To study the anatomy and function of left atrial appendage and its correlation with the incidence of left atrial and appendage thrombus formation in patients with rheumatic mitral stenosis”
                                                            
ABSTRACT

Background of the study: Rheumatic heart disease is still prevalent in developing countries like India and many patients have mitral stenosis (MS) as the only lesion. Patients with MS have increased chances of LAA/LA clot formation because of LA enlargement and atrial fibrillation (AF). The main modality of treatment for rheumatic MS is percutaneous mitral commisurotomy (PTMC), since this procedure involves atrial septostomy, presence of LA/LAA thrombus must be ruled out to avoid stroke. Hence, we wanted to carry out a study to evaluate anatomy and function of LAA in rheumatic MS to find out their correlation to thrombus formation both in patients with AF and in sinus rhythm.
Methods: A prospective study including 49 RHD patients with severe MS who underwent TEE before PTMC, further anatomy was evaluated and classified as per cardiac CT-scan. Results were tabulated and expressed in absolute numbers, mean, percentage and proportions. Chi-square test and p-value was analysed. P-value of less than 0.05 was considered statistically significant.
Results: The predominant age group was in the range of 20-29 years and females predominated, with a M:F ratio of 1:1.45.Normal sinus rhythm was the most common ECG finding. SEC was observed in 7/49 cases. The predominant LAA anatomical pattern was Chicken wing>Cauliflower>Cactus>Windsock. A significant correlation of LAA velocity with SEC and LA/LAA thrombus was observed. Decrease in LAA velocity was associated with an increase in SEC findings and LA/LAA thrombus formation. A significant correlation of Mitral inflow velocity was observed with LA/LAA thrombus- Decrease in mitral inflow velocity was associated with an increase in LA/LAA thrombus formation.	
Conclusion: Amongst 49 cases, there was female predominance. The predominant LAA anatomical pattern on CT-scan was chicken wing> cauliflower>cactus>windsock.
Chicken wing anatomical pattern was associated with an increase in LA/LAA thrombus formation. A decrease in LAA velocity was significantly associated with an increase in LA/LAA thrombus formation and SEC findings. 





Introduction 
                              LAA has considerable variations in its size, shape, and relationship with adjacent cardiac and extracardiac structures, which can be extremely relevant when interventional procedures are performed.
                                 The main body of LAA may have lobes which vary in number. According to a study of Vienot et. al., 2 lobes were most frequent (54%), followed by 3 (23%), 1 (20%) and 4 (3%) irrespective of the age and gender. However, increased number of lobes were associated with increased probability of thrombus formation.1
In order to define LAA anatomy and topographic relationships, multidetector computed tomography (CT),and its high definition and transesophageal echocardiogram (TEE), are the most accurate noninvasive imaging modalities.2
                                  Recently, a CT based study classified LAA morphology on the basis of the presence of a bend, giving to the LAA an appearance similar to a chicken wing (48% of cases).Others possible morphologies are cactus shape (30%), with a dominant central lobe and secondary lobes extending from the central lobe in both superior and inferior directions; windsock shape (19%), with 1 dominant lobe; cauliflower shape (3%), with limited overall length and complex internal characteristics.3

                                 Rheumatic heart disease(RHD) is one of the commonest cardiac condition in India in both children and adults, accounting for 30- 40 % of cardiac cases admitted to hospital. Approximately 25% of all patients with rheumatic heart disease have pure or predominant mitral stenosis (MS).Thromboembolism develops in at least 20% of mitral stenosis patients, at some point of time during the course of their disease4. Thromboembolism remains an important cause of morbidity and mortality in rheumatic MS. The main modality of treatment for rheumatic MS is percutaneous transvenous mitral septostomy, presence of LA/LAA thrombus must be ruled out to avoid stroke.
                        
                       LAA is the typical origin for intracardiac thrombus. Whether LAA morphology is associated with increased thrombus formation is controversial and if it does which morphological type mostly predisposes to thrombus formation has not been fully characterised. So the aim of the present study was to assess LAA morphology and whether certain LAA morphologies detected on cardiac CT-scan are associated with increased risk of thrombus and correlate it with LAAFV in patients both with AF and sinus rhythm.      

Methods

                        A prospective study which included forty nine rheumatic heart disease patients. RHD patients who attended our OPD were thoroughly evaluated and in patients with loud S1 and mid-diastolic murmur, an informed written consent was taken, following which ECG and TTE were advised for. ECG was asked to look for the rhythm and TTE to diagnose RHD and assess the severity of mitral stenosis. In patients with severe MS, TEE and CT-scan were advised. TEE was done to assess the LAA velocity and thrombus formation, subsequently the patients were sent for CT-scan to the Department of radiology, KGMU to evaluate the morphology of LAA appendage and the findings were recorded.
Inclusion criteria:
1) RHD patients with severe MS undergoing TEE before PTMC
2) Patients ready to give consent 
Exclusion criteria:
1) Patients not giving consent
2) RHD patients with severe MS contraindicated for TEE

                        TTE and TEE were performed using GE vivid E95  in lari cardiology center, KGMU. Trans-thoracic echocardiogram (TTE) was performed using M5ScD(1.5–4.5MHz) transducer. Two-dimensional and Doppler echocardiographic studies were performed in the left lateral decubitus position with conventional views (parasternal long, short‐axis, and apical four‐chamber view) according to the American Society of Echocardiography guidelines. Mitral valve area (MVA) was calculated by direct planimetric method on short‐axis view during diastole and by pressure half‐time method. 
                               Trans-esophageal echocardiogram (TEE) was performed using GE 6T-RS TEE probe with a frequency range 2.9- 8 MHz. A careful study of the entire atria, including the LAA was performed. The LA and LAA imaging was started in a horizontal plane, then the transducer was electronically rotated progressively to 60, 90, 110, 130, and 180° and was coupled with counterclockwise rotation of the probe. Routine TEE measurements were made as per guidelines. All images were recorded by zooming at the LAA and optimizing the gain settings to minimize gray noise artifacts. 

                                  Left atrium (LA) cavity and LAA were closely inspected for the presence of thrombi and SEC. The echocardiographic diagnosis of thrombus was based on the presence of an echogenic mass with the following characteristics: Defined border, visibility in 2 anatomic planes and echo- density distinct from adjacent myocardial tissue distinguishable from intracardiac blood pool by the absence of swirling motion. Left atrial appendage (LAA) thrombus was recognized by identifying a mobile or sessile, irregularly shaped, gray-textured density that was clearly separate from the lining of the atrial appendage.
                            
                            Spontaneous echo contrast (SEC) was diagnosed by the presence of dynamic smoke such as echoes in the LA cavity and LAA with a characteristic swirling motion after gain adjustment for artifacts. The severity of SEC was graded from 0 to 4+ according to the Fatkin et al. criteria

                             The LAA blood flow velocities were obtained by placing the PWD sample volume into the outlet of the appendage, one cm away from the LA cavity where there were no wall artifacts and a net flow could be recorded using PWD, provided that suitable gain and filter adjustments were carried out. Left atrial appendage (LAA) emptying and filling velocities were measured. In cases with quadriphasic wave pattern, the positive flow observed before the P-wave on the ECG was referred to as early emptying velocity; the negative flow after early emptying velocity as early filling velocity; the positive flow observed after P-wave, as LAAE velocity; late peak emptying velocity was measured to represent LAA contractile function.  The negative flow immediately after this velocity is LAA filling velocity (LAAFV). A mean of 3 consecutive cycles was used to calculate all echocardiography parameters.
                             
                             To evaluate the anatomy of LAA and further classify LAA based on morphology as per Wang et al.5 and Kimura et al.6 was done by Cardiac CT-scan, for which patients were referred to the department of radiology, KGMU. Cardiac CT imaging was performed with a 64-slice MSCT scanner (Philips Brilliance B64).

Statistical analysis:  Results were tabulated in Microsoft office excel worksheet and expressed in absolute numbers, mean, percentage and proportions. Appropriate standard statistical methods were utilised. Chi-square test and p-value was analysed. P-value of less than 0.05 was considered statistically significant. 

Results
                            The minimum age was 10 years and maximum age was 52 years. Clustering of cases was noted in the age range of 20-29 years which included 20 cases(40.8%) and least number of cases were noted in the age range of 50-60 years which included 3 cases(6.1%). M:F= 1:1.45 with a female predominance and included 59.2% of cases. 

                           In 49 cases, normal sinus rhythm was observed in 67.3% of cases, atrial fibrillation in 30.6% of cases and atrial flutter in 2% of cases. SEC was observed in 5 cases (10.2%) and not observed in 44 cases(89.8%). Of the 5 cases, 3 (60%) were in Grade III, 1(20%) in Grade II and 1(20%) in Grade I.

                          The most prevalent anatomical findings in our study was chicken wing pattern which was seen in 30 cases(61.2%) followed by cauliflower pattern seen in 11 cases(22.4%), then cactus pattern seen in 7 cases(14.3%) and windsock pattern observed in 1 case(2%).
	
	LAA Anatomy by CT Scan
	N
	Percent

	
	cactus
	7
	14.3

	
	cauliflower
	11
	22.4

	
	chicken wing
	30
	61.2

	
	windsock
	1
	2.0

	
	Total
	49
	100.0


 


 
   




	Thrombus was found in 7 cases(14.3%) in our study, of which 3 were in grade Ia, 2 were in grade Ib, 1 in grade IIb and 1 in grade III. No thrombus was seen in 42 cases(85.7%).
SEC was observed in 5 cases, of which all the 5 cases(100%) had chicken wing  anatomical pattern. Thus the presence of SEC was observed only in chicken wing anatomical pattern in our study. 
Correlation of LAA anatomy by CT scan with LA/LAA thrombus

LA/LAA thrombus was observed in 7/49 cases. Chicken wing is the predominant anatomical pattern and is associated with thrombus formation of all the 7 cases (100%). There was no significant association of LAA anatomy with LA/LAA thrombus formation.


	
	
	LA/LAA Thrombus 
	Total

	
	
	Yes
	No
	

	LAA Anatomy by CT Scan
	cactus
	0
	7
	7

	
	
	.0%
	16.7%
	14.3%

	
	cauliflower
	0
	11
	11

	
	
	.0%
	26.2%
	22.4%

	
	chicken wing
	7
	23
	30

	
	
	100.0%
	54.8%
	61.2%

	
	windsock
	0
	1
	1

	
	
	.0%
	2.4%
	2.0%

	Total
	7
	42
	49

	
	100.0%
	100.0%
	100.0%





Correlation of LAA anatomy by CT scan with LAA velocity:
In the present study, the least LAA velocity was observed in chicken wing pattern (.3650) followed by cauliflower(.3909), then cactus (.3929) and the maximum LAA velocity was observed in windsock pattern(.4000) . Thus chicken wing pattern was associated with low LAA velocity.
	LAA Antomy by CT Scan
	N
	LAA Velocity

	
	
	Mean
	SD

	Cactus
	7
	.3929
	.15924

	Cauliflower
	11
	.3909
	.06640

	chicken wing
	30
	.3650
	.16925

	Windsock
	1
	.4000
	.

	Total
	49
	.3755
	.14689


Applied one way ANOVA for significance. p-value=0.484; considered not significant.

Correlation of LAA velocity with LA/LAA thrombus

In the present study, decrease in LAA velocity is significantly associated with increased risk of LA/LAA thrombus formation (p-value =0.001)

	
	LA/LAA Thrombus 
	N
	Mean
	SD
	p-value

	LAA Velocity
	Yes
	7
	.2071
	.04499
	0.001*

	
	No
	42
	.4036
	.13898
	


Applied unpaired t test for significance. *Significant











Correlation of LAA velocity with SEC: 
Decrease in LAA velocity was significantly associated with SEC findings in the present study(p-value=0.002). SEC findings were observed with a decrease in mitral inflow velocity. But no significant correlation was observed (p value= 0.274). SEC was observed in 3 cases of nsr, 2 cases of afib and 0 cases of aflutter. Thus in mitral stenosis there is no significant association of SEC with ECG rhythm.
Decrease in LAA velocity was significantly associated with SEC findings in the present study(p-value=0.002).


	
	Spontaneous ECHO Contrast (SEC)
	N
	Mean
	SD
	p-value

	LAA Velocity
	Yes
	5
	.1900
	.05477
	0.002*

	
	No
	44
	.3966
	.13910
	


Applied unpaired t test for significance. *Significant

Correlation of mitral inflow velocity with LA/LAA thrombus:
A decrease in mitral inflow velocity was significantly associated with increased risk of LA/LAA thrombus formation in our study (p-value<0.001). 


	
	LA/LAA Thrombus 
	N
	Mean
	SD
	p-value

	Mitral in flow Velocity 
	Yes
	7
	.3786
	.08092
	<0.001*

	
	No
	42
	.6321
	.11360
	


Applied unpaired t test for significance. *Significant

                     LA/LAA thrombus was observed in 4 cases with afib, 0 cases with aflutter  and 3 cases with nsr. There was no significant association of LA/LAA thrombus with ECG rhythm.

                      LA/LAA thrombus was observed in 7/49 cases. Chicken wing is the predominant anatomical pattern and is associated with thrombus formation of all the 7 cases (100%). There was no significant association of LAA anatomy with LA/LAA thrombus formation.


Discussion 
                            
                         In the present study, LAA morphology and anatomy were correlated with thrombus formation. Among 49 patients included in the study, chicken-wing was the predominant anatomical pattern and also it was the most common anatomical pattern associated with thrombus formation. All the patients included in the study with thrombus had low left atrial appendage velocity.

                         Wang et al.4 was the first to present division of LAA morphology into four different classes based on the subjective visual criteria as follows: Chicken-wing, Cauliflower, cactus and wind-sock pattern.
In our study the most common anatomical pattern was chicken-wing similar to a study done by Khurram et al.7 but it was unassociated with thromboembolic event unlike our study.

                              In dibiase study 8, chicken-wing pattern was the most common but associated with lower risk of thromboembolism, whereas non-chicken-wing patterns were associated with an increase in risk of thromboembolism.

                               Kosiuk et al.9 found that LAA chicken-wing morphology was associated with higher periprocedural thromboembolic risk in patients undergoing atrial fibrillation ablation.

                               A study done by Kimura et al5  found that cauliflower was the most common anatomical pattern and associated with increased risk of thromboembolism unlike our study. 

                               The possible explanation of chicken-wing pattern being the most common anatomical pattern accounting to 61% of all cases compared to cauliflower which accounts to 22% of all cases and associated with higher risk of thromboembolic event in our study is the smaller sample size included in our study and the predominance of this pattern in our geographic area of distribution of sample size. The variations can also be because of inter and intra-observer variability in the assessment of LAA morphology leading to inconsistency.

                         In the present study, decrease in LAA velocity was associated with a significant increase in the incidence of thrombus formation in LAA  which is similar to other studies done by Guller et al, Goldman et al,  Galbasi et al and Garcia-fernandez et al.

                        Goldman et al.10 reported that low LAA velocity is an important factor in the development of LAA thrombus and thromboembolism.

                        Galbasi et al.11 also found that LAA dysfunction may occur in patients with mitral stenosis and sinus rhythm which led to an vincrease in SEC and clot formation in left atrium in the setting of mitral stenosis.  

                        Garcia-Fernandez et al.12 found that patients with low LAA emptying velocity had highest incidence of LAA clot formation and spontaneous echo contrast as compared to those with normal flow in the setting of RHD. 

                         Hemodynamically significant mitral stenosis increases the resistance to both active and passive LAA emptying, resulting in an overall lowering of LAA flow velocities, regardless of the specific rhythm.13 LAA dysfunction is associated with LAA thrombus formation .

                           Hwang et al.14 had demonstrated a marked decrease in LAA contraction velocities in patients with mitral stenosis, both in sinus rhythm and in AF. 
                          
                           The hemodynamic effects of mitral stenosis on LAA function are further understood by analyzing the effect of percutaneous balloon mitral valvotomy on LAA function. TEE studies done early after percutaneous balloon mitral valvotomy have demonstrated recovery of LAA function within 24 to 72 hrs after the procedure, both in patients with sinus rhythm and those with AF. The augmentation of LAA velocities following balloon valvotomy is related directly to the hemodynamic relief of the valvular stenosis (i.e., the decrease in transmitral pressure gradient).12 Thus decrease in LAA velocity and its association with an increase in thrombus formation is substantiated in our study.
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