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The Proof is in the Appendage: 
A Case Report of a Fenestrated Membrane Overlying the Left Atrial Appendage
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Abstract
[bookmark: _GoBack]A 35-year-old male with history of recurrent arrhythmias presented for pulmonary vein isolation.  He underwent pre-procedural screening for thromboembolism risk with transesophageal echocardiogram.  He had an incidental finding of a rare fenestrated membrane overlying his left atrial appendage.  Additional work-up throughout his clinical course revealed genetic mutations in the LMNA and SNTA1 genes.  There have been no previous reported genetic mutations reported in cases with LAA membranes. 
Introduction
The left atrial appendage is a variably shaped pouch that extends from the left atrium and can harbor thrombi, which can cause embolic events (1).  Transesophageal echocardiography (TEE) is one of the most sensitive and specific tools for the evaluation of thrombus in the left atrium and left atrial appendage prior to cardioversion and pulmonary vein isolation (2).  While there is some diversity in the structure of the appendage, a membrane overlying the orifice is a rare abnormality (3-6).  When present, the membrane may be occlusive or partially obstructed and its significance with regards to thromboembolic risk is unclear.  We present a case of a young man undergoing screening TEE for pulmonary vein isolation with a fenestration in the membrane overlying the left atrial appendage.   Further clinical evaluation led to a diagnosis of a pathogenic LMNA gene mutation, c.1129C>T (p.Arg377Cys) as well as a variant of unknown significance in the SNTA1 gene, c.287G>C (p.Gly96Ala).  The significance of his genetic mutations in the setting of a rare left atrial appendage membrane is unknown. 
Case Presentation
A 35-year-old male with history of recurrent arrhythmias, alcoholism, and eosinophilic esophagitis presented for ablation of atrial fibrillation.  He was diagnosed with paroxysmal atrial fibrillation four years prior at which point, he underwent electrophysiology study at another facility with no evidence of inducible atrial flutter, atrial fibrillation, or AV nodal dependent tachycardia.  At that time, he had evidence of paroxysmal ectopic atrial tachycardia as well as dual AV node physiology but no sustained AV nodal reentrant tachycardia.  He was managed medically with flecainide but continued to have paroxysms of atrial fibrillation and was changed to sotalol.   Despite antiarrhythmic therapy and alcohol cessation, he has continued to have daily palpitations.   His physical exam was unremarkable.  Transthoracic echocardiogram (Figure 1, Videos 1 and 2) was performed to reassess underlying structure and function, which showed normal left ventricular systolic function, no significant valvular abnormalities, and a moderately dilated left atrium.  Thirty-day ambulatory monitor was performed confirming symptomatic paroxysmal atrial fibrillation and the decision was made to proceed with electrophysiology study and radiofrequency catheter ablation of atrial fibrillation by pulmonary vein isolation (PVI).  
In order to clarify his anatomy prior to this procedure, he had a coronary computed tomography angiographic (CCTA) study seen in Figure 2, which demonstrated normal pulmonary venous anatomy without evidence of left atrial appendage thrombus, no significant coronary atherosclerosis, and no chest wall or lung abnormalities.   Transesophageal echocardiogram was performed prior to proceeding with procedure to confirm the absence of thrombus in the left atrial appendage.  His TEE was remarkable for a membrane overlying the ostium of the left atrial appendage with a small fenestration and narrow bi-directional flow across the membrane (Figure 3, Videos 3 and 4).  Three-dimensional imaging of the left atrial appendage and its membrane are seen in Video 5.  Continuous wave and pulsed wave Doppler interrogation across the LAA (Figure 4) demonstrates lower emptying velocities.  There was no evidence of thrombus, so patient underwent successful pulmonary vein isolation.  While not specifically noted on original interpretation of the CCTA, the presence of the membrane is observed.  
Despite PVI, patient had a progressive cardiomyopathy and frequent PVCs and NSVT.   Ischemic evaluation was performed utilized PET-CT myocardial perfusion imaging which reported no evidence of ischemia or infarction, but demonstrated reduced ejection fraction of 48%.  The decision was made to further investigate his cardiomyopathy given his arrhythmias and young age.  He underwent additional imaging with cardiac MRI, seen in Figure 5, which demonstrated abnormal gadolinium enhancement in the septum.  He was referred to genetic counseling who performed a comprehensive genetic screening for arrhythmias and cardiomyopathy.  His genetic panel identified two lesions, one in the LMNA gene c.1129C>T (p.Arg377Cys) and another in the SNTA1 gene c.287G>C (p.Gly96Ala).  LMNA is a gene that encodes for structural proteins of the nuclear lamina, lamin A and lamin C, and is one of the most common genes associated with dilated cardiomyopathies (7).  Mutations in the LMNA gene have broad presentations, including congenital Emery-Dreifuss muscular dystrophy and increased risk of malignant ventricular arrhythmias and advanced cardiomyopathies (8, 9).  A review of the available literature reveals no documented associated with a membrane overlying the left atrial appendage, though there is one case report of a persistent left atrial appendage thrombus in a patient with a lamin A/C gene mutation .  His mutation is the SNTA1 gene is of uncertain clinical significance.  
Discussion
Transesophageal echocardiography is a key diagnostic tool to evaluate for left atrial appendage thrombus prior to pulmonary vein isolation.  TEE can not only evaluate for the presence of thrombus visually, but also helps identify high risk features for thrombus development such as reduced flow velocities through the appendage, spontaneous contrast in the left atrium, and aortic atheroma (10).  Absence of a thrombus and high-risk findings confers a low thromboembolic event rate and deems it safe to proceed with the planned procedure (2).  It is a Class IIa recommendation to proceed with TEE prior to cardioversion of atrial fibrillation or atrial flutter of greater than 48 hours (10).  
The left atrial appendage is a finger-like extension of the left atrium most often characterized by a well-defined orifice with a narrow neck.   There are four basic morphologic subtypes (chicken wing, windsock, cauliflower, and cactus) defined by the three dimensional reconstruction (1).  Left atrial appendage membranes are a rare congenital anomaly of left atrial appendage anatomy.   Review of the literature reveals a handful of accounts of this observation.  There is no documentation in the literature regarding additional management considerations in the setting of this membrane, nor is there any clear correlation related to the presence/absence of a thrombus in the appendage.  
In our case, the patient had no evidence of thrombus so he was able to proceed with his planned procedure.  He continued to undergo clinical evaluation for his various arrhythmias leading to a diagnosis of pathogenic variant in the LMNA gene as well as a variant of unknown significance in the SNTA1 gene.  There is no genetic information available in the current published case reports identifying a membrane overlying the left atrial appendage, so the clinical significance is not fully appreciated.
Conclusions
LAA membranes are rare findings and their clinical significance is unclear.  There are no known genetic mutations known to be associated with this presence.  
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Figure/Video Legends

Figure 1: Transthoracic Echocardiographic Images.  His transthoracic images were unremarkable as shown in (A/video 1) the parasternal long-axis view and (B/video 2) the apical four-chamber view.  Corresponding videos demonstrate normal ejection fraction.  LA, left atrium; LV, left ventricle; RV, right ventricle.
Figure 2: Coronary Computed Tomography Angiography.  In this slice of the CTA, the aortic valve is seen in short axis along with the left atrium opening into the left atrial appendage (yellow star) and one on the left pulmonary veins.  The LAA fills completely with contrast without evidence of thrombus. In this view, there is a suggestion of the membrane (yellow arrow) more adequately visualized in the TEE.  AV, aortic valve; LA, left atrium; LPV, left pulmonary vein; RA, right atrium.  
Figure 3: Transesophageal Echocardiographic Images.  In this mid-esophageal view at 65° (A), the left atrial appendage (yellow star) is seen with a membranous structure (yellow arrow) traversing the orifice.  Color Doppler (B/video 3) demonstrates a narrow bidirectional flow acceleration across the membrane.  This membrane is further visualized in the 65°/28° biplane view (C/video 4).  No thrombus is detected in the left atrial appendage.  The left atrium is mildly dilated.   A three-dimensional view of the left atrial appendage is seen in Video 5.  LA, left atrium; LV, left ventricle; MV, mitral valve.
Figure 4: Transesophageal Echocardiographic Images.  Continuous wave Doppler (A) and pulsed wave Doppler (B) interrogations are shown.  Low velocities from pulmonary venous filling are noted.  
Figure 5: Cardiovascular Magnetic Resonance Imaging.   CMR demonstrates no left ventricular hypertrophy, no thrombus and no myocardial edema.  The four-chamber view is visualized in (A).  There is evidence of mild global hypokinesis (better seen with associated video images).   Delayed postcontrast images (B) show linear basal septal minimal enhancement and more focal areas of enhancement at the RV insertions.  Stroke-volume was 65 mL with ejection fraction of 48.5%.  LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.
Video 1: Transthoracic Echocardiographic Images.  Parasternal long-axis view is unremarkable demonstrating normal ejection fraction and no obvious valvular pathology.  
Video 2: Transthoracic Echocardiographic Images.   Apical four-chamber view is unremarkable demonstrating normal ejection fraction and no obvious valvular pathology.  
Video 3: Transesophageal Echocardiographic Images.  In this mid-esophageal view at 65°, color Doppler demonstrates a narrow bidirectional flow acceleration across a membrane overlying the orifice of the left atrial appendage.  
Video 4: Transesophageal Echocardiographic Images. In this 65°/28° biplane mid-esophageal view, the membrane is again visualize.  No thrombus is detected in the left atrial appendage.  
Video 5: Transesophageal Echocardiographic Images.  A three-dimensional view of the left atrial appendage in which the fenestrated membrane overlying the orifice is seen.  

