determination of
lipid levels. In addition, two 0.5 mL aliquots of serum were placed in blue 0.5 mL microtubes

for estimation of serum thiocyanate and serum cotinine levels.

283 Laboratory assays

The assays of the haemostatic factors were carried out in the Haemostasis, Thrombosis and

Vascular Medicine Unit, Glasgow Royal Inlirmary, University of Glasgow, under the direction
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of Professor GDO Lowec.
Tibrinogen

Fibrinogen lcvels were measured in this study by two different types of assay, The Clauss
clotting method (Clauss 1957) was performed on a Coag-U-Mate analyser using appropriate
reagents and standards (Organon Technika). Tt was based on a modified Clauss method in
which the clotting time of fibrinogen was not measured directly, but increase in turbidity was

measured after addition of thrombin., The coclficient of variation was 6%.

In the nephelometric heal precipitation assay (Stone and Thorp 1985), fibrinogen was
aggregated by heating plasma diluted in saline buffercd at pH 6.3 at a temperature of 56°C.
The concentration of the suspension was estimated by nephelometry which measurcs the light

scattering intensity of fibrin in diluted plasma. The coelficient of variation was 6%.

Fibrin D-dimer

Fibrin D-dimer was assayed using a commercial enzyme-linked immunosorbent assay
(ELISA) supplied by AGEN (Parsippany, New Jersey) based on a monoclonal antibody. The
immunological reactions were carried out in microlitre plates. Two antibodies, one tagged

with an enzyme (horse radish peroxidase) specific to the target antigen were added to the plate.

The untagged antibody bound any antigen present in the plasma sample, and the second (agged
antibody was then added to the plate which complexes wilh the bound antigen and residual g
untagged antigen. A substrate, hydrogen peroxide, and a colour detector, phenylene diamine,
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was then added. The colour generated was proportional to the concentration of fibrin D-dimer

present. The coefficient of variation was 5%,

Plasminogen aclivator inhibitor

Plasminogen activator inhibitor activity levels were mcasured by an amidolytic assay (Kabi,
Stockholm). A fixed amount of tissue plasminogen activator was added in excess (o undiluted
plasma where it formed an inactive complex with PAI Plasminogen was activated to plasmin
by the residual t-PA in the presence of a stimulator (3.3 mg human fibrinogen fragments). The
arount of plasmin was directly proportional to the residual t-PA activity and therefore
conversely proportional 1o the PAI activity within the plasma sample. The amount of plasmin
was determined by measuring the amidolytic activity with the chromogenic substrate $-2251.

The release of p-nitro-aniline was determined at 405 nm in a photometer.

von Willebrand Factor

von Willebrand Factor antigen levels were also assayed using an ELISA assay based on a

monoclonal antibody (DAKO, Copenhagen, Denmark). ‘T'he coefficient of variation was 5%.

Serum lipids

Serum total cholesterol and TIDL cholcstero] were assaycd in the University of Pathological
Biochemistry Laboratory, Department of Medicine, Glasgow Royal Infirmary under the
direction of Professor CJ Packard.
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Total cholesterol was measured on the BM Hitachi 704 analyser by the CHOD-PAP method
using reagents supplicd by Boehringer-Mannheim. HDL cholesterol was also measured on

the BM analyser after precipitation with heparin manganese.

Serum thiocyanate and serum cotinine

To validate self-reporting levels of smoking consuimption, two biochemical markers of tobacco
inhalation were assayed, scrum cotinine and serwm thiocyanate. These were caried out in the
Cardiovascular Epidemiology Unit, Universily of Dundee under the direction of Dr R
Tavendale. Scrum thiocyanaie was estimated on a COBAS BIO centrifugal analyser, by
precipitation with trichloracetic acid. The supernatan( was reacted with ferric chloride and
absorbance measured at 450 nm. Serum cotinine was measared by gas-liquid chromatography
based on the method of Feyerabend and Russcll (1980), except that lidocaine was used as the

internal standard.

284 Quality control

To assess laboratory reproducibility, a small number of paticats at recruitiment were asked (o
donate twice the usual quantity of blood, The venepunciure technique was similar to the
routine method, except that after withdrawal of the first 25 mL of blood, the 30 mL syringe
was replaced by a second 30 mL syringe in the 21 g bulterfly infusion set and a second 25 mL
of blood withdrawn, Bach sample was placed into a duplicate set of tubes and identified by
different paticnl study numbers. The tubes were centrifuged at 2800 rpm at a temperature of
4°C for 10 minutes. The separated plasma was pipctted into two sels of 0.5 m1. micro-lubes
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using a different plastic disposable pipette for each tube. Lhe tubes were then placed into &
-40°C freezer and sent to the University of Glasgow, Hacmostasis, Thrombosis and Vascular
Medicine Unit for analysis. The laboratory was unaware as to the source of these split plasma

samples. A total of 11 patients donated a double quantity ol blood.

2.9 Angiography

29.1 Angiographic technique and procedure

The preferred method used for investigating peripheral atherosclerosis at the Royal Infirmary
of Edinburgh Radiclogy Department is perculaneous transfemoral catheterisation. This
technique permits serial examination of the aorta for inflow disease, and multiple views of the

pelvic, thigh and distal calf vessels.

Paticnt preparation

Paticnts referred for angiography were cxamined by the resident house officer on the vascular
wards o evaluate their clinical need for angiography, and to ascertain their physical status by
a number of tests including palpation of peripheral pulses and measurement of blood pressure.
They were also required to sign a consent form after being informed of the procedure and risks
of the technique. If the subject was receiving anti-coagulant medication, such as warfarin, this
was discontinued to prevent cxcess bleeding and haematoma formation. In addition, the
patient was required to fast for 4-6 hours prior to angiography, since ingestion of contrast
media can induce nausea and vomiting,
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Procedure

The arterial puncture site {or catheterisation was determined by presence or absence of femoral
pulses. The [emoral artery approach was used if a femoral pulse was palpable in either leg.
However, if not, entry into the brachial artery was used. The groin was then shaved and
cleaned with an antiseptic solution of betadine and then draped with sterile towels. Following
injection of 10 mLs 1% solution of local anaesthclic, lidocaine, the femoral artery was
punctured using a 18 g needle below the inguinal ligament. A cannula was inserted after
incision by a scalpel blade after first checking that the artery had been penctrated. A guide
wire with a flexible tip was then manoeuvred through the femoral and iliac arteries and into

the abdominal aorta.

A calheter was introduced through a teflon sheath, once the guide wirc was in place in the
abdominal aorta. Either a size 4 or S Irench Lodis pigtail catheter was used (preferably the
smaller outer diameter of catheter whenever possible). The function of the catheter was to
divert radio-opaque contrast medium through its side-holes into the aortic side branches at the
T12-L1 mlerspace opposite the renal branches. Once the catheter was in place, the guide-wire

was withdrawn through the sheath at the puncture sitc.

Injection of 90 mL contrast media, niapam 300 delivered at a rate of 10 mL per second
iriggered the filming mechanism which involved an automatic serial film change and a
programmable moving table-top with synchronised kilovoltage regulation. Exposure of the
peripheral arteries was carried out by a stepping mechanism in which the exposure was
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decreased by half, as the arteries were filmed sequentiaily down the lower limb. At 80 KV,
the pelvic vessels were filmed at 40 mAs, the femoral arteries at 20mAs, the calf arteries at
10mAs and the ankle arteries at SmAs. The film cxposure raie at the pelvis was one per
second for 4 seconds, one per sccond for 3 seconds at the thigh, one per second at the knce and
one per second for 4 seconds below the kaec. Factors such as filming rates, contrast quality
and clearance rate, pattern of discasc and patient size were also assessed for optimal

visualisution of the peripheral arteries,

The procedure was concluded by wilthdrawal of the catheter and by applying pressure at the
puncture site for approximately tcn minutes to minimalise bleeding and the formation of
haematoma. A pressure dressing was applied to the site and the patient was kept at bed rest

in the recumbent positien for 24 hours. The proccdure lasted approximately onc hour.

292 Collection of angivgrams

All angiograms were stored initially in the X-Ray film store situated in the Radiology
Department of the Royal Infirmavy of Edinburgh. The X-rays were filed by the day and month
of datc of birth initially, and then each section was arranged sequentially in ascending year of
birth. However, if patients were retained on the vascular wards for further treatment after
angiography, their angiograms were filed there for consultation. [n addition, the angiograms
of patients attending the Surgical Consuitation Department for follow-up examination were

removed from the film store a week before their appointment.
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293 Arterial segment definition

The arlerial segments evaluated by the scoring system are shown in Figure 5. A total of 13
segments were coded in each paticnt. These were the abdominal aorta (standardised to the
distal Sem before biturcation), and both the left and right sides of each ol the following:
common iliac artery (beginning at the aortic bifurcation and ending at the origin of the internal
iliac artery); external iliac artery; internal iliac artery (origin to the first branching); profunda
femoris (the first 15 cm of its main descending branch); superficial femoral and the popliteal

artery.

2894 Grading of angiograms

At the end of patient recruitment, a final list of all patients in the study was drawn up and
identified by patient number, name and date of birth. Their angiograms were collected in
groups of six trom the radiology film store, or vascular wards. These were taken to the
University Medical School and coded by the author on a portable viewing box using the
Bollinger scoring system. The data were recorded on a standard form which 1s shown in
Appendix VI, 'the time taken to code each angiogram varied between 30 minutes and one
hour, depending on the quality, complexity and number of previous angiograms. If a palient
had had prior angioplasty, the treated arterial segments were identified. Coding of these
segments was taken from X-rays prior (o angioplasty since this was considered more
representative of the true disease status of the artery, At the end of each day, the angiograms
were retummed to the radiology film store. The names of the patients who had their angiograms
coded were listed on the computer and any difficulties noted.
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2.9.5 The Bollinger scoring system

The sitc and severity of atherosclerotic disease was assessed by uniplanar angiographic images
obtained from each paticnt, using a scoring sysiem developed by Bollinger ot al (1981).
Biplanar views, although requested, could not be provided by the Radiology Depastment of

the Royal Infirmary of Edinbuigh.

This system was developed primarily for evaluation of discase progression and regression
occurring in the peripheral arteries. However, it is also suitabie for the assessment of the
severity und location of discase because it codes both narrowing of the lumen and the pattern
ol disease numerically at one point of time without requiring a comparison of successive

angiograms.

The system consists of an additive score for each defined arterial segment. This score is the
summation of code numbers cach corresponding to the degree of percentage reduction of the
lumen for lesions within the segment. Four categories of lesions were defined; 1) complete
occlusion of the segment; ii) stenoses narrowing more than half of the diameter of the lumen
(slenoses > 50%}; iii) stenoses nurrowing the lumen by more than 25% but less than or equal
1o 50% (stenoses < 50%) and iv) plaques narrowing the diameter by a maximum of 25%

(plaque < 25%}).

The system was designed to differcatiatc between perceived clinical severity of stenoses
because the overall additive score for plagques and stenoses in & segment is never as high as a
single occlusion score. Several rules are implemented during scoring. Firstly, when
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occlusions are present, plaques and stenoses are not scored. 'The additive score of an arterial
segment with an occlusion along half or less the length of the segment will be 13, even with
stenoses in the remainder of the segment. Secondly, if there arc stenoses of > 50% or < 50%
present in the same segment, plaques arc not coded. Thirdly, only one occlusion is coded in

each segment.

2.10 Data analysis

Univariate analysis was carried out by the author using the SPSS-X statistical package on the
mainframe computcr at the University of Edinburgh. Chi-square analysis was used to test for
differences in categorical variables within cach class of disease. Analysis of covariance was
carricd out with age and sex as covariables to test for differences in mean levels of
cardiovascular and haemostatic risk factors across the three siles of disease. Partial correlation
coefficients adjusted for age and sex refiected the linear association between each haemostatic
factor and the additive score within the femoro-popliteal and aorto-iliac segments for all
patients in the study. Multiple linear regression was used to examine the independence of each
haemostatic factor on additive scorc at each site. All factors were entered simultaneously with
the additional variables agc, sex and time of venepuncture having forced entry. The magnitude
of the unstandardised regression coefficients indicated the average increase or decrease in
additive score for every relevant unit change in the hacmostatic factors. The modcl for the
femoro-poplileal additive score was repeated with the forced entry of packyears and then
serum thiocyanate (to assess the effect of adjusting for life-time and current cigareite smoking,
respectively). 'The residuals of the multiple regression model were approximately normally
distributed.
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FIGURE 5 ARTERTIAL SEGMENT DEFINITION
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Definition of arterial segments evaluated by the Bollinger scoring
system. 1) Abdominal aorta; 2) common iliac; 3) external iliac;
4} internal iliac; %) profunda femoris; 6) superficial femoral:
7) popliteal. L=Left, R-=Right.




CHAPTER THREE

PROGNOSTIC STUDY OF INTERMITTENT CLAUDICATION: METHODS

The Prognostic Study of Intermittent Claudication was established in 1989 and consisted of
two phases. Subjects werc initially followed-up over ¢ one year period and an inlerim analysis
was conducted (Tfowkes ct al 1993). An overall analysis was then conducted after the total
[ollow-up period of six years from baseline was compieted, and the results are described in the
present thesis. A research nursing sister conducted the baseline and one year clinical
examination, and collected information on incident vascular events on the subjects during the
initial one year period. The author was responsible for identifying and confirming any
vascular events accurring within the study population during the six year follow-up period,

including events which occurred during the first year of follow-up.

3.1 Study Design

‘T'he Prognostic Study of Intermittent Claudication is an examplc of a prospective cohort study,
which is somctimes referred 1o as a follow-up, longitudinal or prospective study. In this type
of study, a sample from a defined population is identified and the subjects are then followed
over a specified period of time to determine the incidence of a parficular oulcome of interest.
Prognostic factors which are considered to influence the development of the specified outcome
are determined and mcasured at baseline. Differcnces in the baseline characteristics of those
who develop the outcome and those whe do not, can then be analysed to estahlish whether the
factors are related to the culcome under investigation.
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32 Sample Size

The sample size had to be sufficiently large so that clinically significant differences in
fibrinogen levels and other variables at bascline could be detected between those who would
orwould not have a vascular event at one year (and six years) of follow-up. Using information
based on the variability of fibrinogen in a previous case-control study of intermittent
clandication, it was calculated that 600 subjects would be required to have 90% power at 5%
level of significance to detect a 9% difference in mean levels of plasina fibrinogen (0.32g/L)

between those who would and would not have a vascular event. The formula is as follows:

Number of patients in cach group

. x f(a, )

where (4, - i, ) is the difference in mean [ibrinogen which is important to detect.
0 is the standard deviation of fibrinogen
« 18 the type 1 error, normally 0.05

B is the Lype II error, or power, 0.1 in this casc.

'
W

Study Population

The study population comprised men and women with symptoms of intermittent claudication
in the calf, thighs or buttocks. The study sample was a consecutive series of paticnis who had
been diagnosed as suffering from intermittent claudication by a vascular consultant at the
Peripheral Vascular Clinic, Royal Infirmary of Edinburgh. As this hospital provides the only
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vascular service for the Lothian Health Board area in Scotland, these patients were probably
representative of those with moderate to severc claudication, referred from this defined
population. Subjects with minor symptoms often do not scek medical help, or if they do, are
less likely to be referred by their general practitioner and were therefore not represented in the

study sampic.

34 Exclusion Criteria

Patients were excluded from entry into the study if they had symptoms of severe chronic leg
ischacmia, defined as rest pain, ulcer or gangrene, Ulcer and gangrenc are nccrotic conditions
associated with high levels of acute phase reactants, such as fibrinogen. Since these conditions
may therefore aflfect the levels of haemostatic factors, they were considered to be potentially
confounding factors, and therefore only paticnts with symptloms of uncomplicated peripheral
arterial disease (intermittent claudication) were sclected. Previous or impending arterial
surgery (including angioplasty ) and amputation also precluded patients from selection, because
these procedures may alicr the natural history of peripheral atterial disease and hence affect
the progression of vascular disease. Those with a serious disability that would make attending

follow-up difficult were also considered unsuitable to participate.

35 Patient Selection

The study sample was selected from patients atlending the Peripherat Vascular Clinic between
January 1989 and December 1990. These included newly diagnosed claudicants referred by
letter by their general practitioner, and also patients who had been diagnosed with claudication
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at the clinic during the previous two years. The paticnts were examined at their first visit by
a consultant vascular surgeon or physician to establish whether intermittent claudication was
present based on their medical history, peripheral pulse palpation and WHQO diagnostic criteria.
If confirmed, the probable site of disease was then allocated a diagnostic code, according to

criteria used in the Lothian Surgical Audit.

This code was recorded on a form by the attending consultant and ideantified the patient by
name, address, date of birth and general practitioner. These forms werc subsequently scnt (0
the Vascular Surgery Officc within the hospital and the dala was entered onlo a vascular
register using a micro-computer. A second form was completed by the consultant which
recorded the date of the first visit to the clinic and also indicated whether the patient was
suitable for inclusion in the study. These latier forms were then forwarded to the research

nursing sister at the University of Edinburgh Medical School.

The Vascular Surgery Office provided a monthly computer print-out from the vascular register
of new patients allending the Peripheral Vascular Clinic with the specified diagnostic codes
indicating either claudication in the aorto-iliac or femoro-popliteal arteries. This was used by
the research sister, in conjunction with hospital records and the out-patient diagnosis forms to
ensure that all possible paticnls were identified. A total of 742 patients diagnosed with
intermittent claudication were identified as initially suitable to participate in the study. As
each patient was selected, their name, address, date of birth, name and address of their general
practitioner and date of first appointment at the Peripheral Vascular Clinic and date of

appointment for the baseline examination was entered onto a Dbase TV database.
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3.6 Sample Receruitment

Following selcction of patients from the Peripheral Vascular Clinie, patients were recruited
retrospeclively between January 1989 and December 1990. Each patient was identified by a
computerised subject number. Paticuts were then sent a letter of invitation (Appendix VI ),
signed jointly by the consultant vascular physician (Dr E Housley) and the rescarch sister,
asking them if they would be willing to retumn to the Peripheral Vascular Clinic to take part
in the study. The letter explained the purpose of the research and the nature of the clinical
examination. In order to maximise response, the appointment date, day, time and place of

examinafion were printed on the letter [or each patient. Travel expenses were olfered.

The patient was required to indicate on the encloscd reply slip whether they would attend the
clinic at the appointment time suggested, if the appointment was not suitable or if they would
require an alternative appointment. If necessary, the patient was transpotted to the clinic by
ambulance. Non-responders to the first appointment letter were senl a second Jetter inviting
them to attend the clinic at a later date. Those who had refused to participate or did not reply
to this second invitation were not contacted again. Patients who had accepted the invitation
but did not subscquently attend the clinic were contacted by telephone and offered another

appoiniment.

3.7 Baseline Clinical Examination

Fxaminations conducted by the research sister were held on Wednesdays and Fridays, between

9am and Zpm. Two physiological measurement tcehnicians assisted in these clinical
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examinations. A maximum of ten paticnts was invited to cach clinic; two appoiniments spaced
at onc hourly intervals and commencing at 9 am in the morning. Occasional home visits were

organised if requested.

On arsival at the clinic, the subjects were informed of the procedures, and given a consent form
to sign (see Appendix I} which explained the purpose of the research and the examination they
would undergo. If also emphasised the anouymity and confidentiality of the results. The form
indicated that the study had been given cthical approval by a Mcdical Ethics Sub-Committee

of Lothian Health Board.

In an examination room within the clinic, the patient underwent measurement of the brachial
and diastolic (phase V) biood pressures in the right anm, after 10 minuics rest in the supine
position, using a Hawksley random zero sphygmomanometer and stethoscope. The femoral,
posterior tibial and dorsalis pedis pulses were palpated, but the results were subsequently
considered to be too variable to be of any practical use. Ankle systolic pressures were
recorded on cach leg at the posterior tibial artery whenever possible, using a Sonicaid doppler
probe and the same sphygmomanometer. The results of the measurements were recorded on
a form which also enabled the observer to insert the value of the ABPI on each leg (sce

Appendix LII),

A 12.5 mL specimen of venous blood was then obtained [rom the ante-cubital vein, using a
20 mL syringe and 23 g needle following a turther ten minutes rest for estimation of the
haemostatic factors. Details of the venepuncture were recorded on a form (see Appendix IT),
which identified the patient by name and study number, The name of the technician was
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recorded, since it was not always possible for the research sister to take blood on every
occasion. The form was designed 1o record the success of venepuncture and the quantity of
blood removed from the patient and time of vencpuncture. A 12-lcad electrocardiogram was
also obtained from the patient, if a recent copy was not available from the paticnts'case notes.
A blood sample for measuremenl of glucose and tolal cholesterol levels had previously been
obtained by the vascular consultant at the Peripheral Vascular Clinic on the patients' first

attendance.

Following the ECG recording, patients were requested to complete a questionnaire, with the
assistance of the research sister. This is shown in Appendix VIII. Ihe questionnaire was
divided into six sections. Firstly, the sex and date of birth were recorded. The patients were
then asked whether they were receiving any regular medication prescribed by (heir doctor and
details of past medical history were sought, including questions on heart disease, stroke,
diabetes and thrombosis and embolism. To assess the presence and cusrent severity of
peripheral arterial disease, and the presence or absence of angina, the WHO questionnaires on
intermittent claudication and angina were included. Lastly, the smoking section was designed
to elicit detailed information on current smoking status and to distinguish clearly between
cutrent, past and never cigarette smokers. The amount of tobacco consumption and duration
of smoking in current and in ex-smokers was quantified. ‘The length of time since cessation

of smoking in ex-smokers was also noted.

38 Exclusions

Several paticnts who had been diagnosed with intermittent claudication in the preceding two
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years were found to have symptoms of severe chronic leg ischaemia (rest pain, ulceration or
gangrene), or had other exclusion criteria discovered at the baseline examination. In addition,
several patients refuscd to take part or did not arrive for their appointment. Subsequenlly, one
hundred and twenty five patients were excluded from the haseline cohort of 742 patients. A

total of 617 patients from the baseline cohort of 742 was thus {ollowed-up prospectively.

3.9 Blood Processing

For estimation of plasma fibrinogen, von Willebrand Factor, {issue plasminogen activator and
fibrin D-dimer, 5SmL from the 20 mL syringe were added to a Z; white plastic tube containing
3.8% tri-sodiums citrate trasylol anti-coagulant and inverted five times. The tube was placed
on a roller for two miautes, ‘Lhe sample was then centrifoged at 2800 rpm for 10 minutes, at
4°C in a Denley BR 401 refrigerated centriluge. Five 0.5mL aliquots were pipetted into five
microtubes labelled by the ideniifying study number, and placed on dry ice and stored in a -40°
C freezer. The tubes were sent to Professor GDO Lowe at the University of Glasgow every

four weeks by Red Star delivery for laboratory assay.

3.9.1 Laboratory assays

The assays for the haemostatic factors were carried out in the Haemostasis, Thrombosis and
Vascular Medicine Unit, Glasgow Royal infirmary, under (he direction of Professor GDO
Lowe. The assays for clotting fibrinogen, von Willebrand Factor and fibrin D-dimer have

previously been described in Chapter Two.

91

LoaELY L




Tissue plasminoeen aclivator

Plasma levcls of tissue plasminogen activator (t-PA} antigen were measured by a commercial
enzyme linked immunosorhent assay (ELISA) obtained from Biopool AB, Umea, Sweden.
Both human single chain and two chain t-PA antigen were quantified. Each plasma samples
were added to two wells of a microtitre plate, one containing the normal goat antibody fgG and
the other containing goat anti-hwman t-PA antigen lgG. After initial binding to the pre-coated
well, the second antibody, conjugated to the enzyme horseradish peroxidase, was applied,
which bound to the target t-PA antigen. After a period of incubation, a specific peroxidase
substrate, orthophenylenediamine dihydrochloride was added. The cotour gencrated was

proportional to the concentration of t-PA present.

Total cholestcrol and glucase

Total cholesterol and glucose were assaycd in the Deparlmeat of Clinical Biochemistry, Royal
Infirmary of Edinburgh, under the direction of DrJ Roulston. Total cholesterol was measured
on the BM/Hitachi 737 analyser by th¢ CHOD-PAP mecthod. This is an enzymatic
colorimetric test in which free cholesterol was produced by the action of the enzymc,
cholesterol esterase on cholesterol ester from the serum sample. Oxidation of cholesterol
produced a substance which reacts with a chromogenic receptor. The optical deusity of the
resulting solution was proportional to the total cholesterol concentration of the sample

measured at a wavelength of 505 nm.

Glucose was measured by the GOD-PAP assay, supplied by Randox Laboratories. Glucose
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concentrations were determined affer cnzymatic oxidation in the presence of glucose oxidase.
Formed hydrogen peroxide reacts with phenol and 4-aminophenazone to form a red-violet

quinoneimine dye as indicator. The absorbance of the sample was measured at 2 wavelength

of 500mm.

3.10 One Year Follow~-Up Examination

After one year, all smviving patients were invited by letter to attend a second clinical
examination at the Peripheral Vascular Clinic. The procedure was similar to the baseline
cxamination, except that a blood specimen was not taken. A second questionnaire was
administered which enquired about any new illnesses or conditions occurring during the vear
since the baseline examination, and also current medication status. Any new treatment for
claudication, including vascular surgery was documented. Changes in the severity of theirleg
pain or chest pain or new occurrence of chest pain were ascertained. Finally, the patient was

asked about any changes in smoking habit since their last visit to the study.

3.11 Follow-up of Vascular Events

Subjects were followed over a tolal period of six years 1o determine the incidence of the
following fatal and non-fatal vascular cvents: angina pectosis, myocardial infarction, stroke,
and coronary vascular procedures, including angiography, angioplasty and coronary by-pass
grafting. Progression of peripheral arterial disease was determined by the development of
severe chronic leg ischacmic events (rest pain, ulceration, gangrene and amputaiion) and the
performance of peripheral aricrial procedures, such as angiography, angioplasty, lumbar
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sympathectomy and by-pass grafting. Data were collected from five main sources:

i Scottish National Health Service Central Registry

ii Information and Statistics Division of the Common Services Agency
iii Sclf-administered questionnaires

I\Y General practitioners

v Hospital records

Multiple sources of information were used (o cnsurc that as many evenls as possible were

identified and subsequently verified.

3.11.1 Identification of fatal events: Scottish Nativnal Health Service Central Registry

To identify all fatat events occurring in the study sample, each patient's record was flagped at
the Scottish National Health Service Central Registry at baseline. This cnsurcd that all death
certicates were provided automatically. The name, address, date of birth, sex and study
number of each patient was typed onto an index card and forwarded to the Central Registry.
When notification of death was received by the Central Registry, the death certificate was sent
to the author (after a period of approximately two months) at the University of Edinburgh
Medical School. ‘The primaty and secondary causes of death were recorded on the database
in a [ile restricted to deceased patients. All causes of death had been allocated a diagnostic
code according to Intermational Classification of Disease, version 9 (ICD-9). Tn addition, the
cause of death was allocated a code indicating whether the paticnt had died of myoczirdial
infarction (code 1), stroke (code 2), other cardiovascular discase (code 3), or non-
cardiovascular causcs (code 4).
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3.11.2 Fatal events: autopsy reports

‘When the cause of death is unknown, or there are suspicious circumstances, or the paticnil lias

been an in-patient at a hospital for less than 24 hours prior to death, an autopsy (post-mortemns)

may be requested by the Procurator Fiscal. Also, posi-mortems may be carried out at the
request of the clinician in charge if the relatives give their consent. Post-mortem reports were
used to verify the underlying cause of death in six patients participating in this study, because
confirmation of cause of death could not be confitmed from hospital cuse notes, or through

notification from Central Registry.

3.11.3 Fatal and non-fatal events: Information and Statistics Division of the Common

Services Agency

The Information and Statistics Division of the Common Services Agency (ISD) of the Scottish
Office in Edinburgh holds patient data derived from summaries created when patients are
discharged from general, matcrnity, geriatric and psychiatric hospitals. An application was
submilted in November 1995 to ISD to oblain access to Scottish Morbidity Records (SMR)
on all patients in the study, dating from the time of recruitment. The procedure entailed record
linkage o computeriscd ISD data with our own patient data. The merged file was then

released in the form of a computer print-oul, with the cases listed in a specified order.

To complete the application, a summary of the study aim, background and study methods was
requested in addition to identifying the range of data to be supplied for each individual case
requiring linkage. The study number, surname, initials, sex, date of birth and posicode was
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provided for each patient within the study.

Criteria for selection of cases from the SMR were defined as;

1. New outpatients and inpatients attending hospitals between 1989 and 1996.

2, The age range of the study participants (born between 1st January 1902 and
31st December 1941).

3. Area and posi-code of residence.

4, Diagnosis (hoth fatal and non-fatal) according to specified vascular ICD
codes.

5. Any hospital attended for treatment of a vascular event and the dates of

admission and discharge.

Following acceptance of the application by the Privacy Advisery Committec of the ISD, data
identitying paticnls were iransferred to an ASCII file onto a diskette from our database and
sent to ISD. The Information and Statistics Division subsequently provided a computer
printout in January 1996, identifying all study subjects (listed alphabetically) who had attended
a hospital for a vascular cvent according to the specified ICD codes, in addition to the relevant

hospital and dates of admission and discharge.

3.11.4 Fatal and non-fatal events: general practitioncrs

To ensure that as many events as possible were identified, each surviving paticnt's general
practitioner was also contacted by letter. The Primary Care Division of the Lothian 1lealth
Board was first contacted and asked to supply a list of all general practioners and practice
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addresses in the Lothian Heulth Board area in Scotland. This allowed the namics and cxisting
addresses of general practitiopers on the database files to be updated from their initial entry
in 1989. A letter was sent to each listed doclor [rom the database [ile explaining the purpose
of the study which was signed by a clinical research fellow and the author, as study co-
ordinator. A separate form for ecach named patient with their date of birth was enclosed,
requesting whether the patient was still attending the practice and also requesting information
concerning any new cardiovascular events, hospital admissions (including date of attendance),
and changes in medication occurring within the last six years (Appendix IX and X). A pre-
stamped envelope was also included [or the yeply. Non-responders were not contacled again.,
One medical practice had previously intimated that they did not want to be contacted on

maiters concerning research, and werc therefore not contacted.

3.11.5 Non-fatal events: self-administered questionnaires

In February 1996, cach surviving patient was sent a questionnaire to complete, with a covering
letter reminding them of their participation in the study between 1989 and 1990 and asking
them for information about their health since that time (Appendix XI). The first section
inquired about any new vascular-reiated illnesses or medical conditions which they may have
had within the last six years. Details of hospital attendances and current medication were
sought. The Edinburgh Claudication questionnaire was included, and a self-assessment made
by the subjects to ascertain whether their symptoms of peripheral arterial discase had changed.
They were also asked whether they had had any new treatment for their leg pain, and for
information on any hospital attendances relating to this freatment. A modified WHO
questionnaire on angina was used to determine whether they had developed angina within the
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six year follow-up period and self-assessment was made of chest pain since recruitment. The

last section was designed to determine changes in smaoking history since baseline.

312 Retrieval of 1lospital Records

Patienls who had a vascular event identified during follow-up, from either the ISD compuler
print-oul, the general practitioner event form, or the self-administered questionnaire were
listed, so that their medical records could be investigated. It became apparent, however, from
preliminary examination ol records, that there were omissions in the reported number, or exrors
in diagnoses of cvenls in the three sources used for event identification. It was therefore
deeided that hospital records of all study patients who had at least one event reported from any
of the three sources should be examined. Hospital records were not examined if patients had
no events reported in the ISD data, GP forms and patient questionnaires. In these instances,
patients were conlacted by telephone (where possible) to confinm that they had had no evenls

during the six ycars since recruitment.

The records were first sought at the Royal Infirmary of Edinburgh, because the patients had
initially attended the Peripheral Vascular Clinic within the hospital for diagnasis of
intermittent clandication. In the Royal Infirmary records department, hospital records were
grouped by patients with the same day of date of birth, and within these groupings,
alphabetically by surname. The records of deceased patients were stored separately and were
allocated a special number. A patient management information system, termed RHOMER,
was used 10 access the deceased number, by micro-computer. The records of patients who had
nol aitended the Royal Infirmary for at least three years had been sent to the Princess Margaret
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Rose (PMR) hospital in Edinburgh for storage.

To retrieve these records, a scparate tracer card was completed for each patient and the
relevant records were collected and delivered to the Royal Infismary on Fridays for checking.
However, case notes of patients who had not attended hospital for ten years or more had been
systematically destroyed. Study patients whose recotds had been destroyed or whose case
notes could not be traced or had been destroyed at other hospitals were excluded from the

study, since the reported events could not be canfirmed.

If patients had attended an out-patient clinic, or were admitted for in-patient treatment within
the Royal Infirmary (or at other relevant hospitals) during the previous month, or were due for
treatment in the forthcoming week, their records were removed from the Records Department
for consultation al the relevant department. Tracer cards were completed in the records
department indicating the whereabouts of the records. In these cases, patient records werse
traced and examined within the particular ward, or ward office after the hospital attendance

had taken place.

[f patient records were incomplete or could not be located at the Roval Infirmary, other
hospitals cited in the ISD print-out, general practitioner forms or patient questionnaire were
contacted between May and June 1996. Permission to visit hospitals was requested by letter
at eight other hospitals within the Lothian and Border regions. One particular hospital, St
Johns in Livingston, required a further application (o the Ditector of Vascular Surgery for
permission to examine casc notes, Over a period of six months, the following hospitals were
visited and the case notcs cxamined: Western General Hospital, Eastern Genesal Hospital, City
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Hospital, Royal Victoria Hospital, Liberton Hospitai, Royal Edinburgh Hospital, Borders

Gencral Hospital, St. Johns Hospital (Livingston).

Also, requests were made to several other hospitals for records to be sent by recorded delivery

when only a small number of patient records was lodged and the hospital was outwith the

District of Edinburgh. The hospital was reimbursed for recorded delivery costs.

3.13 Criteria for Diagnosis ol Vascular Disease and Death

Criteria used to diagnose fatal and non-fatal myocardial infarction and fatal and non-fatal

stroke were adapted from those proposed by the American Heart Association (Gillum et al

1984) and for angina from the World Health Organisation (Rose 1962) and were as follows:

3.13.1 Myocardial infarction

Non-fatal, definite

Two of the following criteria:

a) Prolonged cardiac pain anywhere in the anterior chest, left arm, or jaw {possibly also

affecting the back, shoulder, right arm, or abdomen) and lasting at least 20 minutes.
b) Diagnostic electrocardiographic codes, including Minnesota codes: 1.1.1-1.2.5,1.2.7,

or32plus5.10r5.2;

{c) Raised enzyme concentrations (creatine phosphokinase greater than twice the upper
limits of normal, and one of the following also greater than twice the upper limits of ’
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normal: lactate dehydrogenase, asparlate aminotransferase, or the MB isoenzyme of
creatine phosphokinase).

The enzymes must have been measured within 72 hours of the acute event.

Non-fatal, possible

(a) One of the above definite criteria plus either equivocal electrocardiographic codes
(1.2.8-1.3.6,4.1-4.3,5.1-5.3, 0r 9.2) or equivocal enzyme levels (above normal but not
twice normal, or one above twice normal but could be attributed to another cause; or

(b)  Equivocal electrocardiographic codes and enzyme concentrations.

Fatal, definite

(a) Postmortem evidence of acute myocardial infarction; or

(b) Definite criteria for myocardial infarction within the four weeks before death; or

(c) ICD-9 codes for cause of death 410-414 plus history of a definitc or possible
myocardial infarction or 410-414 plus definite or possible criteria for myocardial
infarction immediately preceding death or 410-414 plus post-mortem evidence of

severe coronary atherosclerosis or previous myocardial intaection.

Fatal, possible

Death certificate codes 410-414 but no other evidence.
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3.13.2 Stroke

Non-fatal, definite

(@) History of onsel of symptoms of less than 48 hours, ptus clinical confirmation of a

focal or global disturbance of cerebral function lasting more than 24 hours; or

(b)  Compuled tomography showing evidence of cerebral infarction or haemornthage.

Non-fatal, possible

(@) Primary or secondary discharge diagnosis including ICD-9 codes, 431,432,434, 436,

or 437.

[atal, definite

One of the following criteria:

(a) Post-mortem evidence of cerebral infarction or haemorrhage;

(b) Criteria for definite stroke met within six weeks before death.

Hatal, possible

(a) Death certificate codes of underlying or immediate cause of death were ICD-9 431-

437, but no other evidence.
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3,13.3 Other vascular events

Other fatal vascular events (such as ruptured aortic aneurysm or thrombocmbolism) werce
recorded if the diagnosis was confirmed by laboratory, radiological, surgical or postmortem

evidence.

Transient ischaemic attack

History of rapid onset of clinical signs of focal (or global) disturbance of cerebral function

lasting less than 24 hours.
Angina pectoris
This was defined as pain or discomfort in the centre of the ¢hest, or lelt anterior chest and left

arm when walking up hill or hurrying requiring the person to stop or slow down for ten

minutes or less, whereupon the pain is relieved.

Thrombosis and embolism

Clinical diagnosis confirmed by laboratory, radiological or surgical cvidence. :

Amputation

Amputation of any part of the lower limb duc to only diabetes, or vascular causes.
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3.14 Recording of Vascular Events

All possible cardiovascular events occurring since the patient was recruited into the study were
followed up by direct examination of the relevant hospital records. Lvents were included in

the data analysis if they met the predetermined diagnostic criteria.,

Two separate forms were designed for the recording of the fatal or non-fatal events
{Appendices X1I and XIIT). In both cases, a patient identification scction was included, with
the name and address of the patient's general practitioncr. The information source for the
reported event and the provisional diagnosis was required. The final diagnosis with the
relevant ICD-9 code was recorded and was entered into the databasc. Vascular surgical
procedures were coded using the Office of Population Censuses and Surveys' Classification
of Surgical Operations 4th revision manual. For fatal ¢vents, the source of confirmation was

noted.

Prior to examination of the hospital records, a separate form for each new non-fatal event
reported in either the ISD printout, the general practitioner event form, or the sclf-administered
questionnaire was prepared for every listed patient. The name, study number and provisional
diagnosis was inseried. Diagnosis was then finalised {rom examination of the hospital records.
Il a patient's hospital record or a reported event could not be traced, it was coded as missing

(code 99).

Nine non-fatal event files and one fatal event [ile were subsequently created when the data was

entered onto computer. Each confirmed non-fatal event per patient was entered onto a separate
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data file. 'The record structure for each non-fatal event file consisted of the study number of
the patient, dafe of birth, dale of event, ICD code and [inal diagnostic code. A file restricted
to deceased patients recorded study number, date of birth, date of death, primary and
sccondary ICD death codes and final diagnostic code. Another file listed patients who did not
have a vascular event or deterioration of limb ischaemia during foilow-up. Patients who were

excluded from the study because of missing data were also identified.

3.15 Definition of Ischaemic Heart Discase and Stroke Catcgories

Four categories of ischaemic heart disease and strokc were defined which were used in the data
analysis: combined fatal and non-tatal stroke, non-fatal myocardial infarction, coronary death
(fatal moyocardial infarction and deaths from ischacmic heart discasc), and total coronary
events which included fatal and non-fatal myocardial infarction and deaths from ischaemic
heart disease. Cases of fatal and non-fatal stroke were combined because of the low numbers

in each group. Multiple events of the same type in a subject were recorded only once.

3.16 Definition of Progression of Peripheral Arterial Disease Cutegorics

In this part of the analysis, patients were divided into two groups: those whose symptoms had
deteriorated sufficient]ly to require vascular intervention, but did not develop symptoms of
severe chronic leg ischaemia (defined as rest pain, ulceration or gangrene) during follow-up,
and sccondly, those who developed definite symptoms ol severe chronic leg ischaemia during

the six years follow-up period.
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317 Data Analysis

Univariate analysis was carried out by the author on the University of Edinburgh mainframe
computer using the SPSS-X statistical package. Means and percentages for baseline risk factor
characteristics were calculated for the whole study population. Differcnces in medians of each
haemostatic factor were tested across the four categories of ischaemic heart discasc and siroke
and categories of progression of periphcral arterial disease, relative to a group who had no

coronary or cerebrovascular disease and no detcrioration of limb ischaemia during follow-up.

Multiple logistic regression was carried out by Dr AJ Lee, the study statistician, using the
statistical package SAS on the University mainframe computer. Associations between
prognostic factors and incidence of vascular events and progression of peripheral arterial
disease were expressed as an increase in risk of outcome for 2 given change in the prognostic
lactor. Relative risks were estimated which adjusted for age and sex and then further adjusted

for other risk factors.
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CHAPTER FOUR

SITES OF ATHEROMA: RESULTS

‘This chapter preseats the results of the Sites of Atheroma Study. The results are divided into
four main sections describing (i) the study sample, (ii} the distributlion of angiographic disease,
(iii) the relationship b clween cardiovascular risk factors and site of peripheral arterial disease,
and (iv) the relationship between haemostatic factors and site and severity of peripheral arterial

disease. The tables and figures are presented al the end of each of these four main sections.

4.1 Description of Study Sample

Onc hundred and fifty men and fifty women were recruited to the study. Six paticnts were
subsequently excluded from the study sumple because their angiograms could not be located
within the hospital. Two further patients were excluded because they showed no evidence of
significant atherosclerotic disease in any of the 13 arterial segments under consideration. The
overall number ol subjects participating in the study was therefore 192, which was composed

of 144 men and 48 women.

4.1.3  Mean age and scx distribution of study sample

Table 4.1 shows the age and sex distribution of the study sample. The proportion of males was
exactly three times higher than that of females (75% to 25% respectively). The age range of

the study sample was between 37 and 81 years. The mean overall age was 63.7 ycars. The
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mean age of fomales was approximately thiee years greafer than that of males (66.2 v 62.9

yeais).

4.1.2 Clinical measures of severity of peripheral arterial disease in study sample

Symptoms of peripheral arferial disease in the 192 subjects were assessed by responses to the
Edinburgh Claudication Questionnaire, a medified form of the WO Intermittent Claudication
Questionnaire, and are shown in Table 4.2. Overall, females reported significantly more
severe symptoms of peripheral asterial disease than the males (p< 0.05). Although a similar
proportion of males and females had intermittent claudication grade I, i.e. symptoms
occurting while walking ‘at an ordinary pace on the level', 34.8% of women had symptoms of
more severe lmb ischaemia (resi pain) compared to 28.2% of men. Comparisen of the mean
ABFI, as a morc objective measure of peripheral arterial discasc, showed only a slightly lower
level in women (0.54) than in men (0.56, p> 0.5) which suggested that the severity of disease

may be similar in women and men in the study sample.

4.2 Distribution of Angiographic Disease

‘The asgiograms of the patients were examined tn determine the distribution of lower limb
diseasc. A total of 2496 arterial segments (13 segments per patient x 192 patients) from the
study sample was evaluated. The number of segments which was coded as missing values was
relatively small. Forty two segments (1.7%) could not be graded because of puor visualisation

on angiogram. The percentage of segments which were coded was therefore 98.3%.
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Table 4.1

AGE AND SEX DISTRIBUTIONS OF STUDY SAMPLE

Males Females 3

Number % Study Sample Number % Study Sample

Age f
Mean Ycars (SE) 62.9 (9.7) 66.2 (10.0)
< 49 years 16 11.1 5 104
50 - 59 years 37 25.7 2 42
60 - 69 years 54 375 22 458
> 70 vears 37 25.7 19 39.4
% Male 144 75
% Female 48 25
SE - standurd error
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Table 4.3 shows the frequency of arterial occlusions in the study sample. Only 57 (29.7%) of
the patients did not show occlusions within the 13 coded arterial segments. One hundsed and
thirty five (70.3%) patients had at least one occlusion. One patient had as many as nine

segments occluded.,

42.F Site and severity of occlusions

A total of 335 arterial occlusions was recorded (lable 4.4). There was no real difference in
the prevalence of occlusion in the right leg compared to the left leg. The right superficial
femoral arlery was the most common occlusion site, with 20.7% of the total number of
occlusions recorded in the study sample within this segment. The left profunda femoris artery
was least often occluded (apart from the abdominal aorta which was never completely

occhuded) with 2.7% of the total occlusions.

The severity of occlusions in the study samplc is shown in Table 4.5. An occlusion less than
or equal to half the length of a segment was coded by an additive score of 13. A score of 15
was recorded if the occlusion was longer than half the length of the segment. Only one
occlusion (the more severe) was coded in each segment. Out of the total of 335 occlusions
recorded, 192 (57.3%) were longer than half the length of the arterial segment. When shorter
occlusions occurred, there werc more occlusions in the right leg (n=84) (han the lelt (n=59).
[n contrast, the lcft leg was the preferred site (or where disease progressed more rapidly) of
longer occlusions, with the exception of the profunda femoris and superficial femoral arteries.
The distribution of disease within the arteries also varied, depending on the severity of
occlusion, Although the superficial femoral artery was the most common site of occlusions
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of both lengths, longer occlusions were present more often in the common, cxternal and

internal iliac arleries.

422 Site and severity of stenoses

Table 4.6 shows sitcs of arterial stenoses graded by an additive score > 3, indicating that the
patient had at least one lesion narrowing the lumen of an artery by > 25%. There were 853
{34.2% ol the total graded segmentis) moderate to severe stenoses recoxded. The left internal
iliac was the most commonly affected vessel with 10.6% of total stenoses > 3, whercas the
abdominal aortic segment showed the least number of stenoses (2.0%). The sites of arterial
stenoses graded by a score < 3 are also shown (Table 4.7). This score indicates that there is,
at most, one stenosis narrowing the vessel luuen by between 25-50%. As expected, the
prevalence of these less severe stenoses was higher than that of both more severe stenoses
> 25%, and occlusions. The abdominal aottic scgment (13.6%) and the right common iliac
(10.7%) had the most number of mild stenoses. The superficial femoral segments had the

fewest stenoses which rcilected the high overall severity of disease within these vessels.

4.3 Classitication of Patients by Site

The patients were classified info three groups, aorto-iliac, femoro-popliteal or dual-site by
assessing the additive scores of the abdominal aorta, combined left and right leg iliac
segments and left and right leg femoro-popliteal segments separately. The worst additive
score for each of the six iliac (common, external and internal) segments, six femoro-popliteal
(fernoral, profunda and popliteal) segments and the total score for the six segments in each
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group were compared. The aorta was compared separately so as to give an equal weighting
of six segments in each of the two groups. If any segment was occluded in one of the two
groups of arteries or abdominal aorta, or had a moderate to severe stenosis (additive score >
3) in these segments, the patient was assigned to that group. If there were occlusions or
stenoses with an additive score > 3 present in both the aorto-iliac and femoro-popliteal

segments, the patient was classilied as having dual-site disease.

The classification of patients by site of disease is shown in Table 4.8. Seventy three patients
(38%) were classified as having multi-segment disease at more than one site (dual-site
discase). Eighty five (44%) of patients werc identificd as having substantially more disease
in the femoral, profunda, or popliteal arteries compared to the aorta and the common, external
and internal iliac arterics. The third group comprised 34 (18%) subjects who were considered
to have predominately more atherosclerotic discase in the aorta and iliac segments. Table 4.8
also shows that 28 patients (82.4%) were classified into the aorta-iliuc and 75 patients (88.2%)
into the femoro-popliteal groups on the sole criterion of an occlusion (an additive score of 13
or 15). Only 32 subjecis (43.8%) of those with dual-site disease were so classified duc to the
prescince ol acclusions at bath sites. Several patients were grouped according Lo the criterion
of stenoses only (lesions with an additive score > 3). Ten patients from the femoro-popliteal
and six from the aorto-iliac group were categorised in this way. In contrast,41 (56.2%) of the

subjects with dual-site disease were classified by stenoses only, rather than occlusion,

43.1 Mean additive scores by site

In Table 4.9, the mean Lotal additive score for the aorta-iliac and femoro-poplileal scgments
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are shown in relation to subjects in the three sites of classification. Some overlap occurred
between the three groups because of the diffuse distribution of periphcral atherosclerosis in
the study sample. The aorto-tliac patient group had signiticantly higher additive scores in
those segments than in their femoro-popliteal segments. Likewise, the femoro-popliteal group
had relatively higher scores in the [emoro-popliteal segmenis. The duul-sitc group had a
slightly higher mean additive score in the femoro-popliteal segments than in the other group
of segments but this difference was not statistically significant. Seventeen patients classified
into the dual-sitc discasc group had far more severe and extensive disease in (he femoro-
poplileal segments than in the iliac segments, suggesting some bias in the dual-site group

towards femoro-popliteal discase.

44 Cardioyascular Risk Factors

In this section, age, sex. the presence of clinical cardiovascular disease, and risk factors
(cigarette smoking, serum lipids and bleod pressure} are described in the three groups of

patients with diflerent sitcs of peripheral atherosclerosis.

441 Ageand sex

Table 4.10 at the end of this section (4 .4) shows the distribution of age and sex in patients with
predominately acrto-iliac, femoro-popliteal and dual-site disease. Chi-square analysis was
used to tesl for differences in categorical variables within each class of disease. The
distribution of age was significanlly different between the three groups. These with aorto-iliac
discasc were approximatcly eight years younger than patients from the other two groups (p<
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0.001). The mean age of the femoro-popliteal group was only marginalty higher than that of
the dual-site group (65.55 years compared to 64.98 years). There was a grcater proportion of
women in the aorlo-iliac group compared to either the femoro-popliteal or dual-site group.

Difterences in scx distribution across the three classes were not statistically significant.

442 Vascular diseases

Clinical findings of peripheral arterial disease in the three groups ol paticnis are shown in
Table 4.31. All three groups reported a far higher prevalence of prade I symptoms of
intetmittent claudication (pain walking on the tlat and uphill) than the less severe grade I (pain
walking uphill only). The aorto-iliac group had relatively more rest pain and a slightly kigher
ABPI than the other two groups. The temoro-popliteal group showed the least percentage of
patients with rest pain, but the lowest ABPI. However, none of the observed differences were
statistically significant (p> 0.05). No paticnt reported symptoms ol scvere chronic leg

ischaemia, such as ulceration or gungrcne or had a previous amputation.

The prevalence of other cardiovascular discases is reported in Table 4.12. The dual-site group
showed more evidence of a history of angina pectoris and previous myocardial infarction (both
p< 0.05), stroke and diabetes mellitus than the other groups which probably indicales a higher
degrec of generalised atherosclerosis. Angina pectoris and myocardial infarction occurred less
frequently in the aorto-iliac group than in the femoro-popliteal group. Thete were no cases of
stroke in the aorto-iliac group. Likewisc, diabetes mellitus was less common in the aorto-iliac
group than in either of the two other classes of discase. However, the diffcrences for stroke
and diabetes mellilus were not statistically significant (p> 0.05).
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Table 4.3

S R ki

FREQUENCY OF ARTERIAL OCCLUSIONS IN STUDY SAMPLE

Number of Occlusions Number of Patients % of Study ,
Sample {

0 57 297 1

1 51 26.6

7 4 2.1

Total 192 100
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Table 4.4

SITE OF ARTERIAL OCCLUSIONS IN STUDY SAMPLE

Occlusions
Arterial Segment Number % of Total
Abdeminal Aoria 0 0
Common Iliac Left 15 4.5
Right 10 3.0
External Iliac Left 19 5.7
Right 22 0.6
Internal Tliac Left 22 6.6
Right 20 6.0
Profunda Femoris Left g 2.7
Right 12 36
Superticial Femoral Left 63 18.9
Right 70 20.7
Popliteal Left 37 11.0
Right 36 10.7
All Segmeants 335 100.0

117




LS 61 LTy ¥l SHAWERS [TV
ST Y 68 0g W3Sy
St ST 99 T iy fesifdod
€TII Q€ 96 7€ sy
L01 9¢ I's 1z HES| [e0wa,] feniradng
ST 9 Q1 9 3y
ST S Al 7 g SLIOUIa] BPUNJOL]
gy 91 Al ¥ LN
99 @ 0 0 g | ORT]] [etIaIL]
gg Z1 67 01 L5193
o€ €1 81 G yoY JRI] [RUIXNE
T 8 99 z yeny
£y ST 0 0 ey JBI[f UOTIEIO))
0 0 0 0 BHOY [2UILOPGY
[e10L JO 9% IoqQuuaN 2101, J0 % IaquIinN JUAWRAG [RUIIY

TIAUISaS JO GIdUa] J[B[] <

SUOTS00)

' 3qeL

FTAAYS AALLS NI SNOIS(YIOOO0 TVIHALEV 10 ALITHAHAS

iis




SITE OF STENOSES WITH ADDITIVE SCORE >3

IN STUDY SAMPLE

Table 4.6

Stenoses with Additive Score >3

Arterial Segment Number % of Total
Abdominal Aorta 17 2.0
Comumon Iliac Lelt 54 63
Right 69 8.1
External lliac Left 81 95
Right 56 66
Internal Iliac Left 90 10.6
Right 75 8.3
Profunda Femoris Left 47 5.5
Right 65 7.6
Superficial Femoral Left 64 8.1
Right 71 8.3
Popliteal Left &5 100
Right 74 8.7
All Segments 853 100.0
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SITE OF STENOSES WITH ADDITIVE SCORE <3

IN STUDY SAMPLE

Table4.7

Stenoses with Additive Score <3

Arterial Scgment Number % of Total
Abdominal Aorta 172 13.6
Common Iliac Lett 123 9.7
Right 135 10.7
External lliac Left 102 8.1
Right 103 8.1
Internal Iliac Left 78 0.2
Right 96 7.6
Profunda Femoris Left 124 9.8
Right 106 8.4
Superficial Femoral Teft 37 29
Right 35 2.8
Popliteal Left 76 6.0
Right 79 6.2
All Segments 1266 100.0
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Table 4.8

PATIENTS BY SITE OF DISEASE : PERCENTAGE IDENTIFIED
BY OCCLUSIONS OR STENOSES

Number of Paticnts % Palients by Site
Identified by
Site of Disease by Site Occlusion Stenoses
Aorto-Tliac 34 8§2.4 17.6
Femoro-Popliteal 85 88.2 11.8
Dual-Site 73 43 8 56.2

121




Table 4,9

MEAN TOTAL ADDITIVE SCORES BY SITE OF DISEASE

Total Additive Scores

Aorlo-1liac Femoro-Poplitcal
Site of Disease Mean + SD Mean = SD P-valuct
Aorto-lIliac 39.7 (x134) 20.7 (z11.8) <0.001
Femoro-Popliteal 24,6 (£9.1) 428 (x13.2) <0.001
Dual-Site 36.9 (x17.3) 40.5 (17.5) NS

+ - Significance of differences between addilive scores
SD - Standard deviatjon
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443 Cigarette smoking

In the study sample, serum thiocyanate and serum cotinince were highly positively skewed and
werc translormed by taking the natural logarithm to produce a more normal distribution. This
allowed for valid statistical assumptions of significance to be made from the sample data. The
mean levels of the transformed tactors were prescnted as geometric means by taking the anti-

log values. The confidence inlervals were also fransformed back lo geometric units.

Life-time smoking was modelled using pack-years (the average number of packs of 20
cigarettes smoked per day multiplied by the number of years as a smoker). The distribution
of packyears was slightly skewed and so the squarc root of this variable was used fo reduce
the influence of a few heavy smokers. The definition of a smoking deceiver’ was any
individual with a fevel of serum thiocyanate above 63.7 umol/L and above 17.5 ng/ml for
serum cotinine who had declared themself to be a non-smoker. The distributions of total
chaolesterol, systolic and diastolic blood pressure were approximately normal and levels were
therefore presented as the arithmetic means. Analysis of covariance was carried out wilh age
and sex as covariates to test for differences in levels of the risk fuctors within each class of
disease. The mean valucs were adjusted for age and sex to control for any contounding etfects

on the levels of the cardiovascular risk factors and on peripheral arterial disease.

Self-reported smoking status, mean levels of biochemical smoking measures and packyears,
adjusted for age and sex hy site of disease are shown in Table 4,13. There were no significant
differences in cigarette smoking between the three classes. As expected with patients with
clinically confirmed peripheral arterial disease, few individuals had never smoked. The high
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percentage of ex-sokers occurring in all three classes of disease possibly indicated cessation
of smoking because of the onset of intermittent claudication or symptomatic ischaemic heart
disease or cerebrovascular disease. The aorto-iliac group had more current smokers (44.1%)
and lewer ex-smokers (41.2%) than the other groups. The percentage of smoking ‘deceivers'
wus approximately the same in each group of patients and ranged from 9.6% in dual-site
patients to 11.8% in the aorto-iliac patients. Serum cotinine and seruin thiocyanate levels were
alsa higher in the aorto-iliac patients, reflecting the greater percentage of current smokers in
this group, Packyear levels, as a measure of life-time smoking consumption were slightly
higher for patients with femoro-popliteal discasc than for aorto-iliac disease, suggesting that
the femoro-popliteal patients may have smoked more heavily and/or had begun smoking at an

carlier age.

44.4 Lipids and blood pressure

Mean serum lipid and blood pressure levels adjusted for age and sex were also compared
(Table 4.14). As with cigarette smoking, the differences in levels of these risk factors between
the Lhree groups were not statistically significant. Of the three groups of patients, those with
aorto-iliac disease had the lowest mean levels of total cholesterol, but the highest levels of
HDL cholesterol (5.75 mmol/L and 1.27 mmal/L respectively). The levels of total cholesterol
in the femoro-popliteal and dual-site groups were approximately the same at 6.08 mmol/T. and
6.04 mmol/L. "The levels of total cholesterol in all groups was only marginally higher than the
clinically accepted normal'level of 5.2 mmol/L. Examination of hospital records showed that
only two individuals took lipid-lowering drugs, although it is possible that other patients with
hyperlipidaemia may have been advised to modify their dict.
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Systolic blood pressure was highest in those with dual-site disease and diastolic pressure was
highest in the aorto-iliac group (Table 4.14). It should be noted, however, that the intake of
anti-hypertensive medication was highest in the dual-site group, with 20.5% of patients taking

these drugs, compared to 11.8% in the femoro-popliteal and 8.8% in the aorto-iliac groups.

4.5 Hacmostatic Factors

The distributions of von Willebrand Factor, {ibrin D-dimer, plasminogen activator inhibitor
were highly positively skewed and logarithmic transformations were used in the analyses,
Both clotting fibrinogen and nephelometric [ibrinogen were normally distributed and levels

were therefore presented as the arithnictic means (Figures 6-10).

4,51 Univariate analysis of haemostatic factors and site of disease

Mcan levels of the haemostatic factors across the site of disease groups were examined using
analysis of covariance with age and sex as covariates. There were no significant differences
in mean levels of hacmostatic factors between patients in the three groups (Table 4.15), This
lack of statistically significant differences could have occurred because of the small numbers,
particularly in the aorto-iliac group. However, with the exception of tibrin D-dimer, levels of
the faclors tended to be highest in the dual-sitc group and lowest in patients with
predominately aorto-iliac discase. 1n contrast, fibrin D-dimer showed the highest levels in the
aorto-iliac group. In all three groups, the levels of heat precipitated fibrinogen measured by

nephelometry were higher than clotting fibrinogen estimated by the modified Clauss assay.
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4.5.2 Univariate analysis of haemostatic factors and severity of disease

Partial correlation coefficients adjusted for age and sex were calculated to examine
associations between the hacmostatic factors and severity of disease within the femoro-
popliteal and aorto-iliac segments. Disease severity was estimated by a quantitative variable
(the additive score) in all 192 patients which enabled examination of linear relationships

between the variables and hence permitted more powet to detect signi{icant associations.

The range of additive scores for both groups of segments was identical (5 to 86), but the mean
additive score for the temoro-poplitcal segments was significantly higher than the mean score
for the aorlo-iliac segments (38.09 compared to 31.95, p< 0.001). Table 4.16 shows that
increasing severity of disease within the aorto-iliac segments was significantly associated with
nephelometric fibrinogen (1=0.12, p< 0.05). There were no signilicant relationships between
the other haemostatic factors and the additive score in the aorto-iliac segments. Both
nephelometric fibrinogen and fibrin D-dimer were significantly correlated with increasing
disease severity in the femoro-popliteal segments (=020, p< 0.01 and r=0.22, p< 0.001
respectively). A weaker positive association was found with von Willebrand Factor (1=0.14,
p< 0.05). Plasminogen activator inhibitor (PAI) showed a weak non-significant ncgative

correlation with increasing additive scores in both groups of segments.

453 Multivariale analysis of haemostatic factors and severity of disease

Multiple regression analyscs were carried out to identify any statistically independent

associations of the haemostatic factors with disease severily within cach of the two groups of
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segments. The regression coefficients were obtained from the statistical package BMDP and
represented changes in the dependent variable (the additive score) when a hacmostatic factor

(the independent variable) increased in value by approximately one standard deviation,

Since PAT activity showed a significant lincar trend with time of venepuncture (p< 0.001), this
was used as a covariate together with age and sex. Aspirin consumption or other anti-platelet
medication showed no relationship with any of the haemostatic factors and these were
therefore not included in the model. Table 4.17 shows that none of the haemostatic factors had
aslatistically independent effect on disease severity within the aorto-iliac segments. Therelore

no further analysis was carried out on this group ot segments.

Table 4.17 also shows that, for the femoro-popliteal scgments, both nephelometric fibrinogen
and fibrin D-dimer were independently related to disease severity in the femoro-popliteal
segments (both p< 0.05). In the case of PAI, the regression coefficient was negative,
suggesting that higher PAT activity was associated with a lower severity of disease. The

association between PAT and disease severily was only just non-signiticant (p= 0.08).

In Table 4.18, the relationships between nephelometric fibrinogen, between fibrin D-dimer and
between PAI and the severity of disease within the femoro-popliteal segments were estimated
after further adjustment for life-time smoking (packycars) and for current smoking (serum
thiocyanate) in the multiple regression model. On adjusting for packycars, nephelometric
fibrinogen remained independently associated with discasc scverity, Adjustment for scrum
thiocyanate also had little effect on the association of fibrinogen with disease. Adjustment for

packyears had a greater effect on the relationship between PAI and disease severity than




curreni smoking (thiocyanate), although the association remained non-significant (p=0.06).
The negative association between PAI activity and additive score in the [emoro-popliteal
segments was cxamined further and found to be due to a strong inverse correlation between
men, whereas women showed a weak positive correlation (Figure 11). ‘there was no
significant dilference in additive scores within the femoro-popliteal segments betwecn the
sexes. However, packyears were significantly higher in wen (mean = 231, SE = 0.06)

compared tc women (mean = 2.05, SE = 0.10, p=0.02).

The magnitude of the relationship between fibrin D-dimer and disease severity (Table 4.18)
was reduced when life-time smoking (packyears) was taken into account, and the association
became non-significant (p= 0.06). On the other hand, there was no influence of current
smoking on the relationship between fibrin D-dimer and severity of disease in the femoro-
popliteal segments and the value of the regression coefficient was unchanged (3.95) on

adjustment for serum thiocyanate.
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Figure 6: Fraquency Distribution of Clotting Fibrinogen

Percentage

a T T ! T . T — T
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Clotting Fibrinagen {g/L)

Figure 7: Frequency Distribution of Nephalometric Fibrinogen

Percentage
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Figure 8: Frequency Distribution of von Willebrand Factor

Percentage

=
<59 149 19d 243 288 349 a8z >449

von Willebrand Factor (iu/dl)

Figure 9: Frequsncy Distribution of Fibrin D-dimer
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Figure 10: Frequency Distribution of Plasminogen Activator
Inhibitor-{

Percentage
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Plasminogen Activater Inhibitor-1 {% pool}
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Table 4,16

AGE AND SEX ADJUSTED CORRELATION COEFFICIENTS
BETWEEN HAEMOSTATIC FACTORS AND ADDITIVE SCORE
WITHIN THE AORTO-ILIAC AND FEMORO-POPLITEAL

SEGMENTS
Additive Score
Haemostatic Factor Aorto-Tliac Femoro-Popliteal
Fibrinogen ; clotting (g/L) 0.08 0.06
nephelometric (g/L) 0.12% 0.20%*
von Willebrand Factor (in/d1.) 0.08 0.14%
Fibrin D-dimer (ng/mL)} 0.10 (. 22%m*
Plasminogen Activator
Inhibitor (% Pool)t -(.08 -0.07

T - Logged values used
® p<0.05; ** p<0.01; *** p<0.001




Table 4.17

MULTIPLE REGRESSION MODELS OF HAEMOSTATIC FACTORS
ON ADDITIVE SCORE WITHIN THE AORTO-ILIAC AND
FEMORO-POPLITEAL SEGMENTS

Faclor Aorto-Iliac Femoro-Popliteal
Additive Score Additive Score _

Fibtinogen :  clotting (+1.21 g/L) 0.29 (1.56) 1.64 (1.45)
nephelometric (+0.93 g/L) 1.34 (1.20) 242 (1.11)* ﬂ

von Willebrand Factor (+1 Log iu/dL) 1.50 (2.78) 359 (2.58)

Fibrin D-dimer (+1 Log ng/mL) (.82 (1.55) 336 (1.48)%

Plasminogen Activator Inhibitor -0.19 (4.81) 782 (4.47)

(+ Log % Pool)

All values are unstandardised regression co-efficients and standard errors

All factors entered simultaneously with age, scx and time of venepuncture
*
p=<0.05
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4.6

Summary of Results

One hundred and ninety two patients (144 men and 48 women) with either intermittent

claudication or rest pain were recrvited into the study.

Thirty four (18%) patients were identified using the Bollinger angiographic scoring
system as having predominantly aorto-iliac disease, 85 (44 %) femaoro-popliteal disease

and 73 (38%) patients were classified as having dual-site disease.

Levels of cardiovascular risk tactors (blood pressure, lipids and cigaretlz smoking)
ditfered between patients with ditfcrent sites of peripheral atherosclerosis, although the

ditferences were statistically non-significant.

With the exception of fibsin D-dimer levels (which were highest in aorto-iliac disease),
haemostalic factor levels were highest in patients with dual-sitc discase, although the

ditferences were statistically non-significant.

Plasma fibrinogen, as measured by nephelometry, tibrin D-dimer and von Willebrand
Factor were significanily correlated with incrcasing discase severity (additive score)
in the femoro-popliteal arteries. There were no significant associations between any
haemostatic factors and additive scote in the aorto-iliac arteries, after adjusting for age

and sex,

On multiple regression, fibrinogen remained independently associated with discase
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severity in the femoro-popliteal arteries, when life-lime smeking, or current smoking
were taken into account. There was no influence of current smoking on the association
between fibrin D-dimer and disease severity, but on inclusion of life-1ime smoking, the

association became non-significant,
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CHAPTER FIVE

PROGNOSTIC STUDY OF INTERMITTENT CLAUDICATION: RESULTS

This chapter describes the results from the Prognostic Study of Intermittent Claudication. The
results are divided into four main sections describing (i) the baseline characteristics of the
study sumple, (ii) the incidence of vascular events, (iii) the relationships between severity of
peripheral arterial disease, cardiovascular risk facters, and haemostatic factors to incident
ischaemic heart disease and stroke events and (iv) the rclationships between cardiovascular

risk factors and haemostatic factors to progression ol peripheral arterial disease.

5.1 The Studv Sample

Ten patients were excluded from the baseline cohort of 617 palients because on examination
of hospital records by the author, six were found to have evidence of previous or impending
arterial surgery and four had symptoms of severe chronic leg ischacmia (rest pain, gangrene
or ulceration) at the time of recruitment to the study. A total of 607 patients was therefore

[ollowed up prospectively over the six year period.

5.1.1 Age, sex and clinical characteristics

The mean age and sex distribution and clinical characteristics of the study sample at baseline
are shown in Table 5.1, The mean age of the 607 patients in the study was 65.5 years. There
were propartionally more males (n=389, 64.1%) than females (n=218,35.9%). Symptoms of
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intermittent claudication were assessed by responses to the WHO Claudication Questionnaire
(Rose 1962) which was completed at the time of the baseline clinical examination. A total of
47.1% of ihe patients bad moderate intermitient claudication {grade I), whereas 52 5% had

symptoms of more severe claudication (grade II). The mean ABPI of the sample was 0.57.

5.1.2 Cardievascular risk factors by sex

Baseline risk factor characteristics of the study sample arc shown in Table 5.2. Most of the
paticnts had a history of cigarette smoking (91.3%), and at rccruitment, current cigarette
smokers comprised 38.2%, ex-smokers 48.9% and never smokers 8.7% of the study sample.
The high percentage of ex-smokers possibly indicated cessation of smoking when intermittent
claudication was first diagnoscd. Mean levels of systolic and diastolic blood pressure were
152.4 mmHg and 83.9 mmHg respectively. The mean level of total choleslerol in the study

sample was relatively high at 6.7 mmol/L..

Comparison of the mean age between males and females (Table 5.3) showed that females were
approximately two years older and the sex ditference was statistically significant (p< 0.05).
The males in the study sample had a higher prevalence of more severe grade II symptoms of
intermittent claudication than females (54.3% compared to 50.0% respectively, p> 0.05). The

ABPI was almost identical in the sexes, 0.57 in males and .56 in females.

Cigarctte smoking status and mean levels of cardiovascular risk factors were compared in
males and females (Table 5.4). Smoking status was very different between the sexes.
Although the propartion of current smoking was similar, there were more ¢x-smokers in
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males, so that only 4.9% had ncver smoked compared (o 16.3% in females. The square root
ol packyears was used to reduce the effect from ‘outliers’ (0ccasional results with extremely
high or low values), Mean levels of packyears, as a measure of life-time smoking
consumption were also significantly higher in males than females (p< 0.001), and reflected
the higher percentage of current and ex-smokers in males. Tn contrast, females showed higher
mean levels of systolic blood pressure (155.2 mmHg compared 1o 150.8 mmHg in males, p<
0.05), and a slightly lower diastolic pressure, which was not statistically significant. Also,
mean levels ol total cholesterol were far higher in females, 7.1 mmol/L compared to 6.4
mmol/L (p< 0.001), which was as expected in these mainly post-menopausal women. Random

glucose levels were also higher in females, but the difference was not significant.

513 Associations between cardiovascular risk factors and severity of discase

The relationships between cigarette smoking and other cardiovascular risk factors to severity
of peripheral arterial disease in the study sample at baseline were examined. Partial correlation
coefficients were calculated to examine associations belween the risk fuctors and the ABPI,
which was used as a measure of the severity of disease. Table 5.5 shows that enly systolic
blood pressure was significantly related to the ABPI. The strength of the correlation was
moderate {r=-0.21) but highly statistically significant (p= 0.001), probably because of the
relatively large numbers in the study sample. The dircction of the correlation was negative,
mndicating that as systolic blood pressure increased, the ABPI decreased (orseverily of discase
increased). However, an association was not nnexpected because ABPI and systolic blood
pressure are not independent variables. Estimation of the ABPI involves using systolic
pressure and changes in systolic pressure would therefore affect both the numerator and
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denominator of ABPI,

5.1.4 Haemostatic factors

The distributions of the haemostatic factors are iltustrated in Figures 12-15. Clotling
fibrinogen and von Willebrand Factor were positively skewed and were square root
transformed. Tissue plasminogen activator and (ibrin D-dimer required logarithmic

transformations to normalisc their distributions.

The medians and inter-quartile ranges of the haemostatic factors for the study sample arc
shown in Table 5.6. InTable 5.7, the extent to which baseline levels of the haemostatic factors
might be related to cardiovascular risk factors was examined univariatcly by calculating pastial
correlation coefficients. These were adjusted for age and sex because of possible conlounding.
Transformed variables were used where appropriate. There were no significant correlations
between fibrinogen and any of the cardiovascular risk factors, including cigarette smoking.
von Willebrand Factor was inversely related to levels of total cholesterol (r=-0.09, p< 0.03).
Significant associations were found between t-PA and packyears, systolic blood pressure,
diastolic blood pressure and total cholesterol, but ot random glucose levels. Fibrin D-dimer
was significantly correlated with both measures of blood pressure (systolic, r=0.10, p< 0.05;

diastolic, 1=0.11, p< 0.01).

[n Table 5.8, univariate relationships between hacmostatic factors and ABPI at baseline
adjusted tor age and sex are presented. Calculation of partial correlation coefficients showed
that all the factors were significanily related to increasing severity of disease. The strangest
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Table 5.1

AGE, SEX AND CLINICAL CHARACTERISTICS OF
STUDY SAMPLE AT BASELINE

Study Sample

(n=607)
Age mcan years (SE) 65.5(04) *
Sex % Malc 64.1
% Female 359
Intermittent Claudication :  Grade [ % 47.1
Grade 11 % 525
Ankle Brachial Pressure Index mean (SE) 0.57 (0.01)

SE - Standard error
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Table 5.2

MEAN CARDIOVASCULAR RISK FACTOR LEVELS OF
STUDY SAMPLE AT BASELINE

Factor Study Sample
(n=607)

Smoking Status

Current % 38.2
Ex % 48.9
Never % 8.7
Packyears () mean (SE) 4.8 (0.12)

Rlood Picssure (mmHge)

Systolic Pressure mean mmHg (SE) 1524 (1.0)
Diastolic Pressure mean mmHg (SE) 83.9(0.5)
Total Cholesterol mean mmol/L. (SE) 6.7 (0.1)
Random Glucose mean mmol/L (SE} 6.0 (0.1)

SE - Standaid error
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Table 5.5

PARTIAL CORRELATION COEFFICIENTS ADJUSTED FOR AGE
AND SEX BETWEEN CARDIOVASCULAR RISK FACTORS AND
ANKLE BRACHIAL PRESSURE INDEX AT BASELINE

Factor ABPI
Packyears (V) -0.07
Systolic Blood Pressure -0.21%%=
Diastolic Blood Pressure 0.02
Total Cholesterol 0.02
Random Glucose -0.04

<0001
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Figure 12: Frequency Distribution of Fibrinogen
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J Figure 14: Frequency Distribution of Tissue Plasminogen Activator "
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Table 5.6

MEDIANS (INTERQUARTILE RANGES) OF HAEMOSTATIC
FACTORS IN STUDY SAMPLE AT BASELINE

aemostatic Factor

Study Sample
(n=607)

Fibrinogen (g/L)
von Willebrand Faclor (Gu/dL)
Tissue Plasminogen Activator {ng/mL)

Fibrin D-dimer (ng/mL)

2.89(2.49,3.37)
138.0 (105.0,179.0)
110 (8.2,13.0)

1040 (710,367 .0)
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Table 5.8

PARTTIAL CORRELATION COEFFICIENTS ADJUSTED FOR AGE
AND SEX BETWEEN HAEMOSTATIC FACTORS AND ANKLE
BRACHIAL PRESSURE INDEX AT BASELINE

Haemostatic Factor ABPI
Fibrinogen (V) -0.08*
von Willebrand Factor () -0.09%*
Tissuc Plasminogen Activator (log) (). B#x
Fibrin D-dimer (fog) 0,145

* p<0.05; #¥* p<0.,001
log - logarithm
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inverse correlations with ABPI'were found with factors associated with fibrin breakdown, i-PA
(r=-0.18, p< 0.001) und fibrin D-dimer (r=-0.14, p= 0.001). Weuak correlations were also
shown between fibrinogen and ABPI (r=-0.08) and between vWFE and ABPI (=-0.09). Both

associations were significant at the 5% level.

5.2 Incidence of Vascular Events

52,1 Tatal events by sex

Atotal of 210 patients (34.6% of the study sample) died during the six year follow-up period.
The cause of death could not be confirmed in two patients and these paticnts were therefore
not included in any subsequent analysis. The mortality rate in malcs for all cavscs of death
was higher than in females, with the exception of stroke. In total, 39 8% of males in the study
sample died compared to 24.2% of the females. Figure 16 shows the survival curves for men
and women separately. A comparison of the survival cxpericnce between the sexcs was highly
statistically significant (Wilcoxon statistic 17.47 with one degrec of freedom, p< 0.0001), with

the men dying at a fasler rate than the women,

Causes of death in males and females during the six years of follow-up are shown in Table 5.9.
Resulis are expressed as number of events and as the percentage of total number of males and
females in the study samplc. Mortality was primarily duc to vascular disease in both sexes.
The most common cause of death was due to ischaemic heart disease and a higher mortality
rate was found overall in males compared to femalcs. A total of 64 subjects died from a
myocardial infarction. Of these, 48 (12.3%) were male and 16 (7.3%) were female. There
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were a further 26 deaths due to ischacmic heart discase otherthan myocardial infarction (n=19,
4.9% males and n=7,3.2% females). These included deaths due to coronary atherosclerosis.
In contrast, the mortality rate from stroke was almost identical in males (n=19, 4.9%),
compared to females (n=10,4.6%). 1t should be notcd that stroke cases were not differentiated
by ischaemic or haemorrhagic origin because of the small number on whom computed
tomography (CT) scans or pecropsy were performed. An additional 27 patients died from
vascular causes other than ischaemic heart disease or stroke, for example, ruptured aortic
aneurysm. There were 62 deaths due (o non-cardiovascular causcs and 31 of these were from
cancer. There was also a predominence of maie deaths in this category, 48 (12.3%) compared

to 14 (6.4%) which were female,

5.2.2 Non-fatal events by sex

The number of non-tatal vascular events occurring during the six year follow-up period for
each subject is shown in Table 5.10 and is illustrated in Figure 17. Two hundred and three
subjects (33.4% of the total sample) did not have a new vascular event and their limb
ischaemia did not deteriorate during follow-up. Almost half of the subjects in the study
(47.6%) had at least one event during the six years. The maximum number of confirmed

events was nine, which was recorded by one patient.

The number of incident non-fatal events due {o ischaemic heart disease, and cerebrovascular
disease in males and females is shown in Table 5.11. During the six years follow-up period,
a total of 56 subjects {9.2%) developed new symptoms of angina pectoris. This comprised
38 males (equivalent to 9.8% of the total number of males in the study sample) and 18, 8.3%
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of the study sample of females. Ninety three subjects had a non-fatal myocardial infarction;

65 (16.7%) men and 28 (12.8%) women.

The incidence of sclf-reported or clinically diagnosed transient ischaemic atlacks was higher
than the incidence of hospital-diagnosed strokes in men. Overall, men developed slighily
mouc cerebrovascular disease events than women. Thirty four men (8.7%) reported that they
had had a transient ischaemic attack compared to 13 (6.0%) women during the six years of
follow-up. In contrast, out of a total of 61 non-fatal strokes occurring during follow-up, 40

JY0) WEIE male an ¥.070) WCIE Iemaile.
(10.3%) le and 21 (9.6%) were femal

5.23 Progression of peripheral arterial disease by sex

The study subjects were also followed up over the six year period to determine the incidence
of severe chronic leg ischacmia (zest pain, ulceration, gangrenc and amputation), and
peripheral vascular procedures, including angiography, angioplasty, lumbar sympathectomy
and by-pass grafting, Events related to the progression of peripheral arterial disease by gender

are shown in Table 5.12.

A total of 45 subjects (7.4%) underwent hospital investigations for ticatment for peripheral
arterial diseasc; 19 of these had femoral angiography; 9 femoral angioplasty; 1 iliac
angiography; 6 iliac angioplasty; 1 iliac embolectomy; 4 aortic angiography and 1 subject
underwent a Jumbar sympathectomy. Three patients had femoral by-pass grafting and one
patient aorlic by-pass grafting. Although information was not collected on the particular leg
requiring intervention, it is probable that vascalar investigations were mostly performed on
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the leg which had the lower ABPI at basclinc. None of these patients progressed to severe
chronic leg ischaemia or required leg amputation during the follow-up period. Eight of these
patients died during follow-up, five from vascular causes. Thirty five men (9.0% of the study

sample) required vascular intervention compared to ten women (4.6%) during the six years.

The worst oulcome in patients who developed severe chronic leg ischaemia during the six
years was also recorded. Sixty four patients (10.5%) progressed (0 symploms of severe
chronicleg ischaemia; 20 developed rest pain only; 30 [urther progressed to feg ulccration, and
13 to gangrene. One patient had a below knee amputation because of severe peripheral arterial
disease. This event was reported separately because there was no evidence in the hospital case
notes of any prior symptoms of severe chronic leg ischaemia. A further 18 patients within this
disease category subscquently required leg amputation and 32 died, 27 from vascular causes

(data not shown).

Table 5.12 shows that, in contrast to the vascular intervention group, in which the ratio of
males 1o females undergoing treatment was approximately 2:1, slightly more women than men
(other than the group who developed leg ulceration) showed deterioration to sevete chronic
leg ischaemia in the study sample. The percentage of men who developed ulceration of the
lower limb was approximately thc same in men (5.4%) and women (4.8%). Given that
baseline levels of ABPI were similar between the sexes, these results suggest (hat the rate of
deterioration of symptomatic peripheral arterial discasc may be slightly faster in women than

in men, although these results are based on a relatively low number of events.
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Table 5.10

DISTRIBUTION OF INCIDENT NON-FATAL

VASCULAR EVENTS IN STUDY SAMPLE

Number of Tvents Number of Patients % Study Sample
0 203 334
1 289 47.6
2 165 272
3 88 14.5
4 48 79
S 29 48
6 15 2.5
7 10 1.6
8 4 0.7

9 1 0.2
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Table 5.12

INCIDENCE OF VASCULAR INTERVENTION AND SEVERE
CHRONIC LEG ISCHAEMIA IN STUDY SAMPLE BY SEX

Males Females

% Study % Study
PAD Progression Number Sample Number Sample
Vascular Intervention 35 9.0 10 4.6
Rest Pain 10 2.6 10 4.6
Ulcer 21 54 9 4.8
Gangrenc 6 1.5 7 32
Ampulation 1 03 0 0

PAD - Peripheral Arterial Disease
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52.4 Univariate analysis of baseline severity of peripheral arterial disease and incident

ischaemic heart disease and stroke events

The univariulc relationship between the severity of baseline peripheral arterial disease (ABPI),
and the relationship between severity of symptoms of intermittent claudication to ischaemic
heart disease and stroke events are shown in Table 5.13. Four categories of vascular events
were defined: combined fatal and non-fatal stroke (n=79), non-fatal myocardial infarction
(n=93), fatal ischaemic heurt disease (fatal myocardial infarction and deaths due to other
ischaernic heart disease) (n=90) and total ischaemic heart disease events, which included fatal
and non-fatal myocardial infarction and deaths due to ischaemic heart disease (n=160).
Student's t-test, or chi-square analysis were used to test for differences across the categorics
of disease relative to a group who had no new vascular event or delerioration of limb

ischacmia during follow-up (1=203).

The mean baseline levct of ABPY in claudicants who had no vascular cvent during follow-up
was (.59 (lable 5.13). In comparison with the no event group, the mean ABPl was
significantly lower across all categories of discase with the exception of the non-fatal
myocardial infarction group. The lowest ABPI(0.51) was recorded in those who subsequently

suffered a stroke (p< 0.01) or who died from ischaemic heart disease (p< 0.001).

The relationship of severity of self-reported symptoms of intermiltent claudication to incident
ischaemic heart disease and stroke events is also presented in Table 5.13. In the no event
group, the proportion of those who reported moderate grade [ symptoms (49.8%) was similar
to those who had more severe grade 11 symptoms of intermittent claudication (50.2%).
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Although the stroke group had recorded the lowest mean ABPI, these subjects reported
significantly less severe symptoms of claudication than the no eveat group (55.7% grade I,
44 3% grade I1; p= 0.05). In contrast, all catcgories of patients who developed ischaemic heart
disease had more severe symptoms of intermittent claudication at baseline than the comparison

group, although the differences were non-significant.

5.2.5 Univariate analysis of age, sex, cardiovascular risk factors and incident ischaemic

heart disease and siroke events

Table 5.14 shows mecan age, percentages of males and mean levels of cardiovascular risk
factors across the categories of events. Clustering of elevated risk factors occurred particularly
in the stroke and fatal ischaemic heart disease categorics. For example, in those who
subsequently had a fatal or non-fatal stroke, bascline levels of both systelic (163.45 mmHg,
p= 0.001) and diastolic pressure (87.24 mmHg, p< 0.01) were significantly higher than in the
no event group and were also the highest recorded in any evenl calegory. Life-lime cigarette
consumption (packyears) and total cholesteral were also highest in this category of disease,
but the elevations in the levels were not statistically sigoificant in relation to those who
experienced no events. The mcan age (70.82 years, p< 0.001), the percentage of males
{74.4%, p< 0.001) and random glucose level (6.86 mmol/L, p< 0.001) in the group who dicd
of ischaemic heart disease during follow-up were significantly elevated compared to levels in
the no event group, and were also higher than in the other event groups. Conversely, baseline
levels of total cholesterol and packyears in the fatal ischaemic heart disease group were lowest
compared to other calegories of disease and the no event group, but this may have reflected
more active intervention in this group which had more evidence of baseline ischaemic heart
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discase than the other disease categories (data not shown).

5.2.6 Multivariate analysis of cardiovascular risk factors, ABPI and incident ischaemic

heart disease and stroke evenls

Table 5.15 shows the multivariate relationship between baseline cardiovascuiar risk factors
and between ABPI and subsequent risk of ischaemic heart discase and stroke throughout the
six year follow-up period. As expected, given the strength of the univariate association, the
risk of stroke associated with a standard deviation increase in systolic blood pressure was
statistically significant, after adjusting for age and sex (RR 1.57,95 % CI 1.23,2.01 p< 0.001).
The relative risk of stroke associated with a unit increase in random glucose levels was also
substantially raised (RR 2.65, 95% CI 1.35,5.18 p< 0.01). For a standard deviation increase
in ABPI (or decrcased severity of lower limb disease), the relative risk related to stroke was
significantly less than one, suggesting that increasing severity of peripheral arterial disease

may increase the risk of stroke.

With the exception of random glucose, there were ne significant relationships between any of
the cardiovascular risk factors and the risk of all ischaemic hcart disease events, after
adjustment for age and sex. Random glucose was significantly related to the risk of ischaemic
heart disease, across all categories of events, The strongest association was between glucose
levels and risk of myocardial infarction (RR 2.22,95% CI11.24,3.95 p< 0.01). A higher ABYI
was associated with a significant decrease in the risk of total ischaemic heart diseasc cvents

(RR 0.83,95% C1 0.69,0.99 p< 0.05).
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53 Haemostatic Factors

53.1 Univariate analysis of haemostatic factors and incident ischaemic heart disease

and stroke events

Median levels and inter-quartilc ranges for each haemostatic factor across the four categorics
of ischaemic heart disease and stroke are presented in Tablc 5.16. Differences in medians
across the categorics of disease relative to the group who had no coronary or cerebrovascular
evenls and no deterioration of limb ischaemia duting follow-up were tested by the

Kolmogorov-Smirnov test.

The results show that in those who subsequently died of ischaemic heart disease, baseline
levels of fibrinogen (p< 0.01), von Willebrand Factor (p< 0.05) and fibrin D-dimer (p< 0.001)
were significantly raised compared to levels in the no event group. The levels of these
haemostatic factors were also the highest recorded in any disease category. Fibrin D-dimer
levels were also markedly elevated in the other ischaemic heart disease groups. In those who
suffered a stroke during the follow-up period, only t-PA antigen levels showed any significant
elevation at baseline (12.0 ng/mL, p< 0.01) compared to those who experienced no events

(10.3 ng/mL).

53.2 Multivariate analysis of haemostatic factors and incident ischaemic heart disease

and stroke events

Relative risks of each event group for a unit increase in each hacmostatic factor level were
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estimated by multiple logistic regression models that adjusted for age and sex, and then further
adjusted for life-time cigarette smoking (packyears), systolic blood pressure, glucose and
baseline evidence of ischaemic heart disease (angina and/or myocardial infarction). Baseline
angina and myocardial infarction were defined according to a positive response to the WHO
questionnaire and recall of a doctor's diagnosis. Relative risks were calculated using the

statistical package, SAS.

Table 5.17 shows that {ibrinogen was significantly refated to total ischaemic heart disease
events, after adjusting for age and sex (p< 005). There were no significant associations
between vWF and the risk of any vascular event, after adjusting for age and sex. The relative
risk of stroke, associated with a unit increasc in t-PA antigen was statistically significant after
adjusting for age and sex, (RR 1.87, 95% Cl 1.04, 334 p=< 0.05), but not after other
cardiovascular risk factors and baseline evidence of ischaemic heart disease were taken into
account. The nisk, howcver, on multivariate analysis remained substantially greater than one

(RR 1.60,95% CI10.88,2.92 p> 0.05).

The relationship between fibrin D-dimer and non-fatal myocardial infarction, and between this
factor and total ischaemic heart discase events also appeared to be partly attributable to the
confounding elfects of the risk factors and baseline ischaemic heart disease. The magnitude
of the relative risk of myocardial infarction was reduced on multiple adjustment from 1.50,
(95% C11.09,2.06 p= 0.01) to 1.37 (95% CI 0.97,1.92 p> 0.05). Similarly, the relative risk
of total ischaemic heart disease events associated with {ibrin D-dimer dropped from 1.37 to

1.26, p> 0.05, when all factors were taken into account,

172




Tigure 18 shows the relative risk for combined fatal and non-fatal stroke across tertiles of t-
PA antigen after adjusting for all risk factors. Subjects with values of t-PA antigen in the 2nd
and 3rd tertiles had increased relative risks of 1.22 (95% CI10.63,2.35) and 1,79 (95% C10.99,
3.26) respectively when compared with those in the lowest tertite. A similar pattern for the
relative risks of total ischaemic heart discase events according to textile of fibrin D-dimer level
is shown in Figure 19. The highest relative risk was found in the top tertile of fibrin D-dimer
(RR 1.46,95% CI10.93,2.29). The relative risk of subjects in the 2nd tertile of fibrin D-dimer,

however, was similar to that in the lowest tertile (RR 1.03, 95% C1 0.65, 1.63).

The extent to which the associations betwecn each factor and ischaemic heart disease and
stroke events could be oxplained by interactions with other components of the haemostatic
system was also estimated (Table 5.18). The relative risks of each disease category were
recalculated in the multiple logistic regression model for each haemostatic factor, adjusting
tor all the haemostalic tactors simultaneously, as well as age and sex. Aftes further adjustment
for the etfects of the other haemostatic factors, the relative risk of every category of ischaemic
heart disease and also stroke for each haemostatic factor was reduced and most became non-
signilicant, However, fibrin D-dimer remained independently associated at the 5% level of

significance to the risk of non-fatal myocardial infarction.

54 Progression of ’eripheral Axterial Disease

For this part of the analyses, two groups of patients were identified: those whose symptoms
had deteriorated sufficiently to require vascular intervention, but did not develap scvere
chronic leg ischaemia during follow-up (n=45), and secondly, a group comprising those who
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developed definite symptoms of severe chronic leg ischacmia, detined as rest pain, ulceration

or gangrene during the six years (n=64).

54.1 Univariate analysis of baseline severity of peripheral arterial disease and

progression of disease

Mean levels of the ABPT and the percentages of grade 1 and grade II symptoms of infermitient
claudication at baseline were calculated for each of the two follow-up categories of peripheral
arterial disease, and compared with the group who had no cerebrovascular or coronary events,
or deterioration of limb ischaemia during follow-up. Table 5.19 shows that the mean ABPI
of those who underwent vascular intervention was slightly higher than the no cveat group, but
the difference was not statistically significant (0.62 compared to 0.59,p> 0.05). As expected,
the group who developed more severe symptoms of limb ischaemia had a significantly lower
ABPI at baseline (p< 0.001) than those who did not deteriorate, or than those who bad required
vascular intervention. Conversely, the vascular intervention group reportied a far higher
percentage of more severe grade II symptoms of intermittent claudication at baseline,
according to responses to the WHO claudication questionnaire than the no event group (70.5%
compared to 50.2%, p< 0.05) and alse than the group which developed severe chronic leg

ischacmia (53.1%).

54.2 Univariate analysis of cardiovascular risk factors and progression of discase

Baseline characteristics of the vascular intervention group and those patients who developed

severe chronic leg ischacmia compared {o those who experienced no vascular events are shown
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in Table 5.20. The vascular intervention group was significanily younger (61.9 years
compared to 63.1 years, p< 0.05) and had a far higher proportion of males (77.8% compared
to 49.5%, p< 0.001} than the no progression group. The severe chronic leg ischacmics had a
lowermean fevel of total cholesterol at baseline than the group which had not deteriorated (6.3
mmol/L compared to 6.8mmol/L, p< 0.001), even although none were receiving lipid-lowering
medication. There were no significant differences in life-time smoking consumption
{packyears), random glucose or blood pressure levels beiween either of the two event groups
compared with those who showed no progression, although the mean levels of these factors
were slightly higher in the severe chronic leg ischacmia group. There was also a higher
percentage of currcnt smokers in this group. A history of smoking was particularly common
among those proceeding to vascular intervention, in that only 2.2% were nevcr smokcrs,

although 4 relatively high percentage had given up (71% of the vascular intervention group).

543 Multivariate analysis of cardiovascular risk factors, ABPI and progression of

disease

Relative risks of the two disease groups for a unil increase in each of the cardiovascular risk
factors and ABPI were estimated by multiple logistic regression models which adjusted for
age and sex. Table 5.21 shows that the risk of vascular intcrvention associated with a
1.3mmol/L increase in total cholesterol was substantially less than one (RR(,70,95% CI1 0.52,
0.95 p< 0.05), suggesting that an clevated cholesterol level may reduce the risk of requiring
vascular intervention. Random glucose was associated with an increased risk of vascular
intervention (p< 0.01) but not severe chronic leg ischaemia. Neither cigarette smoking,
systolic blood pressurc nor the ABPI were independently associated with the risk of
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intervention, after adjusting for age and sex. In contrast, only a standard deviation increase
in the ABPI was significantly and inversely related 1o the risk of developing severe chronic

leg ischacmia (RR 0.57,95% CT 0.43,0.76 p< 0.001),

55 Haemaeostatic Kactors

5.5.1 Univariate analysis of haemestatic factors and progression of peripheral arterial

disease

The median levels and intcrquartile ranges of each haemostatic [actor across the two groups
whose peripheral arterial disease had worsened, relative to those who showed no progression
are shown in Table 5.22. Differences in medians of the haemostatic faclors were tested by the
Kolmogorov-Smimov test across the two categories, relative to the group which showed no

deterioration.

The results show that there were no significant differences in baseline fevels of fibrinogen,
vWF, fibrin D-dimer or t-PA antigen belween the vascular intervention group and the
comparison group. Levels of fibrinogen were slightly lower in the severe chronic leg
ischacmia group than in the no progression group but not sigaificantly so. vWF levels were
significantly higher in patients who developed severe chronic leg ischaemia compared with
the no event group (154.0 in/dL compared to 131.0 in/dL, p< 0.01) and were also higher than

in the vascular intervention group (138.0 iu/dl.).
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5.5.2 Multivariate analysis ofhaemostatic factors and progression of peripheral arterial

disease

Relative risks of the two disease groups for a unit increase in each of the haemostatic factors
were estimated by multiple logistic regression models which adjusted for age and sex, and then
further adjusted for life-time smoking consumption (packycars). The confounding effect of
cigarette smoking on the risk of disease progression was examined separately from the other
cardiovascular risk factors becausc smoking may strongly intluence the relationship between

certain haemostatic factors and peripheral arterial disease.

Table 5.23 shows that after adjustment for age and sex, there were no significant relationships
between any of the haemostatic factors and the risk of vascular intervention. However, after
further adjustment for cigarctte smoking, the magnitude of risk of vascular intervention
increased slightly for fibrinogen and became statistically significant (RR 1.33,95% CI 1.00,
1.77 p= 0.05). Similarly, no haemostatic factor was independently related to the risk of severe
chroniclegischaemia on adjustment for age and sex, but when sioking history was taken into
account, the relative risk of severe chronic leg ischaemia associated with a unit increase in
vWPF levels rose from 1.24 (p> 0.05) to 1,27 and became significant at the 5% level. However,
the associations between the haemostatic factors and progression of peripheral arterial disease

after adjustment for smoking were only marginally altered.

Further adjustment for the other cardiovascularrisk factors on the risk of vascular intervention
and severe chironic leg ischaemia associated with the haemostatic factors in the multiple
logistic regression models is shown in Table 5.24. Incomparison with adjustment forsmoking
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only, the magnitude of cach of the risk estimates in the vascular inlervenlion group, with the

exception of fibrinogen increased slightly. None reached statistical significance, however.

In those with severe chronic leg ischaemia, adjusting for all cardiovascular risk factors
increased the magnitude of risk associated with fibrinogen and this became statisticaily
significant (RR 1.35,95% C1 1.02, 1.79 pz 0.05). Further analysis showed that this effect
probably refiected the negative age and sex adjusted correlations between fibrinogen and

cholesterol (r=-0.1) and between fibrinogen and glucose (r=-0.05) (data not shown).

The influence of the other haemostatic factors on the relationships between each haemostatic
factor and peripheral arterial diseasc progression was also estimated in the logislic regression
models. No real cffect was noted on the risk of vascular intervention on inclusion of all the
factors, although the relative risk of intervention for cach haemostatic factor was reduced
marginally (Table 5.25). Similarly, inclusion of the haemostatic factors into the model had
little impact on the magnitude of risk of severe chronic leg ischaemia. This resulted in a
rcduction of relative risk for all factors other than vWF. The relative risk for vWF rose
slightly reflecting the negative correlation with fibrin D-dimer (r=-0.1) and the significance

level also increased (RR 1.28, 95% CI 1.01, 1.64 p= 0.05).
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Summary of Results

Six hwundred and seven paticnts (389 men and 218 women) with intermittent
claudication were recruited into the study, and followed up prospectively over a six

year petiod.

Two hundred and ten patients died during follow-up, with a higher mortality rate in

men than in women. Mortality was primarily due to vascular discase i both sexcs.

Filty six patienis developed angina pectoris, 93 patients had a non-fatal myocardial
infasction, and 61 patients had a non-fatal stroke during follow-up. Forty five patients
underwent vascular intervention for possible progression of peripheral arterial disease,
and 64 patients developed clinically confirmed symptoms of severe chronic leg
ischacmia (rest pain, ulceration and gangrene). Two hundred and three patients had
no incident cardiovascular or cerebrovascular evenis, or deterioration of limb

ischaemia.

Baseline median Jevels of plasma fibrinogen, fibrin D-dimer and von Willebrand
Factor were significantly higher in patients who subsequently died from ischaemic
heart disease. Tssue plasminogen activator was significantly elevated in patients who

devcloped a stroke, compared to those who had no vascular events during follow-up.

In multivariate analysis adjusting for age, sex, cigarette smoking, random blood
glucose, systolic blood pressure and baseline evidence of ischaemic heart disease, all
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the relationships between haemostatic factors and future events became weaker and

were no longer statistically significant.

There were no significant dilferences in the baseline levels of haemostatic factors
between patients who underwent a vascular intervenlion due to deterioration of
peripheral arterial disease, in comparison (o the group of patients who experienced no
deterioration of limb ischaemia. von Willbrand Factor levels were significantly raised

in patients who subsequently developed severe chronic leg ischacmia.

When life-time smoking was taken into account, plasma fibrinogen became

significantly associated with the risk of vascular intervention and von Willebrand

Factor became predictlive of severe chronic leg ischaemia,
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CHAPTTR SIX

DISCUSSION

In this chapter, the limitatious of the methods employed in euch study are evaluated scparately.
The principal resuits of cach study are also discussed separately and the findings from other
comparable siudies in peripheral arterial disease, ischacmic hcart discase and stroke ate
described. Finally, there is a brief discussion on the patential for using plasma fibrinogen and

fibrin D-dimer as routine measures in clinical practice.

6.1 Sites of Atheroma Study: Methods

The Sites of Atheroma Study consisted essentially of a consccutive series of paticnts with a
concomitant cross-sectional design. This study design has several inhercnt limitations. Lts
main disadvantage is that, because potential actiological factors and disease are assessed at onc
point in time, it cannot usually distinguish between whether the factor preceded the disease in
question, or whether levels were altered as a result of development of the disease. Hence,
cross-sectional studies can provide information on associations between disease and other
factors, bul the direction of any causal relalionship may be difficull to interpret. Cross-
sectional studies are also susceptible to bias, defined in this contex( as any systematic error in
design or analysis that results in incorrect estimates of risk factor associations with disease.
In this study, potential major sources of bias might have arisen in the representativeness of the
study samplc in the measurement of disease using angiography, to score the site and severity
of atherosclerosis, in the classification of patients and in the mecasurement of aetiological
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factors. Each of these sources are discussed briefly.

6.1.1 Representativeness of study sample

It is important to ascertain whether the study sample was representative of subjects referred
from the defined population of interest for angiography because of symptoms of peripheral
arterial disease. It not, the severity and distribution of peripheral arlerial disease, and the
occurrence of possible actiological factors in the subjects would not reflect thosc of the defined
population. Since the subjects were all referred to the Royal inlirmary of Edinburgh, which
provides the only vascular service for the population resident in the Lothian and Borders
Health Board areas, it is probable that these subjects were reasonably representative of patients
referred from that defined population. Very few, if any patients would have been referred

from elsewhere in Scotland.

In addition to referral bias, representativeness might have been affected if the characteristics
of those who participated were different from those who were eligible but did not take pait in
the study. Although the study population was a consecutive scrics of patients, a few would
not have been picked up because of cancellation. Only three subjects refused io participate in
the study at the time of recruitment, and a blood sample could not be obtained from twa
patients who had agreed to participate. A further six subjects were subsequently excluded
from the study because their case notes could not be traced and two subjects were also
excluded because they showed no evidence of atherosclerotic disease on angiography. Out of
a total of 205 subjects who were eligible to take part in the study, 13 subjects (6.3%) were
therefore excluded. Although bias was possible, it was unlikely to be strong enough to affcct

197

O L 2




associations between exposure and disease, given the low pereentage of non-participation.

6.1.2 Limitations of angiography

Angiography has traditionally been considered as the ‘gold standard' for the measurement of
atherosclerosis in the lower limb, but the lechnique has limitations. A main source of error in
angiography is derived from the subjcctive interpretation of the X-ray images, particularly in
the identification of what constitutes a normal'rcference artery and in estimating a percentage
stenosis (Thiclc and Strandness 1983). These problems werc demonstrated in one study
investigating variability between 11 observers in the interpretation of angiographic images of
21 palients with intermittent claudication. Agreement on the degree of atherosclerosis was
poor for the aorta, iliac arteries and origin of the profunda femoris arlery. Reasonable
agreement was found only in the detection of occlusion in the superficial femoral artery

(Bruins Slot et al 1981).

In this study, only single plane views were available and this may have led to errors in
estimating the true extent of disease. For example, athcroma at the origin of the profunda
femoris and in the iliac vesscls (where atheroma tends to develop eccentrically) can be undetr-
estimated unless projections in mote than one plane are assessed (Strandness and Stahler 1966;
Iea Thomas and Andress 1972; McDonald et al 1976). Angiography is also known Lo over-
estimate occlusion length and fail fo adequately opacify areas both distal and proximal to
occlusion (Cossman et al 1989). An additional problem was the variable length of the
abdominal aarta shown for each patient, which made it difficult to standardise discasc in this
segmenl. Overall, however, the technical quality of the angiograms produced by the hospital
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was typical and adequate for the purposcs of the research. Nevertheless, 21 patients had
incomplete results, which was usually attributable to inadequate (ilm contrast in one or more

of their X-rays.

One of the main difficultics in the interpretation of the angiograms was in estimating the
percentage stenosis. This is dependent on identifying a normal part of the segment as a
reference point to estimate the degree of narrowing but in severely discased segments, it was
difficult to locate any part which was not atherosclerotic. Standardising the width and length
of an artery is not possible because of anatomical variation in these parameters. Another
difficnlty lay in grading the ubdominal aorta and the iliac vessels when they showed dilatation.
Such changes are associated with atherosclerotic disease, but wetre difficuit to quantify as the

lumen diameter is increased relative to normal.

In this study, patients with symptomatic peripheral artcrial disease could not be easily
classified by a predominani site of disease because of the diffuse distribution of atherosclerosis
within their lower limb arteries, Only five patients had a single focal lesion within the arterial
segments. The majority had lesions which were multi-segmental and ranged in severity from
intimal plaques Lo total occlusion. Morcover, as angiography can only provide morphological
information and nof information about pressure and flow changes caused by narrowing of the

lumen, the site of the lesion responsible for production of symptoms could not be identified.

6.1.3 The Bollinger scoring system

When reading and coding the angiograms, the author became awarc that the Bollinger coding
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system underestimated the volume of disease, especially if the surface arca was extensively
diseased. The system was devised to primarily measure the degree of luminal narrowing
(severity of discasc) and weights the lmportance of lesions so that the additive score for
plaques and stenoses do not reach that of an occlusion. According to the systcm's rules, when
one occlusion is present within a segment, other occlusions and stenoses are not coded. When
stcnoses which both narrow the lumen by more than 50% and between 25-50% are present,
plagues arc not coded. As a result, the volume of atherosclerosis was not fully quantified in
each patient. This underestimation may have been consistent across the study sample, but was
more likely to have been greater in those with femoro-poplitcal discase, given the relatively
longer length and hence greater surface area of these segments. Hence, it conld have led 1o

inaccuracies in classilying by site.

6.14 Classification of paticnts

The Bollinger scoring system was used to classify patients by sitc of disease to permit a more
objective comparison between both the extent and severity of disease between the aorto-iliac
and femoro-popliteal segments. In categorising patients by site, firstly occlusions and
sccondly at least one stenosis narrowing the diameter of the lumen by more than 25% werc
used, The latler eriterion was considered as indicative of atherosclerotic changes greatcr than
those which would be typically be present in a normal population of comparable age. This
method of classification had the advantage of being relatively simple to apply and would
appeal to have been reasonable, in that the proportion of patients identified by each sitc was
roughly that expected in clinical practice. Also,the distsibution of additive scores between the
groups of segments accorded with the selection into predominate site of disease.
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However, it should be recognised that such criteria were chosen sitnply because of their face
validity; dillerent methods of classification might have led to different results. For example,
in another angiographic study of 67 patients with a similar mean age and with rest pain or
intermittent claudication, the criteria used were occlusions and a critical stenosis (i.e. greater
than 50% natrowing of the lumen diameter). Only 11% of these subjects were classified as
having aorto-iliac disease compared to 18% in the present study, although a similar percentage
(42%) as in the present study were classified as having femoro-popliteal disease. Only 16%
in comparison to 38% in the present study were classified as dual-site, but this difference may
be paitly explained by the presence of a fourth group which were described as simply having
‘sencralised disease' (i.e. no occlusions or critical stenoses) and were not grouped by a

particular site of disease (Aston et al 1992).

6.1.5 Measurement of aetiological factors

There was potential bias in the callection of data on some aetiological factors reported by the
participants, because the information provided by the subjecis occurred after the onset of
peripheral arlerial disease. [or cxample, as the subjects were all claudicants, it is likely that
they were adviscd to siop smoking on diagnosis, and would certainly have been advised to stop
smoking just prior to being admitted to hospital for angiography. This could have caused an
underestimation in the reporting of current cigarette consumption. However, such biased
recall would prohably have caused a reduction in the exposure effect and would not detract

from any positive findings between smoking and peripheral arterial disease in the study.

Most of the haemostatic factors measured in the study show considerable inter- and intra-
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individual variability, A single measurement of each factor may therefore have led to
misclassification of the usual haemostatic levels of an individual and could bias the relative
risks associated with vascular discasc. The components of variability in levels of clotting
fibrinogen were determined in ane study of healthy volunteers, based on measurements made
during one day, over five days and six weeks (Roscnson ct al 1994). Laboratory crior
accounted for 10.7% of the variability when repeat measures were made on the same day. The
intra-individual coeflicient of variation increased from 14.2% over the five day period to
17.8% at six weeks, which was equivalent (o only 68% of the subjects being correctly
classified from onc fibrinogen measurement. It was concluded that four repeat measurements
aver several weeks are required to accurately determine the Yrue' fibrinogen level in an

individual.

6.2 Sites of Atheroma Study: Results

6.2.1 Angiographic disease in study sample

The arterial segments demonstrated marked differences in the prevalence of occlusion. The
most common occlusion site was the superficial femoral artery which has also been reported
in other angiographic studics of paticnts with intermittent claudication (Mavor 1956;
Haimovici 1967; Walden et al 1985; Bergqvist and Karacagil 1994). Distai to the superficial
femoral artery, the poplileal artery also showed a high prevalence ol occlusion, whereas
occlusive disease was far less common in the more proximal iliac vesscls. The severity of
occlusion also varied between the arteries. Although the iliac vessels were accluded less
frequently than the femoro-popliteal arterics (with the exception of the profunda femoris
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arteries), the length of the occlusion in the iliacs was more likely to be greater than half the
segment. Given the relatively short length of the iliac segments, it is not clear whether this
indicates that the rate of propagation of occlusion is comparabie throughout the lower limb
arteries or whether the progression of atherosclerosis is perhaps more extensive in the iliac

arteries.

The reasons why atherosclerosis only occurs at certain sites in the lower limb arteries are
unknown. It is possible that mechanical and haemodynamic factors may contribute to the
localisation of disease by affecting endothelial biology (Mavor 1956; Nerem et al 1993). In
vitro studies have shown that the endothelinm is capable of altering both its structure and
function in response to high shcarstresses, resulting in the refease of vasouctive substances and
inflammatory mediators that have been associated with the occurrence of atherosclerosis

(Nerem 1993).

62,2 Cardiovascular risk factors and site of peripheral arterial disease

In this study, the levels of the three main cardiovascular risk factors (blood pressure, serum
lipids and cigarette smoking) varied in patients, depending on the main site of peripheral
atherosclerosis. Although the differences were not statistically signilicant, this may have been

due to the small numbers of subjects, particularly in the aorto-iliac group.

‘The patients with aoito-iliac disease were on average younger, and more likely to be female
and to be current smokers compared to those in the otber two groups. In contrast, duration of
smoking and higher levels of total cholesterol were perhaps more important in those who
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developed femoro-popliteal disease. On the other hand, patients with dual-site discase had the
highest levels of systolic blood pressure and the lowest levels of HDL cholesterol of any
group. In addition, they were morc likely to have a history of ischaemic heart disease, stroke

and diabetes mellitus, suggesting a higher degree of generalised atherosclerosis.

Although some differences across the three groups could have been duc to variation in the
overall severity of utherosclerosis, adjusting for history of ischaemic heart disease and for the
number of occlusions had little effect on the absolute levels of risk factors (data not shown).
It is therefore conceivable that different combinations or single risk factors niay be selective

in the initiation and/or progression of peripheral atherosclerosis.

Cigarette smoking

In the present stucly, current cigareite smoking was more strongly assaciated with aorto-iliac
disease and life-time consumption (packyears) with femoro-popliteal disease. Any such
differences are difficult Lo interpret particularly as the amount and prescace of current smoking
is correlated with life-time consumption. One possible explanation is that patients with
femoro-popliteal disease had more severe symptoms and were more likely to give up smoking.
Allernatively, differences in smoking variables more strongly related to disease may have
occusred by chance, There is, however, pood evidence that the site of disease within the
cardiovascular system is influenced by smoking. In one population survey, the Edinburgh
Artery Study, cigaretie smoking was found to be more strangly related to the 1isk of peripherat
arterial disease than to ischaemic heart discase, independently of the scverity of underlying
athcrosclerosis (Fowkes et al 1992).
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The association between cigarette smoking and particularly aorto-iliac discase has been well-
documented in other clinical and auvtopsy studies. It has consistently been shown that the
severity of aortic atherosclerosis increases both with the number of cigarettes smoked and the
duration of smoking. In addition, the angiographic studies have reported that smoking appears
more sfrongly associaled with aortic and iliac atherosclerosis than with discase in the fermnoral
vesscls (Sackett ¢t al 1968; Weiss 1972; Lawton 1973; Strong and Richards 1976). However,
most of this early research had methodological limitations in that it did not allow for the
possible confounding effects of other risk factors, nor did it adjust [or underlying scverity of
disease. It also relied solely on self-reported cigarctle smoking which is known to under-
estimate true levels of consumption, In this present study, for example, about 10% of self-
declared non-smokers were found to be probable smokers, based on cut-off points for scrum

cotinine and thiocyanate (Woodward and Tunstall-Pedoe 1992),

Why the aorta might be particularly vulnerable o the effects of cigarcttc smoking, or indeed
why the pcripheral arlerics may be moire susceptible than the coronary arteries is unknown,
Rcasons may be related to differences in wall composition or haemodynamics al certain sites,
differential responses to the toxic smoke conslituents or because of interactions with other risk

factors (Allen et al 1988; Fowkes 1989),

Blood Pressuze

In the present study, raised systolic blood pressure appeared to be more strongly related to
diffuse (but less severe) discase within the lower limb arteries and a raised diastolic pressure
was associated more with disease in the aorto-iliac vessels. [owever, any relationships shown
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between blood pressure and site of disease should be interpreted with caution. Blood pressure
may rise as a consequence of peripheral asterial disease through increases in peripheral
vascular resistance, or because of a decrease in aortic compliance (Levenson ct al 1982).
Furthermore, the levels of blood pressure in the study are Tikely to be an underestimate of the
truc values because approximately 15% of all palients were receiving anti-hypertensive
medication. Although considered to be a relatively weak risk factor for the development of
intermittent claudication (Schroll 1982; Schurtleff 1983; Davey-Smith et al 1990), elevated
systolic pressure is a recogniscd risk factor for ischaemic heart disease and is one of the
primary risk factors for ischaemic stroke (Kannel et al 1970). It is also associated with the
development of carotid intimal-medial (hickness (Mowbray et al 1997). DBlood pressure
therefore does appear to have an elfect on the site of atherosclerosis. However, therc is, at
present, no other published data relating either systolic or diastolic blood pressure to a
particular sile of lower limb atherosclerosis, and thus the resulls of the present study must be

interpreted with caution and cannot be corraborated.

Blood lipids

There is little conclusive evidence on the relationship between serum lipids and site of discasc.
Previous reports have suggested that paticnts with coronary and peripheral atherosclerosis
differ in the pattern of lipoprotein and apolipoprotein abnormalities (Greenhalgh et al 1971;
Rajput-Williams cf al 1988; Fowkes et al 1992; Leng and Fowkes 1992). Whereas clevated
LDL cholesterol has been pasticularly strongly associated with disease in the coronary arteries,
hypeririglyceridaemia is considered to be relatively more pathogenic for peripheral
atherosclerosis (Greenhalgh et al 1971; Leng and Fowkes 1991), although this may only be
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applicable for severe disease (IFowkes et al 1992), Also, in most studies, the regression models
do not take into account the high degree of correlation between the lipoprotein fractions and
triglyceride levels. However, variation in Ievels of apolipoproteins by site have also been
noted, including relatively high levels of apolipoprotein I3 in ischaemic heart disease and
peripheral arterial disease (Rajput-Williams et al 1988; Powell et al 1997), and elevated levels
of apolipoprotein C ITT in patients with early carotid artery discase (Wiseman et al 1991).

In most of these studies investigating cardiovascular risk factors and site of disease, non-
invasive techniques have been used to assess the severily of peripheral arterial disease which
dotect perfusion effects rather than the degree or site of stenoses within individual arferies.
The number of studies which have used angiography to evaluate the precise anatomical
location of lesions and thus able to make valid comparisons of the risk factors which might be
associated with a particular site of disease are limited. Also, the differences in the risk facior
profiles in these paticnts with different sites of peripheral atherosclerosis does not necessarily
mean that the levels of the factors precede or are causally related to a site of disease, but may
occur as a consequence of discase or from associations with other factors. The possibility of
confounding by factors which were not measured in the study, such as serum triglyccrides,
obcsity, alcohiol consumption, menopausal status and insulin resistance should also be

considered.

6.2.3 Yibrinogen, fibrin D-dimer and diseasc

The main objective of the study was to determine the relationships between the haemostatic
factors, particularly fibrinogen and fibrin D-dimer, with severity of disease within the feimoro-
popliteal and the acrto-iliac arteries. Disease severity was estimated by a quantitative variable

207




(the additive scoic) which enabled examinatios of linear relationships between the variables

and hence permitted more power to detect significant associations.

Plasma fibrinogen (measured by nephelometry), von Willebrand Factor and fibrin D-dimer
were more strongly related to the scverily of disease in the femoro-popliteal than in the aorto-
iliac segments. On multivariate analysis, both nephelometric fibrinogen and [ibrin D-dimer
remained independently related to disease. However, il is possible that these findings could
be related to differing severities of disease between the segments because the mean additive

score was significantly higher for the temoro-popliteal than aorto-iliac arteries.

The resulis imply that elevated fibrinogen, endothelial disturbance and fibrin turnover may
contribute to the extent of atheroscleresis at different sites within the lower limb arteries,
Altemnatively, these findings may partly retlect an inflammatory response to the presence of
atheroma (Stuart et al 1981) or to the extent of endothelial damage, rather than contributing

to the developmenl of atherosclerosis.

In a previous study, Lassila et al (1993) reporied a strong correlation between fibrinogen (both
clotting and nephelometric) and functional severity of peripheral atherosclerosis. In
accordance with the findings in the present study, Woodburn el al (1995) found that there was
no relationship between clotting fibrinogen and the angiographic extent of peripheral arterial
disease. IHowevecr, nephelometric fibrinogen was nol measured in that study and
nephclometric fibrinogen has been shown te have a stronger relationship with arterial disease
than either clotting fibrinogen or fibrin D-dimer (Smith el al 1993; Sweetnam ct al 1998). A
level of mephelometric fibrinogen above 6.1g/L has recently been implicated in the
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development of symptomatic peripheral arterial discase in smokers (Powell et al 1997).
Fibrinogen has also been found to be independently associated with mortality, primarily [rom
ischaemic heart disease in claudicants (Banerjee et al 1992). As coronary death is known to
be mediated by thrombosis, following the ruptare of an atherosclerotic plaque (Fuster et al
1990}, it is therefore noteworthy that the femoro-popliteal segments were characterised by a

far highcr prevalence of occlusion than in the other segmenis.

This study was the first to examine variation in the levels of several haemostatic factors at
different sites of peripheral athcroclerosis in patients with severe limb ischaemia. The results
show thal there were no significant differences in the mean levels of the haemostatic factors
among patients with disease affecting the femoro-popliteal arteries, aorio-iliac arleries or with
dnal-site disease. However, relalively small numbers in each of these sub-groups may have
atfceted the power to detect significant differences. Furthermeore, the three groups were not
differentiated exclusively by site becausc of the diffuse distribution of atherosclerosis in the
lower limb. Differences in the levels of factors across the three groups were, with the
exception of von Willebrand Factor, quite small and thus probably not of biological

significance.

The levels of fibrinogen measurcd by heal precipitation were more than 1g/L higher than
clotting {ibrinogen levels across all three groups, which is comparable to findings in other
studies of peripheral arterial disease (Baker et al 1982; Smith et al 1993). However, the
difference was greatest in those with dual-site disease which was characterised by a lesser
prevalence of occlusion. Tt is therefore conceivable that a relatively higher percentage (or
ratio) of nephelometric fibrinogen to clotting fibrinogen may predispose individuals to more
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cxtensive but less severe peripheral atherosclerosis.  Allernatively, the characteristics of
lesions, such as their composition or compliance may be altered making them less likely to

occlude.

6.24 Smoking, fibrinogen, fibrin D-dimer and disease

Adjustment for either life-time or current smoking had no rcal effect on the relationship
between fibrinogen and femoro-popliteal disease, whereas life-time smoking appeared to
partly explain the association belween fibrin D-dimer and severity of disease in these
segments. This is in accordance with results from an earlier case-control study in which
smoking appeared to influence peripheral arterial disease more through fibrinolytic disturbance
and fibrin formation and breakdown than through a dircet cffect on fibrinogen levels (Smith
et al 1993). One reason for the lack of an association between fibrinogen and smoking in
severe peripheral arterial disease may be that interactions between the two variables may be

stronger at an earlier stage of discase.

Neveitheless, increasing fibrinogen levels have been associated with a greater reduction in the
ABPTin smokers than in non-smokers (Lowe et al 1993) and the magnitude of the relative risk
of intermittent claudication appears to be related to an interaction between cigarette smoking
and fibrinogen levels (Fowkes et al 1996). This effect may be due to smoking-induced
endothelial damage causing a greater infiltration of fibrinogen through the arterial wall, or
through an interaction between smoking and genotype which may influence the functional and
structural characteristics of fibrinagen (Humphries 1995). Such changes may be related to the

formation of an abnormal fibrin gel consisting of long, densely packed fibrin strands which
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are resistant to lysis and may contribute to thrombogenesis (Curran et al 1993).

There are conflicting reposts on the relationship between fibrin D-dimer, smoking and
peripheral arterial discase. In one large case-control study of hospital claudicants who also
attended the Royal Infirmary of Edinburgh, and with comparable mean ABPI and smoking
consumption to this study, life-lime smoking appeared to have little effect on the association
between fibrin D-dimer and the risk of claudication (Lee et al 1996). The Edinburgh Artcry
Study also found that fibrin D-dimer was independently related to the risk of intermittent
claudication, after adjustment for a range of risk factors, including packyears, aithough the

number of claudicants was low (n=45) (Lee et al 1995).

The association of fibrin D-dimer with severity of peripheral arterial disease, using the
continuous variable ABPI was reduced to non-significance in women (but not men) on
multiple adjustment in this study. Among men, the relationship between fibrin D-dimer and
the ABPI was strongly related to the amount of smoking consumption, espccially in thosc who
had a packyear leve] of 25 or more (Lee et al 1995). Conversely, a previous study found no
correlation between cigarette smoking and fibrin D-dimer among claudicants, but no details
were given on either smoking status or current levels of smoking consumption (Al-Zahrani et

al 1992).

Fibrin D-dimer was the strongest predictor (among several haemostatic factors) of
symptomatic periphcral arterial disease in the only other study which has used the Bollinger
scoring system to quantify the extent of peripheral atherosclerosis and the inter-relationship

with haemostatic factors and cigarctte smoking (Woodburn et al 1995). The results were,
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however, not direcily comparable with the prescat study because cigarelle smoking was
included in the regression model only as smoking status (classificd as current, ¢x- or non-
smoking), and lifc-lime smoking consumption was not considered. Furthermore, the inclusion
of patients with previous revascularisation surgery orleg amputation may not have given atrue

reflection ol the current severity of atherosclerosis within the study sample.

The elevated fibrin D-dimer levels shown in this study may thus reflect increased tumover of
fibrin in advanced peripheral arterial disease, which may occur in response to thrombus
formation. However why cigarette smoking should be more strangly associated with fibrin
formation and breakdown rather than fibrinogen is not clear. It is possible that high levels of
thrombin (or suppression of thrombin inhibitors) resulting from chronic smoking-induced
endothelial damage could be responsible for extensive generation of fibrin which implies

activation of coagulation and generation of thrombin (T.owe et al 1993).

6.2.5 Smoking, other haemostatic factors and disease

The interaction between cigarette smoking and vWF has been investigated in scveral studics
(Blann and McCollum 1993; Conlan et al 1993). von Willebrand Tactor levels are used as an
indication of endothelial damage and are raised in corrent smokers compared to non-smokers,
and in subjects with peripheral arterial discase (Blann and McCollum 1992; Smith ¢t al 1993).
Il has been suggested that smoking may be responsible for a major part of endotheiial
dysfunction in peripheral arterial disease (Smith et al 1993}, However, the univariate
association of vWT with disease severity found in the present study was not sustained on
multivariate analysis and hence may simply reflect the presence of other confounding fuctors,
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such as hypenension or the extent of endothelial dysfunction, rather than the promotion of

atherosclerosis.

The inverse relationship found between PAI activity and severily of discasc was surprising.
Elevated PAI activity has been consistently demoustrated in peripheral arterial disease (Smith
et al 1993; Cortellaro ¢t al 1994) and is also predictive of thrombotic cardiovascular cvents in
claudicants (Cortellaro et al 1994). In the present study, PAT activity decreased with disease
severity inmen, whercas women showed a positive correlation. Since there was no difference
i scverity of disease between the sexes, this contlicting relationship may have been due to the

significantly higher packyears in the men.

Higher thrombin levels in men resulting from a greater degree of endothelial damage may be
responsible for the inverse association observed between PAI activity and disease. When
fibrin is prescent, the release of t-PA (which converts plasminogen to plasmin) and PAI (the
specific inhibitor of t-PA) are triggered from the endothelium (Wojta et al 1993), or from
platelets (Sprengers and Kluft 1987). A high (possibly threshold) level of thrombin may
stimulale an additional release of t-PA which complexes rapidly with PAI, thus effectively

depleting systemic PAl activity.

Alternatively, PAI activity may be directly inactivated by thrombin through proteolysis or
indirectly through thrombin-mediated protein C inhibition (Van Hinsbergh et al 1987).
Although the degree of endothelial damage may be greater, a relative increase would result in
wen, such that the severity of disease would not be appreciably difterent between the scxes.
It is also possible, however, that there may be sex differences in the rclationship between PAI
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and peripheral arterial disease which are unrelated to smoking, but due to associations with
other risk factors, for example, serum triglycerides, obesity and insulin levels (Juhan-Vague

and Alessi 1993).

0.3 Prognostic Study of Intermittent Claudication: Methods

In a prospective cohort study, there may often be several sources of bias. These may inciude
selection bias and losses to follow-up leading to a non-representative study sample, and
problems in the asscssment of the prognostic variables due to measurement variability and
changes in exposure during the period of follow-up, In this study, the measurement of
outcome was not considered to be a major problem hecause of the detailed verification from

the case records and other sources.

6.3.1 Representativeness of study sample

The patients were similar (o those who composed the study sample in the Sites of Atheroma
Study, in that they had all been consecutive referrals to the Royal Infirmary of Edinburgh
which provides the only vascular service within the Lothian Health Board area. These subjects
could be considered representative of the delined population with respect to moderate to severe
intermittent claudication, but not sufficicntly severe to warrant vascular intcrvention. Since
many ol those with minor symptoms of claudication aye unlikely to attend a vascular clinic,

the study results would not be generalisable to all claudicants in the general population.

There is some evidence that responders participating in epidemioclogical studics may differ
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from non-responders in ways related to health and risk faclor status (Hennekens and Buring
1987). In a cohort study, if non-response is related to risk factors or prognostic factors
associated with outcome, then it is possible that bias is introduced. In this study, 742 subjects
were ipitially identified as eligible to participate and 49 of these relused to take part,
However, since the non-responders were not followed up to determine either incidence of
disease or their prognostic factor status, some degree of bias in the association between

prognostic factors and outcome cannot be excluded.

Out of the total of 647 eligible study participants, 30 (4.6%) were not included n the final
analysis because their medical records, although available at the inception of the cohort at
haseline were nol available at the time of follow-up. In most of these cases, the medical
records had been dastroyed because the patient had not attended the particular hospital within
a designated period of time for treatment. The reasons for non-attendance were unknown. It
could be that these losses to follow-up developed less disease than those who parlicipated, or
became 100 1l to attend, or had migrated out of the study area. The proportion lost to follow-
up was s0 low, however, that any bias would have had a minimal effect on the results of the

study.

6.3.2 Measurement of prognostic factors

Another source of potential bias is error in the classification of subjects by prognostic factor
and disease status, either at baseline or during the follow-up period. For example, as
previously discussed, self-reported cigarette smoking by questionnaire may have under-
estimated the true levels of smoking in the study sample, particularly as biochemical markers
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for smoking (serum cotinine and thiocyanate) were not measured in the present study to verify
current smoking status. By using multiple sources to obtain information on discase during
tollow-up, howcver, the possibility of misclassification of disease status during follow-up was

minimised.

‘Yhe extent to which cardiovascular risk factors change during follow-up and intluence the
relationship with peripheral artcrial disease has recently been assessed in one prospective
cohort study of males aged 55 years (Ogren et al 1996). Twenty seven per cent of men had
stopped smoking; 40% of men developed hypertension; and more than 50% had higher
cholesterol levels when re-examined at 68 years of age. Furthermore, increased mortality, and
hence loss to follow-up in those at high risk, was thonght to hias the associations between the
risk factors and peripheral arterial discase at follow-up. In respect o the present study, the
change in exposure to smoking was assessed by examining the questionnaires of surviving
paticnts returned during 1996. Out of a total of 225 questionnaires, 30 (13%) of patients had
stopped smoking, whereas 16 (7%) patients had restarted smoking during the six years since
baseline. However, since only about 50% of the 1996 questionnaires were returned, it was not
possible to determine the true extent to which smoking behaviour had changed in the study
sample after six years, Furthermore, since only one classification of exposure was made for
each subject at baseline, the analysis could not take into account the total length of exposure

and changes in exposure which may have occurred.

6.33 Vuriability in haemostatic factors

Another difficulty in the measurement of prognostic factors is the variability in haemostatic
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factors, as previously discussed. Bashir et al (1997) examined the effects of cotrecting for
measurement error in several hacmostatic factors (&-PA, PAL, vWF and factor VII) on the risk
of transient ischaemic attack and minor stroke. This was based on one preliminary
measurement and a second measurement was then taken one ycar later for cach factor. BErrors
related to laboralory measurement were found to be relatively low, ranging between 4% and
7%. llowever, the temporal variation in Lhe factor levels over one year was substantial,
particularly for PAI (41%) and vWF (30%). Similarly, inter-individual variation was very
high. When the risk estimates were corrected for misclassification due to the differences in
factor levels changing over one year, the odds of stroke for a standard deviation or one unit
change in vWF increased from 1.88 to 3.56 and a slight increase occurred in the odds ratios
of the other three factors. One large cohort study, the ARIC Study, has also demonstrated
inercased relative risks for coronary heart discase when haemostatic factor levels were

corrected for measurement error (Folsom et al 1997).

The above findings indicate that some degree of misclassification will probably occur in any
study relating one estimation of haemostatic factor levels to disease. The associations found
in the previous study arc unlikely to be erroneous, but since the effect of variability is to mask
associations between haemostatic factors and disease, it is possible that there may be real
associations which are not revealed. Furthermore, the long term predictive power of these

factors may become weaker because regression dilution bias, which teads to underestimate the

magnitude of the true association, will be greater over a longer period of time.




6.4 I'rognostic Study of Intermittent Claudication: Results

6.4.1 Incidence of cardiovascular aad cerebrovascular cvents in clandicants

Patients with intermiltenl claudication have a high risk of death, not from deterioration of limb
ischacmia, but from premature ischaemic heart disease and stroke (Reunanen et al 1982;
Donnandy et al 1989; Criqui et al 1992). In previous studics, the cumulative five year
mortalily rate in men with intermittent claudication has been estimated at approximately 15%
(Reunancn ct al 1982), and claudicants at the time of presentation are three tirnes more likely
to die than the general population after ten years (Kallero 1981). Between S0%-60% of deaths
of those with symptomatic peripheral arlerial disease have been eported to be due to
ischaemic heart discase, whereas the proportion of cases dying of cerebrovascular disease is
approximately 10%-15%. Ten per cent of patients will die from causes related to visceral
ischaemia or rupture of an abdominal aortic aneurysm (Dormandy et al 1989). The remainder
die from non cardiovascular causes, primarily smoking-related cancer and respiratory disease.
Identification of risk factors which can predict subsequent cvents in this high risk group of

patients is thercfore potentially important from the perspective of clinical intervention.

In the present study, the overall mortality was 34.6% after six yeats of follow-up. This [inding
is in keeping with the majority of studies of hospital patients with claudication with a similar
period of follow-up, regardless of differences in patient selection in respect to age, severity of
discase and slage of presentation (Dormandy el al 1989). Cause of mortality, primarily from
ischaemic heart disease and stroke, was also in agreement with other studies of hospital
claudicants where comparisons were made with non-claudicant controls (IKallero 1987;
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Dormandy et al 1989). Analysis of cause of death showed that 30.5% of the claudicants died
from a myocardial infarction ip the present study, which is comparable to results from the
recent Prevention of Atherosclerotic Complications by Ketanserin (PACK) study, in which
36% died from a myocardial infarction (Dormandy and Murray 1991). However, this latter
study reported twice as many deaths due to stroke than the present study (28% compared to

13.8% respectively).

‘The all cause mortality rate was significantly higher in males than in females in the present
study. More specifically, the death rate from ischacmic heart disease, especially myocardial
infarction, was greater in males compared to femalcs, but there was relatively liitle difference
in the incidence of fatal stroke by gender. It is conceivable that the sex differential in mortality
rates for vascular disease may reflect differences in baseline severity of co-cxisting coronary
and cerebrovascular disease between men and women.  Alternatively, an increased
susceptibility to, or higher risk factor prevalence in men, in factors such as cigarette smoking,
hypertension and hyperlipidacmia may partly contribute to the sex differential in coronary

mortality (Price and Fowkes 1997).

The high mortalily from ischaemic heart disease and stroke in claudicants may be due
primarily to concomitant disease in the coronary, carotid and cerebral arteries. While between
30% and 50% of hospital claudicants have ischaemic heart discase diagnosed by ECG, ar by
clinical history, as many as 90% of patients have evidence of heart disease if examined by
coronary angiography . The percentage of claudicants with a history of cerebrovascular discase
appears to be lower overall, with a prevalence of between 0.5-52%, but angiography or duplex

scanning is rarely performed to assess the presence of asymptomatic disease. Thus, the true
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extent of concomitant coronary and cerebrovascular disease in patients with claudication may
be an underestimation and may account for some of the conflicting results regarding mortality

when adjustments are made for co-existing vascular disease.

There is comparatively little data on the incidence of non-fatal ischaemic heart discasc and
stroke events in palients with intermittent claudication, Most information is derived from
population studies in which therc are relatively few subjects with claudication. In the
Northwick Park Study, which followed up 400 claudicants for over five years, 14% of the
subjects had a non-fatal coronary event (Gilliland et al 1986). The Basle study, based on a
sampic of workers in the pharmaceutical industry, found that 17% of the surviving cases with
peripheral arterial disease developed angina pectoris, 15.0%, a non-fatal myocardial infarction
and 12.4%, a cerebrovascular event during 11 years of follow-up (Widmer and Da Silva 1991).
These resuits are comparable to the present study, in which 15.3% of subjects suffered a non-
fatal myocardial infarction, and 10% developed a stroke but the incidence of angina was
considerably less than the Basle study at 9.2%. These differences may be because of survival
bias effects in the Basle study or may be refated to differences in severity of vascular disease

and risk factor prevalence at baseline.

In the present study, 4 male predominance in the incidence of non-fatal myocardial infarction
was 1ot S0 apparent, as was the case in fatal infarction. Also,a similar proportion of males and
females developed angina pecioris, transient ischaemic attack and non-fatal stroke. Since
males were morc prone to a fatal coronary thrombosis than females, those at higher coronary
risk may have died at an earlier stage of follow-up. Hence selective survival may have led to
a apparent narrowing of the incidence rate in non-fatal myocardial infarction between the
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sexes.

64.2 Fibrinogen and prediction of cardiovascular and cevebrovascular events

Increased mortality is only partly explained by the co-existent ischaemic heart disease
associated with clandication and adjusting for conventional cardiovascular risk factors has only
a small effect on risk estimates (Davey Souith et al 1990; Criqui et al 1992; T3ainton et al
1994). This suggests that lifestyle changes and therapeutic interventions to reduce risk factor
levels will not eliminate the increased risk and that other therapeutic measures are required.
An overview of randomised controlled trials has shown that anti-platelel therapy can reduce
the incidence of cardiovascular events in patients with intermittent claudication (Antiplatelet
Trialists' Collaboration 1994}, This suggests that thrombotic risk factors may be important in
determining cardiovascular outcome in the later stages of established peripheral arterial

disease,

Several studies have reporled that levels of plasma fibrinogen, t-PA antigen and vWF were
independent predictors of mortality from ischacmic heart diseasc in men and women who have
had a myocardial infarction or who have angina pectoris (Haines ef al 1983; Cooperetal 1991;
Jansson et al 1991; Thompson et al 1995; Benderly ct al 1996). However, few have
investigated the role of (ibrinogen and other hacmostatic factors in the prediction of ischaemic

hearl disease and stroke in subjects with peripheral arterial disease.

Results from this prospective cohort of men and women showed (hat levels of fibrinogen, -PA
antigen, vWF and fibrin D-dimer were Ligher in claudicants who subsequently developed an
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ischaemic heart discasc or stroke event. Only t-PA antigen levels were significantly higher
in those who subsequently had a stroke. After adjusting for age and sex, (-PA antigen
remained significantly associated with increased risk of a futurc stroke, whereas elevated fibrin
D-dimer and fibrinogen levels were more strongly associated with a foturc ischacmic beart
diseasc event. All of these relationships became weaker and were no longer statistically
signiticant after adjusting for the combined effects of smoking, glucose, systolic blood

pressure and baseline evidence of ischacmic heart disease.

These results suggest that the associations between the haemostatic factors and adverse
outcome in symptomatic peripheral arterial discase are partly due to inter-relationships with
confounding risk factors. However, since the claudicants who experienced ischaemic heart
discase and stroke events had higher levels of haemostatic factors at baseline than claudicants
who had no cvents, the elevations in these factors, regardless of their arigin, are likely to be

of pathological imporiance und may have contributed to the development of thesc thrombotic

events.

In an interim analysis of this study, which was conducted alter one year, plasma fibrinogen
was an independent predictor of death from coronary disease (Fowkes et al 1993). The
magnitude of this relutionship was weaker in the fonger term. Possible explanations for this
discrepancy could be related to the fact that the early analysis was based on small numbers of
events (15 fatal and 21 non-fatal coronary events). In addition, in the one year multivariate
analysis, there was no adjustment for baseline ischaemic heart disease, which may have raised

the mean level of, for example, fibrinogen among those claudicants who subsequently

developed a vascular event.




Only two other studies have so far investigated the relationship between haemostatic function
and clinical outcome in claudicants. Bancrjee et al {(1992) studied the association between
mortality rate and fibrinogen levcels in stable claudicants. The wuthors reported that there was
a two-fold increase in the odds of dying which was highly sigmificant and associated wilh an
increase in fibrinogen of 1g/L. In the present study, fibrinogen was also significantly
associated with all-cause mortality, but the relative risk was substantially lower, based on a
standard deviation increasc of only 0.21g/L in fibrinogen (data not shown). In contrast, in the
AD.E.P. Study, which was a multi-centre trial of patients with claudication assessing the
cffects of an anti-platelet drug {picotamide}, the follow-up period was ouly 18 months, and no
association was found between fibrinogen and mortality. However, a statistically significant

relationship was noted between fibrinogen and the risk of cerehrovascular disease (Violi et al

1994).

Elevated plasma [ibrinogen levels have also been shown to be related to incident vascular
events in those with established heart disease. Several studics have reported that raised levels
of plasma fibrinogen are an independent predictor of mortality from ischaemic heart disease
in men and women who have survived a myocardial infarction or have prevalent angina
pectoris (Cooper and Douglas 1991; Thompsen et al 1995; Benderly et al 1996). One large
angiographic study has also provided evidence that fibrinogen may have a stronger association
with occlusion than with atherogenic changes in the coronary arteries, which implies that high
fibrinogen levels may contribute to a tendency to thrombogenesis in patients with established

vascular disease (ECAT Angina Pectoris Study Group 1993).

Chronic inflammation may play an important role in both the initiation and progression of

223




atherosclerosis (Ross 1993). An important question is whether raised levels of haemostatic
factors are due to an inflammatory response to the extent of arterial disease, or are causally
related to thrombogenesis. In the HCAT study, the correlation observed hetween C-reactive
protein (an acute phase reactunt and marker for systcmic inflamination), and (ncreasing risk
of myocardial infarction or sudden death, suggests that inflammation may be involved in the
clinical outcome of atherosclerosis (Thompson et al 1995). Moreover, as fibrinogen levels
were also positively associated with C-reactive prolein in that study, it is conceivable that
fibrinogen levels may rise, at least in part, because of inflammatory activity within advanced

arterial lesions.

All the major prospective studies 1o date have identified fibrinogen as an independent predictor
of futurc ischaemic heart diseasc or stroke in initially healthy subjects in the general
population (Wilhelmsen et al 1984; Stone and Thorp 1985; Meade et al 1986; Kannel et al
1987, Heinrich et al 1994; Sweetnam et al 1996; Folsom et al 1997; Smith et al 1997;
Woodward et al 1998). Three of these prospeclive studics have follow-up periods of ten years
or mote, which strengthens the evidence thal any reported association between fibrinogen and
ischaemic heart disease could be causal. In & recent meta-analysis of six of thesc studies which
compared the highest tertile of fibrinogen to the lowest tertile, the adds ratio for ischaemic
heart disease was estimated at 2.3 (95% CI 1.9-2.8) (Ernst and Resch 1993). The relationship
between fibrinogen and the risk of ischaemic heart discase appeared (o be stronger in younger
men (Meade et al 1986) and slightly higher in men compared to women (Folsom et al 1997).
The magnitude of fibrinogen-mediated risk of heart diseasc also scems to diminish with age
n women (Kunnel et al 1987). However, differences in defining ischaemic heart disease
events, race, the age and sex structures of the populations and the numbers of subjects may
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account for the varying strength of associations observed between fibrinogen and heart disease

in these prospective studies.

In the Gothenborg Study and the Edinburgh Artery Study, both of which reciuited
comparatively older participants, bascline fibrinogen levels were more strongly associated with
the risk of stroke than with myocardial infarction (Wilhelmsen ¢t al 1984; Smith et al 1997).
It is possible that these findings may indicate survival bias effects. The resulls are also based
on relatively few stroke events (37 and 45 respectively) compared to the number of ischaemic
hcart disease events. Data from the Framingham Study have shown that the risk of stroke rises
progressively in men with [ibrinogen levels between 1.3-7.0 g/L.. This effect was only
apparent in men aged between 55-79 years, however and did not occur in either younger men

or in women of any age (Kannel et al 1987).

Although itis agreed that high fibrinogen levels probably increase the risk of ischaemic stroke,
its role in haemorrhagic stroke is unclear, but is generally thought not to be implicated in the
pathophysiology . There are clear difficulties in distinguishing between cases of ischaemic and
haemorrhagic stroke based on clinical signs, and the use of computed tomography scanning
is not uniformly performed. Although ischaemic stroke accounts tor approximately 80% of
all strokes (Warlow 1987), the truc sirength of the association between fibrinogen and
ischaemic stroke may be greater than observed in these studies, given that cases of

haemorrhagic origin may not have been reliably excluded from the stroke categories.

Fibrinogen has also been found to be an independent risk factor for transicnt ischaemic attack
and minor ischacinic stroke (Qizilbash et al 1991). In secondary risk prediction, fibrinogen
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predicted a second cardiovascular event within twa years in those who survived an ischaemic
stroke (Resch et al 1992), The obscrvation that fibrinogen levels were elevated in a small
sample of paticnts who suffered a transient ischaemic attack and did not subsequently rise
suggests that fibrinogen may have a causal role in promoting cerebrovascular events (Emst et

al 1988). However, these findings have yet to be confirmed.

643 Fibrin D-dimer and prediction of cardiovascular and cerebrovascular events

There are few previous reports about the relationship between fibrin D-dimer and prediction
of vascularevents in claudicants {(Cortellaro et al 1992; Fowkes 1993) or the incidence of these
cvents in the general population (Ridker et al 1994a; Lowe ct al 1998). Although in the one
year interim analysis conducted in the present study, fibrin D-dimer was independently
associated with the risk of combined fatal and non-fatal coronary cvents, this was not
mainlained over the longer follow-up peried of six years. The Edinburgh Artery Study
recently demonstrated that fibrin D-dimer was related 10 the risk of stroke, iudt_:pendently of
cigarettc smoking, systolic blood pressure, LDT. cholesterol and baseline ischaemic heart
disease (Smith et al 1997). In one cross-sectional survey, D-dimer was linked to the extent of
atherosclerosis within the cerebral arterics (Heinrich et al 1995). Takano et al (1992) furthes
showed that fibrin D-dimer levels were strongly associated with re-embolisation following
acute ischacmic stroke. This implies that high fibrin turnover may contribute to a
prothrombotic statc which may be critical for progression of disease within the cerebral

arteries.

Data has recently been published describing the relationship between fibrin D-dimer and future
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ischaemic heart disease. In the Physicians' Health Study, there was an increased risk of a first
myocardial infarction across quaitiles of fibrin D-dimer, the relative risk being two times
higher in the top quartile compared to that of men in the botiom quartile (Ridker et al 1994a).
Similarly, Lowe et al (1998) observed a substantially greater risk of ischaemic heart disease
in middle-aged men with high fibrin D-dimer levels, which was unrelated to the cotrelation
with fibrinogen levels. These results were in contrast to another high-risk population sample,
the Edinburgh Artery Study, which found that mulli-adjustment for cardiovascular risk factors
and baseline ischaemic heart disease reduced the association between fibrin D-dimer and risk
ot myocardial infarction (but not stroke) to non-significance (Smith et al 1997). This may be
a reflection of stronger inferactions between fibrin D-dimer, pre-existing discase and the
conventional risk factors in subjecls who developed a myocardial infarction than for subjects

with stroke.

64.4 Other haemostatic factors and events and prediction of cardiovascular and

cerebrovascular events

Tissue plasminogen activator

To date, only one other prospective study has examined possible associations between t-PA
antigen and the risk of stroke, although the study population was limited to a selected group
of male physicians (Ridker et al 1994b). In that study, exclusion of haemorrhagic cvents [rom
the multivariate analysis had no substantial effect on the magnitude ol relative risk. Tncreases
in t-PA antigen levels in both the acute and chronic phases of ischaemic stroke have been
reporled (Lindgren et al 1996) and (-PA antigen has also been found to be a strong
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discriminator of subjects with and without a history of cerebrovascular events (Margaglione
1994). These findings suggest that abnormal fibrinolytic activity may identify thosc at risk

of cerebrovascular events.

A strong long-term association between high levels of t-PA and incidence of ischaemic heart
disease has been reporied in several studies of patients with prevalent coronary disease
(Jansson et al 1993; Thompson et al 1995). However, Ridker et al (1993) suggested that high
t-PA may represent a secondary response {o the progression of atherosclerosis, because
adjusting for atherosclerotic risk factors reduced the association of t-PA and myocardial
infarction (but not stroke) to non-significance. This finding was also confirmed in the most
recent prospective survey of incident ischaemic heart discase (Lowe et al 1998). The stronger
relationship observed between t-PA and stroke than between -PA and myocardial infarction
may rellect differences in risk factor associations between the two disease groups. A recent
casc-control study has also provided evidence of an association between t-PA and the risk of
myocardial infarction, which was markedly rcduced by inclusion of cardiovascular risk factors
in the muitivariate analysis. However, a genetic polymorphism of the t-PA was found to be
independently associaled with increased risk of non-fatal myocardial infarction in this study

(van der Bom 1997).

Ii is not known which component of the fibrinolytic system is the more important in predicting
vascular risk. -PA antigen levels reflect inactive t-PA/PAI complexes rather than free active
t-PA (Nicoloson et al 1988; Nilsson 1989), and thus raiscd Ievels may indicate elevated PAI
activity and impaired fibrinolytic activily, rather than a dysfunctional endothelium,
Furthevmore, because these lwo factors are strongly correlated with cach other and also with
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lipid and metabolic factors, it is difficull to determine their separate effects in epidemiological

studies.

von Willebrand Factor

The evidence relaling vWY to the development of cardiovascular disease (s conflicting at
present. The Edinburgh Artery Study found no relationship between vWF and the risk of
myocardial infarction or stroke (Smith et al 1997), in contrast to two studies which observed
that vWF was independently related to the incidence of ischaemic heait disease (Meade et al
1994; Lowe et al 1998). One large prospective survey, thc ARIC Study, reported a strong
univariale association between vWF and combined myocardial infarction and ischaemic heart
disease mortality, especially in blacks (Folsom et al 1997). This relationship, however, did

not persist on multivariate analysis.

Data from clinical studies suggcest that there may be a stronger relationship between vWF and
poor prognosis among patients with established vascular disease than among initially healthy
individuals. For example, vWTF has consistently predicted a secondary acule coronary event
in patients with either prevalent angina pectoris (Thompson et al 1995) or in those who have
already expericnced a myocardial infarction (Jansson et al 1991). 1n the Progetto Lombardo

Atero-Trombosi (PLAT) Study, elevated vWF levels also predicted further clinical events in

patients with angina pectoris (Cortellaro et al 1992),

Whether the relationship between vWF and co-existing vascnlar discasc represents part of an
acute phase reaction to injury to the endothelium or is causally related to progression ol arterial
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disease is uncertain. vWF is considered to be a marker of endothelial damage and is raised in
conditions associated with risk factors for atherosclerosis, such as hypertension,
hypercholesterolacmia, cigarette smaking, obesity and diabetes mellitus. It is also an esscntial
co-factor for the development of occlusive thrombi through interactions with platelets at sites
of vascular injury and at arferial stcnoses. As elevated levels of vWF hiave been associated
with the development of new vascular evenis in small cohorts of patients with hyperlipidacmia
(Blann ¢t al 1997) and with hypertension (Blann and Waite 1996), damage to the endothelium
(and resulting thrombus formation) may be mechanisms by which high blood pressure and
lipoprotein levels influence haemostatic function and contribute 1o athcrogenesis or

thrombogenesis.

In gencral, the slatistical independence’ observed in population studies, but not found in bigh
risk studies, such as this present study, may be due to the choice of covariates included in
multivariate analysis. On the other hand, there may be stronger interactions belween the
haemostatic factors and cardiovascular risk factors in subjects with peripheral arterial disease
than in apparently healthy subjects, In addition, what is termed 'disease-based spectrum bias’
may attenuate the risk estimates in high risk studies, such as in the present study (Miller 1994).
In contrast to population-bascd surveys, where the comparison group consists of healthy
individuals, the comparison group in this study consisted of claudicants who have substantially
more atherosclerosis than the gencral population. Thus, the absolute severity of disease
between the claudicants who develop events and those who do not may be narrower than
equivalent groups in population surveys. It follows therefore, that the levels of haemostatic
factors in the claudicants who do not develop subsequent events will probably be higher than
they would be in an apparently healthy comparisan group, and this could effectively lower the
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risk estimates.

6.4.5 Clinical progression of peripheral arterial disease

Studics of intermittent claudication have shown thal aboul 25% of patients refcrred to a
peripheral vascular clinic will deteriorate significantly (Dormandy et al 1989). Some will be
treated by angioplasty; up to 74% of angioplasties performed in vascular units are conducted
on claadicants (Belli et al 1990). Some patients will progress to rest pain, ulceration and
gangrene, and of these, more than 90% will undergo major amputation, arterial reconstruction
or angioplasty, procedures which involve a high risk to the patient and major cost to hospital

services (Wolfe 1986).

Allthough factors such as cigarette smoking (Jonason and Bergstrom 1987), diabetes mellitus
(Bowers et al 1993), systolic blood pressure (Smith et al 1996), hypeririglyceridaemia (Smith
et al 1996) and low ABPI (Cronenwett et al 1984) have been independently associated with
deterioration of limb ischiacmia, the role of haemostatic factors in the clinical progression of

peripheral arterial disease is not clear.

In this prospective cohort of claudicants, a total of 109 (18%) patients developed clinical
deterioration of limb ischacmia over six years of follow-up. The six year incidence of severe
chromnic leg ischaemia was approximately 10.5%, which is comparable to some studies
{Cronenwett et al 1984; Jelnes et al 1986), but less than reported in earlier studies, in which
early intervention techniques, such as angioplasty were not readily available (Imparato et al
1975; Hughson et al 1978b; Kozol et al 1984; Naschitz et al 1988). ‘I'he high mortality rate
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associated with severe chronic leg ischaemia reported in these studies was also confirmed in
the present study; 50% of the patients subsequently died, primarily from ischaemic heart

disease and stroke.

6.4.6 Fibrinogen, fibrin D-dimer and clinical progression

The results from this study indicated that baseline levels of fibrinogen were significantly
associated with the risk of vascular investigations when lifc-time smoking consumption was
taken into account, but not with symptoms of severe chronic leg ischaemia. One possible
explanation forthese findings is that vascular intervention could have been performed on those
who actually had more advauced discase. However, the baseline ABPI was not significan(ly
different in the patients who subsequently underwent vascular intervention compared {0 those
whao had no evidence of peripheral arterial disease progression, although the former group had
rcported more severe symptoms of intermittent claudication at baseline. Another interesting
result from this study was that fibrinogen and total cholesterol levels were slightly lower in
those who subsequenily developed severe chronic leg ischuemia. The reasons for this are not
known, but this may reflect an on-going negative acute-phase haematological reaction in
response to the underlying severity of disease, which was significantly higher at baseline (as
indicated by the lowest ABPI of 0.48) in those with severe chronic leg ischaemia. Fibrinogen
levels, measured prior to angioplasty, have also been found to be significantly lowerin patients
who developed restenosis following angioplasty of the iliac and femoro-popliteal arteries for

intermittent claudication or rest pain (Price et al 1997).

The mechanisms whereby fibrinogen may influence the apparent worsening of disease is
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uncertain. An elevation in fibrinogen may have timportant effects on reduction of blood flow
which could contribute to atherogenesis and to the progression of disease. Fibrinogen is a
major determinant of blood and plasma viscosity and a strong association has rceently been
reported between fibrinogen and plasma viscosity with incident ischaemic heart disease events
in the general population (Sweetnam et al 1996). In a previous casc-control analysis based on
these claudicants, plasma viscosity was associated with the risk of claundication, independently
of age, sex and packyears, but not after adjusting for the ABPI (Lee et al 1996). Il is
increasingly thought that increases in viscosity could be the most important pathway by which
fibrinogen promotes vascular disease. The findings in the present study are consistent with
the hypothesis that fibrinogen may dircctly promote symptomatic and progressive worsening
of leg muscle ischaemia during exercise due to reductions of microcirculatory blood flow,

distal to arterial sienoses, regardless of the extent of peripheral arterial disease (I.owe et al

1993).

To date, only two other studies have examined the proguestic significance of hacmostatic
factors in the progression of intermittent claudication (Dormandy et al 1973b; Violi et al
1996). The first was based on a scries of 62 patients, of which only eight demonstrated
definite signs ol clinical deterioration. The results were in accordance with the present study
in (hat fibrinogen was significantly correlated with deterioration of peripheral arterial diseasc,
assessed by changes in walking distance and flow patterns recorded by plethysmography
(Dormandy et al 1973b). In contrast, the A.D.E.P. Study which was a multi-centre clinical
trial of patients with claudication who were followed up for 18 months, [ound no association

between fibrinogen and peripheral arterial deterioration (Violi et al 1996).
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The risk of severe chronic leg ischacmia associated with elevated fibrin D-dimer, although
marginally non-significant at the 5% level was substantially raised. Adjustment for life-time
smoking had litite effect on the relalive risk, suggesting that any relationship between this
factor and progression of peripheral artcrial disease in claudicants is not explained by cigarette
smoking. There have been no previous studies which have investigated the relationship
between fibrin D-dimer and clinical progression ol peripheral arterial disease. However, in
the interim analysis conducted after one year, fibrin D-dimer was independently associated
with a reduction of ABPI (Fowkes et al 1993). This association with deterioration of
peripheral arterial discasc was weaker after the longer follow-up period, but may have been
related to the small numbers in each disease category. The results from the six year follow-up
are also not directly comparable to thosc of the onc year follow-up. In the currcnt analysis,
since a change in ABPI could not be assessed, deterioration of disease was mainly based on
symptoms indicative of clinical progress, assessment of which are subjective and known to
lack reliability. In contrast, the ABPl measure used in the preliminary analysis is a more
objective measure of underlying atherosclerotic disease and is also a continuous variable
allowing morc power to detect associations with progression of underlying lower limb

atherosclerosis.

64.7 Other haemeostatic factors and clinical progression

Tissue plasminogen activator

‘The role of tissuc plasminogen activator in the progression of peripheral aricrial disease in
claudicants has not previously been investigated. Although (-PA antigen levels are clevated
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in subjects with prevalent peripheral arleriat disease (Smith et al 1995), the concentration of
this factor, measured at baseline in the present study was not associated with either the risk of
vascular intervention or risk of severe chronic leg ischaemia in clavdicants. This suggests that
altered fibrinolysis is not involved in the aetiology of deterioration of symptomatic peripheral

arterial diseasc.

von Willebrand Factor

The results from the present study showed that von Willebrand Factor was predictive of the
future development of severe chronic leg ischaemia. Adjustment for life-time smoking history
increased the relative risk only slightly, although the level of statistical significance was raised
to the 5% level. This suggests that the effect of vWF on the progression of peripheral arterial

disease was mostly independent of smoking history.

The role of vWF in the outcome of peripheral arterial disease has not been widely investigated.
{n a clinical study, vWF was predictive of grait occlusion in patients who had undergone infra-
inguinal revascularisation (Woodburn et al 1996). The mechanisms by which vWF may
promote thrombosis are not certain. vWF is thought to mediate platelet adhesion to damaged
subendothelium (Baumgartner 1973), and is a co-factor for platelet aggregation at high shear
rates (Sixma 1987). Furthermore, vWTF is raised in subjects with peripheral arterial disease
(Blann and McCollum 1992, Smith et al 1993), and in smokers comparcd to non-smokers
(Blann and McCollum 1993); it has also been suggested that simoking may be responsible for
a major part of endothelial dysfunction in peripheral arterial disease (Smith et al 1993). Inthe
present study, elevated vWF was associated with the development of severe chronic leg
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ischacmia, an asssociation which persisted after adjusting for age, sex and smoking habit. This
may partly have reflected greater smoking-induced endothelial injury in those who
subsequently developed severe chronic leg ischacmia, since their baseline packyear levels
(ended to be higher. Alternatively, it also could reflect the microcirculatory endothelial
disturbance associated with ischaemia, as this is a major source of raised vWT levels (Blann
and McCollum 1994). However, it is more likely that the elevated vWF levels contributed to
occlusive platelet-fibrin thrombi formation in the severely stenosed arteries of these patients

and hence may have promoted the development of severe chronic leg ischaemia.

It should be noted that the categorisation of these patients by symptoms, rather than by an
objective assessment of worsening severity of diseuse may have biased the results of this
study. It is not known whether the vascular intervention group had deteriorated over the six
year follow-up, or whether they were mercely considercd more suitable for carly intervention,
given that they were younger and reported more severe symptoms at baseline. The occurrence
of vascular intervention may also have reflected the particular intervention practice of the
treating surgeon. It is also plausible that this group represented a pathologically different
group with a slower rate of progression of peripheral arterial disease compared to the scvere
chronic leg ischaemia patients. This hypothesis is supported by the finding that over half of
those who had vascular intcrvention underwent angiography only, and none progressed io

severe chronic leg ischaemia.

6.5 Measurement in Clinical Practice

6.5.1 Fibrinogen in clinical practice
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At present, measurement of plasma fibrinogen is not routinely included in clinical practice for
use in either the primary or secondary prevention of vascular disease. Although current data
indicatc a clear role for elevated fibrinogen in the prediction of future events, further research
in a number of areas is required before this facior would be considered relevant to practising

physicians in evaluating patients at risk.

Firstly, an optimal assay must be agreed upon. A variety of assay techniques are used in
epidemiological studies at present, based on clotting, precipitation and immunological
methods, parlly because there is disagreement about which form of fibrinogen should be
measured. Whercas the Clauss method which measures only cloiting fibrinogen has been
widely adopted in many surveys, total circulating fibrinogen (e,g. as measured by heat
precipitation) may in fact be a better predictor of thrombotic risk (Sweetnamet al 1998). Also,
measurement of fibrinogen has been poorly standardised which has made it difficult to
establish normal reference ranges for the distribution of fibrinogen levels in the population.
An international standard has now been developed, but this has been based only on the Clauss
assay and further work on standardisation using other assays, such as the heat precipitation
method is required. Ideally, the routine measurement of fibrinogen should be simple, rapid
and inexpensive and be resistant to the variation in sampling and storage occurring in different
laboratories and therefore protocols regarding thesc problems should be established. Another
probiem is related to the high infer- and intra-individual variability in fibrinogen levels in
reponse to many lifestyle and other faclors and therefore a single reading may not accurately
define the 'mormal’ level in an individusl. The number of fibrinogen measurements and

optimal timing of repcat mecasurements has yet to be defined.
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Another area which requires turther work is in establishing the predictive value of a fibrinogen
level for a single individual, rather than for groups within a population, in relation (o
cardiovascular events. This will depend on establishing the exact relationship and interaction
between fibrinogen, environmental and other cardiovascular risk factors. The extent to which
genetic variation determines an individual's response to these factors should also be further
elucidated, since there is increasing evidence that fibrinogen genotype is related to inter-
individual differences in levels in the general population. However, measuiement of
fibrinogen in clinical practice will probably only be included if it provides additional
information on the degree of risk which factors, such as smoking, cholesierol and blood

pressure show at present.

From a clinical perspective, incorporation of fibrinogen into risk models will only be
considered worthwhile if reduction of fibrinogen levels lowess the risk of arterial events, Life-
style changes, such as exercise, weight loss and particularly smoking cessation may be initially
be advised as these changes appear to have some effect in reducing fibrinogen levels. Several
oral drugs are now available which have been shown to lower fibrinogen. Among these drugs,
fibric acid derivatives, such as bezafibrate and the platelet inhibitor, ticlopidine are proving
the most effective, but it is not clear exactly how Lhese drugs lower fibrinogen and the
mechanism may not be specific (o fibrinogen. At present, there are a number of randomised
controlled trials assessing bezafibrate in progress which are investigating the effect of possible
fibrinogen lowering on vascular outcome in patients with myocardial infarction and
claudication. If this does occur, it would confirm the hypothesis that fibrinogen is causally
linked to the development of atherosclerotic disease (at least following initial clipical
diagnosis) and would indicate the importance of lowering fibrinogen in clinical practice.
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However, further analysis of data derived from prospective studies is required to confirm the

role of fibrinogen reduction in prevention of atherothrombotic disease.

6.5.2 Measurcment of fibrin D-dimer in clinical practice

Although there is increasing evidence that fibsin D-dimer has prognostic significance in the
incidenee of atherothrombotic events, [urther large-scale prospective siudics are necessary
before it can be conlirmed as 4 clinical marker of intravascular thrombi formation. This is
partly because raised fibrin D-dimer levels may also be indicative of cxtravascular [ibrin
turnover, such as occurs in a variety of disorders including intection or injury, renal and Hver
dystunction and cardiac failure. Thus, the specificity of fibrin D-dimer in prediction of

vascular disorders is uncertain.

Currently, fibrin D-dimer assays are commercially avuilable only for the diagnosis of
disseminaled inlravascular coagulation and venous thromboembolism in clinical practice.
However, there arc reservations aboul the usefulness of thesc tests. For example, 4 normal
level of fibrin D-dimer is considered indicative that a venous thromboembolism has not
occutred, but the test has a low positive predictive value if levels are raised. Elevated fibrin
D-dimer has also been reported in conditions associated with thromboembolic risk, such as
chronic atrial fibriflation and ventricular aneurysms and this factor may be of future use in

asscssing the response to anti-coagulant treatment (Lip and Lowe 1995),

In most recent epidemiological studies of artcrial risk, the enzyme linked immunosorbent
assay (ELISA) has been almost universally adopted for estimation of fibrin D-dimer.
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However, the antibodies used in commercial kits tend to vary and reference ranges differ
between individual manufacturers. Interpretation of the results regarding D-dimer from
different surveys is therefore difficult at present, and il is also unlikely that an international

standard will be developed in the near future to facilitate comparison of fibrin D-dimer Ievels.

Furthermore, in comparison to (ibrinogen, few studies have examined the influence of
environmental factors in determining levels of fibrin D-dimer in the general population.
Knowledge of these correlates would be of value in determining the role of fibrin D-dimer as
an independent marker of vascular risk, which has generaily been inconsistent

epidemiologically.

The studies reported in this thesis indicate that both plasma fibrinogen and fibrin D-dimer (and
also other haemostatic markers) are related to the presence and progression of peripheral
atherosclerotic disease. These associations indicate a possible role in causation, but this has
not been confirmed in randomised controlled trials as yet. Furthermore, the measurement of
these factors is not sufficiently developed, and the associations with discase not sulficiently

precise, that their measurement can be widely adopted in cfinical practice in the near future.
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CHAPTER SEVEN

CONCLUSIONS AND RECOMMENDATIONS

In this brief chapter, the principal conclusions from each study and the recommendations for

further research are listed,

71

Sites of Atheroma Study: Conclusions

Subjects referred for angiography were categoriscd by sitc (aorto-iliac, femoro-
popliteal or dual-site) and severity of peripheral atherosclerosis using the Bollinger
scoring syslem. This demonstrated the diffuse distribution of disease in symptomatic
pcripheral arterial disease, although many patients could be categorised as having

disease predominantly in the aorto-iliac or femoro-popliteal segments.

Levels of the three main cardiovascular risk factors (blood pressure, serum cholesterol
and cigarctte smoking) varied in patients depending on the main site of peripheral
athcrosclerosis. The differences were not statistically significant, but this may have
been due to the small numbers of subjects in each site category. It is therefore
conceivable that single risk factors or interactions between the risk factors may
influence the initiation or progression of peripheral atherosclerosis in different leg

arteries.

There were no significant differences in the mean levels of plasma fibrinogen and
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fibrin D-dimer, or other haemostatic factors between patients with discase affecting
different sites (femoro-popliteal, acrte-iliac or dual-site}., However, levels of the
factors (with the exception of fibrin D-dimer) tended to be higher in those with morc
diffuse diseasc. "T'his suggests that coagulation and fibrinolytic activity in symptomatic
peripheral arterial disease may be associated with differing patterns of disease within

the lower limb arteries.

Plasma fibrinogen (measured by nephelometry), fibrin D-dimer and von Willebrand
Factor were more strongly corrclated with the severity of disease (additive score) in
the femoro-popliteal arteries than in the aorto-iliac arteries, after adjusting for age and
sex. The implication of these results is that a greater degree of endothelial dysfunction,
fibrin formation and breakdown may occur in relation to disease in the femoro-

popliteal arteries.

After inclusion of all haemostatic factors and time of venepuncture into a multiple
regression model, independent refationships between nephelometric tibrinogen, fibrin
D-dimer and disease severity was found only in the femoro-popliteal arteries. In
contrast, the association between von Willebrand Factor and severity of disease
became non-significant. This suggests that greater coagulation and tibrin turnover may
contribute to the extent of atherosclerotic discase within these arteries. Alternatively,

these findings may reflect an inflammatory response to the presence of atheroma.

Further adjustment for life-time smoking consumption, or for current smoking had
little effect on the association between nephelometric fibrinogen and disease. By
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7.2

comparison, life-time smoking reduced the retationship between fibrin D-dimer to non-
significance. This may indicate a stronger influence of chronic smoking on increased

fibrin turnover than fibrinogen in symptomatic peripheral arterial discasc.

Prognostic Study of Intermittent Claudication: Conclusions

A high incidence of both fatal and non-fatal vascular events occurred during the six
year follow-up period. This is consistent with the majority of studies of hospital
patients with intermittent claudication and may be partly due to co-existing disease in
the coranary and cerebral arteries. The all cause mortality rate was significantly higher

in males than in [emales,

The high morlality rate associated with progression to severe chronic leg ischacimia
was confirmed. Myocardial infarction and stroke accounted for most deaths and only

a minority of patients died from causes directly related to peripheral atherosclerosis.

Correlations were found between all the haemostatic factors and increasing severity
of disease (ABPI) at baseline. The strongest associations occurred with the factors
associated with fibrin breakdown (fibrin D-dimer and tissue plasminogen activator).
This implics that increasing severity of lower limb atherosclerosis is associated with

deposition of fibrin and increased fibrinolytic activity,

Baseline mcdian levels of plasma fibrinogen, fibrin D-dimer and von Willebrand
Factor were significantly higher in subjects who subsequently dicd from ischaemic
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heart disease compared to those who had no vascular events during follow-up. This
suggests that increased coagulation and tibrinolytic activity may have contribuled to

thrombosis or progression of atherosclerosis in the coronary arterics.

In relation to the development of stroke, only tissue plasminogen activator antigen
levels showed asignificant elevation al baseline. These findings suggest that abnormal

fibrinolytic activily may identify those at risk of cerebrovascular events in claudicants.

In multivariate analysis adjusting for age and sex, smoking, blood glucose, systolic
blood pressure and baseline evidence of ischaemic heart disease, all the relationships
between haemostatic factors and vascular events became weaker and were no longer
statistically significant. These resulis indicate that the associations belween the
haemostatic factors and adverse outcome in symptomatic peripheral arterial discase are
partly due to inter-relatiopships with confounding risk factors. However, hacmostatic
variables may still be mechanisms through which such risk factors may promote

events.

There were no significant dillcrences in baseline levels of any of the haemostalic
factors between subjects who had deterioration of Hmb ischaemia and who underwent
vascular investigations, in comparison to the group who experienced no deterioration
of limb ischaemia. Only von Willebrand Factor levels were signiticantly raiscd in
patients who developed severc chronic leg ischaemia (rest pain, ulceration and
gangrene). This may indicate a higher degree of cadothelial disturbance in these
patients.
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N

In multivariate analyses adjusting for life-time smoking, the relationships between
fibrinogen, fibrin D-dimer, other hacmostatic factors and the progression of peripheral
arterial discasc remained similar indicating that any slight effect that these factars
might have had in the progression of disease was mostly independent of cigarette

smoking.

Recomimendations

The Bollinger scoring system was used to quantify the site and severity of peripheral
atherosclerosis in this study, but the method has limitations. Rescarch is required i
the use of more advanced techniques such as computer-generated densitomelry to
improve measurement precision and reduce variability in the interpretation of

angiographic images.

In view of the inconclusive relationship found between cardiovascuiar risk factors and
also hacmostatic factors and site of peripheral arterial discase, further research is
required in larger studies to delineate the imporlance and independent effect of these
factors on the sile of atherosclerosis. Epidemiological surveys using newer non-

invasive imaging techniques are also tequired to confirm whether relationships
between risk factors and site of peripheral arterial diseasc occur in the general

population.

The reasons why cigarette smoking appears to be more strongly associated with aorto-
iliac disease in women than in men are unknown. Further woik is needed to examine
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the inter-relationships hetween smoking, anatomical differences and hacmodynamic

effects in separate samples of men and women in relation (o periphcral arterial disease.

There is also evidence that cextain haemostatic factors, such as fibrinogen may be
relatively more important in determining the degree of risk of peripheral arterial
discasc in men than in women. Sex diffcrences in susceptibility to haemostatic factors

for the development of peripheral arterial discase should be investigated further.

Furtherstudies are required to determine whether the relationships between [ibrinogen,
fibrin D-dimer or other haemaostatic factors and the development and progression of
atherothrombotic disease are likely to be causal. Randomised controlled triais (e.g. the
LUADER Study) are currently in progress to test this hypothesis by assessing the
cffects of tfibrinogen lowering agents on the prognosis and incidence of cardiovascular
cvents in claudicants and those with established ischaemic heart disease. These will
provide direct evidence on whether thrombotic risk can be modified in individuals at

high risk.

Given that routine measurement of fibrinogen and fibrin D-dimer is not feasible at
present, attention in clinical practice should be given to the use of modifying
cardiovascularrisk (actors associated with peripheral arterial disease, such as smoking,
lipids and blood pressure on Lhe incidence of vascular events in claudicants, and the

use of simple intervention agents, such as aspirin.

The results from the Prognostic Study suggest that fibrinogen and fibrin D-dimer may
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be relatively weak prognostic factors in the development of ischaemic heart diseasc
and stroke cvents in claudicants. The value of other markers in risk prediction should
therefore be investigated. In particular, the relationship between inflammatory
markers, such as C-reactive protein, serum amyloid A and cytokines, hacmostatic

[unction and clinical outcome in claudicants requires clarification,

Impaired fibrinolytic activity may enable identification of those claudicants who are
morc likely to suffer a stroke. However, it is not clear whether I-PA or PAI activity
is the more important fibrinolytic marker in determining thrombotic risk. Therefore,
the relationship between these two factors in terms of fibrinolytic potential should be
studied. The extent Lo which plasma levels of t-PA and PAI arc genetically and

environmentally determined in claudicants should also be examined.

Elevated levels of the haemostatic factors, fibrinogen and von Willebrand Factor were
significantly associated with detcrioration of peripheral artcrial disease in the
Prognostic Study. Rcscarch is required to evaluate the elfects of these factors in
predicting other outcomes of treatment for symplomatic peripheral arterial disease,

such as graft occlusion and angioplasty.

Given the developments in genctic techniques and analysis in recent years, rescarch
is required into the investigation of the particular genotypes influcncing the formation
and metabolism of hacmostatic factors which have been shown in these and other

studics to be related to the development and progression of atherothrombotic disease.
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APPENDIX 1

Hospital Record No e, Subject NO .o e e

SITES OF ATHEROMA STUDY

CONSENT FORM

Purpose of the Study

The purpose of this study is to obtain further infonnation as to why narrowing of (he arleries tends W occur in
certain areas of the leg, with a view to improving prevention and treatment of the disease.

Research Examination
A blood sample will be taken and your blood pressure will be measured on both arms and ankles after five

minutes rest, You will then be asked some questions about your heaith and smoking habits,

Consent Agreement

L understand the purpose of this research which has been [ully explaincd to me by a member of the rescarch team.
The study has becn given elhicul approval by a Medical Ethics Sub-Committee of the Lothian Health Board,

T give my consent 1o the research team carrying out a medical examination on me as described, although J can
withdraw from the examination ai any point if I so wish.

NAME
(Capitals)

..................................................................................................................................................

ADDRESS it cen s issresseresesersiarems e s s se b s se s che b s R s S e rRe R SheE s ER SRR eans Lo ke EeR o b ek aRe e bR e b




APPENDIX I

SITES OF ATHEROMA STUDY

VYENEPUNCTURE RECORDING FORM

RECORDER FS:1 OTHER: 2
SUBJECT NAME .o ivvesieissinisiianenie s sessemsios et essmsseseseesessnnsrmses DATLE  rieeveereerccre i reaeienee
TIME OF VENEPUNCTURE .oiiiiecinimsiniisiasieccoersesemansscsmsanressosns
VENCPUNCTURE
Yes No
Has patient had jaundice in last 12 months? I:I D
Yes No
I1as patienl ever had hepatitis B/serum jaundice? D D
Was venepuncture normal? 1
Was venepuncture difficult/slow? 2
Was venepuncture not possible? 3

COMMENTS




APPENDIX IH

ReCOrd NO waiinie s Stuly NO e

SITES OF ATHEROMA STUDY

BLOOD PRESSURE RECORDING FORM

Subject NaMIE it onene e DIALE oeeiiiiiiiinre e srceneeeciae e e s e e e sane

Systolic Blood Pressure mmHg

OBSERVED

RANDOM ZERO

ADJUSTED

Diastolic Blood Pressure mmHg

OBSERVED

RANDOM ZIRO

ADJUSTED

Ankle Systolic Blood Pressure mmIs

OBSERVED

RANDOM ZERO

ADJUSTED

ABPI

COMMENTS

R. Brachial

HEN
L]
L

R. Brachial

L]
I
LI

Right

L]
LIE ]
LI
L]

L. Brachial

LI IL]
L]
I

L. Brachial

L]
LI
LI

[eft

LI
I
]
L]




APPENDIX TV

SITES OF ATHEROMA STUDY

QUESTIONNAIRE

THE INFORMATION GATHERED IN THIS QUESTIONNAIRE IS STRICTLY CONFIDENTIAL AND
WILL ONLY BE USED BY THE RESEARCH TEAM IN THIS STUDY. THE RESULTS WILL APPEAR
ONLY AS GENERAL STATISTICS WITH NO MEANS O INRIVIDUAL IDENTIFICATION,

PLEASE COMPLETE THE FOLLOWING IN BLOCK CAPITALS:

TITLE MR/MRS/MISS Lo e et sttt b ettt et st st rs b b et sasasbsssans
SURNAME ittt st st et ra s bbb e s e s ba S e A s he e b s b ke ebeb 1S b et ae b et neaberatseen
FORENAMEIS e et e e as s e s e ek sh b s e e b s e b e e b e et e s ae b et aas

DATE OF BIRTIL i cetieemeceniinssse et st ereb et shetsmab e e et eme s eaase et et e e e sm e s mtanssemsrans semgeenseren

DATE

[FYOU NEED ANY HELP COMPLETING THIS QUESTIONNAIRE TG RESEARCH TEAM WILL BE
PLEASED TO ASSIST.

THANK YOU VERY MUCH FOR THIS INFORMATION. WE ARE GRATEFUL FOR YOUR CO-
OPERATION IN THIS STUDY.




I

MEDICAL HISTORY

WE SHOULD LIKE TC ASK YOU SOME QUESTIONS ABOUT ILLLNESSES YOU MAY
HAVE HAD IN THE PAST CR YOU HAVE AT PRUSENT, [1IAVE YOU FVER BEEN TOL.D
BY YOUR DOCTOR THAT YOU HAVE OR IIAVE HAD ANY OF THESE ILLNESSES?
PLEASE TICK ONE BOX.

Yes No Unsure
i} ANGINA

ii) MYOCARDIAL INFARCTION/CORONARY
THROMBOSIS/HEART ATTACK

iv) STROKLE

V) DIABETES

L]
]
i) HIGHBLOOD PRESSURE ]
L]
L]
[]

OO o
oo O

vi) BLOCD CLOT IN LEG OR LUNG

vii} OTHER SERIQUS ILENESSES i snianinne

MEDICATIONS
ARE YOU AT PRESUNT RECEIVING ANY REGULAR MEDICATIONS FROM YOUR
POCTOR? PLEASE ANSWER YES OR NO AS APPROPRIATE TC ALIL THE FOLLOWING

QUESTIONS. PI.LEASE GIVE NAMES OR DRUGS IF POSSIBLIE.
Yes No

i} BRUGS TO IMPROVE CIRCULATION ‘:I

Name

ii) DRUGS TO LOWER BLOOD PRESSURE

NUITIS  coecrecrevinrreirmiisinirnisessnrrisernsniessissiiessesssisnsiens

i) DIURETICS/WATER TARBLETS

NAME  crvieriiiieiecitnieerrairmraeer rreee e i rvarsesressr s brsresses

INAITIE oot ae e e e see et sieee e s vsenesans

v) DIABETIC TABLETS

NAME crveereiiiceiie v vnerraie et resbree e seatennr eeessesnes

5
O o o b
N I B A e B

vi) ASPTRIN TARLETS




HAVE YOU TAKEN ANY ASPIRIN TABT.ETS IN THE [LAST 10 DAYS? D |:|

IFYES, HOW MANY? i
Yes No

DO YOU TAKE ANY OTHER MEDICINES? D D

WHAT ARE THEY? PLEASE GIVE NAMES IF POSSIBLE

il QTHER MEMBERS OF YOUR FAMILY
HAVE ANY MEMBERS OF YOUR FAMILY BEEN DIAGNOSED AS HAVING ANY OF
THESE ILLNESSES?
Brother or Sot or
Father Mother Sister Daughter

i) HEART ATTACK L] [ D D
ii) ANGINA D [] L] D
jii) HARDENING OF THE D D D D

ARTERILS IN THE LEG/
CLAUDICATION
Brothers Sisters
DO YOU HAVE ANY BROTHERS AND SISTERS? D E]
Sons Daughlers
DO YOU HAVE ANY CHILDREN? D I_—_I
v SMOKING

[

[ 15

DO YOU SMOKE AT PRESENT?

i¥ NO, PROCEED TO QUESTION 5

1. WHAT DO YOU USUALLY SMOKE NOW? Yes No
CIGARETTES |:| D
- 1L
CIGARS D D




(V8]

HOW MANY DO YOU USUALLY SMOKL NOW?
CIGARRTTES/ROILLED TOBACCO PER DAY
PIPE TOBAC{O PER WEEK
CIGARS PER WEEK

HOW MANY YEARS DURING YOUR LIFE HAVE
YOU SMOKED CICGARETTES?

HOW MANY CIGARETTES HAVE YOU SMOKED ON
AVERAGE PER DAY DURING THE PERIOD YOU
HAVE SMOKED?

PROCEED TO SECTION V OVER PAGE

IFYOU DO NOT SMOKE NOW, HAVE YOU EVER
SMOKED REGULARLY?

IF NO, PROCEED TO SECTION V OVER PAGE

WHAT DID YOU USUALLY SMOKE?

CIGARETTES
PIPL

CIGARS
HOW MUCH DID YOU SMOKFE ON AVERAGE WHILE
YOU WERE A SMOKER?
CIGARETTES/ROLLED TOBACCO PER DAY
PIPE TOBACCO PER WEEK
CICARS PER WEEK

IOR TIOW MANY YEARS DID YOU SMOKE
CIGARETTES?

IF YOU SMOKED CIGARETTES, HOW 1.ONG
IS I1'SINCE YOU FINALLY GAVE UP?

Yes

100 O

... cigarelles/oz

.. Clgars

.. cigareties

No

L]

IO s

.. cigarettes/oz

0z

cigars




\If

LEG PAIN/CLAUDICATION

Yes

DO YOU GET A PAIN OR DISCOMFORT IN YOUR D
LEG(S} WHEN YOU WALK?

IF YOU ANSWERED "YES" TQ QUISTION 1, PLEASE
ANSWER THE FOLLOWING QUESTIONS. OTHERWISE
PROCEED TO QUESTION 8 OVER THE PAGE.

DOES THIS PAIN EVER BEGIN WHEN YOU ARE
STANDING STILL OR SITTING?

DO YOU GET IT IF YOU WALK UPHILL OR HURRY?

DO YOU GET T WHEN YOU WATLK AT AN ORDINARY
PACE ON THE LEVEL?

WHAT HAPPENS TO IT IF YOU STAND STILL?

USUALLY CONTINUES MORE THAN 10 MINUTES

USUALLY DISAPPEARS TN 10 MINUTES OR LESS

WHERE DO YOU GET TIIIS PAIN OR DISCOMFORT?

No

]

O

MARK THE PLLACES(S) WITH AN "X" ON THE DIAGRAM BELOW

1 Am Unable
To Walk




7. HOW LONG DID YOU EXPERIENCE THIS PAIN BEFORE ATTENDING

THE HOSPITAL CLINIC?
UNDER 6 MONTHS D I____I
MORE THAN 6 MCNTHS o YEAIS  riveernren moanths
Yes No
8. HAVE YOU EVER IIAD SURGERY ON THE D D

ARTERIES OF YOUR LEGS IN THE PAST?

IFYES, WAS THE SURGERY
Yes

TGO REMOVE ANY PART OF YOUR LEG OR FOQT
A PREVIOUS ARTERIOGRAM?

ANGIOPLASTY (BALLOON DILATATION)?

HREpEEE
HEEEEENE

RECONSTRUCTIVIE SURGERY?

(WIIERE PIECES OF THE VEINS IN YOUR
LEGS ARE REMOVED TO REPLACE DISEASED
OR BLOCKLCD ARTERIES ELSEWHERE IN
YOUR BODY)

WEHEN DID TI{IS SURGERY TAKE PLACE? I:] E”:l D EI I:‘
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APPENDIX VI

ABDOMINAL _AQRTIC SEGMENT

Patlent :

DOBIXA No

Cate of Angio :

Do usive Patiorn
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RIGHT LEQ
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LEFT LEG

INTERNAL JLIAC SEGMENT

RIGHY LEG
INTEANAL ILIAC SEQMENT
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APFENDIX VII

PERIPHERAL VASCULAR CLIN{C
Raoval Infirmary ef Edirburgh
Lauriston Place

EDINBLRGH EH3 SYW

Date

s S,

Denr

{ am writing to you as a patient who has been seen recently at the Peripheral
Vascular Clinic in the Royal Infirmary to invite you Nt have a Fucther -
exauninat ion, This will be part of a Medieal Research Council study which witl
be vitally important in helping us to understand artery disease end to improve
treatment. The information will also prave helpful in your rcase.

T should like you to attend the Paripheral Vasculur Clinic for an examination \
tn be carried out by a member of our specially trained research team. Your!
Llood pressure will be measured on both arms and on both ankles. Also smali
samples of urine and blood will ke collected. You.will then be given a short |
questionnaire on your health, after which tea or coffee will be served, it

Your appointment is as follows: I
Dute Day Time Place

Peripheral Vascular Clinic

Royal Infirmary of Edinburzh l

If you have any queries please telephone Mrs Anna Rattray at: 031-6E7 1011.::
Ext. 2489, 9am-2pm daily Monday-Fricay. [

{l
We very much look forward to seeing you at the clinic, at which time we shall
miake every effort to make sou feel welcome and answer any qQueries. |

With best wishes,

Yours sincerely, |

Dr £ Housley o l
Consuliint Physician o
Plovee tear off and return in pre-paid evelope Rec. No......
NAME s iria e i i Tel NOu it |
Address ..o e e e i e Hospital No. cvovivenecin e

,.i|
DELETE AS APIROPRIATE®: 4

¥ Appointment is suitable
or i
¥ Appointment is not suitable, T will telephone Mrs Rattray 031-667 1011 |
ext. 2589,
or
i Appointment is not suitable, please send me another appointment




APZENDIX VIT3I

FROGNOSTIC STIDY OF INTERMITIENT CLAUDICATION

QUESTILONNAIRE

‘FHE INFORMATION GATHERED IN THIS QUESTIQNATRE TS STRICTLY CONFIDENTIAL
The Questionnaire contsins information which will only be used by the
research team in this stwdy, The results cbhtained wil! appear only as
deneral statistics with no means of individual identification possible

Please complete the follawing in block capitals:

TITLE: Mr/Mrs/Miss P b et e de s e s st e et i A,

SUb o R R R R R R I R R R R S A S SN TP S S S

.

DATE fieeienn
N.H.8. NQ., {if lmown): e e e aed ettt e

G.P. & ADDIRESS e e er e a i aa e e e

PLEASE COMPLETE 1THE REMAINDER COF THE QUESTIONNAIRE WITH THE HELF OF THE
RESEARCTHF TEAM

THANK YOU VERY MUCH FOR 'T{LS INFORMATION. WE ARE GRATEFUL FOR YOUR
CO—OPERATION IN THH STUDY.




Sibjeclk NO. cv v iiirinarenan

PERSCNAL. HTSTORY

Male lemaie -
L L
1. {a) Please tick one box .
(b} Marital Status Single l .

Mareied |:, .;
Divorced E__-J
Other 1_|

Month Year

Day
2. Enter your date of birth I —[_i _J_l l___l _»__J

MEDICATIONS

J. Are you at present roceiving any regular medications from vour doctor.
Please onswer Yus or No. as appropriate, ta all the following questians

Yes No i

. . . ] ! |

Drugs to improve circulation | . |
[ [ 3

Drugs to lower blood pressure [ . -

B

Niuretics/water tablets | I :
_'(.

Tnsulin injections I:_j m

Diabetic tablcots I_:' I:

Other tablets - please ¢ive names of medicives if possible I____I i-’_|




4. The questions below concern illnesses you may have nad in the past or
illnesses you have at present. Please answer Yes or No, as appropriale,
ta abll of the folluwing questions.

Have you ever been told by your doctor that you have had or have anv of
Lthe conditions listed bhelow?

Yes No

1. Angina

]

i1i. Myocardial inferction/coronary
thrombosis/heart attacik

iii. Righ blood pressure

LJ [

t
i
|

v. Diabetes

]
iv. Stroke E|
]
L]

]

vi. Deep Venous thrombosis or pulmonary embolism




A i. Do you get a pain in either leg on walking?” E::l
ii. Do you get this pain in your right oali™ [::I
1ii. Do you get this pain in your icft calfv {_m]
iv. foes this pain ever begin when vou are —
standing still or sitting? [
v, Do you get it when you wall upghill or hur:sy? T
vi. Do you getl it when you walit at. an ordinary
pace on the level? [:]
vii. Dogs_the pgin ever disappear while you are |
still walking? L_J
viil. What do you do if you get it when vou are
walking?
Stop L
Slaw down 2
Continue at same pace 3
ix. What happens to il if yon stand still?
Usually continues for more Lhan 10 minutes 1
Usually disappears in 10 winutes or less 2
x. How long did you experience thisz pain before
attending ihe Peripheral Vascular Clinia?
Under 6 months |
8 months or over and under 1 vear p
1 yvear or over and under I8 months 3
18 months or longer <
6. Have you ever had surgery on the arteries of your Yes No

legs,

foot or angioplasty {Balloon dilatation} ta your leg?

surgery to remove any part of the leg or

bOR OFFICE USE ONLY GRADE




CHEST PAIN

-
[

' i. Da you ever get pain or discomfort in your
chest.? IF NQ, PROCEED 10 QUESTION 8

ii, Do you get this pain or discomfort when you
walk uphill or hurry?
TF NO;, PROCEED TO QUESTION 8(vii}

1ii. Do you get :iL when you walk at an ordinary
pace on the level?

iv. When you get any pain or discomfort in your
cheslt whal do you do?
Stop
Slow down

Continue at the same pace

v, Does it go away when you stand still
or sit down?
vi, How soon?
10 minutes or less

more than 10 minutes

vil, Where do you get this pain or discomfort?
Mark the place(s) with 'X' on the diagrsm.

N e
gk

8. i. Have you ever had a eevere pain acrogs the frent
of your chest lesting tor half an hour or more?

RIGHT

ii, What was the cause? ..... .viveiveinnnnriness i

LEFT

]

(]

]

NN

|

]

No

L]

T,
0

FOR OFFICE USE CNLY A: GRADE ME:




SMOKING

9. Smoking hug been linked with many health problems., L is important that
you angwer the following section ms accurately as possible. Please Lick
appropriate boxes

Yes No__
Do you smoke at prasent.? T I
TF NG, PROCEERD 10 QUUSTION 11 it e
10. i. What do you usually smcke now?
aigarettes :___J]
pipe __'
olgars .

ii. How many do you usually smoke now? o
cigarettes/raolled tobbaco per day veeses Qlpareties/oz
pipe tobacco per week 0 L., oz
cigars - per weck tere.. Clgars

iii, For how many years during yvour 1ife

have you smoked cigarettes? teren. yEAYS

iv. How nmny cigarvettes have you smoked on average
per day during the period you have swoked? S x e cigareltos
PROCEED TO QUESTION 13

Yes o
11. If you do NOT sinoke now, have you ever smouked ! 1"_“|
regularly? IF NG, PROCTETD TO QUESTICN 13 . :
12. i. What did you usually smoke?
cigarettes 1:1
pipe ] ]
cigars Z-
1i. How much did you smoke on Aaverage while you
were a smoker?
cigareties/rolled tobbaco per day ceaae . Qigacettes/oz
oz. pipe tobacco per week Cerane CZ.
cigars per weck ... cigars
iii. For how many years did yvou =mwoke cigarettes? ..... , vears
iv.e It you smoked cigarettes, how long
is it since you finelly gave up? ceveeis YEATS .ev.is months
i ]
13, Is any other membar of your household a smoker? YTes No

OR OFFTCE USE ONLY A: (RADE MI:




APPENDIX [X

Dear Dr

R
DOB:

Your patient has been followed up for the last six years as part of a research investigation to determine
whether hacmorheological Factors influence the prognosis of arterial disease. We would be very grateful if
you could provide us with any information concemning any cardiovascular events, hospital admissions and
medication thal have oceurred in the past six years. Please complete the enclosed form and return it to us in
the envelope provided. Tlowever, if this is not convenieni, a member of the research stati would be available
to visil your practice to obtain this information.

If you have any queries, please telephone Ms Felicity Smith on 0131-650-3245.

Thank you very much for your help.

Yours sincerely

Dr Gillian Leng Ms Felicity Smith
Clinical Research FeHow Research Associale




APPENDTX X

STUDY NO..... l

PROGNOSTIC STUDY OF INTERMITTENT CLAUDICATION

PAaLlicnt NAME: ..t e e 4
AdAIESE T i e e e e e e e
Date Of Birth: vy vuervnr e e,

Yes No *
Does tiis patient still attend N 0

your practice?

Change of address (if known) e e,

Please tick if your patient has been newly diagnosed with any of i
the fellowing conditions in the last 6 years, and provide details 3
as appropxiate:

Data Hospizal g
Myocardial Infarction 20 e e
Argira Pectoris o ...... . e
Stroke 0 . e
Traasient Ischaemic Attack a e Cierarearaenan
Crizical Limb P ;
Ischaemia (please specify) .
Acrtic Aneurysm O e e
Other Cerdioveascular N
Event (pieasa specify) _
Fas experienced none cf the -]

chove

MANY THANKS FOR YOUR HELP. PLEASE RETURN IN PRE-PAID ENVELOPE.




APPENDIX X1

Study No o,

PROGNOSTIC STUDY OF INTERMITTENT CLAUDICATION

1996 QUESTIONNAIRE

THE INFORMATION GATHERED IN THIS QUESTIONNAIRE IS STRICTLY CONFIDENTIAL, This
information will only be used by the research team in this study. The results obtained will appear only as gencral
statistics with no means of individual identification possible.

Please complele the [ollowing in bloclk capitals:

TITLE Mr/Mrs/Miss

SURNAME

FORENAMES

...........................................................................................................

DATE

GP NAME & ADDRESS

...........................................................................................................

THANK YOU YERY MUCH FOR THIS INFORMATION,
WE ARE GRATEFUL FOR YOUR CO-OPERATION IN THE STUDY.




A MEDICAL HISTORY

HAVE YOUHAD ANY OF THE FOLLOWING ILLNESSES OR CONDITIONS IN THE LAST
6 YEARS :

Please tick boxos us appropriale.

Yes No

1. Angina a LJ
2, Heart Attack O cl

(Myocardial Infarction

Coronary Thrombosis)
3, Stroke 0 L
4, Diabeies O O
5. Biood clot in leg veins or lungs [} [
6. Aortic aneurysm L] g
7. High blood pressure O [

1t'yes to any of the above conditions, pleasc provide details of any hospitol attendances that were required,
cither at a clinic or as an inpatient,

Condition Hospital Date of Atlendance

.......................................................................................................................................................
........................................................................................................................................................
.......................................................................................................................................................
........................................................................................................................................................

.......................................................................................................................................................




B

MEDICATION

PLEASE LIST ANY REGUILAR MEDICATIONS THAT YOU ARE TAKING AT PRESENT.

Name ol Medication Duration of Treatment Condition Preseribed For
C LEG PAIN

Yes No
1, Do you still get a pain in cither leg on walking? 3 8

(UR)

1 YES, PLEASE COMPLETE THE FOLEOWING QUESTIONS, OTHERWISE PROCEED
TO SECTTON D OVER THE PAGE.

Does the pain ever begin when you are standing still or sitting? ] (]
Do you get this pain in your calf (or calves)? [ W,
Do vou get it when you walk uphitl or hurry? C 1
Do you get it when you walk at an ordinary pace on the tevel? O a
Docs the pain ever disappear while you are still walking? O O

What do you do if you get it when you are walking?

(] Stop
{J Slow down
D Continue at same pace

What happens to it it you stand stifl?

0 Usually continues more than 10 minutes
O Usually disappears in 10 minutes or less




9. Whete do you get this pain or discomfont?
Mark the place(s) with an X on the diagrams below

D LEG PAIN TREATMENT

HAVE YOU HAD ANY OF THE FOLLOWING TREATMENTS FOR YOUR LEG PAIN IN

THE LAST ¢ YEARS ?

1. Angioplasty (balloon dilatation)
2. Surgery, ep bypass, amputation
3. Treatment for ulcer or gangrene
4. Other

If yes to any of the above, please give details:

Treatment Hospital

..................................................................................................
...................................................................................................

Yes Neo

[ a

O B8

O [

U [
Date




CHEST PAIN

Yes No
Do you ever gel pain or discom{ort in your chest? [ ;|

IF YES, PLEASE COMPLETE THE FOLLOWING QUESTIONS, OTHERWISE PROCEED
TO SECTION IF,

Has this pain or discomfort developed in the past 6 years? O 0
Do you get it when you walk uphill or hurey? () (]
Do you get it when you walk at an ordinary pace on the level? | O

When you get the pain or discowforl in your chest, whal do you do?

a Stop
O Slow down
O Continue al same pace
Does it go away when you stand still or sit down? a ]

How soon does it go away?

O 10 minutes or less
[ more than 10 minutes

Where do you get this pain or discomfor!? B
Mark the place(s) with X on the diagram ?

ave you ever had a severe pain across the front of your chest Li [
lasting for more than half an hour in the last 6 years?

WRal Wis LHE CAUSET ooorieiieiveeccvsreers v s sasenesesssssnsssssearsscosarsnsone

SMOKING
Po you smoke? O 0
IF YES:
How much do you smoke on average?
cigarelles/rolled tobacco ... cigs/oz per day

pipe tobacco L oz per week
cigars e cigars per week




3.

IF NO:

1 have never smoked

I used to smoke and stopped

nionths ago

Yes

No




APPENDTIX XIT

RECORPING FORM_FOR_SWUDY PATIENT DEATHS

A  PATIWNT TDENTIFICATION

CARDIOVASCULAR ZVENT NO _

CODES {41C-416, 431-437)

5TUDYNO NAME
ADDLN1
HECNO . ACDLN2
ADDLKN3
DOB I
GP
Dor o ADDLN1
ADDLNZ .
B INEQEMATION SQURCE
DATE NOYIFIED
NHSCR _ 1
RELATLVE 2
HOSPITALAPVC 3
GP _ .4
OTHER s
UNKNOWIN 9
D PROVISIONAL DIAGNOSILS
MYOCARDIAL INFARCTTON 1
STROKE _.2
SUDDEN DEATH _ 2
CAROMBOGTS /EHBCLISI 4

—_—— L. l

— 2

PLACE HOME
HOSPLTAL
OTHELR

PH 1,2 OR 3

PVD

OTHER CV RELATED

UNXNOHNN

E  IINAL DIAGNCSIS OF CARDIQVASCULAR EVENT

MYOCARDTIAL INEARITION
DEINITE

PGSSL1BLE

SUDDEN DEATH

STRUKE - DEFINIYE
PQSSIBLL
THROMBOSIS/EHBOLIGM
PvD RELATED

CV RELATEDR

NON €V RELATED
UNKENGWH

H CONFTRMATORY INFORMATION FROM

P WD ~dOUme N

S

PEATH CERTIFLICATE
HGSPITAL PH

FRCC rLSCARL PH
HOZPITAL REIQRDS

I OTHER RELBVANT INFORMATION

[N

YES __ 3
NO 2

F CONFIRMATICHN CRITERIA
FOST MORTE

DEATY CERTIFICATE

MI CONFIRMED < 4 WEEKS
STROKE CCNFIRMED < & WEEKS
OTHER

& CV_DEATH CONFIRMATIDN
STUDY CRITERIA

CLINICAL THPRESSION

GP RECCRDS
OTHER
UNKNOWN

Py

b

bl

o L

S

{84

Peato

«”
%
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APPENDIX XIII

Study No
Name GP Name
Address GP Address
Do/ 7
Cardiovascular Event Number L] Date __/ [/
NEHS Number
1. _nformation Source 4, Final Diagnosis
Patient/Relative a1 Myocardial Infarction Definite O 1
GP Oz Myocardial Infarction Possible (1 2
PVC C3 ¥rimary Cardiac Arrest O3
CSA G4 Siroke Definile O 4
QOther Oos Stroke Possible s
Unknown 6 Angina 0 a
Transient Ischaemic Atlack [ 7
2. Provisional Diagnosis Intermittent Claudication 08
Rest Pain/Uleer/Gangrene (IR
Myocardial Infarction 01 Thrombosis/Embolism O 10
Stroke a2 Vascular Surgery (net amp) U 11
Angina 13 Amputation 012
Transient lschaemic Allack 04 Other CV 0 13
Intermmiient Claudication O 5 Other Non CV 014
Thrombosis/Embolism aeo Unknown 15
Ampulation a7 Angiloplasty 16
OtherCV__ O 8 CABG 017
Other Non CV 019
Unknown &g 10 5. Confirmatory Crilcria for M1
3. Conflirmaiion Source Pain a1
ECG 02
Patient/Relative 1 Enzymes O3
GP Record a2 Equivocal RCG C 4
Hospital Record 03 Equivocal Enzymes us
Other O 4
Unknown 05 6. Contirmatory Criteria for Stroke
Clinical Criteria 01
CT Scan a2
Discharge Diagnosis O3
7. Final Diagnosis Confirmation
Study Criteria [
Clinical Tmpression a2




