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Abstract 

Summary: Surgical treatment of atrial fibrillation (AF) made a significant progress in the last three decades and proved to be an 

efficient and safe method. 

Aim: To present early and mid-term results of surgical treatment of AF in patients undergoing cardiac surgery in Cardiosurgery 

Department in National Heart Hospital.  

Methods:  Single center prospective study of series of patients with AF who were to be operated because of other heart conditions. 

Demographic data, main heart disease and procedural parameters are analyzed. 

Results: It includes 76 patients, with surgical radiofrequency ablation of AF, of which 31 males (40.8%) and 45 females (59.2%). 

13 patients (17.1%) underwent surgery only in left atrium, the other 63 patients (82.9%) – in both atria. According to duration of 

arrhythmia, patients were divided in the following groups – up to 6 months – 28.9%, 7-12 months – 14.5%, 1-2 years – 17.1%, 2-3 

years – 7.9%, 3-5 years – 5.3%, 5-10 years – 25%, more than 10 years – 1.3%. Patients free from AF are 79% on the first postsurgical 

day, 75% - on second postsurgical day, 51.3% between 5-7 postsurgical day, 49.3% – on the 20th postsurgical day 43.1% – in the 

end of the first month, 56.7% – in the end of the third month and 64.5% – in the sixth month. 

Patients with maintained sinus rhythm: on the first postoperative day – 44.7%; on the second postoperative day – 47.4%; on 5-7 

postoperative day – 42.1%; on the 20th postoperative day – 47.9%; in the end of the first month – 43.1%; in the end of the third 

month – 48.6%; in the end of the sixth month – 56.6%.  

Conclusion:  Surgical radiofrequency treatment of AF is an effective and safe procedure. This method improves symptoms and end 

result of the surgical treatment. 

Keywords: atrial fibrillation; radiofrequency ablation; surgical treatment; efficacy; safety 

Introduction 

AF is the most common sustained VT in every physician's daily practice. The 

frequency of this disease increases exponentially every year. It is estimated 

that in 2030 there will be around 14-17 million people with AF in the 

European Union [3, 9]. One of the ways of non-drug treatment of this disease 

is surgical treatment, in particular surgical radiofrequency ablation, which is 

performed as an accompanying treatment in patients undergoing another 

surgical treatment. Over the past three decades, this method of treatment has 

marked a rapid development and has proven to be effective and safe. This is 

evident from the fact that it finds a place in various guidelines and consensus 

documents of the European Heart Rhythm Association, the European 

Guidelines for AF Management, and the Society of Thoracic Surgeons in the 

USA [2, 7, 8]. Surgical radiofrequency ablation (RFA) is a modification of 

the classic “cut and sew” surgical procedure. This method uses ablation sets 

for mono- and bipolar ablation, by means of which are purposely created 

ablation lesions analogous to the operative ones. 

The first surgical treatment of AF was performed by Dr. James Cox in 1987 

[4]. The surgical technique he used was designated the Maze I-procedure. 

Due to its complexity and a number of drawbacks, such as chronotropic 

failure during physical exertion and interatrial conduction delay, the Maze I-

procedure was modified into Maze II in which a transection of the superior 

vena cava is additionally performed. Due to the significant difficulty of 

performing Maze II and the increased risk of bleeding, the so-called Cox-

Maze III procedure, also called “cut and sew” was developed, and is 

currently accepted as the gold standard of surgical treatment of AF [10]. 
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However, the method being time consuming and cumbersome led to the 

development of different varieties – right-sided Maze procedure, left-sided 

Maze procedure, as well as introducing different sources of energy aimed at 

creating lines analogous to surgical incisions – these are radiofrequency 

energy, cryoenergy, microwaves, high-intensity ultrasound, laser, etc. The 

so-called Cox-Maze IV procedure was created in 2002. In Cox-Maze IV a 

large part of the surgical incisions were replaced by the creation of ablation 

lines applied by various sources, most often radiofrequency and cryoenergy 

[6]. For this purpose have been created various mono- and bipolar ablation 

sets. Monopolar ablation ensures a depth of lesions up to 4 mm, and the use 

of bipolar ablation ensures a transmural lesion. All this is associated with a 

significant reduction in operative time, complications and maintaining a 

significant success rate of the procedure. 

The first intraoperative and interventional ablation of AF in Bulgaria were 

performed at the National Heart Hospital [1]. The first surgical ablation in 

Bulgaria was performed on March 22, 2004 in the Cardiosurgery 

Department. The first results of this method of treatment were summarized 

and presented in 2006. They were associated with the fact that sinus rhythm 

was restored in 54.5% of patients, at the sixth month such a rhythm was seen 

in 52.4%, and by the end of the first year in about 49%.  

This paper presents our accumulated experience in the surgical ablation of 

AF. The aim is to evaluate the implementation of an individual approach in 

a selected group of patients and to compare the efficacy and safety of the 

procedure, as well as to analyze the early and mid-term results in these 

patients.  

Materials And Methods 

The analyzed group consists of 76 consecutive patients referred for cardiac 

surgery to the Cardiac Surgery Clinic of the National Cardiology Hospital, 

who also underwent surgical ablation. The follow-up period in the present 

publication is divided into several stages and concerns the analysis of early 

and medium-term results – 1st  postsurgical day (PSD), 2nd PSD, between 5th 

and 7th PSD day, 20th  PSD, first, third and 6th month after surgery. The 

following data were prospectively collected and analyzed – gender, age, 

accompanying diseases, duration of the arrhythmia, presurgery and 

postsurgery ultrasound parameters, type of surgery performed, volume of 

surgical ablation and heart rhythm data during the above-mentioned stages 

of the follow-up, anti-recurrence drug therapy, occurrence complications. 

Surgical ablation was performed with the following equipment – surgical 

radiofrequency ablation generator Cardioblate 68 000 (Medtronic Inc., 

Minneapolis, MN, USA) and two types of pens – for monopolar ablation 

Cardioblate Irrigated Surgical Pen (Medtronic Inc., Minneapolis, MN, USA) 

and the Carioblate BP2 Irrigated bipolar ablation pen (Medtronic Inc., 

Minneapolis, MN, USA).  

The results were analyzed using analysis of variance (ANOVA test), 

Kruskal-Wallis Test, Paired Samples T-Test, Chi-Square Test. The software 

package SPSS for Windows (v. 24.0, SPSS Inc., 2016) was used for 

statistical processing. 

Results 

Demographic data Of the 76 patients followed, 31 (40.8%) were men and 45 

(59.2%) were women, with a mean age of 57.12 ± 9.27 years (age range 33-

76) – Pic. 1. 

 

Figure 1: Percentage of patients by age. The modal age and median value is 58 years. 

According to the underlying heart disease which is the reason for surgical 

treatment, the following distribution is observed: rheumatic heart disease – 

50 patients (65.8%), degenerative cardiovascular disease – 20 patients 

(26.3%), rheumatic heart disease in combination with coronary heart disease 

(CHD) – 2 patients (2.6%) and degenerative heart disease and CHD – 3 

patients (3.9%). The majority of the included patients (69) had mitral valve 

disease – 90.8%. Of these, 39.5% (30 patients) had regurgitation, 11.8% (9 

patients) had mitral valve stenosis, and 39.5% (30 patients) had a combined 

defect – stenosis and regurgitation. 24 patients (31.6%) had aortic valve 

diseases, and 18.4% (14 patients) had regurgitation, 9.2% (7) – combined 

disease and 3.9% (3) – stenosis – figure 2  
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Figure 2: Percentage of patients by mitral and aortic valve disease. 

Type of surgical radiofrequency ablation  

The following types of RFA were performed. In 35 patients (46.1%) – RFA 

in combination with mitral valve replacement (MVR), 12 patients (15.8%) – 

RFA and aortic- (AVR) and mitral (MVR) replacement, 12 patients (15.8%) 

– RFA and MVR in combination with plastic or prosthetic tricuspid valve 

(TVP(R)), 5 patients (6.6%) – RFA and MVR, AVR and TVP/R, in 4 patients 

(5.3%) – RFA and AVR and only in one patient was performed RFA and 

aorto-coronary bypass (ACB) surgery – Pic. 3.  

 

Figure 3: Percentage of patients with RFA according to the main heart disease. Designations – RFA – surgical radiofrequency ablation, 

other abbreviations are explained in the text. 

Of these, in 13 patients (17.1%) RFA was performed on only one atrium, and 

in the remaining 63 patients (82.9%) RFA was performed on both atria. 

Duration of the arrhythmia 

The duration of arrhythmia in the monitored patients ranged from 1 month 

to 156 months, or 13 years. The mean duration of AF in these patients was 

40 months, or 3.3 years. The largest share of patients with AF duration up to 

6 months is 22 people (28.9%). In second place is the share of patients with 

duration of arrhythmia from 5 to 10 years – 25%, and with a duration of more 

than 10 years there was only one patient – 1.3% – Table. 1.  
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Duration 
Number of 

patients 

Relative share in 

percent (%) 
Cumulative percentage 

Up to 6 months 22 28.9% 28.9% 

7-12 months 11 14.5% 43.4% 

1-2 years 13 17.1% 60.5% 

2-3 years 6 7.9% 68.4% 

3-5 years 4 5.3% 73.7% 

5-10 years 19 25.05 98.7% 

10 years and above 1 1.3% 100.0% 

All: 76 100.0%  

Table 1. Percentage of patients by duration of AF. 

Ultrasound indicators 

The following echographic parameters of the followed patients undergoing 

RFA were compared and monitored – anterior-posterior size of the left  

 

ventricle, superior-inferior dimension of the left ventricle, ejection fraction 

of the left ventricle. These parameters are summarized in Table. 2.  

 Preoperatively  Postoperatively  

Indicator Norm Pathology  Norm Pathology  

 Number % Number % Total Number % Number % Total 

LA anterior-post. 

size (mm)(<=38 

mm) 

3 4.0 73 96.0 76 4 5.3 71 94.7 75 

LA superior-

inferior size 

(mm)(<=50 mm) 

5 6.6 71 93.4 76 11 14.7 64 85.3 75 

Preoperatively LV 

EF (%) (>55%) 
26 34.2 50 65.8 76 49 65.3 26 34.7 75 

Table 2. Change in echocardiographic parameters before and after RFA. 

There is no statistical difference regarding the anterior-posterior size of the 

left ventricle pre- and postoperatively – t-criterion is Sig. (2-tailed)=0.866 > 

α = 0.05. A statistical difference was found for superior-inferior size of the 

left ventricle and left ventricular ejection fraction. Regarding the superior-

inferior size of the left ventricle, preoperatively it was on average 65.69 mm, 

and postoperatively it was 61.27 mm, the difference was 4.89 mm, Sig. (2-

tailed)=0.000 < α = 0.05. Regarding the left ventricular ejection fraction – 

averaged preoperatively it is 51.01% and postoperatively it is 56.46%, the 

difference is of the range of 5.36%, it is statistically significant because Sig. 

(2-tailed)=0.000 < α = 0.05. 

Follow-up of patients after RFA 

Regarding rhythm, patients were followed on the 1st postsurgical day, the 2nd 

PSD, the 5-7th PSD, the 20th PSD, at the end of the first, third and 6th months 

after surgery, with several cases reported of non-covered patients on the 20th 

PSD and in the first month. For a more detailed follow-up of patients up to 

the 6th month after surgery, is applied a generalized classification of the 

rhythm – non-AF patients. An important determinant of this group is the 

restored atrioventricular synchrony, which leads to reverse remodeling of the 

heart chambers, improves the transport function of the left atrium and 

significantly reduces the risk of thrombosis and embolism. Patients in sinus 

rhythm form the largest relative proportion compared to other rhythms in the 

respective periods. The most patients in sinus rhythm are in the 6th month. 

On the first postsurgical day, 34 patients (44.7%) were in sinus rhythm, 15 

patients (19.7%) were in atrial fibrillation, one patient (1.3%) had 

bradyarrhythmia. The remaining 26 patients (15.9%) were outside the AF – 

Figure 4. 
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Figure 4: Percentage of patients by type of heart rhythm on the 1st PSD. 

On the 2nd postsurgical day 36 patients (47.4%) were in sinus rhythm, 13 

(17.1%) were in supraventricular and atrial rhythm, 16 (21.1%) were in atrial 

fibrillation, 8 (10.5%) were out of AF, again one patient (1.3%) had 

bradyarrhythmia. A temporary pacemaker was placed in one patient, and a 

permanent pacemaker in another – Figure 5. 

 

Figure 5: Percentage of patients by type of heart rhythm on the 2nd PSD. 

On the 5th-7th PSD, 32 (42.1%) patients were in sinus rhythm, 30 (39.5%) were in AF, 7 (9.2%) were out of AF. A permanent pacemaker was implanted 

in 4 patients (5.3%). Two patients died – Figure 6. 
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Figure 6: Percentage of patients by type of rhythm on the 5th – 6th PSD. 

On the 20th PSD, of the observed 69 patients (90.8% of the sample), 33 

patients (47.9%) were in sinus rhythm, 32 patients (46.4%) were in AF, three 

patients (4.3%) were implanted with permanent pacemakers, one patient 

(1.4%) had a sliding rhythm – Figure 7. 

 

Figure 7: Percentage of patients by type of heart rhythm on the 20th PSD. 

The fewest number of patients in sinus rhythm were observed at the end of 

the first month after the operation – only 28 (43.1%), as only 65 patients 

(85.5% of the sample) were examined. There were 35 patients in AF, 

representing about 53.8%, and in two patients (3.1%) was implanted a 

permanent pacemaker – Figure 8.  

 

Figure 8: Percentage of patients by type of heart rhythm on the 1st month after RFA. 
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At the end of the 3rd month, 74 patients were observed, of which 36 (48.6%) were in sinus rhythm, 29 (39.2%) were in AF, and 6 (8.1%) were outside 

AF. In 3 patients (3.9%) a pacemaker was implanted – Pic. 9. 

 

Figure 9: Percentage of patients by type of heart rhythm at the end of the 3rd month after the surgery. 

After the end of 6th month after RFA, 76 patients were followed up. Of these, 43 (56.6%) were in sinus rhythm, 23 (30.3%) were in AF, 6 (7.9%) were 

outside AF, and 3 (5.5%) had a permanent pacemaker implanted. One patient died (1.3%) – Figure 10. 

 

Figure 10: Percentage of patients by type of heart rhythm at the end of the 6th month after RFA. 

Complications. In the monitored group of patients, two types of complications were found – pericardial effusion – in 6 patients, representing 7.6%, 

and stroke – in one patient (1.3%) – Table. 3. It is noteworthy that pericardial effusion is mainly observed in patients with bipolar ablation which was 

applied to both atria – 5 patients. 
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58 Male 59 
Pericardial 

effusion 

Degenerative heart 

disease 
STAF+MVR  Monopolar 

70 Male 37 
Pericardial 

effusion 

Rheumatic heart 

disease 
STAF+MVR Bipolar Monopolar 

 

Table 3: Complications in patients undergoing RFA. Abbreviations are the same as in 

Discussion 

The analyzed group of patients with RFA in patients undergoing another 

cardiac operation is the largest described so far in Bulgaria. Applying a 

combined approach to RFA in our clinic leads to the best success rate in 

terms of restoring and maintaining sinus rhythm – at the 3rd month after the 

surgery, 81% of all patients were free of AF, and at the end of the 6th month 

– 77.6%. It is worth noting that in the group with RFA, the patients were 

younger, with a mean age of 57.12 years, mitral valve operations with longer 

clamping time prevailed. This is logical and expected, but it should be 

pointed out that the clamping times reported by our clinic are competitive 

with those reported in the literature.  

Applying an individual approach aims to achieve optimal results – absence 

of AF but at the expense of minimal atrial trauma. This partly explains the 

lower success of our results compared to those when applying the classic 

Cox-Maze III procedure. Cox et al. reported a long-term success rate of the 

procedure for 5.4 ± 2.9 years – 96% of the 198 patients followed were in 

sinus rhythm with antiarrhythmic therapy and 80% – in sinus rhythm without 

antiarrhythmic therapy. Of these, only 86 patients were operated on for 

another reason – a profile that corresponds to our group of patients. Our 

results are close to those in which the so-called Cox-Maze IV procedure was 

applied [12]. Of these, 56% were operated on for another reason. At the end 

of the follow-up period, 89% were in sinus rhythm with or without 

antiarrhythmic therapy and 78% were in sinus rhythm without the need for 

antiarrhythmic therapy. Generally speaking, the restoration of a proper heart 

rhythm immediately after the RFA was performed was observed in 79% of 

the followed patients. There was an initial tendency to decrease the number 

of patients in sinus rhythm in the first postoperative month to 44%, after 

which an increase in the percentage of patients in sinus rhythm was 

registered – at the end of the 6th month they were 64.5%. This can be 

explained by the need for time for the formation of fibrous tissue in the area 

of applied radiofrequency lesions in order to build electrical barriers. This 

process occurs for about 2 months after the procedure. A statistical change 

in echocardiographic parameters was also observed in patients not in AF. 

This is a significant reduction in left ventricular and left atrium dimensions 

along with an improvement in ejection fraction. The duration of the 

arrhythmia before the surgery is of prognostic importance for the 

maintenance of sinus rhythm after the performance of RFA. Patients who 

restore and maintain sinus rhythm after surgical treatment have an 

arrhythmia history of less than 3 years, while those who remain in permanent 

AF or experience early recurrences have an arrhythmia history of more than 

3 years. Age and gender were found to be independent predictors of recovery 

and maintenance of sinus rhythm in the patient population studied. In men, 

recurrences of AF are observed more often than in women, and in a ratio of 

3:1. Age is an important prognostic factor for the degree of restoration of 

sinus rhythm during the first two monitored periods – on the first and second 

postsurgical day, after that it is irrelevant. Regarding complications, 

significantly fewer were observed compared to data reported in the literature. 

They were of the order of 10.7% in 112 patients with a Cox-Maze III 

procedure, including two with perioperative death and ischemic events. In 

other studies, the complication rate was as high as 13.9%. In our group, they 

are around 8.9% [11, 13]. Of all the patients followed, 4% have an implanted 

permanent pacemaker. In the literature, pacemaker implantation rates are 

around 9%. Most likely, the large difference in reported outcomes and 

complications in different sources is the result of a combination of factors, 

including operator experience, equipment used, and different ablation 

techniques, not the least of which is the operative technique itself. 

 

Conclusion 

This is the first and only study conducted at the National Heart Hospital to 

analyze the factors influencing the maintenance of sinus rhythm in patients 

undergoing RFA at the same time as other cardiac surgery. For the first time 

in Bulgaria, the concept of an individual ablation approach was confirmed in 

the operative technique of RFA, combining bipolar, extracavitary and 

monopolar, endocavitary radiofrequency ablation. An algorithm for tracking 

such patients has also been developed.  

Surgical radiofrequency ablation of AF is an effective and safe procedure 

improving symptoms and the outcome of surgical treatment when performed 

by a qualified and trained team. 
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