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ABSTRACT KEYWORDS
Objective: Ablation of circumferential pulmonary vein is an effective Atrid fibrillation;
method for treating atrial fibrillation (AF), however, it has been found a Atrial flutter;
lower rates of successin persistent AF compared to paroxysmal AF. The Pulmonary veins,
aim of this study is to assess whether |eft atria circumferential ablation Fractionated atrial
(LACA) combined with complex fractionated atrial electrograms ablation electrograms;
is more effective in patients with persistent atrial fibrillation, and to ex- Outcomes.

ploretherisk factorsof atria fibrillation recurrence. M ethods: All pulmo-
nary veins (PVs) in 51 patients with persistent AF were isolated com-
pletely by LACA under Ensite NvaX mapping system. Complex fraction-
ated atrial electrograms (CFAES) were mapped and eliminated if induced
AF needed to persist for >1 min after above procedure, and further redo-
isthmus ablation were necessary in patients with pre-existing atrial flut-
ter. The primary end point was incidence of AF recurrent in 10 months
following-up. Results: After LACA, 20 of the 51 patients (39.2%) was
successful terminated AF, and another 18 patients (34.0%) required addi-
tional CFAEsablationin oneareaof LA. The others (13 patients) needed
two or more area CFAESs ablation though only 7 of 13 patients had AF
terminated. All patients with typical AFL had cavo-tricuspid isthmus ab-
lated. During 10.1 + 3.1 months follow-up, 14 patients had AF recurred
including LACA (nine patients), LACA + one area CFAEs ablation (four
patients) and LACA + CFAEs ablation in two or more area (one patient).
By stepwiseregression analysis (sle=0.3 sls=0.05) including all the vari-
ables evaluated at baseline, pre-existing APL (HR=3.616, P=0.0278), | eft
atrium enlargement (HR 1.256, P=0.0037) and CFAEs€liminated (HR=0.399,
P=0.0209) were main factorsfor the recurrent (P=0.0002) in this model.
Conclusions: Combined LACA + CFAEs ablation is more effective in
controlling persistent atrial fibrillation than LACA alone. CFAEs and pre-
exsiting AFL and left atrium enlargement are main risk factors for the
recurrent events. © 2011 Trade SciencelInc. - INDIA
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INTRODUCTION

Atrid fibrillation(AF) and atrid flutter (AFL) often
co-exist in the same patient and may degenerateinto
each other™. Pulmonary veins (PV s) ofteninitiateand
/orperpetuate an episode of AF aswell asAFL, and
pulmonary vein antrumisolation (PVAI) issufficient to
control both arrhythmiag®®. However, therecurrence
of AF ismore common after PVAI especially for the
first twomonthsin patientswith persstent atrid fibrilla-
tion. In present study, WWe manage persistent AF with
different methods, including | eft atriacircumferential
ablation (LACA) to encirclethe PV's, complex frac-
tionated e ectrograms(CFAES) ablaionto diminateAF,
and additional AFL ablationin patientswith typica right
AFL, to establish whether additional CFAEs ablation
isrequiredinthese patients.

METHODS

Sudy population

We studied 51 patientswith persisitent AF, which
isnot self-terminating within seven day or wastermi-
nated by either electrica or pharmacol ogic coverison.
Thirty-six weremen, with mean age of 55.5+9.6years.
Most of these patients had a long history of AF
(5.8+4.0years) and had failed at least two previous
antiarrhythmic drugs (mean, 2.8+0.6) in preventing AF
recurrence beforethe procedure. Thirty patients had
hypertension and six patientshad coronary artery dis-
ease. Themean left ventricular g ection fraction was
56.9 +£5.2, and the mean left atrial dimension was
40.8+4.3 mm. Patients with valvlar heart disease were
excludedinthisstudy. All antiarrhythmic medications
except amiodaronewerediscontinued four tofive half-
livesbeforethe procedure. All patientshad effective
anticoagulation for =1 month, and transesophageal
echocardiography wasperformed to excludeleft atria
thrombus before ablation.

Sudy protocol

All patientsunderwent | ft etriacircumferentiad abla-
tionwithanend point of eectricd isolationof PVs. If the
procedurewasperformed duringAF andthe patient con-
verted tos nusrhythm during ablation, atrial pacingwas
performed onfiveoccasionsfor 10 sat cyclelengthsof
20010220 msand programmed atrid stimulationwas
performedwithasingleatrid extragimulusto determine
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whether AF or another arrhythmiawasinducible. If after
ablationthepatient remained inAF, CFAEsablationwas
performed. And if the patient had ahistory of typical
AFL or occurrenceatypica AFL during operation, AFL
ablation wasthen undergone.

L eft atriacircumferential ablation

The &bl ation procedure was performed inthefast-
ing state after written informed consent was obtai ned.
Thetechniquesused for LACA havebeen previousy
described®. Inbrief, thefollowing catheterswerein-
troduced viatheright femora veinfor dectrophysiologi-
cal study: (1) A steerablequadripolar catheter (Xtrem,;
ElaMedica) waspositioned inthecoronary snus(CS)
for atria pacing; (2) doubletransseptal puncture was
performed under intracardiac echocardiography guid-
ance, After transepta catheterization, heparinwasin-
fused to maintain an activated clotting timeof 300 to
3505, (3) A circular mapping catheter (Lasso; Biosense
Webster, USA) was advanced to the antrum of each
pulmonary vein (PV); (4) tubular modelsof the pulmo-
nary veinsand three-dimensiond replicacf theleft atrium
(LA) wererecongtructed usng EnSiteNavX (St. Jude
Medica, USA) mapping system; (5) acool sdineirri-
gated-tip ablation catheter (Celsius Thermocool,
BiosenseWebster) wasused. (6)Left atrid ablationwas
performed 1 to 2cm from the pulmonary vein ostiato
encircletheleft- and right-sided pulmonary veins. A 70-
W Stockart generator (Biosense Webster) was set to
ddiver RFlesionsupto 70W and 55°C.

Theend-point of thisprocedurewaselectrical iso-
lation of PV validated by circular mapping catheter.

CFAEsablation

If Induced AF needed to persist for >1 min after
LACA, theareaswith CFAEsin LA could belocated
and ablated™. Radiofrequency applicationswere de-
livered with themaxima temperature of 55°C to 60°C
at the catheter tip. The end pointswere either conver-
sonof AFtonormd snusrhythmether and noninducible
AF, or complete elimination of theareaswith CFAES.
If thearrhythmiaswere not successfully terminated, tran-
sthoracic cardioversion was performed.

AFL ablation

In patientswith history of typicd right AFL, bidirec-
tiondl block wasdemondtrated by pacinga different Sites.
In patientswith atypical AFL duringthe procedure, LA
access was obtained via trans-septal puncture and
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€l ectroanatomic mapping, and entrainment mappingwas
repeated intheLA. Block acrossthelinewas demon-
strated using the 3-D mapping system when possible.
Double potentia swith aseparation of 100 mswerere-
quired dongthe ablation line. To assessthe success of
theablation, inducibility of AFL wastested after ablation
using both programmed and burst pacing.

Follow-up

All patientswereseeninan outpatient clinicat 2, 5,
10 monthsafter ablation. Patientswereasked to trans-
mit their rhythmthreetime per day and every timethey
had symptoms compatiblewith arrhythmia. In addition,
patients were asked to contact the doctor practitioner
whenever they experienced symptoms. No patientswas
lost tofollowing up, themean duration of follow-up was
10.1+3.1 months. Warfarin (international normalized ra-
tio2to 3) wasrestartedindl patientstheday of ablation
and wascontinued for aminimum of four months.
Satistics

For continuousvariables Student’s t-test, and for cat-
egorical variables, chi-squaretest or Fisher exact test,
wereused, asappropriate. Univariateand multivariable
Cox proportiona hazard analysiswere used to assess
risk factorsof AF recurrencefor covariatesrespectively.
Thosewithap value<0.20 at univariate anaysiswere
enteredintothemultivariablemodd, further andyzed with
sepwiseto estimatethefinal predictorsof theAF recur-
rence. Significance between model swas ca culated by
thelikelihood ratio test. In multivariableanalysis, ap
vaue<0.05wascongdered Satigticdly significant. All sta
tistica andyseswereperformed usng SASverson 8.1
(SASIndtitutelnc., Cary, NC, USA). Statigticd sgnifi-
cancewas determined when P< 0.05. AF -freesurviva
curveswere congtructed by Kaplan-Me er andysis.

RESULTS

Ablation results

All left- and right-sided pulmonary veinswereiso-
lated successfully indl patients. Left ariacircumferentia
ablation had terminated the AF in 20 of 51 patients
(39.2%), and in no case wasit reinducible, though 3
patients had concomitant AF recurrence and asecond
LACA wasperformed. In 18 patients(35.3%), AF ter-
minated after additiona CFAEsablationwasonly ddiv-
ered oneareaof LA (theroof, 12 patients; the septum, 6
patients). Inremaining 13 patients, inwhom entrainment

mapping the CFAEswere distributed in two or more
areas(interatria septum and coronary sinus, 5 patients;
septum and theroof of theleft atrium, 3 patients,=3 ar-
ess, 5 paients), radiofrequency applicationterminatethe
AFin 7patients. In 2 patients(3.9%), AF degenerated
intoAFL during ablation, thearrhythmiaterminationin
those patientsrequired block acrosstheline between left
subpulmonary veinand mitrd ishmususingtheEnsite
NavX mapping sysem, after whichtheAFandAFL were
no longer inducible. In4 patients, radiofrequency appli-
cdionfaledtoterminaethearrhythmiadespiteablating
the CFAEsinthe aspect of theright atrium.

All 12 patientswith cavo-tricuspidisthmusdepended
APL had successfully performed and no complication
related toAFL or AF ablation was noted.

Longitudinal analysis
Clinical characteristicsof patients

All subjectsweredevided into two groupsaccord-
ing tothereccurrence of AF, Thebasdline characteris-
ticsof the study population listedin TABLE 1. Sub-
jectsof recurrent group showed to havelarger left atrid
dimens on, more patientswith history of AFL than nor-
mal group. No differenceswerefound between groups
with regard to other parameters, including self-termi-
nating timeand duration of AF, age, sex, smoking, | eft
ventricular g ect fraction.

TABLE 1: Prevalenceof clinical characterigticsof two groups
on atrial fibrillation (n=51)

Normal Recurrent

group group P

(n=37) (n=14)
Age, year 54.149.2 58.9+10.1 0.1122
Men, % 25, 66.6 11, 786 0.4415
Duration of AF, years  5.9+4.3 5.6+3.5 0.7713
Lasting time, weeks 9.5+4.0 114439  0.1501
Smoking, % 20, 541 8, 571  0.8432
CAD, % 6, 162 3, 214  0.6630
Hypertension, % 27, 730 12, 857 0.3384
Atrial flutter, % 5, 135 7, 50.0 0.0061*
LA diameter(mm) 39.8+4.1 43.3+3.7 0.0088*
LVEF, % 56.6+5.7 57.7442  0.5671

Note: AF= atrial fibrillation, CAD=coronary artery disease,
L A=left atrium, LVEF=left ventricular gject fraction
* statistic significance

Following-up results

Inamean 10.1+ 3.1 months follow-up of 51 study
participants, therewere 14 patientsrecurred: only | eft
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atriacircumferential ablation (9 of 20 patients, 45.0%),
LACA and CFAEs ablation in one area (4 of 18 pa-
tients, 22.2%), LACA and CFAEsablationintwo or
morearea(1 of 13 patients, 7.7%). Kaplan-Meier sur-
vivd curvesfor patientswith persstent atrid fibrillation
found that thearrhythmiafreerateof LACA ablationis
sgnificantly lower than that of combining CFAEsabla-
tion (p<0.001, Figure 1), and themoreareaof CFAES
ablated, thelessAF recurred (P<0.001). Univariate
Cox proportional hazard analysis showed that AFL,
LA diametersand CFAEsweredtatistically significant
risk factors (p <0.05) of AF recurrence. Multivariate
Cox andysisidentified that LA diametersand CFAES

Event Free Survival
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Figurel: Kaplan-Meier survival curvesfor patientswith
perssent atrial fibrillation. Thearrhythmiafreerateof LACA
ablation issignificantly lower than that of combining CFAEs
ablation (p<0.001).

TABLE 2: Univariateand multivariateassociation between
all basdlinevariablesand ther ecurrenceof atrial fibrillation

Univariate analysis
95% HR

Multivariate analysis
95% HR

Hazard ) Hazard h
ratio con_fld_enoe P ratio con_ﬁd_ence P
limits limits
Age 1.046 0.990 1.104 0.1097 1.016 0.953 1.082 0.6343
Sex 1575 0439 5647 0.4858

Duration of AF
Lasting time
Smoking

CAD
Hypertension
Atrial flutter
LA diameter
LVEF

0.982
1117
1170
1.454
1.861
4.373
1.140
1.031

CFAEsablation 0.454

0.856
0.971
0.406
0.405
0.416
1511
1.018
0.935
0.214

1.127
1.285
3.373
5214
8.316

0.7913
0.1203
0.7710
0.5657
0.4163

12.652 0.0065*

1277

0.0228*

1137 0.5397
0.963 0.0394*

1.202

2.986
1.235

0.981 1.474 0.0765

0.977 9.125 0.0550
1.051 1.452 0.0105*

0.355 0.160 0.787 0.0108*

Note: AF= atrial fibrillation, CAD=coronary artery disease,
LA=left atrium, LVEF=left ventricular gect fraction, CFAEs=
fractionated atrial electrograms

* statistic significance
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as independent predictors (P=0.0076) of AF recur-
rence(TABLE 2). Whilefurther andysiswith stlepwise
selection (stepwise de=0.3 45=0.05) to determinethe
find predictorsof AF recurrencewereAFL (HR=3.616,
P=0.0278), LA diameters (HR 1.256, P=0.0037) and
CFAEs (HR=0.399, P=0.0209).

DISCUSSION

Themainfinding of thisstudy isthat patientswith
persistent AF havelower recurrence after CFAEs ab-
lationfollowing LACA compared with thepatientswith-
out CFA Esablation, though theimmediate results of
two methods were similar. Further AFL ablation is
needed in the patientswith atypica history of AFL. In
our study, CFAEsand AFL werefound to beindepen-
dentindicatorsinadditionto LA szeinagroup of per-
sstent atrid fibrillation patients after ablation.

Arrhythmogenic foci within the pulmonary veins
(PVs) ofteninitiateand/or perpetuate an episode of AF,
providing therationdefor PV isolation asamethod of
eliminating AF, and now radiofrequency catheter abla-
tion hasrecently been proposed asan aternativetreat-
ment for drug-refractory paroxysma and pers stent AH™
¥, Toavoid incidenceand functiond characteristics of
pulmonary veinstenosis, LACA toencirclethePVs an
effective method compared with PV isolation™ was
performedinthisstudy. However, LACA only success-
fully terminated 39.9% persstent AF. Theredutsindi-
cated that themechanismsof triggering persstentAF are
not only rdlayingon potentid activationof pulmonary vans

CFAEsaeatrid eectrogramsthat arefractionated
and composed of two deflectionsor moreand/or havea
perturbation of thebasdinewith continuousdefl ectionsfrom
aprolonged activation complex asshowninthedrid ssp-
tum, and found mosily in areas of 4 ow conduction and/or
at pivot pointswherethewave etsturn around at theend
of thearcsof functiond blocksduringintraoperativemap-
ping of humanAF1%, Nademaneg, K et d. showed that
areaswith CFAEsrepresent adefined dectrophysiologic
subgtrate and areidedl target Stesfor ablationsto €imi-
nateAF and maintain norma sinusrhythm. Inthisstudy,
we provideevidencefor the hypothes sthat CFAEsfol-
lowing unsuccessful LACA werediminated by ablation,
AF could no longer be sustained in the mgjority of the
patients. Thefindingsa so confirmthoseof Vermae d .8
that thecombination of PV + CFE had the best outcome
compared with either of theother two armsin apopula
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tion of high-burden paroxysmd/pers sent AF patientsaf-
ter either one or two procedures. In addition, most pa-
tientsafter LACA represent and ablatejust oneregiond
areaof CFAES, however, unlikepreviousstudies®, the
left atrid roof isthemost common sitefor CFAES. That
different AF patientsand CFAEs mapping time may be
responsiblefor thedifferent resultd?]. Recent investiga
tionsdemondratethet recurrenceof AF after dectrogram-
guided ablationisusudly dueto PV tachycardias?, inthe
exigting body of study demongtrating therisk of CFAES
for AFreccurence, our findingsareinlinewith other re-
centinvestigationsdemondtrating common mechaniamsof
recurrent arid arrhythmiag®.

It iswell recognized that AFL and AF often co-
exist¥, though the reasons for co-existence are not
entirely clear. In our study, 23.5% (12 of 51) AF pa-
tientshave pre-existing AFL,, which were controlled by
LACA and cavo-tricuspidisthmusabl ation. However,
58.3% (7 of 12) AFL patients experienced AF reoc-
currence after the procedure, though acavotricuspid
isthmusabl ation after PV isolation reducesinducibility
of atria arrhythmiasd?!. Those may partly support the
ideasthat aconsiderable number of patientshaveAF
recurrence after ablation of typical AFL4. Further-
more, according to our finding, co-exist statusof AFL
and AFraisetherisk for thearrhythmiarecurrence.

Sudy limitations

First, ardatively smal samplesizewasalimitation
of the present study.our dataneed confirmationinfu-
turestudies. Yet, satistical Sgnificanceinour study was
achieved despitethelimited sampleand independent of
clinical variables, thus suggesting that CFAEsand pre-
exitingAFL canactudly play important roleinrisk strati-
fication. Second, wedid not includelong-standing per-
sstent AF patients(morethan 1 year), whichlimitsthe
goplicability of our results.

In Conclusion, combined PVI + CFAEs&blationis
an effectivedtrategy toterminate persstent atrid fibril-
lation. However, CFAES, pre-exsiting AFL and | eft
atrium enlargement aremain risk factorsfor therecur-
rence of thearrythmia
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