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Objective

ablation used during cardiac surgery to treat atrial fibrillation.

Methods

To compare the therapeutic effects and safety of monopolar and bipolar radiofrequency (RF)

We retrospectively studied a total of 81 patients with chronic atrial fibrillation who

underwent open cardiac surgery with concomitant RF ablation between January 2007 and March 2011.
Fifty-cight patients received bipolar RF ablation and 23 received monopolar RF ablation, respectively. The
sinus rhythm restoration rate, the procedural duration, the frequency of severe perioperative complications,
and mortality were compared between the two groups.

Results
follow-up of 15.1 £ 12.6 months (P=0.199). The frequencies of severe perioperative complications and

The sinus rhythm restoration rate did not differ significantly between the two groups after

mortality were also similar in the two groups. The total procedural time using bipolar RF ablation was
significantly shorter than that using monopolar ablation (19.7+4.6 minutes vs. 28.11£8.5 minutes, P< 0.001).

Conclusions

Both monopolar and bipolar RF ablation are safe and effective in treating chronic atrial

fibrillation patients during open cardiac surgery, but bipolar RF ablation is more convenient in practice.
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ALINE-IRRIGATED radiofrequency (RF) ablation-
modified Maze III surgery is widely used to treat
organic heart disease complicated by atrial
fibrillation (AF). In China, most surgeries
featuring RF ablation continue to employ the monopolar
approach, but even continuous endocardial monopolar RF
ablation may not successfully yield a uniform transmural
effect. In recent years, bipolar ablation systems have been
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used to treat entire clamped layers of heart tissue, improving
the transmural effect. In the present study, we retrospectively
analyzed the outcomes of patients receiving monopolar or
bipolar RF ablation to compare the efficacies of the two
approaches.

PATIENTS AND METHODS

Patient selection

From January 2007 to March 2011, 81 patients with AF
were treated with open cardiac surgery in Zhongshan
People’s Hospital, including 33 males and 48 females, aged
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18-72 years (mean age: 48.2 = 24.9 years). All the
patients had been diagnosed with rheumatic valvular heart
disease and all exhibited AF as measured by 12-lead
electrocardiography. Preoperative cardiac function was
New York Heart Association (NYHA) class II in 28 cases,
class III in 44, and class IV in 9. The mean duration of AF
was 23.2+14.6 months (range, 8-42 months). The
preoperative measured by
echocardiography was 57.7+16.3 mm (range, 39-68 mm),
and the left ventricular end-diastolic diameter was
45.2+14.1 mm (range, 39-61 mm).

left atrial diameter as

Surgical procedure

Median sternotomy and heparinization were performed after
general anesthesia, followed by conventional establishment of
a cardiopulmonary bypass. All right pulmonary veins (RPVs)
from the inferior to the superior were bluntly dissected under
circulation, and all left pulmonary veins (LPVs) were similarly
dissected after induction of circulatory arrest. The Marshall
ligament was cut and a Medtronic cardioablation RF system
was connected to either an ablation pen or an ablation clamp
(as appropriate). The LPVs, RPVs, and the left atrial
appendage (Figs. 1 and 2) were subjected to ablation. The
principal ablation line commenced at the connection of the
right superior pulmonary vein to the left superior pulmonary
vein, and proceeded as follows: from the right inferior
pulmonary veins to the left inferior pulmonary veins; from
the lower end of the incision of the interatrial groove to
the mitral annulus; from the left atrial appendage to the
left superior pulmonary vein; from the incision in the
anterior wall of the right atrium to the postcava; the
coronary sinus; and the tricuspid ring (Fig. 3). Valve
replacement, plasty, and neoplasty proceeded after
completion of ablation. A total of 42 patients underwent
mitral valve replacement, 11 mitral valvuloplasty, 9 aortic
valve replacement, and 19 mitral and aortic valve
replacement; 28 received tricuspid valvuloplasty; and 11
received left atrial thrombus clearance.

Postoperative management

A temporary pacing wire was routinely placed in the
ventricular epicardial surface. Intravenous administration
of amiodarone commenced after heart resuscitation,
changed to oral amiodarone at 200-400 mg/day on the first
day after operation and taken for 6 months. Amiodarone or
direct current cardioversion was used to treat patients
exhibiting postoperative AF. Warfarin was routinely
prescribed after mechanical valve replacement; the
international normalized ratio was maintained within
2.0-2.5.
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Figure 2. Performance of bipolar ablation in the left atrial appendage.
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Figure 3. Radiofrequency ablation line.

Statistical analysis

SPSS version 15.0 software was used for all the statistical
analysis. Data are expressed as means£SD, raw counts,
frequencies, or percentages. The significance of inter-group
differences was analyzed using the t-test and Pearson’s 2
test. Long-term follow-up data were compared using the
Kaplan-Meier method, log-rank text was used to explore
survival distributions. P < 0.05 was considered statistically
significant.

RESULTS

Clinical data
Detailed clinical data of the patients are shown in Table 1.
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Table 1. Clinical data of patients in the monopolar and bipolar radiofrequency ablation groups

Duration of atrial

Gender (male : Age (x s, Preoperative cardiac function [n (%)]
Group ‘ | fibrillation (x s,
emale) years) Class I-II Class ITI-IV months)
Monopolar 12:11 46.6+21.3 9 (39.1) 14 (60.9) 17.7+14.2
ablation (n=23)
Bipolar ablation 21:37 48.9+22.7 19 (32.8) 39 (67.2) 25.2+15.3
(n=58)
P 0.066 0.832 0.587 0.228
Left atrial Left ventricular end- Ejection fraction  Primary valvular disease  Tricuspic valvuloplasty
Group diameter diastolic diameter (x £s, %) (mitral : aortic : both) [n (%)]
(x £s, mm) (x £s, mm)
Monopolar 58.7+18.2 48.1+14.8 57.5+ 9.5 17:2:4 8 (34.8)
ablation (n=23)
Bipolar ablation 54.5+15.3 44.3+18.8 61.4+11.5 35:7:15 20 (34.5)
(n=58)
P 0.883 0.692 0.813 0.193 0.980

Table 2. Severe perioperative complications and procedural times in the monopolar and bipolar ablation groups

Perioperative  Re-operation to  Low cardiac Acute renal Cardiopulmon- Aortic cross- Ablation time
Group deaths (n) ensure hemos- output (n) insufficiency  ary bypass time  clamping time (x s, min)
tasis (n) (n) (x £s, min) (x £s, min)
Monopolar 1 1 2 2 122.9 + 26.2 89.6 + 22.8 28.1 £ 8.5
group (n=23)
Bipolar group 2 2 7 3 108.0 £ 29.6 83.6 £ 25.7 19.7 £ 4.6
(n=58)
P 0.847 0.847 0.663 0.552 0.402 0.134 <0.001

Outcomes of operation

All the surgeries were successfully performed. The cardio-
pulmonary bypass time was 113.2 * 27.7 minutes, the
aortic cross-clamping duration 85.2 £ 24.9 minutes, and
the RF ablation time 21.6 £ 8.0 minutes. Three patients
exhibited ventricular fibrillation upon heart resuscitation,
but defibrillation using electrical shocks restored sinus
rhythm. All
resuscitation with development of sinus rhythm. No
instance of high-degree atrioventricular block was
encountered. Three patients required re-operation to
ensure hemostasis. Three patients died postoperatively
from extremely low cardiac output accompanied by
multiple organ failure. All the other patients recovered
after the operation. The total procedural time using bipolar
RF ablation was significantly shorter than that using
monopolar ablation (19.7+4.6 minutes vs. 28.1£8.5
minutes, P < 0.001, Table 2).

the other patients experienced normal

Cardiac rhythm on postoperative day 1

Of all the patients examined on the first postoperative day, 68
(84.0%) exhibited sinus rhythm, 10 (12.3%) junctional or
pacing rhythm, and 3 (3.7%) AF. One week after operation,
66 patients (81.5%) showed sinus rhythm, 6 (7.4%)
junctional rhythm, 3 (3.7%) atrial flutter rhythm, and 6
(7.4%) AF. A total of 78 patients received postoperative
follow-up for 15.1£12.6 months (range, 1-49 months). At the
last follow-up visit, sinus rhythm was evident in 57 patients
(73.1%), atrial flutter rhythm in 2 (2.6%), and AF in 19
(24.3%). Cardiac function status was NYHA class I in 43
patients and class II in 35. No patient died or experienced
stroke or limb embolism.

Re-establishment of sinus rhythm

Kaplan-Meier analysis revealed no significant difference between
the 2 groups in 36-month sinus rhythm restoration rate (68.3%
in bipolar vs. 50.2% in monopolar, P=0.199, Fig. 4).
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Figure 4. Sinus rhythm restoration rates in the monopolar and bipolar

ablation groups.

DISCUSSION

The Maze procedure is widely adopted in treatment of
AF.! In recent years, Cox’s Maze procedure has gradually
replaced traditional “cut and sew” operations with small
wound ablations using various forms of energy, of which RF
has received the most attention. Both monopolar and
bipolar RF ablation are used in China today. In the present
study, we retrospectively compared the efficacy of monopolar
and bipolar RF ablation used to control AF during heart
valve surgery.

RF ablation uses molecular vibration to generate heat.
The temperature rises to 50°-60° in the vicinity of the atrial
wall, resulting in regional myocardial necrosis. For ablation
to be effective, it must be transmural in nature and linearly
continuous.>® However, monopolar RF ablation cannot
guarantee a complete transmural effect; the extent of
transmural ablation varies with the level of operator
experience and is associated with the risk of perforation.
Bipolar RF ablation relies on changes in tissue conductivity
to indicate the extent of transmural ablation. A competent
operator can ensure complete transmural ablation by
measuring the decline in tissue conductivity between
ablation clamps and controlling the ablation time.
Therefore, bipolar ablation is, in theory, more effective and
safer than monopolar ablation.

To avoid the shortcomings of monopolar ablation, combination
of endocardial and epicardial ablation® and that of monopolar
and bipolar ablation have been developed.® In the present
study, the proportions of patients who exhibited sinus
rhythms soon after operation and later were both lower in
the monopolar group than those in the bipolar group.
However, no significant inter-group difference in the
cumulative sinus rhythm restoration rate was observed.
Geidel et al® found that 66.7% and 50% (respectively) of

monopolar and bipolar ablation respectively exhibited
restoration of sinus rhythm upon long-term follow-up. In
both of the cited studies, the patients treated with
monopolar ablation showed higher rates of sinus rhythm,
but the differences were not significant. Therefore, both
studies concluded that monopolar and bipolar ablation had
similar effects. Thus, although effective monopolar ablation
may require a high level of skill, appropriate monopolar
treatment may be as effective as bipolar ablation. It must be
noted that, apart from ablation, case selection, design of
the ablation line, and perioperative anti-arrhythmic therapy
all affect the effect of AF control. Thus, intraoperative RF
ablation is but a component of treatment, not a
stand-alone approach. A recent study showed the overall
freedom from AF at late follow-up did not differ for the two
approaches (monopolar vs. bipolar) and the presence of
early atrial tachyarrhythmia and age were predictors of AF
recurrence.®

No significant inter-group difference in the postoperative
incidence of severe complications (mortality and bleeding)
was observed in this study, suggesting that the two
ablation methods were comparable in terms of safety, in
agreement with the findings of Onan et al’. The monopolar
approach required a significantly longer ablation time
compared with the bipolar approach (P<0.001). One
possible reason is that monopolar ablation was adopted
earlier in our hospital and an initial lack of experience with
the RF ablation Maze procedure may have resulted in
longer procedural times. Another reason is associated with
the differences between the two ablation systems. Bipolar
ablation is easier to control; a transmural ablation may be
completed in only 3-5 seconds using the transmural
monitoring function. Thus, in the present study, the mean
ablation time in the bipolar group was 19.7+4.6 minutes,
consistent with previous studies.®*! When monopolar
ablation is used, in contrast, more careful observation is
often required to ensure that ablation is indeed transmural
and to avoid atrial tissue-penetrating injury. Sometimes
minimally invasive suturing or repair is necessary to treat
suspected or apparent left atrial penetrating wounds. This
factor obviously increases the duration of the ablation
procedure.

In conclusion, both monopolar and bipolar RF ablation
are safe and effective when used to treat chronic AF in
patients during open cardiac valve surgery, but bipolar RF
ablation is a more convenient method than monopolar
approach.
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