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Abstract 

Atrial fibrillation (AF) is the most frequent arrhythmia in clinical practice. Catheter and surgical ablation has 

emerged as an alternative to maintain sinus rhythm and to avoid long-term AF complications. An ablation 

technique aims to target the triggers and the substrate of AF to prevent initiation and perpetuation of this 

arrhythmia. Surgical ablation is the gold standard in AF ablation; it has the best results in maintaining sinus 

rhythm in patients with persistent AF. Epicardial posterior left atrial wall isolation by right monolateral 

thoracoscopic approach is a minim invasive surgical technique that aims to eliminate major ganglionated plexi 

isolation influence on atrial myocardium in addition to pulmonary vein isolation. The exclusion of the left atrial 

posterior wall, including the pulmonary veins (considered as triggers or initiators) could be completed with an 

additional isolation/destruction of the adjacent major ganglionated plexi (considered as substrate modifiers) 

including the complex interconnection neural network which could add to influence the persistence of AF. 

Different hybrid surgical ablation lesions sets were developed, usually in a manner less than the full Cox-Maze IV 

lesion set. They are performed epicardially via minimally invasive (non-sternotomy) approaches without 

cardiopulmonary bypass, followed by catheter-based endocardial mapping, and if necessary additional ablation 

lines. The results of these innovative techniques are promising in persistent and long persistent AF. Epicardial 

right monolateral thoracoscopic approach to isolate the pulmonary vein and the major ganglionated plexi isolation 

in symptomatic refractory persistent AF patients is feasible and efficient. 
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Introduction 

 

More than 30% of patients with 

arrhythmias at hospital admission have atrial 

fibrillation (AF) [1]. Persistent AF is defined as 

recurrent AF that is sustained for seven days. 

In addition, patients with continuous AF who 

undergo cardioversion within seven days 

should be classified as having paroxysmal AF 

if the cardioversion is performed within 48 

hours of AF onset, and persistent AF if the 

cardioversion is performed more than 48 hours 

after AF onset. Longstanding persistent AF is 

defined as continuous AF of greater than one 

year’s duration [2].   

A major evolution has been made in the 

treatment of AF during the last years, offering 

now the potential to influence the outcome in a 

substantial number of patients by ablation. 

Despite this, treatment of persistent or 

longstanding persistent AF is a continuing 

challenge for every cardiologist. In patients 

who have not responded to antiarrhythmic 

drugs, the use of ablation (catheter and 
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surgical) has emerged as an alternative to 

maintain sinus rhythm to avoid long-term AF 

complications. It is known that paroxysmal AF 

ablation is associated with a 35% and 66% 

larger probability of success as compared to 

ablation of persistent and longstanding 

persistent AF, respectively [3]. Surgical 

ablation seems to be the most efficient 

treatment in these patients with persistent AF 

and therefore should be taking into account as 

an attractive alternative.  

According to the current guidelines an AF 

surgical ablation procedure is reasonable for 

selected patients with AF undergoing cardiac 

surgery for other indications (class IIa 

indication; level of evidence: C) [2]. For 

patients with AF undergoing cardiac surgery, 

there is moderate-quality evidence that 

concomitant AF surgery approximately 

doubles the percentage of freedom from AF, 

atrial flutter, or atrial tachycardia off anti-

arrhythmic drugs while increasing the risk of 

permanent pacemaker implantation [4]. 

However, due to the need for open-heart 

surgery and the morbidity associated with the 

surgical Cox-Maze procedure, minimally 

invasive and epicardial-endocardial (hybrid) 

ablation procedures have been developed. A 

stand-alone AF surgical ablation procedure 

(when additional cardiac surgical procedures 

are not performed) may be reasonable for 

selected patients with highly symptomatic AF 

not well managed with other approaches 

(class IIb indication; level of evidence: B) [2]. A 

stand-alone procedure of surgical ablation 

must be guided by the following principles:  a 

left atrial procedure should consist of 

pulmonary vein ablation, ideally with a 

connecting lesion to the mitral valve annulus; a 

bi-atrial procedure should be considered for 

those with persistent and longstanding 

persistent AF; when it can be safely 

performed, complete occlusion of the left atrial 

appendage should be considered. 

Nowadays there are 3 innovative surgical 

procedures as stand-alone techniques that are 

currently performed [5]: 

1. Unilateral epicardial thoracoscopic 

pulmonary vein isolation posterior encircling 

box lesion without left atrial appendage 

exclusion. 

2. Alternative approaches to posterior left 

atrial wall epicardial ablation lesion without left 

atrial appendage exclusion.  

3. Bilateral pulmonary vein isolation 

procedures inclusive of left atrial appendage 

exclusion: bilateral thoracoscopy or 

thoracotomy approach to perform isolated right 

and left Pulmonary Vein Antrum Isolation pairs 

with or without additional linear lesions on the 

left and right atrium. An alternative approach is 

to perform a posterior pulmonary vein isolation 

encircling box lesion. 

The persistent activity of some active 

epicardial non isolated ganglionated plexi 

located on left atrial posterior wall, could 

explain the 10% to 40% recurrence rate of AF 

after surgical pulmonary veins isolation alone 

[6]. Combined pulmonary vein isolation (by 

endocardial approach) with left atrial posterior 

wall isolation and excision of left atrial 

appendage (by bilateral thoracoscopic 

epicardial approach) could lead to a success 

rate of 89% at 6 months [7]. 

 

 

Posterior left atrial wall isolation in atrial 

fibrillation: rationale 

 

Electrical isolation of posterior left atrial 

wall in persistent AF aims to separate not only 

the four pulmonary vein considered as triggers 

but also the four ganglionated plexi of atrial 

myocardium causing an autonomic 

denervation.  Ganglionated plexi is supposed 

to play significant role as an influencing factor 

for persistence of AF through a complex 

interconnection neural network. Epicardial 

ganglionated plexi include anterior right 

ganglionated plexus (ARGP), inferior right 

ganglionated plexus (IRGP), superior left 

ganglionated plexus (SLGP) and inferior left 

ganglionated plexus (ILGP). They are part of 

the intrinsic cardiac autonomic nervous system 

and could be identified on the left atrial 

epicardial wall in the vicinity of the pulmonary 

vein antrum (Figure 1) [3]. 
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Fig. 1. Structures of left atrial posterior wall: ARGP - anterior right ganglionated plexus, CS – coronary sinus, 

IRGP inferior right ganglionated plexus, ILGP - inferior left ganglionated plexus, IVC – inferior vein cava, LSPV – 

left superior pulmonaty vein, LIPV -  left inferior pulmonary vein, RSPV – right superior pulmonary vein, RIPV – 

right inferior pulmonary vein, SLGP - superior left ganglionated plexus; modified after [3]. 

 

The intrinsic cardiac autonomic nervous 

system may serve as a trigger or perpetuator 

for AF [8, 9]. Both components of autonomic 

nervous system (sympathetic and 

parasympathetic) are present in the 

ganglionated plexi embedded in the fat pads 

on the epicardial surface [10]. The 

ganglionated plexi represent an integration 

centre that modulates the autonomic 

innervation between extrinsic and intrinsic 

cardiac autonomic nervous system [11]. The 

parasympathetic activation induces widening 

of the window of atrial vulnerability while the 

sympathetic stimulation enhances automatic 

firing within the pulmonary vein, promoting 

atrial ectopic beats at the veno-atrial junction. 

The response of ganglionated plexi 

stimulation is primarily vagal because the 

parasympathetic fibres are the major 

component of these structures [12]. 

Ganglionated plexi are identified by obtaining 

slowing of the ventricular rate in AF during 

endocardial or epicardial high frequency 

stimulation of specific sites of the left atrium 

[13]. The epicardial approach allows an easier 

identification of the major fat pads than with an 

endocardial one, due to direct visualization 

combined with visual oriented and electrical 

guided high frequency stimulation. 

Vago-sympathetic denervation as a 

potential therapeutic modality for AF has been 

demonstrated first of all in animal models [14-

17]. Endocardial ablation of autonomic ganglia 

has been reported to be curative for AF [18]. 

Until now, no direct evidence exists of the 

completeness ganglionated plexi destruction 

or isolation during AF ablation in humans. 

 

 

Thoracoscopic epicardial posterior left 

atrial wall isolation: technique 

 

Epicardial right monolateral thoracoscopic 

approach using microwave or radiofrequency 

energy in patients with refractory persistent AF 

aims to create an electrical block around the 

posterior left atrial wall, isolating the 

pulmonary veins and ganglionated plexi, as an 

alternative to endocardial complex 

segmentation. 

Symptomatic patients, aged 18 years 

and documented refractory symptomatic 

persistent AF, referred for pulmonary vein 

isolation or patients who are not candidates for 
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catheter ablation or who have failed to at least 

one attempt are considered eligible for this 

surgical procedure. Patients with advanced left 

ventricular systolic function impairment 

(ejection fraction <35%), with significant 

chronic obstructive pulmonary disease (peak 

expiratory flow <40%), comorbidity with 

reduced life expectancy, presence of left atrial 

or left atrial appendage thrombus (detected by 

transesophageal echocardiography) are not 

eligible for this stand-alone surgical procedure. 

However, the decision-making in these 

instances needs to be based on each 

institution’s experience with catheter and 

surgical ablation of AF, the relative outcomes 

and risks of each in the individual patient, and 

patient preference [3]. 

 

Operative technique 

 

The procedure is performed under general 

anaesthesia and is divided into four major 

steps which include: patient positioning, ports 

placement, pericardial reflection dissection 

and positioning of the antenna followed by 

energy application [19]. The esophagus is 

easily identified by the surgeon after the 

transesophageal probe is introduced. The right 

vagus nerve is visualized in the mediastinum 

where it crossed the trachea and is tested 

before energy application, as a first step of the 

isolation procedure. The ARGP and IRGP are 

easily identified and stimulated under 

endoscopic visualization (Figure 2).  

 

 

Fig. 2. Anatomical site of anterior right ganglionated plexus shown by duo-decapolar catheter (image during the 

isolation procedure). Courtesy of doctor Mark La Meir and Professor Luc De Roy (Belgium). 

 

Access to the LSGP is obtained by 

introducing the stimulating electrode through 

the transverse sinus, starting at the superior 

vena cava and orientating towards to the aorta 

under endoscopic guidance. The entire larger 

area of the LSGP can be stimulated in a 

repeatable fashion by this technique. The 

ILGP could not be easily reached by this right 

sided approach. Epicardial mapping and 

testing of ganglionated plexi is performed by 

high frequency stimulation (with the following 

parameters: 20Hz, 2 ms, 20 mA, using a 

programmable cardiac stimulator) in the 

following sequence: ARGP, IRGP and finally, 

LSGP. Each vagal response of ganglionated 

plexi to high frequency stimulation is recorded 

before and after procedure and the results are 

compared to assess if ganglionated plexus 

activity was modified. Two sequential 

applications are performed to create a box 

lesion by a continuous encircling line around 

the 4 pulmonary veins. Two times encircling 

box lesion set is the procedure ablation 

endpoint. Each ablation segment is performed 
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with a power setting of 65 watts for 120 

seconds per lesion. After 2 complete encircling 

lesions, electrical isolation of the pulmonary 

vein is assessed by pacing the right pulmonary 

vein - left atrium junction inside the box lesion, 

when in sinus rhythm, verifying the absence of 

capture by the atrium. Entry and/or exit block 

across the box lines is confirmed by sensing 

and pacing with a duo-decapolar 

electrophysiological catheter in those patients 

who converted into sinus rhythm during the 

procedure. The ideal is to obtain a complete 

electrical block between the box lesion and the 

rest of left atrium myocardium. 

 

 

Pre and postablation care and follow-up 

 

Before the procedure, a 12 lead 

electrocardiogram recording, telemetry 

surveillance, respiratory function tests, 48 

hours Holter monitoring, transthoracic and 

transesophageal echocardiography and 

computer-tomography of the pulmonary vein 

are performed in all patients. Antiarrhythmic 

medications except amiodarone are stopped 

more than five half-lives prior to ablation. All 

patients are taking acenocoumarol during 4-8 

weeks before the intervention. Documented 

INR (International Normalized Ratio) between 

2 and 3, for at least 3 times is mandatory prior 

to the procedure. Acenocoumarol is replaced 3 

days prior to the ablation by a therapeutic 

dose of low-molecular-weight heparin. 

Transoesophageal echocardiography is 

mandatory 24 hours prior to the intervention 

and during the procedure to rule out the 

presence of thrombus in the left atrium or left 

atrium appendage. 

After the procedure the patients are 

monitored continuously for 24 hours in the 

intensive care unit. After leaving the intensive 

care unit antiarrhythmic medication (primarily 

amiodarone or sotalol) is reintroduced. Low-

molecular-weight heparin is restarted 24 hours 

after the procedure followed by an oral 

anticoagulant therapy (acenocoumarol) 72 

hours later, after drainage tube is removed 

(usually after 24 hours). Patients are followed 

by continuous electrocardiograms and clinical 

monitoring during in-hospital stay. 

The follow-up is planned at every 3 

months and consisted in: clinical examination, 

12 lead ECG, transthoracic echocardiography 

and 7 days Holter monitoring. Adverse events 

are evaluated during hospitalization and at 

every follow-up by the cardiologist. 

Antiarrhythmic and anticoagulation drugs are 

continued in all patients until the first follow-up. 

 

 

Thoracoscopic epicardial posterior left 

atrial wall isolation: preliminary results 

 

There has been over two decades of 

experience with stand-alone procedures. The 

first minimally invasive surgical approach 

using video-assisted pulmonary vein ablation 

and exclusion of the left atrial appendage was 

described twelve years ago in a patient with 

paroxysmal AF [20]. 

The success rate at six months follow-up 

after minimally invasive pulmonary vein 

isolation and partial autonomic denervation in 

patients with persistent or longstanding 

persistent AF was reported to be about 57% 

[21]. Another study with 114 patients published 

that 46.9% and 32% of patients with persistent 

and longstanding persistent AF were free of 

AF and off antiarrhythmic medications at 195 

days of follow-up [22]. After thoracoscopic off-

pump radiofrequency pulmonary vein isolation 

plus left atrial appendage exclusion 60% to 

80% of patients obtain sinus rhythm [23-26]. 

Moreover one systematic review suggested 

that the efficacy of stand-alone surgical 

ablation by bipolar radiofrequency is 

equivalent to the cut-and-sew maze III 

technique [4]. 

When connection lines to the mitral 

annulus are added the success rates seems to 

be comparable with the cut-and-sew Maze. 

There are three limitations to doing this on the 

full beating heart: visualization behind the full 

beating heart’s left atrium is very limited; 

circumflex coronary artery overlying the mitral 

valve could be damage, and the coronary 

sinus is unreliable, and may leave a gap [4]. 

The efficacy and the safety of hybrid 

procedure which combine minim invasive 

epicardial right monolateral thoracoscopy with 

catheter endocardial ablation, in symptomatic 

refractory persistent AF was analysed in small 
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studies [27-30]. It seems that a combined 

transvenous endocardial and thoracoscopic 

epicardial ablation procedure for AF is feasible 

and safe, with a single-procedure success rate 

of 83% at 1 year [28]. Although the true 

success rates of these procedures are likely to 

be lower than has been reported if more 

extensive monitoring will be performed in the 

future, these results are encouraging. Stable 

sinus rhythm in hybrid ablation of persistent 

AF results in important left atrial and left 

ventricle reverse remodelling after 12 months 

[31]. 

Hybrid AF ablation determines durable 

lesions and high rates of pulmonary vein 

isolation even after long-term follow-up. Most 

of the repeat procedures after the hybrid 

approach are related to left atrial flutters that 

could be successfully treated by catheter 

ablation [32]. The hybrid strategy (epicardial 

followed by endocardial catheter ablation) is 

feasible and safe with a high post-procedural 

success and seems to represent the optimal 

treatment with low risk load and potentially 

long-term benefit for patients with a persistent 

and long-standing persistent AF. 

Prospective multicentre clinical trials are 

needed to better define the relative safety and 

efficacy of various surgical tools and 

techniques. There have been no randomized 

studies performed comparing the stand-alone 

surgical treatment of AF with endocardial 

catheter ablation procedures. 

This article could be a preliminary step of 

a future prospective study that aims to 

compare epicardial right monolateral 

thoracoscopy with endocardial catheter 

ablation in patients with persistent AF. 

 

 

Conclusion 

 

Minimally invasive epicardial right 

monolateral thoracoscopy (especially 

combined with catheter endocardial ablation) 

in symptomatic refractory persistent AF is 

feasible and clinically effective. However, the 

efficacy of this approach on the long-term in 

curing refractory persistent AF remains to be 

demonstrated. 
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