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Atrial fibrillation (AF) is the commonest sustained car-
diac rhythm disturbance in clinical practice [1]. Its presence
increases mortality by two-fold [2], mostly by increasing the
risk of stroke and thromboembolism. The reasons for stroke
occurring in AF are multiple and complex, but many strokes
related to AF represent embolism of thrombus formed with-
in the left atrium (LA), predominantly within the left atrial
appendage (LAA). The elucidation of the pathophysiologi-
cal mechanisms leading to stroke and thromboembolism in
AF have therefore gained much interest.

Over 150 years ago, Virchow proposed a triad of abnor-
malities that predisposes to thrombus formation - flow
abnormalities, abnormalities of the vessel wall and abnor-
mal blood constituents. The pathophysiology of throm-
boembolism is AF is multi-factorial but increasing evidence
points to the fulfillment of Virchow's triad in this arrhyth-
mia, leading to a prothrombotic or hypercoagulable state in
AF. 

Flow  Abnormalities

The loss of atrial systole in AF results in increased stasis
of blood within the left atrium. Fast ventricular rate, which
is often a consequence of AF, reduces effective ventricular
filling and further worsens intra-atrial stasis. LA stasis may
be visualized on the trans-oesophageal echocardiogram
(TOE) as spontaneous echocontrast (SEC). This phenome-
non is a result of increased interaction between erythrocytes
and fibrinogen [3] and has been shown to independently
predict increased stroke and thromboembolic risk [4]. Other
studies have shown reduced Doppler flow velocities in the
LAA in AF, which in turn has been shown to be associated
with the presence of LA thrombus, SEC and increased risk
of subsequent thromboembolism [5]. 

A clustering of thromboembolic events has been noted
around the time of onset of AF and during transition from
paroxysmal AF (PAF) to permanent AF.  These observations
suggest that a change in rhythm and maybe, the resulting left
atrial stasis does play a role in thromboembolism, although
the relative contribution to thrombogenesis and embolism
remains uncertain. 
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Abnormalities  of  Vessel  Wall

Despite the above evidence, the risk of stroke in 'lone'
AF is relatively low, suggesting blood flow abnormalities
per se may not be sufficient for LA thrombus formation.
Another aspect of the Virchow's triad - vessel wall abnor-
malities, are also a feature of AF. 

At a macroscopic level, LA and / or LAA enlargement
are common findings in AF, can be considered as evidence
of vessel wall abnormalities that have been shown to predict
subsequent thromboembolism [6]. However, these abnor-
malities are often secondary to AF itself or associated
comorbidity (eg. hypertension). 

However, vessel wall abnormalities at the microscopic
and molecular levels have also been demonstrated. For
example, atrial endocardial damage has been shown on
scanning electron microscopy, in the atrial appendages of
patients with mitral valve disease, especially in the presence
of AF [7].  Masawa et al. [8] described 'rough endocardium',
which had a macroscopically wrinkled appearance due to
oedematous and fibrous thickening, with small areas of
endothelial denudation and thrombotic aggregation visible
by scanning electron microscopy in necropsy specimens of
left atrial tissue, from patients with AF and cerebral
embolism.  In another necropsy study, Shirani et al. [9]
described a significantly higher prevalence of LAA endo-
cardial fibroelastosis in AF compared to sinus rhythm. Other
changes in the form of myocyte hypertrophy, myocyte
necrosis, mononuclear cell infiltrate and non-specific fibrot-
ic changes have also been reported [10]. These myocyte
changes may in part account for the loss of atrial systole in
AF and for the delay in return of atrial systole (termed 'atri-
al stunning') after successful cardioversion of AF. 

It is possible that AF may persist due to structural
changes in the atria that are promoted by inflammation. An
initial case control study of 131 patients with AF reported
elevated CRP levels (an index of inflammation) in AF [11];
of particular interest was the stepwise CRP elevation with
higher AF burden [for example, persistent AF had higher
CRP than PAF (P=0.008), figure 1]. In a longitudinal study,
there was an association between raised baseline CRP levels
and the risk of future development of AF (figure 2) [12]. In
contrast, Roldan et al. [13] failed to show any association
between inflammation (as measured as interleukin-6) with
endothelial activation or the presence of abnormal thrombo-
genesis in AF [13]. 

Statin therapy has been shown to reduce inflammation in
atherosclerosis, diabetes mellitus and hypertension, which
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Fig.  1. Step-wise elevation of CRP with increasing burden of AF [11].
Middle line indicates median; bottom of box, 25th percentile; and top of
box, 75th percentile. Number of patients in each group is indicated within
the box.

Fig.  2. Higher probability of new-onset
AF, in patients with higher base-line CRP
(median CRP of 1.92 mg per litre).
Subjects above median CRP value had
lower AF-free survival (P<0.001) [12].



are all increasingly recognized to be pro-inflammatory, pro-
thrombotic states. Nonetheless, the use of statins in primary
prevention of AF and in its recurrence post-successful car-
dioversion has shown mixed results [14-17]. Further studies
are needed to elucidate whether background inflammation is
a consequence of AF itself or its associated comorbidities. It
is possible that the increased levels of plasma IL-6, CRP,
and plasma viscosity support the case for the existence of an
inflammatory state among "typical" populations with chron-
ic AF. Whilst these indices of inflammation are related to
some indices of the prothrombotic state, they may be relat-
ed to the clinical variables of the patients (eg. underlying
vascular disease and co-morbidities), rather than simply to
the presence of AF itself [18,19].

Furthermore patients with AF have been noted to have
impaired matrix degradation, with abnormalities in matrix
metalloproteinase-1 (MMP-1) and its inhibitor, tissue
inhibitor of matrix metalloproteinase-1 (TIMP-1), although
these again were not independently associated with the pres-
ence of AF on multivariate analysis [20]. However, an inde-
pendent relationship was noted between the MMP/TIMP
system and the prothrombotic state (assessed by prothrom-
bin fragments 1 and 2 levels). From the available data, it
seems that increased interstitial fibrosis in atrial tissue is
more likely due to underlying comorbidities, like hyperten-
sion, ischemic heart disease, or uncontrolled heart failure
(circumstances associated with high risk to develop AF),
rather than the presence of the arrhythmia itself. 

In 2001, Fukuchi et al. [21] demonstrated increased
endocardial expression of vWF in patients with overloaded
LA, with correlations between endocardial expression of
vWF and adherent platelet thrombus. Later in 2003,
Nakamura et al. [22] demonstrated increased expression of
tissue factor (TF) in the atrial endocardium, suggesting that
local inflammation was involved in the pathogenesis of
thrombosis in AF. Indeed, this might indicate a key role of
TF in the generation of a prothrombotic state in AF [23],
linking the atrium to (systemic) plasma abnormalities, espe-
cially since vWF is well-accepted as a marker of endothelial
damage/dysfunction. 

It is of note that studies investigating the recovery
/improvement of endothelial function following successful
cardioversion have showed mixed results[24,25], again sug-
gesting endothelial abnormalities in AF might depend more
on associated co-morbidities (hypertension, diabetes melli-
tus, hyperlipidaemia etc) which also influence the endothe-
lium. 

Abnormalities  of  Blood  Constituents

The final part of the Virchow's triad, namely abnormal
procoagulant blood constituents, is well recognised in AF.

In simple terms, the known intravascular promoters of
thrombus formation are platelets and the proteins of the
coagulation cascade via their interaction with each other and
the vascular endothelium. 

Evidence supporting increased platelet activation in AF
has been provided by numerous studies [26-31]. Some
results are conflicting, thus reflecting the difference between
the assays and the different aspects of platelet activation, as
measured by them. Though majority of the evidence sug-
gests that platelets are activated in AF, the evidence that it
relates directly to the increased thrombotic risk in AF is
uncertain. For example, Heppel et al reported an independ-
ent association between beta-thrombuglobulin (a marker of
platelet activation) and intra-atrial thrombus on TEE [32], a
subsequent much larger study [26] found no association
between plasma beta-thromboglobulin levels and subse-
quent thromboembolic events. Furthermore, plasma levels
of P-selectin were unrelated to estimated stroke risk among
patients in the Stroke Prevention in Atrial Fibrillation III
(SPAF III) trial [33], despite associations between soluble P-
selectin levels and atherothrombotic risk factors, such as
smoking and peripheral vascular disease. 

In an interesting study published in 2003, Chung et al.
[34] reported increased levels of Vascular Endothelial
Growth Factor (VEGF) in AF patients. It is well known that
VEGF is largely produced by activated platelets [35], and
causes up regulation of TF mRNA and its subsequent
expression on the endothelial cell membrane [36]. TF acts as
a cofactor to factor VIIa, and the TF-factor VIIa complex
activates factors IX and X, thereby triggering the coagula-
tion cascade. Not surprising, Chung et al. [34] not only
reported significantly increased levels of TF in the same
group of patients, but also noted a significant correlation
between TF and the levels of VEGF and VEGF receptor,
sFlt-1. Thus, although platelets are activated in AF, it is not
directly related to thrombus formation (unlike in coronary
artery disease and peripheral vascular disease states) but
may play an important role in rendering AF more 'hyperco-
agulable'. 

In contrast, elevated levels of plasma markers of coagu-
lation activation - prothrombin fragments 1+2 (F1+2),
thrombin-antithrombin complexes (TAT) and fibrin turnover
(D-dimer) - have consistently been reported in patients with
chronic AF [37-39]. In addition, impaired fibrinolysis as
evidenced by elevated levels of tissue plasminogen activator
(t-PA) antigen and tissue plasminogen activator inhibitor
type-1 (PAI-1) antigen, have also been noted in such
patients [40,41]. Similar abnormalities of coagulation and
fibrinolysis have been previously reported to have a predic-
tive value for cardiovascular [42-47] and venous thrombot-
ic events [48, 49]. More recently, Vene et al. [50] have sug-
gested high levels of D-dimer and t-PA antigen are signifi-
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cant predictors of combined cardiovascular events in AF
patients and, on this basis, could perhaps be useful markers
of thromboembolic risk stratification in AF (figure 3). 

Another particularly important procoagulant factor is
vWF due to its ability to interact with platelets and factor
VIII [51], as an index of endothelial damage/dysfunction
and as a poor prognostic marker in cardiovascular disease.
Indeed, Lip et al [39] reported a significant correlation
between vWF and plasma levels of D-dimer, whilst Heppel
et al [32], in addition to their findings of raised beta-throm-
boglobulin, found raised levels of vWF to be predictive of
the presence of LAA thrombus. Among the 1321 partici-
pants in the SPAF III trial , plasma vWF level was associat-
ed with the presence of four stroke risk factors independent-
ly of each other (heart failure, previous stroke, increasing
age and diabetes) [52]. Follow-up data from this study sug-
gested tha vWF levels may even have an independent pre-
dictive value for subsequent cardiovascular events [33].  

Despite the evidence of abnormal haemostatic factors in
AF, AF itself is an extremely heterogeneous condition, often
reflecting underlying (at times undiagnosed) cardiovascular
pathologies that might themselves account for the abnor-
malities seen. Although some studies have adjusted for these
confounders, it is often difficult to do so, in view of the
small number of cases in these studies. 
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Fig.  3. Cardiovascular event sur-
vival curves for D-dimer levels dur-
ing oral anticoagulation treatment
(OAT). The hazard of cardiovascular
events increases with increasing
plasma D-dimer concentrations with
a hazard-ratio about five-fold greater
in the highest quartile than in the
lowest two quartiles [50].
(75%+) = Top quartile
(50-75%) = third quartile 
(lower 50%) = lower two quartiles
combined 

Fig.  4.  Plasma vWF levels in NVAF may predict future stroke (A) and
vascular events (B) (ischaemic stroke, myocardial infarction, vascular
death), with the greatest risk among those with the highest levels of vWF.
[50].



286

In a large epidemiological study, the Framingham
Offspring Study, raised levels of haemostatic markers
among AF cases compared to the general population became
non-significant when additional cardiovascular pathologies
were accounted for [53]. However, the numbers of cases of
AF were small (n=47), and in view of more recent findings,
a true association between AF and some of the haemostatic
markers is not in doubt. Furthermore, there does not appear
to be any significant circadian or diurnal variation in the
haemostatic markers of AF [54], suggesting that a persistent
hypercoagulable state in AF exists. Nonetheless, the rela-
tionships between haemostatic markers, AF, cardiovascular
co-morbidities and the risk of stroke need further evaluation
to determine which markers are related to AF per se, which

are related mainly to the co-morbidities and which might be
useful in risk stratification in AF. 

Clinical  Correlations  of  Thromboembolism  in  
Atrial  Fibrillation

The presence of NVAF increases the risk of stroke
approximately fivefold [53]. This risk increases to about
12% in patients with a past history of transient ischaemic
attack (TIA) or stroke [55]. In the presence of mitral steno-
sis and AF there is an approximately eighteenfold increase
in stroke risk, but the declining prevalence of rheumatic
heart disease means that non-valvular AF represents the
greatest public health problem.  
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Fig. 5. Meta-analysis of trials comparing
warfarin with placebo in reducing the risk of
thromboembolism in patients with atrial fib-
rillation [56].
AFASAK = Copenhagen atrial fibrillation,
aspirin, and anticoagulation study; BAATAF
= Boston area anticoagulation trial for atrial
fibrillation; CAFA = Canadian atrial fibrilla-
tion anticoagulation study; EAFT = European
atrial fibrillation trial; SPAF = Stroke preven-
tion in atrial fibrillation study; SPINAF =
Stroke prevention in non-rheumatic atrial fib-
rillation

Fig. 6. Meta-analysis of trials comparing
aspirin with placebo in reducing risk of
thromboembolism in patients with atrial fib-
rillation [57].
AFASAK = Copenhagen atrial fibrillation,
aspirin, and anticoagulation study; EAFT =
European atrial fibrillation trial; ESPS II =
European stroke prevention study II; LASAF
= Low-dose aspirin, stroke, and atrial fibrilla-
tion pilot study; SPAF = Stroke prevention in
atrial fibrillation study; UK-TIA = United
Kingdom TIA study
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The risk of thromboembolic stroke due to AF also rises
with age, and thus AF becomes the predominant independ-
ent risk factor for stroke in the age group of 80-89 years,
with an attributed risk of 23.5% of all strokes [55].  Indeed,
AF is present in approximately 20% of all stroke patients,
and stroke associated with AF carries an increase in mortal-
ity, morbidity and healthcare costs. Nonetheless, the risk of
stroke in AF is not homogeneous, and the presence of cer-
tain additional clinical and echocardiographic features are
also associated with an increase in AF-related stroke risk,
and may be useful to identify patients at greatest risk in
order to target appropriate therapy, allowing risk stratifica-
tion for thromboprophylaxis [Table 1]. Importantly, PAF
seems to carry the same risk as those with persistent AF. The
same criteria can be used to identify high risk patients,
although it is unclear whether the risk is dependent on the
frequency and duration of the symptoms. 

One meta-analysis of antithrombotic therapy in AF has
shown that adjusted dose warfarin to reduce stroke by about
60%, with absolute risk reductions of 3% a year for primary
prevention and 8% a year for secondary prevention (num-
bers needed to treat for one year to prevent one stroke of 33
and 13, respectively) (figure 4) [56]. In contrast, aspirin
reduces stroke by about 20%, with absolute risk reductions
of 1.5% a year for primary prevention and 2.5% a year for
secondary prevention (numbers needed to treat being 66 and
40, respectively) (figure 5) [57]. Relative to aspirin, adjust-
ed dose warfarin reduced the risk by about 40%, and the rel-
ative risk reduction was similar for primary and secondary

prevention, and for disabling and non-disabling strokes. 
The effects of aspirin seem to be on smaller non-dis-

abling strokes rather than disabling strokes. This may be due
to an effect primarily on carotid and cerebral artery platelet
thrombus formation, rather than on formation of intra-atrial
thrombus.   The SPAF III trial demonstrated that addition of
fixed low doses of warfarin to aspirin treatment is not suffi-
cient to achieve the benefits of full dose warfarin alone. 

As stated earlier, there seems to be a clustering of throm-
boembolic events around the time of onset of AF and transi-
tion from PAF to permanent AF. This is also true when there
is transition from AF to sinus rhythm (in PAF or following
cardioversion), with approximately 7% risk of thromboem-
bolism associated with DCC if anticoagulation is not prop-
erly used. There is no hard evidence to suggest that restora-
tion of sinus rhythm reduces risk of subsequent stroke. Even
in cases of successful cardioversion thromboembolic risk
persists for a few weeks postprocedure, and continuation of
warfarin for at least four weeks is recommended, and in
patients with risk factors or high chance of AF recurrence,
consideration should be given towards long term anticoagu-
lation post-cardioversion. Thus, long term continuation of
warfarin should be guided by the overall risk rather than
success of cardioversion. Cardioversion should not be
attempted with an aim to stop anticoagulation per se as this
often leads to an increased incidence of stroke, especially
with recurrence (frequently asymptomatic) of AF in patients
with associated risk factors for stroke. 

Despite the obvious superiority of wafarin over aspirin,

Atrial Fibrillation and the Hypercoagulable State

Assess risk and reassess regularly
1. High risk (annual risk of CVA=8-12%)

o All patients with previous transient ischaemic attack or cerebrovascular accident
o All patients aged 75 and over with diabetes and/or hypertension
o All patients with clinical evidence of valve disease, heart failure, thyroid disease, and/or impaired left ventricular function on echocardiography*

2. Moderate risk (annual risk of CVA=4%)
o All patients aged under 65 with clinical risk factors:  diabetes, hypertension, peripheral arterial disease, ischaemic heart disease
oAll patients aged over 65 who are not in high-risk group 

3. Low risk (annual risk of CVA=1%)
o All other patients under 65 with no history of embolism, hypertension, diabetes, or other clinical risk factors.

Treatment
High risk: give warfarin (target INR 2.0-3.0) if no contraindications and possible in practice.
Moderate risk: either warfarin or aspirin 75-300 mg.  In view of insufficient clear-cut evidence, treatment may be decided on individual cases.  Referral
and echocardiography may help.
Low risk: give aspirin 75-300 mg daily

*Echocardiography-not needed for routine risk assessment but refines clinical risk stratification in case of impaired left ventricular function and valve
disease. A large atrium per se is not an independent risk factor on multivariate analysis
[CVA = cerebrovascular accident]

Table  1. Risk stratification and anticoagulation in nonvalvular atrial fibrillation (Adapted from Lip et al BMJ 2002;325 :1022-5)
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only one-fourth to one-third of the eligible patients land up
on warfarin [58-60]. This is mostly due to the inconvenience
of regular INR monitoring, and multiple drug and food
interactions with warfarin, resulting in an increased risk of
bleeding.  With many new antithrombotic agents in devel-
opment, ranging from the direct oral thrombin inhibitors to
oral Factor Xa inhibitors, it is clear that research into indices
of the prothrombotic state in AF may finally be coming of
age, whereby crucial coagulation pathways in AF that con-

tribute to the prothrombotic state in this condition (and oth-
ers) may be identified and targeted. 

In order to reap the benefits of our increasing and better
understanding of the pathophysiology of AF, increased
emphasis should perhaps also be placed on identifying
patients with AF in the community [61] followed by appro-
priate treatment. 

Choudhury/Lip

Stroke or systemic embolism
Major bleeding
ALT increase of >3 times upper limit

40 (2.3)
29 (1.7)
107 (6.3)

56 (3.3)
41 (2.4)
14 (0.8)

0.71 (0.48-1.06)
0.71 (0.44-1.13)
7.64 (4.39-13.28)

51 (2.6)
63 (3.2)
118 (6.0)

37 (1.9)
84 (4.3)
16 (0.8)

1.38 (0.91-2.10)
0.75 (0.54-1.03)
7.38 (4.40-12.40)

Ximelagatran
[N=1704] n (%)

Warfarin
[N=1703] n (%) RRR (95% CI) Ximelagatran

[N=1960] n (%)
RRR
(95% CI)

Warfarin
[N=1962] n (%)

Outcomes SPORTIF VSPORTIF III

N: Number of patients; n: Number of events; ALT: Alanine Transaminase; RRR: Relative Risk Reduction; ARR: Absolute Risk Reduction; CI:
Confidence Interval

Table  2. Efficacy and safety outcomes of the SPORTIF III and V trails: ximelagatran versus warfarin in nonvalvular atrial fibrillation [60, 61].

References

1 Kannel WB, Abbott RD, Savage DD, McNamara
PM. Epidemiological features of chronic atrial fib-
rillation: the Framingham study. N Engl J Med
1982;306:1018-1022.

2 Benjamin EJ, Wolf PA, D'Agostino RB,
Silbershatz H, Kannel WB, Levy D. Impact of atri-
al fibrillation on the risk of death: the Framingham
Study. Circulation 1998;98:946-952.

3 Black IW, Chesterman CN, Hopkins AP, Lee LC,
Chong BH, Walsh WF. Hematologic correlates of
left atrial spontaneous echo contrast and throm-
boembolism in nonvalvular atrial fibrillation. J
Am Coll Cardiol 1993;21:451-457.

4 The Stroke Prevention in Atrial Fibrillation
Investigators Committee on Echocardiography
Transesophageal echocardiographic correlates of
thromboembolism in high-risk patients with non-
valvular atrial fibrillation. Ann Intern Med
1998;128:639-647.

5 Goldman ME, Pearce LA, Hart RG, Zabalgoitia
M, Asinger RW, Safford R, Halperin JL.
Pathophysiologic correlates of thromboembolism
in nonvalvular atrial fibrillation: I. Reduced flow
velocity in the left atrial appendage (The Stroke
Prevention in Atrial Fibrillation [SPAF-III] study).
J Am Soc Echocardiogr 1999;12:1080-1087. 

6 Echocardiographic predictors of stroke in patients
with atrial fibrillation: a prospective study of 1066
patients from 3 clinical trials. Arch Intern Med
1998;158:1316-1320.

7 Goldsmith I, Kumar P, Carter P, Blann AD, Patel
RL, Lip GYH. Atrial endocardial changes in mitral
valve disease: a scanning electron mi-croscopy
study. Am Heart J 2000;140:777-784.

8 Masawa N, Yoshida Y, Yamada T, Joshita T,
Ooneda G. Diagnosis of cardiac thrombosis in
patients with atrial fibrillation in the absence of
macroscopically visible thrombi. Virchows Arch A
Pathol Anat His-topathol 1993;422:67-71.

9 Shirani J, Alaeddini J. Structural remodeling of the
left atrial appendage in patients with chronic non-
valvular atrial fibrillation: implications for throm-
bus formation, systemic embolism and assessment
by transeso-phageal echocardiography.
Cardiovasc Pathol 2000;9:95-101.

10 Frustaci A, Chimenti C, Bellocci F, Morgante E,
Russo MA, Maseri A. Histological substrate of
atrial biopsies in patients with lone atrial fibrilla-
tion. Circulation 1997; 96:1180-1184.

11 Chung MK, Martin DO, MD, Sprecher D, Wazni
O, Kanderian A, Carnes CA, John A. Bauer, PhD;
Tchou PJ, Niebauer MJ, Natale A, Van Wagoner
DR. C-Reactive Protein Elevation in Patients With
Atrial Arrhythmias. Inflammatory Mechanisms
and Persistence of Atrial Fibrillation. Circulation.
2001;104:2886.

12 Aviles RJ, Martin DO, Apperson-Hansen C,
Houghtaling PL, Rautaharju P, Kronmal RA,
Tracy RP, Van Wagoner DR, Psaty BM, Lauer MS,
Chung MK. Inflammation as a Risk Factor for
Atrial Fibrillation. Circulation. 2003;108:3006.

13 Roldan V, Marin F, Blann AD, Garcia A, Marco P,
Sogorb F, Lip GYH. Interleukin-6, endothelial
activation and thrombogenesis in chronic atrial
fibrillation. Eur Heart J. 2003;24:1373-1380.

14 Kumagai K, Nakashima H, Saku K. The HMG-
CoA reductase inhibitor atorvastatin prevents atri-
al fibrillation by inhibiting inflammation in a
canine sterile pericarditis model. Cardiovasc Res.
2004 62:105-111.

15 Tveit A, Grundtvig M, Gundersen T, Vanberg P,
Semb AG, Holt E, Gullestad L. Analysis of pravas-
tatin to prevent recurrence of atrial fibrillation
after electrical cardioversion. Am J Cardiol
2004;93:780-782.

16 Siu CW, Lau CP, Tse HF. Prevention of atrial fib-
rillation recurrence by statin therapy in patients
with lone atrial fibrillation after successful car-
dioversion. Am J Cardiol 2003;92:1343-1345.

17 Young-Xu Y, Jabbour S, Goldberg R, Blatt CM,
Graboys T, Bilchik B, Ravid S. Usefulness of
statin drugs in protecting against atrial fibrillation
in patients with coronary artery disease. Am J
Cardiol 2003;92:1379-1383.

18 Conway DS, Buggins P, Hughes E, Lip GY.
Relationship of interleukin-6 and C-Reactive pro-
tein to the prothrombotic state in chronic atrial fib-
rillation. J Am Coll Cardiol. 2004;43:2075-2082. 

19 Conway DS, Buggins P, Hughes E, Lip GY.
Relation of interleukin-6, C-reactive protein, and
the prothrombotic state to transesophageal
echocardiographic findings in atrial fibrillation.
Am J Cardiol 2004;93:1368-1373.

20 Marin F, Roldan V, Climent V, Garcia A, Marco P,
Lip GYH. Is thrombogenesis in atrial fibrillation
related to matrix metalloprotei-nase-1and its
inhibitor TIMP-1? Stroke 2003;34:1181-1186.

21 Fukuchi M, Watanabe J, Kumagai K, Katori Y,
Baba S, Fukuda K, Yagi T, Iguchi A, Yokoyama H,
Miura M, Kagaya Y, Sato S, Tabayashi K, Shirato
K. Increased von Willebrand factor in the endo-
cardium as a local predisposing factor for throm-
bogenesis in overloaded human atrial appendage. J
Am Coll Cardiol 2001;37:1436-1442.



289Pathophysiol Haemost Thromb2003/2004;33:282-289

22 Nakamura Y, Nakamura K, Fukushima-Kusano K,
Ohta K, Matsubara H, Hamuro T, Yutani C, Ohe T.
Tissue factor expression in atrial endothelia asso-
ciated with non-valvular atrial fibrillation: possi-
ble involvement in intracardiac thrombogenesis.
Thromb Res 2003;111:137-142. 

23 Lip GY. The prothrombotic state in atrial fibrilla-
tion: the atrium, the endothelium...and tissue fac-
tor? Thromb Res 2003;111:133-135.

24 Li-Saw-Hee FL, Blann AD, Gurney D, Lip GY.
Plasma von Willebrand factor, fibrinogen and sol-
uble P-selectin levels in paroxysmal, persistent
and permanent atrial fibrillation. Effects of car-
dioversion and return of left atrial function. Eur
Heart J 2001;22:1741-1747.

25 Takahashi N, Ishibashi Y, Shimada T, Sakane T,
Ohata S, Sugamori T, Ohta Y, Inoue S, Nakamura
K, Shimizu H, Katoh H, Sano K, Murakami Y,
Hashimoto M. Atrial fibrillation impairs endothe-
lial function of forearm vessels in humans. J Card
Fail 2001;7:45-54.

26 Feinberg WM, Pearce LA, Hart RG, Cushman M,
Cornell ES, Lip GY, Bovill EG. Markers of throm-
bin and platelet activity in patients with atrial fib-
rillation: correlation with stroke among 1531 par-
ticipants in the stroke prevention in atrial fibrilla-
tion III study. Stroke 1999;30:2547-2553.

27 Gustafsson C, Blomback M, Britton M, Hamsten
A, Svensson J. Coagulation factors and the
increased risk of stroke in nonvalvular atrial fibril-
lation. Stroke 1990;21:47-51.

28 Lip GY, Lip PL, Zarifis J, Watson RD, Bareford D,
Lowe GD, Beevers DG. Fibrin D-dimer and beta-
thromboglobulin as markers of thrombogenesis
and platelet activation in atrial fibrillation. Effects
of introducing ultra-low-dose warfarin and aspirin.
Circulation 1996;94:425-431.

29 Minamino T, Kitakaze M, Sanada S, Asanuama H,
Kurotobi T, Koretsune Y, Fukunami M, Kuzuya T,
Hoki N, Hori M. Increased expression of P-
selectin on platelets is a risk factor for silent cere-
bral infarction in patients with atrial fibrillation:
role of nitric oxide. Circulation 1998;98:1721-
1727.

30 Yamauchi K, Furui H, Taniguchi N, Sotobata I.
Plasma beta-thromboglobulin and platelet factor 4
concentrations in patients with atrial fibrillation.
Jpn Heart J 1986;27:481-487.

31 Furui H, Taniguchi N, Yamauchi K, Sotobata I,
Saito H, Inagaki H. Effects of treadmill exercise
on platelet function, blood coagulability and fibri-
nolytic activity in patients with atrial fibrillation.
Jpn Heart J 1987;28:177-184.

32 Heppell RM, Berkin KE, McLenachan JM, Davies
JA. Haemostatic and haemodynamic abnormali-
ties associated with left atrial thrombosis in non-
rheumatic atrial fibrillation. Heart 1997;77:407-
411.

33 Conway DSG, Pearce LA, Chin BSP, Hart RG, Lip
GY. Plasma von willebrand factor and soluble P-
selectin as indices of endothelial damage and
platelet activation in 1321 patients with non-
valvular atrial fibrillation: Relationship to stroke
risk factors. Circulation 2002;106:1962-1967.

34 Chung N, Belgore F, Li-Saw-Hee FL, Conway
DSG, Blann AD, Lip GYH. Is the
Hypercoagulable State in Atrial Fibrillation
Mediated by Vascular Endothelial Growth Factor?
Stroke 2002;33:2187.

35 Webb NJ, Bottomley MJ, Watson CJ, Brenchley
PE. Vascular endothelial growth factor (VEGF) is
released from platelets during blood clotting:
implications for measurement of circulating
VEGF levels in clinical disease. Clin Sci (Colch).
1998;94:395-404.

36 Armesilla AL, Lorenzo E, Gómez del Arco P,
Martínez-Martínez S, Alfranca A, Redondo JM.
Vascular Endothelial Growth Factor Activates
Nuclear Factor of Activated T Cells in Human
Endothelial Cells: a Role for Tissue Factor Gene
Expression.  Molecular and Cellular Biology,
1999;19:2032-2043.

37 Asakura H, Hifumi S, Jokaji H, Saito M,
Kumabashiri I, Uotani C, Morishita E, Yamazaki
M, Shibata K, Mizuhashi K. Prothrombin frag-
ment F1+2 and thrombin-antithrombin III com-
plex are useful markers of hypercoagulable state in
atrial fibrillation. Blood Coagul Fibrinol 1992;3:
469-473.

38 Kumagai K, Fukunami M, Ohmori M, Kitabatake
A, Kamada T, Hoki N. Increased intracardiovascu-
lar clotting in patients with chronic atrial fibrilla-
tion. J Am Coll Cardiol 1990;16:377-380.

39 Lip GYH, Lowe GDO, Rumley A, Dunn FG.
Increased markers of thrombogenesis in chronic
atrial fibrillation: effects of warfarin treatment. Br
Heart J 1995;73:527-533.

40 Kahn SR, Solymoss S, Flegel KM. Increased tis-
sue plasminogen activator levels in patients with
nonvalvular atrial fibrillation. Can Med Assoc J
1997;157:685-689.

41 Roldan V, Marin F, Marco P, Martinez GJ,
Calatayud R, Sogorb F. Hypofibrinolysis in atrial
fibrillation. Am Heart J 1998;136:956-960.

42 Fowkes FG, Lowe GD, Housley E, Rattray A,
Rumley A, Elton RA, MacGregor IR, Dawes J.
Crosslinked fibrin degradation products, progres-
sion of peripheral disease, and risk of coronary
heart disease. Lancet 1993;342:84-86.

43 Danesh J, Whincup P, Walker M, Lennon L,
Thomson A, Appleby P, et al. Fibrin Ddimer and
coronary heart disease. Prospective study and
meta-analysis. Circulation 2001;103:2323-2327.

44 Ridker PM, Hennekens CH, Cerskus A, Stampfer
MJ. Plasma concentration of crosslinked fibrin
degradation product (D-dimer) and the risk of
future myocardial infarction among apparently
healthy men. Circulation 1994;90:2236-2240.

45 Lowe GDO, Yarnell JWG, Sweetnam PM, Rumley
A, Thomas HF. Fibrin D-dimer, tissue plasmino-
gen activator, plasminogen activator inhibitor, and
risk of major ischemic heart disease in the
Caerphilly study. Thromb Haemost 1998;79:129-
133. 

46 Thompson SG, Kienast J, Pyke SDM, Haverkate F,
van de Loo JCW. Hemostatic factors and the risk
of myocardial infarction or sudden death in
patients with angina pectoris. N Engl J Med 1995;
332:635-641.

47 Ridker PM, Hennekens CH, Stampfer MJ,
Manson JAE, Vaughan DE. Prospective study of
endogenous tissue plasminogen activator and risk
of stroke. Lancet 1994;343:940-943.

48 Cushman M, Folsom AR, Wang L, Aleksic N,
Rosamond WD, Tracy RP, et al. Fibrin fragment
D-dimer and the risk of future venous thrombosis.
Blood 2003;101:1243-1248.

49 Palareti G, Legnanai C, Cosmi B, Guazzaloca G,
Pancani C, Cocceri S. Risk of venous thromboem-
bolism reccurence: high negative predictive value
of D-dimer performed after oral anticoagulantion
is stopped. Thromb Haemost 2002;87:7-12.

50 Vene N, Mavri A, Kosmelj K, Stegnar M. High D-
dimer levels predict cardiovascular events in
patients with chronic atrial fibrillation during oral
anticoagulant therapy. Thromb Haemost.
2003;90:1163-1172. 

51 Denis CV. Molecular and cellular biology of von
Willebrand factor. Int J Hematol 2002; 75:3-8.

52 Conway DS, Pearce LA, Chin BS, Hart RG, Lip
GY. Prognostic value of plasma von Willebrand
factor and soluble P-selectin as indices of endothe-
lial damage and platelet activation in 994 patients
with nonvalvular atrial fibrillation. Circulation
2003;107:3141-3145.

53 Feng D, D'Agostino RB, Silbershatz H, Lipinska I,
Massaro J, Levy D, Benjamin EJ, Wolf PA, Tofler
GH. Hemostatic state and atrial fibrillation (the
Framingham Offspring Study). Am J Cardiol 2001
15;87:168-171.

54 Li-Saw-Hee FL, Blann AD, Lip GY. A cross-sec-
tional and diurnal study of thrombogenesis among
patients with chronic atrial fibrillation. J Am Coll
Cardiol 2000;35:1926-1931.

55 Wolf PA, Abbott RD, Kannel WB. Atrial fibrilla-
tion: a major contributor to stroke in the elderly -
the Framingham study. Arch Int Med 1987;147:
1561-1564.

56 Hart RG, Benavente O, McBride R, Pearce LA.
Antithrombotic therapy to prevent stroke in
patients with atrial fibrillation: a meta-analysis.
Ann Intern Med 1999;131:492-501.

57 Antithrombotic Trialists' Collaboration.
Collaborative analysis of randomised trials of anti
platelet therapy for prevention of death, myocar-
dial infarction, and stroke in high risk patients.
BMJ 2002;324:71-86.

58 Sudlow M, Thomson R, Thwaites B, Rodgers H,
Kenny RA. Prevalence of atrial fibrillation and eli-
gibility for anticoagulants in the community.
Lancet 1998;352:1167-1171.

59 Lip GY, Golding DJ, Nazir M, Beevers DG, Child
DL, Fletcher RI. A survey of atrial fibrillation in
general practice: the West Birmingham atrial fib-
rillation project. Br J Gen Pract 1997;47:285-289.

60 Wheeldon NM, Tayler DI, Anagnostou E, Cook D,
Wales C, Oakley GD. Screening for atrial fibrilla-
tion in primary care. Heart 1998;79:50-55.

61 Choudhury A, Lip GYH. Screening for atrial fib-
rillation in the elderly. Age Ageing. 2004 (in
press).

Atrial Fibrillation and the Hypercoagulable State


