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SUMMARY

Identification of patients at risk of thromboembolism poses a daunting
problem. Nevertheless the availability of measurable plasma or serum factors may help to
identify those patients at particular risk of thrombogenesis and whom may benefit from
prophylactic anticoagulant therapy. My thesis investigates the roles of fibrinogen, fibrin
turnover, endothelial dysfunction and lipoprotein(a) in thrombogenesis associated with two
cardiovascular conditions at high thromboembolic risk, that is, atrial fibrillation and left
ventricﬁlar dysfunction. '

Atrial fibrillation was found to be a common cardiac arrhythmia in a survey of
emergency admissions over a six month period to my hospital. Heart failure and
cerebrovascular events were the commonest presenting features, accounting for about half
of all emergency admissions who were found to be in atrial fibrillation. This survey gave a
comprehensive profile of how patients with atrial fibrillation were investigated and managed in
a district general hospital. For example, a suboptimal application of standard investigations in
patients with atrial fibrillation was identified together with a reluctance to perform cardioversion
or to commence anticoagulant therapy. This being despite the increasingly important roles for
these two therapeutic manoeuvres in the current management of atrial fibrillation. One
possible reason for the low rate of introducing anticoagulation may be the uncertainty of many
physicians in identifying patients at high thromboembolic risk. The availability of a suitable
plasma marker of thrombogenesis may assist decision-making in these patients.

Factors such as fibrinogen, von Willebrand factor and lipoprotein (a) have
been associated with thrombosis, embolism and stroke. In addition, the fibrin D-dimer
fragment is a marker of fibrin turnover and is indirectly a measure of intravascular thrombus
formation. In my study, | have identified abnommalities of these plasma markers suggesting a
prothrombotic state in patients with atrial fibrillation and left ventricular aneurysms.

Patients with chronic atrial fibrillation, for example, have significant elevations
of plasma fibrinogen and von Willebrand factor when compared to normal population values;

and this is irrespective of aspirin or warfarin therapy. Those who are on no antithrombotic
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therapy have the highest levels of plasma fibrin D-dimer, suggesting the highest levels of
intravascular fibrin turnover in these patients. In contrast, patients whom are established on
warfarin have the lowest fibrin D-dimer levels, consistent with the beneficial effect of warfarin in
reducing thrombogenesis. No significant effect on these factors with respect to atrial size,
ventricular function (as measured by echocardiography), or underlying valve or ischaemic
heart disease was noted.

Cardioversion of atrial fibrillation to sinus rhythm replaces the iregular atrial
activity of atrial fibrillation with the regular atrial systole of sinus rhythm. If thrombogenesis has
a simple mechanical basis, cardioversion of atrial fibrillation should be expected to immediately
normalise plasma fibrinogen and fibrin D-dimer levels. This does not appear to be the case, as
in patients without warfarin therapy, plasma fibrin D-dimer falls sequentially over two weeks
following cardioversion. This is partly due to the clearance of D-dimer from the circulation and
that atrial systole may not resume immediately. In addition, there is little change in plasma
fibrinogen levels, which may inpart be due to the individual variation in the return of atrial
systole. Although clinical studies suggest a 'high risk' period for thromboembolism following
cardioversion, no significant peak in plasma fibrinogen or fibrin D-dimer has been noted. This
is in keeping with the hypothesis that any emboli are due to pre-formed thrombus rather than
formation of new thrombus following cardioversion. Patients who are anticoagulated pre- and
post-cardioversion have low plasma D-dimer levels, which do not alter over the two weeks'
follow-up, consistent with the prophylactic effects of warfarin in reducing thromboembolic
risks during cardioversion.

If fibrin D-dimer is a suitable indicator of intravascular thrombogenesis, further
evidence may be obtained by a study of patients with paroxysmal atrial fibrillation. These
patients are regarded as at intermediate thromboembolic risk when compared to chronic atrial
fibrillation and those in sinus rhythm. Patients with paroxysmal atrial fibrillation (on no warfarin
therapy) indeed do have intermediate levels of plasma fibrinogen and fibrin D-dimer, in
keeping with clinical observations. This suggests that flow abnormalities may be important in
thrombogenesis, as sustained irregular atrial activity (in chronic atrial fibrillation) causes greater

abnommalities in markers of thrombogenesis when compared to patients with intermittent
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irregular afrial contractions (for example, paroxysmal atrial fibrillation) and those with normal,
regular atrial systolic function (in sinus rhythm).

Patients with paroxysmal supraventricular tachycardia (whom have a
paroxysmal tachycardia with normal regular atrial contractions) were also compared with
matched patients manifesting paroxysmal atrial fibrillation. In this small study, patients with
paroxysmal supraventricular tachycardia had lower levels (similar to population values) of
plasma fibrinogen and fibrin D-dimer when compared with matched patients having
paroxysmal atrial fibrillation. This again suggests a role for flow abnormalities associated with
atrial fibrillation in influencing plasma fibrinogen and fibrin D-dimer levels.

Epidemiological evidence suggests that valvular heart abnormalities
significantly add to the thromboembolic risk of patients with atrial fibrillation. All patients with
valvular disease may not have similar risks of thromboembolism and this may in part be related
to their inherent flow characteristics. | therefore studied a small series of patients with aortic
stenosis and mitral regurgitation. Both groups had higher plasma fibrinogen levels when
compared to population levels, in keeping with flow abnormalities in these patients. However,
patients with mitral regurgitation have lower plasma D-dimer levels, indicating lower
intravascular fibrin turnover. This finding is consistent with observations that the presence of
mitral regurgitation reduces spontaneous echo contrast (associated with thrombus and
embolism) and intraventricular thrombus formation (for example, in patients with dilated
cardiomyopathy). This suggests that plasma D-dimer may be associated with stasis (allowing
thrombus formation) within the atrial cavity which is reduced by the presence of mitral
regurgitation. Patients with aortic stenosis, however, have similar plasma D-dimer levels to
population values, in keeping with the different pathophysiology (calcific emboli and platelets)
of emboli associated with aortic stenosis.

Epidemiological evidence also suggests that a further factor contributing to
the risk of stroke in atrial fibrillation is the presence of heart failure. Patients with ischaemic
heart disease have higher plasma fibrinogen and von Willebrand factor levels when compared
with population controls, but those with left ventricular aneurysms (as defined by radionuclide

ventriculography), however, have the highest levels of plasma fibrinogen, fibrin D-dimer and
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von Willebrand factor. This indicates the highest levels of intravascular thrombogenesis in
patients with left ventricular aneurysms and may explain the association of heart failure
(associated with left ventricular impairment) and thromboembolic events. As in patients with
chronic atrial fibrillation, patients with left ventricular aneurysms who were established on
warfarin therapy have low fibrin D-dimer levels, consistent with a reduction in thrombogenesis.

Clinical or epidemiological studies investigating the contribution of heart
failure to thromboembolic risk do not, however, make a distinction between systolic and
diastolic dysfunction. This is pertinent as 30% or more of admissions with clinical heart failure
have normal systolic function. There were, however, no differences in plasma fibrinogen,
fibrin D-dimer and von Willebrand factor between patients with and without diastolic
dysfunction. This suggests that the flow abnormalities associated with systolic (rather than
diastolic) impairment have the greatest influence upon fibrinogen and fibrin turnover (and
thrombogenesis).

Recent prospective studies of patients with nonvalvular atrial fibrillation have
shown that prophylactic anticoagulant therapy is beneficial in reducing thromboembolic risk.
In patients with chronic atrial fibrillation and left ventricular aneurysms in whom anticoagulant
therapy is introduced, there is a sequential reduction in plasma fibrin D-dimer (but not
fibrinogen) levels with the introduction of warfarin therapy. In addition, in those with the
highest initial D-dimer levels (>100ng/ml) this reduction is highly significant. This is again
consistent with the beneficial effect of warfarin in reducing stroke and thromboembolism, and
patients at highest risk (e.g. D-dimer >100ng/ml) may be selected by measurement of plasma
fibrin D-dimer levels.

Lipoprotein (a) is another factor associated with thrombogenesis, especially
in ischaemic heart disease. | therefore measured lipoprotein (a) levels in the two conditions in
which the highest intravascular fibrin turnover was demonstrated, those being chronic atrial
fibrilation and left ventricular aneurysms. There were, however, no significant differences
between patients and healthy controls and no alteration even with warfarin therapy. This is
consistent with observations that lipoprotein (a) is predominantly genetically determined, and

varies little with environmental influences.
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In summary, plasma levels of fibrinogen, D-dimer and von Willebrand factor
are elevated in patients with chronic atrial fibrillation (without antithrombotic therapy) and
patients with left ventricular aneurysms. Intermediate levels are seen in patients with
paroxysmal atrial fibrillation. My thesis therefore suggests possible roles for fibrinogen,
increased fibrin turnover (as measured by plasma D-dimer), endothelial dysfunction (as
reflected by von Willebrand factor) and rheological abnormalities in thrombogenesis in these
patients. Lipoprotein (a) appears to be little changed in these patients, with no relationship to
other plasma factors, in keeping with the strong genetic influence of this prothrombotic factor.
In addition, levels of these markers in patients with atrial fibrillation were not significantly
influenced by cardiac chamber size and structural abnormalities; whilst in patients with left
ventricular dysfunction, the presence of left ventricular aneurysms and systolic (rather than
diastolic) dysfunction was found to be important.

Therapeutic interventions may also alter thrombogenesis. For example,
cardioversion and anticoagulation both reduce plasma D-dimer levels, suggestive of the
beneficial effects of these interventions. As my survey of admissions with atrial fibrillation
demonstrated however that both of these procedures are infrequently considered, the
availability of a suitable plasma marker to select patients at high risk (who would benefit most
from intervention) may aid a physician in considering these interventions more frequently. My
thesis suggests that measurement of plasma fibrin D-dimer may provide such a marker of
thrombogenesis. Measurement of other factors such as fibrinogen and von Willebrand factor
will also contribute to the overall risk profile, allowing the risk of thrombogenesis in such

patients to be predicted.
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LAYOUT OF THESIS

The aim of this study was to investigate the haemo-rheological mechanisms
of thrombogenesis in two cardiac conditions at high risk of thromboembolism: atrial fibrillation
and left ventricular dysfunction.

In the introduction in CHAPTER 1, | review the current literature on the role of
haemorheological factors and lipoprotein (a) in thrombogenesis. | also summarise the
background and aims of my thesis. In CHAPTER 2, | undertake a survey of emergency
admissions with atrial fibrillation to a district general hospital. This survey gave a
comprehensive profile of admissions with atrial fibrillation and how they are investigated or
managed, allowing the identification of suitable patients for further study. In CHAPTER 3
patients with chronic atrial fibrillation are studied. This is a group of 85 patients with chronic
atrial fibrillation (divided into those on aspirin, warfarin and no antithrombotic therapy), whom
are compared to population controls. Flow abnormalities in atrial fibrillation may contribute to
thrombogenesis in these patients and conversion to sinus rhythm may alter this process.
Therefore, patients whom were cardioverted from atrial fibrillation into sinus rhythm are
studied in CHAPTER 4. The results of these studies stimulated an investigation into a group
of patients with paroxysmal atrial fibrillation whom are at intermediate thromboembolic risk
(CHAPTER 5). in CHAPTER 6 patients with paroxysmal supraventricular tachycardia are
studied allowing comparison with patients with paroxysmal atrial fibrillation.

The presence of valve disease and left ventricular dysfunction are risk factors
for thromboembolism and are additive to the risks of thrombogenesis in atrial fibrillation. In
CHAPTER 7, the influence of heart valve disease is studied, whilst patients with left
ventricular dysfunction are studied in CHAPTER 8. Current epidemiological studies do not
differentiate between the effects of systolic and diastolic dysfunction in assessing
thromboembolic risk. These patients with diastolic dysfunction are therefore studied in
CHAPTER 9. The effects of introducing anticoagulation in patients with chronic atrial
fibrillation and left ventricular aneurysm are studied in CHAPTER 10. CHAPTER 11

addresses the contribution of lipoprotein (a) to the mechanisms of thrombogenesis.
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CHAPTER 12 comprises a discussion of the overall results, an examination of the inter-
relationship of factors studied in this thesis and concludes with a summary of the main findings
of my thesis and suggestions for further study.

In summary, my thesis will commence with a review of the literature on plasma
markers of thrombogenesis. This will follow with clinical studies set out as individual chapters.
Each of these will include methodology used, results obtained and a critical discussion

including relevant literature review.
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1.1 THROMBOGENESIS AND PROTHROMBOTIC FACTORS

Introduction

Many cardiovascular conditions are associated with an increased
thromboembolic risk: two notable ones being atrial fibrillation and poor left ventricular function.
The mechanisms of thromboembolism in these two common conditions have not been fully
elucidated. These mechanisms are likely to be complex, multifactorial and inter-related. For
example, the presence of a dilated left atrium and poor left ventricular function are considered
to be contributory risk factors to the thromboembolic risk in atrial fibrillation. In patients in sinus
rhythm, however, the presence of poor left ventricular function (particularly in the presence of
an associated left ventricular aneurysm) is also associated with an increased thromboembolic
event rate. A possible mechanism common to both conditions is the presence of slow,
sluggish or recirculating blood flow within a dilated left atrial cavity or a poorly contractile left
ventricle (or aneurysm), which may result in an increased propensity toward clot or thrombus

formation (thrombogenesis).

How does altered flow and rheology relate to this thromboembolic risk, and how can we
quantify this risk?

The role of blood flow properties (rheology) in thrombogenesis has been
long recognised. More than a century ago, Virchow (1856) postulated that a triad of
abnormalities were key determinants of the process of thrombus formation: (i) slowing of
blood flow; (i) changes in the composition of the blood itself (that is, blood cells and clotting
factors); and (jii) changes in (and blood interactions with) the blood vessel wall. A modern
modification of this hypothesis suggests that turbulent blood flow, chronic damage to the
endothelium (by injury from cigarette smoking and hypertension) and abnormalities in biood
lipids resutt in functional abnormalities of the endothelium, leading to adhesion of monocytes
and platelets, and the further accumulation of lipids. Continuation of this process leads to
atheroma formation (atherogenesis). The process of arterial thrombogenesis is therefore very

closely related to atherogenesis: it follows that specific thrombogenic factors may play key
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roles in the process of atherosclerotic lesion formation. Further evidence for this is the
presence of platelets, fibrinogen, fibrin and fibrin degradation products in atheromatous
plaques (especially at areas of thrombus formation) and the promotion of smooth muscle
proliferation and lipid deposition by accumulated fibrinogen and fibrin (Hunt 1990).

The precise contributory factors to thrombogenesis and atherogenesis have,
however, not been fully defined. Based on current clinical and epidemiological evidence,
plasma factors, such as fibrinogen, fibrin D-dimer, von Willebrand factor and lipoprotein (a) may
be suitable markers of thrombogenesis and atherogenesis; thus suggesting possible roles
for increased fibrin formation, endothelial dysfunction and rheological disturbance in the
mechanisms of promoting thrombus formation (thus contributing towards a prothrombotic or
hypercoagulable state).

What then is the relative importance of these plasma prothrombotic factors in
thrombogenesis and atherogenesis? Most evidence to date is from epidemiological studies.
Increased plasma fibrinogen levels have been associated with an increase in risk of
cardiovascular disease, including ischaemic heart disease, stroke and other thromboembolic
events (Ernst et al 1992, Ernst and Resch 1993). Plasma fibrinogen is, however, also
involved in blood coagulation and is an important determinant of blood viscosity and hence of
blood flow (Lowe 1986). In the process of thrombus formation, fibrinogen is converted to
fibrin by the action of thrombin, and the resuiting fibrin monomers polymerise to form a soluble
gel of non-crosslinked fibrin. The latter is then crosslinked by thrombin-activated Factor Xiil to
form an insoluble fibrin clot. Subsequent activation of the fibrinolytic system results in
formation of the enzyme plasmin, which cleaves both fibrinogen and fibrin to yield fibrin
degradation products (FDPs). Of these, only the degradation products from crosslinked fibrin
(XL- FDP) contain the D-dimer fragment. The process of fibrin turnover can therefore be
assessed by the measurement of plasma fibrin D-dimer levels, which are therefore an indirect
marker of intravascular thrombus formation (thrombogenesis).

The blood vessel wall also contributes to thrombogenesis (Virchow's triad)
and any endothelial disturbance can be assessed by measurement of plasma levels of von

Willebrand factor (vWF), which is an increasingly recognised marker of endothelial dysfunction
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(Blann et al 1993, Jansson et al 1991). Another serum factor, lipoprotein (a) [Lp(a)], has been
recognised for nearly 30 years as a partially genetically-determined lipoprotein which is
associated with an increase in atherogenesis and thrombogenesis. Elevated Lp (a) levels
have been associated with an increased risk for coronary artery disease, stroke and restenosis
after coronary artery bypass surgery (Rees 1991, Scott 1991). The actual function of Lp(a),
however, remains largely unknown. In vitro studies have shown that Lp(a) competes in
equimolar concentrations with plasminogen for binding to plasminogen receptors on vascular
endothelial cells, resulting in an inhibitory effect on endogenous fibrinolysis. Lp(a) may also
deliver cholesterol to proliferating cells by binding fibrin at sites of vascular injury, therefore
contributing to thrombus and atheroma formation (Lawn 1992).

The potential interactions between the plasma markers of thrombogenesis
and atherogenesis are, therefore, complex. Their relative importance as useful markers
remains to be demonstrated in prospective studies. Improved biochemical techniques have,
however, allowed the easy measurement of these key factors in thrombogenesis. Study of
the possible mechanisms of thrombogenesis in cardiac conditions with particular risk of
thromboembolism is therefore feasible. Measuring and evaluating such markers of an
apparent intravascular thrombogenic state may also be of value in clinical practice.  For
example, measurement of these plasma factors may allow screening of patients in order to
identify those most at risk of thromboembolism and hence those whom might benefit most
from antithrombotic therapy. Additionally, in the acute stage of a thrombotic occlusion
(coronary arteries in the case of myocardial infarction, or in cerebrovascular events) these
plasma factors may provide prognostic information and allow therapeutic monitoring. Such
measurements also open the possibility of developing new strategies in antithrombotic

therapy.
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1.2 FIBRINOGEN, FIBRIN D-DIMER FRAGMENT, VON WILLEBRAND
FACTOR AND LIPOPROTEIN (a) IN CARDIOVASCULAR DISEASE:
A REVIEW OF THE LITERATURE

Introduction

The process of thrombus formation involves endothelial injury, platelet
adherence, aggregation and release, thrombin generation and fibrin formation. In addition,
thrombogenesis is closely associated with atheroma formation and both processes contribute
to atherosclerotic cardiovascular disease. Interestingly, the hypothesis that thrombosis may
contribute significantly to spontaneous atherogenesis was originally proposed by Rokitansky
(1852), who postulated that atheroma formation resuits from intimal deposition of blood
components, including thrombi and fibrin. There is now increasing pathological evidence that
the progression of atherosclerosis is, probably to a significant extent, closely related to
ongoing mural thrombus formation (‘thrombogenesis') and organisation (Duguid 1946, Woolf
and Davies 1992).

Plasma factors involved in the process of thrombogenesis which have been
studied include plasma fibrinogen, factor VI, fibrin D-dimer fragments and plasma von
Willebrand factor. In addition, plasma lipoprotein (a) has been shown to related to the intrinsic
fibrinolytic tendency of the body, although the precise role of this lipoprotein and its

relationship to other coagulation factors and thrombogenesis remains unclear (Figure 1.1).

PLASMA FIBRINOGEN.
Biochemistry and pathophysiology

Human fibrinogen is a large glycoprotein (340000 Daltons) composed of 3
pairs of nonidentical polypeptide chains (A alpha, B beta and gamma) which are joined
together by disulphide bonds at their amino-acids. It is well recognised that fibrino'gen is an
important determinant of the rheological characteristics of blood flow, as well as platelet
aggregability (Lowe 1986). Fibrinogen is also an essential component of the blood

coagulation system, being the precursor of fibrin. However, at the ‘usual' plasma levels of 1.5
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to 4.5 g/l its concentration far exceeds the minimum concentration of 0.5-1 g/l necessary for
haemostasis.

It is postulated therefore that elevated plasma fibrinogen levels may reflect a
prothrombotic or hypercoagulable state as it is a major determinant of fibrin formation, blood
viscosity and platelet aggregation. This possibly enhanced thrombogenic tendency of
fibrinogen may contribute to the development of the atheromatous lesion itself and the
tendency of ruptured atheromatous plaques to occlude, for example, in coronary artery
disease. In patients with an accelerated risk of atherosclerosis due to hyperlipidaemia,
hypertension or diabetes, this is particularly important and raised plasma fibrinogen levels may
be an independent and major additive risk factor to such patients (Emst et al 1992). It is also
proposed that elevated plasma fibrinogen may promote atherosclerotic vascular damage as
high concentrations of fibrinogen and fibrin have been found in developing atherosclerotic
lesions (Bini and Kudryk 1992, Smith et al 1990). The pathogenesis of such lesions is not
solely due to fibrinogen and fibrin but likely to involve increased fibrin formation and
degradation (Bini and Kudryk 1992), platelet aggregation (which fibrinogen increases) and
changes in blood viscosity (which fibrinogen promotes) (Lowe 1986) (Figure 1.1).

The importance of the intimate interaction between plasma fibrinogen and
platelets in thrombogenesis is suggested by the process of platelet recruitment. This involves
the expression of the glycoproteins 1ib/ illa receptor for fibrinogen and other cytoadhesive
proteins that include von Willebrand factor (Badimon et al 1992, Harker 1987). In addition,
patients with poor left ventricular function have greater platelet activation (as reflected by
increased plasma levels of factors which reflect platelet activity, such as platelet factor 4 and 8
thromboglobulin), and together with an interaction with plasma fibrinogen, thrombogenesis
may therefore be promoted (Schmitz-Huebner et al 1988). Similarly, patients with previous
myocardial infarction demonstrate significant elevations in platelet factors due to the reaction
of platelets with previously infarcted myocardium (rather than arteriosclerotic coronary arteries)
(Nichols et al 1982). This suggests that enhanced platelet activation may be associated with

the presence of left ventricular wall motion abnormalities (Nichols et al 1982).
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Plasma fibrinogen is an important contributory factor to the flow properties of
the blood and is a major determinant of plasma viscosity and red cell aggregation (and hence,
whole blood viscosity). An elevation in whole blood viscosity may lead to sluggish blood flow,
which is associated with thrombus formation. Not surprisingly, this rheological index is high in
patients with coronary artery disease and patients at high risk of ischaemic heart disease

(Mares et al 1991).

Epidemiological studies

Plasma fibrinogen has been well established as a cardiovascular risk factor.
Studies from different countries over the last 10 years have demonstrated a significant
association between plasma fibrinogen and cardiovascular mortality and morbidity, including
ischaemic heart disease and stroke (Garcia-Bolao et al 1990, Green and Humphries 1989,
Ernst 1991, Ernst and Resch 1993). In addition to elevated fibrinogen levels, plasma viscosity
(to which plasma fibrinogen contributes) and leucocyte count are at least as predictive for
cardiovascular events as ‘traditional' cardiovascular risk factors such as cholesterol, diastolic
blood pressure and body mass index (Yarnell et al 1991). However, plasma fibrinogen has
other 'external’ influencing factors, and it is recognised that concentrations change with age,
post-menopausal state, obesity and smoking, and fall with alcohol consumption (as will be
discussed below) (Ernst and Resch 1993, Green and Humphries 1989, Meade et al 1979).

In the Northwick Park Heart study of white men, plasma fibrinogen levels were
higher in those who died of cardiovascular disease (Meade et al 1986). An important finding is
that an elevation of one standard deviation in fibrinogen concentration (about 0.6 g/l) was
associated with an 84% increase in the risk of ischaemic heart disease within the next 5 years
(In contrast, the corresponding risk progression for cholesterol was only 43% for all age
groups) (Meade et al 1986).

In the Framingham study, the risk for coronary heart disease was aiso
significantly related to the plasma fibrinogen level (Kannel et al 1987). This risk however
diminished with age in women but not in men. The converse was demonstrated for the risk of

stroke, which was related to plasma fibrinogen levels in men but not in women. Similar results
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are demonstrated in the PROCAM study of 2187 patients whom were prospectively followed-
up for 48 months, where those with cardiac events had significantly elevated plasma
fibrinogen levels (Heinrich et al 1991b). In the Gothenburg Study, there was also a clear
relationship between plasma fibrinogen and the development of stroke and myocardial
infarction, even after adjusting for blood pressure, serum cholesterol and smoking
(Wilhelmsen et al 1984).

In the Caerphilly and Speedwell Collaborative Heart Study, a combined
cohort of 4860 middle-aged men was studied and yet again, plasma fibrinogen and viscosity,
and white blood cell count were important risk factors for ischaemic heart disease (Yarnell et al
1991). These associations with ischaemic heart disease were independent of smoking
status, although part of the adverse effects of smoking may be mediated through plasma
fibrinogen, viscosity and white cell count (Yarnell et al 1991). Another British study, the Leigh
general practice study of 297 males demonstrated that plasma fibrinogen was also a major
independent coronary risk factor (Stone and Thorp 1985).

In the Scottish Heart Health Study, plasma fibrinogen was measured in 8824
patients aged 40-59 years and related to cardiovascular risk factors. This large study
demonstrated that women had higher plasma fibrinogen levels than men, and that there was a
positive association with age, smoking, total cholesterol and body mass index and a negative
association with alcohol consumption (Lee et al 1990, Lee et al 1993). As in the Caerphilly
and Speedwell Collaborative Heart Study, the findings of the Scottish Heart Health Study do
suggest that a raised plasma fibrinogen level was one mechanism by which several risk factors
(including smoking) promoted coronary heart disease (Lee et al 1990, Yarnell et al 1991). The
Scottish Heart Health Study, in addition, was the first large random population study to
demonstrate that plasma fibrinogen was raised in subjects with a family history of premature
heart disease and with a personal history of hypertension, diabetes, angina, myocardial
infarction or intermittent claudication (Lee et al 1993). The latter finding was confirmed in the

Edinburgh Artery Study (Lowe et al 1993).
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Ischaemic heart disease

An important relationship clearly demonstrated in the epidemiological studies
discussed above is the association between risk factors for ischaemic heart disease and
plasma fibrinogen levels. However, do the changes in plasma fibrinogen and other plasma
factors extend to all categories of patients with ischaemic heart disease? Plasma fibrinogen
and fibrin degradation products are generally elevated in coronary artery disease, but these
concentrations appear to depend on the severity and time since onset of disease (Malaia et al
1990). Plasma viscosity and fibrinogen levels are also higher in patients with unstable angina
than in patients with stable angina (Leschke et al 1988), and in patients with more severe
coronary artery disease (Lowe et al 1980). Importantly, the latter elevation was comparable to
the increased values found in patients following acute myocardial infarction (Leschke et al
1988). The abnormal blood viscosity in unstable angina (related in part to abnormal plasma
fibrinogen levels) may contribute to increasing myocardial ischaemia and the progression of
angina by slowing capillary blood flow and diminishing oxygen delivery. These results also
suggest that the increased plasma fibrinogen levels during acute myocardial infarction are not
solely a reactive (or infarction-related) mechanism, but are part of the pathogenesis of
unstable angina by a rheological reduction in coronary perfusion and the promotion of
thrombus formation.

The relationship to the extent or severity of coronary artery disease is
consistent. In 9 out of 10 studies, plasma fibrinogen levels correlated significantly with the
degree of coronary artery disease (Table 1.1). In a Glasgow study, for example, there was a
modest association between the extent of coronary atheroma and plasma fibrinogen levels
(but no relationship between the severity of coronary artery disease and components of the
fibrinolytic enzyme system) (Small et al 1987). Recent large studies have also confirmed the
association between plasma fibrinogen and extent of coronary atherosclerosis (ECAT Angina
Pectoris Study Group 1993). The converse was demonstrated in one larger study of 225
patients, where plasma fibrinogen, von Willebrand factor and other clotting factors did not
contribute independently to the prediction of an angiographic score that indicated the extent

of coronary artery disease (Schmitz-Huebner et al 1988). While the trend is clear, care has to
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be taken in the interpretation of the absolute values of plasma fibrinogen summarised in Table
1.1 due to regional variations in plasma fibrinogen levels (Ernst 1991, Machin and Mackie
1993).

Despite the variation in time course and severity of ischaemic heart disease
discussed above, an elevated plasma fibrinogen is nevertheless predictive of future
cardiovascular events in patients with coronary heart disease (Dormandy et al 1982, Martin et
al 1991), peripheral vascular disease (Banerjee et al 1992, Dormandy et al 1973, Fowkes et al

1993) and survivors of a first stroke (Ernst et al 1991).

Atrial fibrillation

Atrial fibrillation is commonly associated with stroke and thrombcembolic
events and associated rheological abnormalities may be a significant contributing factor.
Indeed, plasma fibrinogen levels are elevated in patients with chronic atrial fibrillation (Kumagai
et al 1990). The role of plasma fibrinogen in contributing to thrombogenesis in atrial fibrillation
(and the effects of interventions such as anticoagulation and cardioversion to sinus rhythm) is
further investigated by my thesis. In patients with chronic atrial fibrillation after threadmill
exercise, plasma fibrinogen levels are increased in association with enhanced platelet activity
but lower levels of antifibrinolytic activity (Furui et al 1987). This suggests therefore that
haemorheological abnormalities in atrial fibrillation are ‘real' and dynamic; and that the risk of

thromboembolic complications may be enhanced by stress or physical exercise.
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TABLE 1.1

PLASMA FIBRINOGEN LEVELS (g/l) IN PATIENTS WITH

CORONARY ARTERY DISEASE

one-vessel disease two-vessel disease _three-vessel disease

Baller et al 1991

Broadhurst et al
1990

ECAT Angina

Pectoris Study
Group 1993

Hamsten et al 1986

Handa et al 1989

Leschke et al 1988

Lowe et al 1980

Schmitz-Hubner et al
1988

Small et al 1987

3.16 3.43 3.40
2.64 3.07 3.31
3.02 3.08 3.05-3.10
3.4 3.62 3.68
M2.93 M3.13 M3.25
F2.72 F3.05 F3.24
2.65 2.76 3.05
2.73 3.19 3.19
3.28 3.20 3.36

3.19 3.28 3.40
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Psychological and mental stress

The effect of psychological and mental stresses has been shown to have a
significant effect on plasma coagulation and fibrinolysis, with demonstrable increased levels of
plasma fibrinogen, von Willebrand factor and factor VIl coagulant activity (Jern et al 1989).
These changes appear to be adrenergic in origin, being similar to responses observed during
exercise and with an adrenaline infusion (Jern et al 1989). Mental stress has been regarded
as an important risk factor for cardiovascular disease, and this study provides suggests one
possible mechanism for this. Stress also induces an increase in platelet count and activity,
and this (in combination with the increased levels of VWF, coagulation factors VIl and VI, and
plasma fibrinogen discussed above) may have an additive effect in promoting occlusive
thrombus formation. There is also experimental evidence that chronic mental stress promotes
the development of atherosclerosis, which is a process requiring (as discussed above)

fibrinogen, von Willebrand factor and platelets (Clarkson et al 1987).

Cerebrovascular disease

There is epidemiological evidence suggesting that plasma fibrinogen levels
are significantly associated with cerebrovascular events. The Framingham and Gothenburg
studies have both shown that plasma fibrinogen is an independent prognostic risk factor for
stroke (Kannel et al 1987, Wilheimsen et al 1984). Similarly, the Oxfordshire community
stroke project demonstrated that an elevated plasma fibrinogen level (in addition to
generalised hypercholesterolaemia and elevated low density lipoproteins) was a risk factor for
prevalent cerebrovascular events (Qizilbash et al 1991). In addition, an analysis of risk factors
for stroke in a cohort of 789 men born in 1913 demonstrated that increased plasma fibrinogen
levels correlated significantly with the incidence of stroke (Welin et al 1987). Levels of plasma
fibrinogen are also raised in patients with transient ischaemic attacks (Coull et al 1991,
Qizilbash et al 1991).

There is also evidence of a link between these haemorheological parameters
in cerebrovascular disease and histopathological evidence of atherosclerotic lesions

associated with stroke. When patients with stroke were studied, an association between
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atheroscleratic lesions of the extracranial carotid artery and age, plasma fibrinogen and whole
blood fitterability was noted (Mercuri et al 1989). In addition, an elevated plasma fibrinogen

predicted the progression of atherosclerotic carotid stenosis (Grotta et al 1989).

Peripheral vascular disease

Patients with peripheral vascular disease demonstrate abnormalities of
several coagulation, fibrinolytic and rheological variables. For example, plasma fibrinogen
concentration was an important independent predictor of coronary death in patients with
intermittent claudication (Fowkes et al 1993). This finding is similar to that demonstrated in
the Northwick Park prospective study of stable claudicants (Banerjee et al 1992). In the latter
study, an increase in plasma fibrinogen of 1g/l was associated with a two-fold increase in the

probability of death within the next six years (Banerjee et al 1992).

Hypertension

It is well recognised that hypertension adds to the risk factor profile for
patients with coronary artery and cerebrovascular disease. In patients with hypertension,
fibrinogen concentration and plasma viscosity are independent predictors of blood pressure.
In a study of hypertensive diabetic Nigerians, for example, plasma fibrinogen was the
strongest predictor of both systolic and diastolic blood pressure, followed by blood viscosity
and body mass index (Mermeh 1990). In hypertensives with renoparenchymous and
malignant forms of hypertension, marked rises of plasma fibrinogen are seen, with a linear
correlation between the plasma-renin activity and the levels of systolic and diastolic blood
pressure (Sonkodi et al 1979). This is pertinent as the haemorheological abnormalities in
hypertension may have important implications for cardiovascular morbidity and mortality
(Zannad and Stoltz 1992). An indication of these risks involved are demonstrated in the
Leigh general practice study, where hypertensive subjects with plasma fibrinogen levels >3.5
g/l had a 12-fold higher cardiovascular risk than those with plasma fibrinogen levels <2.9g/1

(Stone and Thorp 1985).
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in addition, patients with hypertension and coronary artery disease are found
to have higher levels of plasma fibrinogen and plasma viscosity than in patients with essential
hypertension and normal coronary arteries (Leschke et al 1987, Leschke et al 1988, Leschke
et al 1990). importantly, however, hypertensive patients without coronary artery disease had
significantly higher levels of plasma viscosity, red cell aggregation than did normotensive
controls (Leschke et al 1987). These findings are of significance as the increased blood
viscosity in hypertensive patients (both 'de novo' and secondary to increased plasma
fibrinogen) may potentially confribute to angina pectoris and the reduction in coronary reserve
observed in patients with hypertension and coronary artery disease (Leschke et al 1987,

Leschke et al 1990).

Diabetes

Patients with diabetes mellitus are at increased risk of cardiovascular
complications and interestingly, these patients also demonstrate abnormmalities in plasma
fibrinogen and other coaguiation factors. In a study of 170 patients with Type ll diabetes,
plasma levels of fibrinogen were significantly higher than that of the normal population
(Shihabi et al 1990). There was also a significant positive correlation between plasma
fibrinogen and fasting glucose levels, serum cholesterol levels, glycosylated haemoglobin
and urinary albumin excretion rates (Shihabi et al 1990). In the Framingham Study and
Scottish Heart Health Study, diabetic subjects also had higher plasma fibrinogen
concentrations than non-diabetic subjects (Kannel et al 1990, Lee et al 1993). These
findings are important as elevated fibrinogen levels were a major determinant of cardiovascular
complications in diabetics (Ganda and Arkin 1992, Kannel et al 1990).

One specific group of diabetics who are at particular cardiovascular risk are
those who develop systemic complications such as renovascular disease and neuropathies.
These patients also demonstrate significant plasma rheological and lipid abnormalities. In a
case-control study of insulin dependant diabetics, patients with microalbuminuria (whom are
those who tend to develop renal complications) had significant elevations of plasma

fibrinogen, triglycerides, low density lipoprotein cholesterol, very low density lipoprotein
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cholesterol (but lower concentrations of high density lipoprotein cholesterol) when compared
to controls (Jones et al 1989). Similarly when diabetic patients with neuropathies were
studied, higher blood viscosity and elevations in coagulation factors including plasma
fibrinogen and von Willebrand factor were found (Solerte et al 1988).

Plasma fibrinogen and lipid abnormalities therefore add significantly to the

complex risk factor profile for cardiovascular disease in diabetic patients.

Body mass

In obese patients (Body Mass Index > 30) plasma viscosity and fibrinogen
levels are significantly increased when compared to healthy subjects (BMI<25) (Craverei et al
1987, Rosengren et al 1990). This increase is independent of the presence of

atherosclerotic complications and other risk factors.

Hormonal influence

The incidence of myocardial infarction and cerebral thromboembolism is
higher in women who use oral contraceptives and rheological abnormalities may partly explain
this (Bogousslavsky and Regli 1987, Lidegaard 1993, RCGP Oral Contraception Study 1977,
Shearman 1986). This patient group appears to have an increased thrombogenic tendency
as measured by elevated platelet aggregation and plasma fibrinogen levels (Balleisen et al
1985, Garcia-Bolao et al 1990, Ernst et al 1989, Lowe et al 1980, Green and Humphries
1989). In the Scottish Health Heart Study, however, women who had previously been taking
oral contraceptives had lower plasma fibrinogen levels when compared to those who had no
such history, although multivariate analysis showed no independent association of history of
oral contraceptive use and fibrinogen (Lee et al 1990).

Further evidence for a hormonal influence on plasma fibrinogen comes from
the observation that levels are significantly higher in post menopausal women when
compared to premenopausal women (Bonithon-Kopp et al 1990, Lee et al 1990, Meade et al
1983, Meade et al 1990). This increase in plasma fibrinogen (and Factor Vilic and cholesterol)

seen in post-menopausal women has been calculated to increase the risk of fatal ischaemic
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heart disease by 40% (Meade et al 1983). The occurrence of the menopause was also
accompanied with significant increases in plasma antithrombin I, factor VIl coagulant activity,
and factor Vlic, which were greatest in those experiencing a natural menopause when
compared to those with an artificial menopause (Meade et al 1990). All these findings
therefore may partly account for the increased cardiovascular complications seen in

postmenopausal women.

Smoking

Smoking is a very important influencing factor for plasma fibrinogen levels. In
fact, a dose-effect relationship exists between the number of cigarettes per day and plasma
fibrinogen levels (Kannel et al 1987). All epidemiological studies to date have found the
highest plasma fibrinogen levels amongst smokers.

For example, in the large (15000 men) WHO Co-operative trial of clofibrate,
the highest plasma fibrinogen levels were seen in smokers (Green et al 1989). In an
interesting cross-sectional population study from Copenhagen, a total of 439 men (all aged
51 years old) living in a certain area of Copenhagen were studied, and one of the strongest
independent associations with plasma fibrinogen level was found for smoking (Mgller and
Kristensen 1991). A Swedish study of a cohort of 788 healthy men aged 54 years also
showed that plasma fibrinogen positively correlated with cigarette smoking (Korsan-Bengtsen
et al 1972). Similarly, in analysis of data from the Northwick Park Heart Study, there was a
significant association between elevated plasma fibrinogen and ischaemic heart disease, and
furthermore, the lifetime duration of smoking was also found to be a determinant of initial
plasma fibrinogen levels (Meade et al 1987). Fibrinogen levels begin to fall soon after
smoking is discontinued but it can take 5 to 10 years before they returned to the levels found
in life-long non-smokers (Lee et al 1990, Meade et al 1987). A switch from cigarette to cigar
smoking is inexplicably associated with a large increase in plasma fibrinogen (Meade et al
1987), which is in keeping with the observation that cigar smokers remain at an increased risk
of ischaemic heart disease (Kaufman et al 1987). There is evidence that part of the

relationship between smoking and ischaemic heart disease may be mediated through plasma
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fibrinogen (Lee et al 1990, Yarnell et al 1991), although the precise mechanism for this is
unclear. Further evidence for the association between smoking, fibrinogen and ischaemic
heart disease is shown by the correlation of plasma fibrinogen levels with smoking habit in
patients with acute myocardial infarction (before thrombolytic therapy) (Pollak et al 1991).

The consistent observation of higher plasma fibrinogen levels in heavy
smokers, independent of age, may be explained by two alternative hypotheses: (i) smoking
may lead to endothelial damage (resulting in activation of the coagulation system and
increased production and release of clotting factors); or (i) smoking may directly lead to
increase of clotting factors (resulting in a tendency to thrombosis and the formation of mural
microthrombi on an otherwise damaged endothelium). In fact, there is evidence for both of
these hypotheses. For example, cigareite smoking has been shown to cause endotheiial
damage and platelet activation, and post-mortem studies have demonstrated accelerated
atherogenesis in the coronary arteries of young smokers (FitzGerald et al 1988). Another
possible mechanism of the effects of smoking appears to be the activation of lung
macrophages, which can produce hepatocyte stimulating factor, increasing the liver synthesis

of fibrinogen (Ritchie et al 1982).

Miscellaneous conditions

Control of plasma fibrinogen levels is complex, as there are also associations
of plasma fibrinogen not only with environmental factors (such as alcohol intake, smoking,
exercise, social class, age, obesity) or the acute phase response, but also with genetic factors

(Green and Humphries 1989).

Exercise Strenuous exercise is associated with lower plasma fibrinogen (and
cholesterol) concentrations, equivalent to a difference of 15% in the risk of ischaemic heart
disease, when compared to a sedentary lifestyle (Connelly et al 1992). Similar changes of
plasma fibrinogen with exercise were seen in the Caerphilly Prospective Heart Study, the
Scottish Health Heart Study and the Gothenburg study (Elwood et al 1993, Lee et al 1990,

Rosengen et al 1990).
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Alcohol Increased alcohol consumption may have a small but significant effect on
decreasing plasma fibrinogen (Lee et al 1990, Meade et al 1987). A decrease of
approximately 0.78% per 10g of alcohol consumed has been noted (Meade et al 1987) and is
consistent with the possibility that a moderate level of alcohol consumption confers some

protection against ischaemic heart disease (Moore and Pearson 1986).

Social Class Psychosocial factors have important influences on cardiovascular mortality
and morbidity, and plasma fibrinogen may be partly responsible (Rosengren et al 1990). The
role of social class and psychosocial factors in determining plasma fibrinogen levels however
remains controversial. The Northwick Park Heart Study, for example, demonstrated a greater
increase in plasma fibrinogen in those of lower social classes with an additional increased risk
of a cardiac event of 5% within the next 5 years in men from social classes IV and V (Meade et
al 1987). Similar findings of a higher plasma fibrinogen in lower social classes were also
demonstrated in a cross-sectional Danish population study (Meller and Kristensen 1991) and
in the Scottish Health Heart Study (Lee et al 1990). In contrast, however, the Gothenburg
study found no independent association between fibrinogen concentration and occupational

class (Rosengren et al 1990).

Hyperlipidaemia Plasma fibrinogen is also increased in patients with hyperlipidaemia
(Lowe et al 1979, Simpson et al 1983, Stone and Thorp 1985). The interaction between
plasma fibrinogen and cholesterol levels is demonstrated in the Leigh Study, where the
incidence of heart attack was six times greater in those with high plasma fibrinogen (>3.5 g/l)
and cholesterol levels (>6.2 mmol/l) when compared to those with low fibrinogen levels
(Stone and Thorp 1985). Patients with Type Il hyperlipoproteinaemia also have increased
levels of plasma fibrinogen and platelet aggregates, with the normal rise in fibrinogen during
adult life being abolished by a premature increase (Lowe et al 1979). This finding is
consistent with an increased risk of premature atherosclerosis and thrombotic complications in

these patients. in the Copenhagen study discussed above, plasma fibrinogen was closely
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associated with LDL cholesterol and HDL cholesterol levels (Meller and Kristensen 1991).
One Swedish study (Korsan-Bengtsen et al 1972) and the Scottish Heart Health Study (Lee
et al 1990) also showed a correlation between plasma fibrinogen and total cholesterol levels.

Patients with hypertriglyceridaemia (Type IV hyperlipidaemia) also have
significantly higher concentrations of plasma fibrinogen when compared to controls, with an
associated lowering of fibrinolytic activity (Simpson et al 1983). In contrast, one cross-
sectional study demonstrated a negative correlation between plasma fibrinogen and
triglyceride levels (Korsan-Bengtsen et al 1972). These inconsistent findings, therefore,
mean that the relationship between fibrinogen and triglycerides is not yet established,
although alcohol may be a confounding factor (as moderate alcohol consumption may
increase triglycerides but reduce plasma fibrinogen levels).

The treatment of hyperlipidaemia may alter the hypercoagulable state seen in
these patients. For example, patients with Type IV hyperlipidaemia treated with diet alone (or
with diet and clofibrate) showed no change in plasma fibrinogen levels, although triglycerides
and some clotting factors (Vllc and Xc) were lowered (Simpson et al 1983). In contrast, the
large (15000 men) WHO Co-operative trial of clofibrate (a drug which lowers cholesterol and

triglycerides) showed a reduction in plasma fibrinogen levels (Green et al 1989).

Valve surgery Valve surgery is a risk factor for increased thromboembolic risk and
this has been investigated in one small study, where plasma fibrinogen, plasma viscosity, red
cell aggregation and spontaneous platelet aggregation were all found to be increased in
patients after both mechanical and bioprosthesis heart valve replacements when compared to

normal subjects (Koppensteiner et al 1991).

Dental disease Dental disease is associated with myocardial infarction, and increased
plasma fibrinogen and white cell counts may partly explain this (Kweider et al 1993). For
example, chronic inflammatory gingival and periodontol infection, which is common in
populations with high rates of coronary artery disease (such as Glasgow), may increase plasma

fibrinogen and white cell count levels (Kweider et al 1993).
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Genetic factors There is also a significant genetic influence on plasma fibrinogen
formation and genetic heritability may account for up to 51% of the variance of the plasma
fibrinogen level (Hamsten et al 1987). The development of DNA typing may therefore identify
genotypes at high risk of ischaemic heart disease (Humphries et al 1987). For example, the
mean fibrinogen level in individuals with the genotype B1B2 is 2.98g/l which is similar to the
levels found in those free from heart disease in the Northwick Park heart study (Humphries et
al 1987, Meade et al 1986). However, indivi&uals with the genotype B2B2 have a mean level
of 3.7g/l which would potentially increase the risk of ischaemic heart disease by 75%
(Humphries et al 1987, Meade et al 1986). Certain fibrinogen genotypes have also been
associated with an increased risk of peripheral atherosclerosis, although the influence was not
mediated simply by way of increased fibrinogen concentrations (Fowkes et al 1992). A
prospective study of the predictive value of 'high fibrinogen' genotypes for cardiovascular

disease is therefore needed.

Regional variations in plasma fibrinogen levels

A wide range of reference values for plasma fibrinogen appears to exist with a
mean 'normal’ value between 2.3 to 3.1 g/l in different population studies (Ernst 1991). This
is independent of patient characteristics such as age and sex, and an unidentified
environmental factor may well be the cause. However, these differences may also be
methodological (Machin and Mackie 1993), hence an international standardisation is also

required so that plasma fibrinogen values can become directly comparable between studies.

Measures reducing plasma fibrinogen

Preventive measures against cardiovascular disease risk from high plasma
fibrinogen levels require the diagnostic determination of fibrinogen concentrations, with the
aim of identifying and optimally treating high risk patients. General measures such as stopping

smoking and increasing physical exercise should be attempted. Therapeutic strategies may
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potentially be developed to specifically lower plasma fibrinogen in the same way as
cholesterol lowering drugs do today.

Several drugs have been reported to lower fibrinogen concentrations,
including ticlopidine, stanzolol, oxypentifylline, calcium dobesilate, propanolol, nislodipine
and the fibrates (Ernst 1991). However these drugs have pharmacological effects other than
lowering fibrinogen concentrations and are not practical therapeutic options.

The role of diet in reducing plasma fibrinogen remains controversial. For
example, fish oil supplementation (rich in omega-3 fatty acids) may result in reduction in
plasma fibrinogen levels (Hostmark et al 1988, Radack et al 1989). In contrast, the Northwick
Park study, however, did not show any significant effect of dietary changes (Meade et al
1986). Moderate alcohol consumption, increased consumption of garlic, regular exercise,
weight foss and better diabetic control are also reported to have favourable fibrinogen

lowering effects (Ernst 1991, Machin and Mackie 1993).

Conclusion

Despite the intense interest in plasma fibrinogen as a cardiovascular risk
factor, there is little or no information on the role of plasma fibrinogen in contributing to a
prothrombotic state in conditions (and procedures) associated with an altered cardiac
thromboembolic risk, for example, in patents with chronic and paroxysmal atrial fibrillation, the
cardioversion of atrial fibrillation to sinus rhythm, the initiation of anticoagulation therapy and

patients with left ventricular aneurysms. These areas will be investigated in this thesis.

FIBRIN D-DIMER FRAGMENT.
Introduction

Fibrin degradation products from crosslinked fibrin (XL- FDP) contain the D-
dimer fragment, which is produced by fibrinolytic breakdown of insoluble clot (formed by
cross-linked fibrin monomers). Measurement of this plasma factor reflects intravascular levels
of fibrin turnover, without interference from fibrinogen or non-cross linked fibrin. Plasma D-

dimer levels are therefore a potential indirect marker of intravascular thrombus formation,
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reflecting a hypercoagulable intravascular state. However, there is little or no information on

the clinical value of plasma fibrin D-dimer as a marker of a prothrombotic state.

Fibrin D-dimer and thrombogenesis

Elevated levels of D-dimer are found in conditions associated with
intravascular (and possibly extravascular) activation of the coagulation system, including those
with a predisposition to venous thrombosis (Declerck et al 1987). Abnormal levels of fibrin D-
dimer in plasma have been found in patients with disseminated intravascular coagulation,
pulmonary thromboembolism and deep venous thrombosis (Harrison et al 1993, Knecht et al
1992). It is known, however, that the deposition of fibrin in thrombus formation is a function of
the surface area of the clot and of the activity of the thrombotic factors associated with the clot.
Hence, even the formation of very small clots can result in active fibrin deposition and the
production of D-dimer (and other factors such as fibrinopeptide A and fibrinopeptide BB15-
42, which are byproducts of the coagulation cascade) (Declerck et al 1987). This suggests
that plasma fibrin D-dimer is a sensitive indicator of even small amounts of thrombus although
its clinical value remains to be demonstrated.

Measurement of plasma D-dimer concentration may therefore be a useful
screening method for patients at risk of mobile or 'active’ thrombi. This was demonstrated in a
prospective study of 63 patients with mitral stenosis in which a significantly elevéted plasma D-
dimer level was found in 10 patients having mobile intracardiac thrombus when compared to
patients with a non-mobile thrombus (Yasaka et al 1991). Levels are also increased in
patients with vascular disease (Fowkes et al 1993), with histopathological evidence for high
amounts of fibrinogen and fibrin D-dimer in aortic thrombi, atherosclerosis plaques and early
gelatinous arterial lesions (Bini and Kudryk 1992, Smith et al 1990).

Elevated fibrin D-dimer levels have been found in patients with peripheral
vascular disease (Al-Zahrani et al 1992, Fowkes et al 1993) and this measurement has been
shown to have prognostic implications in these patients. In a study of 617 patients with
peripheral vascular disease, baseline fibrin D-dimer levels were closely related to future

coronary events (both fatal and non-fatal, with a relative risk of 4.4 between upper and lower
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quintiles) and progression of peripheral vascular disease (Fowkes et al 1993). This study
therefore suggests that fibrin formation contributes to the progression of coronary and
peripheral atherosclerosis, and is consistent with the hypothesis that fibrin D-dimer may be a
useful index of intravascular fibrin turnover and the contribution of thrombosis to arterial
disease.

Plasma fibrin D-dimer may therefore prove useful in assessing the
thrombogenic risk for patients with conditions that predispose to thromboembolism, for
example, chronic atrial fibrillation. For example, two recent studies have suggested that
plasma levels of D-dimer are increased in patients with atrial fibrillation, whether or not
structural heart disease is present, when compared to controls in sinus rhythm (Gustafsson et
al 1990, Kumagai et al 1990). However, these studies were small and the controls were not
population-based. The usefulness of plasma D-dimer as a marker of thrombogenesis in other
conditions at risk of thromboembolism, such as left ventricular aneurysms, paroxysmal atrial
fibrillation, and in conditions that alter thromboembolic risk, such as anticoagulation and
cardioversion from atrial fibrillation to sinus rhythm, have not been previously investigated and

these areas will be addressed in this thesis.

Von WILLEBRAND FACTOR
Introduction

The vascular endothelium is intimately associated with the regulation of
vessel tone and permeability, haemostasis, fibrinolysis and synthesis of growth factors. Von
Willebrand factor (VWF) is one such factor, which is synthesised by and stored in endothelial
cells (and also megakaryocytes and platelets) and when released appears to mediate platelet
aggregation and adhesion to the vascular endothelium (Badimon et al 1992, Jansson et al
1991).

Abnormalities in the blood vessel wall (including endothelial dysfunction) may
result in an increased propensity towards thrombus formation (Virchow's triad). As VWF is
released when endothelial cells are damaged, vWF and other fibrinolytic variables have been

used as indicators of endothelial dysfunction (Boneu et al 1975). Plasma concentrations of
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VWF are increased therefore in disorders that affect the cardiovascular system, for example,
ischaemic heart disease (Jansson et al 1991), pregnancy-induced hypertension (Brenner et
al 1989), diabetes mellitus (Greaves et al 1987), cerebrovascular disease (Mettinger 1982,

Wahlberg et al 1980) and deep venous thrombosis (Wahlberg et al 1980).

Cardiac disease

There is an association between vWF levels and ischaemic heart disease. For
example, elevated concentrations of VWF are found in patients with previous myocardial
infarction (Hamsten 1986, Schmitz-Huebner et al 1988) and also appear to be an index of
increased risk for reinfarction and mortality in survivors of myocardial infarction (Jansson et al
1961). There is also an association with the clinical severity of angina (Moisseev 1988),

indicating a role for endothelial dysfunction in the pathogenesis of coronary artery disease.

Thromboembolic events

High concentrations of VWF have been associated with an increased
incidence of thromboembolic events. For example, there is an association with ischaemic
cerebrovascular disease (Mettinger 1982, Uchiyama et al 1983, Wahlberg et al 1980) and
deep venous thrombosis (Wahlberg et al 1980). These findings suggest that a high

concentration of VWF may be an index of atherosclerosis and/or thrombosis.

Pulmonary vascular disease

The pulmonary vasculature also appears to have significant influences on
plasma vWF levels. For example, in primary pulmonary hypertension, pulmonary endothelial
cells show evidence of injury, and elevations of plasma vWF have been demonstrated in this
condition, which may contribute to the risk of thrombosis (Geggel 1987). Elevated plasma
VWF has also been demonstrated in patients with elevated pulmonary vascular resistance and
decreased cardiac output, irrespective of the presence of mitral stenosis (Penny et al 1991).
These findings are in keeping with a haemodynamically-induced increase in the endothelial

release of VWF.



Diabetes

Abnormalities of VWF have also been demonstrated in diabetics (Collier et al
1992, Greaves et al 1987, Stehouwer et al 1992). For example, a raised urinary albumin
excretion in non insulin dependent diabetes is associated with an increased risk of
cardiovascular disease (Stehouwer et al 1992). Endothelial dysfunction is thought to a
possible explanation for this association and the marker for this, plasma vWF, is found to be
elevated in such patients (Collier et al 1992, Stehouwer et al 1992). Itis therefore considered
that dysfunction of vascular endothelium may be one link between the microalbuminuria and

atherosclerotic cardiovascular disease found in non-insulin dependant diabetics.

Conclusion

Von Willebrand factor may be a good marker for endothelial dysfunction in a
variety of disease states, with a significant potential contribution towards thrombogenesis via
platelet adhesion and aggregation. There is little information, however, on its relationship to
other prothrombotic markers, such as fibrinogen, D-dimer or lipoprotein (a). This aspect willbe
further studied in patients with chronic atrial fibrillation (chapter 3) and left ventricular

dysfunction (chapters 8 and 9).

LIPOPROTEIN (a)
Introduction

Lipoprotein (a) [Lp (a)] has been recognised for nearly 30 years as a partly
genetically-determined lipoprotein associated with an increase in atherogenesis and
thrombogenesis (Rees 1991, Scott 1991). For example, elevated Lp (a) levels are
associated with an increased risk for coronary artery disease, stroke, restenosis after coronary
artery bypass surgery and thoracic aortic atherosclerosis (Hoff et al 1988, Nishino et al 1993,
Shintani et al 1993, Woo et al 1991). Lp(a) has therefore stimulated great interest as yet

another risk factor for cardiovascular and cerebrovascular disease.



45

Despite intense interest in this enigmatic lipoprotein its function (and factors
that influence its levels) remains largely unknown. It has been suggested, for example, that
apolipoprotein (a) [a molecule contained within lipoprotein (a)] could offer some selective
advantage in wound or tissue repair, as it may help deliver cholesterol by attaching (by its
fibrin-binding capability) to thrombus (Lawn 1992, Scanu 1992). The importance of Lp(a)
phenotypes in influencing the pathogenic effects of Lp(a) (Utermann et al 1988) and the
significance of the associated homology of a molecule unique to Lp(a), apolipoprotein (a),
with plasma plasminogen (which may reduce fibrinolysis) remain unanswered controversies
(Scott 1991). In addition, the contribution of lipoprotein (a) to the mechanisms of
thrombogenesis (for example, clotting factor abnormalities, fibrin turnover, endothelial

dysfunction) has not been clearly defined.

Biochemistry and pathophysiology

Lp(a) is a variant of low density lipoprotein (LDL). Similarly to LDL, the main
protein component of Lp(a) is apolipoprotein B (apo B), but in addition, there is also another
large disulphide-linked glycoprotein molecule, apolipoprotein (a) (apo(a)) present. Genetic
variation of this molecule [apo(a)] is the primary determinant of Lp(a) phenotypes. Size
isoforms of apo(a) are inherited as Mendelian codominant traits and are associated with
variations in the plasma concentrations of Lp (a), and thus with the various degrees of risk for
coronary artery disease (Seed et al 1990, Utermann et al 1988).

Apo(a) is homologous with part of the plasminogen molecule, from which the
enzyme plasmin is released by tissue plasminogen activator during the process of fibrinolysis.
Indeed plasminogen and apo(a) are encoded by genes which both map to chromosome
6q26-27 (Drayna et al 1988). This relationship is important as apo(a) size isoforms and plasma
Lp(a) concentrations are each determined by genetic variation at the apo(a) locus (Drayna et al
1988). In a study of 473 patients, for example, apo(a) glycoprotein polymorphism accounted
for 41.9% and 9.6% of the variability in Lp(a) and total cholesterol levels respectively, which
represents the strongest effect of a single polymorphic gene on plasma lipid and lipoprotein

levels reported so far (Boerwinkle et al 1989). Further evidence for a genetic influence on
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Lp(a) levels was demonstrated in the Bogalusa Heart Study, a study of 2438 children (aged 8-
17) from a biracial community (Srinivasan et al 1991). Lp(a) levels were 1.7-fold higher in
blacks than whites, and in white children the prevalence of parental myocardial infarction was
higher in those with elevated levels of Lp(a); however, the latter observation was not seen in
black children (Srinivasan et al 1991).

Experiments in vitro suggest that apo(a) interferes with uptake and activation
of plasminogen by receptors on cell surfaces and fibrin (Gonzalez-Gronow et al 1989, Miles et
al 1989). Plasminogen receptors, which are widely distributed on endothelial cells and blood
cells, promote thrombolysis by accelerating plasminogen activation and protecting plasmin
from inhibition. If, by molecular mimicry, Lp(a) competes with plasminogen for receptors then
the binding of plasminogen to endothelial cells and thrombolysis would be inhibited and
thrombosis promoted (Gonzalez-Gronow et al 1989, Miles et al 1989). Experimental evidence
for this comes from the demonstration that high Lp(a) levels impair the binding of plasminogen
to fibrin, thus reducing the generation of plasmin by fibrin-bound tissue-type plasminogen
activator (Rouy et al 1991). Lp(a) also appears to regulate the synthesis by the endothelium
of a major protein involved in the fibrinolytic system, plasminogen activator inhibitor-1 (PAI-1):
Lp(a) may therefore promote a prothrombotic state by increasing in PAI-1 activity, thus
interfering with endothelial cell and circulating plasmin generation (Etingin et al 1991).

Lp(a) is also associated with atherogenesis (Figure 1.1), and an interaction
with fibrinogen (and other coagulation factors) may therefore exist. The accumulation of Lp(a)
at sites of vascular injury, in association with impairment of fibrinolysis, may be important
factors in the development of atherosclerosis and associated thrombosis (Rouy et al 1991).
The mechanism for this detrimental effect of Lp(a) may relate to the macrophages that are also
attracted to sites of vascular injury. When exposed to excessive Lp(a) and oxidised low
density lipoprotein (LDL), these macrophages become foam cells, the precursors of the

atherosclerotic plaque (Scanu 1992).
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Epidemiological studies
Until now, few epidemiological studies have investigated the significance of
this lipoprotein. Recently, the Framingham Offspring Study measured serum Lp(a) levels in
1284 men and 1394 women free of cardiovascular disease (Jenner et al 1993). There was an
inverse association between plasma Lp(a) and triglyceride levels, but this relationship was
weak as triglycerides only accounted for 0.5% of the variation in lipoprotein (a) levels. There
was no significant association of lipoprotein (a) levels with total and LDL cholesterol levels,
body mass index, alcohol consumption and with age (although there was a trend towards
higher levels in postmenopausal women) (Jenner et al 1993). In addition, healthy subjects in
the Prospective Cardiovascular Munster (PROCAM) study demonstrated a weak relationship
between plasma fibrinogen and plasma fibrinogen in both sexes, but not with D-dimer or other
indicators of fibrinolysis (for example, tissue-type plasminogen activator) (Heinrich et al
1991a). From this study, it appears that very few factors may influence plasma Lp(a) levels,

which tend to remain remarkably constant within an individual (Rees 1991).

Ischaemic heart disease

Patients with coronary artery disease have higher Lp(a) levels than controls
(Farrer et al 1993, Genest et al 1991, Genest et al 1992, Sandholzer et al 1992). In a
prevalence study of 180 patients aged <60 years, this finding was also independent of
conventional risk factors such as smoking, hypertension, diabetes, LDL and HDL cholesterol
or apolipoprotein A-1 and B levels (Genest et al 1991). One recent study also showed that
Lp(a) was not responsible for the risk association between impaired glucose tolerance and
coronary artery disease (Farer et al 1993). Family studies by Genest et al (1991)
demonstrated a large genetic influence and little environmental influence on Lp(a) levels.

Coronary heart disease risk also correlates directly with plasma concentrations
of Lp (@) (Rosengren et al 1990). The Gothenburg study, for example, was a prospective
case-control study with a six-year follow up period, which found that men who had suffered a
coronary event had significantly higher serum Lp(a) concentrations than controls,

independent of other risk factors (Rosengren et al 1990). Additionally, in the PROCAM study,
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young (aged less than 46 years) male survivors of myocardial infarction showed that increased
Lp(a) concentrations constituted an independent risk factor for early myocardial infarction
(Sandkamp et al 1990). Concentrations of Lp(a) did not, however, correlate with age or other
well-known risk factors for early myocardial infarction such as apolipoproteins Al and B, LDL
cholesterol and HDL cholesterol (Sandkamp et al 1990). In addition, this study showed an
association with fibrinogen concentration but not with euglobulin fibrinolysis activity and other
fibrinolytic parameters (Sandkamp et al 1990).

An increased Lp(a) level also has implications for patients post-coronary artery
bypass surgery. For example, a large angiographic study suggested that increased Lp(a)
levels were associated with the degree of saphenous vein bypass graft restenosis, with a
stepwise correlation of mean Lp(a) levels to increasing graft stenosis (Hoff et al 1988).

The large (4081 subjects) Helsinki Heart Study, in contrast, did not
demonstrate that serum Lp(a) level was predictive of future coronary events, despite 5-years
follow-up (Jauhiainen et al 1991). This is supported by an angiographic study of 56 men
which showed that serum Lp(a) measurement did not discriminate between patients with and
without progression of angiographic coronary artery lesions (Perski et al 1992). These two
studies are therefore at variance with evidence discussed earlier.

Phenotypes of the apo(a) component of Lp(a) may explain the considerable
variation between individuals with familial hypercholesterolaemia in susceptibility to coronary
heart disease (Sandholzer et al 1992). In patients with familial hypercholesterolaemia, the
frequencies of the apo(a) phenotypes and alleles differed significantly between patients with
and without coronary heart disease thus suggesting a genetic influence (Seed et al 1990).
For example, the allele LpS2, which is associated with high Lp(a) levels, was found more
frequently amongst patients with coronary heart disease (Seed et al 1990). In contrast, the
LpS4 allele, which is associated with low Lp(a) levels, was more frequent amongst those
without coronary heart disease (Seed et al 1990). This increase in risk was independent of
age, sex, smoking status and serum levels of total cholesterol, triglyceride or high density
lipoprotein (HDL) cholesterol (Seed et al 1990). However, no agreement on the definite

number of apo (a) alleles in the general population has been reached - reported numbers of
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apo(a) alleles or isoforms range between 11 and 24, although more may exist (Cohen et al
1993, Jenner et al 1993).

Serial determinations of Lp(a) levels after an acute myocardial infarction
demonstrate no change in Lp(a) following myocardial infarction. For example, a study of 124
patients showed no difference between those with myocardial infarction, unstable angina and
stable angina, between patients with myocardial infarction with or without thrombolytic
treatment, nor between late (at 6 hours) and early measurements of Lp(a) in patients with
unstable angina and myocardial infarction (Qiu et al 1989). The extent of decrease in levels of
plasminogen, alpha-2 antiplasmin and fibrinogen in the patients given thrombolytic therapy
did however correlate positively with higher Lp(a) blood levels (Qiu et al 1989). Patients with
high Lp(a) levels also respond equally well (as reflected by angiographic reperfusion) to
thrombolytic therapy as did patients with normal or low levels of Lp(a) when given either
recombinant tissue plasminogen activator (rt-PA) or human single chain urokinase-type
plasminogen activator (scu-PA) (von Hodenberg et al 1991). Similar results were also
obtained in other studies using scu-PA and alteplase (rt-PA) (Armstrong et al 1990, Tranchesi
et al 1990, Tranchesi et al 1991), indicating a poor relationship of pretreatment Lp(a) levels to
angiographic recanalization. These studies therefore suggest that serum Lp(a) levels are not
increased in acute myocardial infarction and unstable angina and are not influenced by
thrombolytic therapy (Qiu et al 1989). However, in these studies (Armstrong et al 1990, von
Hodenberg 1991, Qiu et al 1989, Tranchesi et al 1990), there was only a short time interval
between serial measurements of Lp(a) and the isoforms of Lp(a) were not measured despite
this polymorphism having an influence on total levels of Lp(a) and different alleles having
different contributions to coronary artery disease (Qiu et al 1989, Sandholzer 1992).

In contrast, others have demonstrated an increase in Lp(a) following
myocardial infarction, with a return to initial levels after one month (Abe et al 1989, Maeda et al
1989). Measurements of acute phase proteins also showed a rise and fall after the acute
event, suggesting that Lp(a) may have some characteristics of an acute phase reactant, with a
role in recovery from tissue damage. Another study showed no change in absolute Lp(a)

values following myocardial infarction, but an increase was demonstrated if the relative change
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in Lp(a) values was plotted (Slunga et al 1992). This change, however, did not correlate with

changes in acute-phase proteins, and individual Lp{a) responses were very inconsistent.

Cerebrovascular disease

The relationship between serum lipids and lipoproteins in cerebrovascular
disease is not as clear-cut as in coronary artery disease. However, Lp (a) has been shown to
be associated with ischaemic cerebrovascular disease (Shintani et al 1993, Woo et al 1991,
Zenker et al 1986). Even in normolipaemic patients, increased serum lipoprotein (a) levels
and intermediate density lipoprotein abnormalities (and decreased high density lipoprotein
levels) are major risk factors for stroke (Pedro-Botet et al 1992, Shintani et al 1993). In
addition, median Lp(a) levels in patients with cerebrovascular disease were similar to that
found in patients with coronary artery disease (Zenker et al 1986).

These findings support the hypothesis that lipoprotein (a) is a marker for
atherosclerosis and thrombogenesis. However, whether or not Lp(a) itself can cause
atherosclerosis (or thrombosis) or is just a factor indicating an atherosclerotic or thrombogenic
process is still unresolved (Woo et al 1991).

As for coronary artery disease, the genetic influence remains on the
relationship between Lp(a) and cerebrovascular disease, which is associated with
apolipoprotein E polymorphism. This polymorphism affects plasma levels of lipoprotein (a),
and the presence of apolipoprotein E2 allele, for example, decreases the mean lipoprotein (a)
level by 26%, whilst the E4 allele increases the lipoprotein (a) level by 26% (de Knijff et al
1991). The latter allele (E4) was found more prevalent in men with ischaemic strokes,
suggesting a possible role for the E4 allele as a predisposing genetic marker for stroke

(Pedro-Botet et al 1992).

Other conditions influencing Lp(a)
As discussed above, lipoprotein (a) is partially genetically-determined. The
nearly constant blood levels of Lp(a) suggest that its gene is partially constitutive, that is, it is

transcribed independently of the physiological state of the cell. This is in contrast to genes
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which are inducible (and can be ‘turned on' by cellular signals) or repressible (which are
normally 'on' and can be turned ‘'off'). However, some portions of Lp(a) production may be
regulated.

There is evidence, for example, that Lp(a) levels are elevated in certain
acquired conditions, such as renal disease and poorly controlied diabetic patients, whilst liver
disease leads to lower concentrations. In a cross-sectional study of 93 diabetics, those with
high (>8.0%) HbA1¢ (indicating poor diabetic control) had higher median levels of Lp(a)
compared to controls or diabetics with HbA{¢<8% (Ramirez et al 1992). Similarly, elevated
Lp(a) levels have been found in association with impaired renal function and in patients on
haemodialysis (Cressman et al 1992, Parra et al 1987). These findings may contribute to the
high risk of atherosclerosis observed in such patients. In a study of patients with cirrhosis,
however, lower Lp(a) levels were seen with increasing severity of liver disease (being
undetected in a high proportion of patients with the most severe disease) (Feely et al 1992).

Some conditions are also well known to contribute to changes in plasma
lipoproteins although the effects on Lp(a) are as yet uncertain. One notable example is the
menopausal status, with adverse changes in lipids and lipoproteins postmenopausally, which
may contribute to the risks of coronary artery disease in these patients (Bonithon-Kopp et al
1990). A trend towards higher levels of Lp(a) in postmenopausal women was noted in the

Framingham Offspring Study (Jenner et al 1993)

Measures to reduce Lp(a)

It has been suggested that the following persons should have Lp(a) levels
measured: (i) those with personal or family histories of premature cardiovascular disease (Age
<55 years); (ii) patients with cardiovascular disease but normal ‘routine’ lipid profile; (jii} patients
with recurrent coronary artery stenosis; and (iv) family members of the above patients (Scanu
1992). Lowering raised Lp(a) levels however poses another problem. Modifying the diet
does not appear to affect Lp(a) concentrations (Masarei et al 1984). In the Framingham
Offspring Study, treatment with Dbeta-blockers, cholesterol-lowering drugs, oral

hypoglycaemics, insulin, thyroid replacement, diuretics and other antihypertensive
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medication did not have any significant effect on plasma Lp(a) levels (Jenner et al 1993).
Serum Lp(a) concentrations may, however, respond to nicotinic acid (Carlson et al 1984) and
bezafibrate (Bimmermmann et al 1991). The use of bezafibrate in patients with high Lp(a) levels
(above 30mg/dl), for example, may result in a significant reduction of Lp(a) by 39%, which was
independent of sex and type of hyperlipoproteinaemia (Bimmermann et al 1991). Bezafibrate
may therefore be a useful drug, with effects in lowering lipids (cholesterol and triglyceride),
fibrinogen and Lp(a) levels.

Despite the beneficial effect of bezafibrate, there was, however, no
difference with the use of another fibrate, gemfibrozil (Jauhiainen et al 1991). Other potential
therapeutic interventions include neomycin and niacin (reducing Lp(a) by almost 50%)
(Gurakar et al 1984), and anabolic steroids (Albers 1984). Extracoporeal removal by apheresis
can achieve even greater reductions (Armstrong et al 1985, Rees 1991).

The influence of reducing Lp(a) levels on outcome in coronary artery disease
and stroke, if any, is unknown. There is, to date, no published data showing any benefit in

lowering Lp(a) concentrations in individual patients (Rees 1991).

Conclusion

The therapeutic implications of finding a raised level of Lp(a) depend upon
the interpretation of suggestive but inconclusive data. An important question, therefore, is
whether or not the increased risk of coronary artery disease associated with Lp(a) levels is
related to other factors involved in thrombogenesis and atherogenesis (such as fibrinogen,
von Willebrand factor, LDL-cholesterol, etc). In addition, if the association between Lp(a) and
cardiovascular disease is causal, does the mechanism involved reflect the atherogenicity or
thrombogenicity of Lp(a) or a combination of both? These questions may be answered by a
study of Lp(a) levels in relation to other blood prothrombotic factors (fibrinogen, fibrin D-dimer,
von Willebrand factor, etc) in conditions at high risk of thromboembolism, as is undertaken in

this thesis.
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1.3 AIMS OF STUDIES REPORTED IN THIS THESIS

My thesis investigates the role of plasma fibrinogen (whose elevation is
associated with the risk of increased thrombotic and cardiovascular events) and fibrin D-dimer.
(fibrin degradation products, which reflect intravascular fibrin turnover) in two common
cardiovascular conditions associated with thromboembolism, that is, atrial fibrillation and left
ventricular dysfunction. Endothelial dysfunction may interact with these coagulation factor
abnormalities and therefore the role of von Willebrand factor (VWF), which is a marker of
endothelial dysfunction with prothrombotic potential, will also be investigated. In view of the
possible competitive antagonism (or inhibitory effects) of Lp(a) on fibrinolysis | also
hypothesised an inverse relationship between Lp(a) and plasma D-dimer levels. Raised Lp(a)
levels in conjunction with endothelial dysfunction (as reflected by plasma vWF levels) may
contribute to the processes of thrombogenesis and atherogenesis. Measurement of these
markers of thrombogenesis may therefore provide a possible approach to identify those
patients who are at highest risk of thromboembolism.

Initially, 1 conducted a survey of emergency admissions with atrial fibrillation
into a district general hospital, to determine the prevalence of the condition and to assess
management strategies and whether or not risk factors were being identified. This survey also
allowed identification of patients with chronic atrial fibrillation for further study, in whom
markers of thrombogenesis were measured, detailed echocardiography performed and the
effects of antithrombotic therapy (aspirin or warfarin) assessed. | also correlated my findings
on detailed echocardiography (left atrial size and volume, left ventricular size and function,
etc) with these prothrombotic markers.

The hypothesis that fibrin D-dimer is a useful marker for thrombus formation
was also tested by looking at subgroups at intermediate risk of thromboembolism, such as
patients with paroxysmal atrial fibrillation and vaive disease, and by assessing the effects of
therapy (in particular, cardioversion and anticoagulation). As cardioversion from atrial
fibrillation to sinus rhythm is an additional thromboembolic risk, | therefore measured serial
samples of these prothrombotic factors in patients undergoing cardioversion, to try to

delineate the length of the 'risk period'. In addition, as anticoagulant therapy has been shown



54

to reduce the risks of thromboembolism in patieﬁts with atrial fibrillation, 1 conducted serial
measurements of these prothrombotic factors in order to determine the effects of introducing
oral anticoagulant therapy in these patients.

Finally, as patients with left ventricular aneurysms are also at increased
thromboembolic risk, 1 assessed the levels of these markers of thrombogenesis in patients
with left ventricular aneurysms compared to patients with varying degrees of left ventricular
dysfunction (other than aneurysm formation) and to patients with normal left ventricular
function. 1 assessed left ventricular function by performing (and interpreting) detailed
echocardiography and 99m Technetium isotope radionuclide ventriculograms, and
determining the relative contributions of systolic and diastolic dysfunction to thromboembolic
risk in patients with coronary artery disease. The effects of introducing oral anticoagulant
therapy were also determined in these patients. | hypothesised that impaired ventricular
contractility (systolic dysfunction) and impaired ventricular relaxation (diastolic dysfunction)
might have different haemorheological effects, resulting in different contributions to

thrombogenesis.

Specific hypotheses to be investigated:

1. That plasma levels of fibrinogen, D-dimer, von Willebrand factor and lipoprotein (a) may be
elevated in patients with cardiac disorders which predispose to systemic
thromboembolism (such as sustained/paroxysmal atrial fibrillation, left ventricular
aneurysm / dysfunction), suggesting possible roles for fibrinogen, increased fibrin
formation, endothelial dysfunction, decreased fibrinolysis and rheological disturbance in
thrombogenesis.

2. That levels of these markers may be related to size of cardiac chambers and other structural
abnormalities, and to the presence of ventricular dysfunction.

3. That therapeutic interventions which alter thromboembolic risk (for example, cardioversion,

warfarin, aspirin) may alter levels of these markers in the appropriate direction.
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4. That there is an inverse relationship between plasma lipoprotein (a) (Lp(a) ) and plasma D-
dimer levels, in view of the possible competitive antagonism (or inhibitory effects) of Lp(a)
on fibrinolysis.

The results will be critically discussed, as will be the possible roles of these markers in the risk

assessment and pathogenesis of cardiac thromboembolism.
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A SURVEY OF ATRIAL FIBRILLATION
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2.1 AN OVERVIEW OF ATRIAL FIBRILLATION

Introduction

Atrial fibrillation (AF) is the commonest sustained cardiac rhythm disorder. It is
also a clinically important condition, with significant prognostic and therapeutic implications.
Atrial fibrillation is particularly prevalent among the elderly, ranging from 0.5% at 50-59 years to
8.8% at 80-89 years (Kannel et al 1982, Wolf et al 1991), and can be either chronic or
paroxysmal. The presence of afrial fibrillation confers a significant increase in overall morbidity
and mortality (Kannel et al 1982, Repique et al 1992). Despite this, atrial fibrillation is
sometimes regarded as a relatively trivial disorder, although many patients with chronic atrial
fibrillation require long term treatment with potent antiarrhythmic and anticoagulant drugs,
which can have important drug interactions and adverse effects.

Atrial fibrillation is encountered in a wide variety of clinical settings. It may, for
example, be discovered incidentally in an asymptomatic patient, it may occur in a patient with
lobar pneumonia, or it may be found in a patient with a ventricular rate of 200 beats per minute
who is suddenly too lightheaded to stand! The commonest aetiological factors for atrial
fibrillation remain ischaemic heart disease, hypertension, thyroid disorders and rheumatic
valve disease (although the incidence of the latter is decreasing in the Western world) (Alpert
et al 1988). In the Framingham Study, for example, hypertension, cardiac failure and
rheumatic heart disease were the commonest precursors of atrial fibrillation (Kannel et al
1982). Thyrotoxic atrial fibrillation may also be an underdiagnosed condition, as appropriate
thyroid function tests are not often performed and hyperthyroidism (affecting about 1% of the
population) may co-exist with ischaemic and rheumatic heart disease (Forfar et al 1979, Forfar
and Toft 1982). Other noncardiac causes of atrial fibrillation are also frequently encountered,
and can include pneumonia, pulmonary thromboembolism and excessive alcohol
consumption (Repique et al 1992).

There remains, however, a subgroup of patients with atrial fibrillation who
have no predisposing factor, which is classified as 'lone’ or ‘idiopathic’ atrial fibrillation (Brand et

al 1985). This is a diagnosis of exclusion, and has been established in 2.7% to 11.4% of all
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patients with atrial fibrillation (Repique et al 1992). Epidemiological evidence suggests
however that up to one third of patients with atrial fibrillation may have idiopathic atrial
fibrillation, with different clinical manifestations - the paroxysmal form (characterised by long-
lasting episodes), the transient recurrent form (characterised by frequent self-terminating
episodes) or less commonly, the chronic form (Capucci and Boriani 1991, Houghton et al
1990). These patients (especially those aged <60) are generally accepted to be at a low
thromboembolic risk with no requirement for antithrombotic therapy (Davidson et al 1989,
Kopecky et al 1987). Data from the Framingham study (with an older study population; mean
age 64 years), however, does suggest a fivefold increase in the incidence of stroke (28.2% vs
6.8% in matched controls) for patients with lone atrial fibrillation (Brand et al 1985). Despite
this, left atrial enlargement of >4.0cm is rarely found, and cardiac failure is unusual in such
patients (Davidson et al 1989, Repique et al 1992).

The sudden onset of fast atrial fibrillation may precipitate overt heart failure,
particularly if left ventricular function is already compromised by co-existing heart disease, for
example, valvular or ischaemic heart disease. Less dramatic presentations of atrial fibrillation
include palpitations, dyspnoea, angina or general fatigue or lethargy. Symptoms may be more
marked on exercise, with a significant limitation of exercise tolerance. More important,
however, is the finding that nonrheumatic atrial fibrillation increases the risk of stroke by a
factor of five and is present in about 15% of patients with acute stroke (Brand et al 1985, Wolf
et al 1978, Wolf et al 1991). The risk of stroke in someone with atrial fibrillation is about 5% a
year and epidemiological evidence suggests that this risk increases with age, blood pressure,
and other evidence of heart disease (Lowe 1992). The presence of atrial fibrillation may also
increase the risk of recurrent stroke (Flegel and Hanley 1989, Sage and Van Uitert 1983) but
this has not been confirmed in two other community studies (Wolf et al 1983, Sandercock et al
1992). However, in the Oxfordshire Community Stroke Project, the 17% of patients with
acute stroke and atrial fibrillation had a significantly higher 30 day mortality than patients in
sinus rhythm (23% vs 8%) (Sandercock et al 1992). This greater mortality is partly explained
by the association of atrial fibrillation with large, total anterior cerebral infarcts, probably due to

occlusion of the middle cerebral artery (Sandercock et al 1992). Similar mortality findings were
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found in a study of acute stroke patients where the 25% with atrial fibrillation had a significantly
higher hospital mortaiity than patients in sinus rhythm (67% vs 44%) (Lowe et al 1983). The
presence of atrial fibrillation as an adverse feature in elderly stroke patients was confirmed in
the Waikato Stroke Registry (mean age 75.2 years), where those with atrial fibrillation were
older, had more severe stroke deficits and a greater mortality, when compared to patients in
sinus rhythm (Friedman 1991).

What, therefore, are the therapeutic benefits from treating atrial fibrillation?
The major reasons for treating atrial fibrillation are as follows: to relieve symptoms of
congestive heart failure, hypotension or angina that can be directly attributed to a rapid heart
rate; to improve overall cardiac function; to improve exercise tolerance; and to reduce the risk
of thromboembolism and stroke. The main reasons are therefore to ameliorate the adverse
haemodynamic effects and the thromboembolic risks of atrial fibrillation.

Cardioversion to, and maintenance of, normal sinus rhythm remains the
optimal strategy to enhance cardiac performance and reduce thromboembolic risk. The
cardioversion of atrial fibrillation to normal sinus rhythm is playing an increasing role in the
management of atrial fibrillation, and this (and its thromboemboilic risk) is examined in chapter 4
of this thesis. As there is now evidence that cardiac function and exercise tolerance may even
improve following cardioversion to sinus rhythm, this therapeutic option is increasingly used.
However, there is often variation in the use of this option and the use of anticoagulant therapy
before and after cardioversion. This subject is further reviewed and investigated in chapter 4.
The presence of impaired cardiac function may also contribute to an increased risk for
thromboembolism and is further examined in chapters 8 and 9 of this thesis.

The role of anticoagulant therapy as prophylaxis against thromboembolism in
atrial fibrillation has attracted much interest recently. There are now five large prospective
randomised controlled trials on the use of oral anticoagulant therapy in the primary prevention
of stroke in nonrheumatic atrial fibrillation (Boston Area Anticoagulation Trial for Atrial
Fibrillation Investigators 1990, Connolly et al 1991, Ezekowitz et al 1992, Petersen et al 1989,
Stroke Prevention in Atrial Fibrillation Study Group Investigators 1990, Stroke Prevention in

Atrial Fibrillation Investigators 1991). Their results consistently show that moderate
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anticoagulation reduces the risk of strokes by about two-thirds without a significant rise in
adverse effects. These studies have therefore established the role for oral anticoagulant
therapy in atrial fibrillation. However, there continues to be some reluctance amongst
physicians to introduce anticoagulant therapy, with a significant proportion of patients with
atrial fibriilation still not on anticoagulant therapy in spite of there being no contra-indications
(Bath et al 1993). This aspect is further investigated in this chapter and the role of
anticoagulant therapy is reviewed and further studied in chapter 10 of this thesis.

Atrial fibrillation is therefore a common arrhythmia with different aetiologies,
clinical presentations and therapeutic options. This opens it to wide variations in management
strategies. Ideally, the management of atrial fibrillation should follow three phases: a search
for an underlying cause (with appropriate investigations); control of the arrhythmia and
reduction of thromboembolic risk; and finally, consideration of cardioversion to sinus rhythm.
However, atrial fibrillation is frequently not managed appropriately. As atrial fibrillation is
common among emergency medical admissions, | decided to conduct a prospective survey

of admissions with atria! fibrillation to a district general hospital.
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2.2 ATRIAL FIBRILLATION IN A DISTRICT GENERAL HOSPITAL

Introduction

Atrial fibrillation presents a number of different investigation and management
dilemmas. Itis a common presenting arrhythmia amongst acute medical admissions to district
general hospitals in the United Kingdom. However, there is little published information on the
proportion of emergency admissions whom have atrial fibrillation, the admission rate relative to
the population served, therapy prior to admission, therapy initiated following admission,
investigations undertaken or the outcome. Additionally there appears to be a wide range of
views on the optimal management of this arrhythmia amongst general physicians. This is not
surprising as the management of the patient with atrial fibrillation is complicated by multiple
causes, diverse therapeutic options, concerns about anticoagulation, and the proarrhythmic
effects of antiarrhythmic therapy.

In view of this, | decided to survey the practice of investigation and
management of this disorder in patients admitted as emergencies, amongst both general
physicians and cardiologists, to Stobhill General Hospital. This is a 990-bed district general
hospital with acute medical and surgical facilities, serving the North-East of the City of Glasgow
and the borough of Strathkelvin. This survey also allowed me to appreciate the prevalence of
the condition, the frequency of complications in my hospital, and to identify patients with
established atrial fibrillation and those with paroxysmal atrial fibrillation for subsequent studies

in this thesis.

Materials and methods

Stobhill General Hospital has a Coronary Care Unit, six medical wards, a Renal
ward and a large Geriatric Department. There are 9 general physicians, one of whom has a
major interest in Cardiology. In addition there is a one Cardiologist, two Renal physicians and
4 physicians with an interest in Geriatric Medicine, none of whom undertake general medical
receiving duties. The physicians were informed at the onset of the study that an audit was

going to take place as this is part of hospital protocol. Thereafter, the information was
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collected from the case records and no further discussions were held with the physicians
invoived.

The total number of emergency admissions to the adult medical and geriatric
services during the six-month period from 1st September 1991 to 28th February 1992 was
obtained from hospital records. Patients were prospectively included in this study if they were
found to be in established atrial fibrillation on the admission electrocardiograph (ECG), or had
developed atrial fibrillation within 48 hours of admission. Patients were studied from the three
medical units within the hospital, the coronary care unit, renal unit and the geriatric wards; and
were identified by discussion with the on-call medical or geriatric teams or by visiting the
admitting ward(s) and reviewing the admission notes and ECG.

The mode of presentation, cardiac investigations carried out, the aetiology of
atrial fibrillation, the treatment prior to admission and that initiated following admission, and the
inpatient mortality were also noted. The survey therefore assessed the characteristics of the
inpatients admitted with atrial fibrillation, length of stay, whether the aetiology of atrial
fibrillation was been assessed, what investigations were undertaken (and what their impact on
management was) and also actual management undertaken on the patient (at the time of atrial
fibrillation, throughout their stay in hospital and at the time of discharge). An attempt was also
made to determine whether or not atrial fibrillation was new at the time of admission or was a
more chronic problem.

Statistical correlations were performed using Spearman's Rank Correlation

method and a probability of <0.05 was considered statistically significant.

Resulits

During the six months of the study the total number of emergency
admissions to the medical and geriatric services was 2686, an average of 448 patients per
month. Over this period, 170 patients (6.3%) were found to have atrial fibrillation (an average
of 28 patients per month), with 100 (59%) female and 70 (41%) male patients (Figure 2.1).
Their mean age was 73.5 years, with an age range of 38 - 95 years (s.d. 10.6). One hundred

and two (60%) patients were previously noted to have atrial fibrillation (including 10 (3.5%)
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with a history of paroxysmal atrial fibrillation), whilst 68 (40%) were 'newly diagnosed' patients,

with no previous record of the arrhythmia.

Past medical history and underlying cause(s) of atrial fibrillation

Seventy-nine (46.5%) of the 170 patients with atrial fibrillation had a history of
ischaemic heart disease. Thirty (17.6%) had a history of hypertension; 26 (15.3%) rheumatic
heart disease, predominantly mitral valve disease; and 6 (3.5%) dysthyroid disease (Figure
2.2). In addition, 38 patients (22.4%) of the 170 patients with atrial fibrillation had prior a

history of cerebrovascular disease (stroke or transient ischaemic attack).

Symptoms and presenting features on admission

The commonest presenting symptoms were typical of cardiorespiratory
symptomatology. Of the 170 patients, 88 (51.8%) presented with dyspnoea, 58 (34.1%) with
chest pain, 44 (25.9%) with palpitation, and 32 (18.8%) with dizziness or syncope.

The predominant presenting clinical features included heart failure in 61
(35.9%), a cerebrovascular event in 23 (13.5%), myocardial infarction in 17 (10%), angina

pectoris in 14 (8.2%), a chest infection in 12 (7.1%) and digitoxicity in 3 (1.8%) (Figure 2.3).

Investigations

All patients with atrial fibrillation had an electrocardiogram and chest X-ray on
admission. Recording of clinical data was variable, and complete information on investigations
undertaken was only available for 146 patients (86% of 170). Echocardiography was
performed in 48 patients (33%). Cardiac enzymes and thyroid function tests were performed
in 92 (63%) and 92 (63%) respectively. A treadmill exercise test was performed in 5 patients
(3.4%) whilst 24 hour Holter monitoring was performed in only 8 patients (5.5%)

In the 170 patients with atrial fibrillation, a new myocardial infarction was
identified on the electrocardiograph in 12 patients (7.1%), whilst an old infarction was present

in 15 patients (8.8%). The commonest site was an inferior myocardial infarction, being
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present in 17 patients (63% of the 27 patients with an infarct on the electrocardiograph).
Cardiac ischaemic changes were found in 29 patients (17% of all admissions).

Chest X-rays revealed cardiomegaly in 93 patients (54.7%) of those admitted
in atrial fibrillation and pulmonary congestion was present in 77 patients (45.3%). Of the 48
patients in whom echocardiography was performed, findings included large left atria in 31
patients (64.6% of 48), mitral valve disease in 39 (81.3%), poor left ventricular function in 30

(62.5%) and left ventricular hypertrophy in 11 (22.9%).

Treatment prior to admission

In those previously noted to be in atrial fibrillation (102 patients, including 10
with paroxysmal atrial fibrillation) the commonest therapy prior to admission was digoxin in 71
(70%). A diuretic was administered in 89 (52.4%), whilst a beta-blocker was used in 16
(9.5%). Out of these 102 patients, antithrombotic therapy was used in only 37 patients, with
20 (20%) patients being on warfarin therapy and 17 (17%) on aspirin. Amongst the 17
patients on aspirin, it was prescribed to 11 patients for concomitant vascular disease rather

than prophylaxis against thromboembolism.

Treatment initiated following admission

In the 68 patients (40% of 170) not previously noted to be in atrial fibrillation,
digoxin was used in 51(75%) whilst amiodarone was used on 23 (34%) occasions. Additional
therapy initiated in the group as a whole included a beta blocker in 6 patients (3.5%) [for rate
control in atrial fibrillation and treatment of associated angina] and diuretics, with intravenous
diuretic required on admission in 52 patients (30.6%), and subsequent maintenance oral
diuretic required in 46 patients (27%). Antithrombotic therapy was initiated in 27 patients.
Seven patients (5% of the 150 patients not previously on warfarin) were given warfarin, whilst
20 (15% of the 138 patients not previously on aspirin) were commenced on aspirin therapy.
Of these 20 patients only 5 were started on aspirin as prophylaxis against embolic events; the
remainder (15 patients) were commenced on aspirin for concomitant vascular disease.

Contraindications to anticoagulation were only identified in 49 patients (34% of those not on
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warfarin); and these included peptic ulcer or gastrointestinal bleeding in 18 (12%), dementia
in 8 (6%), chronic renal failure/dialysis in 8 (6%), Crohn's Disease in 1 (0.6%), alcohol excess
in 4 (3%) and other major illness in 10 (7%).

Cardioversion was attempted in 21 cases (12.4% of all admissions).
Pharmacological cardioversion was the commonest method, being used in 19 patients
(11.2%), particularly in the coronary care setting. Of these, 18 patients were given
amiodarone, whilst one patient cardioverted with intravenous digoxin. Two patients failed to
cardiovert. The remaining 2 patients (1.2%) underwent electrical (direct current)

cardioversion.

Length of stay and inpatient mortality

Complete information on length of stay was available for 146 patients (86% of
170). The median inpatient stay was 10 days, with a range of 1 - 154 days (IQR 6-19), largely
due to patients with stroke. There was a weak but significant positive correlation between age
and length of stay (Spearman r =0.22; p=0.007).

There were a total of 26 (15.3%) inpatient deaths amongst these patients.
The predominant causes of death were ischaemic heart disease and heart failure. No post-

mortem examinations were undertaken.

Discussion

The major reasons for treating atrial fibrilation are the prophylaxis of
thromboembolic events and heart rate control, as a rapid ventricular rate may cause symptoms
of angina, congestive heart failure or hypotension. Treatment of atrial fibrillation also improves
overall cardiac function and exercise tolerance. However there is often wide variation in the
management of this arrhythmia amongst physicians, both in the choice of investigations, and
on specific aspects of treatment, such as the initiation of anticoagulant therapy (Chang et al
1990).

Standard investigations in a patient with atrial fibrillation should include an

assessment of history, clinical state and possible precipitating factors (alcohol, infection, etc);
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thyroid status by thyroid function tests, and an assessment of cardiac status using the
electrocardiograph (ECG), chest X-ray and echocardiogram. This latter investigation will also
provide information on cardiac function and structural heart disease. In addition,
measurement of cardiac enzymes (in an acute presentation) and 24hour Holter monitoring
may also be required.

This study demonstrates a suboptimal application of these standard
investigations in the management of patients with atrial fibrillation. For example,
echocardiography was performed only in 33% of patients. Interestingly, of these patients,
65% had dilated left atria, 81% had mitral valve disease and 63% had poor left ventricular
function; indicating that useful information was obtainable from this investigation. In addition,
the high proportion of abnorma! findings suggests a possible underutilization of the
technique. Echocardiography is an important investigation, as demonstrated in analysis of
echocardiographic data from the Stroke Prevention in Atrial Fibrillation study, where left
ventricular dysfunction (on the 2-dimensional echocardiogram) and the size of the left atrium
(from M-Mode echocardiograms) were the strongest independent predictors of later
thromboembolism in patients with atrial fibrillation (Stroke Prevention in Atrial Fibrillation
Investigators 1992b). In a further prospective echocardiographic study of 153 patients with
thromboembolism, cardiac abnormalities were detected in 58% (by transthoracic and
transoesophageal echocardiography) and in these patients, the incidence of left-sided
thrombi was increased in patients with atrial fibrillation when compared with those in sinus
rhythm (Hofmann ét al 1990). Echocardiography should therefore be a mandatory
investigation in all patients with atrial fibrillation, with a significant contribution to
thromboembolic risk stratification (Stroke Prevention in Atrial Fibrillation Investigators 1992b).

In addition, 24 hour Holter monitoring was performed in only 5.5% of patients
although 18.8% had a history of dizziness or syncope. This has important implications as
prolonged ventricular standstill may commonly occur in patients with controlled atrial fibrillation
who complain of dizziness or syncope (Rebello and Brownlie 1987). A majority of these
patients will benefit from permanent cardiac pacing (Rebello and Brownlie 1987). Another

mandatory investigation, thyroid function tests, was performed in only 63% of our patients.
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This also has important implications as atrial fibrillation commonly complicates hyperthyroidism
and clinically occult thyrotoxicosis may be the cause of ‘idiopathic atrial fibrillation in many
cases (Forfar and Toft 1979).

Although the commonest underlying pathology in our patients was ischaemic
heart disease, ischaemic non-infarct changes were seen on the electrocardiogram in only
17% of patients, whilst infarction changes were present in a similar proportion (16%). Atrial
fibrillation was present in association with acute myocardial infarction in 7% of patients in this
study. This proportion is slightly lower than previous observations (10-15%), but the
presence of the arrhythmia is pertinent in this situation as it is a marker of underlying
ventricular dysfunction and a compromised myocardium (Pasternak et al 1993). This is in part
related to left atrial ischaemia, the loss of atrial contribution to left ventricular filling, the
increased ventricular rate with the arrhythmia and the association with anterior (rather than
inferior) infarctions (Pasternak et al 1993). The presence of atrial fibrillation in acute myocardial
infarction is therefore a marker of a worsened prognosis and increased mortality, particularly in
patients with anterior wall infarction (Pasternak et al 1993). However, as the arrhythmia is more
common in patients with extensive infarctions (and a poorer prognosis), there may be no
independent effect of atrial fibrillation on mortality rate (Goldberg et al 1990, Pasternak et al
1993).

The frequency with which heart failure accompanies atrial fibrillation is shown
in this study. For example, 52% of our patients presented with dyspnoea, pulmonary
congestion was evident on the chest X-ray in 45% of patients, 63% of patients had poor left
ventricular function on the echocardiogram and intravenous diuretic was required acutely on
admission in 31% of patients (with subsequent maintenance oral diuretic being required in
27%). Overall clinical heart failure was present in 35% of our patients. A similar proportion
(37.5%) of patients with atrial fibrillation has been demonstrated in a previous study of
admissions with heart failure to a district general hospital (Parameshwar et al 1992) suggesting
that my findings are quite typical. The presence of atrial fibrillation may also be a marker for an
increased risk of death, particularly in heart failure patients (Middlekauff et al 1991). The

presence of concomitant heart failure in patients with atrial fibrillation also appears to enhance
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the substantial risk for thromboembolism in these patients (Stroke Prevention in Atrial
Fibrillation Study Group Investigators 1992).

Recent large scale, randomised, studies have established the importance of
anticoagulation therapy in the prophylaxis against thromboembolic events in patients with
chronic atrial fibrillation (Boston Area Anticoagulation Trial for Atrial Fibrillation Investigators
1990, Connolly et al 1991, Ezekowitz et al 1992, Petersen et al 1989, Stroke Prevention in
Atrial Fibrillation Study Group Investigators 1990, Stroke Prevention in Afrial Fibrillation
Investigators 1991). When my survey was performed only three of the five large scale studies
had been published, but there was sufficient evidence that warfarin therapy reduced the risks
of stroke by two-thirds in patients with chronic atrial fibrillation (Boston Area Anticoagulation
Trial for Atfrial Fibrillation Investigators 1990, Petersen et al 1989, Stroke Prevention in Atrial
Fibrillation Study Group Investigators 1990). Despite this evidence, consensus about
initiating oral anticoagulation therapy appears to be widely differing in view of the rate of
anticoagulation in this study being surprisingly low, with only 5% of patients having warfarin
added to their therapy. A suboptimal rate of prescribing warfarin was also shown in a
retrospective audit of antithrombotic therapy use in 95 patients with atrial fibrillation (Bath et al
1993). The main concerns about initiating warfarin appear to be the inconvenience and
safety (Lowe 1992). The quality of life for patients on anticoagulants was one aspect further
studied in the BAATAF study and no significant differences between warfarin-treated and
controls were found on measures of functional status, well-being, and health perceptions;
unless complicated by a bleeding episode (Lancaster et al 1991). Only 6.5% of patients in this
study claimed that warfarin restricted their lifestyle, although 13.1% admitted to worrying
about their side-effects (Lancaster et al 1991). However, these findings may not be
applicable to all patients on warfarin. For example, the average age in the BAATAF was 68
years, and younger, sports-active patients may find long-term warfarin therapy restrictive and
an inconvenience. Further studies on this group of patients may be required.

Age should not be a contraindication to initiating oral anticoagulant therapy
(Boston Area Anticoagulation Trial for Atrial Fibrillation Investigators 1990, Gurwitz et al 1988,

Kutner et al 1991, Lancaster et al 1991). One survey of physicians demonstrated, however,
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that 51.4% believed that in elderly patients with atrial fibrillation, the risk of haemorrhage
associated with warfarin outweighed the benefit; whilst 24.3% were not convinced of the
effectiveness of warfarin in preventing of strokes in these patients (Kutner et al 1991). In fact,
the Havard Aging Study showed that the risk of haemorrhage associated with warfarin was no
greater in elderly than in younger patients (Gurwitz et al 1988). Nonvalvular atrial fibrillation is
also an important cause of fatal massive cerebral infarction in the elderly, suggesting that
primary prophylaxis, as well as secondary prevention, against stroke should always be
considered for these patients (Yamanouchi et al 1989). The main reason for variation amongst
physicians in initiating such therapy appears to be the perceived differences in the estimated
risk of systemic embolism for individual patients (Chang et al 1990, Kutner et al 1991). The
availability of a suitable marker of increased thrombogenesis may therefore assist physicians in
the risk stratification and allow identification of high risk patients with atrial fibrillation whom
would particularly benefit from anticoagulant therapy - this aspect is further investigated in this
thesis.

Aspirin is thought to be an alternative to warfarin as thromboprophylaxis
particularly in patients with previous stroke or myocardial infarction (Antiplatelet Trialists'
Collaboration 1988). Aspirin was only initiated in 20 patients in this study, although the
majority of use was for concomitant vascular disease rather than prophylaxis against
thromboembolism. However, only two of the five trials of warfarin in atrial fibrillation have
reported a reduction (by about 25%) of thromboembolic risk with aspirin (Petersen et al 1989,
Stroke Prevention in Atrial Fibrillation Study Group Investigators 1990, Stroke Prevention in
Atrial Fibrillation Investigators 1991). The use of aspirin as an effective antithrombotic agent
for atrial fibrillation therefore remains controversial (Lowe 1992).

The haemodynamic disturbance of atrial fibrillation results essentially from the
absence of atrial systole and from the rapidity and irregularity of the ventricular response. With
increasing age and/or heart failure, atrial systole conftributes an increasing amount towards
overall stroke volume. Indeed there is usually a significantly improved cardiac output and
exercise capacity following cardioversion of atrial fibrillation to sinus rhythm (Lipkin et al 1988).

Following cardioversion, there is also the additional advantage of avoiding the long-term
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thromboembolic risk associated with atrial fibrillation. In our study, there was a low rate of
attempted cardioversion (12% of patients), with pharmacological cardioversion being the
commonest method. Digoxin was also used in one patient for cardioversion despite evidence
that it is no better than placebo (Falk et al 1987). For a patient in atrial fibrillation, the most
complete relief of symptoms often occurs when sinus rhythm is restored. Cardioversion
should therefore have been considered for most patients presenting with recent-onset atrial
fibrillation. The procedure is generally most successful in younger patients with no underlying
cardiac disorder and has the added advantage of being able to withdraw warfarin (for example,
after two to four weeks (Dunn et al 1989)) if sinus rhythm is maintained.

This study establishes the importance of atrial fibrillation as a presenting
arrhythmia amongst emergency medical admissions in the setting of a Scottish district general
hospital. As complete information on length of stay and investigations undertaken was
available in only 86% of patients, this study also highlights some of the problems which occur
in producing accurate figures from admissions. This survey of atrial fibrillation provides useful
information about a common condition and is particularly important at this time when there is
an increasingly important role for medical audit in planning the allocation of resources. For
example, the median inpatient stay in my study was 10 days, but with a wide range of between
1 to 154 days. This finding and the significant correlation between age of patient and length
of inpatient stay has important implications particularly as the general population becomes
more elderly (with a greater life expectancy) and in view of the increased prevalence of atrial
fibrillation with age, for example, increasing from 0.5% at 50-59 years to 8.8% at 80-89 years
(Wolf et al 1991).

In conclusion, atrial fibrillation is a common finding amongst emergency
medical admissions to a district general hospital. Heart failure is the commonest associated
clinical feature, whilst ischaemic heart disease is the most frequent underlying cause. There is
also a suboptimal application of standard investigations for patients with atrial fibrillation, and a
reluctance to commence oral anticoagulant therapy or to consider cardioversion, both of

which are playing an increasingly prominent role in the management of this group of patients.
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These issues need to be addressed in order to optimise management of this common

arrhythmia.
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CHAPTER 3

THROMBOGENSIS IN
CHRONIC ATRIAL FIBRILLATION
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3.1 STUDIES OF PLASMA FIBRINOGEN, VON WILLEBRAND
FACTOR AND FIBRIN D-DIMER IN CHRONIC ATRIAL
FIBRILLATION

Introduction

Chronic atrial fibrillation is associated with an increased incidence of stroke and
other thromboembolic events. Within the broad spectrum of patients with atrial fibrillation, the risk
for thromboembolism is not uniform, and subgroups at greater or less risk clearly exist. However,
the mechanisms of thromboembolism in patients with atrial fibrillation have not been fully
elucidated, and are likely to be multifactorial. The risk of thrombus formation and embolic events
is, for example, higher with left atrial enlargement (Hinton et al 1977, Daniel et al 1988). However,
atrial fibrillation per se can lead to and perpetuate atrial enlargement (Sanfillipo et al 1990). An
enlarged left atrium may contribute to an increased thrombotic tendency as a result of abnormal
flow patterns within the left atrium (Daniel et al 1988).

Abnormalities of plasma fibrinogen and von Willebrand factor are associated with
thromboembolism. Elevated plasma fibrinogen levels are, for example, associated with an
increased risk of cardiovascular disease, including ischaemic heart disease and stroke (Ernst
1991, Ernst and Resch 1993, Hamsten et al 1986, Meade et al 1980, Wilhelmsen et al 1984).
They may promote disease by increasing fibrin formation, platelet aggregation or by rheological
effects (blood viscosity, red cell aggregation) which may promote disturbed blood flow. Plasma
VWF is a marker of endothelial dysfunction which is associated with thromboembolic stroke
(Uchiyama et al 1983) and atherosclerosis (Mettinger 1982). Another plasma factor, the D-dimer
fibrin fragment, reflects intravascular clotting levels by identifying the presence of cross-linked
fibrin degradation products without interference from fibrinogen or non-cross-linked fibrin. This
means that fibrin D-dimer is a marker of intravascular thrombus formation and not just a reflection of
plasma fibrinogen levels. Elevated levels of fibrin degradation products are found in conditions
associated with intravascular (and sometimes extravascular) activation of the coagulation system,
including those with a predisposition to venous thrombosis (Hunt et al 1985). In addition, two
recent studies have suggested that plasma levels of D-dimer are increased in patients with atrial

fibrillation, whether or not co-existing structural heart disease is present, when compared to
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patients in sinus rhythm (Gustafsson et al 1990, Kumagai et al 1990). Abnormalities in these
plasma factors may in part account for the variable risk of thromboembolism in different subgroups
of patients with atrial fibrillation.

Five major, prospective studies have demonstrated that warfarin reduces the
incidence of thromboembolic complications in patients in atrial fibrillation (Boston Area
Anticoagulation Trial for Atrial Fibrillation Investigators 1990, Connolly et al 1991, Ezekowitz et al
1992, Petersen et al 1989, Stroke Prevention in Atrial Fibrillation Investigators 1991). The effect
of aspirin however is less certain (Lowe 1992).

This study was performed to determine if chronic atrial fibrillation is associated with
abnommalities in plasma fibrinogen, VWF or D-dimer levels; and if so, whether or not such levels
were related to the haemodynamic disturbance within an enlarged left atrium, with poor left

ventricular function, or to existing treatment with warfarin or aspirin.

Materials and methods

Patients- The design was a prospective population controlled study of male and female
patients with chronic atrial fibrillation. Chronic atrial fibrillation was defined as afrial fibrillation
documented electrocardiographically on two occasions at least 48 hours apart during the same
inpatient stay, or on at least two visits to the outpatient clinic. Excluded were those patients aged
over 75 and those with significant systemic illness (which influences fibrinogen, vWF and fibrin D-
dimer levels) such as renal failure, liver impairment (defined as abnormal liver function tests with
aspartate transaminase (AST) or alanine transaminase (ALT) levels more than twice the upper limit
of normal), chronic infections or neoplastic disease. Patients with hypertension, limited venous
access, those requiring transfusion or those actively bleeding were also excluded.

Results were compared to those of 158 population controls aged 55-64 years in
sinus rhythm, sampled from a local population survey (Second North Glasgow MONICA Study;
Lowe et al 1992; Lowe et al, in preparation (for D-dimer and vWF levels)). For patients taking
warfarin therapy, a Thrombotest was performed to ensure satisfactory anticoagulation and to

establish the intensity of effect of warfarin.
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Echocardiography- Two dimensional and Doppler echocardiography were performed with
the patient in the left lateral decubitus position using a Hewlett-Packard Sonos 500 machine
(Hewlett-Packard, Arondale, Pa, USA) equipped with a standard 2.5 MHz transducer. Images
were obtained in the standard parasternal long axis, parasternal short axis, and apical four-
chamber planes. The transducer was angled to maximise cardiac chamber size and gain positions
were adjusted to obtain the clearest outline of the endocardium. Doppler examination was
performed using colour-flow, pulsed and continuous wave modes. Using the standard video
facility of the ultrasound machine, off line analytical methodology was used to quantify
measurements. In the parasternal long-axis view, the anteroposterior dimension of the left atrium
was measured and in the standard apical four-chamber view, the superoinferior (base-to-roof) and
mediolateral (transverse) dimensions of the left atrium were measured (Sanfillipo et al 1990)
(Figures 3.1, 3.2). Left atrial volume was calculated using a standard ellipsoid formula (Figure 3.3)
(Sanfillipo et al 1990). The apical four chamber view was used to measure the right atrium
superoinferior and mediolateral dimensions and the volume estimated using the same ellipsoid
formula, assuming anteroposterior dimension being equal to the mediolateral dimension (Figures
3.1, 3.2) (Sanfillipo et al 1990). All measurements were taken at maximum separation of chamber
walls at end-systole (that is, at the video frame just preceding mitral valve opening), using the
leading edge to leading edge convention. Left ventricular dimensions were measured using M-
mode echocardiography in the parasternal long axis view using the technique recommended by
the American Society of Echocardiography (Sahn et al 1978) and the fractional shortening
calculated as an index of left ventricular function (Figure 3.4).

All echocardiography was performed by one operator blinded to the patients
clinical details. Echocardiography data were compared to 14 healthy volunteers who served as
'normal controls. To allow validation of the measurements of atrial and ventricular dimensions, and
to assess reproducibility, interobserver and intraobserver variability, a sample of 20 patients
selected at random were studied twice on different occasions by the same observer (myseif) and
another 20 subjects on different occasions by two different observers (myself and one other

observer).
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Blood samples- Blood samples were drawn from the antecubital vein by careful
venipuncture, anticoagulated with trisodium citrate (0.11M, 9:1 v:v) and centrifuged. The platelet-
free plasma was immediately separated, frozen to - 400 C, and assayed in batches within 4 weeks

of collection.

Assay procedures- Plasma D-dimer antigen levels were measured using an ELISA method
(AGEN, Parsippany, NJ, USA). Plasma fibrinogen was assayed by the Clauss assay, using a Coag-
A-mate coagulometer and Organon Teknika reagents and standards (Organon Teknika,
Cambridge, UK). Plasma von Willebrand factor was assayed using an ELISA method
(ASSERACHROM, Diagnostica Stago, France). The sensitivity of the assays used allowed
measurement of plasma D-dimer, vWF and fibrinogen levels to a minimum of 30 ng/ml, 1% and 0.5
g/l respectively. The reproducibility of all three methods allowed a coefficient of variation of less

than 5%.

Statistical analysis- All the values of the rheological measurements and cardiac dimensions
were expressed as median + interquartile range (IQR). Statistical comparison was performed
using ANOVA and t-tests for normal distributions and the Kruskal-Wallis test and Mann-Whitney
two sample rank test for non-parametric distribution, and 95% confidence intervals (c.i.) were
calculated for the point estimate of the difference in medians. Correlations between clinical
variables or rheological measurements were performed using Spearman's Rank correlation
method. Stepwise multiple regression analyses were performed with plasma fibrinogen and fibrin
D-dimer as the dependent variables to determine whether age, smoking habit, left atrial volume
(ellipsoid), right atrial volume, left ventricular fractional shortening and body mass index
contributed significantly to levels of these coagulation parameters. A probability of <0.05 was
considered statistically significant.

Reproducibility for echocardiographic measurements was expressed as mean
difference + 2s.d (Bland and Altman 1986). A one-sample t-test test was performed to determine

whether the mean difference was significantly different from zero. All statistical calculations were
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performed on a microcomputer using a commercially available statistical package (MINITAB v8,

Minitab INC, PA,USA).

Results

Patient groups- A total of 85 patients (42 male and 43 female; mean age 63.1 years,
s.e.m. 1.01) with chronic atrial fibrillation were studied. At the time of the study, 36 were taking no
antithrombotic therapy (Group 1), 31 were taking warfarin (including 2 on both warfarin and aspirin
therapy) (Group 2) and 18 were taking aspirin alone (Group 3). They were compared to 158
population controls derived from a pre-existing random healthy population sample, the 2nd
MONICA study. Clinical variables in these groups are as shown in Table 3.1. Twenty patients
(23.5%) were still smoking. There were no differences in sex ratio (X2=4.79, 3 d.f.; p=0.19) and

proportions of smokers (X2 =7.36, 3 d.f.; p=0.06) between the groups studied.

Underlying aetiology - Of the 85 patients with atrial fibrillation, 73 were found to have a
predisposing factor to atrial fibrillation. Valvular heart disease was the commonest factor (n=34),
followed by ischaemic heart disease (n=30, including 10 patients with a clinical history of both
valvular heart disease and ischaemic heart disease). Other causes included patients with dilated
cardiomyopathy (n=3), predominantly idiopathic or alcoholic, but 12 patients did not have any
obvious predisposing factors. There were 31 patients taking warfarin and all Thrombotest resuits

were within the therapeutic range (5-15%).

Plasma fibrinogen , von Willebrand factor and fibrin D-dimer levels - Fibrinogen levels were
measured in all 85 patients (median 3.58 g/l, IQR 3.0-4.7) but due to technical problems, plasma
D-dimer and von Willebrand factor levels were only measured in 81 patients (D-dimer: median 89
ng/ml, IQR 50-193) and 67 patients (vVWF: median 158 %, IQR 114-200) respectively. As a group,
the patients with atrial fibrillation had significantly higher levels of fibrinogen than the population
controls (Kruskal-Wallis test H=78, d.f.=3, p<0.0001; Mann-Whitney test, point estimate of
difference between medians 1.23 g/l; 95% confidence interval (c.i.) 1.01 to 1.55, p<0.0001) and

of VWF (Kruskal-Wallis test H=27, d.f.=3, p<0.0001; Mann-Whitney test, point estimate of
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difference between medians 63 %; 95% confidence interval (c.i.) 47 to 79, p<0.0001) when
compared to population controls. The correlations between plasma fibrinogen and D-dimer
(Spearman r = 0.23, p=0.03) and between vVWF and D-dimer (r=0.29,p=0.01) were however weak.

In Group 1 (no antithrombotic therapy) (n=36), plasma fibrinogen remained
significantly elevated compared with population controls (point estimate of difference between
medians 1.23 g/I; 95% c.i. 0.88 to 1.62, p<0.0001) (Table 3.2, Figure 3.5). There was also a
significant elevation of plasma D-dimer levels (point estimate of difference between medians 77
ng/ml ; 95% c.i. 38 to 122, p<0.01) and VWF (point estimate of difference between medians 63% ;
95% c.i. 38 to 89, p<0.0001) in these patients when compared to population controls (Table 3.2;
Figure 3.6, 3.7). There were no significant correlations between these coagulation parameters
and atrial size or ventricular function (Table 3.4).

In Group 2 (warfarin therapy), there was no significant difference in plasma
fibrinogen (point estimate of difference between medians 0.14g/l; 95% c.i. -0.44 to 0.77, p=0.65)
or VWF (point estimate of difference between medians 3.5%; 95% c.i. -41 to 41, p=NS) when
compared to patients in Group 1 (Table 3.2; Figure 3.5, 3.7). However, there was a significant
difference in plasma D-dimer levels between the two groups (point estimate of difference
between medians 90 ng/ml, 95% c.i. 39 to 150, p<0.0001) (Table 3.2, Figure 3.6). There were
no significant correlations between the coagulation parameters and left atrial volume or ventricular
function (Table 3.4).

In Group 3 (aspirin therapy alone) (n=18), there were no significant differences in
plasma fibrinogen (point estimate of difference between medians 0.08 g/l ; 95% c.i. -0.52 to 0.77,
p=0.73), D-dimer (point estimate of difference between medians -34ng/ml; 95% c.i. -114 to 21.0,
p=0.25) or VWF (point estimate of difference between medians 2 %; 95% c.i. -35 to 41, p=NS)
levels when compared to Group 1 (Table 3.2; Figure 3.5,3.6, 3.7). In Group 1 and Group 3
patients, there was a significant positive correlation between plasma fibrin D-dimer and vWF levels

(p=0.52. p<0.001).
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Influence of underlying aetiology, left atrial size and left ventricular function -

As plasma fibrinogen, vWF and fibrin D-dimer levels are similar in patients with and without aspirin
therapy, but not on warfarin (that is, Group 1 and Group 3), further subgroup analysis was
performed on the 68 patients in these two groups with regard to the influence of underlying
aetiology, atrial size and left ventricular function.

There were no significant differences for plasma fibrinogen (Kruskal-Wallis test
H=3.06,p=0.38), fibrin D-dimer levels (Kruskal-Wallis test H=3.27, p=0.35) or vWF (Kruskal-Wallis
test H=11.9, p=0.064) between patients with and without underlying heart disease. In particular,
there were no statistically significant differences in plasma fibrinogen levels when patients with
valve disease were compared to those with no obvious aetiology (Mann-Whitney test, point
estimate of difference between medians -0.52; 95% c.i. -1.2 to 0.56, p=0.34) or when patients
with ischaemic heart disease were compared to those with no obvious aetiology (point estimate of
difference between medians -0.99 gfl; 95% c.i. -1.64 to 0.11, p=0.09). Similarly, there were no
differences in plasma D-dimer levels when those with valve disease were compared to those with
no obvious aetiology (point estimate of difference between medians -27 ng/ml; 95% c.i. -179 to
66, p=0.81) or when patients with ischaemic heart disease were compared to those with no
obvious aetiology (point estimate of difference between medians -5.5 ng/ml; 95% c.i. -132 to 77,
p=0.83). There were also no differences in plasma vWF levels when those with valve disease
were compared to those with no obvious aetiology (Mann-Whitney test, point estimate of
difference between medians -38%; 95% c.i. -95 to 42, p=0.53) or when patients with ischaemic
heart disease were compared to those with no obvious aetiology (point estimate of difference
between medians -16%; 95% c.i. -99 to 65, p=0.40).

Technically adeqUate left and right atrial measurements were obtained in 81 and
77 patients respectively. However, due to technical difficulties, left ventricular dimensions were
only obtained in 72 patients. Echocardiographic measurements and dimensions are summarised
in Table 3.3. Echocardiographic data (n=54) for patients not on warfarin (Group 1 and 3) were
related to plasma fibrinogen, vWF and D-dimer. There were no significant correlations between
left atrial dimension, left atrial volumes (ellipsoid) and left ventricular fractional shortening, and

plasma fibrinogen, vWF or fibrin D-dimer levels. There was a weak negative correlation between
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plasma fibrinogen and right atrial volume (Spearman r =-0.3, p=0.03). In addition, amongst these
patients, there were no differences in plasma fibrinogen (point estimate of difference between
medians 0.18 g/l; 95% c.i. -0.38 to 0.95, p=0.48) or fibrin D-dimer levels (point estimate of
difference between medians -25 ng/ml; 95% c.i. -76 to 47, p=0.29) when patients with a left atrial
dimension >4.2cm were compared to those with a left atrial dimension of <4.2cm. There was,
however, a higher plasma vVWF in patients with a left atrium of >4.2cm when compared to those
with a left atrium <4.2cm (point estimate of difference between medians 42%; 95% c.i. 3 to 87,
p=0.045). There were no differences in plasma fibrinogen (point estimate of difference between
medians 0.29g/l; 95% c.i. -0.25 to 1.06, p=0.34), fibrin D-dimer levels (point estimate of
difference between medians 23 ng/ml; 95% c.i. -29 to 112, p=0.47) or vWF (point estimate of
difference between medians 14%; 95% c.i. -32 to 63, p=0.49) when patients with a left
ventricular fractional shortening of <25% were compared to those with a normal fractional
shortening (FS >25%).

For patients not on warfarin, stepwise multiple regression analysis with plasma
fibrin D-dimer as the dependent variable demonstrated that when age, left atrial volume (ellipsoid),
right atrial volume, left ventricular fractional shortening, smoking habit, body mass index and
plasma fibrinogen were considered, only body mass index (t=3.65, p<0.05) was a significant
predictor for plasma fibrin D-dimer. Similar stepwise multiple regression analysis with plasma
fibrinogen and VWF as dependent variables revealed no significant predictors among age, left
atrial volume (ellipsoid), right atrial volume, left ventricular fractional shortening, smoking habit and
body mass index . Amongst these patients there was a weak correlation between age and VWF

(Spearman r=0.31, p=0.02) and plasma fibrinogen and body mass index (r=-0.36,p=0.001).

Reproducibility of 2-dimensional and M-mode echocardiographic measurements These
are summarised in Table 3.5. There was overall good agreement between inter- and intra-

observer measurements.
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Discussion

Chronic atrial fibrillation has been established to carry an annual risk of 3-6% of
thromboembolic complications, this being 5-7 times greater than that of controls in sinus rhythm
(Peterson 1990). The female sex, smoking, heart failure, enlarged left atrial size, poor left
ventricular function and a history of previous embolic episodes are additive risk factors. This was
demonstrated in the Stroke Prevention in Atrial Fibrillation study where the presence of recent
congestive heart failure, hypertension and previous thromboembolism were independent clinical
risk factors for subsequent thromboembolism (Stroke Prevention in Atrial Fibrillation Investigators
1992a). The presence of these three independent clinical predictors defined patients with rates
of thromboembolism of 2.5% per year (no risk factors), 7.2% per year (one risk factor) and 17.6%
(two or 3 risk factors) (Stroke Prevention in Atfrial Fibrillation Investigators 1992a). In addition to an
increase in stroke and thromboembolism, the size of the left atrium has also been considered to
contribute to an increased risk of atrial thrombi and spontaneous echo contrast on
transoesophageal echocardiography (Caplan et al 1986, Daniel et al 1988, Manning 1993, SPAF
Investigators 1992b). Echocardiographic data from the Stroke Prevention in Atrial Fibrillation
study demonstrated that left ventricular dysfunction (on the 2-dimensional echocardiogram) and
the size of the left atrium (from M-Mode echocardiograms) were strong independent predictors of
later thromboembolism in patients with atrial fibrillation (Stroke Prevention in Atrial Fibrillation
Investigators 1992b). These findings therefore point not only to the left atrium but also toward the
left ventricle as a cause or consequence of the pathology responsible for thromboembolic risk in
patients with atrial fibrillation. In addition, recent studies have also suggested that left atrial
enlargement may be a consequence of the duration of atrial fibrillation (Sanfillipo et a! 1990,
Petersen et al 1987, Sosa-Suarez et al 1989), although previous studies have suggested the
converse, left atrial enlargement being a cause rather than a consequence of atrial fibrillation
(Takahashi et al 1982).

Left atrial enlargement may also be associated with increased spontaneous echo
contrast on transoesophageal echocardiography, suggesting flow disturbance (stasis or slow
blood flow) and resuiting in red cell aggregation within the enlarged atrial cavity (Black et al 1991,

Chen et al 1990, Daniel et al 1988). One study in patients with mitral valve disease suggested that
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there was no single factor responsible for the formation of spontaneous echo contrast; and mitral
stenosis, atrial fibrillation and dilated left atria were all necessary (Chen et al 1990). In contrast, one
study of patients with nonrheumatic atrial fibrillation did not demonstrate any association between
left atrial diameter (or left ventricular size/function) and the presence of the phenomenon (Tsai et
al 1992). Spontaneous echo contrast itself appears to be predictive for left atrial thrombus and
suspected embolism in patients with atrial fibrillation, and is unrelated to age, gender, left
ventricular dysfunction or anticoagulant therapy (Black et al 1991, Castello et al 1990, Manning
1993, Tsai et al 1992). The rheological mechanism for spontaneous echo contrast is thought to
involve the effect of fibrinogen, or its products, which under low flow and low shear rate conditions
promote red cell aggregation and the rouleau formation of erythrocytes (Sige! et al 1981, Merino
et al 1992). Spontaneous echo contrast therefore provides ‘visual' evidence for a rheological
mechanism for thrombogenesis in atrial fibrillation. Unfortunately, in this study, | was unable to
assess the correlation of spontaneous echo contrast to rheological markers because the
phenomenon was only demonstrated in one patient (on warfarin) using transthoracic
echocardiography. This is not unexpected as transoesophageal echocardiography is more
sensitive than transthoracic echocardiography in detecting spontaneous echo contrast (Chen et
al 1990).

This study demonstrates that plasma levels of fibrinogen, fibrin degradation
products (fibrin D-dimer) and von Willebrand factor (VWF) are increased in patients with chronic
atrial fibrillation who are not taking any antithrombotic therapy, when compared to population
controls of similar age in sinus rhythm. These results were not attributable to an excess of
smokers in the atrial fibrillation group (Table 3.1); nor are they attributable to underlying cardiac
disease, with no statistically significant differences between patients with an underlying cause for
atrial fibrillation (ischaemic heart disease, valve disorders) when compared to those with no
obvious cause. In this study, there was however a trend towards higher median plasma fibrinogen
levels in patients with ischaemic heart disease. My findings in this study also suggest that it is atrial
fibrillation itself which is the major contributory factor to the increased thrombotic tendency as
reflected by the elevated fibrinogen and D-dimer levels, there being no significant correlation with

atrial size or ventricular function. Similar findings were reported by two previous small studies of
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patients with atrial fibriflation (Gustafsson et al 1990, Kumagai et al 1930). The increased plasma
fibrinogen levels in atrial fibrillation may promote thromboembolic events in patients with atrial
fibrillation, either by increasing the tendency to thrombosis (as suggested by the correlation with
plasma D-dimer levels)or by increasing flow disturbance through its rheological effects in
increasing red cell aggregation and blood viscosity in areas of stasis, for example, in the dilated
atria in patients with atrial fibrillation. In addition, there may be an interaction with underlying
endothelial dysfunction, as reflected by the increased VWF levels in these patients and the
positive correlation between vVWF and fibrin D-dimer levels.

Although no significant correlations of plasma fibrinogen or D-dimer levels were
found in association with left ventricular fractional shortening, this measurement poses certain
problems. Firstly, there were insufficient numbers to fully assess a broad spectrum of left
ventricular function. For example, only 5 patients in our study had a fractional shortening of <10%
(normally regarded as ‘poor' left ventricular contractility). Additionally, the median fractional
shortening in the whole study population was 21.5% (IQR 16.2 to 28.9%) is just below lower limit
of the normal range (>25%) for our laboratory. Secondly, the measurement of fractional
shortening is only a crude indicator of overall left ventricular function, as for example patients with
a discrete apical wall motion abnormality may falsely appear to have normal ventricular function.
There was, however, a weak negative correlation between plasma fibrinogen and left ventricular
end-diastolic dimension, suggesting that some relationship may well exist with ventricular
impairment. | therefore have reservations therefore about the lack of correlation between
coagulation parameters and left ventricular function (as assessed by fractional shortening) in this
study and this aspect will be the subject of a separate investigation.

Smoking is another factor associated with an increase in plasma fibrinogen, vVWF
and D-dimer levels (Petersen 1987, Ernst 1990). However, the proportion of smokers in
population controls was 40% compared to 32% of patients with atrial fibrillation without any
antithrombotic therapy (Group 1). Smoking should not be expected therefore to account for the
elevation in plasma fibrinogen, VWF and D-dimer seen in Group 1. Patients on warfarin therapy
(Group 2) and aspirin therapy (Group 3) had similar proportions of smokers (23% and 16%

respectively), which were lower than for Group 1. The difference between the proportions of
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smokers in different groups was however not statistically significant, but some contribution of
smoking to the elevated D-dimer levels in Group 1 compared to Group 2 is possible.

My study demonstrates that patients with atrial fibrillation continue to have
elevated plasma fibrinogen and vWF levels despite treatment with warfarin or aspirin. As other
studies have demonstrated that elevated fibrinogen (Hamsten et al 1986) or VWF (Jansson et al
1991) levels are predictors of cardiovascular disease, these patients may continue to be at
increased risk despite being adequately anticoagulated. Chronic atrial fibrillation itself may
increase plasma fibrinogen levels, and there may be a contribution from the increased left atrial
size. A number of patients in this study had underlying ischaemic heart disease (n=30) and
although this has been linked to elevated fibrinogen and vWF levels (Hamsten et al 1986,
Wilhelmsen et al 1984), | do not feel that this was a significant contributory factor to the high levels
of plasma fibrinogen and VWF in these patients. The main reasons for this include the
demonstration that there is no significant difference in plasma fibrinogen and vWF levels in
patients with atrial fibrillation with and without ischaemic heart disease. Secondly, observations in
a large local population survey of patients (the 2nd North Glasgow MONICA Study) demonstrate
that those with ischaemic heart disease and sinus rhythm had relatively minor elevations in plasma
fibrinogen, vVWF and D-dimer levels (Lowe et al 1992; Lowe et al, submitted for publication).

An important question is why is atrial fibrillation associated with an increased
plasma fibrinogen or VWF level. It is unlikely that the increased fibrinogen or VWF levels are a
secondary response to increased clot or thrombus formation, as in such cases D-dimer levels
would have been elevated in the subgroups with and without warfarin therapy. Additionally,
warfarin therapy is not known to influence any underlying pathological process and therefore
fibrinogen or VWF levels would not have been expected to be different between the groups with
and without warfarin therapy, as demonstrated here. Abnormalities in cardiac blood flow (for
example, sluggish, slow flow within the atria) may be partly responsible, resulting in flow
abnormalities and endothelial dysfunction (causing raised vVWF) in the pulmonary vasculature.
This latter effect may stimulate lung macrophages to produce hepatocyte stimulating factor,
increasing the liver synthesis of fibrinogen (in a similar manner to smoking (Ritchie et al 1982).

Further studies investigating the mechanisms by which fibrinogen and vVWF synthesis are
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increased are needed. The precise mechanism for the elevated plasma fibrinogen and VWF
levels is therefore uncertain.

As plasma D-dimer is a marker of intravascular cross-linked fibrin formation, my
finding that plasma levels of D-dimer were significantly elevated in patients with atrial fibrillation
(without any antithrombotic therapy), when compared to controls in sinus rhythm, suggests that
there is ongoing intravascular fibrin formation in these patients. This finding is consistent with two
previous small studies (Gustafsson et al 1990, Kumagai et al 1990). Additionally, in a small study
of patients with atrial fibrillation and mitral stenosis, increased levels of other markers of a
thrombotic state (fibrinopeptide A, thrombin-antithrombin Ill complex) have been demonstrated
within the left atria of such patients (Yamamoto et al 1993). These thrombotic marker levels also
did not correlate with the left atrial size, as in my study. If warfarin or aspirin therapy effectively
prevented intravascular fibrin and thrombus formation, then D-dimer levels would be expected to
be lower in patients on warfarin or aspirin therapy. This is indeed clearly demonstrated for warfarin
in this study (which found that the median plasma D-dimer level was also reduced by about two-
thirds, consistent with the finding the warfarin therapy reduced thromboembolic risk by about two-
thirds, based on randomised clinical trials (range 35% to 86%)) (Lowe 1992, Stroke Prevention in
Atrial Fibrillation Investigators 1992a). Patients on aspirin therapy had a lesser (approximately
one-third) reduction in plasma D-dimer levels when compared to patients on no antithrombotic
therapy but the difference was not statistically significant. This may be a reflection of either a lower
antithrombotic efficacy of aspirin; or else the smaller number of patients within this group. In
addition, the mechanisms of action of aspirin and warfarin differ. The former acts by inhibition of
platelet function whilst the latter acts by the reduction of clotting factor synthesis. Larger studies
of patients on aspirin are therefore required to assess risk reduction of thromboembolism in
patients with chronic atrial fibrillation (current estimate is a risk reduction of about 25% ) (Lowe
1992).

Von Willebrand factor levels were also significantly increased in patients with
chronic atrial fibrillation, irrespective of anticoagulant therapy. This finding is consistent with one
previous small study of patients with atrial fibrillation (Gustafsson et al 1990). High VWF levels have

previously also been associated with atherosclerosis and in particular, the recurrence of
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thromboembolic (rather than embolic) stroke (Mettinger et al 1982, Uchiyama et al 1983). My
findings therefore suggest a role for vWF in the pathogenesis of thromboembolic risk in patients
with chronic atrial fibrillation. As VWF is a marker of endothelial (which may extend to endocardial)
dysfunction, this is consistent with Virchow's observation of the importance of the vessel wall in
thrombogenesis (Virchow's triad) (Virchow 1856). The findings of a modest correlation between
plasma vWF and fibrin D-dimer levels in patients not on warfarin therapy (r=0.52, p<0.001), and
higher VWF levels in patients with a large left atrium (>4.2cm) are in support of this hypothesis.

Anticoagulant therapy carries a risk of bleeding, and to be able to select out those
patients who would particularly benefit from warfarin (or aspirin) would be a major advance. My
study suggests that measurement of plasma D-dimer may identify a subgroup of patients with atrial
fibrillation (those with increased plasma D-dimer) who would particularly benefit from anticoagulant
therapy. A prospective study of plasma D-dimer levels in a large cohort of patients with atrial
fibrillation is required to test this hypothesis. Such a study might also assess the predictive value
of plasma fibrinogen and vWF levels for thromboembolic complications. The apparent lack of
effect of warfarin or aspirin therapy on plasma fibrinogen or vWF levels suggests that they could
be used as risk markers even in patients taking antithrombotic therapy. For the present, however,
this study confirms still further that anticoagulation should be considered for all patients with
chronic atrial fibrillation as they appear to have increased intravascular thrombus generation.
Prospective studies on the effects of introducing warfarin in these patients are required, as
investigated in chapter 10 of this thesis.

In conclusion, my results confirm significantly elevated median plasma fibrinogen
and VWF levels for patients with chronic atrial fibrillation. Plasma D-dimer levels were also elevated
in patients with chronic atrial fibrillation whom were not on antithrombotic therapy, suggesting
increased intravascular thrombogenesis in such patients. For patients taking warfarin therapy
there was a strikingly lower level of circulating fibrin D-dimer, suggesting that warfarin therapy was
effective in preventing intravascular thrombus formation. These results provide, therefore, a
possible mechanism to both assess those patients with atrial fibrillation who are at high risk of
thrombogenesis and also to measure the efficacy of anticoagulant therapy in reducing fibrin or

thrombus formation.



TABLE 3.1
PATIENT CHARACTERISTICS

PATIENTS WITH CHRONIC AF CONTROL
GROUP
(sinus
GROUP 1 GROUP 2 GROUP 3 rhythm)
no warfarin aspirin
anti-thrombotic
therapy
number 37 31 19 158
(n)
males 19 12 13 88
(%) (51%) (39%) (68%) (55%)
smokers 12 7 3 64
(%) (32%) (23%) (16%) (40%)
AGE (yrs) 62.6 60.3 68.4 59.3
mean (s.e.m.) (1.6) (1.6) (1.6) 0.2)




TABLE 3.2
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PLASMA FIBRINOGEN, VON WILLEBRAND FACTOR
AND FIBRIN D-DIMER IN CHRONIC ATRIAL FIBRILLATION

FIBRINOGEN
g/l
median
(IQR)

D-dimer
ng/ml
median
(IQR)

von
Willebrand
factor
%
median (IQR)

PATIENTS

GROUP 1
no
anti-thrombotic
therapy
3.78"
(3.00-4.7)

158"
(81-292)

152*
(108-198)

WITH

GROUP 2
warfarin

3.50
(2.95-4.70)

50°
(50-60)

169
(118-227)

CHRONIC AF

GROUP 3
aspirin

3.83
(2.92-4.77)

102
(77-155)

161
(118-196)

CONTROL
GROUP
(sinus
rhythm)

2.60
(2.24-2.99)

76
(53-103)

105
(80-147)

* p<0.0001 vs controls; sp<0.0001 vs patients on no antithrombotic therapy



TABLE 3.3
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ECHOCARDIOGRAPHY IN ATRIAL FIBRILLATION

LEFT ATRIAL
DIMENSION
mm
median (IQR)

LEFT ATRIAL
VOLUME
mm3
median (IQR)

RIGHT
ATRIAL
VOLUME
mm3
median (IQR)

LEFT
VENTRICLE
DIASTOLIC
DIMENSION
cm
median (IQR)

LEFT
VENTRICLE
fractional
shortening
%
median (IQR)

PATIENTS

GROUP 1
no
anti-thrombotic
therapy

45.0
(40.1-49.5)

47.6
(34.8-49.7)

40.1
(34.8-49.7)

(5.0-6.1)

21.8
(16.7-29.0)

WITH
GROUP 2
warfarin
51.0

(43.5-56.0)

63.3
(44.3-84.5)

46.1
(36.4-63.5)

(56.1-5.7)

20.3
(14.0-28.0)

CHRONIC AF
GROUP 3
aspirin
46.8

(41.8-49.3)

51.7
(44.0-65.7)

44.9
(34.6-57.2)

5.3
(4.95-6.1)

27.2
(19.5-29.9)

CONTROL
GROUP
(sinus
rhythm)
(n=14)

3.37
(3.1-3.7)

29.2
(26.2-31.5)

20.1
(17.2-23.0)

5.2
(4.9-5.5)

35.3
(30.9-37.3)
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FIGURE 3.4
CHRONIC ATRIAL FIBRILLATION

- SPEARMAN CORRELATION WITH AGE, CARDIAC
DIMENSIONS AND VENTRICULAR FUNCTION

fibrinogen D-dimer von Willebrand
o/l ng/mli factor %
r p r p r p
D-dimer 0.184 0.180
vWF 0.172 0.224 0.52 <0.001*
age -0.103 0.547 0.195 0.154 0.313 0.024*
body mass -0.36 0.007* -0.22 0.099 -0.021 0.878
index
Left atrial -0.143 0.302 0.081 0.577 0.25 0.078
dimension
Left atrial -0.194 0.161 0.163 0.251 0.267 0.064
volume
Right atrial -0.296 0.03* -0.018 0.89 0.057 0.707
volume
LV -0.362 0.011* 0.176 0.24 0.252 0.095
end-
diastolic
dimension
-0.11 0.52 -0.18 0.242 -0.075 0.635
Lv
fractional
shortening

[LV=left ventricle]
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FIGURE 3.5 |
INTRA- AND BETWEEN-OBSERVER REPEATABILITY FOR 2-
DIMENSIONAL AND M-MODE ECHOCARDIOGRAPHY
(a) intra-observer repeatability (IOR)

MEASUREMENT| Pearson mean +2s.d.] one p value
r difference sample
ttest T

LEFT ATRIUM

D1| 0.955 0.05 0.30 1.64 0.12

D2 0.879 0.01 0.34 0.34 0.74

D3| 0.958 0.06 0.42 1.32 0.20

LA VOLUME 0.872 0.88 11.4 0.73 0.48
RIGHT ATRIUM

D2| 0.960 -0.03 0.32 -0.77 0.45

D3 0.949 0.01 0.40 0.15 0.89

RA VOLUME| 0.973 -0.39 6.28 -0.56 0.58
LEFT
VENTRICLE

end-diastolic| 0.963 0 0.36 -0.12 0.90
dimension

end-systolic 0.973 0.06 0.40 1.45 0.16
dimension

fractional 0.918 -0.01 0.06 -1.82 0.09
shortening
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(b) between-observer repeatability (BOR)

MEASUREMENT/| Pearson mean +2s.d. one p value
r difference sample
t-test T

LEFT ATRIUM

D1| 0.949 0.06 0.32 1.74 0.10

D2| 0.955 0.05 0.24 1.83 0.082

D3| 0.980 0.02 0.22 1.00 0.33

LA VOLUME| 0.917 0.59 9.1 0.59 0.56
RIGHT ATRIUM

D2] 0.813 -0.07 0.66 -0.96 0.35

D3| 0.883 -0.01 0.58 -0.09 0.93

RA VOLUME| 0.870 -1.1 13.4 -0.71 0.49
LEFT
VENTRICLE

end-diastolic| 0.955 0 0.40 0.11 0.91
dimension

end-systolic 0.968 -0.07 0.68 -0.47 0.64
dimension

fractional]| 0.847 -0.02 0.084 -1.68 0.11
shortening

p=NS
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CHAPTER 4

THROMBOGENESIS
AND
CARDIOVERSION OF
ATRIAL FIBRILLATION
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4.1 ANTICOAGULATION AND CARDIOVERSION OF ATRIAL
FIBRILLATION

Introduction

Atrial fibrillation is an arrhythmia which is unfortunately associated with an
increased risk of thromboembolism and haemodynamic disturbance. Rather than to continue
in a potentially serious cardiac arrhythmia (associated with an increased mortality, a fivefold risk
of stroke and other major embolic events) and the requirement for drugs with potential
adverse effects, including oral anticoagulants and antiarrhythmics, cardioversion from atrial
fibrillation to sinus rhythm should be considered for suitable patients. The potential benefits
of a return to sinus rhythm include an improvement in well-being and exercise capacity (due to
the return of atrial filling, and consequent improved cardiac output) (Lipkin et al 1988);
avoidance of (potentially dangerous) drug therapy and a reduction in thromboembolic risk.

However, in my survey of management of patients with atrial fibrillation
(chapter 2), there was a low proportion of patients considered for cardioversion. This may be a
reflection of perceived risk of the procedure, associated thromboembolic risk and the
uncertainty of patient selection. In addition, if the procedure is undertaken, there is often
uncertainty about the suitable length of anticoagulant therapy required pre- and post-

cardioversion.

Pathophysiology

With increasing age and any (progressive) impairment of left ventricular
contraction, the dependence on atrial function increases and atrial systole contributes an
increasing amount towards overall stroke volume. The ventricular rate is also the most
important determinant of overall cardiac output in the physiologically normal heart. However,
this observation is not true for very rapid heart rates or in the presence of certain pathology.
In atrial fibrillation, the haemodynamic disturbances results essentially from the absence of
atrial systole and from the rapidity and irregularity of the ventricular response. A sudden

change to a very rapid heart rate may therefore significantly reduce the diastolic filling interval,
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resulting in a dramatic reduction in cardiac output. This will have particular importance in the
presence of either valvular stenosis or reduced left ventricular compliance (for example, in left
ventricular hypertrophy) (Naito et al 1980). It has also been described that the onset of a rapid
ventricular response may also lead to a degree of mitral incompetence thus further reducing
forward flow (Naito et al 1980). The deleterious haemodynamic changes of atrial fibrillation
have been substantiated by studies showing a significantly improved cardiac output following
cardioversion of atrial fibrillation to sinus rhythm (Lipkin et al 1988).

Cardioversion from atrial fibrillation to sinus rhythm may therefore have
haemodynamic advantages. It can be performed electrically, by means of a synchronous
direct current discharge, or pharmacologically, by the use of a suitable antiarrhythmic drug.
Electrical cardioversion works by repolarising the errant atrial conduction, restoring ordered
conduction. During the initial asystolic period, the sino-atrial node rapidly resumes its role as
cardiac pacemaker. External electrical cardioversion is effective in restoring sinus rhythm in 20
to 80% of patients but is highly influenced by the underlying aetiology (Levy 1992, Pritchett
1992). The highest recorded success rates are seen in patients with atrial fibrillation
secondary to hyperthyroidism, whilst the lowest rates are seen in patients with severe mitral
regurgitation (Levy 1992). In patients who failed external cardioversion, internal cardioversion
(using electric shocks delivered within the right atrium) is a specialist technique recently
described, with a success rate of 83% (Levy 1992). Despite the high initial success rates for
electrical cardioversion, there is often a high rate of reversion to atrial fibrillation without the
concomitant use of an antiarrhythmic agent. For example, in one study, sinus rhythm was
maintained in only 69% and 50% of patients at 1 and 6 months respectively (Dittrich et al
1989).

An alternative to electrical cardioversion is pharmacological cardioversion.
Drugs that are usually employed to maintain sinus rhythm after electrical cardioversion may
also be effective for pharmacological cardioversion. In addition, the use of prophylactic
antiarrhythmic therapy has been shown to reduce the recurrence of atrial fibrillation post-
cardioversion (Levy 1992). In general, Class | and Class |l antiarrhythmic drugs are the most

useful agents for pharmacological cardioversion (Pritchett 1992). Class | drugs commonly in



106

use are quinidine, flecainide and propafenone. Quinidine, for example, is very effective in
patients with lone atrial fibrillation, but side effects can occur in 22% (de Nooijer and Sparling
1990). Flecainide and propafenone are also effective, with a rate of successful cardioversion
between 25-55% (Clark and Cotter 1993). Amiodarone, a Class |l antiarrhythmic drug, has
been shown to be highly effective in cardioversion of atrial fibrillation, even in previously
refractory cases (Blevins et al 1987, Noc et al 1990). However, there is concern regarding an
increased risk of mortality with the use of antiarrhythmics, for example, the Class 1
antiarrhythmic drugs (Echt et al 1991, Repique et al 1992). It should be noted that digoxin is
no better than placebo for the attempted restoration of sinus rhythm (Falk et al 1987).

Another therapeutic consideration during cardioversion (whether
phammacological or electrical) is the use of prophylactic anticoagulation to minimise the risk of
thromboembolism following cardioversion. It has been estimated that peripheral emboli may
complicate external cardioversion in 1-3% of cases (Levy 1992). Thromboembolism following
chemical cardioversion with amiodarone may well have similar rates (Yapa and Green 1990).

Anticoagulant therapy is therefore advised, despite the absence of
prospective randomised trials on the effectiveness of such therapy, in the cardioversion of
such patients. However, why these patients should develop thromboembolism is only
appreciated by an understanding of the underlying mechanisms promoting thromboembolism

during cardioversion.

Mechanism of thromboembolism

The mechanisms of embolization following cardioversion of atrial fibrillation
remain to be clearly defined and various possibilities have been suggested. Firstly, a
mechanical explanation for thromboembolism after cardioversion has been suggested. The
sudden resumption of mechanical atrial systole may result in the embolisation of any clot
formed within the left atrium. However, the minimum time for such thrombi to form in the
fibrillating atria is as yet unknown (Mancini and Goldberger 1982), and the mechanisms of
thromboembolism are not likely to be simply mechanical. In addition, the time for the return of

atrial systole is variable between individual patients, and can take up to 3 weeks post



107

cardioversion (Manning et al 1989). It is therefore suggested that anticoagulant therapy post-
cardioversion should at least be continued until the return of atrial systolic function.

Secondly, abnormalities in haemorheological function and prothrombotic
markers intrinsic to atrial fibrillation (as discussed and studied by myself in Chapter 3 of this
thesis) may contribute to the thromboembolic risk post-cardioversion. Indeed, patients with
chronic atrial fibrillation have abnormalities in plasma fibrinogen and fibrin plasma D-dimer
levels, as demonstrated in chapter 3 of this thesis and in other work (Kumagai et al 1990,
Gustafsson et al 1990). Atrial fibrillation is also associated with elevated levels of atrial
natiuretic peptide, which may contribute to haemoconcentration, a raised haematocrit and
subsequent thromboembolism and stroke (Petersen et al 1988). However, if the
mechanisms of thrombo-embolism are not simply mechanical but related to an underlying
prothrombotic state, serial measurement of suitable markers of thrombogenesis (as
undertaken in this thesis) may be useful in determining the duration and intensity of
anticoagulant therapy required.

Another factor which may influence the mechanisms of thromboembolism
with cardioversion is the left atrial size (Manning et al 1993). Patients with left atrial
enlargement, for example, are associated with increased spontaneous echo contrast on
transoesophageal echocardiography, suggesting slow or sluggish blood flow within the
enlarged atrial cavity (Daniel et al 1988, Manning et al 1993). In addition, spontaneous echo
contrast has also been noted during paroxysmal atrial fibrillation, and particularly localised to
the left atrial appendage whereas the remainder of the left atrium was clear (Obarski et al
1990). The rheological mechanism for spontaneous echo contrast is thought to involve the
presence of fibrinogen, or its products, and red cell aggregation or rouleau formation (Merino
et al 1992, Sigel et al 1981), thus providing a 'link' between haemorheological abnormalities
and visual demonstration of flow abnormalities with the left atrium, continuously in chronic
atrial fibrillation, and intermittently in paroxysmal atrial fibrillation.

Finally, abnormalities in cerebral blood flow may be part of the mechanism for
thromboembolic stroke following cardioversion. For example, there appears to be increased

cerebral blood flow after cardioversion from atrial fibrillation to normal sinus rhythm, and this
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may predispose to cerebral embolism in the distribution of the middle cerebral artery

(Petersen 1990).

The role of anticoagulation

The role of prophylactic anticoagulation in patients with chronic atrial
fibrillation is now established and is discussed and investigated in chapter 10 of this thesis.
However, the role of prophylactic anticoagulation to prevent thromboembolism following
cardioversion, for patients in atrial fibrillation, has not been as intensely investigated.
Consequently, there is a lack of consensus regarding the need for (and the duration of) such
therapy before the procedure is undertaken. It is often suggested that the actual conversion
to sinus rhythm is the actual risk factor for embolic events rather than the duration of atrial
fibrillation. However, other factors may be important, including the haemorheological and
prothrombotic abnormalities of atrial fibrillation.

It has been argued that recently formed, poorly adherent thrombus is more
likely to dislodge at the time of cardioversion, when compared to older thrombus which is likely
to be more firmly adherent by fibroblastic infiltration (Mancini and Goldberger 1982). An
estimate of the time required for this infilterative process is approximately 14 days, so
anticoagulation for this time period might prevent new clot formation and allow the most
recently formed thrombi to become sufficiently adherent (Mancini and Goldberger 1982).
However, this time period cannot be precisely defined and is very likely to vary according to
the haemodynamic status, atrial size and underlying atrial pathology, together with the
effectiveness of anticoagulation.

The role of prophylactic anticoagulation has been clinically examined in
several large series. Bjerkelund and Orning (1969) reported a series of 437 patients with atrial
arrhythmias in whom electrical cardioversion was attempted on 572 occasions: 228 patients
were on long-term anticoagulant therapy, whilst 209 were not given anticoagulants. Thirteen
patients (3%) experienced thromboembolic events, with 2 (1.1%) of the 186 patients in the
anticoagulant group, compared to 11(6.8%) of the 162 patients who were not on

anticoagulants and were successfully cardioverted (Bjerkelund and Orning 1969). These
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results were statistically significant, demonstrating that prior anticoagulant therapy was indeed
beneficial in attempted cardioversion. Furthermore, the advantageous effect of warfarin
occurred despite more patients with congestive heart failure, mitral valve disease and
hypertension (factors that increase the risk for thromboembolism) being present in the
anticoagulated group. The thromboembolic events that did occur were predominantly noted
1 to 6 days following cardioversion, suggesting a ‘high risk' period post-cardioversion.
However, this study was not randomised, and as patients were on chronic anticoagulant
therapy, the value of short term anticoagulant therapy could not therefore be defined from
this study. In addition, this study included patients with atrial flutter and atrial tachycardia (in
addition to atrial fibrillation), although the risk of thromboembolism in these subgroups has not
been specifically defined (Bjerkelund and Orning 1969).

In another retrospective study of 79 patients who underwent cardioversion,
none of the 51 patients who received anticoagulant therapy had an embolic event, whilst 2 of
28 (7%) who were not anticoagulated had an embolic stroke (Weinberg and Mancini 1989).
Although the numbers are small, their results do support short-term anticoagulant treatment,
especially in high risk patients (who were defined in this study as patients aged >55 years,
those with duration of atrial fibrillation >1 year, coronary artery disease, cardiomyopathy, or
hypertension) (Weinberg and Mancini 1989).

More recently, Arnold et al (1992) retrospectively assessed 454 elective
direct current cardioversions performed for atrial fibrillation or atrial flutter over a seven year
period. The incidence of embolic complications was 1.32% (6 patients in total). All six had
atrial fibrillation, none were on anticoagulants and the duration of atrial fibrillation was <1 week
in 5 of them (Arnold et al 1992). None of the patients with atrial flutter had thromboembolic
events confirming the low thromboembolic risk for cardioversion of this subgroup of patients
(Arnold et al 1992).

Whilst the above-mentioned studies were not randomised, the evidence for
anticoagulant therapy, prior to cardioversion of atrial fibrillation, appears to be very persuasive.
Although anticoagulation is relatively safe, effective anticoagulation is not completely free of a

risk of bleeding complications. Clearly, it would therefore be advantageous to avoid
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unnecessary anticoagulation. New developments are the availability of transoesophageal
echocardiography, and the availability of plasma prothrombotic markers which may assist
management (by avoiding anticoagulation) by detecting ‘low risk' patients.

Transoesophageal echocardiography is superior to transthroracic
echocardiography in detecting atrial thrombi, particularly those involving the atrial appendage
(Manning et al 1993). For example, the sensitivity of transthoracic echocardiography for left
atrial body and left atrial appendage thrombi has been reported as 78% and 35% respectively
(Sherman et al 1990). Although the true sensitivity of transoesophageal echocardiography for
detecting atrial thrombi is unknown, but it is likely to be related to the size of the thrombus and
the ability to obtain adequate imaging of the atria. It is accepted however that even
embolization of small thrombi may cause strokes and considerable morbidity. In a small series,
early cardioversion was performed (in 78 patients) without long term oral anticoagulant therapy
(but with intravenous heparin for 24 hours), with no excess in embolic events (Manning et al
1993). Larger trials on the use of transoesophageal echocardiography are still required, but
for the present, it would probably be a useful investigation in patients in whom anticoagulation
is especially hazardous. However, it should be noted that the mechanisms of thrombo-
embolism following cardioversion are unlikely to be simply mechanical (as discussed above),
and that the potential for thrombus formation in the initial stages after cardioversion still exists.

Another advance would therefore be the identification of suitable
prothrombotic markers, which could help in the risk stratification of patients pre- and post-
cardioversion. Potential markers of thromboembolic risk include plasma fibrinogen and fibrin
D-dimer (the latter as a marker of intravascular clotting), and this aspect is investigated further

in this thesis.

Other findings following cardioversion
Following cardioversion, alterations in left atrial size, ventricular function and
transient electrocardiographic changes (including conduction disturbances and arrhythmias)

may be encountered. This is pertinent as thrombogenesis is related to dilated cardiac
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chambers and ventricular dysfunction; the latter may also be adversely affected by
arrhythmias.

There is evidence that cardiac output and exercise capacity may be
significantly improved following successful cardioversion to sinus rhythm (Alam and
Thorstrand 1992, Atwood et al 1989, Lipkin et al 1988). These benefits may be due to a
combination of a reduction in heart rate and the restoration of atrial systole. The former
contributes to greater diastolic filling time, coronary flow and reduced myocardial oxygen
demand; whilst the latter contributes to increased ventricular filling (Alam and Thorstrand
1992, Atwood et al 1989, Khaja and Parker 1972). Atrial contraction may also contribute to
improved mitral and tricuspid valve closure with diminution of valvular insufficiency, resulting in
improved cardiac performance (Atwood et al 1989, Khaja and Parker 1972). Rarely, however,
acute pulmonary oedema following cardioversion has been described, especially in patients
with pre-existing left ventricular impairment (Levy 1992).

Following cardioversion, there is also a reduction in left atrial size with the
restoration of atrial systole (Alam and Thorstrand 1992, Manning et al 1989, Van Gelder et al
1991c). Full recovery of atrial mechanical activity may not, however, occur immediately
following cardioversion. The resumption of atrial activity may be delayed for days despite the
electrocardiogram (ECG) showing immediate onset of sinus P waves (Mancini and Goldberger
1982). In a pulsed Doppler evaluation of atrial mechanical function post-cardioversion, peak A
wave velocity and percent atrial contribution to total left ventricular filing did not return to
normal until 3 weeks after cardioversion (Manning et al 1989). This finding may have
implications for the onset of any clinical benefit (from the restoration of atrial systole) in
patients with heart failure, and the delineation of any 'risk period' for thromboembolism (as if
atrial systolic function is still suboptimal, patients may continue to be at risk for atrial thrombus).
A further study does suggest, however, that the degree of atrial mechanical activity following
cardioversion may be very variable and embolic episodes are not necessarily related to this
delayed return of atrial mechanical activity following cardioversion (O'Neill et al 1990).

In general, arrhythmias post-cardioversion are due to either inadequate

synchronisation or digoxin toxicity (Clark and Cotter 1993). The majority of these abnormal
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rhythms are atrial in origin and trivial (Lown 1967). For example, premature beats and
conduction disturbances (first or second degree AV block) are also common (Lown 1967).
Ventricular arrhythmias following cardioversion are less common but more serious. The most
frequent of these is ventricular fibrillation, which may be induced in about 1% of cases but is
usually reverted by repeat shock (Levy 1992). In addition, postcardioversion transient ST
segment elevation may occur, usually related to previous pericardiotomy and age (Van Gelder
et al 1991a). These ST segment changes were associated with an unfavourable arrhythmia
prognosis, with a lower conversion rate (48% vs 76%) and diminished long-term maintenance
of sinus rhythm (Van Gelder et al 1991a). They do not, however, indicate myocardial
infarction, although small rises in creatine kinase may occur with electrical cardioversion. The
enzyme usually arises from skeletal muscle and myocardial damage is unlikely, which is

confirmed by radionuclide studies (Metcalfe et al 1988).

Post cardioversion management

Following successful cardioversion to sinus rhythm, it is important to continue
with oral anticoagulants and possibly antiacrhythmic therapy. The latter is to maintain sinus
rhythm and prevent arrhythmia recurrence.

Briefly, current practice favours the maintenance of oral anticoagulation
following cardioversion (Clark and Cotter 1993). The risk of embolism continues even after
successful cardioversion (Bjerkelund and Orning 1969) as atrial mechanical function may not
be restored for several weeks (Mancini and Goldberger 1982). The optimal duration of
anticoagulation is, as yet, unclear. Recent recommendations by the American College of
Chest Physicians include (i) the administration of warfarin for 3 weeks before elective
cardioversion of atrial fibrillation of > 3 days' duration; (ii) continuation of warfarin therapy for
two to four weeks after cardioversion; (i) administration of intravenous heparin foliowed by
warfarin if cardioversion cannot be postponed for 3 weeks; and (iv) no anticoagulant therapy
for atrial fibrillation of < 2 days' duration or for atrial flutter (Dunn et al 1989).

Maintenance of sinus rhythm following cardioversion requires the use of

antiarrhythmic drugs such as sotalol, quinidine or amiodarone (Juul-Moller et al 1990). The
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sequential use of different types of antiarrhythmic drugs may improve arrhythmia prognosis in
chronic atrial fibrillation or flutter after successful cardioversion (Crijns et al 1991). For
example, in a study of 127 patients undergoing cardioversion, serial drug treatment initially
with flecainide (Stage 1), followed by quinidine or sotalol if recurrence occurred (Stage [l), and
eventually amiodarone (Stage lll), the two-year proportion of arrhythmia-free patients

increased from 31% at Stage | to 63% at the end of serial treatment (Crijns et al 1991).

Prognosis following cardioversion

Predictors of refractoriness to cardioversion or unsuccessful maintenance of
sinus rhythm include the following: age, duration of arrhythmia, the presence of
hypertension, valve disease and other organic heart disease.

An older age, in combination with a large number of previous episodes of
arrhythmia, a long previous duration of arrhythmia and the presence of mitral valve disease,
were predictive of the unsuccessful maintenance of sinus rhythm (Crijns et al 1991, Dethy et
al 1988, Mancini and Goldberger 1982, Van Gelder et al 1991b). In addition, the presence of
coronary artery disease, hypertension and organic disease (such as mitral valve disease, aortic
stenosis and cardiomyopathy) are detrimental factors for the maintenance of normal sinus
rhythm following cardioversion (Mancini and Goldberger 1982, Van Gelder et al 1991¢). Ina
Doppler echocardiographic study, a slow increase (<10% in first 24 hours) in the magnitude of
A wave post-cardioversion was also predictive for the recurrence of atrial fibrillation (Dethy et al
1988).

The effects of left atrial size are less certain. In a small study (50 patients), a
left atrial dimension of > 45mm was important, and had a positive predictive value of 66% for
recurrence of atrial fibrillation (Dethy et al 1988). However, recent studies have, in contrast,
demonstrated the converse (that is, left atrial size does not appear to influence outcome
following cardioversion) (Brodsky et al 1989, Dalzell et al 1990, Dittrich et al 1989, Van Gelder
et al 1991c¢). Inthese studies, duration of afrial fibrillation was the most important predictor for
outcome following cardioversion. In another study of 100 patients, left atrial volume and other

standard echocardiographic parameters (left atrial area, M-mode left atrial dimension, left



114

ventricular ejection fraction or left ventricular mass) were not predictive of recurrent atrial
fibrillation in patients successfully cardioverted (Truitte et al 1993). These studies suggest
therefore that atrial size does not strongly influence outcome of cardioversion and patients
should not be excluded on these grounds from consideration of cardioversion (Van Gelder et
al 1991c¢). Even in the presence of a dilated left atrium, long term sinus rhythm (79% at 12
months) is possible with the use of antiarrhythmic drugs (Brodsky et al 1989).

In general, factors accepted as predicting a high degree of success for
cardioversion can therefore be identified, and these are summarised in Table 1 (Alpert et al
1988). Proper selection of patients may therefore improve the cost-benefit ratio of attempted

cardioversion.

Conclusion

Cardioversion to sinus rhythm should be considered for all patients in atrial
fibrillation in order to improve cardiac performance and to reduce the long-term risk of
thromboembolic complications. Anticoagulant therapy begun before elective cardioversion is
advised although data demonstrating the most effective regimen is still lacking. Until then,
anticoagulant therapy should ideally be administered two to three weeks prior to and for at
least two to three weeks following cardioversion. In emergency cases, anticoagulation should
be commenced with full heparinisation together with warfarin on the day of cardioversion and

continued for a further four weeks to reduce the possibility of late thromboembolism.
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TABLE 4.1

FACTORS AFFECTING THE EASE OF
CONVERSION FROM ATRIAL FIBRILLATION AND
MAINTENANCE OF SINUS RHYTHM

(adapted from Alpert et al 1988)

Beneficial factors

Short duration of atrial fibrillation
Minimal left atrial dilatation

Large 'f waves in the ECG

Absence or mild left ventricular failure

Age <50 years

Unfavourable factors

Long duration of atrial fibrillation
Marked left atrial dilatation

Diminutive or absent 'f wave in the ECG
Marked left ventricular failure

Age > 50 years
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4.2 STUDIES OF PLASMA FIBRINOGEN AND D-DIMER IN PATIENTS WITH
ATRIAL FIBRILLATION : THE EFFECTS OF CARDIOVERSION TO SINUS
RHYTHM

Introduction

As patients with atrial fibrillation have a potentially serious cardiac arrhythmia,
cardioversion from atrial fibrillation to sinus rhythm is often considered as a therapeutic option.
However, if patients with atrial fibrillation are successfully cardioverted to sinus rhythm, their
overall thromboembolic risk, as measured by plasma prothrombotic markers (fibrinogen and D-
dimer), may be significantly altered by the change in cardiac rhythm.

This thesis investigates the thrombogenic potential in atrial fibrillation and as
there is clinical evidence that the actual procedure of cardioversion is associated with a
significant thromboembolic risk (Arnold et al 1992, Bjerkelund and Orning 1969, Weinberg
and Mancini 1989), there may be a potential role for plasma markers (fibrinogen, D-dimer) in
assessing this. In particular, the highest thromboembolic risk has been clinically noted in the
first six days following cardioversion, suggesting that there may well be a ‘high risk’ period
following this procedure (Bjerkelund and Orning 1969).  Prophylactic anticoagulant therapy
has therefore been advised to minimise the risk of thromboembolism.

Guidelines on anticoagulation during cardioversion have been
recommended by the American College of Chest Physicians, as discussed above (Dunn et al
1989). Despite this, there continues to be wide variation between cardiologists in policy
regarding anticoagulation therapy before cardioversion. In particular, there is debate over
when (and in whom) to start anticoagulation pre-cardioversion and for how long such therapy
should be maintained post-cardioversion.

The aim of this study therefore was to undertake serial samples of plasma
fibrinogen and fibrin D-dimer in patients, with atrial fibrillation, who underwent cardioversion in
our unit, to determine any change in these plasma markers of thromboembolic risk and define

any ‘high risk' period for this risk postcardioversion.
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Methods

All patients with atrial fibrillation undergoing cardioversion to sinus rhythm
were selected for study. In our Coronary Care Unit, there was a variation in individual policy
regarding the use of anticoagulation therapy prior to cardioversion which allowed investigation
in different settings. Two different regimens were employed by the four different
cardiologists in charge of the Coronary Care Unit for the week: Regime (i) anticoagulation prior
to (usually for about two or more weeks), and for two or more months following cardioversion;
and regime (ii) intravenous heparin for the day (24 hours) of cardioversion only with no oral
anticoagulant therapy pre or post cardioversion. This variation allowed a study of the
difference in thrombogenic potential between the two regimes, as assessed by measurement
of prothrombotic markers. Patients with atrial flutter were considered at low thromboembolic
risk during cardioversion and were excluded from this study.

Prior to the procedure, all patients underwent echocardiography by myself
primarily to exclude the presence of intracardiac thrombus and to determine cardiac function.
All patients underwent either electrical or pharmacological cardioversion, decided on clinical
grounds by the consultant in charge. Electrical cardioversion was performed following
induction of a light general anaesthesia (preoxygenation and intravenous etomidate 300
mcg/kg in aliqouts to achieve anaesthesia) with an initial synchronised direct current shock at
50 Joules. In no instance was endotracheal intubation necessary. If unsuccessful, the
procedure was repeated with successively higher energies (100 Joules, 200J, 300J, 360J)
up to a maximum of two 360 Joule shocks. If pharmacological cardioversion was attempted,
intravenous amiodarone (5mg/kg over 30 minutes, followed by an infusion of 1.2g over 24
hours) was used in all cases. All patients underwent monitoring in the coronary care unit
during the procedure.

As previously described (in chapter 3), blood samples were taken
atraumatically and placed in citrate tubes (trisodium citrate 0.11M, 9:1 v.v). The plasma was
immediately separated and frozen at -40 ©C. Blood samples were taken pre-cardioversion,
and also at 3 days, 7 days and 14 days post cardioversion and assayed for fibrinogen and D-

dimer, as previously described. In patients on warfarin therapy, a Thrombotest or INR
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(International Normalised Ratio) was measured to ensure a satisfactory level of
anticoagulation. Initial plasma levels of fibrinogen and D-dimer of patients in Group | (no
warfarin) were compared with normal population values derived from 158 patients in sinus
rhythm sampled from a random population survey (2nd North Glasgow MONICA study), as in
chapter 3.

All the values of the blood measurements were expressed as median *
interquartile range (IQR). Statistical comparison was performed using the Mann-Whitney test and
two-sample paired Wilcoxon test for non-parametric distributions. A probability of <0.05 was

considered statistically significant for paired comparisons.

Results

Atotal of 19 patients (14 male, 5 female) in atrial fibrillation were admitted to
our Coronary Care Unit for elective cardioversion over a one year period: 7 patients (5 male, 2
female; mean age 60.3 years, range 50 to 72 years, s.e.m. 3.71) were on no anticoagulant
therapy (Group 1), whilst 12 patients (9 male, 3 female; mean age 60.2 years, range 41 to 72
years, s.e.m. 2.70) had anticoagulant therapy pre- and post-cardioversion (Group II).

Echocardiography was performed in all patients. There was no evidence of
intracardiac thrombus in any patient. Cardioversion was attempted in all patients - in Group |, 3
patients underwent electrical cardioversion, whilst 4 underwent pharmacological
cardioversion; in Group Il, 8 underwent electrical cardioversion, whilst 4 underwent
pharmacological cardioversion. Cardioversion was considered unsuccessful in 4 cases (3
male, 1 female) from Group Il with a reversion to atrial fibrillation within 24 hours whilst as an
inpatient. These patients were excluded from further analysis, which was therefore
performed on 8 patients in Group Il (6 male, 2 female; mean age 64.6 years, range 54-72
years, s.em. 2.31). Patient characteristics are summarised in Table 4.2. One patient from
Group |l reverted to atrial fibrillation at the two-week follow-up visit - no blood sample was
therefore taken at this visit. There were no instances of systemic thromboembolism in any

patient.
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In Group | (no warfarin), pre-cardioversion plasma fibrinogen and fibrin D-dimer
levels were significantly elevated when compared to population controls in sinus rhythm
(point estimate of difference between medians; for plasma fibrinogen 0.59 g/l; 95% C.I. 0.06
to 1.25, Mann-Whitney test p=0.03; for plasma D-dimer 98 ng/ml; 95% C.I. 15 to 150,
p=0.01) (Tables 4.3, 4.4). In Group |l (warfarin), pre-cardioversion plasma fibrinogen was not
significantly different when compared to similar patients in Group | (no warfarin) (point estimate
of difference between medians 0.58 g/l; 95% C.1. -1.42 to 0.59, p=NS) (Table 4.3). However,
patients in Group | (no warfarin) had increased plasma D-dimer levels when compared to similar
patients in Group |l (warfarin therapy) (point estimate of difference between medians 109
ng/ml; 95% C.1. 13 to 193, p=0.03) (Table 4.4).

In Group | (no warfarin), there were no significant changes in plasma
fibrinogen at Day 3, Day 7 or Day 14 (p=NS) following cardioversion (Table 4.3, Figure 4.1).
Sequential measurements of plasma fibrin D-dimer following cardioversion also demonstrated
no significant differences at Day 3 or Day 7, but there was however a significant reduction of
median plasma D-dimer at Day 14 (200 ng/ml vs 42 ng/ml, paired Wilcoxon test p=0.02) (Table
4.4, Figure 4.1). This was a median reduction of plasma D-dimer by 69% (95% c.i. 31% to
79%) in these patients.

In Group |l there were no significant differences in median plasma fibrinogen
or fibrin D-dimer at Day 3, day 7 or Day 14 post cardioversion (Tables 4.3, 4.4; Figure 4.2).

When patients from Group | and |l were analysed together (n=15; mean age
62.6; range 50-72; s.em. 2.1) they had an elevated median plasma fibrinogen when
compared to population controls (median difference 0.89g/l; 95%c.i. 0.48 to 1.29,
p=0.0001). However there was no significant difference between plasma fibrinogen at Day
14 post cardioversion when compared to pre-cardioversion levels (3.56 vs 3.69¢g/l; paired

Wilcoxon p=0.68).

Discussion
The mechanisms by which many patients with atrial fibrillation develop either

intracardiac thrombus or systemic embolism following cardioversion remain uncertain. For
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example, emboli may be due to pre-existing thrombus, which is dislodged by the mechanical
effect of a change in rhythm during cardioversion. If these mechanisms are not simply
mechanical (which is likely) then merely cardioverting a subject back into sinus rhythm may not
immediately reduce the risk until other associated factors (for example, plasma fibrinogen and
other rheological factors) have been substantially normalised. This is particularly pertinent as
normal haemodynamics would be expected to return (with 'normal’ flow characteristics) as atrial
systole eventually resumes following cardioversion. However, this may be an
oversimplification as in the early post-cardioversion period, atrial asystole may still be present,
leading to intra-atrial stasis, thus promoting thrombogenesis.

In this study, no significant differences in plasma fibrinogen levels are
demonstrated, however, when pre-cardioversion levels are compared to levels at Day 14. ltis
long recognised that there is individual variation in the return of atrial systolic function, which
can take up to three weeks to return fully following cardioversion (Manning et al 1989). During
the period before the return of atrial systolic function, the patient may still be at risk of forming
intracardiac thrombus. This ‘delay’ may therefore account for the lack of any significant
reduction in plasma fibrinogen levels in these patients at two weeks following cardioversion.
As plasma fibrinogen is associated with increased cardiovascular and thromboembolic risk, my
results therefore suggest that caution should be employed in withholding anticoagulant
therapy in patients being considered for cardioversion. In fact, this study substantiates the
feeling that anticoagulation should be continued for some time after cardioversion in all
patients. Another argument for prolonged anticoagulation is the fact that several patients will
revert back to atrial fibrillation following cardioversion.

This study however demonstrates a significant reduction in pltasma fibrin D-
dimer following cardioversion of atrial fibrillation to sinus rhythm in patients who were not on
any oral anticoagulant therapy. As plasma fibrin D-dimer is a marker of ongoing fibrin turnover
and intravascular thrombus formation, this study demonstrates that these processes are
reduced in patients following cardioversion (at two weeks) to sinus rhythm. Although clinical
studies have demonstrated a rise in thromboembolic risk in the first six days after

cardioversion (Bjerkelund and Orning 1969) there was no significant elevation in plasma fibrin
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D-dimer at Day 3 and Day 7 following cardioversion in this study. This suggests that any
thromboembolic event (as suggested in clinical studies) is likely to be due to preformed
thrombus rather than formation of actual new thrombus. Longer term studies are possibly
therefore required to assess any further changes in plasma fibrinogen and D-dimer following
cardioversion in patients who are not anticoagulated. As there is now increasing evidence for
the routine use of anticoagulation therapy pre- and post-cardioversion, there remains an
ethical consideration if warfarin is to be withheld from these patients in any further study.
(Following the initial results of this study, new guidelines for full anticoagulation pre- and post
cardioversion have since been implemented in our coronary care unit).

In patients taking warfarin therapy before and after cardioversion, there were
no significant differences in plasma fibrinogen or D-dimer following cardioversion to sinus
rhythm. Warfarin therapy therefore beneficially reduces the processes of fibrin turnover and
thrombogenesis (as indicated by plasma D-dimer levels) in patients with atrial fibrillation
resulting in a ‘low' thrombogenic state prior to cardioversion. These results are also consistent
with my findings in chapter 3 demonstrating higher plasma fibrin D-dimer in patients with atrial
fibrillation when compared to similar patients in sinus rhythm.

This study therefore gives additional evidence to the long term advantages in
reducing thromboembolic risk by the cardioversion from atrial fibrillation to sinus rhythm. This
study also reinforces the view that warfarin therapy prior to cardioversion would be

advantageous in minimising the potential thromboembolic risk.



TABLE 4.2
CARDIOVERSION OF ATRIAL FIBRILLATION
- PATIENT CHARACTERISTICS

GROUP | GROUP i WHOLE GROUP
no warfarin anticoagulation
n 7 8 15
age 60.3 64.6 62.6
mean (s.e.m.) (3.7) (2.3) (2.12)
sex (M:F) 5:2 6:2 11:4
body mass 36.1 37.8 36.9
index (35.7-40.1) (22.8-38.8) (35.7-38.8)
(kg/m2)
median (IQR)
left atrial 4.24 4.36 4.28
dimension (3.64-4.34) (4.15-4.7) (4.06-4.5)
mm
median (IQR)
left atrial volume 41.4 40.5 40.9
(ellipsoid) (24.3-49.3) (33.9-47.5) (32.4-47.6)
mm3
median (IQR)
LV fractional 23.8 27.2 24.0
shortening (22.0-29.5) (20.4-33.8) (22.0-33.4)
%
median (IQR)

[only successfully cardioverted patients are tabulated]
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