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Background and Objective: Treatment for atrial fibrillation (AF) has evolved significantly, with 
pulmonary vein isolation (PVI) becoming an established treatment. However, the outcomes following 
catheter ablation for persistent AF remain unsatisfactory. Hybrid catheter-surgical ablation has emerged as a 
therapeutic approach for persistent AF, combining the strengths of both interventions. The purpose of this 
narrative review is to comprehensively examine the current state of knowledge regarding hybrid ablation  
for AF.
Methods: A thorough PubMed search using the terms “hybrid ablation”, “atrial fibrillation”, “catheter 
ablation”, and “guideline on cardiology” within the timeframe of 1980 to 2024 resulted in 138,969 articles. 
Consensus on the selected articles was reached through a series of structured meetings and discussions.
Key Content and Findings: PVI has demonstrated higher sinus rhythm maintenance rates, especially 
for paroxysmal AF. However, the efficacy is not as high for persistent AF. Additional ablation strategies, 
such as linear ablation, complex fractionated atrial electrogram ablation, low voltage zone ablation as well as 
posterior wall isolation, lack consistent evidence of effectiveness. Hybrid ablation, involving collaboration 
between cardiac surgeons and electrophysiologists, presents a promising alternative for hard-to-treat AF. 
Recent studies report favorable outcomes of hybrid ablation, with atrial arrhythmia-free rates ranging from 
53.5% to 76%, surpassing those of catheter ablation alone, which might result from better lesion durability 
or intervention for non-PV foci and left atrial appendage excision or closure during hybrid ablation. The rate 
of complications associated with hybrid ablation is higher than catheter ablation alone.
Conclusions: While favorable outcomes of hybrid ablation for persistent AF have been reported, it is not 
recommended for all AF patients due to its invasiveness compared to catheter ablation. Additionally, some 
patients with persistent AF maintain sinus rhythm with catheter ablation alone. More clinical data are needed 
to determine which patients are suitable candidates for hybrid ablation.
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Introduction

The history of catheter ablation in human hearts traces back 
to 1982 when Dr. Scheinman, Dr. Morady and colleagues 
reported atrioventricular junction ablation using direct 
current (DC) shocks (1). Subsequently, the energy source 
shifted from DC energy to radiofrequency (RF) energy. 
RF catheter ablation has been used to treat atrioventricular 
nodal reentrant tachycardia, accessory pathway mediated 
tachycardias, atrial tachycardia, atrial flutter and ventricular 
arrhythmias (2). Atrial fibrillation (AF) was considered 
untreatable with catheter ablation until Dr. Haïssaguerre 
and colleagues reported in 1998 that atrial ectopic beats 
originating from the pulmonary veins initiated AF (3). This 
groundbreaking report has led to the rapid development of 
catheter ablation as an established treatment strategy for 
AF. Pulmonary vein isolation (PVI) has evolved from ostial 
PVI to antral PVI, and further to ipsilateral PVI, expanding 
its indications from paroxysmal AF to persistent AF. 
Recently, it has been estimated that approximately 600,000 
AF ablations are performed worldwide each year, and this 
number continues to rise (4).

Surgical treatment for AF began with the Maze 
procedure, first performed by Cox et al. in 1987 (5). The 
Maze procedure was later improved with the Maze III 
procedure, preserving atrial function and contraction (6). 
Since the Maze procedure involved repeated cut-and-
sew techniques, it was associated with prolonged aortic 
cross-clamp times and a risk of postoperative bleeding 
complications. The use of ablative energy sources such 
as RF and cryoablation replaced cut and sew procedures, 
making non-incisional surgical treatment known as Cox-
Maze IV procedure more common. Devices using RF-
energy enabled shorter surgery times and safer treatments. 
In recent years, the advent of devices utilizing RF-energy 
has transformed surgical ablation into a safer procedure 
with shorter operation times (7). Surgical AF ablation 
has evolved, and the Cox-Maze IV procedure showed a 
favorable outcome in the long-term maintenance of sinus 
rhythm (8). 

Compared to paroxysmal AF, treatment outcomes for 
persistent and long-standing persistent AF are not satisfactory 
yet. Hybrid catheter-surgical ablation is a treatment option 
for hard-to-treat AF, involving collaboration between cardiac 
surgeons and electrophysiologists. In recent years, hybrid 
ablation has emerged as a prominent therapeutic approach 
for persistent AF but has not yet become an established 
treatment for persistent AF. This comprehensive narrative 

review aims to explore the advantages and disadvantages of 
hybrid ablation for AF. We present this article in accordance 
with the Narrative Review reporting checklist (available at 
https://jtd.amegroups.com/article/view/10.21037/jtd-23-
1671/rc).

Methods

The purpose of this narrative review is to comprehensively 
examine the current state of knowledge regarding 
hybrid ablation of AF and to synthesize the existing 
literature to provide insights into hybrid ablation of AF. 
A comprehensive literature search was conducted using 
PubMed. The search terms included “hybrid ablation” or 
“atrial fibrillation” or “catheter ablation”or “guideline on 
cardiology”, and the timeframe for the search was limited 
to articles published between 1980 and 2024. Articles were 
included based on peer-reviewed journals. Studies that 
met the criteria for English language articles and age of  
19 years and older were included. A total of 138,969 articles 
were found using the above criteria. The selection criteria 
included clinically important articles for narrative review 
of hybrid AF ablation, and consensus was achieved through 
a series of structured meetings and discussions. Detailed 
information is shown in Table 1.

Progress of RF catheter ablation for AF

Currently, PVI is an established treatment for AF and 
demonstrates a higher maintenance rate of sinus rhythm 
compared to anti-arrhythmic drug therapy especially in 
patients with paroxysmal AF (9,10). Initially, during the 
inception of PVI, non-irrigation catheters without a contact 
sensor were used. However, in recent years, power-control 
irrigated catheters with contact sensors have become widely 
used. Three-dimensional (3D) mapping systems have been 
developed to predict the lesion volume based on applied RF 
power, contact force, and ablation duration. The CARTO 
system provides the ablation index as a marker of lesion 
volume (11). Similarly, the EnSite system provides the 
lesion size index (12). The Rhythmia system uses the local 
impedance measured by the ablation catheter as an indicator 
of lesion volume (13). With the evolution of these ablation 
catheter devices and 3D mapping systems, complications 
like thrombosis and cardiac tamponade have decreased, 
leading to improved outcomes after catheter ablation for AF. 
By utilizing catheters with a contact-sensor and assessing 
lesion volume with a 3D mapping system, particularly 

https://jtd.amegroups.com/article/view/10.21037/jtd-23-1671/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-23-1671/rc
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in paroxysmal AF cases, satisfactory results have been 
achieved, with approximately a 90% recurrence free rate at 
one-year post-ablation (14,15). High-power short-duration 
PVI, with electrical output raised to 50 W, has allowed for 
a reduction in procedural time compared to conventional 
power settings (16,17). Additionally, very high-power short-
duration ablation, introduced recently, utilizing 90 W for  
4 s in temperature-controlled mode, has shortened 
procedural time to around 70 minutes, with reported safety 
and efficacy levels comparable to 30–50 W ablation (18). 

Outcome after catheter ablation for persistent AF

Undoubtedly PVI is an established treatment modality, 
even for persistent AF. However, sinus rhythm maintenance 
rate after catheter ablation for persistent AF is not as high 
as that for paroxysmal AF. In cases of catheter ablation for 
persistent AF undergoing only PVI, the recurrence rate at 
one year after a single procedure has been reported to be 
approximately 40–50% (19,20). In the recent systematic 
review and meta-analysis including 73 studies with 67,159 
patients undergoing AF ablation, the pooled incidence of 
freedom from atrial arrhythmia at 5 years was 50.6% after 
a single ablation and 69.7% after multiple procedures. In 
non-paroxysmal AF, patients undergoing a single ablation 
demonstrated a freedom rate of 33.3%, contrasting with the 
higher rate of 59.7% observed in paroxysmal AF (P=0.002). 
For multiple ablations, the freedom rates were 60.6% 
for non-paroxysmal AF and 80.8% for paroxysmal AF  
(P<0.001) (21). 

Various additional ablations for improving treatment 
outcomes of persistent AF have been reported, such as 
linear ablation (i.e., roof line ablation or mitral isthmus 
ablation), complex fractionated atrial electrogram (CFAE) 
ablation, low voltage ablation, and posterior wall isolation. 

However, the effectiveness of these approaches remains 
uncertain.

The STAR AF II study, a randomized controlled trial, 
compared different ablation strategies for persistent AF, 
including PVI alone, PVI plus linear ablation, and PVI plus 
CFAE ablation. After 18 months, all three groups had a 
recurrence rate of approximately 50%. The study couldn’t 
establish the superiority of the additional ablation methods 
in preventing the recurrence of atrial tachyarrhythmias (22).

Low voltage zone ablation targets atrial scar identified by 
voltage maps in 3D mapping systems or cardiac magnetic 
resonance imaging (MRI). However, reports regarding its 
effectiveness have been inconsistent. While there is data 
supporting its effectiveness, there are also studies that fail 
to demonstrate its efficacy (23). For instance, the STABLE-
SR-II trial, a multicenter randomized controlled trial 
involving 300 patients with persistent AF, allocated patients 
in a 1:1 ratio to either PVI alone or PVI with additional 
low voltage zone ablation identified by a 3D mapping 
system (24). The recurrence rate at 18 months was 67% in 
both groups, with no significant difference demonstrated. 
Similarly, the DECAAF II trial, a multicenter randomized 
controlled trial comprising 834 patients with persistent AF, 
assigned patients in a 1:1 ratio to either PVI alone or PVI 
with ablation targeting scars identified by cardiac MRI (25). 
In both groups, the recurrence rates were approximately 
45%, and no superiority of low voltage area ablation 
identified by MRI was observed.

Posterior wall isolation for persistent AF

AF trigger sites are most commonly located in the 
pulmonary veins, but in the treatment of persistent and 
long-standing AF, PVI alone is often insufficient, and the 
treatment of non-PV foci is needed. Frequent sites for non-

Table 1 The search strategy summary

Items Specification

Date of search November 1, 2023 and January 7, 2024

Databases and other sources searched PubMed

Search terms used “hybrid ablation”, “atrial fibrillation”, “catheter ablation”, and “guideline on cardiology”

Timeframe 1980–2024

Inclusion criteria English language articles, patients age of 19 years and older

Selection process S.K. (the 1st author) independently conducted the selection, and consensus was achieved 
through a series of structured meetings and discussions
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PV foci include the superior vena cava, crista terminalis, 
ligament of Marshall, coronary sinus, left atrial appendage, 
and inter-atrial septum in addition to the left atrial posterior 
wall (26). The embryological origin of the left atrial 
posterior wall is similar to that of the pulmonary veins and 
is one of the most common sites of non-PV foci. However, 
the effectiveness of left atrial posterior wall isolation is not 
well-established. Recent reports show that adding posterior 
wall isolation to PVI does not significantly improve sinus 
rhythm maintenance rates in patients with persistent  
AF (27). Lee and colleagues conducted a study where 
they randomized 217 patients with persistent AF into two 
groups: PVI alone and PVI plus posterior wall isolation. In 
the group with PV isolation alone, 50.5% maintained sinus 
rhythm without anti-arrhythmic drugs after a mean follow-
up of 16 months, while in the group with PVI and posterior 
wall isolation, maintenance of sinus rhythm was 55.9%, 
showing no significant difference (28). The CAPLA trial, 
a multi-center randomized study involving 338 patients 
with persistent AF, also showed no significant difference in 
arrhythmia-free rates without anti-arrhythmic drugs after a 
single procedure at 12 months between the PVI only group 
(53.6%) and the PVI plus posterior wall isolation group 
(52.4%) (19). The conflicting data on the effectiveness of 
posterior wall isolation may be attributed to the durability 
of left atrial posterior wall lines. According to recent 
systematic reviews on left atrial posterior wall isolation, 
while the acute success rate exceeds 90%, the reconnection 
rate of the left atrial posterior wall line in the second 
procedure is approximately 60% (29).

Performing left atrial posterior wall isolation from 
the endocardial side with RF ablation and confirming 
electrical isolation through bidirectional block using pacing 
and voltage mapping on the 3D mapping system may be 
insufficient for confirming the completion of posterior wall 
isolation. In some studies, residual potentials were observed 
on the epicardial side of left atrial posterior wall even after 
confirmation of posterior wall isolation by endocardial 
mapping, which could conduct into the left atrium and 
contribute to the recurrence of AF. After posterior left 
atrial wall isolation, there have been reports suggesting 
that residual potentials in the unipolar voltage maps may 
be associated with the recurrence of AF (30,31). Creating 
transmural lesions in the left atrial posterior wall can be 
challenging due to the presence of the septo-pulmonary 
bundle and the proximity of the esophagus (32). This 
may result in insufficient RF energy application (to avoid 
complications such as left atrial-esophageal fistulas) and 

failure to achieve permanent posterior wall isolation.
Alternative techniques such as cryothermal or pulsed 

field ablation for left atrial posterior wall isolation are also 
reported, which may improve the effectiveness and safety 
of posterior wall isolation. Aryana and colleagues examined 
the efficacy of posterior wall isolation using cryoballoon 
for persistent AF. In their analysis of 168 patients in the 
PV isolation-alone group and 222 patients in the PV plus 
posterior wall isolation group, the group with posterior 
wall isolation had a significantly lower recurrence rate of 
AF (33). In a study involving 25 patients with persistent AF, 
pulsed field ablation was used to achieve PVI plus left atrial 
posterior wall isolation, showing a 100% acute success rate 
for both PV and posterior wall isolation. The long-term 
durability of the posterior wall was also 100% (34). 

Outcomes after hybrid ablation for AF

Cardiac surgeons and electrophysiologists contribute 
independently but complementary to hybrid ablation. The 
surgical ablation offers the advantages of excising or closing 
the left atrial appendage and addressing interventions on 
the ligament of Marshall. The excision or closure of the left 
atrial appendage is a highly reliable strategy for preventing 
cardioembolic stroke in AF patients, particularly those for 
whom discontinuation of anticoagulants is desirable (35,36). 
Lesion durability created during surgical ablation will be 
discussed later. 

On the other hand, endocardial catheter ablation excels 
in detailed evaluation of intracardiac electrogram, with 
3D mapping systems and multi-electrodes catheters. The 
thoracoscopic approach of surgical ablation involves limited 
access, making comprehensive mapping challenging. 
Endocardial ablation, in contrast, allows for mapping of 
all areas on the right and left atrial endocardium, aiding 
in clarifying incomplete lesions of epicardial ablation and 
completing the lesion sets such as PVI, posterior wall 
isolation, mitral isthmus line or superior vena cava isolation. 
Catheter ablation can treat non-PV foci originating from 
the coronary sinus ostium and atrial septum by point 
ablation rather than anatomical ablation (i.e., electrical 
isolation or linear ablation). Benefits of hybrid ablation, 
which combines surgical ablation and catheter ablation, are 
summarized in Figure 1. 

Treatment outcomes after hybrid ablation have been 
reported in several studies. In a single-center prospective 
study from the Netherlands conducted in 2019, a single-
stage hybrid ablation was performed on 50 patients with 
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persistent AF or failed catheter ablation. This procedure 
involved thoracoscopic PVI, left atrial roof and bottom 
line ablation, followed by catheter ablation during the 
same session. If the surgical ablation site was not isolated, 
additional ablation was performed to complete the isolation 
of pulmonary veins and left atrial posterior wall. For cases 
with AF lasting even after the completion of pulmonary 
veins and left atrial posterior wall, CFAE ablation was 
done, followed by cavo-tricuspid isthmus ablation. The 
atrial tachy-arrhythmia-free rate off anti-arrhythmic drugs 
at 12 months after a single procedure was 76% (38 out of  
50 patients) (37).

The CONVERGE trial,  published in 2020, was 
conducted in 27 hospitals in the United States and the 
United Kingdom and included 153 patients (58% with 
persistent AF and 42% with long-standing persistent 
AF). This was a randomized controlled trial that allocated 
patients in a 2:1 ratio to hybrid ablation and catheter 
ablation groups. The hybrid ablation involved epicardial 
ablation for PVI and posterior left atrial wall isolation, 
followed by catheter ablation during the same session. 
Additional ablation was performed as needed to complete 
electrical isolation of pulmonary veins and the posterior 

wall, followed by cavo-tricuspid isthmus ablation. In 
the catheter ablation group, PVI, roof line ablation, 
CFAE ablation, and cavo-tricuspid isthmus ablation 
were performed. The atrial tachy-arrhythmia-free rate at  
12 months, off antiarrhythmic drugs, after a single 
procedure was 53.5% in the hybrid ablation group and 
32.0% in the catheter ablation group (P=0.0128) (38). 

In 2020, Haywood and colleagues published the 
outcomes of hybrid ablation in 166 patients (41% with 
persistent AF and 59% with long-standing persistent AF) 
from four European centers. In this study, catheter ablation 
was performed as a staged procedure, with a median 
duration of 92.5 days from surgical ablation to catheter 
ablation. At the 18-month average follow-up, 56% (93 
out of 166 patients) were free from atrial tachyarrhythmia 
off anti-arrhythmic drugs. An analysis of 56 patients with 
implantable loop recorders at a mean of 14 months showed 
that 60% of patients remained fully arrhythmia-free, and 
80% had an AF burden of less than 5%. This study is 
important as it demonstrated a reduction in AF burden 
even in cases presenting with AF recurrence (39). In 2022, 
Bhatia and colleagues presented the outcomes of hybrid 
ablation in 64 patients (12.5% with paroxysmal AF, 25% 

Hybrid ablation

Benefits of 
surgical ablation

Benefits of 
catheter ablation

Transmural lesions 
combined with catheter 
ablation

Transmural lesions 
combined with surgical 
ablation

Complete lesion sets by 
endocardial ablation for
reconnection sites

Evaluation with 3D 
mapping system

Non-PV foci ablation 
(Non-anatomical)

LAA resection/occlusion

Additional epicardial 
ablation

Left atrial appendage

Vein of Marshall

Left pulmonary 
veins Right 

pulmonary veins

Coronary veins

• VOM
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• MI line
• SVC-IVC line

Figure 1 Benefits of catheter and surgical ablation. Combining catheter ablation using RF energy with surgical ablation may lead to 
improved lesion durability, as either one alone might not provide sufficient durability. The advantages of surgical ablation include the 
capability for intervention in the left atrial appendage and treatment of the vein of Marshall, which is difficult to treat by catheter ablation. 
On the other hand, the advantages of catheter ablation include the detailed evaluation of endocardial potentials using 3D mapping systems, 
which allows for the identification and treatment of reconnection gaps after surgical ablation. Additionally, point ablation for non-PV foci is 
possible. LAA, left atrial appendage; VOM, vein of Marshall; GP, ganglionated plexi; MI line, mitral isthmus line; SVC-IVC line, superior 
vena cava-inferior vena cava line; PV, pulmonary vein.
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with persistent AF, and 62.5% with long-standing persistent 
AF). Epicardial ablation included PVI, posterior wall 
isolation, excision of the ligament of Marshall, and left atrial 
appendage closure. Out of the 64 patients, 36 experienced a 
recurrence of AF, but the remaining 28 did not. Regardless 
of recurrence, all 64 patients underwent endocardial 
ablation. Catheter ablation treatment was a patient-tailored 
procedure, including ablation in low voltage zones (n=6), 
ablation of AF drivers (n=21), and treatment at sites of 
reconnection following surgical ablation. As a result, the 
atrial tachyarrhythmia-free rate of anti-arrhythmic drugs 
at 12 months was 73% (40). Up to this point, the outcomes 
of hybrid ablation studies have been single-arm or have 
involved variations in lesion sets. A recent meta-analysis 
examined 34 studies comparing hybrid and catheter ablation 
for persistent or longstanding persistent AF. The analysis 
included a total of 520 articles, with the selected studies 
comprising a patient population of 49,759. Hybrid ablation, 
which combines a thoracoscopic epicardial and transvenous 
endocardial approach, demonstrated superior efficacy in 
maintaining sinus rhythm compared to catheter ablation 
(70.7% vs. 49.9%, P<0.001). The conclusion emphasizes 
the necessity for large randomized controlled trials directly 
comparing hybrid and catheter ablation to draw definitive 
conclusions (41).

The HARTCAP-AF trial, published in 2023, is a 
randomized controlled trial that directly compared hybrid 
ablation and catheter ablation with the same lesion set. In 
this trial, 19 patients with an average duration of AF of 
22 months underwent hybrid ablation. Surgical ablation 
included PVI, posterior wall isolation, and left atrial 
appendage resection or closure, followed by additional 
catheter ablation treatment to confirm the isolation of 
pulmonary veins and posterior walls and provide additional 
ablation for clinically documented atrial tachycardia or 
flutter if necessary. For the 22 patients with an average 
duration of AF of 33 months who underwent catheter 
ablation, the same lesion set treatment was performed. 
The primary endpoint was freedom from any atrial 
tachyarrhythmias lasting more than 5 minutes off anti-
arrhythmic drugs after 12 months. In the hybrid ablation 
group, the rate was 89%, compared to 41% in the catheter 
ablation group (P=0.002) (42). The CEASE-AF trial is a 
multi-center, randomized controlled trial, investigating 
the effectiveness of  hybrid ablation compared to 
endocardial catheter ablation in patients with persistent and 
longstanding persistent AF. The study involved 154 patients, 
with 102 undergoing hybrid ablation and 52 undergoing 

catheter ablation. Primary effectiveness, evaluated as 
freedom from AF/atrial flutter/atrial tachycardia >30 s 
through 12 months without anti-arrhythmic drugs, was 
significantly higher in the hybrid ablation group (71.6%) 
compared to the catheter ablation group (39.2%) with an 
absolute benefit increase of 32.4%. Major complications 
were similar between groups. This more recent study 
showed that hybrid ablation is more effective than catheter 
ablation in maintenance of sinus rhythm in persistent and 
long-standing persistent AF without a significant increase in 
procedural risk (43). 

These clinical studies are observational studies 
or randomized controlled trials involving a small 
number of cases from experienced centers. The current 
recommendation for surgical ablation in the European 
Society of Cardiology guidelines is Class IIa or IIb. For 
patients with a history of failed catheter ablation for  
anti-arrhythmic drug-refractory AF, it has a class IIa 
indication (44). In the latest 2023 American College of 
Cardiology (ACC)/American Heart Association (AHA)/
American College of Clinical Pharmacy (ACCP)/Heart 
Rhythm Society (HRS) guideline for the diagnosis and 
management of AF, concomitant surgical ablation during 
cardiac surgery is a class IIa recommendation, while hybrid 
ablation has a class IIb recommendation (45). On the other 
hand, there is no specific recommendation regarding hybrid 
ablation in the Japanese Circulation Society (JCS)/Japanese 
Heart Rhythm Society (JHRS) guideline. Concomitant 
surgical ablation is a class I recommendation, and stand-
alone surgical ablation has a class IIa recommendation for 
patients with symptomatic AF without structural heart 
disease and those with AF after catheter ablation (46). 
Further investigations involving a larger number of patients 
are needed in the future to assess the effectiveness of hybrid 
ablation. 

Timing of catheter ablation (simultaneous or 
staged catheter ablation)

Several differences exist between performing hybrid 
ablation in a single stage (i.e., simultaneous endocardial 
ablation) or in separated stages (i.e., staged endocardial 
ablation). The advantage of simultaneous surgical and 
endocardial catheter-based ablation is that cardiac surgeons 
and electrophysiologists can collaborate in real time, and 
the treatment can be completed in a single procedure. 
However, disadvantages include longer anesthesia time, 
performing catheter ablation in an operating room, 
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an unusual environment for electrophysiologists, and 
difficulties in evaluating accurate potentials due to 
postoperative myocardial edema. Staged endocardial 
catheter-based ablation offers the advantages of accurate 
potential evaluation since mapping can be performed 
after the acute edema from surgical ablation has resolved. 
However, the disadvantage is that patients require treatment 
in two stages. After the first surgical ablation, patients are 
discharged, and some cases may present with palpitations 
due to an incomplete lesion set or reconnection before the 
staged catheter ablation. 

Durability of epicardial ablation for persistent AF

Recurrence patterns after surgical ablation include not 
only AF recurrence but also atrial tachycardia and atrial 
flutter recurrence (47). Cases requiring the cavo-tricuspid 
isthmus line/mitral isthmus line ablation are relatively 
common (39). Representative cases are shown in Figures 2,3.  

Previous reports on staged catheter ablation after surgical 
ablation for AF highlighted that the roof line as most 
common reconnection site after epicardial ablation. In 
evaluations of endocardial mapping performed 3–8 weeks 
after endocardial ablation, pulmonary vein reconnection was 
observed in 28.1% of cases, and the reconnection rate in 
the left atrial posterior wall was 59.4% (34). The durability 
of surgical PVI and left atrial posterior wall isolation shows 
room for improvement. 

Another study that conducted staged catheter ablation 
reported that only 25% did not show pulmonary vein 
or posterior wall reconnection after surgical PVI and 
posterior wall isolation. The roof line had the highest 
reconnection rate at 36%, followed by right pulmonary vein 
reconnection at 28%, left pulmonary vein reconnection 
at 22%, and bottom line reconnection at 14% (39). As for 
lesion durability after endocardial catheter ablation using 
RF energy, limited chronic posterior wall isolation line 
durability is shown. The PeAF-Box study investigated the 

Figure 2 Representative case 1. Staged catheter ablation after stand-alone surgical ablation. A patient in his 50s with long-standing 
persistent AF. Thoracoscopy-guided surgical ablation was performed, including PVI, posterior wall isolation, superior vena cava isolation, 
and left atrial appendage excision. After discharge, atypical atrial flutter was documented. Five months later, staged catheter ablation was 
conducted. Reconnection was observed in the left pulmonary veins and left atrial posterior wall. Roof line and partial floor line ablation 
were performed, resulting in left atrial posterior wall re-isolation. The floor line, which was in close proximity to the esophagus, had lesions 
extending to the endocardial side due to surgical ablation, and additional endocardial ablation to the vicinity of the esophagus was not 
necessary. The left pulmonary veins were re-isolated by additional ablation only for the anterior carina. The uncommon atrial flutter was 
identified as peri-mitral atrial flutter, and mitral isthmus ablation was performed. Cavo-tricuspid ablation was also conducted. It has been 
over five years since the hybrid ablation, and the patient has maintained normal sinus rhythm without anti-arrhythmic drugs. LAO, left 
anterior oblique; PA, posterior anterior; LPV, left pulmonary vein; MI line, mitral isthmus line; CTI line, cavo-tricuspid isthmus line; AF, 
atrial fibrillation; PVI, pulmonary vein isolation.
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lesion durability of endocardial PVI and posterior wall 
isolation using ablation catheters with RF energy. Twenty-
four patients underwent circumferential PVI and posterior 
wall isolation with RF energy. At the 6-month reassessment, 
the rate of reconnection of PVI line and posterior wall 
isolation line is 15% and 54%, respectively (48). In current 
practice, high-power short-duration ablation or pulsed field 
catheter-based ablation may be considered superior in terms 
of the durability of PVI. On the other hand, regarding left 
atrial posterior wall isolation, surgical ablation might offer 
significant benefits. In order to avoid atrio-esophageal 
fistula formation, the floor line often receives insufficient 
RF application when performing endocardial posterior wall 
isolation. However, reconnection of the floor line close 
to the esophagus after epicardial posterior wall isolation 
is less common, which allows for easy re-isolation of the 
posterior wall from the endocardial side. Thus, combined 
epicardial-endocardial posterior wall isolation may result 
in more durable transmural lesions, which contribute 
to a high postoperative sinus rhythm maintenance rate. 
Data regarding lesion durability after surgical ablation is 
available. However, there is no data regarding the long-
term lesion durability after staged catheter ablation, which 

needs to be investigated in the future.

Posterior wall isolation of hybrid AF ablation

In hybrid AF ablat ion,  there are several  ways to 
thoracoscopically isolate the posterior wall, including (I) the 
posterior box (single ring); (II) PVI with connecting roof 
and floor lines; and (III) posterior left atrial ablation. For 
the creation of a posterior box, two devices are commonly 
used to create this lesion set. The COBRA fusion (AtriCure) 
is a non-clamping, flexible device that wraps around the 
pulmonary venous antrum in a circumferential fashion. 
Non-irrigated RF energy is delivered in alternating 
unipolar and bipolar cycles to furnish as continuous a 
lesion set as possible. The Gemini-S (Medtronic) ablation 
system is an irrigated RF clamp that uses irrigated bipolar 
energy to enhance the creation of transmural lesions. For 
both devices, multiple applications around the pulmonary 
venous antrum are generally needed to achieve a contiguous 
lesion set. Technical differences exist between the two 
devices. Extensive dissection of the oblique and transverse 
pericardial sinuses is required with use of a clamp-based 
device, whereas less dissection in this region is needed 

LAO

SVCI Roof line
Roof line

RPVI

Epicardial ablation 
lesion

Endocardial ablation

RPVI

CTI line

PA

Figure 3 Representative case 2. Staged catheter ablation after stand-alone surgical ablation. A patient in her 60s with persistent AF, a history 
of direct closure surgery for atrial septal defect, and a history of treatment for right pleural empyema. Thoracoscopy-guided AF surgery 
was performed, including left PVI, roof line ablation, floor line ablation, and left atrial appendage excision. Surgical isolation of the right 
pulmonary veins was impossible due to pleural adhesions. Six months later, staged catheter ablation was performed, such as isolation of the 
right pulmonary veins, along with roof line and partial floor line ablation. Without additional endocardial ablation close to the esophagus, 
left atrial posterior wall re-isolation was achieved. Re-isolation of the superior vena cava and cavo-tricuspid isthmus ablation were also 
conducted. LAO, left anterior oblique; PA, posterior anterior; SVCI, superior vena cava isolation; RPVI, right pulmonary vein isolation; 
CTI line, cavo-tricuspid isthmus line; AF, atrial fibrillation; PVI, pulmonary vein isolation.
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when a non-clamping device is used. Also, completion of 
the epicardial lesion set can be achieved with a unilateral 
thoracoscopic approach with a non-clamping device, 
whereas a bilateral thoracoscopic approach is often needed 
with use of a clamp-based device. In the third ablation 
strategy (posterior left atrial ablation), a small subxiphoid 
incision is made to create a pericardial window for passage 
of the pericardioscope and ablation tool. The posterior 
left atrial epicardial surface is ablated using the EPI-sense 
device (AtriCure), which delivers unipolar energy and has 
a built-in vacuum to maximize contact with the epicardial 
surface. This approach requires a single access site, making 
it potentially advantageous over other techniques that 
require multiple access ports (49).

There is a difference between thoracoscopic and 
subxiphoid hybrid AF ablation. Thoracoscopic hybrid 
ablation provides direct visualization of the heart, enabling 
precise lesion creation and yielding high success rates, 
especially when combined with endocardial catheter 
ablation. However, its invasiveness, involving thoracoscopic 
surgery, introduces additional risks compared to catheter-
based methods. In contrast, subxiphoid hybrid ablation 
offers a less invasive alternative, minimizing postoperative 
pain through a smaller incision below the xiphoid process. 
The single-port access simplifies the procedure, but two 
limitations are associated with the subxiphoid approach. 
Firstly, anatomic constraints imposed by the transverse and 
oblique sinuses restrict the extent of posterior left atrial 
ablation, particularly affecting the roof aspect. Secondly, 
achieving PVI is challenging due to the inability to perform 
circumferential ablation, constrained by pericardial 
reflections. Consequently, additional endocardial ablation 
is frequently necessary to accomplish PVI with this  
approach (50).

Complications associated with hybrid ablation

The complication rate of hybrid ablation is reported to be 
around 7–20%, which is 2.0–3.6-fold higher compared to 
catheter ablation (37-40,49). Furthermore, the majority of 
complications associated with hybrid ablation occur during 
the surgical part. Complications that may occur include 
bleeding, pulmonary vein injury, irreversible phrenic nerve 
injury, pleural effusion, pericarditis, stroke, pericardial 
effusion requiring drainage, conversion to sternotomy and 
bradycardia requiring pacemaker implantation. According 
to the meta-analysis, published in 2019, including 34 studies 
with 49,759 patients, hybrid ablation showed a slightly 

higher overall complication rate than catheter ablation. 
Specific complication rates of hybrid ablation and catheter 
ablation included bleeding requiring transfusion (1.6% 
vs. 0.4%, P<0.001), cardiac tamponade (1.7% vs. 0.7%, 
P=0.049), hospital mortality (1.1% vs. 0.5%, P=0.007), 
pacemaker implantation (1.0% vs. 0.4%, P=0.041), phrenic 
nerve injury (1.2% vs. 0.4%, P=0.002), pneumothorax (1.0% 
vs. 0.4%, P=0.033), and PV stenosis not requiring stenting 
(1.0% vs. 0.4%, P=0.007) (41). However, recent reports 
suggest that, with the advancement of treatment devices and 
increased treatment experience in recent years, the serious 
complication rate has decreased in the contemporary study 
of hybrid ablation. In the HARTCAP-AF study published 
in 2023, the incidence of major complications was 5% 
for both hybrid ablation and catheter ablation, with no 
statistically significant difference observed. The median 
radiation dose was 31 cGycm2 in the hybrid ablation group 
compared to 67 cGycm2 in the catheter ablation group, 
showing a statistically significant difference (P<0.001) (42). 
Similarly, in the CEASE-AF trial published in 2023, the 
rate of major complication was 7.8% in hybrid ablation and 
5.8% in catheter ablation, which did not show a statistically 
significant difference (43). 

Intervention for left atrial appendage in hybrid 
ablation

When performing hybrid ablation, it is common to include 
left atrial appendage resection or closure in addition to 
the surgical ablation. This intervention on the left atrial 
appendage is one of the most crucial procedures in hybrid 
ablation. The left atrial appendage is the most frequent site 
for the formation of intracardiac thrombi, and the resection 
or closure of the left atrial appendage in non-valvular AF 
patients is the most reliable prevention against AF-related 
strokes.

Ohtsuka et al. presented follow-up data for thoracoscopic 
left atrial appendage closure in 201 non-valvular AF 
patients. They reported a 100% success rate in the removal 
of the left atrial appendage in all patients. Despite a 
high average CHA2DS2-VASc score of 4.7, the rate of 
cardioembolic stroke occurrence without anticoagulation 
therapy was 0.25 events per 100 patient-years (51). No 
major complications were observed, ensuring the safety 
of the procedure (52). A more recent randomized control 
study, the LAAOS III study, demonstrated that left atrial 
appendage occlusion reduces ischemic stroke or systemic 
embolism risk in AF patients undergoing cardiac surgery. 
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This analysis examined left atrial appendage occlusion’s 
impact on stroke risk concerning oral anticoagulant 
(OAC) therapy variation. Among the 3,027 discharged 
patients, 63.5% received vitamin K antagonists, and 18.5% 
received direct OACs. The consistent reduction in stroke 
risk with left atrial appendage occlusion persisted across 
OAC-use categories: hazard ratios of 0.70, 0.63, and 0.76. 
Importantly, left atrial appendage occlusion conferred 
thromboembolism reduction independently of OAC  
use (36). In the latest 2023 ACC/AHA/ACCP/HRS 
guideline, left atrial appendage closure in patients with AF 
and CHA2DS2-VASc ≥2 undergoing cardiac surgery is a 
class I recommendation (45).

While the primary goal of interventions on the left atrial 
appendage is to prevent intracardiac thrombi and related 
cardioembolic strokes, there may be additional benefits. 
The left atrial appendage serves as a non-PV foci source (53). 
Inamura et al. published a paper regarding the origin of 
non-PV foci in 2,967 patients who underwent ablation for 
paroxysmal or persistent AF (26). They identified non-PV 
foci in 564 patients (19.2%) using a high-dose isoproterenol 
challenge, with 113 patients having a left atrial origin of 
non-PV foci. Among these 113 patients, 14 had left atrial 
appendage-origin non-PV foci, suggesting the possibility 
of treating left atrial appendage-origin AF triggers by 
resecting the left atrial appendage. The BELIEF trial 
was a randomized controlled trial involving 173 patients 
with long-standing persistent AF, and it demonstrated the 
effectiveness of empirical electrical isolation of the left atrial 
appendage in reducing AF recurrence (54). Improvements 
in blood pressure control have also been reported after left 
atrial appendage resection. When compared to percutaneous 
left atrial appendage closure, surgical left atrial appendage 
exclusion significantly lowered systolic blood pressure at 
3 and 12 months (55,56). A downregulation of the renin-
aldosterone-angiotensin system has been suggested as a 
mechanism for the blood pressure-lowering effect, and 
this improvement in comorbidities, such as blood pressure, 
might contribute to the prevention of AF recurrence.

Conclusions

Hybrid ablation is a novel therapeutic option that combines 
minimally invasive surgical ablation with endocardial 
catheter-based ablation. Existing literature shows favorable 
outcomes and higher complication rates of hybrid ablation 
compared to catheter ablation. PVI can be performed by 
both surgical and catheter ablation; however, the durability 

of posterior wall isolation is better in hybrid ablation. 
Additionally, the advantages of hybrid ablation include left 
atrial appendage excision or additional interventions for the 
vein of Marshall or mitral isthmus line, contributing to the 
favorable outcomes of hybrid ablation. Nevertheless, hybrid 
ablation is not recommended for all AF patients because it 
is more invasive compared to catheter ablation, and some 
patients with persistent AF maintain sinus rhythm with 
catheter ablation alone. At present, hybrid ablation remains 
a treatment option performed in experienced centers 
for selected patients. More clinical data are required to 
determine which patients are suitable candidates for hybrid 
ablation.
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