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Embryology 
 Trabecular LAA 

   : remnant of the original embryonic LA 

 

 Main smooth walled LA cavity 

   : formed from the outgrowth of the pulmonary 
veins 

Langman’s medical embryology, 12th edition 



Anatomy 
 LAA: Long, tubular, hooked structure       

             Crenellated, narrow junction  

 

 RAA:  Broad and triangular with a wide junction 



Comparative 
anatomy 

 The first detailed description of the varied 
morphology of the LAA was provided by Ernst et 
al, who studied the morphology of the LAA in 220 
cases using synthetic resin casts made at 
necropsy. 

 

 

 

 LAA in patients with AF;  

    - Voluminous 

    - Larger orifices 

    - Fewer branches 

    - Broader 

Ernst G, et al.  Anat Rec 1995;242:553–61. 

Pollick C, et al. Circulation 1991;84:223–31. 



(A) Chicken wing. (B) Windsock. (C) Cauliflower. (D) Cactus. 

Beigel R, et al.  JACC: Cardiovascular Imaging. 2014; 12: 1251–1265 

Variants of 
LAA 
morphology 



Morphologies and modalities .  

TEE (top), cine angiography (middle), and 3D computed tomography (bottom).  

Beigel R, et al.  JACC: Cardiovascular Imaging. 2014; 12: 1251–1265 

Variants of 
LAA 
morphology 

Cauliflower windsock  cactus  chicken wing  



Giuseppe Patti et al. Eur Heart J 2016;eurheartj.ehw159 

Left atrial 

appendage 

flow 

 Doppler measured LAA flow 

  : Quadriphasic  flow 

Pollick C, et al. Circulation 1991;84:223–31. 

Grimm RA, et al. J Am Coll Cardiol 1993;22:1359–66 



Physiology 
ATRIAL 
NATRIURETIC 
FACTOR 

 ANF(P) content in excised atrial appendages 

   

   : 30% of all the cardiac ANF  

   : Greatest density of ANF granules found in the 

     left atrium 

Kaye GC, et al. J Clin Pathol 1986;39:581–2. 



Physiology 
NEUROPHYSIOLOGY 

 Distended 

  :  Increase in urine flow and sodium excretion 

     Icrease heart rate, diuresis, and natriuresis. 

 

  :  Crushing the bases of both appendages 

    -  abolishes or attenuates this effect  

   

Kappagoda CT, et  al.  J Physiol (Lond) 1972;225:705–19. 



Thromboembolism and AF 

 The risk of stroke is increased  

   : 5- fold in non-rheumatic AF  

   : 17-fold in MS and AF 

 

Wolf PA, et al. Neurology 1978;28:973–7. 



Pathogenesis 
of left atrial 
appendage 
thrombosis in 
patients 
with AF 

 The risk of thromboembolism in AF 
accompanying ‘valvular’ AF (in the 
presence of moderate-to-severe rheumatic 
mitral stenosis or mechanical prosthetic 
valve) is higher 

 

  Multiple mechanisms of thrombosis, in 
addition to the possible occurrence of AF, 
come into play for a mechanical prosthetic 
valve, including the contact between the 
blood and the artificial surface of the 
prosthesis, as well as abnormal flow 
conditions, such as relative stagnation and 
high-velocity disturbed flow. 

 



Pathogenesis 
of left atrial 
appendage 
thrombosis in 
patients 
with AF 

 

 Moreover, it is not clear whether the 
pathogenesis of thrombosis in AF 
accompanying mitral stenosis is 
qualitatively different from those of most 
common forms of ‘non-valvular’ AF; 
however, thrombi in mitral stenosis, even in 
the absence of AF, appear to have a more 
frequent location out of the LAA, and are 
much more often ‘giant’. 



Thrombus and LAA 

 90% of atrial thrombi in non-rheumatic AF  

 60% of thrombi in rheumatic mitral valve disease 
(predominantly stenosis) 

Odell JA, et al.  Ann Thorac Surg 1996;61:565–9. 



Left atrial 
appendage 
thrombus 

 Current anticoagulation guidelines for 
cardioversion in patients with AF lasting for > 
48 hrs recommend at least 3 weeks of warfarin 
treatment before cardioversion and a minimum 
of 4 weeks afterwards.  

 An alternative approach would be to perform 
transoesophageal echocardiography and 
progress to immediate cardioversion without 
anticoagulation if no thrombi are present. 

 

 It has been shown, however, that this strategy is 
suboptimal as 2–3% of patients without LAA 
thrombus on transoesophageal 
echocardiography before cardioversion still 
have an embolic event shortly after restoration 
of sinus rhythm. 

Manning WJ, et al.N Engl J Med 1993;328: 750–5. 

Black IW, et al. Circulation 1994;89:2509–13. 



Correlates of 
left atrial 
appendage 
thrombus 

3 specific variables of LAA 
structure and function with respect 
to thrombus formation and stroke 

 

   Size 

   Flow pattern 

   Flow velocity 



Correlates of 
left atrial 
appendage 
thrombus 
LAA FUNCTION AND 
FLOW PATTERNS 

 LAA dysfunction  

  : Part to a myopathic process results in AF 

 

 Low emptying velocities 

 

 Size and mobility of the thrombus  

   : > 1.5 cm  

   : Pedunculated and mobile 

Santiago D,  et al. J Am Coll Cardiol 1994;24:159–64. 



Pathogenesis 
of left atrial 
appendage 
thrombosis in 
patients 
with atrial 
fibrillation 
Blood flow 

 Handkle et al. reported an increased risk of 
LAA thrombosis at velocities ≤55 cm/s, 
independent of the underlying cardiac 
rhythm; velocities < 37 cm/s showed the 
highest accuracy (assessed as the sum of 
sensitivity and specificity) in predicting 
stroke occurrence. 



Correlates of 
left atrial 
appendage 
thrombus 
LAA THROMBUS IN 
PATIENTS IN SINUS 
RHYTHM 

 5% of patients in SR with a history of stroke, TIA, 
or systemic embolization and no significant 
carotid stenosis have LAA thrombi. 

 

 

 15% of patients with severe DCMP in sinus 
rhythm have identifiable atrial thrombi, the 
majority of which are located within the LAA.  

Vigna C, et al. Am J Cardiol 1992;70:1500–1. 



Pathogenesis 
of left atrial 
appendage 
thrombosis in 
patients 
with atrial 
fibrillation 
Blood flow 

Biase LD, et al. J Am Coll Cardiol 2012;60:531-8 



Pathogenesis 
of left atrial 
appendage 
thrombosis in 
patients 
with atrial 
fibrillation 
Blood flow 

 Patients with non-chickenwing morphology 
may be more likely to develop 
thromboembolic events than those with a 
chickenwing shape, independent of the 
CHA2DS2-VASc score; the higher presence 
of trabeculations and lower flow velocities 
in patients with non-chickenwing 
morphology might explain this correlation 
in some investigations. 

 

Biase LD, et al. J Am Coll Cardiol 2012;60:531-8 



Pathogenesis 
of left atrial 
appendage 
thrombosis in 
patients 
with atrial 
fibrillation 
LAA morphology 

Morphologic remodeling of left 
atrial appendage in patients with 
atrial fibrillation. 

 

 Presence of persistent AF was associated with 
a higher prevalence of non-chicken wing-type 
LAA. Remodeling in patients with persistent AF 
can lead to a change in LAA morphology 

Heart Rhythm 2016 Jun 9. pii: S1547-5271(16)30409-X. doi: 10.1016/j.hrthm.2016.06.009. 



Pathogenesis 
of left atrial 
appendage 
thrombosis in 
patients 
with atrial 
fibrillation Blood stasis  

  Endothelial dysfunction  

  Hypercoagulable state 



Pathogenesis 
of left atrial 
appendage 
thrombosis in 
patients 
with atrial 
fibrillation 
Endothelial 
dysfunction 

 Endothelial damage predisposing to in situ 
thrombosis has been documented by 
electron microscopy in the LAA of AF 
patients.  

 In particular, a ‘rough endocardium’, with 
edema, large amounts of fibrin, and zones 
of denudation, has been identified.  

 

Masawa N,  et al. Virchows Arch A Pathol Anat Histopathol 1993;422:67–71. 



Pathogenesis 
of left atrial 
appendage 
thrombosis in 
patients 
with atrial 
fibrillation 
Endothelial 
dysfunction 

 Higher levels of von Willebrand factor, an 
established marker of endothelial 
dysfunction, are present in the atrial 
endocardium of patients with AF and LA 
enlargement, and this correlates with LAA 
thrombosis. 

Kumagai K, et al. Circ J 2004;68:321–327. 



Pathogenesis 
of left atrial 
appendage 
thrombosis in 
patients 
with atrial 
fibrillation 
Hypercoagulable 
state 

 Ex vivo models with human blood show a 
close relation between spontaneous echo-
contrast and fibrinogen/red blood cell 
interactions, partly dependent on the 
haematocrit;thus, transient 
haemoconcentration (e.g. induced by 
diuretic therapy) may contribute to 
thrombus formation. 

Rastegar R, et al. J Am Coll Cardiol 2003;41:603–610 



Pathogenesis 
of left atrial 
appendage 
thrombosis in 
patients 
with atrial 
fibrillation 
Hypercoagulable 
state 

 Increased plasma levels of fibrinogen and 
D-dimer (a marker of both coagulation and 
fibrinolysis activation) have been 
demonstrated in patients with AF vs. those 
without; levels of D-dimer can predict the 
risk of thrombotic events in AF patients, 
and the persistence of high levels despite 
warfarin therapy further predicted  
subsequent cardiovascular events. 

 

 

Lip GY, et al. Br Heart J 1995;73:527–533. 



Pathogenesis 
of left atrial 
appendage 
thrombosis in 
patients 
with atrial 
fibrillation 
Hypercoagulable 
state 

 Finally, platelet activation has been 
observed within 12 h of AF onset, declining 
24 h after cardioversion.  

Correlation between platelet factor 4 and 

time from onset of PAF. Positive correlation 

was demonstrated between duration of 

PAF and platelet factor 4 levels and began 

to increase significantly at 12 h after the 

onset of PAF. 

Correlation between beta-thromboglobulin 

and time from onset of PAF. Positive 

correlation was demonstrated between 

duration of PAF and beta-thromboglobulin 

levels and began to increase significantly at 

12 h after the onset of PAF. 

Sohara H, et al. J Am Coll Cardiol 1997;29:106–112. 



Correlates of 
left atrial 
appendage 
thrombus 
HEMATOLOGICAL 
AND ENDOCARDIAL 
CORRELATES OF LAA 
THROMBUS 

 Raised  fibrinopeptide A, reflecting 
thrombin mediated fibrin formation, and 
D dimer, a degradation product of 
fibrinogen 

 

Scardi S, et al.  J Am Coll Cardiol 1997; 29(suppl):526A 



Pathogenesis 
of left atrial 
appendage 
thrombosis in 
patients 
with atrial 
fibrillation 
Timing of thrombus 
formation 

 AF duration < 48 h, the common practice to 
perform cardioversion without TEE or 
prolonged pre-cardioversion 
anticoagulation derives from previous data 
indicating that this approach is associated 
with rates of thromboembolism < 1%, 
similar to what was observed in patients 
undergoing cardioversion while on 
anticoagulation. 

Weigner MJ, et al. Ann Intern Med 1997;126:615–620. 



Pathogenesis 
of left atrial 
appendage 
thrombosis in 
patients 
with atrial 
fibrillation 
Timing of thrombus 
formation 

 Thrombus generation in the LAA requires 
an AF duration  > 48 h; however, this 
assumption may not hold true in high-risk 
patients with more pronounced 
components of the Virchow’s triad, i.e. with 
severe stasis as shown by spontaneous 
echo-contrast, abnormal wall changes 
related to marked LAA enlargement, and a 
hypercoagulable state. 



TE and LAA 

Watson T, et al. Lancet 2009;373:155-66 


