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  Abstract 
Objective: By retrospectively analyzing clinical data of 39 patients who under-
went a combined total thoracoscopic mitral valve surgery and MAZE IV abla-
tion at the Cardiovascular Surgery Department of Leshan People's Hospital 
from May 2021 to December 2023, to summarize the surgical experience and 
report the early follow-up results. Methods: The clinical data of 39 patients 
who underwent a combined total thoracoscopic mitral valve surgery and MAZE 
IV ablation at the Cardiovascular Surgery Department of Leshan People's Hos-
pital from May 2021 to September 2023 were retrospectively analyzed. There 
were 11 males and 28 females, with an average age of 60.5±7.3 years. Results: 
Mitral valve reshaping was performed on 12 patients, and mitral valve replace-
ment was performed on 27 patients. Four patients underwent conversion to open 
surgery, and 2 patients underwent conversion to valve replacement. Two pa-
tients underwent non-planned surgery to stop bleeding. The average hospital 
stay was 27.5±18.6 days, the surgical time was 467.1±120.2 minutes, the extra-
corporeal circulation time was 268.3±64.5 minutes, and the cardiopulmonary 
bypass time was 200.7±36.8 minutes. There were 2 death cases, including 1 
patient who died of sudden ventricular fibrillation after surgery and 1 patient 
who died of intraoperative hemorrhage after intubation. There was a significant 
improvement in left ventricular end-diastolic diameter and EF before and after 
surgery. All patients were followed up, and 2 were lost to follow-up. The turn-
around rates at 3 months, 6 months, and 1 year were 83.4%, 83.8%, and 75.7%, 
respectively. There were significant differences between group 1 (the first 20 
cases) and group 2 (the last 19 cases) in preoperative EF value and incidence of 
surgical complications. Although the time of operation (489.1±142.7 vs 
443.9±89.0), the time of cardiopulmonary bypass (271.5±84.2 vs 265.0±31.7), 
the time of occlusion (203.0±25.3 vs 198.5±45.7), and the time of mechanical 
ventilation (72.5±109.8 vs 52.4±82.0), ICU stays time (123.9±138.8 vs 
119.5±157.7), 1-year atrial fibrillation recurrence (15.4% vs 7.7%), and surgical 
outcome (5.1% vs 0%) were not significantly different in group 2 compared 
with group 1. Conclusions: Video-assisted thoracoscopic mitral valve surgery 
with simultaneous Maze IV ablation is a minimally invasive, safe, feasible, and 
effective procedure. Careful cannulation is required during the operation, and 
close monitoring and prevention of complications are needed during the peri-
operative period. After the learning curve, the surgeon can reduce the operation 
time and complication rate. 
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1. Introduction 

With the advancement of science and technology, thoracoscopic mitral valve surgery has been regarded as a safe and 
reliable surgical method [1-5]. Thoracoscopic mitral valve surgery is highly accepted by patients due to its features 
such as small incisions, beautiful appearance, less intraoperative bleeding, and minimally invasive. Cox-Maze IV is 
currently considered as the standard procedure for ablation of atrial fibrillation and one of the methods with good 
conversion effect. It is usually applied to patients with open-chest cardiopulmonary bypass valve combined with atrial 
fibrillation surgery and has also been applied to patients with simple atrial fibrillation in recent years. However, there 
are few reports on total thoracoscopic valve surgery combined with Cox-Maze IV. Some reports have shortened the 
surgical time by simplifying the ablation path of Cox-Maze IV, but the results have been unsatisfactory [6-8]. This 
study retrospectively analyzed the clinical data and follow-up of thoracoscopic mitral valve surgery combined with 
Cox-Maze IV in our hospital summarized the surgical experience and reported the early follow-up results. 

2. Methods 

2.1 General Information 

A total of 39 patients undergoing mitral valve operation and MAZE IV in the Department of Cardiac Vascular Surgery 
of Leshan People's Hospital from May 2021 to September 2023 were collected in this study, including 11 males and 
28 females, with an average age of 60.5±7.3 years and BMI of 23.4±2.8 kg/cm2. History of smoking in 10 cases 
(25.6%), history of drinking in 8 cases (20.5%), STS score 4.0±2.6, history of stroke in 4 cases (10.2%), history of 
hypertension in 9 cases (23.0%), history of diabetes in 4 cases (10.2%), history of coronary heart disease in 4 cases 
(10.2%), and history of hyperlipidemia in 10 cases (25.6%). There were 4 cases (10.2%) of paroxysmal atrial fibril-
lation, 33 cases (84.6%) of persistent atrial fibrillation, and 2 cases (5.1%) of atrial flutter. 

2.2 Surgical Methods 

Right shoulder pad height 30°, supine position, general anesthesia, double cavity sealing tube tracheal intubation, left 
lung ventilation, low tidal volume mechanical ventilation; Surgical incisions: 1-2 cm incision in the third intercostal 
space of the right anterior axillary line (auxiliary operating hole), 3-4 cm incision in the fourth intercostal space of 
the right anterior axillary line (main operating hole), and 1-2 cm incision in the fifth intercostal space of the right 
midaxillary line (endoscopic hole). Femoral artery arteriovenous catheterization, internal jugular vein catheterization, 
aorta suturing, and perfusion of the pouch followed by a cold injection needle were used to block the ascending aorta, 
cardiac arrest fluid was injected anterograde into cardiac arrest, an incision was made along the room groove at 
moderately low-temperature cardiac arrest and bipolar forceps were applied along the incision-left upper pulmonary 
vein ablation line through pericardial oblique sinus. The incisor-left lower pulmonary vein ablation line and incisor-
mitral valve ring were fan-shaped, the left auricle was turned inward, and the left auricle was ablated with a bipolar 
clamp. The left auricle was ablated with a unipolar pen along the left auricle and pulmonary vein, the ablation diam-
eter of the auxiliary filling point was clamped, the left auricle was closed with an internal suture, the diseased flap 
was repaired or replaced, and the right atrium was incised. The ablation line of the upper and lower vena cava and 
the ablation line of the right auricle were ablated with bipolar forceps. The ablation line of the boundary crister-
coronary sinus, the isthmus of the tricuspid valve, and the ablation path of the auxiliary complement point were 
ablated by a unipolar pen. 

2.3 Observation Indicators 

The main outcome measures were: length of hospital stay, duration of cardiopulmonary bypass, duration of aortic 
occlusion, duration of ICU stay, duration of ventilator assistance, operation time, complications, and surgical outcome. 
The indicators of atrial fibrillation recurrence were observed at 3, 6, and 12 months after surgery. 
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2.4 Statistical Analysis 

Statistical analysis was performed using the SPSS 25.0 statistical software package. Continuous measurements were 
expressed as mean ± standard deviation, and count data were recorded as percentages (%). Continuous variable com-
parisons were made using t-tests, and paired t-tests were used for paired count data. P<0.05 was considered statisti-
cally significant for differences between the two groups. 

3. Results 

3.1 Perioperative Results 

Mitral valve plasty (12 cases), mitral valve replacement (27 cases), hospitalization days (27.5±18.6 days), operation 
time (467.1±120.2min), extracorporeal circulation time (268.3±64.5min), blocking time (200.7±36.8min), mechani-
cal ventilation time (62.2±95.8h), and cardiac bypass time (268.3±64.5min). ICU stay time was 121.7±143.8h. Four 
patients (10.2%) converted to thoracotomy during the operation, including 3 patients with left atrial hemorrhage, 1 
patient with abdominal hemorrhage who died, 1 patient with postoperative low cardiac output, 2 patients with post-
operative drainage and repeated exploration for hemostasis. Intraoperative valve replacement occurred in 2 patients 
(4.8%). There were 2 cases (4.8%) of death, 1 case of abdominal hemorrhage was stopped by laparotomy and died 
of severe shock, 1 case of sudden ventricular fibrillation in the recovery period after surgery, and the rescue failed. 
There were significant differences in left ventricular end-sump diameter (51.6±8.1 vs 49.1±5.1, P < 0.01) and EF 
(49.4±11.9 vs 57.2±8.3, P < 0.01) before and after surgery. 

3.2 Follow-up Results 

All patients were followed up, 2 were lost to follow-up, and 1 had no ECG results 3 months after surgery. The recur-
rence rate of atrial fibrillation at 3 months, 6 months, and 1 year was 83.4%, 83.8%, and 75.7%, respectively. The 
recurrence rate of atrial fibrillation/flutter at 1 year was 24.3% (Table 1). 

Table 1. Follow-up of atrial fibrillation 

Outcome of atrial fibrillation 3 months 6 months 1 year 

Sinus rhythm 19 (52.8%) 20 (54.1%) 20 (54.1%) 

Junctional rhythm 11 (30.6%) 11 (29.7%) 8 (21.6%) 

Paroxysmal atrial fibrillation 4 (11.11%) 3 (8.1%) 6 (16.2%) 

Atrial flutter 2 (5.6%) 3 (8.1%) 3 (8.1%) 

3.3 Learning Curve Analysis 

Thirty-nine patients were divided into group 1 (the first 20 cases) and group 2 (the last 19 cases). Preoperative data 
showed significant differences in EF values, the last 19 patients had poor heart function, and postoperative data 
showed significant differences in the incidence of surgical complications. There were no significant differences in 
hospital stay, operation time, cardiopulmonary bypass time, blocking time, postoperative mechanical ventilation time, 
ICU stay time, 1-year atrial fibrillation recurrence rate, and surgical outcome, but group 2 was lower than group 1. 
Through continuous learning, the operative time and related complications could be reduced, and even the mortality 
rate could be reduced (Table 2). 

Table 2. Learning curve analysis 

Parameter Top 20 cases Last 19 cases P 

Gender (Male/female) 14/6 14/5 0.798 

Age (years) 61.2±6.7 60.1±8.0 0.645 

BMI (kg/cm2) 23.0±2.9 23.8±2.8 0.380 

Smoking history 5 5 1.000 

Drinking history 5 3 0.695 
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Table 2 Continued 

STS score 3.8±2.0 4.1±3.2 0.737 

History of stroke 2 2 1.000 

Hypertension 5 4 1.000 

Diabetes 2 2 1.000 

Coronary Heart Disease 4 0 0.106 

hyperlipemia 4 6 0.408 
Preoperative left ventricular end-sump 

diameter (mm) 51.1±9.2 51.8±6.5 0.775 

Preoperative EF value 53.3±11.1 45.9±11.3 0.047* 

Length of stay (d) 31.8±24.4 23.4±6.4 0.158 

Operation time (min) 489.1±142.7 443.9±89.0 0.246 

Cardiopulmonary bypass time (min) 271.5±84.2 265.0±31.7 0.754 

Blocking time (min) 203.0±25.3 198.5±45.7 0.708 
Postoperative mechanical ventilation 

time (h) 72.5±109.8 52.4±82.0 0.519 

ICU Stay (h) 123.9±138.8 119.5±157.7 0.925 

Atrial fibrillation recurred in 1 year 6 3 0.269 

surgical complication 6 0 0.02* 

Surgical outcome (death) 2 0 0.487 

Note. * P＜0.05. 

4. Discussion 

With the continuous innovation of technology, the minimally invasive treatment of the heart has been concerned, 
especially thoracoscopic heart valve replacement. After continuous exploration by domestic and foreign experts, tho-
racoscopic heart valve surgery is currently considered a safe and minimally invasive surgical method, and technical 
specifications for thoracoscopic mitral valve surgery were also published in 2023 [9]. Mitral valve disease patients 
are often accompanied by atrial fibrillation, which affects the quality of life of patients and increases the risk of heart 
failure and stroke [10]. Mitral valve surgery combined with ablation is a surgical method to treat such diseases, but 
the application of thoracoscopy is rarely reported at home and abroad. 

Thoracoscopic surgery has the advantages of small incision, beautiful appearance, and preservation of sternal in-
tegrity, which are easily accepted by patients, so it has attracted much attention. In 2018, Chen Yawu et al. [6] com-
pared the left atrial ablation path combined with valve surgery with traditional thoracotomy and found that total 
thoracoscopic mitral valve replacement combined with atrial radiofrency ablation was safe and effective in the treat-
ment of patients with rheumatic heart disease with mitral valve disease and atrial fibrillation. Zheng Xu et al. [7] 
conducted a comparative study of thoracoscopic valve surgery combined with left atrial fibrillation radiofrequency 
ablation and found that it was safe and effective. In 2021, Xu Zheng et al. [11] believed that compared with central 
thoracotomy, total thoracoscopic surgery for the treatment of mitral valve disease complicated with atrial fibrillation 
is a safe and effective operation. Wu Song et al. [12] also believe that radiofofency ablation for total thoracoscopic 
mitral valve replacement is safe, effective, and has clinical application value. Although the surgical methods and 
paths are different, they are generally safe. In this group, although 2 patients died, 1 had abdominal hemorrhage 
during cardiopulmonary bypass, and 1 had postoperative ventricular fibrillation, these 2 cases could have been 
avoided through intraoperative esophageal ultrasound guidance, careful operation, and enhanced postoperative mon-
itoring, with a mortality rate of 4.7%, which is comparable to that of cardiac surgery. The authors believe that thora-
coscopic mitral valve replacement or plasty combined with MAZE IV is safe. At the same time, it also reminds us to 
be careful during the operation, establish cardiopulmonary bypass with esophageal ultrasound guidance, avoid send-
ing the guide wire when encountering resistance, and strengthen postoperative monitoring to avoid complications. 
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Cox-Maze IV is a classic AF treatment with a high success rate [13-17], but it is mostly used in open-heart surgery 
and is difficult for patients to accept. In recent years, the effect of thoracoscopic mitral valve surgery combined with 
ablation has been reported, but there are few studies and the efficacy is mixed. Both studies by Yawu Chen et al. [6] 
and Zheng Xu et al. [7] used single-atrial ablation pathways, and the ablation effect may be affected compared with 
classical Cox-Maze IV. Chen Yawu et al reported that the 1-year atrial fibrillation recovery rate was 56.8%, and Zheng 
Xu et al. [7] reported that the 6-month atrial fibrillation recovery rate was 81.4%, both of which believed that the 
recovery rate of patients undergoing total thoracoscopic surgery was lower than that of patients undergoing thoracot-
omy. However, Erlei Han et al. [8] reported that among the 28 patients who applied minimally invasive incision and 
suture of left pulmonary vein electrical isolation technology, 2 patients had atrial fibrillation recurrence in March, 
and the success rate of conversion was as high as 92.9%. They believed that this technology could improve the sinus 
conversion rate of patients with mitral valve disease complicated by atrial fibrillation. However, the study had a small 
number of cases and a short follow-up period. Minghui Yao et al. [18] found that the 6-month recovery rate of patients 
with left ventricular end-sump diameter < 50mm was as high as 87.5% through the study of the biatrial ablation path 
combined with valve surgery. Therefore, they believed that the combined atrial fibrillation ablation with LAD≤ 50mm 
was more effective in maintaining sinus rhythm. Wu Hongkun et al. [19] also reported that thoracoscopic surgery and 
thoracotomy had the same atrial fibrillation recurrence rate based on the research results of the double-atrial ablation 
route combined with valve surgery. But they reported a small number of cases. Among the 39 cases in this group, the 
atrial fibrillation recurrence rate at 3 months and 6 months after surgery was 83.4% and 83.8%, respectively. However, 
the atrial fibrillation recurrence rate at 1 year was 75.7%, among which 3 patients with boundary rhythm had recurrent 
atrial fibrillation. Therefore, we believe that thoracoscope mitral valve surgery combined with MAZE IV is effective 
in the treatment of patients with mitral valve disease combined with atrial fibrillation. Postoperative follow-up should 
pay attention to the possibility of recurrent atrial fibrillation. 

Based on 39 case groups, our experience was summarized as follows: 
(1) Establishment of cardiopulmonary bypass: improve aortic CTA before operation, evaluate intubation approach, 

esophageal ultrasound guidance is required during operation, and blind intubation should be avoided to avoid 
irreparable loss. 

(2) Incision selection: The fourth intercostal space of the anterior axillary line is generally selected as the main oper-
ating hole, and the operation of the incision is relatively difficult if it is too high or too low. 

(3) Ablation: The left atrium can be ablated first to avoid affecting the visual field; Ablation forceps scalloped the 
heart tissue for ablation to eliminate the trigger point of atrial fibrillation as much as possible. All patients in this 
group had nodal rhythm after surgery. 

(4) Left auricle treatment: 37 cases had the inner opening of the left auricle closed, 2 cases had the left auricle removed, 
3 of which had bleeding and turned to thoracotomy to stop bleeding. The tissue of the left auricle was weak, so 
the endoscopic forceps clamping should be careful, and the needle insertion should not be too deep during the 
suture of the inner auricle for the purpose of closing the inner auricle. 

(5) Valve forming or replacement: when valve forming or valve changing, it is easy to wind, pay attention to distin-
guish the first needle and the second needle to avoid winding; After the forming ring was inserted, the artificial 
tendinous cord was adjusted again until the shape of the mitral valve was satisfied by the water test, and then tied 
and fixed. When the biological valve is replaced, the foot of the valve is withdrawn to avoid the winding of the 
valve line. 

(6) Intraoperative anesthesia and cardiopulmonary bypass: When intraoperative venous drainage is poor, negative 
pressure can be increased or the venous drainage tube can be adjusted; Small tidal volume ventilation of left lung 
during operation, intermittent swelling of the lung after operation to reduce lung complications. 

Due to the relatively small number of cases, it was not possible to form a complete learning curve analysis. How-
ever, through the comparative analysis of patients in Group 1 (the first 20 cases) and Group 2 (the last 19 cases), it 
was found that there were significant differences in preoperative EF values, poor heart function in Group 2, and 
significant differences in the incidence of surgical complications. There were no significant differences in hospital 
stay, operation time, extracorporeal circulation time, blocking time, postoperative mechanical ventilation time, ICU 
stay time, 1-year atrial fibrillation recurrence rate, and surgical outcome, which may be due to the poor cardiac func-
tion of Group 2 and the longer interval between laparoscopic operations of the surgeon, resulting in a lack of profi-
ciency, but Group 2 was less than group 1. The authors concluded that patients who passed the learning curve could 
reduce hospital stay, operation time, cardiopulmonary bypass time, block time, postoperative mechanical ventilation 
time, ICU stay time, 1-year atrial fibrillation recurrence rate, surgical outcomes, and surgical complications. 
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5. Conclusion 

To sum up, MAZE IV ablation during thoracoscopic mitral valve surgery is minimally invasive, safe, feasible, and 
effective. Intraoperative intubation should be carefully administered, perioperative monitoring and prevention of var-
ious complications should be strengthened, and the possibility of recurrent atrial fibrillation during follow-up should 
be paid attention to. After the surgeon has learned the curve, the operation time and complications can be reduced. 
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