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Cardiovascular Topics

Midterm results of left atrial bipolar radiofrequency
ablation combined with a mitral valve procedure in

persistent atrial fibrillation

HAYRETTIN TEKUMIT, KEMAL UZUN, ALI RIZA CENAL, CENK TATAROGLU, ADIL POLAT, ESAT AKINCI

Summary

Introduction: The aim of the study was to assess the mid-
term results of left atrial bipolar radiofrequency ablation
combined with a mitral valve procedure in patients with
mitral valve disease and persistent atrial fibrillation.
Methods: Between October 2006 and July 2009, 95 patients
with mitral valve disease and persistent atrial fibrillation
underwent a mitral valve procedure and left atrial bipo-
lar radiofrequency ablation. The postoperative data of the
combined procedure were collected at the time of discharge
and at one, three, six and 12 months after the operation.
Results: Hospital mortality rate was 6.3% (six patients).
Normal sinus rhythm was achieved in 77.2% of patients
during the early postoperative period in hospital, and in
73.3, 72.0 and 75% of patients at three, six and 12 months
postoperatively, respectively. Patients were followed up for a
mean duration of 14.02 = 5.71 months (range: 6—19 months).
During this midterm follow-up period, nine patients had late
recurrence of atrial fibrillation. No risk factor was identified
for late recurrence of atrial fibrillation.

Conclusion: Our midterm follow-up results suggest that
the addition of left atrial bipolar radiofrequency ablation
to mitral valve surgery is an effective and safe procedure to
restore sinus rhythm in patients with chronic atrial fibrilla-
tion.
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Atrial fibrillation (AF) is a rapid and irregular activation of the
atria so that the normal sinus rhythm disappears. Currently, it
is the most frequent form of persistent arrhythmia. Although
its incidence ranges from 0.4 to 2% in the general population,
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this rate is about 10% among individuals over 60 years of age.
Atrial fibrillation is particularly common in patients with mitral
valve disease (30 to 84%) but is also detected in about 5% of
patients with aortic valve and coronary artery disease.' Although
most patients with persistent AF have underlying cardiovascular
disease, about 31% do not have cardiovascular disease.’ Atrial
fibrillation may cause heart failure, thromboembolic complica-
tions, increased treatment costs and impaired quality of life, and
it represents a significant risk for mortality even after the under-
lying cardiovascular disease is treated.?

Medical treatment has been reported to be unsuccessful in
approximately 50 and 84% of patients with permanent AF*
Therefore various surgical techniques, including left atrial isola-
tion, catheter ablation of the bundle of His, corridor procedure,
pulmonary button isolation and the atrial compartment operation
have been adapted to treat atrial fibrillation.” The Cox-Maze 111
operation, which has become the gold-standard for surgical treat-
ment of atrial fibrillation, with nearly 100% success rates was
developed by James Cox and colleagues.® It involves the cutting
and sewing of various parts of both atria in order to block the
spread of irregular electrical activity by creating lines of isola-
tion in the atrial musculature. Unfortunately, this method needs
experience, since it is complex and time-consuming, and also has
a high rate of complications.

In recent years, alternative energy sources such as radiofre-
quency (RF), microwave, laser, bipolar cauterisation and cryo-
ablation have been developed to create isolating lines without
cutting the tissue, and thus making ablation easier. Currently, the
radiofrequency ablation technique, which was first performed
by Sie et al. in 1995, and cryo-ablation have been the most
commonly used methods.

The aim of this study was to assess the midterm results of left
atrial bipolar radiofrequency ablation combined with a mitral
valve procedure in patients with mitral valve disease and persist-
ent atrial fibrillation.

Methods

The study included a total of 95 patients (27 male: 27.8%, 68
female: 72.2%; age range: 20—77 years) who underwent a left
atrial radiofrequency ablation procedure combined with mitral
valve surgery between October 2006 and July 2009. The proce-
dure was performed in all patients with persistent atrial fibrilla-
tion (lasting at least six months) plus mitral valve disease, except
for AF cases with slow ventricular response. Standard 12-lead
electrocardiography, Holter ECG, transthoracic echocardiogra-
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phy, left and right heart catheterisation and coronary angiography
were performed before surgery in patients over 40 years old.

Besides symptoms secondary to valve disease, palpitations
were present in 70.8% of patients. Sixty-three patients had isolat-
ed mitral valve disease. In addition to mitral valve disease, 14
had coronary artery disease, 14 had aortic valve disease, and four
had coronary artery disease plus aortic valve disease. Tricuspid
valve disease was also present in 31 (33%) of the 95 cases. The
aetiology of mitral valve disease was rheumatic fever in 73.8% of
the patients. Pre-operative data are summarised in Table 1.

Surgical technique

After performing a median sternotomy, aortic and bicaval venous
cannulation was performed. Antegrade blood cardioplegia was
used for induction, and continuous retrograde blood cardioplegia
via the coronary sinus was used for maintenance for myocar-
dial protection. Mitral valve replacement was performed in 83
patients, mitral valve repair in 12, and coronary artery bypass
grafting in 18 (Table 1). Mean duration of cross clamping and
perfusion times were 84 + 34 and 113 £ 37 minutes, respec-

TABLE 1. BASELINE DEMOGRAPHICAL AND
CLINICAL CHARACTERISTICS
Parameter n=95
Gender, M/F (%) 27/68 (27.8/72.2)
Age, mean + SD 57.38£11.59
Functional capacity, n (%)
NYHA class I-11 11(11.4)
NYHA class III 62 (65.8)
NYHA class IV 22 (22.8)
Chronic obstructive pulmonary disease, n (%) 7(7.6)
Palpitations, n (%) 67 (70.8)
Distribution of structural cardiac pathologies, n (%)
Isolated mitral valve disease 63 (66)
Mitral plus aortic valve disease 14 (15)
Mitral valve plus coronary artery disease 14 (15)
Mitral plus aortic valve disease plus coronary 44
artery disease
Type and aetiology of mitral valve lesions, n (%)
Lesion type
Mitral stenosis 22 (23)
Mitral insufficiency 28 (30)
Mixed disease 45 (95)
Actiology
Rheumatic 70 (74)
Degenerative 17 (18)
Ischaemic 8(8)
Surgical procedures, 7 (%)
Isolated MVR 59 (62)
MVR plus AVR 14 (14)
MVR plus CABG 6(7)
Isolated mitral valve repair 4(5)
Mitral valve repair plus CABG 8(9)
MVR plus AVR plus CABG 4(5)
NYHA: New York Heart Association; MVR: mitral valve replace-
ment; AVR: aortic valve replacement; CABG: coronary artery bypass
grafting.

tively. To decrease the risk of intracavitary thrombus formation,
a continuous heparin infusion was administered until six hours
before surgery.

For bipolar left atrial radiofrequency ablation, the Cardioblate®
BP2 surgical ablation device (Medtronic model 60831) with
serum irrigation was used. Two ablating inserts were mounted
on the opposing faces of the jaws of a stainless steel clamp.
Each insert was made of two RF electrodes embedded in a
polyester covering. The electrodes had a thermocouple mounted
on each end. RF current was delivered for 40 to 45 seconds at
35-40 W, with a preset temperature of 90°C. All the ablations
were performed on full cardiopulmonary bypass at 32°C.

The left atrium was opened following cross clamping.
Particular caution was exercised to open a large atriotomy. If
mitral valve replacement was to be performed, the mitral valve
was removed first and then ablation was done. Firstly, a lesion
was created around both right pulmonary veins and the line was
joined with a left atriotomy incision, by placing one electrode of
the bipolar catheter on the epicardial surface and the other on the
endocardial surface of the left atrium. The left pulmonary veins
were explored and released, epicardial bipolar ablation was done
and both pulmonary veins were isolated as an island. The left
atrial appendage (LAA) was resected from outside. Then lesions
were created at the lines between (1) the left pulmonary vein
lesion and the LAA, and (2) the LAA and the mitral annulus, by
placing one electrode of the catheter on the epicardium and the
other on the endocardium (Fig. 1). The left atrial appendectomy
was sutured from outside following the ablation. Finally, the
mitral valvular procedure was performed.

Follow up

Oral anticoagulation was administered to all patients for three
months. Oral anticoagulants were discontinued on the third
month postoperatively if mitral and/or aortic valve replacement
was not performed, patients were in normal sinus rhythm, or
bi-atrial contraction was present.
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Fig. 1. Lines where the ablation procedure was done.
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100 1 TABLE 2. DISTRIBUTION OF AF CASES BY
90 - DEMOGRAPHIC PROPERTIES
Holter-ECG at 6 months
80 _ — NSR (a=59)  AF(@=17)
_ -~ — (mean £ SD) (mean £ SD) Test statistics
70 - Age 60.12+823  55.07+12.34 £ 1.555;p: 0.125
~ 60 4 BMI 22.99 +6.57 25.58 £ 5.11 t:—1.539; p: 0.130
o
& Gender n % n %
*‘3 50 - Female 44 70.5 14 824 % 0.897; p: 0.344
(]
5 Male 15 29.5 3 17.6
a. 401 NSR: normal sinus rhythm; AF: atrial fibrillation; #: Student’s #-test
30 1 statistics; % Chi-square statistics; BMI: body mass index.
20 - 4.78 hours and 8.7 £ 5.83 days, respectively. No neurological
event was observed.
10 - On arrival in the intensive care unit after the operation, 74
patients (77.9%) were in normal sinus rhythm, 15 (15.8 %)
0 T ' ' ' ' were in AF, and six (6.3%) were in AV block. Among the six
End of Dis- 1 3 6 12 . .o . .
oper- charge Month Months Months Months patients who died in hospital, two of them were in sinus rhythm,
ation two in complete AV block and two in AF. Among the remaining

| [ Normal sinus rhythm [ Atrial fibrillation [] Block |

Fig. 2. The course of cardiac rhythm during hospitalisa-
tion and follow up.

Anti-arrhythmic prophylaxis was carried out on a routine
basis. Amiodarone was used as the first drug of choice: an
intravenous bolus of 300 mg, followed by a continuous infusion
of 1 200 mg/24 hours was routinely administered until the first
postoperative day. In the absence of AV block other than first
degree or in the absence of unstable SR, oral administration of
200 mg amiodarone three times a day was given until discharge.
A maintenance regimen of 200 mg/day was given for three to
six months.

In cases of contraindications to amiodarone, sotalol or propa-
fenone were given. Sotalol plus amiodarone, or electromechani-
cal cardioversion was performed in patients with relapsing AF
during hospitalisation. Monitoring with standard 12-lead electro-
cardiography, Holter ECG and transthoracic echocardiography
was done one, three, six and 12 months after the operation.

Statistical analysis

SPSS (Statistical Package for Social Sciences) for Windows
version 10.0 was used for the analysis of data. Besides descrip-
tive statistics (mean + standard deviation), the Student’s #-test
and Mann-Whitney U-test were used for the comparison of
quantitative data. For the comparison of qualitative data, the
Chi-square, Fischer’s Exact Chi-square and Mc Nemar tests were
used. Result were evaluated at 95% confidence intervals and at a
significance level of p < 0.05.

Results

Hospital mortality was 6.3% (six patients): five due to low
cardiac output and one due to pulmonary complications. No
morbidity related to the ablation procedure itself was observed.
Seven patients had pulmonary complications (7.6%) and nine
(10.1%) stayed in the intensive care unit for more than 48 hours.
Mean durations of intubation and hospitalisation were 12.27 £

four patients with complete AV block on arrival in the intensive
care unit, one developed AF and three resumed normal sinus
rhythm.

Sixteen of the patients with normal sinus rhythm on arrival in
the intensive care unit relapsed into AF during hospitalisation.
Medical treatment with amiodarone and sotalol resumed normal
sinus rhythm in five patients, and electromechanical cardiover-
sion resumed normal sinus rhythm in one of these 16 patients.
When the 89 surviving patients were discharged, 65 (65/89,
73%) were in normal sinus rhythm and 24 were in AF (24/89,
27%).

None of the patients required permanent pacemaker implan-
tation during the follow-up period. Of the 89 patients who were
discharged, follow up was performed in all at one month, in
81 at three months, in 76 at six months and in 73 at 12 months
post surgery (Fig. 2). Unfortunately, the socio-economic and
geographical characteristics of our country prevented 100%
follow up of the patients.

According to the parameters reviewed at six months postop-
eratively, patients with atrial fibrillation and sinus rhythm did
not differ in terms of left atrial diameter, left ventricular end-
diastolic and end-systolic diameter, ejection fraction, pulmonary
artery pressure and left ventricular end-diastolic pressure. When
the subgroup of patients operated for mitral stenosis was exam-
ined, patients with AF and sinus rhythm were similar with regard
to mitral valve area and maximum gradients (p > 0.05) (Tables
2,3).

Pre-operative functional capacity, type and aetiology of the
mitral valve lesion, presence of coronary artery disease, ablation
technique, presence of hypertension or the type of mitral inter-
vention (replacement or repair) did not affect the success of the
ablation procedures (Table 4).

Discussion

Most patients with persistent AF have underlying cardiovascular
disease and are candidates for open-heart surgery. These patients
are prone to develop thromboembolic complications and their
cardiac performance is worse than patients with normal sinus
rhythm. In more than 80% of patients with mitral valve disease
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and persistent AF who underwent isolated mitral valve inter-
vention during the cardiac operation, their AF did not resolve.’
Surgical treatments for AF, including the Cox-Maze III proce-
dure, a relatively complicated procedure based on a ‘cut and
sew’ principle, and radiofrequency ablation, a relatively simple
procedure, have resulted in 70 to 99% success rates.

In the series of Cox et al.,” the Cox-Maze III procedure was
performed in 346 patients, with an operative mortality of 2%.
This was the largest sample using the Cox procedure and AF
could be treated in 99% of patients, with only 2% requiring long-
term postoperative anti-arrhythmia medication. Thirty-eight per
cent of their cases had transient postoperative AF, which was
attributed to the peri-operative short atrial refractory period, and
did not affect long-term results." Fifteen per cent of patients
required permanent pacemakers after the operation. Based on
these results, the Cox-Maze III procedure has been accepted as
the gold standard for the treatment of AF.

The success rates of Cox-Maze III procedures reported by
other centres have been lower than those reported by Cox et al. In
most series, mitral valve surgery combined with the Cox-Maze
IIT procedure resulted in 75 to 82% success rates for the treat-
ment of AF, and pacemaker implantation was reported in 2 to
24% of cases.”*" These investigators attributed their relatively
low success rates to the profile of their patients, which included
those resistant to medical treatment and having additional
cardiac pathologies requiring open-heart surgery. On the other
hand, in a study, Cox et al. compared patients with and without
concomitant valvular surgery and did not find any difference in
terms of incidence of peri-operative atrial arrhythmia.'

In order to decrease peri-operative bleeding and shorten cross
clamping and cardiopulmonary bypass durations, the original
incisions of the Cox-Maze III procedure have been replaced
by lesions created by energy sources. Rates of 70 to 90% for
absence of atrial AF have been reported with radiofrequency
ablation."” In the present study, sinus rhythm was resumed in 75,
78 and 79% of cases at the third, sixth and 12th months post-
operatively, respectively. Although these rates were lower than
those reported by Cox et al., they were similar to other results
for Cox-Maze III and radiofrequency ablation procedures. None
of our patients required a permanent pacemaker. The ease of the

TABLE 3. EFFECTS OF PRE-OPERATIVE CARDIAC
PARAMETERS ON ECG RHYTHM AT 6 MONTHS

Holter-ECG at 6 months

AF m=17) NSR n=159)

(mean £ SD) (mean £ SD) Test statistics
LA 5.11+£0.74 4.98+0.63 z:-0.422; p: 0.673
LVEDD 4.75+£1.30 5.06+0.70 t:-1,192; p: 0.238
LVESD 3.38£0.78 3.25+£0.81 t:0.534; p: 0.596
EF 55.12+£9.79 55.07 £9.46 £:0.017; p: 0.987
PAP 50.56 £ 14.16 46.70 £ 12.22 t: 1.036; p: 0.304
LVEDP 9.00 £5.24 10.77£11.77 £ -0.557; p: 0.580
MAXG* 18.75 £ 2.81 17.43 £5.59 t:0.633; p: 0.532
MVA* 1.55+0.92 1.20+0.81 z:-0.773; p: 0.440

AF: atrial fibrillation; NSR: normal sinus rhythm; #: Student’s #-test; z:
Mann-Whitney U-test; LA: left atrial diameter; LVEDD: left ventricu-
lar end-diastolic diameter; LVESD: left ventricular end-systolic diam-
eter; EF: ejection fraction; PAP: pulmonary artery pressure; LVEDP:
left ventricular end-diastolic pressure; MAXG: maximum gradient at
mitral valve; MVA: mitral valve area. *Patients with mitral stenosis.

procedure, less time needed and rare requirement of permanent
pacemaker are the advantages of radiofrequency ablation over
Cox-Maze 111, whereas cost is its disadvantage.

Various types of lesions have been defined for radiofrequency
ablation.”»"®" All these lesions involve the complete or almost
complete isolation of the pulmonary veins, and excision and
exclusion of the left atrial appendage. In addition, they include
the prevention of transmission by creating lesions between the
left pulmonary veins and the left atrial appendage, and also
between the left pulmonary veins and the mitral valve annulus.
In addition to these lesions, we also created a bipolar lesion on
the left atrial isthmus (between the LAA and mitral annulus).
Despite the diversity of these lesion types, similar AF treatment
rates were found. Success rates were almost as high as those of
the Cox-Maze III procedure.

Inclusion of only the left atrium during the ablation procedure
is still a debated issue. As atrial fibrillation originates from the
left side and atrial flutter from the right side, most authors advo-
cating the Cox-Maze III procedure suggest that an only left-sided
procedure would increase the incidence of atrial flutter and prob-
ably also the atrial fibrillation rate."* Nakagawa et al. particu-
larly emphasised the importance of the isthmus line between the
coronary sinus and tricuspid valve, as it is responsible for most
atrial flutters.”’ On the other hand, several theories indicate that
an isolated left atrial procedure may be effective. For example,
the origin of focally induced atrial fibrillation is frequently at
the right atrium, particularly on the pulmonary veins. Therefore
electrical isolation of the pulmonary veins has been suggested to
prevent the initiation of atrial fibrillation.”

Willams ef al. compared the results of left-sided and bilateral
unipolar radiofrequency ablation but did not find a significant
difference (79 and 87%, respectively).' Other investigators have
reported successful results with isolated left atrial ablation.?*
We performed isolated left atrial ablation in all our patients and

TABLE 4. EFFECT OF PRE-OPERATIVE FUNCTIONAL
CAPACITY, TYPE OF MITRAL LESION AND AETIOLOGY,
PRESENCE OF CORONARY ARTERY DISEASE, HYPERTEN-
SION, ABLATION TECHNIQUE AND MITRAL PROCEDURE

Holter-ECG at 6 months
AF(m=17) NSRM=59)  1pg
n % n %  statistics
NYHA I 3 176 5 8.5 %% 0.985;
class I 11 647 45 762 P0611
v 3 17.6 9 15.3
Mitral Stenosis 5 294 10 17 x*2.126;
lesion Insufficiency 6 353 19 32 p:0547
Mixed 6 353 30 51
Mitral Rheumatic 12705 49 83
actiology Ischaemic 1 5.8 2 3
Degenerative 4 23.7 8 14
Coronary Present 6 353 18 30 % 0.189;
artery disease Apgent 11 647 41 70  p:0.664
Hypertension Present 9 529 29 49 x*0.042;
Absent 8 471 30 51 p0837
Mitral Repair 5 295 4 7 Fy
procedure  Replacement 12 70.5 55 93 p:0.080

AF: atrial fibrillation; NSR: normal sinus rhythm; y* Chi-square test.
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restored sinus rhythm without atrial flutter in any during the
postoperative period. Therefore we tend to favour isolated left
atrial ablation for the future. Although right-atrial interventions
do not significantly increase the success of the procedure, they
increase the duration of ischaemia and cardiopulmonary bypass
and necessitate an additional atrial incision, all of which may
pose additional risks.

Complications related to radiofrequency ablation have been

due to unipolar procedures. Particularly during left atrial abla-
tion, the oesophagus, circumflex coronary artery or left main
bronchus may be injured and bleeding due to left atrial perfora-
tion may develop. Among these, oesophageal injury is the most
fatal.** Another disadvantage of the unipolar catheter is the
definitive lack of transmurality. On the other hand, the bipolar
system assures a controlled and definitive transmural lesion, thus
excluding this disadvantage. However, no significant difference
could be found between the two methods with regard to success
rates in treating atrial fibrillation.

The peri-operative presence of AF does not indicate failure

of the procedure. In the present study, among the 15 patients
discharged with AF, 10 returned to normal sinus rhythm at three
months. On the other hand, nine patients discharged with sinus
rhythm developed AF within the first three months. This may be
critical with regard to the long-term success of the procedure in
preventing the recurrence of AF. Therefore postoperative prophy-
laxis for AF is important. We could provide medical cardiover-
sion in five out of seven patients who postoperatively developed
AF despite receiving amiodarone, by adding sotalol. Therefore
the amiodarone-plus-sotalol combination rather than amiodarone
alone may be effective in preventing postoperative recurrences of
atrial fibrillation.

Several investigators reported an association between atrial

size and success rate, however this finding has not been
confirmed by others.">" In the present study, left atrial diameter
was greater in patients with persistent AF, although the differ-
ence did not reach statistical significance.

The main finding of this study was the importance of the

concomitant ablation procedure in patients with mitral valve
disease. Although the results were similar to the previous reports
discussed above, this study constitutes an important contribution
to the literature on using ablation with partial lesions.

Conclusion

Isolated left atrial radiofrequency ablation effectively treats AF
without significantly increasing the duration of cardiopulmonary
bypass and without specific complications due to the procedure
itself. This procedure demonstrates that AF may be successfully
treated by creating a partial lesion, rather than a complete lesion
as in the Cox-Maze III procedure.
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