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Introduction

Atrial fibrillation (AFib) is an age-related arrhythmia of 

significant global public health concern (1,2) characterized 

by chaotic contractions of the atrium. This abnormal 

heart rhythm is also enhanced by the associated clinical 

risk factors (rheumatic and nonrheumatic valve diseases, 

congestive heart failure, diabetes, myocardial infarction, 
and hypertension), and echocardiographic risk factors 
for nonrheumatic AFib, left atrial enlargement and the 
thickened left ventricular wall (3,4). Patients with AFib 
are hospitalized twice as often as those without AFib, and 
accordingly so, increasing both clinical and translational 
research efforts (5,6). AFib is associated with increased 
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mortality if left untreated and in some population, increased 
morbidity. Currently, in the health sector, the incremental 
costs attributable to AFib-related care still pose a challenge 
for healthcare providers (7-9). With this in mind, cardiac 
surgeons now provide patients with a complete operation 
employing a variety of ablation technologies currently 
available. Although current evidence suggests that the 
addition of a Maze procedure improves the overall quality 
of life (QoL) (10), the choice of lesion set and the rationale 
for surgical ablation remain a difficult problem to deal with 
in modern practice today. Affecting more than 2.5 million 
individuals in the United States (11-14), it has become clear 
that aging, cardiac and noncardiac conditions, genetics, and 
environmental factors, further contribute to a favorable 
atrial substrate (15).

Indeed, significant advances have been made down 
the years; however, some key challenges remain such as 
defining and reporting sinus rhythm restoration “success” 
or “failure”, uniform standards for reporting results, 
the rationale for surgical ablation, and development of 
improved technology for ablative intraoperative assessments 
(16,17). However, with the various challenges, few surgeons 
offer such major surgery with ablation to relatively 
symptomatic and asymptomatic AFib patients. The surgery 
offered could either be as a concomitant or a stand-alone 
operation based on the various clinical guidelines (7,8,18,19) 
even from the most recent 2017 Society of Thoracic 
Surgeons guidelines (STS) (20). Thus, according to the STS 
guidelines, which carefully state “to restore sinus rhythm as 
the purpose for intervention rather than to improve survival and 
QoL” further adds to the definite need for surgery perhaps 
after the failure of drug and catheter therapy. Central to 
these, integrating observational findings and basic sciences 
into a defined therapeutic strategy would prove vital for 
any required progress in clinical practice (21) where such 
ambiguity exists. Currently, in “real-world” practice, there 
are insufficient randomized clinical controlled trial data to 
support the needs of clinicians (22).

According to our knowledge, there are no retrospective 
studies on cost-effectiveness for add-on ablation surgery 
in Mainland China. Hence, we designed the study aimed 
at assessing the cost-effectiveness of surgical ablation in 
Southern Mainland China, health-related quality of life 
(HrQoL), and the associated risk of morbidity or mortality 
for these AFib patients over a 1-year follow-up period. 
The study, however, goes further in providing answers to 
the open-ended question in practice today: (I) should we 
still carry out surgical AFib ablations, not minding the 

cost implications? (II) should AFib ablation be provided 
as a surgical treatment option for patients with currently 
no standardized rationale (diverse ablation practices), and 
the underrepresentation of long-term patient-reported 
outcomes within existing AFib intervention trials? We 
present the following article in accordance with the MDAR 
reporting checklist (available at http://dx.doi.org/10.21037/
cdt-20-574). 

Methods

Data of patients (AF catheter ablation group 3,068 patients) 
were retrospectively extracted from The National Provincial 
Cardiovascular Research Database of Xiangya Second 
Hospital, which is the designated regional hospital for 
treating AFib patients within Southern and Central South 
Mainland China. It is a voluntary cardiac surgery database 
established between 2011 and 2012 to support and improve 
the national surgical outcome of AFib treatment. It contains 
detailed perioperative data on all AFib surgical procedures 
performed in the institution. The research database is 
approved by the Institutional Review Board at Central 
South University Xiangya School of Medicine (project No. 
2018YFC1311204). Accordingly, data from Xiangya Second 
Hospital for patients (surgery as usual group, 7,258 patients) 
were retrospectively extracted from the hospital’s patients’ 
general surgical archives (Medical Records Department 
Fu Er Cardiac Surgery Third Division). Patients, who, 
however, refused participation in this project were not 
included in the study. The surgical indication for all patients 
(AFib catheter ablation group) was preoperative AFib, and 
341 had a prior catheter ablation.

Patient population

All patients from The National Provincial Cardiovascular 
Research Database of Xiangya Second Hospital from March 
2011 through June 2019 (AFib catheter ablation group), 
and January 2001 through February 2011 (surgery as usual) 
were included in this study. For this study, we only focused 
on patients undergoing concomitant AFib surgery with 
valvular heart diseases (mitral and aortic), and coronary 
artery bypass graft (CABG) for cost-effectiveness and 
outcome analysis. We excluded high-risk individuals such as 
patients with myocardial infarction within 1 day of surgery, 
cardiogenic shock, percutaneous coronary intervention 
within 6 hours, ongoing cardiopulmonary resuscitation, 
and even dialysis. All patients were in New York Heart 
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Association (NYHA) functional class III or IV at the time of 
the surgery (Table 1).

Study design

The economic evaluation and cost analysis of this study 
were based on a single institutional report of 7,258 (surgery 
as usual) patients without AFib intervention procedure, and 
3,068 AFib patients (AFib catheter ablation group) who 
had concomitant ablation. The cost analysis also included 
a contemporary societal prevalence-based approach for 
surgical ablation in Southern Mainland China. Although 
the meaning of HrQoL may vary, it can, however, generally 
be assessed based on the following parameters: physical 
condition, social activities, psychological well-being, and 
everyday activities (23,24). All the patients included in this 
study had a history of documented paroxysmal or persistent 
AFib for at least 3 months before surgery, as defined by 
the American College of Cardiology (ACC)/American 
Heart Association (AHA)/European Society of Cardiology 
(ESC) guidelines (25). HrQoL and maintenance of sinus 
rhythm at 1-year follow-up after surgery were considered as 
primary endpoints of the total study with cost-effectiveness, 
morbidity, and mortality as secondary outcomes. All 
patients completed the three postoperative questionnaires 
used in the study. Both groups were kept blinded to all 
medical personnel and patients except for the surgical team 
to limit healthcare consumption confounding factors during 
the follow-up period.

Surgical procedure (add-on arrhythmia surgical procedure)

All patients in the AFib catheter ablation group underwent 
a complete Maze IV procedure with radiofrequency energy 
bipolar Cardioblate device used to produce linear ablation 
lines, and also had their left atrial appendix excised (26). 
Double ablations were correctly applied when ablating the 
thicker pulmonary vein regions. Epicardial cardioversion 
was attempted 3–4 times in the isolated CABG group before 
commencing ablation therapy in order to bring the patients 
into sinus rhythm and to facilitate the ablative effects. 
Before the institution of CABG, surgical ablation procedure 
was performed first thus, allowing epicardial off-pump 
beating heart ablation. The pericardial reflection between 
the superior and inferior right pulmonary vein, the superior 
and inferior caval vein into the oblique sinus, and the 
transverse sinus were opened. Fatty tissues around the roof 
of the left atrium in the transverse sinus and along the intra-

atrial groove were dissected. The left atrial appendage was 
resected, and an appropriate sling was positioned along the 
transverse sinus, while another was passed across from the 
inferior pulmonary vein through the oblique sinus into the 
transverse sinus. Additional pacing wires were placed behind 
the right atrial appendage and close to the interventricular 
septum to evaluate rate and rhythm (conduction block) 
during the postoperative period. The off-pump beating 
heart ablation procedure for the isolated CABG group was 
performed according to the standard protocol (7,8,18-20).

Outcomes

The primary outcome was operative mortality, which was 
seen as ≥30 day or in-hospital mortality. Other additional 
issues determined included prolonged ventilation, the need 
for permanent pacemaker implantation, stroke, reoperation 
for bleeding, renal failure, deep sternal wound infection, 
and dialysis (Table 2).

HrQoL questionnaires

Both disease-specific and generic measurements were 
covered for a comprehensive HrQoL assessment. The 
RAND 36-item Health Survey 1.0 (SF-36) comprising 
eight multi-item scales (27) and the European quality of life 
(EuroQoL) generic questionnaire used in this study are both 
validated, standardized, and frequently used in arrhythmia 
studies (25,28). They have both been successfully and 
actively used in cost-effectiveness and HrQoL research 
for heart patients (29,30). The EuroQoL consists of two 
components: the EuroQoL classification (EQ-5D, mobility, 
self-care, usual activities, pain/discomfort, and anxiety/
depression), and description of the respondent’s health 
using the EuroQoL thermometer (VAS, a visual analog 
scale) (24). The disease-specific questionnaire used was 
the Multidimensional Fatigue Inventory (MFI-20) (31).  
All questionnaires in this study for both surgeries as 
usual group and AFib catheter ablation group were self-
administered at the hospital (baseline) and were then sent 
by post or answered during clinic visits during the follow-up 
period of 1 year at 3, 6, and 12 months after surgery. Scales 
were determined, ranging from one (highest well-being) to 
five (lowest well-being).

QoL measurements

For the economic evaluation, the effectiveness was 
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Table 1 Relevant clinical characteristics for “add-on” patients who underwent valvular surgery, CABG, and concomitant Cox-Maze IV procedure 
in each subcategory vs. “surgery as usual”

Operation type & number of  
patients

Mitral + tricuspid + 
CABG + Cox Maze 

IV (N=1,012)

Aortic + CABG 
+ Cox Maze IV 

(N=819)

Mitral + tricuspid +aortic 
+ CABG + Cox Maze IV 

(N=1,146)

Isolated CABG 
+ Cox Maze IV 

(N=91)

Surgery as usual 
(N=7,258)

Demographic data

Age (years) 54.6±10.1 58.4±12.7 70.9±8.1 57.5±13.3 60.3±14.9

Weight (kg) 62.8±7.8 62.5±4.0 57.0±9.3 67.0 60.7±11.0

Sex (male) 175 (17.3) 509 (62.1) 274 (23.9) 59 (64.8) 3,703 (51.0)

Type of AFib

Paroxysmal 494 (48.8) 336 (41.0) 547 (47.7) 61 (67.0) 3170 (43.7)

Persistent 292 (28.9) 341 (41.6) 357 (31.2) 0 1998 (27.5)

Longstanding persistent 226 (22.3) 142 (17.3) 242 (21.1) 30 (33.0) 2661 (36.7)

LVEF 31.6±2.0 31.1±0.9 32.3±1.2 32.0 31.9±3.8

MI 0 – 1 (0.1) 6 (6.6) 580 (8.0)

Smoker 731 (72.2) 534 (65.2) 563 (49.1) 0 4,991 (68.8)

Diabetes 7 (0.7) 5 (0.6) 9 (0.8) 3 (3.3) 21 (0.3)

Congenital 0 0 0 0 0

Hypertension 157 (15.5) 83 (10.1) 277 (24.2) 0 472 (6.5)

Renal failure

Previous pacemaker 0 0 0 0 0

Previous CVA/TIA 1 (0.1) 1 (0.1) 1 (0.1) 3 (3.3) 17 (0.2)/8 (0.1)

Prior valvular and CABG surgery 0 0 0 0 0

Pre-operative complaints

Dyspnea 67 (6.6) 65 (7.9) 347 (30.3) 91 (100.0) 5,092 (70.2)

(Pre-)syncope 596 (58.9) 124 (15.1) 763 (66.6) 91 (100.0) 2,486 (34.3)

Palpitations 1,012 (100.0) 819 (100.0) 1,023 (89.3) 91 (100.0) 5,225 (72.0)

Angina 3 (0.3) 1 (0.1) 4 (0.3) 15 (16.5) 2,089 (28.8)

Fatigue 665 (65.7) 0 – 0 6,032 (83.1)

Dizziness 108 (10.7) 819 (100.0) 226 (19.7) 91 (100.0) 3,670 (50.6)

Other complaints 180 (17.8) 426 (52.0) 1 (0.1) 91 (100.0) 1,899 (26.2)

Postoperative rhythm

Atrioventricular block 1 (0.1) 1 (0.1) 13 (1.1) 57 (62.6) 1,372 (18.9)

Atrial fibrillation 783 (77.4) 818 (99.9) 313 (27.3) 33 (36.3) 5,719 (78.8)

Atrial flutter 8 (0.8) 5 (0.6) 11 (1.0) 7 (7.7) 11 (0.2)

Temporary pacemaker 0 292 (35.7) 0 0 1,763 (24.3)

Permanent pacemaker 588 (58.1) 62 (7.6) 304 (26.5) 0 1,137 (15.7)

Postoperative cardioversions

Electrical 1 (0.1) 696 (85.0) 473 (41.3) 91 (100.0) 1,268 (17.5)

Pharmacological 1,011 (99.9) 123 (15.0) 158 (13.8) 0 5,065 (69.8)

Data presented as mean ± SD or n (%). AFib, atrial fibrillation; CABG, coronary arterial bypass; LVEF, left ventricular ejection fraction; MI, 
myocardial infarction; CVA, cerebrovascular accident; TIA, transient ischemic attack.
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Table 2 Outcomes for “add-on” patients who underwent valve surgery, CABG, Cox-Maze procedure in each subcategory vs. “surgery as usual”

Operation type & number of patients
Mitral + tricuspid + 
CABG + Cox Maze 

IV (N=1,012)

Aortic + CABG 
+ Cox Maze IV 

(N=819)

Mitral + tricuspid +aortic 
+ CABG + Cox Maze IV 

(N=1,146)

Isolated CABG 
+ Cox Maze IV 

(N=91)

Surgery as usual 
(N=7,258)

Prolonged ventilation 11 (1.1) 4 (0.5) 23 (2.0) 6 (6.6) 419 (5.8)

Superficial sternal wound infection 0 0 5 (0.4) 0 628 (8.7)

Deep sternal wound infection 0 0 0 0 132 (1.8)

Rewire sternum 0 0 3 (0.3) 0 5 (0.1)

Reoperation for valve dysfunction 0 0 1 (0.1) 0 5 (0.1)

Reoperation for bleeding 7 (0.7) 1 (0.1) 5 (0.4) 7 (7.7) 85 (1.2)

Transient stroke 2 (0.2) 5 (0.6) 4 (0.3) 8 (8.8) 9 (0.1)

Permanent stroke 1 (0.1) 1 (0.1) 1 (0.1) 0 5 (0.1)

Readmission to ICU 0 29 (3.5) 98 (8.6) 0 190 (2.6)

Reoperation for other cardiac 0 0 1 (0.1) 0 18 (0.2)

Length of stay <30 days 865 (85.5) 819 (100.0) 634 (55.3) 91 (100.0) 4,112 (56.7)

Length of stay >30 days 147 (14.5) 0 512 (44.7) 0 3,146 (43.3)

Hospital readmission within 30 days 1 (0.1) 1 (0.1) 10 (0.9) 15 (16.5) 502 (6.9)

Operative mortality (<30 days) 12 (1.2) 0 7 (0.6) 0 7 (0.1)

Renal failure 13 (1.3) 0 9 (0.8) 0 11 (0.2)

Renal failure requiring dialysis 1 (0.1) 1 (0.1) 1 (0.1) 1 (1.1) 8 (0.1)

Percentage of patients who returned to sinus rhythm

3 months 0 0 0 0 4.9

6 months 0 0 0 0 8.7

12 months 0.1 0.1 1.3 1.1 26.6

Data presented as mean ± SD or n (%). ICU, intensive care unit; CABG, coronary arterial bypass.

expressed as quality-adjusted life-years (QALYs). The 
HrQoL was assessed by SF-36, EuroQoL, and the MFI-20 
at baseline, 3, 6, and 12 months after the surgery (24,27). 
Using the Dolan algorithm, patients’ responses to both 
disease-specific and generic measurements QoL questioners 
were converted to utility scores to calculate the QALY. The 
maximum number of QALYs within this study is one [1-year 
follow-up in perfect health (=1) multiplied with one].

Resources or volumes used and long-term care

The effects and costs of AFib healthcare utilization 
continuously recorded by participants were collected during 
1 year, at baseline, 2–6 weeks, 3–4 months, 6–7 months, 
and 11–12 months using the cost diary method (32). From 

a contemporary societal perspective, the diary contained 
questions regarding three categories of costs: direct 
healthcare costs, direct non-healthcare costs, and indirect 
healthcare costs (Table 3). To calculate the incremental 
cost-effectiveness ratio (ICER), the cost difference of both 
groups was divided by the gain in HrQoL. The result was 
hence, defined as the incremental costs per QALY.

Unit prices

The unit costs for hospitalization and surgery days were 
derived from the hospital information system, societal 
perspective, and the hospital financial institute for patient’s 
welfare. Total operative costs included both the actual 
operation time and the time the patients spent in the 
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Table 3 Mean unit costs in yuan per category used for “add-on” patients who underwent valvular surgery, CABG, and concomitant Cox-Maze IV 
procedure vs. “surgery as usual”

Intervention groups add-on group & 
surgery as usual

Unit Mean 
Standard  

deviation (±)
% cost  
per unit

Total cost ($)  
per unitǂ

Source HIS,  
HFIPW & SP

Direct health care cost

Operative cost

ACC Surgery 140,061.1 1,747.1 10.3 16,405,734 HIS

ICC Surgery 90,000.0 0.0 0.7 1,171,319 HIS

MTACC Surgery 189,956.8 1,477.0 19.5 31,126,467 HIS

MTCC Surgery 155,000.0 0.0 14.1 22,434,007 HIS

SAU Surgery 84,927.0 8,112.6 55.4 88,157,097 HIS

Medication

ACC Fixed 20,000.0 0.0 13.2 2,342,888 HIS

ICC Fixed 20,000.0 0.0 1.5 260,338 HIS

MTACC Fixed 20,000.0 0.0 18.5 3,278,544 HIS

MTCC Fixed 20,000.0 0.0 16.3 2,895,066 HIS

SAU Fixed 8,621.4 925.6 50.5 8,950,389 HIS

Hospital stay

ACC Fixed 1,260.0 0.0 5.5 147,598 HIS

ICC Fixed 1,260.0 0.0 0.6 16,399 HIS

MTACC Fixed 2,617.1 301.0 16.1 428,959 HIS

MTCC Fixed 1,496.6 492.3 2.6 68,482 HIS

SAU Fixed 1,932.9 385.3 75.2 2,006,533 HIS

Cardio surgeon consultation*

ACC Visit 288.2 5.0 9.5 33,759 HIS & HFIPW

ICC Visit 285.0 0.0 1.0 3,709 HIS & HFIPW

MTACC Visit 279.7 23.7 8.5 30,073 HIS & HFIPW

MTCC Visit 298.0 2.5 12.2 43,098 HIS & HFIPW

SAU Visit 235.0 0.0 68.8 243,956 HIS & HFIPW

General practitioner*

ACC Visit 202.8 9.5 8.5 23,751 HIS & HFIPW

ICC Visit 200.0 0.0 0.9 2,603 HIS & HFIPW

MTACC Visit 202.3 2.3 11.8 33,162 HIS & HFIPW

MTCC Visit 208.4 1.7 10.8 30,163 HIS & HFIPW

SAU3 Visit 183.4 4.7 68.0 190,387 HIS & HFIPW

Cardiologist consultation*

ACC Visit 234.2 19.5 8.3 27,428 HIS & HFIPW

ICC Visit 200.0 0.0 0.8 2,602 HIS & HFIPW

MTACC Visit 240.1 9.0 11.8 39,350 HIS & HFIPW

MTCC Visit 242.0 9.2 7.1 23,738 HIS & HFIPW

SAU Visit 230.0 0.0 72.0 331,840 HIS & HFIPW

Table 3 (continued)
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Table 3 (continued)

Intervention groups add-on group & 
surgery as usual

Unit Mean 
Standard  

deviation (±)
% cost  
per unit

Total cost ($)  
per unitǂ

Source HIS,  
HFIPW & SP

ER visit*

ACC Visit 570.0 0.0 8.0 66,761 HIS

ICC Visit 570.0 0.0 0.8 7,417 HIS

MTACC Visit 570.0 0.0 11.1 93,419 HIS

MTCC Visit 570.0 0.0 9.8 82,496 HIS

SAU Visit 570.0 0.0 70.3 591,632 HIS

Other specialist consultation*

ACC Visit 150.0 0.0 12.5 17,567 HIS & HFIPW

ICC Visit 150.0 0.0 1.4 1,951 HIS & HFIPW

MTACC Visit 132.7 22.7 15.5 21,752 HIS & HFIPW

MTCC Visit 109.4 19.6 11.3 15,837 HIS & HFIPW

SAU Visit 80.0 0.0 59.2 83,030 HIS & HFIPW

Physiotherapist*

ACC Visit 170.0 0.0 7.9 19,908 HIS & HFIPW

ICC Visit 170.0 0.0 0.9 2,212 HIS & HFIPW

MTACC Visit 170.0 0.0 11.1 27,860 HIS & HFIPW

MTCC Visit 170.0 0.0 9.8 24,600 HIS & HFIPW

SAU Visit 170.0 0.0 70.3 176,438 HIS & HFIPW

Nursing care*

ACC Visit 55.0 0.0 9.1 6,441 HFIPW

ICC Visit 55.0 0.0 1.0 715 HFIPW

MTACC Visit 55.0 0.0 12.7 9,013 HFIPW

MTCC Visit 55.0 0.0 11.2 7,959 HFIPW

SAU Visit 45.00 0.0 66.0 46,708 HFIPW

Additional exams*

Blood work

ACC Basic set 65.0 0.0 7.9 7,613 HIS

ICC Basic set 65.0 0.0 0.9 845 HIS

MTACC Basic set 65.0 0.0 11.1 10,652 HIS

MTCC Basic set 65.0 0.0 9.8 9,406 HIS

SAU Basic set 65.0 0.0 70.3 67,466 HIS

X-ray

ACC Test 104.0 0.0 7.9 12,180 HIS

ICC Test 104.0 0.0 0.9 1,353 HIS

Table 3 (continued)
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Table 3 (continued)

Intervention groups add-on group & 
surgery as usual

Unit Mean 
Standard  

deviation (±)
% cost  
per unit

Total cost ($)  
per unitǂ

Source HIS,  
HFIPW & SP

MTACC Test 104.0 0.0 11.1 17,044 HIS

MTCC Test 104.0 0.0 9.8 15,051 HIS

SAU Test 104.0 0.0 70.3 107,951 HIS

Echocardiogram

ACC Procedure 25.0 0.0 7.9 2,928 HIS

ICC Procedure 25.0 0.0 0.9 325 HIS

MTACC Procedure 25.0 0.0 11.1 4,097 HIS

MTCC Procedure 25.0 0.0 9.8 3,618 HIS

SAU Procedure 25.0 0.0 70.3 25,950 HIS

Echocardiographic heart exam

ACC Test 310.0 0.0 9.2 36,167 HIS

ICC Test 310.0 0.0 1.0 4,034 HIS

MTACC Test 310.0 0.0 12.8 50,807 HIS

MTCC Test 310.0 0.0 11.3 44,867 HIS

SAU Test 250.0 0.0 65.6 259,504 HIS

Direct non-healthcare costs*

Self-medication

ACC Third-party 10,000.0 0.0 11.5 1,171,312 SP

ICC Third party 10,000.0 0.0 1.3 130,145 SP

MTACC Third party 10,000.0 0.0 16.0 1,639,008 SP

MTCC Third party 10,000.0 0.0 14.2 1,447,350 SP

SAU Third party 5,605.5 1,204.2 57.0 5,818,716 SP

Informal care (family, friends)

ACC Hour 12.0 0.0 10.3 1,405 SP

ICC Hour 12.0 0.0 1.2 156 SP

MTACC Hour 12.0 0.0 14.5 1,966 SP

MTCC Hour 12.0 0.0 12.8 1,736 SP

SAU Hour 8.0 0.0 61.2 8,304 SP

Indirect healthcare costs*

Paid work loss

ACC Hour 100.0 0.0 7.9 11,713 SP

ICC Hour 100.0 0.0 0.9 1,301 SP

MTACC Hour 100.0 0.0 11.1 16,389 SP

MTCC Hour 100.0 0.0 9.8 14,473 SP

SAU Hour 100.0 0.0 70.3 103,802 SP

Data presented as mean ± SD or percentage. *, after discharge; ǂ, currency exchange rate at the 3rd quarter of the year 2019. CABG,  
coronary arterial bypass; ER, emergency room; HIS, Hospital Information System; HFIPW, Hospital Financial Institute for Patient’s Welfare; 
SP, societal perspective; ACC, aortic + CABG + Cox-Maze IV; ICC, isolated CABG + Cox-Maze IV; MTACC, mitral + tricuspid + aortic + 
CABG + Cox-Maze IV; MTCC, mitral + tricuspid + CABG + Cox-Maze IV; SAU, surgery as usual. 
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operating theatre. Additional catheter costs and prosthetic 
material for add-on surgery were also added to the total 
surgery costs. Costs regarding the overall hospital stay 
consisted of days in the intensive care unit, emergency 
room, medium care unit, and regular nursing department 
care. Medication costs were institutionally derived and 
asserted from the hospital pharmacological registry. 
The absence of paid work was calculated according to 
provincial and regional individual workers’ organizational 
perspective(s). All costs are presented in dollars ($) (Table 3 
provides an overview of the costs unit).

Clinical follow-up

AFib was treated according to predefined protocols during 
in-hospital follow-up: oral anticoagulants depending on 
rhythm outcome for at least 3 to 4 months, prophylactic 
sotalol for at least 3 to 4 weeks postoperatively, additional 
digoxin for rate control, and cardioversion after three 
days of persistent AFib. Atrial arrhythmia in the follow-
up period (out-patient-department) was treated by our 
hospital’s therapeutic department cardiologist for rate 
control and cardioversion. An ECG was used to evaluate the 
patients’ heart rhythm. All patients used oral anticoagulants 
as long as they were in AFib and for other non-AFib related 
diseases. Patients received 100 mg of low-dose aspirin daily 
if none of these premises occurs. Patients’ check-up was 
carried out at our outpatient clinics at 3, 6, and 12 months 
after surgery after postoperative discharge. A 24-hour 
Holter monitor was attached to patients at the 12 months 
for a day during the follow-up (Table 2).

Statistical analysis

The frequency of preoperative AFib and procedural AFib 
corrections were evaluated across the following operative 
categories which were all concomitant AFib procedures: 
mitral + tricuspid + CABG + Cox-Maze IV (MTCC), 
aortic + CABG + Cox-Maze IV (ACC), mitral + tricuspid 
+ aortic + CABG + Cox-Maze IV (MTACC), and isolated 
CABG + Cox-Maze (ICC). Specific outcomes of interest, 
operative characteristics, risk factors, and demographic 
features such as age and sex were compared after the 
AFib correction procedure. For statistical analysis, SPSS 
for Windows Version 15.0 (SPSS Inc, Chicago, IL, 
USA) was used. Before cost prices were computed, mean 
imputation was performed at a variable level for the cost 
diary. Data were analyzed by the intention-to-treat in 

which mean substitution for missing cases was applied. 
Uncertainty intervals (UIs), mean cost difference, and the 
UIs surrounding the ICERs were employed to test the 
robustness of the cost analysis (33). Also, an acceptability 
line graph (AFib catheter ablation group vs. surgery as 
usual) was plotted to show the maximum amount patients 
or the society, in general, would be willing to pay for a gain 
in QALY and or effectiveness. The utility weight level for 
cardiovascular disease and a 3% discount rate was used, 
in line with the Global Burden of Disease study, while 
an average duration of the illness was fixed for both the 
groups. All continuous variables are presented as means and 
standard deviations. Group comparison between continuous 
variables was performed, using Student’s t-test in case of 
normal distribution; otherwise, Mann-Whitney U test 
was applied. For all categorical data, the chi-square log-
likelihood test was used. A P value <0.05 was considered to 
be statistically significant.

Equations

QALY’s lived in 1 year =1*Q with Q ≤1; 
na L

t a
QALE Qt+

=
=∑ ; 
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t a

QtQALE
r t a

+

=
=

+ −∑ .
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rLi rL

i e eQALE s gained Q Q
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− −− −
= = − = ;

(III)	 ( )1'  
rL

i eQALE s gained Q Q
r

−−
= − . 

where Q = HrQoL; L = the residual life expectancy of 
the individual at age a; t = individual years within that life 
expectancy range; r = discount rate; i = the improvement 
in QALE obtained through a specific health intervention; 
e = Napier’s mathematical constant; x = the individual’s 
age; Li and Qi are, respectively, the period over which 
treatment affects the individual’s QoL, and the QoL weight 
with treatment; while L and Q are the corresponding 
parameters without treatment; QALE = quality-adjusted 
life expectancy.

Ethical issues

The study was conducted in accordance with the 
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Declaration of Helsinki (as revised in 2013). The ethical 
committee for Xiangya Second Affiliated Hospital of 
Central South University approved the study (No. 
2018YFC1311204). The patients gave written informed 
consent to be included in the study. 

Results

Patient’s background characteristics and QoL

Three thousand one hundred and sixty-five patients in this 
study completed at least one cost diary during the follow-
up, which was analyzed in this study (AFib catheter ablation 
group). At baseline, HrQoL, and background characteristics 
in terms of comorbidity, demographic data, risk factors, and 
previous cardiac history were also examined and analyzed. 
No significant statistical differences exist between each 
patient’s background characteristics.  

Cost analysis

The results in Table 4 show the various cost categories in 
the study during the 1-year follow-up. Mean total for direct 
healthcare costs was significantly higher in the valvular groups 
(MTCC, ACC, and MTACC) as compared to the ICC group 
(P=0.001) as a result of much-prolonged surgery time and the 
combined costs for the mechanical or biological valve with 
the ablation catheter itself (see Table 3). Other subcategories 
(direct non-healthcare cost, and indirect healthcare cost), 
were variably comparable without significant differences.

Adverse events and mortality

During the postoperative in-hospital period, the number 
of infection rate, myocardial infarction, stroke, pulmonary 
complications, and renal failure showed no significant 
variable differences among all patient groups. The number 
of adverse events variably remained equally distributed 
among all patient groups during the 1-year follow-up period 

(see Table 2). The overall in- and out-hospital mortality 
rate (≤30 days) was 1.9% (n=26): 12 patients in the MTCC 
group, none in the ACC group, 7 in MTACC group, none 
in the ICC group, and 7 in surgery as usual group.

Cost-effectiveness analysis

After 1 year, the total QALYs for AFib catheter ablation 
group (MTCC, ACC, MTACC, and ICC), were 0.11 
and 0.39 for surgery as usual group (see Table 4). Since 
the difference in total costs between both the groups 
was $21,425,632 (¥151,840,547), the ICER mounted to 
$76,513,227 (¥542,287,667) per QALY gained. As can be 
seen in Figure 1, though concomitant ablation surgery is 
quite effective concerning enhancing HrQoL; it is, however, 
more costly. The acceptability line graph (Figure 1) shows 
that for the ICER of $76,513,227 (¥542,287,667), the 
probability of simultaneous ablation surgery being more 
cost-effective than regular cardiac surgery is 43%. The 
acceptability line graph shows that the probability of 
ablation surgery being more cost-effective than surgery as 
usual, does not go beyond 50%.

HrQoL measurements

The response rate for the questionnaires during the 1-year 
follow-up in the study was similar for all the groups. Mean 
and standard deviations for SF-36 1-year follow-up are 
presented in Table S1. Outcomes for EQ-5D and VAS are 
listed in Table S2 while the results of MFI-20 are presented 
in Table S3.

Discussion

AFib is present in 1% to 6% of patients presenting for 
CABG or aortic valve surgery, and up to 50% of patients 
undergoing mitral valve surgery (34-36). In the general 
population, AFib is a marker of advanced cardiovascular 
disease, which only increases with age. Patients with mitral 

Table 4 Incremental cost-effectiveness ratio for the additional catheter ablation surgery vs. surgery as usual

Procedure Cost $ (¥) QALY ICER costs per QALY

Surgery as usual group (n=7,258) 107,171,794 (749,329,876) 0.39 –

Add-on group (n=3,068) 85,455,126 (597,489,329) 0.11 –

Incremental (surgery as usual add-on) 21,425,632 (151,840,547) 0.28 76,513,227 (542,287,667)

QALY, quality-adjusted life-year.
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Figure 1 Acceptability curve of costs per quality-adjusted life years. ICER, incremental cost-effectiveness ratio.
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valve dysfunction and associated AFib have a higher NYHA 
functional class, greater left atrial size, and a more severe 
left ventricular dysfunction (36,37) as compared to patients 
without AFib. Accordingly, Quader et al. published a clinical 
report on CABG patients confirming similar associations 
with AFib in this population (36). AFib is associated with 
increased morbidity and mortality in CABG patients and 
patients undergoing valvular surgeries (35,36,38). AFib 
is also, however, an independent risk factor for cardiac 
morbidity (stroke, thromboembolism, and anticoagulant-
related bleeding) (38).

This study used a single-center cardiac surgery database 
(one of the major designated centers for AFib treatment 
procedures in China) to describe the contemporary 
utilization of AFib correction surgery. The study assessed 
the cost-effectiveness, HrQoL, and the associated risk 
of morbidity or mortality in combining surgical AFib 
correction with valvular, and CABG surgery. We found an 
increased performance with AFib correction procedures 
during this study; however, the surgical procedure was 
associated with a need for postoperative permanent 
pacemaker implantation, a potential adverse outcome for 
surgical AFib corrective procedures (39). We also found out 
that morbidity risk varied with the type or kind of method 
(CABG with single or double valve replacement). These 
results were consistent with previous studies, including a 
prospective randomized study (40) and a retrospective case-
matched study (41). 

However, the simultaneous AFib Procedure did not 
substantively increase the operative mortality rate. Our 
study further shows that an additional ablation surgery is not 
cost-effective compared to surgery as usual (42), as the cost 

of surgery in all the subcategories was significantly higher. 
When prices for all the subgroups were compared to their 
effectiveness (based on a regional societal perspective of 
general cardiac surgery in Mainland China) (38), this resulted 
in an ICER of ¥542,287,667 ($76,513,227) per QALY gained 
(the extra society is willing to pay to obtain a QALY).

Nonetheless, even with our study showing concomitant 
AFib to be less cost-effective, a recent review (43) showed 
promising positive results with AFib surgery versus no 
AFib surgery. Notwithstanding, despite the promising 
results as reported in the literature, it only but leaves us 
with questions like: (I) should we still carry out surgical 
AFib ablations, not minding the cost implications? (II) 
should AFib ablation be provided as a surgical treatment 
option for patients with currently no standardized rationale 
(diverse ablation practices), and the underrepresentation of 
long-term patient-reported outcomes within existing AFib 
intervention trials? 

If “yes”, is it worth the effort even when sinus rhythm is 
not achieved in most of the cases? With recommendations 
from STS guidelines (20), which adds “to restore sinus 
rhythm” rather than to improve QoL as the purpose for 
intervention. If “no”, however, what are the possible set 
out guidelines to back-up such (clinical) decision? To 
answer such difficult key questions and or justify such 
clinical decisions, one needs to thoroughly examine the four 
essential guidelines (7,8,18-20).

Having gone through the guidelines with the known 
AFib associated risk, it is difficult to see a reason “not” to 
offer concomitant AFib surgery with chances evaporating 
when the chest has been closed. As one should bear in 
mind that, AFib is an independent risk factor for cardiac 
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morbidity with an increased mortality rate (35,36,38), 
and symptomatic patients would have to undergo cardiac 
surgery. Hence in clinical practice, it appears natural to 
conclude that one should always carry out concomitant AFib 
surgery in symptomatic patients with palpitations when the 
opportunity arises. However, of course, not all AFib patients 
have palpitations as their presenting symptoms could easily 
be attributable to other coexisting cardiac conditions. 

Nevertheless, justifying this adds to the total cost of the 
operation. Although our study and other evidence suggest 
that there is no overall increase in mortality and severe 
morbidity as a result of an add-on catheter ablation surgery 
(10,43), the enthusiasm for performing concomitant AFib 
surgery by surgeons should be tempered. Therefore, as 
seen in our study, add-on catheter ablation surgery is costly 
in terms of time and resources. It increases the bypass and 
cross-clamp times, requires dissection in areas around the 
heart typically left untouched, and open-heart chambers 
that would otherwise be left unopened.

However, restoring sinus rhythm through AFib surgery 
may not guarantee freedom from the risks associated 
with AFib (44). Most importantly, patients are primarily 
interested in feeling better and living longer rather than care 
about whether their ECG is “normal” or show a regular 
sinus rhythm. Besides, the increased operative burden, 
duration, cost, and the high rate of permanent pacemaker 
implantation (10,43), as also noted in our study, are not 
the only associated risk factors of AFib surgery. Hence, 
enthusiastic surgeons must be aware that the additional risk 
of air embolism into heart chambers is doubled with the 
procedure, making AFib ablative procedures, not a venture 
to be embarked upon lightly in terms of safety. More so, the 
apparent discrepancies in reporting outcomes (44-46) by 
enthusiasts of the technique only have flooded the research 
field to some extent. 

Thus, is it worth the effort? Most certainly, yes. However, 
it is heavily dependent on the indication (which remains 
controversial), and the settings (e.g., institute experience, 
and comorbidities). For instance, if the reported atrial 
contractility is truly restored in both short and long-term 
cases given its episodic nature then, the patient may stand 
to benefit substantially in terms of both survivals, QoL, and 
the cost of the procedure most certainly. Finally, below we 
highlight possible options to better tailor the interventional 
treatment of AFib in order to avoid “unnecessary” surgical 
ablative therapeutic decisions which in the long run, may 
prove as not to be cost-effective: 

(I)	 Epidemiologic studies (47): epidemiologic studies 

have identified several potentially modifiable risk 
factors for AFib, such as including obesity, diabetes 
mellitus, metabolic syndrome, cigarette smoking, 
hypertension, obstructive sleep apnea, and excessive 
alcohol intake (47). Thus, prevention efforts should 
be aimed at individuals with the highest risk.

(II)	 Substrate-guided therapy: Though the recent trials, 
including STAR AF II, have demonstrated little or 
no clinical benefit with substrate characterization, 
a refined substrate characterization along with 
prospective delineation of AFib triggers and drivers 
will be necessary. The 4th Atrial Fibrillation 
NETwork (AFNET)/European Heart Rhythm 
Association (EHRA) consensus conference, 
however, proposed a new clinical classification 
of AFib, namely (i) distinct types (postoperative, 
focal, and monogenic induced AFib), and (ii) 
convoluted subtypes (valvular, polygenic, and 
AFib amongst the older population). With this 
classification, patients are assigned to their 
respective groups, whereas AFib not fulfilling these 
definitions would be “unclassified” (48). However, 
the limiting factor to the classification were cases 
of an “overlap”, were an “unclassified AFib” was 
the typical outcome. Nonetheless, an alternative 
substrate-based approach (the EHRA classes I 
to IV) was, however, proposed by the EHRA/
Heart Rhythm Society (HRS)/Asia Pacific Heart 
Rhythm Society (APHRS)/Latin American Society 
of Electrophysiology and Cardiac Stimulation 
C o n g r e s s  ( S O L A E C E )  c o n s e n s u s  g r o u p 
(cardiomyocyte-dependent, fibrotic-dependent, 
mixed dependency, and primarily non-collagen 
atrial infiltration) (49).

(III)	 Genotype-directed therapy: numerous studies 
have identified rare forms of AFib with Mendelian 
inheritance, though this approach is yet to be 
tested, affected individuals with these mutations 
confer large effect sizes, and might, therefore, 
permit gene-directed pharmacotherapy. Hence, 
from a population perspective, the aim is to identify 
AFib subtypes or AFib-susceptible individuals 
who may benefit from preventive interventions or 
differentially respond to therapy (50-57).

Conclusions  

While surgery for AFib has been performed for over two 
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decades now, be it concomitant or stand-alone procedures 
and,  more recently,  hybrid methods,  prospective 
multicenter clinical trials are needed to define better 
corrective AFib applicability. Though still, a fertile field 
for current and future exploration, identifying modifiable 
and non-modifiable risk factors for AFib will help curb 
“non-cost-effective” surgical ablative therapies by an 
enthusiast of the technique. Of course, there are still 
(possibly) more questions that remain to be asked and or 
addressed, but it is “advisable” to carry out concomitant 
AFib surgery in patients, however, subjected to cardiac 
surgery as it is a golden opportunity to treat the AFib. 
Notwithstanding, it all depends on what the patients or 
the society at large are willing to pay. In the meantime, 
as our knowledge for AFib expands, future studies must 
adopt consistent follow-up methodologies and procedural 
“success” definitions (58).

Study limitations

We acknowledge the fact that our study had some 
limitations: (I) the follow-up time in our research was quite 
short (1-year period) given the episodic nature of AFib. 
Therefore, what might seem to be a “regular sinus rhythm” 
at one point in time might, however, not be the same for 
the next 3–6 months and, or throughout the year. Thus, 
a 3- to 5-year follow-up period is ideal to ascertain if the 
procedure was “successful” or not, whereas ours was short. 
Hence, a shorter duration might not be an ideal time to 
ascertain if the procedure was “successful” as a successful 
procedure would be “cost-effective”. Also, the results of 
our study might be, in part, probably skewed (possibly 
inevitable) since the surgical outcome for the majority of the 
participants who opted out were primarily not determined; 
(II) health care consumption in our study was limited to 
AFib related cost only; hence, the high costs during the 
follow-up could be caused by other comorbidities, and (III) 
it was a single-center study, a much more comprehensive 
(nationwide) or other designated centers in mainland China 
provincial data set for AFib add-on medical cost like Fuwai 
Hospital Beijing, Affiliated First Peoples Hospital Shanghai, 
and West China Hospital Sichuan was not ascertained and 
compared hence, AFib cost-effectiveness might either be 
under-reported or even possibly overestimated.  
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Table S1 Means and standard deviations of SF-36 scores for 1-year follow-up in all “add-on” subcategories vs. “surgery as usual”

RAND 36-item Health Survey (SF-36) 
parameters

Pre-operative  
(M1/baseline)

Three months  
postoperative (M2)

Six months  
postoperative (M3)

Twelve months  
postoperative (M4)

Physical functioning (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 4.00 4.00 4.14 4.00

Std. deviation 0.00 0.00 0.38 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 4.00 4.00 5.00 4.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 4.58 4.53 3.97 3.73

Std. deviation 0.49 0.68 0.94 0.45

Isolated CABG + Cox Maze IV (n=91)

Mean 4.00 4.00 5.00 4.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 4.00 3.95 3.54 3.00

Std. deviation 0.00 0.22 0.50 0.00

Physical pain (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 5.00 4.00 2.04 1.21

Std. deviation 0.00 0.00 0.19 0.41

Aortic + CABG + Cox Maze IV (n=819)

Mean 5.00 4.00 3.00 2.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 4.87 4.08 2.51 1.0

Std. deviation 0.34 0.28 0.50 0.03

Isolated CABG + Cox Maze IV (n=91)

Mean 5.00 4.00 3.00 2.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 4.00 3.59 3.27 1.00

Std. deviation 0.00 0.49 0.45 0.00

Social functioning (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 5.00 4.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 5.00 4.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 4.96 4.86 3.79 2.53

Std. deviation 0.19 0.34 0.41 0.49

Isolated CABG + Cox Maze IV (n=91)

Mean 5.00 4.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 4.00 4.00 3.00 2.00

Std. deviation 0.00 0.00 0.00 0.00

Role limitations due to emotional problems (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 3.00 3.00 2.00 2.00

Std. deviation 0.00 0.00 0.00 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 3.00 3.00 2.00 2.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 2.87 2.10 2.07 1.85

Std. deviation 0.34 0.29 0.26 0.36

Isolated CABG + Cox Maze IV (n=91)

Mean 3.00 3.00 2.00 2.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 2.28 2.09 2.00 1.00

Std. deviation 0.45 0.29 0.00 0.00

Mental Health (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 4.06 2.00 1.10 1.00

Std. deviation 0.31 0.00 0.29 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 3.00 2.00 2.00 1.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 2.27 1.26 1.34 1.07

Std. deviation 1.30 0.71 0.47 0.26

Isolated CABG + Cox Maze IV (n=91)

Mean 3.00 2.00 2.00 1.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 3.00 2.15 2.23 1.16

Std. deviation 0.00 0.36 0.42 0.37

Vitality (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 4.16 4.22 3.65 1.61

Std. deviation 0.37 0.41 0.48 0.92

Aortic + CABG + Cox Maze IV (n=819)

Mean 5.00 4.00 3.00 2.85

Std. deviation 0.00 0.00 0.00 0.36

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 3.79 3.50 3.63 1.38

Std. deviation 0.64 0.87 0.48 0.54

Isolated CABG + Cox Maze IV (n=91)

Mean 5.00 4.00 3.00 2.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 3.60 2.12 1.20 1.06

Std. deviation 0.49 0.33 0.40 0.35

General health (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 5.00 3.61 3.55 3.00

Std. deviation 0.00 0.49 0.49 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 5.00 4.00 3.53 3.00

Std. deviation 0.00 0.00 0.50 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 4.22 3.43 2.50 2.97

Std. deviation 0.42 0.49 0.57 0.16

Isolated CABG + Cox Maze IV (n=91)

Mean 5.00 4.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 3.12 1.75 1.56 1.19

Std. deviation 0.33 0.84 0.50 0.39

Role limitations due to physical limitations (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 3.75 4.00 3.00 3.00

Std. deviation 0.79 0.00 0.00 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 4.00 4.00 3.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 3.34 3.55 3.19 3.04

Std. deviation 0.47 0.49 0.39 0.19

Isolated CABG + Cox Maze IV (n=91)

Mean 4.00 4.00 3.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 3.20 3.06 2.28 1.54

Std. deviation 0.39 0.24 0.45 0.49

Data presented as mean ± SD. CABG, coronary arterial bypass.
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Table S2 Means and standard deviations for EuroQoL scores for the 1-year follow-up in all “add-on” subcategories vs. “surgery as usual”

European quality of life (EuroQoL) 
parameters 

Pre-operative  
(M1/Baseline)

Three months  
postoperative (M2)

Six months  
postoperative (M3)

Twelve months  
postoperative (M4)

Self-care (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 5.00 4.58 4.00 3.00

Std. deviation 0.00 0.49 0.00 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 5.00 5.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 4.86 4.09 3.89 3.02

Std. deviation 0.34 0.68 0.31 0.14

Isolated CABG + Cox Maze IV (n=91)

Mean 5.00 5.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 3.30 2.51 1.82 1.06

Std. deviation 0.46 0.50 0.38 0.24

Pain/discomfort (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 5.00 5.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 5.00 5.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 5.00 5.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Isolated CABG + Cox Maze IV (n=91)

Mean 5.00 5.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 3.63 3.31 1.66 1.85

Std. deviation 0.48 0.46 0.47 0.35

Mobility (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 5.00 4.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 5.00 4.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 5.00 4.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Isolated CABG + Cox Maze IV (n=91)

Mean 5.00 4.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 2.59 2.29 1.33 1.17

Std. deviation 0.80 0.45 0.47 0.37

VAS (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 5.00 4.00 3.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 5.00 4.00 3.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 4.27 4.00 3.00 3.00

Std. deviation 0.45 0.00 0.00 0.00

Isolated CABG + Cox Maze IV (n=91)

Mean 5.00 4.00 3.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 3.05 2.17 1.07 1.31

Std. deviation 0.22 0.37 0.25 0.46

Usual activities (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 5.00 5.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 5.00 5.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 5.00 5.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Isolated CABG + Cox Maze IV (n=91)

Mean 5.00 5.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 4.28 4.05 3.62 1.19

Std. deviation 0.45 0.21 0.48 0.39

Anxiety/depression (P value=0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 4.00 4.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 4.00 4.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 4.00 4.00 3.96 3.00

Std. deviation 0.00 0.00 0.18 0.00

Isolated CABG + Cox Maze IV (n=91)

Mean 4.00 4.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 3.17 3.43 1.22 1.11

Std. deviation 0.38 0.49 0.63 0.31

Data presented as mean ± SD. CABG, coronary arterial bypass.



Table S3 Means and standard deviations of Multidimensional Fatigue Inventory (MFI) scores for 1-year follow-up in all “add-on” subcategories 
vs. “surgery as usual”

Multidimensional Fatigue Inventory (MFI) 
parameters

Pre-operative  
(M1/Baseline)

Three months  
postoperative (M2)

Six months  
postoperative (M3)

Twelve months  
postoperative (M4)

Reduced activity (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 3.56 3.12 4.19 5.00

Std. deviation 0.49 0.99 0.39 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 3.86 4.05 4.00 5.00

Std. deviation 1.28 1.39 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 2.89 4.00 5.00 5.00

Std. deviation 0.31 0.05 0.05 0.00

Isolated CABG + Cox Maze IV (n=91)

Mean 4.00 5.00 4.00 5.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 3.85 2.25 1.70 1.10

Std. deviation 0.82 0.43 0.46 0.30

Mental fatigue (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 2.58 1.00 2.00 3.00

Std. deviation 0.49 0.00 0.00 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 3.00 1.00 2.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 1.09 1.36 2.00 3.00

Std. deviation 0.29 0.48 0.00 0.00

Isolated CABG + Cox Maze IV (n=91)

Mean 3.00 1.00 2.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 2.95 2.29 1.27 1.10

Std. deviation 0.22 0.45 0.45 0.29

Physical fatigue (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 5.00 3.20 3.00 5.00

Std. deviation 0.00 0.65 0.00 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 5.00 4.00 3.00 5.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 4.43 2.01 3.00 5.00

Std. deviation 0.49 0.10 0.00 0.00

Isolated CABG + Cox Maze IV (n=91)

Mean 5.00 4.00 3.00 5.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 4.42 3.79 3.41 2.44

Std. deviation 0.49 0.41 0.49 0.49

Reduced motivation (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 1.59 1.94 3.00 4.00

Std. deviation 0.49 0.87 0.00 0.00

Aortic + CABG + Cox Maze IV (n=819)

Mean 2.94 1.00 3.00 4.00

Std. deviation 0.24 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 2.37 2.99 3.00 4.00

Std. deviation 0.92 1.00 0.00 0.00

Isolated CABG + Cox Maze IV (n=91)

Mean 3.00 1.00 3.00 4.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 4.15 3.36 2.43 1.43

Std. deviation 0.36 0.48 0.49 0.49

General fatigue (P value 0.001)

Mitral + tricuspid + CABG + Cox Maze IV (n=1,012)

Mean 5.00 4.79 4.00 2.23

Std. deviation 0.00 0.41 0.00 0.42

Aortic + CABG + Cox Maze IV (n=819)

Mean 5.00 5.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Mitral + tricuspid + aortic + CABG + Cox Maze IV (n=1,146)

Mean 5.00 4.00 4.00 2.00

Std. deviation 0.00 0.05 0.00 0.05

Isolated CABG + Cox Maze IV (n=91)

Mean 5.00 5.00 4.00 3.00

Std. deviation 0.00 0.00 0.00 0.00

Control (n=7,258)

Mean 4.44 3.05 2.56 1.44

Std. deviation 0.49 0.21 0.49 0.49

Data presented as mean ± SD. CABG, coronary arterial bypass.


