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Background: Intraoperative radiofrequency ablation (RFA) has been advocated to treat atrial 

fibrillation (AF). This report examines the long-term effects of intraoperative RFA in the preven-

tion of recurrence of AF when used as an adjunctive treatment in patients undergoing cardiac 

procedures for primary indications unrelated to their arrhythmia.

Methods: The study reviewed the records of patients from a tertiary medical center which had 

2 cardiac surgeons performing an intraoperative adjunctive RFA procedure. A total of 20 patients 

undergoing RFA between April 11, 2003 and May 10, 2005 were included and followed for up 

to 10 years. The primary effectiveness outcome of the study was the recurrence of AF during 

the follow-up period. Data were collected from office or hospital medical records.

Results: A total of 20 patients were included (mean age 69.4 years, males 40%). Eight patients 

were followed for 10 years and 2 patients for 9 years; 7 patients died during the 10-year follow-up 

period and 3 patients were lost to follow-up. As their primary procedures, the patients underwent 

valve surgery (65%), bypass surgery (15%), or both (20%). Intraoperative RFA failed to restore 

sinus rhythm in 2 patients. In the remaining 18 patients, AF recurred in 10 patients within 2 months 

of surgery, in 1 patient at 5 months, in 1 patient at 7 months, and in 6 patients after 1 year.

Conclusion: AF had recurred in 100% of patients by the end of the long-term follow-up period. 

The adjunctive intraoperative RFA and postoperative interventions employed in this early study 

failed to maintain sinus rhythm.
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Introduction
Atrial fibrillation (AF) is a relatively common irregular heart rhythm, affecting ~2% 

of patients younger than 65 years and up to 9% of older patients. An estimated 

2.7–6.1 million people have AF.1 Patients with AF have five times the incidence of 

strokes compared to patients with no AF,2 and AF is responsible for 15%–20% of 

ischemic strokes, a significant health care burden. Although the treatment of AF fre-

quently consists of either rate control or pharmacological antiarrhythmic therapies along 

with anticoagulation, percutaneous ablation strategies have been attempted in patients 

who remain symptomatic. Ablation therapies have been performed in patients with 

AF undergoing cardiac surgery; however, long-term data on the use of intraoperative 

radiofrequency ablation (RFA) are limited. This study analyzes the 10-year outcomes 

of intraoperative RFA in preventing the recurrence of AF in the initial patients to whom 

we applied what was, at the time, a new technique.

Patients and methods
This is a retrospective study of 20 patients with a history of congestive heart failure 

and mixed valvular and coronary artery disease, plus concomitant AF who underwent 
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intraoperative RFA between April 11, 2003, and May 10, 

2005, at a tertiary medical center. This study was approved 

by the Genesis Health System Institutional Review Board. 

Consent was waived as there was no direct patient con-

tact required by investigators and all data were collected 

from medical records. Also, all investigators have signed a 

Health Insurance Portability and Accountability Act agree-

ment to maintain the confidentiality of medical records. 

The Synergy Atri-Cure Radiofrequency clamp (AtriCure, 

West Chester, OH, USA) was used to mimic portions of 

the cut-and-sew lesions of the Cox-maze procedure. Nine 

patients received a limited intervention of pulmonary vein 

isolation (with left atrial appendage excision in 7 patients). 

The remainder had a more complex set of ablative lesions.

The limited intervention lines of RFA were two encircling 

lesions that isolated the paired right and left pulmonary 

veins (PVs). These two lines of ablation were applied to 

all patients and were done following the manufacturer’s 

recommendation to “fire” the device twice on each side after 

passing the externally applied clamp cranially to caudally and 

then caudally to cranially (refer to figure 3 of Gillanov and 

McCarthy3). Eleven patients had a more complex procedure 

with additional lesions consistent with the left atrial (only) 

lesions recently shown in figure 2A of the ABLATE Trial 

report.4 In addition to the encircling lesions, a third line of 

ablation connected the caudal portions of the right and left 

PVs encircling lesions; the fourth line connected the cranial 

portion of the right and left PVs encircling lesions; the fifth 

lesion went from the left superior pulmonary vein to the 

left atrial appendage excision; and a sixth lesion was done 

with a cryoprobe to create a line of ablation from the caudal 

portion of the right PVs encircling lesion to the mitral valve 

annulus. The left atrial appendage was excised in the majority 

of patients, and additional right atrial lesions were created 

in three patients.

All patients were seen by their surgeon at 2–4 weeks 

postdischarge from the hospital for short-term follow-up, 

but the ongoing follow-up and antiarrhythmic therapy was 

less structured, more variable, and did not always include 

an electrophysiologist.

Recurrence of AF was evaluated from medical records 

by reviewing electrocardiograms during outpatient or hos-

pitalization visits or from Holter and/or 30-day event care 

monitor reports when available. Follow-up was censored at 

10 years or when AF recurrence was documented. AF was 

classified as paroxysmal (terminates spontaneously within 

7 days of occurrence), persistent (sustained beyond 7 days 

but responds to pharmacological or electric cardioversion), or 

permanent (continuous and does not respond to intervention 

or patient and provider have agreed on no further treatment). 

Variables collected from records included age, gender, type of 

surgery (valve, bypass, or combination), body mass index, left 

ventricular ejection fraction, left atrial size, creatinine, intra-

operative atrial appendage excision, history of hypertension, 

hyperlipidemia, diabetes mellitus, smoking, stroke, carotid 

artery disease, and peripheral arterial disease. Outcome 

variables included the number of days for AF recurrence, 

recurrence of AF, death, myocardial infarction, and stroke.

Descriptive analysis was performed on all variables. Dichot-

omous variables were described as percentages and continuous 

variables as mean ± SD. Freedom from recurrence of AF was 

plotted using Kaplan–Meier curve censored to 10 years or 

death (SPSS; IBM Corporation, Armonk, NY, USA).

Results
The original cohort consisted of 24 patients. In 4 patients, 

postoperative and follow-up records were not available, 

and they were excluded from further analysis. In the 

remaining 20 patients, the mean age was 69.4±9.5 years 

(range 48–88 years) and 40% were males. Of the 20 patients, 

10 (50%) had persistent AF, 4 (20%) had permanent AF, 

and 6 (30%) had paroxysmal AF. Table 1 describes patients’ 

clinical and echocardiographic characteristics. Notably, left 

atrial size was 5.0±0.7 cm and left ventricular ejection fraction 

was 46.3%±14.0%. Diabetes was present in 25% of patients 

and coronary artery disease in 45%. Surgical procedures per-

formed included single or multiple valve procedures, includ-

ing repairs and replacements in 65%, coronary artery bypass 

surgery with at least one internal mammary graft in 15%, and 

both valvular and coronary bypass surgery with at least one 

internal mammary artery graft in 20% of patients. Left atrial 

appendage excision or exclusion was performed in 85% of 

patients. The left atrial appendage was not amenable to exci-

sion in one patient due to dense adhesions, failed in one patient 

due to stapler malfunction, and left atrial excision was not 

described in the operative dictation in the third patient. Right 

atrial ablation procedures were added in three patients. All 

patients were placed on oral anticoagulants postoperatively.

Table 2 describes postoperative outcomes. There were no 

major complications related to the adjunctive antiarrhythmic 

procedures. No strokes or other thromboembolic events 

occurred, and the in-hospital and 30-day mortality was 0. 

Eight patients were followed for 10 years and two patients for 

9 years. Seven patients died during the 10-year follow-up and 

3 patients were lost to follow-up. In 2 patients, intraoperative 

RFA failed to maintain sinus rhythm prior to discharge.  
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In the remaining 18 patients, AF recurred in 10 patients 

within 2 months of surgery, in 1 patient at 5 months, in 1 

patient at 7 months, and in 6 patients after 1 year. Figure 1 

illustrates freedom from AF over the 10 years of follow-up. 

Postoperative AF was permanent in 30% of patients, persis-

tent in 65%, and paroxysmal in 5%. Percutaneous catheter 

ablation was done in 20% of patients during the follow-up 

period and 12 (60%) required a pacemaker.

Using multivariate analysis modeling for age, hyperten-

sion, diabetes, type of AF, and ejection fraction, independent 

factors that predict recurrence of AF in the postoperative 

period could not be identified.

Table 1 Descriptive analysis

Baseline variables n Mean ± SD

age (years) 20 69.4±9.5
Body mass index (kg/m2) 20 28.6±6.8
ejection fraction (%) 20 47.1±13.1
Left atrial size measured by 
echocardiography (cm)

17 5.0±0.7

Baseline creatinine (mg/dl) 20 1.2±0.4
n n′ Percentage

Males 20 8 40
Type of aF 20

Permanent 4 20
Paroxysmal 6 30
Persistent 10 50

hypertension 20 13 65
hyperlipidemia 20 16 80
Coronary artery disease 20 9 45
Diabetes mellitus 20 5 25
history of smoking 19 8 42
history of stroke 20 0 0
Peripheral arterial disease 20 5 25
Carotid artery disease 20 2 10
nYha heart failure class 5

2 2 40
3 2 40
4 1 20

Preoperative medications
Digoxin 20 10 50
Beta blocker 20 20 100
angiotensin-converting  
inhibitor

20 15 75

angiotensin receptor  
blocker

20 3 15

Diuretics 20 17 85
statin 20 8 40
asa 20 12 60
Calcium channel blockers 20 3 15
Clopidogrel 20 2 10
nitrate 20 4 20
Warfarin 20 19 95

Intraoperative variables
left atrial appendage excision 
or ligation surgically

20 17 85

Type of surgery 20
Valve only 13 65
Bypass surgery only 3 15
Both valve and bypass 4 20

Maze procedure in addition  
to ablation

20 3 15

Abbreviations: AF, atrial fibrillation; ASA, aspirin; n, total number of patients; n′, 
number of patients in each variable; NYHC, New York Heart Class.

Table 2 Postoperative outcomes

 n n′ Percentage

Type of aF on follow-up 20
Paroxysmal 1 5
Persistent 13 65
Permanent 6 30

antiarrhythmic drug use 20
none 3 15
On the drugs at the time of recurrence of aF 11 55
started drugs after recurrence of aF 6 30

Repeat RF ablation 20 4 20
Occurrence of stroke after successful  
ablation

20 0 0

Use of anticoagulant postoperatively 20 20 100
Warfarin 20 12 60
asa 20 12 60
Plavix 20 1 5
Cardioversion attempt 20 17 85
Ventricular arrhythmias 20 3 15
syncope 20 3 15
stroke 20 2 10
Mi during follow-up period 20 3 15
Use of iCD/pacer in follow-up period 20 12 60
Development of postpericardiotomy syndrome 20 2 10
Development of renal failure on follow-up 
requiring dialysis

20 1 5

need for revision surgery 20 0 0
need for percutaneous coronary intervention 20 7 35

Abbreviations: AF, atrial fibrillation; ASA, aspirin; ICD, implantable cardioverter 
defibrillator; MI, myocardial infarction; n, total number of patients; n′, number of 
patients in each variable; RF, radiofrequency.

Figure 1 Kaplan–Meier plot illustrating freedom from atrial fibrillation on 10-year 
follow-up after intraoperative radiofrequency ablation.
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Comment
Catheter ablation (RF or cryoablation) is generally reserved for 

symptomatic AF patients who have failed at least one (class I 

or III) antiarrhythmic therapy when rhythm control strategy is 

desired (1). Since the PVs have been identified as an important 

trigger of AF, PV isolation has become the target for both 

successful catheter and surgical AF ablation.5,6 Targets of 

catheter RFA have aimed for focal triggers or local reentries 

at the PV ostia for paroxysmal AF (wide antral circumfer-

ential ablation), whereas for persistent AF catheter, RFA has 

centered on PVs, atrial myocardium (substrate modification) 

with linear lesions, complex fractionated atrial electrograms, 

rotors or focal sources, left atrium low-voltage areas, sites 

of high dominant frequency, and ganglionic plexi (GP).7–15 

Epicardial GP and the ligament of Marshall (LoM) have also 

been shown to trigger AF PV ectopy, leading to multiple vari-

ants on the surgical Maze procedure. The data on long-term 

durability regarding the contribution of GP and LoM mapping 

and ablation compared to PV isolation have been minimal.16–19 

The ongoing Catheter Ablation vs Antiarrhythmic Drug 

Therapy for Atrial Fibrillation trial (CABANA) will report 

whether pulmonary vein isolation catheter ablation versus 

either rate or rhythm control by medical therapy is superior for 

the elimination of AF or whether catheter ablation decreases 

5-year outcomes of mortality, disabling stroke, bleeding, or 

cardiac arrest in AF patients (Douglas Packer; Mayo Clinic; 

https://ClinicalTrials.gov/ct2/show/NCT00911508).

In one long-term study that followed patients for 

6 years, the recurrence rate was .50%.20 Also real-world 

data indicated that the rate of AF recurrence was as high as 

60% at 1-year follow-up and repeat ablation ranged from 

10% to 18% during the same period.21 Several studies have 

shown that surgical ablation is superior to catheter ablation 

in maintaining sinus rhythm, but overall these studies have 

been limited to short-term follow-up.22–24 A report from 

Christchurch, New Zealand, on 44 patients treated with sur-

gical RFA found that 93% of patients were in sinus rhythm 

in the immediate postoperative period, with a 7% mortality 

rate prior to discharge and an 82% arrhythmia recurrence on 

follow-up that extended out to 102 months.25 A more complex 

procedure that includes converging endocardial and epicar-

dial lesions coupled with aggressive repeat catheter ablation 

when needed has recently been shown to yield improved 

results with 81% of patients in sinus rhythm at 4 years of 

follow-up.26 Beukema et al27 reported that 68% of patients 

treated with epicardial RFA for isolated AF had recurrence 

of the arrhythmia, but they were able to maintain a sinus 

rhythm with additive catheter ablation in 87% of those who 

underwent reintervention.

In this study, we show a time-dependent recurrence of AF 

in patients who underwent intraoperative RF ablation as we 

applied it early in our experience. All patients had recurrence 

at 10 years after their procedure and recurrence of AF was not 

controlled in the 4 patients who had repeat catheter ablation. 

However, these data may not apply to other intraoperative 

techniques to treat AF.

Conclusion
Although sinus rhythm in the immediate postoperative 

period may have had positive impact on the ability to sepa-

rate these patients from cardiopulmonary bypass and might 

have contributed to their early survival, AF had recurred in 

100% of patients by the time of the long-term follow-up. The 

majority of patients had early recurrence within 1 year of 

their procedure, and repeat catheter ablation, when applied, 

was not helpful in maintaining sinus rhythm. No independent 

predictors of AF recurrence were identified.

The 100% recurrence of AF leads to the conclusion that 

our practice was not effective in maintaining long-term sinus 

rhythm in this group of congestive heart failure patients. 

This study is limited by the small number of patients, the 

variability of ablative lesions and LAA excision, and the 

missed opportunity for a scripted and coordinated follow-up 

plan. More extensive ablative procedures, focused follow-up 

that includes a cardiologist and an aggressive approach that 

includes pharmacological and electrophysiological interven-

tion for arrhythmia recurrence, would be expected to yield 

improved long-term results.
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The authors report no conflicts of interest in this work. 
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