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Abstract

Atrial fibrillation (AF) is the most common cardiac arrhythmia associated with substantial 

increases in death, heart failure, and stroke. It is important for healthcare providers in all fields to 

also gain an understanding of the novel techniques used in surgical treatment of AF. Clinicians 

must now decide between many different options. There are modified Maze procedures, catheter-

based or minimally invasive surgical approaches to isolate the triggers and foci in the left atrium 

responsible for AF. A recently proposed radial approach can also be employed in substitution of 

the traditional geographical maze surgery. Finally, different energy sources, such as cryoablation, 

radiofrequency, microwave, and laser, can be used to create lesions in the atrium. Especially in the 

fields of neurology, psychiatry, and psychology, an understanding of these treatments is important 

for the management of AF patients with neurological pathology.

Background

With an estimated prevalence of 2.66 million Americans, atrial fibrillation (AF) is the most 

common cardiac arrhythmia [1]. Substantial increases in death, heart failure, and stroke are 

all related to the occurrence of AF [2-5]. Within the affected population, incidence increases 

with age with the median age for men at 66.8 years and for women at 74.6 years [1,6]. 

Lifetime risk of AF is comparable in two large population-based studies in North America 

(Framingham Heart Study) and Europe (Rotterdam study) [7,8]. There is a diverse range of 

risk factors for AF, such as advancing age and male sex, or a variety of diseases (diabetes 

mellitus, hypertension, valvular disease, myocardial infarction, heart failure, obesity) and 

pathologies (elevated inflammatory marker concentrations, PR-interval prolongation) [9,10].

AF is currently classified as either lone or recurrent AF. Patients with lone AF tend to be 

patients under 60 who do not have evidence of cardiopulmonary disease. Recurrent AF is 
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further divided into paroxysmal AF (within seven days), persistent AF (longer than seven 

days), or permanent AF (longer than one year) [11]. In general, AF is thought to arise from 

interactions between initiating triggers and abnormal tissue in the atria that can maintain 

arrhythmia. For example, in younger patients with relatively normal hearts, short intervals of 

paroxysmal AF are proposed to be triggered by the pulmonary veins. Focal triggers can be 

in the muscular sleeves arising from the proximal parts of the pulmonary veins down to the 

left atrium, the proximal superior vena cava, ligament of Marshall, or other parts of the right 

and left atria. Ultimately, AF can itself cause electrophysiological remodeling and further 

facilitate pathological arrhythmia [12]. Recent advances in the molecular pathophysiology of 

atrial fibrillation have suggested that acetylcholine-dependent current (IK,ACh), Ca2+-

dependent K+ current (IKCa), and ryanodine receptor (RyR2) Ca2+ release are all potential 

therapeutic targets in the future, especially through the emerging role of miRNAs [13].

AF can cause significant pathology in the heart, with rapid atrial pacing altering atrial 

architecture due to uneven stretch of myocytes, activation of stretch receptors and channels, 

and apoptosis leading to irreversible damage [14]. Additionally, AF results in blood 

adhering to static atrial walls due to loss of normal mechanical activity of the atria, resulting 

in a 5 times increased risk of ischemic stroke due to thromboembolism. AF is thought to 

contribute to stasis, endothelial dysfunction, and a hypercoagulable state (Virchow's triad) in 

promoting the formation of thrombus [15]. About 5 to 14% of patients will develop left 

atrial thrombi, ranging from a few millimeters to about 4 cm, if AF lasts more than 2 days 

[16]. Ultimately, 15% of all stroke etiology can be traced back to AF [1,4,17]. In addition, 

two prospective trials have shown conflicting results on the significance of atrial fibrillation 

on the severity of leukoaraiosis in stroke patients [18,19]. The role of AF in cognitive 

impairment and dementia, independent of stroke, is uncertain. However, the idea that a 

pathologic heart can cause cognitive deterioration through vascular dementia was discovered 

in the 1970s and was termed “cardiogenic dementia” [20]. While some suggest that AF can 

directly cause cognitive and functional decline even in the absence of stroke, epidemiologic 

studies have failed to consistently demonstrate this relationship [21-23].

AF treatments include surgery and/or medications that target heart rate or rhythm, inhibit 

clot formation to prevent strokes, or target risk factors for AF (eg. high blood pressure, 

obesity, diabetes). Because of novel surgical techniques and both difficulties in managing 

medication, such as coumadin levels in minimizing risk for major bleeding, as well as 

misconceptions that lead to limited utilization in clinical practice, surgical treatments are 

increasingly important in the management of AF [24]. The use of anti-arrhythmic drugs 

(AADs) to treat AF has declined in clinical practice due to proarrhythmic side effects, lack 

of adequate control, and the need for lifelong drug use [25].

Patients with paroxysmal AF are typically provided pharmacological interventions to control 

the arrhythmia. However, in patients with persistent AF, there is no consensus on whether to 

provide rhythm control, restoring sinus rhythm, or to provide rate control, controlling 

ventricular rate. Nevertheless, patients should always be considered for anticoagulation 

regardless of arrhythmia pattern [12]. Patients with AF have been shown to develop more 

severe strokes with worse outcomes than patients with sinus rhythm, further supporting the 

importance of treating the AF in order to reduce the risk of developing stroke [26]. The use 
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of ECG may also be an important diagnostic tool for creating patient-tailored treatment 

strategies. Certain P-wave morphologies may have important clinical implications for 

invasive AF therapies by allowing for the identification of interatrial conduction routes in 

order to guide the placement of atrial leads during atrial resynchronization [27]. 

Interestingly, the risk of thromboembolism in patients with AF has been suggested to 

depend on the presence of well recognized risk factors and not the clinical type of AF [28]. 

Specific guidelines can be found in the recently amended ACCF/AHA Practice Guideline 

[29].

Clinical Indication for Surgical Therapy

As with all clinical decisions, treatment is ultimately dependent on the discussion between a 

clinician and the patient about patient-important outcomes. Different treatments can have 

different affects on not only outcome, but also costs, lifestyle, and risks of mortality and 

morbidity that should be addressed individually. With these important considerations in 

mind, appropriate guidelines can still serve as useful references for clinicians. Guidelines 

from the European Society of Cardiology (ESC) suggest considering atrioventricular node 

ablation and cardiac resynchronization therapy (CRT) when medical therapy has failed [30]. 

Surgical ablation is often considered for patients at the lower spectrum of risk and symptom 

presentation who are already planning to undergo other cardiac surgeries. Catheter ablation 

can be considered for patients with paroxysmal symptomatic AF and no underlying heart 

disease. However, failed catheter ablation subsequently requires consideration of minimally 

invasive surgical techniques. A simple representation of the considerations involved with 

these decisions is illustrated in Figure 1. Despite this simplification, in practice, each 

treatment approach can involve different procedures and each procedure can involve a range 

of different techniques. In addition, patients with persistent AF may require extensive and 

repeated ablation procedures [31].

Treatment and Brief History

Left atrial isolation was described in 1980 and involved a left-sided arteriotomy to limit 

arrhythmia to the left atrium [32]. Another approach, the Corridor technique, was later 

proposed which involved isolating a portion of the atrial septum that contains the sinoatrial 

and atrioventricular nodes to allow for appropriate contractions [33]. The disadvantages of 

these procedures were failure to achieve sinus rhythm and persistent risk of 

thromboembolism.

The Maze procedure was first presented in 1991 as a technique for interrupting potential 

atrial circuits in a Maze-like manner and directing sinus impulse from the sinoatrial to 

atrioventricular node [34]. If correctly performed, this procedure preserves atrial transport 

function in most patients by allowing majority of the atrial myocardium to remain activated 

[35]. Unfortunately, this initial version of the Maze procedure could lead to significant 

chronotropic incompetence due to incisions near the sinus node and atrioventricular 

dyssynchrony due to prolonged interatrial conduction time. Modifications to incision 

technique were made to address these disadvantages in the Maze II procedure [36].
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Next, the Maze III procedure was developed by including isolation of the pulmonary veins 

and posterior left atrium or left atrial appendage (LAA) [37]. Similar to earlier versions, this 

procedure involves making multiple incisions to interrupt reentrant circuits and guide 

electrical impulses to the atrioventricular node. The Maze III procedure is the gold standard 

for surgical treatment of AF, has been shown to effectively address atrial fibrillation while 

also having relatively low peri-operative morbidity and late morbidity rates [38-40]. In 

addition, the high success rate of eliminating AF and amputating the LAA was correlated 

with a significant reduction in the rate of cerebrovascular accidents [41]. However, failure of 

the Maze III procedure is often associated with increased duration of pre-operative AF, 

increased size of the left atrium, and advanced age [42,43]. Because this procedure is 

complex, requires prolonged aortic cross-clamp and cardiopulmonary bypass times, and can 

have morbidities associated with failed surgeries, its use for treatment of AF has been 

limited despite evidence for its efficacy.

New advances to the traditional Maze procedures involve using hypothermic sources, such 

as cryoablation, and hyperthermic sources, such as laser, ultrasound, microwave and 

radiofrequency, to interrupt electrical pathways [44]. By allowing for an epicardial approach 

to making transmural ablations that effectively eliminate AF, these energy sources can help 

reduce invasiveness and improve patient recovery if their efficacy can be established. For 

example, The Maze IV operation replaces the traditional cut-and-sew incisions with linear 

lines of ablation using newer technologies, such as radiofrequency [45]. This version of the 

Maze procedure can be performed in the traditional, thoracoscopic, or catheter-based 

approaches and has been shown to have high success rate that is equivalent to the classical 

method, in addition to the simplified and shortened procedure [46-48]. A further simplified 

version, the mini Maze procedure, involves making three essential lesions and has been 

shown to be nearly as effective as the Maze III version [49,50]. In these modified 

procedures, successful left atrial isthmus lesion is strongly associated with effective 

operation.

The traditional surgical approach centers on the idea that AF is mainly due to reentry that 

can be inhibited by incisions at critical locations to create a geographical maze [38]. A radial 

approach was developed to create a more physiological atrial contraction sequence by 

creating incisions that radiate from the sinus node towards the atrioventricular annular 

margins [51]. Because these incisions are parallel to the coronary arteries, this technique 

avoids creating incisions that cut across the atrial coronary arteries. However, adoption of 

this technique has been limited.

Catheter-based ablation is considered to be the least invasive approach to treating AF when 

compared to Maze procedures involving sternotomy or thoracoscopy. The different energy 

sources to achieve ablation previously mentioned for Maze procedures can also be employed 

in the catheter-based approach. However, early radiofrequency catheter ablation techniques 

demonstrated 40 to 50% success rate with high complication rates [52]. Another study of 

200 patients suggested that success rate was only 28%, although the success rate was 69% in 

the subgroup of patients with paroxysmal AF, the optimal candidates for this procedure [53]. 

However, there is evidence that in select patients, radiofrequency catheter ablation can 

decrease symptoms and improve quality of life scores [54,55].
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A brief summary of the advantages and disadvantages associated with some of these 

procedures are presented in Table 1.

Energy Sources

Cryoablation and radiofrequency ablation techniques are two possible ablation techniques 

[44]. Cryoablation, a commonly used technique, induces targeted scarring by cooling tissue 

to low temperatures (–50 to –75°C). Advantages include a time-tested safety record, 

minimal vascular and collagen damage in adjacent structures with a low risk for bleeding or 

perforation, reduced endocardial thrombus formation, ease of use, and a short operating 

room time. Unfortunately, this technique is not practical for an epicardial or endocardial 

approach due to warming blood flow. Radiofrequency can also be used to cause coagulation 

and destruction of cell structures and collagen. Previously, this process often involved 

estimation because maximal tissue temperature occurs in tissue planes below the contact 

surface, resulting in a risk of excessive heating. The addition of saline irrigation to unipolar 

radiofrequency ablation has allowed for ablation that is faster, deeper, more efficient, and 

with improved transmurality. The use of bipolar radiofrequency helps increase speed and 

precision of ablation but with low accuracy of algorithms to predict adequate tissue damage. 

Advantages of radiofrequency include improved safety, speed, minimization of bleeding, 

and real-time assessment of lesion thickness. However, this technique also has the highest 

risk for thrombus formation and increased risk of hyperthermic stress to adjacent tissue. 

Esophageal or mediastinal injury has been reported following radiofrequency ablation [56]. 

Microwave and laser ablation techniques are no longer used due to poor efficacy.

Current Trends

The current trend in surgical management of AF is shifting towards a minimally invasive 

approach via mini thoracotomy for all procedures to be done in one sitting (eg. isolating the 

pulmonary vein, exclusion of the LAA, and ablation) [57]. In addition, there is a great deal 

of interest in developing novel therapeutic strategies, such as LAA exclusion as a means of 

reducing embolic complications in AF patients. In a trial of 1181 patients, 98% of arterial 

thrombi were found in the LAA [58]. Currently, LAA occlusion is conducted to reduce the 

risk of stroke in AF. This added procedure can be performed without increasing surgical 

complications and duration [59]. The American College of Cardiology (ACC) and American 

Heart Association (AHA) recommend that LAA ligation be performed during the course of 

valvular surgery [60].

A percutaneous endovascular technique with transesophageal and/or intracardiac 

echocardiographic guidance for LAA occlusion can be performed with three devices: the 

Percutaneous LAA Transcatheter Occlusion (PLAATO, EV3, Plymouth, MN, USA), the 

Amplatzer Cardiac Plug (AGA Medical, Plymouth, MN, USA), and the WATCHMAN 

LAA system (Atritech Inc., Plymouth, MN, USA). The endocardial approach reduces 

recovery time and bleeding risk as well as eliminates the need for long-term anticoagulation 

[61]. However, this technique is associated with a steep learning curve that may initially 

increase complications such as pericardial effusion, cardiac tamponade or air embolization, 
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increases risk for endovascular infection, requires post-procedural antithrombotic therapy 

and can result in incomplete LAA occlusion [62-64].

More recently, a percutaneous epicardial approach has also been developed using the 

LARIAT snare device (SentreHEART Inc., Palo Alto, CA, USA). By combining 

endocardial and percutaneous subxiphoid epicardial magnet-tipped wire-guided approaches, 

this technique allows for ligation of the LAA at its ostium. An initial report showed ten out 

of eleven patients had successful acute LAA ligation and four out of six patients 

demonstrating successful and complete LAA closure at 60 days [65].

Another device that can be used is the Atriclip, which was approved by the FDA to be 

applied epicardially via a median sternotomy approach that allows for effective deployment 

during other cardiac procedures. It should be noted that surgeons have also used the clip via 

an off label thoracoscopic approach. The Atriclip is available in a number of sizes to account 

for LAA size variability and has been shown to safely and effectively apply pressure to 

ensure consistent, secure occlusion of the LAA [66]. A 6 month-follow up showed that 98% 

of patients (60 out of 61) were confirmed to have clip stability, successful LAA closure and 

absence of LAA thrombus [67].

Conclusion

Because AF is associated with both stroke and dementia, it is important for healthcare 

providers in the fields of neurology, psychiatry, and psychology to also gain an 

understanding of the novel techniques used in surgical treatment of AF. Oral anticoagulation 

with warfarin remains an effective standard of care for AF but is limited by adverse effects 

like bleeding and difficulties achieving an adequate therapeutic level. Clinicians can now 

turn to newer options, such as modified Maze procedures, catheter-based or minimally 

invasive surgical approaches to isolate the triggers and foci in the left atrium responsible for 

AF.
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Figure 1. Algorithm for considering surgical options in the setting of atrial fibrillation
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Table 1
Advantages and Disadvantages of Surgical Treatments for Atrial Fibrillation

Surgical Procedures Advantages Disadvantages

Maze III (cut and sew median 
sternotomy)

High success rate
Low morbidity and mortality

Can be concomitantly conducted with other cardiac 
surgeries

Reduction in stroke incidence

Prolonged aortic cross-clamp and 
cardiopulmonary bypass

Median sternotomy
Fluid retention

Chronotropic insufficiency
Pacemaker requirements

Maze IV (bipolar radiofrequency 
ablation)

Simpler and shorter procedure
Similar efficacy to traditional approach

Same as above

Maze (thoracoscopic) Less invasive
Decreased length of stay and recovery period

Similar efficacy to traditional approach

Limited data available on procedure
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