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Introduction

Concomitant atrial fibrillation (AF) ablation during cardiac 
surgery has shown efficacy in restoring sinus rhythm, 
with some studies indicating improvement in quality 
of life and potential reductions in morbidity and even 
mortality (1,2). Historically, the Cox Maze procedure was 
the benchmark for AF treatment and has been adapted 
over time for less invasive cardiac surgeries. A technical 
description of concomitant ablation techniques in minimally  
invasive coronary and valvular surgery as performed in our 

center could offer insights to enhance feasibility, safety, 
and standardization of practice. Therefore, this paper 
summarizes our current concomitant AF ablation strategies 
and techniques.

Techniques such as bipolar epicardial radiofrequency 
and endo/epicardial cryoablation have evolved as crucial 
adaptations in concomitant AF treatment, emphasizing 
the isolation of the atria’s most arrhythmogenic regions. 
Historically rooted in the Cox Maze procedure, and 
reinforced by recent studies, pulmonary vein isolation (PVI), 
left atrial posterior wall isolation and left atrial appendage 
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(LAA) occlusion have emerged as fundamental components 
of this strategy. While PVI is established as the most 
rigorously proven effective ablation treatment, especially 
in paroxysmal AF, it may be insufficient alone for patients 
with persistent or longstanding-persistent AF. In these 
cases, additional substrate modification through left atrial 
posterior wall isolation has shown potential effectiveness 
(3,4). Furthermore, recent research highlights the critical 
role of LAA occlusion, not only for stroke risk reduction 
but also for addressing non-PVI triggers in select patient 
groups (5-7), thereby solidifying its status as an integral 
element of concomitant AF treatment. 

Although the right atrium has a role in AF, right atrial 
ablation lines are less frequently performed in minimally 
invasive procedures for several reasons. Firstly, due to 
reports of high pacemaker implantation rates (8); secondly, 
the majority of right atrial lesions originally introduced in 
the Cox Maze procedure primarily target the prevention of 
atrial flutter which in most cases can without difficulty be 
performed by endocardial catheter ablation; and thirdly, the 
complexity of right atrial ablation lesion set (8). Altogether, 
the left atrium is the primary focus for concomitant AF 
surgery in most cases.

However, the evidence remains diverse. Several 
factors, including patient selection, surgeon’s expertise, 
and the specific clinical scenario, influence the outcomes. 
Furthermore, while there is a growing consensus, 
underscored by guidelines positioning epicardial ablation 
as a class IIa indication, suggesting its application in most 
cardiac surgeries, there’s still a pressing need for coherent 
procedures and guidelines that consider the type of AF 

and the type ablation set (7,9,10) . Therefore, the Heart 
Team remains pivotal in the decision-making process, 
emphasizing individualized considerations based on the 
patient’s risk factors, the surgery type, and the potential 
procedure benefits and risks. In the following figures, we 
will detail our patient selection and step-by-step technique 
for minimally invasive mitral valve, coronary artery bypass, 
and aortic valve surgeries, offering a visual insight into our 
practices.

Operative technique

Patient selection for concomitant AF ablation

Table 1 showcases our Heart Team’s criteria for selecting 
patients for concomitant AF ablation. This selection process 
is informed by literature and expert opinions. It includes a 
decision-making flow chart considering factors such as the 
type of AF, left atrial volume index, the presence or absence 
of right atrial dilatation, the type of surgery (whether the 
left atrium is open or closed), and symptomatology. It’s 
important to note that our primary focus is on treating 
patients with symptomatic AF. However, in many cases, it 
may be challenging to differentiate symptoms of AF from 
those arising from coronary or valvular heart disease.

AF ablation in minimally invasive mitral valve surgery

As shown in Figure 1, the patient lies in a supine position. 
Under echocardiographic guidance, the cardiopulmonary 
bypass is established through the right femoral vein and 

Table 1 Patient selection for concomitant AF ablation

Paroxysmal AF Persistent AF LSPAF <5 years LSPAF >5 years

AF symptoms Yes or no Yes or no Yes or no Yes

LAVI <34 mL/m2 PVI + LAAO PVI + box + LAAO PVI + box + LAAO

LA open → + mitral isthmus line LA open → + mitral isthmus line

RA dilated → biatrial maze

LAVI >34 mL/m2 PVI + box + LAAO PVI + box + LAAO PVI + box + LAAO

LA open → + mitral isthmus line LA open → + mitral isthmus line

RA dilated → biatrial maze

LAVI >70 mL/m2 PVI + box + LAAO No ablation No ablation

AF, atrial fibrillation; LSPAF, longstanding persistent AF; LAVI, left atrial volume index; PVI, pulmonary vein isolation; LAAO, left atrial 
appendage occlusion; box, left atrial posterior wall; RA, right atrium.
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artery. We then access the thoracic cavity via a 4-cm 
thoracotomy in the right 4th intercostal space, using a 
soft tissue retractor for better visualization. A camera is 
introduced into the 4th intercostal space. Through a nearby 
incision, the Chitwood aortic clamp is placed on the aorta, 
and a cardioplegia cannula is positioned under direct vision 
in the ascending aorta. With controlled hypotension, the 
ascending aorta is cautiously clamped, and cardioplegia is 
administered.

After achieving cardioplegic cardiac arrest,  the 
pericardium is incised below the phrenic nerve. The 
left atrium is then opened beneath Waterston’s groove, 
and a left parasternal atrial retractor is placed for better 
visualization of the left atrium and mitral valve (as shown in 
Figure 2). The LAA is inspected to ensure it is thrombus-
free. Isolation of the pulmonary veins and the posterior 
left atrial wall is achieved with a box lesion using two 

endocardial cryo-ablation lines (indicated in red, Figure 2).
The first endocardial cryolesion is running from the 

atrial incision inferiorly from the inferior pulmonary veins 
into the LAA (see Figure 3).

The second endocardial cryoline is created by slightly 
bending the cryoprobe, forming a continuous endocardial 
lesion from the atrial incision above the superior pulmonary 
veins, intersecting the first line. It’s vital that these two lines 
overlap sufficiently.

The mitral isthmus line is executed both endo- and 
epicardially, as shown in Figure 4. The coronary anatomy, 
whether left-, right-dominant, or balanced, dictates the 
position of the line. Special care is taken to avoid freezing 
the posterior descending artery. The epicardial lesion is 
made first, crossing the coronary sinus and positioning 
the line between the posterior descending artery and 
the posterolateral branches (see Figure 4A). Following 
the epicardial mitral isthmus line, the corresponding 
endocardial line is set (see Figure 4B and the purple line in 
Figures 2,4). Care is taken to position the cryoprobe over 
the mitral annulus, ensuring the endocardial tip is near the 
posterior mitral valve leaflet.

After finalizing the box lesion and mitral isthmus lines, 
we inspect the LAA using a camera positioned below the 
aorta through the transverse sinus. We then size and place 
an endoscopic LAA clip, ensuring the LAA is fully enclosed 
without any residual pouch. The clip is positioned parallel 
to the right pulmonary artery, making sure it doesn’t 
compress the left main coronary artery (see Figure 5). In this 
figure, a AtriClip V device is shown (Atricure, Ohio, USA), 
however, in patients with a broader base of the LAA, the 

Figure 1 Patient position and set-up.

Figure 2 Left atrial lesion set. 

Figure 3 Endocardial lesion set with cryoprobe for inferior box 
line.
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fully closed AtriClip PRO2 device may have better control 
of the far side of the LAA to assure complete closure.

AF ablation in endoscopic coronary bypass surgery

As previously outlined by Verberkmoes et al. (11), the 
procedure is performed concordantly but with certain 
modifications. Patients are placed under general anesthesia 
in a supine position, with both arms resting beside the body 
to ensure the posterior axillary line remains unobstructed—
this is crucial for instrument mobility. Double lumen tube 
intubation is used for selective lung ventilation. Defibrillator 
pads are positioned on every patient: one on the left scapula 

and the other on the right upper abdominal quadrant. A 
standard transesophageal echocardiography is conducted to 
inspect the LAA for thrombi.

The procedure commences on the left side. For the 
endoscopic coronary bypass (Endo-CAB) procedure the 
left side start is crucial for inspection of the left internal 
mammary artery (LIMA) and coronary targets. A 5-mm 
trocar is inserted in the mid-axillary line to accommodate 
a 0-degree 5 mm camera (Karl Storz GmbH, Tuttingen, 
Germany). A CO2-induced pneumothorax with intrathoracic 
pressures of 8–12 mmHg is created and both lungs are 
ventilated during LIMA harvest. In a triangle formation, two 
additional 5 mm trocars are positioned approximately 3 cm 

Figure 4 Mitral isthmus line. (A) Epicardial lesion; (B) endocardial lesion. IVC, inferior vena cava.

Figure 5 Closure of the left atrial appendage. SVC, superior vena cava.

A B
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apart from the camera port. The equipment arrangement 
is depicted in Figure 6. It is worth noting that for optimal 
LIMA harvesting, the port positioning leans more anterior 
than the standard stand-alone thoracoscopic AF ablation.

Standard endoscopic tools are utilized. The pericardium 
is incised at least 2 cm anterior to the phrenic nerve. 
The target coronary vessels are marked using endoscopic 
titanium clips. Subsequently, the LIMA is meticulously 
harvested as detailed by Akca et al. (12). It is important to 
highlight that the pericardium incision is ventral to the 
phrenic nerve, diverging from the standard thoracoscopic 
AF ablation in stand-alone AF. This approach is chosen to 
accurately locate the left anterior descending artery and 
ensure accessible anastomosis. After harvesting full length 
of the LIMA the endoscopic ablation is performed. Heparin 
is administered after completion of the thoracoscopic AF 
ablation and the LIMA is not yet divided distally. This to 

reduce the risk of bleeding during AF ablation and to avoid 
injury to the LIMA as it lies posteriorly in the field of the AF 
ablation after dividing distally. After harvesting of the LIMA, 
selective right lung ventilation is initiated for optimal vision.

Following this, the oblique sinus is accessed via blunt 
dissection, positioned between the inferior caval vein and 
the right lower pulmonary vein. Care is taken to remain 
just beneath the pulmonary vein plane. Additionally, the 
transverse sinus is exposed just above the left atrium’s roof, 
leading into the fat beneath the superior pulmonary vein’s 
pericardial reflection. The lower trocar is replaced for a  
12-mm port and both guiding catheters are inserted 
into the thoracic cavity through the lower trocar. One is 
positioned through the oblique sinus, and the other through 
the transverse sinus, with their tips resting in the pericardial 
cavity on the right side.

The procedure then progresses to the right side, utilizing 
single left lung ventilation, as illustrated in Figure 7. The 
trocars are situated in identical intercostal spaces as on the 
left, albeit slightly more posterior to enhance instrument 
angulation.

The pericardium is incised 2 cm above of the phrenic 
nerve. Fat in Waterston’s groove is divided using diathermy. 
Both guides are retrieved and routed through the 12 mm 
right lower trocar. The bipolar RF clamp (Gemini S, 
Medtronic) attaches to the guides, with its concave side 
facing the heart, as depicted in Figure 8. It is then positioned 
around the pulmonary veins, and bipolar ablation is 
executed five times from the right.

Figure 6 Left sided set-up ENDO-Cab and mini-maze. ENDO-
Cab, endoscopic coronary bypass. LIMA, left internal mammary 
artery.

Figure 7 Right sided set-up ENDO-Cab and mini-maze. ENDO-
Cab, endoscopic coronary bypass.

Figure 8 Introduction of bipolar radiofrequency ablation clamp 
from the right side. Intrathoracic view. PA, pulmonary artery; IVC, 
inferior vena cava; SVC, superior vena cava; RPA, right pulmonary 
artery; RSPV, right superior pulmonary vein; RIPV, right inferior 
pulmonary vein.
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The procedure is again continued on the left side and 
clamping is also performed with 5× bipolar ablation with 
the concave site of the clamp towards the heart completing 
the box (see Figures 9,10). Visual overlap of the bilateral 
ablation lines is assessed trough the oblique sinus and after 
electrical cardioversion to sinus rhythm (when patient is still 
in AF), sensing and pacing is performed to confirm entrance 
and exit block. 

A clip to the LAA is placed through the 12 mm lower 
trocar (not shown in figures) in all patients (AtriClip 

PRO2, Atricure, Mason, Ohio, USA). After completion 
of the ablation procedure and clip placement, heparin is 
administered and the LIMA is clipped and divided distally. 
The procedure is continued with the off-pump endo-CAB 
as described earlier (12).

LAA closure in mini-AVR

Aortic valve replacement via mini-sternotomy is carried out 
using a J-incision in the third intercostal space. However, 
conducting pulmonary vein or box ablation through this 
method has proven challenging with the current available 
devices. Consequently, all patients requiring aortic valve 
surgery and exhibiting symptomatic AF, undergo surgery via 
a standard sternotomy. Concurrent AF ablation is carried 
out in accordance with the flowchart shown in Table 1.  
Meanwhile, patients with asymptomatic AF who need 
aortic valve surgery receive treatment using the mini-AVR 
method, which includes closure of the LAA, as illustrated 
in Figure 11 through the transverse sinus (also depicted in 
Figure 5). Alternatively, the atrial clip can be placed (after 
clamping the aorta) directly lateral left from the aorta and 
pulmonary artery (not shown).

Comments

The shift to less invasive techniques in AF treatment balances 
the need for effective therapy with patient safety. Our 
approach targets critical areas like the pulmonary veins, left 

Figure 9 Posterior view of the heart with the guides, the bipolar 
clamp from the left and the lesion set (in green).

Figure 10 Bipolar ablation from the left. LAA, left atrial 
appendage.

Figure 11 Closure of the left atrial appendage through mini 
sternotomy, J-incision in the 3rd intercostal space. RPA, right 
pulmonary artery; LAA, left atrial appendage.
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atrial posterior wall, and LAA, crucial for AF management. 
We selectively bypass more complex ablation sites to reduce 
risk and aid quicker recovery. This strategy effectively tackles 
primary AF causes, merging the depth of traditional surgery 
with the advantages of minimally invasive methods. In 
minimally invasive cardiac surgery, ablation tools are vital for 
AF treatment. However, these tools need continual adaptions 
by new innovations, especially in mini-AVR procedures, 
where accessing pulmonary veins and the left atrial posterior 
wall is challenging. Possible solutions to continue minimally 
invasive surgery and combine AF treatment may be the 
development of new epicardial devices, or to introduce a 
hybrid approach. As shown by stand-alone AF treatments, 
a hybrid approach can optimize outcomes (3,13). Hybrid 
procedures combining surgical and catheter-based ablations 
can address practical and quality challenges in concomitant 
ablation during minimally invasive cardiac surgery. Starting 
with surgical steps like LAA clipping and PVI, followed 
by catheter ablations, this method has the potential to 
comprehensively treat complex AF cases and maintain 
minimally invasiveness for the primary surgical procedure. 
Future studies are needed to evaluate these options.
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