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EFFECTIVENESS OF UNIPOLAR RADIOFREQUENCY SURGICAL ABLATION FOR ATRIAL FIBRILLATION

Adriano Meneghini1, Marcelo Rodrigues Bacci', Neif Murad', Antonio Carlos Palandri Chagas1, José Hondrio Palmaz, Luiz Carlos de

Abreu1, Vitor E. Valenti1, Jodo Roberto Breda’

Aim. To verify the effectiveness of surgical ablation for atrial fibrillation by irrigated
unipolar radiofrequency, applied to both atria, for the reversal and maintenance of
the sinus rhythm in the short and medium term in patients undergoing concomitant
cardiac surgery.

Material and methods. Between February 2008 and March 2012 a total of 35 con-
secutive patients with persistent and permanent paroxysmal AF underwent surgical
tachyarrhythmia ablation by irrigated unipolar radiofrequency applied biatrially with
concomitant cardiac surgery. All cases were diagnosed at least 12 months before
the procedure and the group consisted of 15 (42,8%) male and 20 female (51,2%)
patients, aged 25-78 years (52,23+12,82).

Results. There were 24 (68,5%) patients with rheumatic mitral valve disease with
25,8% with degenerative disease. The left atrial diameter measured by transthoracic
echocardiography ranged from 44 to 70 millimeters (mm) (55,31+18,10).There were
two hospital deaths in this series. Upon discharge, we observed the following rhythms
and percentages: 24 (68,5%) — sinus rhythm, 7 (20%) — AF and 4 (11,5%) — junc-
tional rhythm. At medium term follow-up we obtained the following results: 11
(73,3%) — sinus rhythm, 2 (13,35%) — junctional rhythm and 2 (13,35%) — AF.
Conclusion. Surgical ablation by irrigated unipolar radiofrequency applied to both
atria is effective in the reversal and maintenance of sinus rhythm during short and
medium term follow-up.
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3dPDEKTUBHOCTb OAHONOJIAPHON PAAUOYACTOTHOMN XUPYPITMYECKOW ABJIALUU

NPU GUBPUNNALUN NPELCEPOUN

Adriano Meneghini1, Marcelo Rodrigues Bacci', Neif Murad', Antonio Carlos Palandri Chagas1, José Hondrio Palmaz, Luiz Carlos de

Abreu1, Vitor E. VaIenti‘, Jodo Roberto Breda’

Lienb. MpoBepnTb 3pHEKTUBHOCTL XMPYPruyeckoi abnauum npu oubpunnaummn
npeacepanii OAHOMONSAPHLIM METOAOM, MPUMEHSIEMbIM s 060UX NPeacepani,
LN PEBEPCMPOBAHWS W MOLAEPXAHWUS CMHYCOBOTO PUTMA B KPATKOCPOYHOM
W CPEAHECPOYHON MepcrnekTviBe Y NauMeHTOB, NMOABEPTHYTLIX COYETAHHOW cep-
[le4HO-COCYANCTO X1PYypruu.

Martepuan n metoapl. B neprop c despans 2008r v 8 mapT 2012 r Bcero 35 nauu-
€HTOB C NEPCUCTUPYIOLLEV 1 NOCTOSIHHON DT Bbinn NOABEPTHYTHI XMPYPrYeckoi
abnauyu TaxuapuTMuii OLHOMONSIPHBIM METOLOM, MPUMEHEHHBIM BunaTepanbHo
C CONYTCTBYIOLLEN CepAeYHO-COCYANCTON Xxpyprueii. Bce cnyydam Gbinm gmarHo-
CTMPOBaHbI MO KpaiHeit mepe 12 MecsaueB nepea Npoueaypoii, B rpynne 6bi1o
15 (42,8%) myxunH 1 20 xeHwwH (51,2%) GonbHbIX, B Bo3pacTe 25-78 net
(52,23£12,82).

Pesynbrathbl. Y 24 (68,5%) 60/bHbIX Obll AMArHOCTMPOBAH PEBMATUYECKMIA
MUTpasbHbINA MOPOK CEpALA, 13 KOTOpbIX Y 25,8% — ¢ AereHepaTvBHbIM 3260-
nesaHuem. [lnameTp NeBOro ylika npeacepamns, USMepeHHbIin TpaHcTopakasb-
Hol axokapauorpadun konedancs ot 44 po 70 MUANUMETPOB (MM)
(55,31+£18,10).Bbinn KOHCTATUPOBaHLI [Ba CMEPTENbHbIX Clyyas B 3TON
rpynne. lMocne BbINUCKM Mbl HabnwoAany Chnepylowme pUTMbl U NPOLEHTHI:

Atrial fibrillation (AF), whose prevalence increases
with age, represents the most common sustained distur-
bance of cardiac rhythmin the presence or absence of
structural heart diseases. Its occurrence is associated with
not only increased morbidity and mortality rates, which
are related to hemodynamic deterioration and complica-
tions owing to the use of anticoagulants, but also with
increased hospital costs [1].

The Cox-Maze III operation represents the most
effective method for treatment of AF. However, despite the

24 (68,5%) — cuHycOBbIn puTM, 7 (20%) — ®M un 4 (11,5%) — coyeTaHHbIi
puTM. B cpeaHecpoYHoi nepcnekTMBe NOCNEAyOLWYX NONyYeHbl CneayoLve
pesynbTathl: 11 (73,3%) — cuHycoBbIil puTMm, 2 (13,35%) — coueTaHHbIN pUTM
n2(13,35%) — .

3aknioueHue. Xvipypruyeckas paamodactoTHast abnsuns OAHOMONSIPHLIM MEeTo-
[OM npumeHsieTcs ans 060ux npeacepanii n aensetcs 3 deKTUBHBLIM 418 BOCCTa-
HOB/IEHMS N NOLAEPXaHUS CUHYCOBOrO pUTMa NpU KOPOTKMX U CPEOHUX CPOKax
HabnoaeHns.
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fact it is considered the gold standard of therapy; its effec-
tiveness is inversely proportional to its applicability [2].
Thus, several alternative energy sources (cryoablation,
microwave, radiofrequency) have been used in an attempt
to create a lesion similar to that obtained by the “cut and
suture” technique [3-5].

The use of radiofrequency in surgical treatments of AF
has been reported with good results and few complications
in several studies. This radiofrequency, either uni- or bipo-
lar, was initially used in the electrophysiology laboratory. It
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was the first alternative energy source applied in such
treatments and has been widely tested in recent years [6,
7]. The irrigated unipolar device produces a linear lesion
of the tissue when the point-to-point power source is
applied.

In our method, unipolar radiofrequency is the most
often widely used energy source in the surgical treatment
of AF with structural heart disease. However, some authors
suggest that the effectiveness of this unipolar source is
lower when compared with other methods in the restora-
tion of normal sinus rhythm [8, 9].Therefore, we adopt the
AF ablation by irrigated unipolar radiofrequency, biatrially
applied, for the treatment of AF (paroxysmal, persistent or
permanent), with concomitant cardiac surgery [10].

The aim of this study is to verify the effectiveness of
surgical ablation foratrial fibrillation by irrigated unipolar
radiofrequency, applied to both atria, for the reversal and
maintenance of sinus rhythm in the short and medium
term in patients undergoing concomitant cardiac surgery.

Material and methods

Patients and Study Design. A total of 35 consecutive
patients with paroxysmal, persistent and permanent AF,
diagnosed 12 months before the surgical procedure, were
screened between February 2008 and March 2012.

Patients had indication to surgery when signs of cardiac
congestion were apparent. About 51.4% of the patients
were in New York Heart Association (NYHA) Heart Fail-
ure functional class (FC) II and 48.6% in class I11. The
follow-up period after surgery ranged from 1 to 60 months
(mean of 9%4).

They underwent surgical ablation of tachyarrhythmia
by irrigated unipolar radiofrequency applied biatrially,
with concomitant cardiac surgery. The study protocol was
approved by the local ethics and research committee of
Faculdade de Medicina do ABC (ABC Medical School)
and the Federal University of S&o Paulo (UNIFESP).
Patients were included after signing a term of informed
consent.

Left ventricular ecjection fraction (LVEF) below
35%,the presence of infectious endocarditis, contra-indi-
cation to anticoagulant therapy or unstable arrhythmia
defined as non-controlled heart rate were considered
exclusion criteria.

Surgical Technique. The operation began with the per-
formance of hemodynamic monitoring by measuring the
mean arterial pressure, the central venous pressure and
urine output. In addition, respiratory rate was verified by
pulse oximetry.

The surgery was carried out in the usual way, with
median sternotomy as access, cannulation of the aorta and
the superior and inferior vena cava after intravenous
administration of heparin (400 IU/kg) and moderate
hypothermia at 32°C

The myocardial protection method used was hypother-
mic antegrade blood cardioplegia (approximately 18°C)

with added potassium (15 mEq/L) in induction. In the
subsequent doses, at intervals of 15 minutes, perfused
blood was administered at 32°C without adding any other
substance.

The mitral valve approach was made transseptally, fol-
lowed by valve repair or replacement (using a biological or
metal prosthesis).

After the valve procedure, patients underwent surgical
treatment for atrial fibrillation, with excision of the right
and left atrial appendage (RAA and LAA) and an incision
of 4 centimeters (cm) from the middle portion of the RAA
removed towards the superior vena cava orifice. Thereaf-
ter, irrigated radiofrequency was applied in the endocar-
dium of both atria following the procedures described in a
previous publication. The Medtronic Cardioblate” Uni-
polar Surgical Ablation Pen was the instrument of choice
(Medtronic Inc., Minneapolis, MN)IO.

At the end of the operation, patients in normothermia
were taken to the postoperative unit, where electrocardi-
ography was carried out every 12 hours and they were
clinically monitored throughout their stay. They were then
discharged, and one month after the surgery follow-up was
done with ECG, echocardiography and 24-hour Holter
monitoring. During the course of treatment all subjects
were accompanied by a single member of the surgical
team, who filled out a protocol form for the sake of pre-
and postoperative data comparison.

Post-surgery drug protocol. The treatment protocol
after the application of irrigated radiofrequency initially
involved the use of amiodarone (100-400 mg daily) in
order to control atrioventricular nodal conduction and for
atrial stabilization before discharge. It was prescribed indi-
vidually, taking into account the potential side effects of
this medication.

Moreover, we administered oral anticoagulants to
maintain INR (International Normalized Ratio) between
2.0 and 3.0. In the event of reversal and maintenance of
sinus rhythm, anticoagulant therapy was maintained for at
least four weeks. On the other hand, whenever there was
no reversion of the sinus rhythm, two attempts at electrical
cardioversion (ECV) were scheduled, with an interval of
4 to 6 weeks between both attempts. In the case of failure,
the use of oral anticoagulants and drugs was maintained,
with referral of the patient for electrophysiological study
(after gradual discontinuation of amiodarone).

Results

In Table 1 the clinical and demographical data of the
patients can be observed. The group consisted of 15 (42,8%)
male and 20 female (51,2%) patients. The mean age for
men was 52,23+£12,82 years. In 24 (68,5%) patients the
mitral valve disease was rheumatic, in 9 (25,8%) it was
degenerative, 1 (2,85%) was ischemic and 1 (2,85%) had
mitral stenosis after repair with a ring. The mean left atrial
diameter measured by transthoracic echocardiography was
55,31£18,10 mm.
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There were two hospital deaths in this series: one
patient who went into cardiogenic arrest and another from
sepsis due to pulmonary infection.

In Table 2 the surgical data is shown. Mitral repair was
performed in 6 cases (17,1%), a biological prosthesis was
implanted in 19 cases (54.2%) and a metallic prosthesis in
10 cases (28,7%). The mean CPB time was 128+26,32 min-
utes and the anoxia time was 88,60+17,30 minutes. The
average time for performing ablation was 8,72+1,91 min-
utes.

Table 3 shows the data of the immediate postoperative
period, with 26 (74,3%) patients in sinus rhythm, 4 (11,4%)
in AF, 4 (11,4%) in junctional rhythm and 1 (2,9%) with
total atrioventricular blockage (TAVB) requiring artificial
cardiac stimulation with a temporary pacemaker.

During the postoperative follow-up until hospital dis-
charge, 3 patients showed AF, including the case that
reverted to TAVB. Thus, at discharge, we observed the
following rhythms and percentages: 24 (68,5%) — sinus
rhythm, 7 (20%) — AF, and 4 (11,5%) — junctional
rhythm.

Also during postoperative follow-up 50% of the AF
patients had reversion to sinus rhythm after electrical car-
dioversion. At the mean follow-up time we obtained the
following results: 11 patients (73,3%) with sinus rhythm,
2 (13,35%) with junctional rhythm and 2 (13,35%) with
AF. Among the patients who remained in AF, left atrial
diameters were greater than 65 mm.

Discussion

In experimental studies, achieving transmurality with
unipolar radiofrequency requires prolonged application
time (over two minutes). During the mitral valve surgery
it was observed that after two minutes of unipolar endo-
cardial ablation only 20% of the lesions were transmural
[11]. This finding plays an important role in the success
of the procedure once transmurality is a fundamental
requirement in association with the ablation lines
employed. Thus, due to the difficulty in confirming
whether the lesion produced by the application of unipo-
lar radiofrequency was actually transmural, it is advisable
to apply energy to the endocardium slowly (preferably
between 8 and 10 minutes of ablation or at a rate of 10 to
15 cm/second).

In 2008 Myrdko et al published a prospective study
involving 100 patients with permanent AF and mitral valve
disease, with surgical indication for replacement or valvu-
loplasty. The patients had similar demographic and clini-
cal characteristics and were divided into two groups: one
for isolated mitral valve replacement and the other for
concomitant treatment of arrhythmia with unipolar radi-
ofrequency. At hospital discharge 56% of the patients
undergoing unipolar ablation were in normal sinus rhythm,
compared with only 22% of the isolated mitral group. After
a one-year follow-up, the percentage of patients in sinus
rhythm was 54 versus 16% (unipolar ablation group and

Table 1
Preoperative clinical and demographic data
Variables Frequency
Gender
- Female 57,2
- Male 42,8
Age (years) 52,23+12,82
NYHA
=1 51,4
Bl 48,6
History of thromboembolism 16,7
Left Atrium Diameter (mm) 55,31£18,10

Results expressed as percentage for categorical variables and mean and standard
deviation for continuous variables.

Table 2
Surgical data

Procedure Unipolar radiofrequency
Mitral valve replacement 82,9

Mitral valve repair 17,1

Anoxia time (min) 88,60+£17,30
Perfusiontime (min) 128+26,32
Ablationtime (min) 8,72+1,9

Results expressed as percentages for categorical data and mean and standard
deviation for continuous variables.

Table 3
Post-operative (PO) Unipolar
radiofrequency patients data and follow-up
Rhythm PO Discharged PO follow-up
Sinus rhythm 74,3 68,5 73,3
AF 11,4 20 13,35
Junctional rhythm 11,4 11,5 13,35
Pacemaker 2,9 - -

Results expressed as percentages.

control respectively). Both groups received pharmacologi-
cal treatment with amiodarone for three months, followed
by electrical cardioversion in the event of persistence of the
tachyarrhythmia. The main factors identified by the failure
of the unipolar ablation in this study were the left atrial
diameter over 60 millimeters (mm) and the presence of
severe left ventricular dysfunction [12].

Johansson et al showed similar results in patients
undergoing coronary artery bypass grafting and unipolar
ablation in a longer follow-up period (3211 months) and
with assessments at 3 and 6 months post-operatively. The
success rate obtained was of 62% versus 33% (ablation
versus control group). Furthermore, the authors demon-
strated improved quality of life after restoration of sinus
rhythm [13].

In this consecutive series we observed results similar to
those previously reported in the literature, with mean fol-
low-up times of nine months. Just like other studies, the
rhythm monitoring was performed essentially by the sur-
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face electrocardiogram and 24-hour Holter recording,
which obviously may limit the diagnosis of asymptomatic
events. For the next patients, continuous monitoring of
the cardiac rhythm by ECG telemetry is suggested in order
to solve this issue.

A different approach to analyze the effect of radiofre-
quency ablation for AF was published by Zangrillo et al,
evaluating the changes in troponin levels in 142 patients.
The researchers found no significant change in this marker
when comparing unipolar ablation with isolated mitral
valve surgery groups (p=0,7), concluding that the method
is safe with little interference in cardiac structure [14].

Despite the advances in understanding the mecha-
nisms that generate AF, surgical treatment should ideally
be individualized according to each case. The flaw in the
application of unipolar radiofrequency can be directly
related to either ablation lines or the fact that the generat-
ing focus of the arrhythmia is not in the left atrium. The
performance of the bi-atrial technique corroborates the
best results. Between 9 and 19% of cases have the origin of
arrhythmia in the right atrium, and such cases additionally
benefit from the application of bi-atrial lines. Another
important factor is the time of application of the endocar-
dial unipolar radiofrequency because, unlike bipolar
devices, the transmurality of the lesion is more difficult to
obtain. We conclude that standardization of the surgical
technique in the application of unipolar radiofrequency is
directly related to higher success rates [15-17].

In 2012, Chen Y et al, reviewing the effectiveness of
unipolar radiofrequency, observed success rates in restoring
sinus rhythm ranging from 54 to 83% in a mean period of
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