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Abstract 

BACKGROUD: More and more older patients experiencing atrial fibrillation（AF）with other structural heart diseases select the constant Cox-Maze IV procedure during cardiac surgery, but few studies have reported whether the older patients benefited from the Cox-Maze IV procedure. The purpose of this report is to present a retrospective analysis of the use of the Cox-Maze IV procedure in the elderly.

METHODS: All participants in our center who underwent the concomitant Cox-Maze IV procedure from January 2011 to September 2018 were included in the study. The clinical data of the patients were analyzed, and inclusion and exclusion criteria were implemented. Multivariate analysis was performed to evaluate the effect of the constant Cox-Maze IV procedure on elderly patients with AF.

RESULTS: A total of 57 patients aged ≥70 years (73.00±2.68 years) were compared to 269 patients aged <70 years (56.94±8.99 years). During follow-up, atrial fibrillation recurred in 79 (24.23%) patients. The total sinus maintenance rates were 88.7%, 84.5%, and 74.9% after 1, 2, and 3 years, respectively. In multivariable models, factors of aging [HR: 1.84 (1.02-3.32), p<0.05], female sex [HR: 1.72 (1.08-2.74), p<0.05], hypertension [HR: 2.16 (1.21-3.83), p<0.05], left atrial diameter [HR: 1.05 (1.03-1.08), p<0.05], and aortic surgery [HR: 0.52 (0.29-0.94), p<0.05] were associated with AF recurrence.

CONCLUSIONS: Aging is a novel risk factor for atrial fibrillation recurrence. Patient sex, age, left atrial diameter, and hypertension should all be taken into account in deciding if elderly patients suffering from AF should undergo the Cox-Maze procedure. 
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Introduction

Atrial fibrillation (AF) is one of the most common cardiac arrhythmias with high morbidity and mortality. Its occurrence increases with age and the presence of significant valve or ischemic heart disease. ADDIN EN.CITE 

[1, 2]
 The treatment options include medical treatment and catheter-based or surgical interventions. The Cox-Maze IV, which uses ablation technologies instead of the surgical incisions, has a higher sinus rhythm maintenance rate compared with catheter ablation, especially for patients with persistent or longstanding AF. ADDIN EN.CITE 

[3-6]

  As reported, AF recurrence is associated with several factors, including left atrial diameter (LAD), gender, the duration of AF, structural heart disease, and so on. ADDIN EN.CITE 

[7-9]
 In recent years, patients suffering from AF are more and more frequently indicated for Cox-Maze IV or the improved version. ADDIN EN.CITE 

[10]
 

AF is the most common rhythm disorder in older adults, currently affecting 5% of all people aged ≥70 years and approximately 9% of those aged >80 years. ADDIN EN.CITE 

[11, 12]
 Many older patients experiencing AF with other structural heart diseases selected the constant Cox-Maze IV procedure during cardiac surgery, but few studies have reported whether those older patients benefited from the Cox-Maze IV procedure.

A previous study shows that old age (≥50 years) is the independent predictor of the high recurrence rate of AF in patients older than 50 years of age with catheter ablation ADDIN EN.CITE ...

[13]
 Because age may have the potential to be an independent risk factor, our center wanted to determine whether aging is an independent risk factor of AF recurrence and develop a clinical guideline to give to elderly patients with AF.

Methods

Study population

We extracted data of 412 patients who underwent concomitant Cox-Maze IV procedure from January 2011–September 2018 at our center. Exclusion criteria included (I) incomplete ultrasonographic data (n=15), (II) re-operation (n=3), (III) patients died during the perioperative period (n=17), and (IV) patients lost or died during the follow-up period (n=51). Finally, based on the receiver-operating characteristic (ROC) working curve (Table S1), 326 individuals were identified as having available data. These patients were divided into two groups; namely, the non-aging group (age <70 years; n=269) and the aging group (age ≥70 years; n=57) (Fig. 1).

Procedure

Operations were performed by two experienced surgeons working closely together on a daily basis; the majority of operations (77%) were performed by a single surgeon. Energy sources used for the sinoatrial (SA) node in this series included unipolar radiofrequency ablation (Medtronic Inc.) with or without bipolar radiofrequency (AtriCure, Inc.). In most cases, the left atrial appendage was surgically obliterated from the endocardial surface in an identical manner with a homogeneous running double-layer longitudinal plication technique using 4-0 polypropylene sutures. Obliteration of the left atrial appendage was confirmed intraoperatively with transesophageal echocardiography.

Long-term follow-up

All included patients were followed up for at least 9 months. Follow-up consisted of outpatient visits and 24-h Holter monitoring at 3, 6, 9, and 12 months every year until the completion of the 3-year follow-up. All patients continued oral warfarin to maintain an international normalized ratio of between 1.8 and 2.5 for at least 6 months. Previous antiarrhythmic therapy was maintained for 6 months and then discontinued if there were no recurrences 6 months after ablation. 
Recurrence of AF was defined as any tachyarrhythmia found on the 24 h Holter and symptomatic AF episodes presenting after the third month.

Statistics

Discrete variables were expressed as counts (percentage) and continuous variables as means with standard deviation (SD). Comparison of the baseline characteristics between the follow-up outcomes, the relationship between baseline clinical or echocardiographic characteristics, and the time to recurrence during follow-up were evaluated using survival analysis methodology (Kaplan-Meier analysis). In the univariate analysis, crude and age-adjusted analyses were performed to identify potential predicted factors. After potential risk factors were selected, multivariate analysis was performed to make sure the independent risk factors and all variables were entered into this model. 

Next, a stepwise regression model was used to select the best-fit model. A statistical significance level of 0.10 was used to select variables used in the model, and a percentage of 0.05 was used to discard variables out of the model. After comparing the models from each procedure, variables included in the final model were from all significant selection processes with a p-value of <0.2.

Results

Patient characteristics

The study population consisted of 326 individuals (59.69% female, 58.75±10.26 years of age), with most in the 60-69-year subgroup (39.9%). Baseline characteristics are shown in Table S2. The 79 (24.23%) patients who suffered recurrence during the follow-up had a higher LAD (54.83±10.09 vs. 49.37±8.73, p<0.05) and higher systolic pressure (128.91±16.77 vs. 123.22±14.84, p<0.05) than patients who maintained sinus rhythm. No other parameters affected the results.

All patients were divided by age into two groups (Tables 1 and 2); namely, the non-aging group (age <70 years, n=269) and the aging group (age ≥70 years, n=57). Between the two groups, the aging group had a higher hypertension rate [24(42.1%) vs. 37(13.8%), p<0.05], and higher AF duration ≥1 year rate [38 (66.7%) vs. 139 (51.7%), p<0.05]. There were no differences in other characteristics between the age groups.

Long-term clinical outcome after Cox-Maze IV

During a follow-up period of 30.63 ± 9.80 months post Cox-Maze IV, AF recurred in 79 (24.23%) patients. Based on Kaplan Meier analysis, the total sinus maintenance rates were 88.7%, 84.5%, and 74.9% after 1, 2, and 3 years, respectively (Table 2 and Fig. 2). Five patients died over the study follow-up period; four patients were from the aging group and three of the deaths were caused by cardiovascular factors.

Predictors of AF recurrence after Cox-Maze IV

Eighteen clinicopathological variables were analyzed for association with overall maintenance. As expected, in the follow-up population, the univariable analysis showed aging [HR: 2.30 (1.40~3.81), p<0.05], hypertension [HR: 2.25 (1.36~3.75), p<0.05], LAD [HR: 1.05 (1.03~1.08), p<0.05], and tricuspid surgery [HR: 1.30 (1.04~1.63), p<0.05] were associated with the recurrence of AF. Even when age was adjusted to the model, aging, hypertension, LAD, and tricuspid surgery were still the risk factors (Table 3). In multivariable models, aging [HR: 1.84 (1.02-3.32), p<0.05], female gender [1.72 (1.08-2.74), p<0.05], hypertension [2.16 (1.21-3.83), p<0.05], LAD [1.05 (1.03-1.08), p<0.05], and aortic surgery [0.52 (0.29-0.94), p<0.05] were associated with atrial fibrillation recurrence (Table 4 and Fig. 3).

The impact of aging on the recurrence of atrial fibrillation

The results in Tables 3 and 4 show that aging is an independent risk factor for AF recurrence. Comparison of the recurrence between the aging group and the non-aging group year by year (Fig. 4) revealed that the aging group had a higher relapse rate in the third year, but had no differences in the first and second years. Focusing on the Kaplan Meier analysis of aging (Fig. 5), after about 20 months, the sinus maintenance rate of elderly patients presented a decreasing trend compared with non-elderly patients.

Predicted model for atrial fibrillation recurrence

Thirteen of the initial 18 variables [height, weight, BMI, New York Heart Association (NYHA) class, heart rate, AF duration, left ventricular ejection fraction (LVEF), LAD, presence of diabetes mellitus (DM), presence of cerebrovascular accident (CVA), mitral surgery, aortic surgery, and coronary artery bypass grafting CABG)] were excluded from the Cox regression hazard model because they showed no or weak association with AF recurrence in univariate analyses (p > 0.2). An additional variable (tricuspid surgery) was excluded in the process of variable selection during model construction for reasons of attenuated influence on recurrence by multicollinearity with other variables in the model. Thus, eventually four variables (aging, sex, LAD, hypertension) were included in the nomogram. One-, two-, and three-year sinus rate maintenance can be estimated with a nomogram, as described in Fig. 6.

Discussion
Primary findings
The aims of this study were to assess the potential effect of aging (age≥70 years) on clinical procedural characteristics, risk factors of AF recurrence, and efficacy and safety of Cox-Maze IV in a group of patients with AF, and to build a model to predict AF relapse. The primary results of this research show the following: (1) aging was a strong risk factor on atrial fibrillation recurrence, mainly impacting the sinus maintenance rate after 20 months; (2) hypertension, LAD, and gender also impacted AF recurrence; (3) Cox-Maze IV was safe in all groups; (4) a nomogram including aging, sex, hypertension, and LAD could predict AF relapse year by year after the Cox-Maze IV procedure.

  The prevalence of AF increases with age, from 0.2% in the age group >20 years up to 0.6% in subjects aged ≥70 years. ADDIN EN.CITE 

[11]
 As far as we know, only the age of  >50 years and the presence of persistent vs. paroxysmal AF have been identified as independent pre-procedural predictors of AF recurrences after AF ablation, but only for segmental ostial ablation. ADDIN EN.CITE 

[13]
 We divided the ages into five groups [~40 years (4.3%), 40~50 years (12.9%), 50~60 years (25.5%), 60~70 years (39.9%), and 70~ years (17.5%)], but failed to see AF recurrence trends among the five groups (p>0.05) based on Kaplan Meier analysis. The only difference found between aging groups was that aging [age≥70] is a strong independent risk factor [HR: 2.30 (1.40~3.81), p<0.05] for AF recurrence. This difference was evident only in the 3-year follow-up outcomes (no differences of AF recurrence rate were found in the 1- and 2-year follow-up outcomes). 

A similar outcome, using univariable analysis, is that age is a risk factor of AF recurrence in some retrospective studies,[7] but patients were not divided on the basis of age and a relationship between aging and AF recurrence was not found. Another study shows that after a mean follow-up time of 12.8 ± 9.6 months, the 1-year freedom from AF rate was 80.6% vs. 85.8% in the older (>75 years) and younger groups, respectively. In another study, Cox regression showed that age was not a predictive factor for AF recurrence; it is possible that the follow-up was not long enough to see any difference.[14] Our outcomes also show that there was no difference between the two age groups and the 1-year of freedom from AF rate. Based on our study results, aging is an independent risk factor of AF recurrence. Elderly patients with AF might not be suitable to get a Cox-Maze IV procedure because half of them would relapse in 3 years.

Model to predict the AF relapse

Based on the present study, aging, sex, LAD, and hypertension impacted the AF recurrence after Cox-Maze IV surgery. Age and sex were the two most powerful predictors of AF incidence, ADDIN EN.CITE 

[15, 16]
 and male gender was associated with a 1.5-fold risk of AF even after adjusting for age and predisposing baseline conditions. ADDIN EN.CITE 

[15]
 Our study shows that females had a 1.86-fold risk of AF recurrence in a multivariable model; similarly, a study focused on the sex efficacy of pulmonary vein cryoablation showed that being male was a protective factor for AF relapse [HR: 0.76 (0.60-0.97), p<0.05]. ADDIN EN.CITE 

[9]
 LAD is a classical risk factor for AF recurrence. ADDIN EN.CITE 

[17-19]
 Clinical guidelines define LAD as an important preoperative factor to guide the Cox-Maze IV procedure. Hypertension is also a known risk factor for AF, with a relative risk of ~1.2 in the general population. ADDIN EN.CITE 

[20]
 A graded escalation in the risk of new-onset AF was also observed in response to increased systolic and diastolic blood pressure. Our study shows that a history of hypertension and admission systolic blood pressure impacted the recurrence of AF; between the two factors, the history of hypertension more precisely reflected the patients` hypertension state. Thus, we put these four factors into the model to build a nomogram to assess the AF relapse. Then we tested the  efficiency of the model and built an evaluation system to get a total score based on 50-percentage total sinus rate maintenance.

Study limitation
Our study was a retrospective study, so the bias between the aging group and non-aging group cannot be avoided. Also, for some aging patients, the clinician would not choose to get the Cox-Maze IV procedure during cardiac surgery, making the actual sinus rate maintenance much lower than those in our study. Second, there were about 50 patients with no follow-up data; strictly speaking, these patients should also be included in the Cox hazard model as missing data. However, because we didn’t know the physical truth of these patients, we decided to abandon these data to ensure the accuracy of our total number. Thus, maybe the actual situation will be different from our study. Third, in our study, the aortic surgery and tricuspid surgery had impacts on the AF recurrence in univariable and multivariable analyses, but both of them failed to get into the final model because neither could maintain a significance level of p<0.20 in the all survival hazard model. We trust the type of corresponding surgery impacted the AF recurrence; for example, the type of mitral surgery would impact the outcome. Thus, in order to improve the accuracy of the impact of age on AF relapse, we should start with a cohort study, strictly limit the patients’ baseline characteristics and surgery types, and build a much more general follow-up project.

Conclusion

Aging was a novel risk factor for AF. When an elderly patient suffered from AF and wanted to get a Cox-Maze procedure, the gender, age, LAD, and hypertension should all be taken into account. When the model score is plus 80, Cox-Maze IV might not be suitable for patients because the 3-year sinus rate maintenance would be lower than 50%.
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	Table 1. Baseline characteristics of aging cohort, non-aging cohort, and total population

	
	Age<70 (n=269)
	Age≥70 

(n=57)
	Total 

(n=326)
	P-value

	Characteristics of patients

	Female, n (%)
	161 (59.9%)
	33 (57.9%)
	194 (59.5%)
	0.785

	Age (years)
	59 (51-64)
	73 (70.5-75)
	62 (53-67)
	0.000*

	Height (cm)
	162.82±7.70
	161.63±7.69
	162.61±7.70
	0.291

	Weight (kg)
	61.20±10.59
	59.12±11.11
	60.84±10.70
	0.183

	Body mass index (kg/m2)
	23.00±3.11
	22.54±3.44
	22.92±3.17
	0.326

	BMI≥24 kg/m2, n (%)
	90 (33.5)
	22 (38.6)
	112 (33.4)
	0.461

	Heart Rate (HR)
	82 (80-85)
	82 (80-85)
	82 (80-85)
	0.784

	HR≥100/min, n (%)
	30 (11.2)
	3 (5.3)
	33 (10.1)
	0.150

	AF duration (months)
	12 (1-36)
	24 (4-54)
	12 (2-36)
	0.168

	AF duration≥1 year, n (%)
	139 (51.7)
	38 (66.7)
	177 (54.3)
	0.037

	Hypertension, n (%)
	37 (13.8)
	24 (42.1)
	61 (18.7)
	0.000

	DM, n (%)
	14 (5.2)
	4(7.0)
	18 (5.5)
	0.822#

	CVA, n (%)
	20 (7.4)
	4 (7.0)
	24 (7.4)
	1.000#

	NYHA class III or IV, n (%)
	131(48.7)
	33 (7.0)
	164 (50.3)
	0.207

	Echocardiography

	LAD (mm)
	50 (44-55)
	50 (45.5-56.5)
	50 (45-55.33)
	0.569

	LAD≥45 mm, n (%)
	201 (74.7)
	45 (78.9)
	246 (75.5)
	0.495

	LVEF (%)
	60 (55-65.5)
	61 (56-66)
	61 (55-66)
	0.527

	LVDd (mm)
	51 (46-57)
	53 (47.25-57)
	51 (46-57)
	0.624

	AF: atrial fibrillation; DM: diabetes mellitus; CVA: cerebral vascular accident; NYHA: New York Heart Association; LAD: left atrial diameter; LVEF: left ventricular ejection fraction; LVDd: left ventricular end diastolic dimension; *: Levene`s test shows p<0.05; #: use Fisher`s test.


	Table 2. Procedure characteristics of the aging cohort, non-aging cohort, and total population.

	
	Age<70 (n=269)
	Age≥70 (n=57)
	Total (n=326)
	P-value

	Simultaneous Surgical 

Procedures

	Mitral Surgery, n (%)
	216 (79.9%)
	47 (82.5%)
	263 (80.7%)
	0.708

	Aortic Surgery, n (%)
	79 (29.4%)
	6 (10.5)
	85 (26.1%)
	0.003#

	Tricuspid Surgery, n (%)
	115 (42.8%)
	28 (50.9%)
	143 (44.1%)
	0.267

	CABG, n (%)
	16 (5.9%)
	8 (14.0%)
	24 (7.4%)
	0.065

	Cardiopulmonary bypass 

parameters

	CPB time (s)
	111 (88-140)
	108 (84-120)
	110 (86,5-133.5)
	0.021

	Aortic cross clamp time (s)
	72 (53-96)
	62 (50-77)
	71 (53-91)
	0.011

	Heart stopping time (s)
	74 (54-97)
	64 (54-79)
	72 (54-92.5)
	0.018

	Post parallel time (s)
	28 (23-36)
	29 (24-33)
	28 (23-35.5)
	0.674

	Perioperative period EKG 

parameters

	Preoperative heart rhythm in hospital-AF, n (%)
	222 (82.5)
	40 (70.2)
	262 (80.4)
	0.041

	Postoperative heart rhythm -AF, n (%)
	31 (11.5)
	13 (22.8)
	44 (13.5)
	0.033

	Follow-up outcomes

	Follow-up duration, mo
	31.56±9.57
	26.26±9.77
	30.63±9.80
	0.000

	1st-year recurrence, n (%)
	27 (10.0)
	10 (17.5)
	37 (11.3)
	0.105

	2nd-year recurrence, n (%)
	33 (14.5)
	8 (22.2)
	41 (15.5)
	0.233

	3rd-year recurrence, n (%)
	36 (22.1)
	11 (45.8)
	47 (25.1)
	0.012

	Clinical recurrence, %
	58 (21.6)
	21 (36.8)
	79 (24.2)
	0.014

	CABG: coronary artery bypass grafting; CBP: cardiopulmonary bypass; AF: atrial fibrillation;#: use Fisher`s test.


	Table 3. Univariable analysis for AF recurrence after Cox-Maze IV (Cox regression)

	Variable
	Univariable analysis
	Univariable analysis (Age adjusted)

	
	OR (95% Cl)
	P-value
	Adjusted OR (95% Cl)
	P-value

	Patient Characteristics 

	Age
	1.02 (0.99-1.04)
	0.142
	
	

	Aging (Age ≥70)
	2.30 (1.40-3.81)
	0.001
	
	

	Female
	1.50 (0.94-2.38)
	0.089
	1.47 (0.93-2.34)
	0.103

	BMI≥24 kg/m2
	1.11 (0.70-1.77)
	0.651
	1.08 (0.68-1.72)
	0.737

	HR≥100/min
	0.61 (0.29-1.29)
	0.194
	0.64 (0.30-1.35)
	0.243

	AF duration ≥1 year
	1.31 (0.83-2.09)
	0.196
	1.37 (0.87-2.17)
	0.175

	Hypertension
	2.25 (1.36-3.75)
	0.002
	2.12 (1.24-3.63)
	0.006*

	DM
	1.27 (0.51-3.14)
	0.612
	1.20 (0.48-2.99)
	0.691

	CVA
	1.56 (0.75-3.26)
	0.232
	1.59 (0.77-3.32)
	0.213

	NYHA III ~IV
	1.24 (0.79-1.93)
	0.352
	1.19 (0.76-1.86)
	0.446

	Echocardiography

	LAD
	1.05 (1.03-1.08)
	0.000
	1.06 (1.04-1.08)
	0.000

	LAD≥45 mm
	2.47 (1.27-4.80)
	0.007
	2.44 (1.27-4.74)
	0.008*

	LVEF
	0.99 (0.96-1.02)
	0.486
	0.99 (0.97-1.02)
	0.518

	LVDd
	1.01 (0.99-1.04)
	0.351
	1.01 (0.99-1.04)
	0.418

	Simultaneous Surgical Procedures

	Mitral Surgery
	1.50 (0.80-2.85)
	0.209
	1.50 (0.79-2.84)
	0.210

	Aortic surgery
	0.70 (0.41-1.20)
	0.190
	0.71 (0.42-1.22)
	0.220

	Tricuspid surgery
	1.30 (1.04-1.63)
	0.021
	1.30 (1.04-1.63)
	0.021*

	CABG
	0.73 (0.30-1.87)
	0.540
	0.66 (0.27-1.66)
	0.379

	BMI: body mass index; HR: heart rate; DM: diabetes mellitus; CVA: cerebral vascular accident; NYHA: New York Heart Association; LAD: left atrial diameter; LVEF: left ventricular ejection fraction; LVDd: left ventricular end diastolic dimension; CABG: coronary artery bypass grafting; *: p<0.05.


	Table 4. Multivariable analysis for AF recurrence after Cox-Maze IV

	Variable
	Odds ratio (95% Cl)
	P-value

	Aging (Age≥70)
	1.88 (1.07-3.30)
	0.028

	Female
	1.49 (0.90-2.47)
	0.125

	BMI≥24 kg/m2
	1.03 (0.95-1.11)
	0.465

	HR≥100/min
	0.63 (0.29-1.37)
	0.240

	AF duration ≥ 1 year
	1.41 (0.87-2.29)
	0.158

	Hypertension
	2.12 (1.17-3.85)
	0.013

	Diabetes Mellitus
	1.04 (0.39-2.75)
	0.940

	CVA
	1.44 (0.67-3.10)
	0.346

	NYHA III~ IV
	1.02 (0.62-1.67)
	0.943

	LAD ≥ 45mm
	2.45 (1.22-4.93)
	0.012

	Mitral Surgery
	0.99 (0.48-2.05)
	0.988

	Tricuspid surgery
	1.30 (1.03-1.64)
	0.030

	CABG
	0.75 (0.28-2.02)
	0.564

	BMI: body mass index; HR: heart rate; AF: atrial fibrillation; CVA: cerebral vascular accident; NYHA: New York Heart Association; LAD: left atrial diameter; CABG: coronary artery bypass grafting.
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Figure 1. Patient flowchart for the study cohort. 
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Figure 2. Kaplan-Meier analysis of the total sinus maintenance rate.
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Figure 3. Factors related to AF recurrence. BMI: body mass index; HR: heart rate; AF: atrial fibrillation; CVA: cerebral vascular accident; NYHA: New York Heart Association; LAD: left atrial diameter; CABG: coronary artery bypass grafting.
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Figure 4. Comparison of sinus rhythm maintenance in non-aging and aging groups year by year. *: p<0.05.
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 Figure 5. Sinus rhythm maintenance in groups of non-aging and aging patients.
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Figure 6. Nomogram of four variables (aging, sex, LAD, hypertension) and sinus rate maintenance. LAD: left atrial diameter.
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