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1. Introduction 

1.1 Epidemiology of atrial fibrillation 

Atrial fibrillation (AF) is the commonest sustained cardiac arrhythmia which affects 1 to 2 % 

of the entire adult population [1].  Current studies indicate that the prevalence of AF will be 

doubled in a few decades [2]. As a major source of public health problem, atrial fibrillation 

increases the risk of stroke (up to 18 fold especially in patients with valvular AF), long term 

disability, hospitalizations, cardiovascular mortality and healthcare costs [3-4]. The 

prevalence of atrial fibrillation and its complications are more common among patients with 

rheumatic heart disease especially in patients with mitral stenosis and regurgitation. Stroke 

is one of the most common and disabling complication of atrial fibrillation. Recent studies 

indicated that age, presence of hypertension, diabetes, heart failure and/or previous stroke 

or transient ischemic attack (TIA) as pivotal contributor risk factors to generation of stroke 

in AF patients [5-8]. Although the presence of these factors increases the risk of stroke in 

non-valvular AF patients, the absolute risk of stroke is much higher in patients with 

valvular AF [9]. 

2. Mitral valve disease and atrial fibrillation 

In patients with rheumatic mitral regurgitation (MR) major anatomic changes comprise 

annular dilatation and prolapse of the anterior mitral valve leaflet due to elongation of 

chordae tendinea [10]. However, retractile fibrosis of leaflets and chordae tendinea that 

leads loss of coaptation is the main pathologic finding in patients with chronic rheumatic 

MR [11]. In the early phases of rheumatic disease the most frequent echocardiographic 

finding is the enlargement of left atrium in patients on sinus rhythm. However, paroxysmal 

or permanent atrial fibrillation ultimately affects 50% of patients within 10 years of 
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diagnosis in sinus rhythm [12]. Left atrial enlargement causes impaired mitral apparatus 

function and loss of coaptation causes mitral regurgitation. On the other hand, left atrial 

enlargement contributes to the generation of atrial re-entry and atrial fibrillation. 

Progressive left atrial enlargement increases the risk of AF development. New onset AF 

occurs in 10 to 20% of patients with myocardial infarction due to ischemia of atria or sinus 

node [13]. Atrial fibrillation is more common among older and hypertensive patients with 

mitral regurgitation and enlarged left atria [13]. 

3. Left atrial appendage as a source of thrombi and stroke 

The left atrial appendage (LAA), a blind-ended complex structure that is embryologically 

distinct from the body of the left atrium, is been identified as the major source of cardiac 

systemic embolic events in patients with AF [14]. The atrium and the LAA compensate for 

the age-induced changes in LV diastolic properties by increasing active atrial contraction (a-

wave) [15]. An experimental study and a clinical study showed the presence of an inverse 

relationship between LA filling pressure and LAA emptying function (inverse correlation 

between capillary wedge pressure and LAA active emptying a-wave) [16, 17]. Due to its 

compliance, the LAA is acting as a modulator of LA pressure. 

It has been demonstrated that more than 15% of strokes originate from the heart, and 

especially from the LAA [18]. A recent study showed the presence of thrombi in the left 

atrial cavity in 1.9% of the AF patients. In the same study, the incidence of LAA thrombi was 

reported 6.6-fold that of left atrial cavity thrombi. Of note, AF was also determined in most 

of the patients with LAA thrombi [19].  

4. Left atrial appendage function in atrial fibrillation 

LAA has hemodynamic roles and contributes to atrial function. Impaired LAA function is 

been shown to lead increased thrombosis in left atrium [19]. 

Another previous study evaluated LAA function in 60 patients with severe rheumatic MR 

on both sinus rhythm and atrial fibrillation. Impaired LAA functions were determined in 

patients with severe mitral regurgitation having AF, whereas LAA was preserved in 

patients with normal sinus rhythm compared to controls [20]. Another study which aimed 

to compare LAA functions before and after percutaneous balloon mitral valvuloplasty 

(PBMV) by tissue wave Doppler imaging enrolled 20 patients with symptomatic rheumatic 

mitral stenosis [21]. LAA functions were evaluated by the measurement of; LAA late filling 

(LAALF) velocity, LAA late emptying (LAALE) velocity, and percent area change of the 

LAA [21]. No significant difference was reported in LAALF velocity and area percent 

change of the LAA after PBMV [21] while LAALE velocity was found increased after PBMV 

compared to baseline values (p=0.005). In the same study increased late emptying, systolic, 

and diastolic wave values were determined by tissue Doppler imaging after PBMV when 

compared to basal measurements (p=0.023, p=0.002, and p=0.002, respectively). Of note, 

significant improvement was determined in left atrial spontaneous echo-contrast after 

PBMV and LAA functions [21]. 

The functions of LAA have been evaluated in patients with severe rheumatic mitral 

regurgitation both in AF or sinus rhythm [22]. Impairment of LAA functions is been shown 
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to contribute to thrombogenic processes and it is been often determined among AF patients 

when compared to those in sinus rhythm. Recent studies indicated that the LAA flows were 

strongly affected by the type of atrial arrhythmia. For example, the average emptying flow 

velocity was found weaker in AF than in sinus rhythm, and it was found greater in atrial 

flutter than in AF [23].  

5. Markers of left atrial appendage function 

The role of different markers that can be associated with LAA function has been evaluated 

in recent studies. One of these studies investigated the expression of proteins associated 

with the cytoskeleton, energetic metabolism, and cardiac cytoprotection between left atrial 

appendages (LAA) and right atrial appendages (RAA) obtained from patients with mitral 

valve disease both in sinus rhythm and in permanent atrial fibrillation. Similar levels of 

protein expression is been reported both in RAA and LAA samples. However, expression 

of cardiac alpha-actin isotypes 1 and 2, tropomyosin alpha- and beta-chains, and myosin 

light chain embryonic muscle/atrial isoform in LAA from AF patients was found 

increased when compared to those from SR patients [24].  Another potential contributor to 

atrial remodelling, cardiac endothelin-1 (ET-1), is expressed as a response to wall stress 

and can promote myocyte hypertrophy and interstitial fibrosis [25]. Elevated atrial ET-1 

level is been found associated with increased LA size, AF prevalence, hypertension, and 

heart failure [25]. An association between ET-1 and atrial dilatation, fibrosis, and 

hypertrophy is been reported. Endothelin-1 is suggested as a contributing factor to AF 

persistence [25]. 

Although both mitral stenosis and MR are strongly associated with AF, the prevalence of AF 

in mitral stenosis patients is much higher than MR patients. Approximately 29% of the 

patients with isolated mitral stenosis develop AF while only 16% of the patents with isolated 

MR [26, 27]. 

6. Atrial remodelling in atrial fibrillation 

A recent study aimed to assess the relationship between atrial structural remodelling in 

AF patients with different types of mitral valve diseases [28]. The study recruited 24 

patients undergoing mitral valve surgery with different diagnoses. Left atrial appendage 

tissue samples were obtained from patients with mitral valve disease either in sinus 

rhythm or AF. Masson’s trichrome staining and immunohistochemical staining were 

performed to assess the extent of the fibrosis. The authors reported significantly increased 

fibrosis in patients with AF when compared to patients in sinus rhythm (p=0.023) [28]. 

The collagen volume fraction of fibrosis was also significantly increased in patients with 

mitral stenosis and atrial fibrillation when compared to patients with mitral regurgitation 

and atrial fibrillation (p=0.043) [28]. Collagen Type I levels were also significantly 

increased in AF patients with mitral stenosis when compared to patients with mitral 

regurgitation and AF (p=0.043). Of note, different collagen volume fraction of Matrix 

MetalloProteinases-2 (MMP2) was determined between the patients with mitral stenosis 

and sinus rhythm and patients with mitral stenosis and AF (p=0.001). The authors 

concluded that heart rhythm status and type of underlying mitral valve disease influence 
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atrial structural remodelling and different atrial structural remodelling may contribute to 

the development of AF [28]. 

The remodelling processes involving atrial fibrosis and atrial dilatation in AF patients also 

recruit angiotensin II mediated pathways and MMPs. There are evidences showing that 

patients with mitral stenosis and AF have significantly larger atria than patients with mitral 

stenosis but sinus rhythm [29]. Fibrosis was found increased in mitral stenosis patients in 

AF and SR in the left atria, but only in mitral stenosis patients with AF in the right atria. 

Furthermore, MMP-1 was reported to be down-regulated in left atria of mitral stenosis 

patients (p=0.02) both in sinus rhythm or AF [29]. Although there is no evidence showing 

that AF contributes to altered fibrosis or MMP-expression in the left atria, atrial remodelling 

appears to recruit changes in MMP-expression in patients with mitral valve disease either in 

sinus rhythm or AF [29]. 

Interestingly, mitral regurgitation can provide protective effects against left atrial blood 

stasis. The relationship between the severity of MR and thromboembolic risk has been 

clarified in patients with AF. A recent study indicated a protective effect of MR against 

thromboembolic risk over reducing LA blood stasis but only limited to patients with severe 

MR [30]. 

7. Mitral valve disease, atrial fibrillation and thrombosis 

The association between mitral valve disease and atrial fibrillation appears to constitute a 

vicious cycle. Different dynamics including changes in LAA functions affect the generation 

and persistence of atrial fibrillation. The severity of mitral valve regurgitation has pivotal 

influence on left atrial flow dynamics and LAA stasis which appears to be the major 

determinant of thrombus generation [31]. 

The mechanisms of thrombogenesis in patients with MR or aortic stenosis (AS) have been 

investigated in patients both in sinus rhythm and AF. Patients with MR or AS have been 

shown to have higher plasma fibrinogen levels when compared to healthy people and also 

lower plasma fibrin D-dimer levels suggesting decreased intravascular clotting has been 

reported [32]. Furthermore, the presence of immunoreactive von Willebrand factor (vWF) in 

the endocardial endothelium and its relationship to thrombogenesis in the human atrial 

appendage has been investigated [33]. Immunoreactive vWF in the endocardial 

endothelium was found increased in overloaded human atrial appendage, which was 

supposed to be a local predisposing factor for intraatrial thrombogenesis [33]. 

Another study investigated the contribution of plasma D-dimer levels to thrombogenesis in 

89 patients with mitral valve disease and 21 subjects with AF but normal valves, and 15 

healthy controls. Plasma D-dimer levels correlated with the embolic risk in mitral valve 

disease and non-valvular AF. The highest levels were found in patients with MS and AF and 

non-valvular AF. Severe MR decreased the D-dimer levels in MS and/or AF to control levels 

[34]. 

Transmitral pressure gradient is supposed to be another parameter that may influence the 

development of AF and thrombogenesis in patients with rheumatic heart disease  

[26]. However, patients’ age and left atrial diameter has been shown to be the major 

parameters that predict the occurrence of AF in patients with rheumatic heart disease  

[26]. 
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8. Conclusions 

Atrial fibrillation is the most common sustained cardiac arrhythmia and a severe public 

health problem. The prevalence of AF increases while the population is ageing. Mitral valve 

diseases, including mitral stenosis and mitral regurgitation increase AF prevalence. There 

are strong associations between severe mitral valve disease and the development of atrial 

fibrillation. Once atrial fibrillation starts it causes impaired LAA function and leads to 

increased intraatrial thrombogenesis. Left atrial thrombi and especially LAA thrombi are 

shown to be the commonest causes of embolic stroke. Management of this complex situation 

should comprise several steps including restoration of impaired LAA function, prevention 

of thrombogenesis and maintenance of sinus rhythm whenever it is feasible. 

9. References 

[1] Stewart S, Hart CL, Hole DJ, McMurray JJ. Population prevalence, incidence, and 

predictors of atrial fibrillation in the Renfrew/Paisley study. Heart 2001; 86: 516-

21. 

[2] Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV, Singer DE. Prevalence of 

diagnosed atrial fibrillation in adults: national implications for rhythm 

management and stroke prevention: the AnTicoagulation and Risk Factors in Atrial 

Fibrillation (ATRIA) Study. JAMA 2001; 285: 2370-5. 

[3] Kirchhof P, Auricchio A, Bax J, Crijns H, Camm J, Diener HC, Goette A, Hindricks G, 

Hohnloser S, Kappenberger L, Kuck KH, Lip GY, Olsson B, Meinertz T, Priori S, 

Ravens U, Steinbeck G, Svernhage E, Tijssen J, Vincent A, Breithardt G. Outcome 

parameters for trials in atrial fibrillation: executive summary. Recommendations 

from a consensus conference organized by the German Atrial Fibrillation 

Competence NETwork (AFNET) and the European Heart Rhythm Association 

(EHRA). Eur Heart J 2007; 28: 2803-17. 

[4] Thrall G, Lane D, Carroll D, Lip GY. Quality of life in patients with atrial fibrillation: a 

systematic review. Am J Med 2006; 119: 448 e1–e19. 

[5] Benjamin EJ, Levy D, Vaziri SM, D'Agostino RB, Belanger AJ, Wolf PA. Independent risk 

factors for atrial fibrillation in a population-based cohort. The Framingham Heart 

Study. JAMA 1994; 271: 840-4. 

[6] Stroke Risk in Atrial Fibrillation Working Group. Comparison of 12 risk stratification 

schemes to predict stroke in patients with non-valvular atrial fibrillation. Stroke 

2008; 39: 1901–10. 

[7] Lip GYH, Nieuwlaat R, Pisters R, Lane DA, Crijns HJGM. Refining clinical risk 

stratification for predicting stroke and thromboembolism in atrial fibrillation using 

a novel risk factor-based approach: The Euro Heart Survey on Atrial Fibrillation. 

Chest 2010; 137: 263–72. 

[8] Kannel WB, Wolf PA, Benjamin EJ, Levy D. Prevalence, incidence, prognosis, and 

predisposing conditions for atrial fibrillation: population-based estimates. Am J 

Cardiol 1998; 82(8A): 2N-9N. 

[9] Fuster V, Rydén LE, Cannom DS, et al. American College of Cardiology/American Heart 

Association Task Force on Practice Guidelines; European Society of Cardiology 

www.intechopen.com



 
Atrial Fibrillation - Basic Research and Clinical Applications 

 

378 

Committee for Practice Guidelines; European Heart Rhythm Association; Heart 

Rhythm Society. ACC/AHA/ESC 2006 Guidelines for the Management of Patients 

with Atrial Fibrillation: a report of the American College of Cardiology/American 

Heart Association Task Force on Practice Guidelines and the European Society of 

Cardiology Committee for Practice Guidelines (Writing Committee to Revise the 

2001 Guidelines for the Management of Patients With Atrial Fibrillation): 

developed in collaboration with the European Heart Rhythm Association and the 

Heart Rhythm Society. Circulation 2006; 114:e257-354. Erratum in: Circulation 2007; 

116: e138. 

[10] Marcus RH, Sareli P, Pocock WA, Barlow JB. The spectrum of severe rheumatic mitral 

valve disease in a developing country. Correlations among clinical presentation, 

surgical pathologic findings, and hemodynamic sequelae. Ann Intern Med 

1994;120:177–83. 

[11] Acar C, de Ibarra JS, Lansac E. Anterior leaflet augmentation with autologous 

pericardium for mitral repair in rheumatic valve insufficiency. J Heart Valve Dis 

2004;13:741–6. 

[12] Enriquez-Sarano M, Tajik AJ, Schaff HV, et al. Echocardiographic prediction of left 

ventricular function after correction of mitral regurgitation: results and clinical 

implications. J Am Coll Cardiol 1994; 24: 1536-43. 

[13] Krahn AD, Manfreda J, Tate RB, Mathewson FAL, Cuddy TE. The natural history of 

atrial fibrillation: Incidence, risk factors, and prognosis in the Manitoba follow-up 

study. Am J Med 1995; 98: 476-84. 

[14] Goldman ME, Pearce LA, Hart RG, et al. Pathophysiologic correlates of 

thromboembolism in nonvalvular atrial fibrillation: Reduced flow velocity in the 

left atrial appendage (the Stroke Prevention in Atrial Fibrillation [SPAF-III] study). 

J Am Soc Echocardiogr 1999; 12:1080-7. 

[15] Thomas L, Boyd A, Thomas SP, et al. Atrial structural remodelling and restoration of 

atrial contraction after linear ablation for atrial fibrillation. Eur Heart J 2003; 

24:1942-51. 

[16] Hondo T, Okamoto M, Yamane T, et al. The role of the left atrial appendage: a volume 

loading study in open-chest dogs. Jpn Heart J 1995; 36: 225-34. 

[17] Tabata T, Oki T, Fukuda N, et al. Influence of left atrial pressure on left atrial appendage 

flow velocity patterns in patients in sinus rhythm. J Am Soc Echocardiogr 1996; 9: 

857-64. 

[18] Kaneko K, Hirono O, Fatema K, et al. Direct evidence that sustained dysfunction of left 

atrial appendage contributes to the occurrence of cardiogenic brain embolism in 

patients with paroxysmal atrial fibrillation. Intern Med 2003; 42:1077-83. 

[19] Jaber, WA, Prior, DL, Thamilarasan, M, et al Efficacy of anticoagulation in resolving left 

atrial and left atrial appendage thrombi: a transesophageal echocardiography 

study. Am Heart J 2000; 140: 150-6. 

[20] Bitigen A, Bulut M, Tanalp AC, Kirma C, Barutçu I, Pala S, Erkol A, Boztosun B. Left 

atrial appendage functions in patients with severe rheumatic mitral regurgitation. 

Int J Cardiovasc Imaging 2007; 23: 693-700. 

www.intechopen.com



Mitral Regurgitation and Atrial Fibrillation:  
The Contribution of Impaired Left Atrial Appendage Function to Atrial Thrombogenesis 

 

379 

[21] Effect of Percutaneous Mitral Balloon Valvuloplasty on Left Atrial Appendage 

Function: A Doppler Tissue Study. Karakaya O, Turkmen M, Bitigen A, Sağlam M, 

Barutcu I, Esen AM, Bulut M, Turkyilmaz E, Kirma C. Journal of the American 

Society of Echocardiography 2006; 19: 434-7. 

[22] Donal E, Yamada H, Leclercq C, Herpin D. The left atrial appendage, a small, blind-

ended structure: a review of its echocardiographic evaluation and its clinical role. 

Chest 2005; 128: 1853-62. 

[23] Santiago D, Warhofsky M, Mandri GL, et al. Left atrial appendage function and 

thrombus formation in atrial fibrillation-flutter: a transesophageal 

echocardiographic study. J Am Coll Cardiol 1994; 24:159-64. 

[24] Modrego J, Maroto L, Tamargo J, Azcona L, Mateos-Cáceres P, Segura A, Moreno-

Herrero R, Pérez-Castellanos N, Delpón E, Pérez-Villacastín J, Rodríguez E, Macaya 

C, López-Farré AJ. Comparative expression of proteins in left and right atrial 

appendages from patients with mitral valve disease at sinus rhythm and atrial 

fibrillation. J Cardiovasc Electrophysiol 2010; 21: 859-68. 

[25] Mayyas F, Niebauer M, Zurick A, Barnard J, Gillinov AM, Chung MK, Van Wagoner 

DR.Association of left atrial endothelin-1 with atrial rhythm, size, and fibrosis in 

patients with structural heart disease. Circ Arrhythm Electrophysiol 2010; 3: 369-

79. 

[26] Diker E, Aydogdu S, Ozdemir M, Kural T, Polat K, Cehreli S, Erdogan A, Göksel S. 

Prevalence and predictors of atrial fibrillation in rheumatic valvular heart disease. 

Am J Cardiol 1996; 77: 96-8. 

[27] Schwartz R, Myerson RM, Lawrence T, Nichols HT. Mitral stenosis, massive pulmonary 

hemorrhage, and emergency valve replacement. N Eng J Med 1966; 275: 755-88. 

[28] Qian Y, Meng J, Tang H, Yang G, Deng Y, Wei D, Xiang B, Xiao X. Different structural 

remodelling in atrial fibrillation with different types of mitral valvular diseases. 

Europace 2010; 12: 371-7. 

[29] Anné W, Willems R, Roskams T, Sergeant P, Herijgers P, Holemans P, Ector H, 

Heidbüchel H. Matrix metalloproteinases and atrial remodeling in patients with 

mitral valve disease and atrial fibrillation. Cardiovasc Res 2005; 67: 655-66. 

[30] Kranidis A, Koulouris S, Filippatos G, Kappos K, Tsilias K, Karvounis H, Exadaktylos 

N. Mitral regurgitation protects from left atrial thrombogenesis in patients with 

mitral valve disease and atrial fibrillation. Pacing Clin Electrophysiol 2000; 23: 

1863-6. 

[31] Fukuda N, Hirai T, Ohara K, Nakagawa K, Nozawa T, Inoue H. Relation of the severity 

of mitral regurgitation to thromboembolic risk in patients with atrial fibrillation. Int 

J Cardiol 2011; 146: 197-201. 

[32] Lip GY, Rumley A, Dunn FG, Lowe GD. Thrombogenesis in mitral regurgitation and 

aortic stenosis. Angiology. 1996; 47: 1117-25. 

[33] 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 endocardium as a local predisposing factor for 

thrombogenesis in overloaded human atrial appendage. J Am Coll Cardiol 2001; 37: 

1436-42. 

www.intechopen.com



 
Atrial Fibrillation - Basic Research and Clinical Applications 

 

380 

[34] Cevik C, Otahbachi M, Nugent K, Ozkan M. Mitral regurgitation reduces systemic 

coagulation activity in patients with rheumatic heart disease. J Heart Valve Dis 

2009; 18: 278-83. 

 

 

www.intechopen.com



Atrial Fibrillation - Basic Research and Clinical Applications

Edited by Prof. Jong-Il Choi

ISBN 978-953-307-399-6

Hard cover, 414 pages

Publisher InTech

Published online 11, January, 2012

Published in print edition January, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

Atrial Fibrillation-Basic Research and Clinical Applications is designed to provide a comprehensive review and

to introduce outstanding and novel researches. This book contains 22 polished chapters and consists of five

sections: 1. Basic mechanisms of initiation and maintenance of atrial fibrillation and its pathophysiology, 2.

Mapping of atrial fibrillation and novel methods of signal detection. 3. Clinical prognostic predictors of atrial

fibrillation and remodeling, 4. Systemic reviews of catheter-based/surgical treatment and novel targets for

treatment of atrial fibrillation and 5. Atrial fibrillation in specific conditions and its complications. Each chapter

updates the knowledge of atrial fibrillation, providing state-of-the art for not only scientists and clinicians who

are interested in electrophysiology, but also general cardiologists.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Burak Pamukcu and Atilla Bitigen (2012). Mitral Regurgitation and Atrial Fibrillation: The Contribution of

Impaired Left Atrial Appendage Function to Atrial Thrombogenesis, Atrial Fibrillation - Basic Research and

Clinical Applications, Prof. Jong-Il Choi (Ed.), ISBN: 978-953-307-399-6, InTech, Available from:

http://www.intechopen.com/books/atrial-fibrillation-basic-research-and-clinical-applications/mitral-regurgitation-

and-atrial-fibrillation-the-contribution-of-impaired-left-atrial-appendage-func



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


