Defining the gap in epicardial pulmonary vein connectivity with high density mapping
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Atrial fibrillation (AF) is the most commonly occurring cardiac arrhythmia in clinic practice and associated with increasing prevalence and significant morbidity 1. Catheter ablation for AF has become an increasingly common therapy after failure with antiarrhythmic drugs to achieve rhythm control. It is interesting to witness the transition towards catheter ablation as first line therapy with the increasingly predictable robustness of pulmonary vein isolation (PVI) with current ablation techniques, and its consequent clinical benefits. Indeed, since Professor Michel Haïssaguerre and his team’s seminal work in 1998 demonstrating that pulmonary vein ectopy can lead to the initiation of AF, and abolition of this ectopy can supress AF 2, it is this mechanistic determinate that forms the foundation of all catheter ablation of AF 2. It is important to recognize that there are non-PV triggers that initiate AF but the mechanism of these is less understood, and targeting these, such as complex fractionated electrograms3, focal impulse or rota modulation 4, linear lines 5 and ganglionic plexi 6 has not translated into long-term clinical benefit in randomised clinical trials.

As PVI remains the cornerstone of catheter ablation for AF the aim of the index procedure is to offer durable and sustained PVI. Sun et al demonstrate that despite ipsilateral wide area circumferential ablation (WACA) at the index procedure, there appears to be an evolving body of evidence that epicardial connections are reasons for sustained electrical antral-vein connectivity 7. It has been previously recognized that there are common anatomic landmarks that have relative resistance to achieving a durable PVI 8. These sites were characterised by segmentation analysis, and areas of resistant connection were the inferior quadrant of the right superior pulmonary vein, superior quadrant of the right inferior pulmonary vein, and the inferior and anterior quadrants of the left superior pulmonary vein 8. To achieve PVI at the index procedure ablation was required inside each ipsilateral WACA on the right intervenous carina 51% and left intervenous carina 41%. 8 This was a portent to the findings of Sun et al and others regarding epicardial connections.

In the current study, Sun et al. demonstrated anatomical areas of PVI resistance and characterised these as epicardial connections 7. From the 597 patients in this study, 35 patients (5.86% incidence) had signals marked as epicardial connection which indicated resistance to PVI at index procedure 7. Comparable to recognising intervenous connection, they found the majority of resistant PVI connections to be right pulmonary vein to right atria, and some between the left pulmonary veins and ligament of Marshal. With high density electroanatomical mapping they found that in the cases of right pulmonary vein to right atria epicardial connection they would transit through the right intervenous carina. The earliest sites of activation during mapping of these epicardial connection were located at the anterior carina in 91.2% patients, whilst at the posterior carina in 11.8%, at the mid carina 2.9%, at the roof of the right pulmonary veins in 2.9% and at the inferior margin of the right pulmonary vein 2.9%. In the 2 patients with left pulmonary vein epicardial connection to the ligament of Marshal they were mapped to the anterior and middle carina respectively. The study also draws attention to the earliest site of epicardial breakthrough in relation to the initial WACA encirclement. They found the median distance to be 10.0 mm (IQR 7.5-14.5 mm). 

With the challenges of individual anatomy and sites of resistant PVI one may naturally focus on procedural aspects to improve the durability of PVI. Multi-pore irrigated tip catheter technologies that enhance energy delivery efficiency result in lower periprocedural reconnection rates compared to standard irrigated tip catheters. Contact force sensing catheters can provide continuous feedback regarding catheter contact and stability. Maintaining a contact force of >10 grams has been associated with a lower likelihood of pulmonary vein reconnection during adenosine provocation after initial pulmonary vein isolation 9. There are several aspects that pertain to ablation catheter stability such as the use of steerable sheaths, high frequency jet ventilation, general anaesthesia and ablation index or force-time integral 10.

A comparable study by Barrio-Lopez et al. in 2020 found epicardial connections to pulmonary veins in AF in 13.5% of their study population 11. They found the incidence of epicardial connections to be increasingly associated with structural heart disease and the presence of a patent foreman ovale. Interestingly, the presence of a common left pulmonary trunk decreased the incidence of epicardial connections. Similar to Sun et al. they found that the presence of epicardial connections reduced the chance of first pass PVI during WACA. Going one step further, when adjusting for heterogenic variables they found a significantly higher risk of AF recurrence in patients with epicardial connections when compared to patients without. They found the difference to have a hazard ratio 1.7 (1.1-2.9, 95% CI, P=0.04) 11. Indeed one might predict that if durable PVI is the principal requirement for successful catheter ablation for AF then the presence of extra-venous connectivity may give the atria increased probability of future reconnections. 
The interesting finding that more epicardial connections are seen in patients with paroxysmal AF is not discussed by Sun et al. but a putative mechanism may be that the dilatation and stretching of the antra that can often accompany persistent AF may mean that the epicardial connections are drawn into the WACA line to a greater extent than in smaller atria where paroxysmal AF is seen. Thus they are more likely to be ablated when performing the WACA line. Food for thought.

Sun et al. provide mechanistic insight into the anatomical areas of epicardial connection and demonstrate that high density mapping of the earliest areas of activation can identify these and provide focussed targets of ablation 7. As pointed out in their paper, some operators routinely ablate across the carina of both veins, and our own practice is to routinely ablate slightly within the WACA line both anteriorly and posteriorly along the carina, both on the left and right, and slightly within the WACA line superiorly and inferiorly on the right based on previous observations.8 The elegance of a targeted ablation rather than an empirical one is perhaps academic in this setting, although any ablation carries risk and therefore if the amount of ablation delivered can be reduced then that may reduce risk in turn. It also does not detract from the importance of recognising the presence of epicardial connections and addressing them. This would be anticipated to translate into an improvement in durable PVI for these patients - something a randomised study comparing ablating epicardial connections versus not ablating them would be sure to show, but is unlikely to be performed.



References
1. 	Dai H, Zhang Q, Much AA, Maor E, Segev A, Beinart R, et al. Global, regional, and national prevalence, incidence, mortality, and risk factors for atrial fibrillation, 1990–2017: results from the Global Burden of Disease Study 2017. European Heart Journal - Quality of Care and Clinical Outcomes. 2020; 
2. 	Haïssaguerre M, Jaïs P, Shah DC, Takahashi A, Hocini M, Quiniou G, et al. Spontaneous Initiation of Atrial Fibrillation by Ectopic Beats Originating in the Pulmonary Veins. New England Journal of Medicine. 1998;339(10). 
3. 	Nademanee K, McKenzie J, Kosar E, Schwab M, Sunsaneewitayakul B, Vasavakul T, et al. A new approach for catheter ablation of atrial fibrillation: Mapping of the electrophysiologic substrate. Journal of the American College of Cardiology. 2004;43(11). 
4. 	Narayan SM, Krummen DE, Shivkumar K, Clopton P, Rappel WJ, Miller JM. Treatment of atrial fibrillation by the ablation of localized sources: CONFIRM (Conventional Ablation for Atrial Fibrillation with or Without Focal Impulse and Rotor Modulation) trial. Journal of the American College of Cardiology. 2012;60(7). 
5. 	Knecht S, Hocini M, Wright M, Lellouche N, O’Neill MD, Matsuo S, et al. Left atrial linear lesions are required for successful treatment of persistent atrial fibrillation. European Heart Journal. 2008;29(19). 
6. 	Pokushalov E, Romanov A, Artyomenko S, Turov A, Shugayev P, Shirokova N, et al. Ganglionated plexi ablation for longstanding persistent atrial fibrillation. Europace. 2010;12(3). 
7. 	Sun X, Niu G, Lin J, Suo N, Guo T, Lu J, et al. The incidence and location of epicardial connections in the era of contact force guided ablation for pulmonary vein isolation. Journal of Cardiovascular Electrophysiology. 2021; 
8. 	Kistler PM, Ho SY, Rajappan K, Morper M, Harris S, Abrams D, et al. Electrophysiologic and anatomic characterization of sites resistant to electrical isolation during circumferential pulmonary vein ablation for atrial fibrillation: A prospective study. Journal of Cardiovascular Electrophysiology. 2007;18(12). 
9. 	Park C il, Lehrmann H, Keyl C, Weber R, Schiebeling J, Allgeier J, et al. Mechanisms of pulmonary vein reconnection after radiofrequency ablation of atrial fibrillation: The deterministic role of contact force and interlesion distance. Journal of Cardiovascular Electrophysiology. 2014;25(7). 
10. 	Münkler P, Kröger S, Liosis S, Abdin A, Lyan E, Eitel C, et al. Ablation index for catheter ablation of atrial fibrillation: Clinical applicability and comparison with force-time integral. Circulation Journal. 2018;82(11). 
11. 	Barrio-Lopez MT, Sanchez-Quintana D, Garcia-Martinez J, Betancur A, Castellanos E, Arceluz M, et al. Epicardial connections involving pulmonary veins: The prevalence, predictors, and implications for ablation outcome. Circulation: Arrhythmia and Electrophysiology. 2020;13(1). 
 
