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Pulmonary \Veins Isolation to Treat Patients with Refractory
Paroxysmal Atrial Fibrillation. Clinical Results After a Single
Procedure
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Objective- Thepurposeof thisstudy wasto accessthe
clinical outcome of patients submitted to a single proce-
dure of radiofrequency pulmonary veins (PV) isolation to
treat refractory paroxysmal atrial fibrillation (AF).

Methods- Thisstudyincluded 49 consecutive patients
(36 male; mean age 54+10 years old) who had frequent
symptomatic paroxysmal AF refractory to at least three
antiarrhythmic drugs. We used a circular decapolar ca-
theter for mapping PVs- left atrial connectionsand a4-mm
distal tip catheter for ablation (30 Wand 50 C), aiming to
achievedectrical isolation of 3-4 PVs.

Results - Twenty-five patients (51%) did not present
any AF recurrence in a mean follow-up of 12+5 months.
Twenty-four (49%) had at |east onerecurrenceduring out-
come; twenty (83%) of themwithin thefirst month after the
procedureand four after two to ninemonths. After introdu-
cing antiarrhythmic drugs 15 (63%) patients were under
control, 10 were asymptomatic and five complained of
sporadic short duration AF episodes. Nine (37%) pa-
tientsremai ned very symptomatic despitetheuse of antiar-
rhythmic drugsandwerereferredto anew procedureof PV
isolation. No patient presented major complications. At
the end of the follow-up, 35 (71%) patientsremained in
stable sinusrhythmwith no AF recurrencesafter asingle
procedure, 50% of themwithout antiarrhythmic drugs.

Conclusion - Most patientswho present symptomatic
paroxysmal AF refractorytoantiarrhythmicdrugsobtaina
goodclinical control after asinglePVisolation procedure.
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Radiofrequency (RF) ablation of ectopic beatsfrom
pulmonary veinsthat trigger atrial fibrillation hasbeenre-
cently introduced intheclinical practice*2. Although effec-
tive, thistechnique can only be used for few patientswho
present quiteactivefoci, which allow electrophysiological
mapping and precise localization®*s. The strategy for pa-
tientswithfocal atrid fibrillationwithout activefoci during
el ectrophysiol ogical mapping was to apply provocative
maneuverstoinducetheir activity®. Using thisstrategy pa-
tients presented frequent recurrences, asmany ectopic foci
werepresent in other veinsnot identifiedinthefirst study’.
Therefore, the empirical isolation of the four pulmonary
veins has been suggested as the most effective method to
treat those patients*1°. However, thereare somecontrover-
siesabout theclinical resultsand necessity of new procedu-
resto obtain agood clinical control of these patients' 4,
Theaim of this study wasto assessthe clinical results ob-
tained from patientswithrefractory paroxysmal atrial fibril-
lation submitted to a single radiofrequency procedureto
empiricaly isolatethreeor four pulmonary veins.

Methods

From January 2001 to August 2002, forty-nineconsecu-
tive patientswere prospectively studied. They presented re-
fractory paroxysmal atrid fibrillationand werereferredtora
diofrequency catheter ablation, aimingtoempiricalyisolate
pulmonary veins of the left atrium. Thirty-six men and 13
women, meanageof 54+10yearsold (32to 76y.0.) presenting
atrial fibrillation for morethantwo yearsand having unsuc-
cessfully used at least threeantiarrhythmic drugsbefore con-
sideringatria fibrillation ablationwereincludedinthisstudy.
Patients presenting frequent atrial premature contractions
(APC) or atria tachycardiatriggering atrid fibrillationduring
the electrophysiol ogical mapping were excluded. In those
patients the procedures were referred for specific foci
mapping andfocal ablation. Atria fibrillationwasregarded
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paroxysmal when episodeswerespontaneoudly reverted be-
fore48hs. Patientssubmittedtoelectrical (ECV) or chemical
(CCV) cardioversonwereenralledinthisstudy if ECV or CCV
wereperformedwithinaperiod of 48 hsfromthebeginning of
the crises. Among 49 patients, five presented chronic coro-
nary disease (twowith previousmyocardia infarction); one
presented mild dilated cardiomyopathy; oneassymetric hy-
pertrophic myocardiopathy and the others did not present
structural heart disease. Seven patientshad systemic arterial
hypertensionunder clinica control. Themean|eft atriumsize
was40+ 6 mm(29to 50 mm). Patientsunderwent ora anticoe-
gulationfromfourtosix weeks (RNI between2.5and 3.5) or
performed transesophageal echocardiography within24 hs
to assuretherewasnot any atrial thrombusbeforethe proce-
dure. Pulmonary magnetic resonance angiography (MRI)
with Gadolinium was suggested but not mandatory to per-
formthestudy.

Patientsweretakentothed ectrophysiol ogicroom after
8hsof fasting state, and sedated with intravenous propofol .
Arteria blood pressure, digita oximetry and CO?exha edwere
non-invasively monitored. Threemultipolar electrodecathe-
terswereinserted into the femoral vein and placed under
fluoroscopy guidance. One6 F decapol ar catheter wasinser-
ted into the coronary sinus; one 6 F circular decapolar
(“Lasso” —J& J) catheter wasintroduced by along sheathin
the left atrium through the foramem oval or by transeptal
puncture. One7 For 8 (EPT or J& J) regular catheter for RF
ablationwitha4-mmdistd tip electrodewasal sointroduced
intheleft atrium by asecondtranseptal punctureif necessary.
Heparinwasinfused (10.0001U) and the activated coagula
tion time (ACT) was evaluated after 15 minutes, repeated
eachhour, aimingtomaintain ACT between 250 and 350 se-
conds. Pulmonary veinsangiography was performed with
Meglumineloxa ate(32,5g/100ml) usngoneof thelongtran-
septal sheathes, except for theright inferior pulmonary vein
that wasnot systematically evaluated. The pul sed fluorosco-
picimagesina7 square/ second wereobtained (Fisher sys-
tem) intheleft anterior oblique position (40°) for thel eft pul-
monary veinsandintheright anterior obliqueposition (30°)
for theright pulmonary veins. Inthissystemthefluoroscopic
timemeasurement isrestricted to X -ray pulsed-time'®. Elec-
trophysiologica dataweredigitally recorded by aPC Electro-
physiologic Measurement System (EM S4.2—University of
Limburg - TheNetherlands).

The pulmonary veinsisolationtechnique consistedin
mappingtheleft veno-atrial junctionusingthe*Lasso” ca
theter tolocalize pulmonary veinsin connectionwiththeleft
atrium and disconnect them by applying RF pulse of 30W
and 50° Cfrom 30to 60 seconds. The* Lasso” decapolar ca-
theter wasintroduced inthe pulmonary vein after angiogra-
phy and then removed until being nearly fivemm of the os-
tium (Figure 1). Pulmonary veinisolation wasperformedif
potential swere present. Theveinisolation criterionwasthe
disappearanceof electrical potentialsintheveinduring si-
nus rhythm or continuous atrial stimulation (entrance
block) (Figure2). Theisolation of suchveinswasperformed
under continuous electrical stimulation of the distal
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Figure 1 - Pulmonary vein isolation technique to treat paroxysmal atrial fibrillation.
A) Representation of catheter position in the left superior pulmonary vein ostium
(LSPV). B) Left anterior oblique (LAO) fluoroscopic projection during LSPV iso-
lation. Note radiofrequency ablation catheter at the LSPV ostium. LA - left atrium;
LIPV - left inferior pulmonary vein; CS- coronary sinus catheter.

coronary sinusin order to distinguish left vein potentials
from|eft atrial appendaged ectrograms. Theright pulmona-
ry veinsweremapped during sinusrhythmwith noatrial sti-
mulation. RF ablation wasinitialy directed towardsthe
most suggestive point regarding the atrial vein connection
localization and kept for 30 s. Conduction block through the
veno-atrial connection was shown by conduction delay in
thisspecific sector and by the changein activation sequen-
ceof theostium analyzed by thecircular catheter activation
(figure2). Applicationswererepeated in other connection
pointsuntil compl eteisol ation of pulmonary veinwasobtai-
ned. After 10to 12 pul sessequence, weperformed evalua
tion of the pulmonary vein permeability by angiography
with contrast. Applicationswere stopped when there was
reduction of vein ostium size or still due to the amount of
applications, initially and empirical ly established around 20
to 25 applications. Pulmonary veinisolation wascomplete
whenall venouspotential sobtained fromthecircular cathe-
ter disappeared. However, when amplitude of such poten-
tialswasreduced but with no complete disappearance, we
considered pulmonary vein connections just as partialy
modified. After the end of the procedure, infusion of 10to
40microgramsof isoproterenol wasperformedfollowed by 12
to 18 mg of adenosine, in order to identify ectopic triggers
outsidetheveins. Patientswerekept inresting position du-
ring4hoursandingeneral dischargedtheday after. Subcuta
neous|ow molecular weight heparin (1 mg/K g/ twiceaday)
wasstarted six hoursafter theend of theprocedureand main-
tained until oral coagulation wasobtained (INR 2.5t0 3.5).
Antiarrhythmic maintenance depended on symptoms re-
currencewithinthefirst 24 hoursor onthediscomfort inten-
sity provoked by atria fibrillation crisesbeforeablation.
Clinical follow-upwasperformed accordingtoclinical
appointmentsin our ingtitution, or still by telephone contact
with patientsunableto comepersonally. Patientswith pul-
monary vein stenosi s suspicion were eval uated by pulmo-
nary veinangiography, transesophageal echo or pulmona:
ry ventilation/perfusion cintilography oneto six months
after the procedure. Patientswereclinically evaluated in
onemonth and each threemonths. In case of recurrence, we
suggested EKG documentation of the crise. Ambulatorial
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Fig. 2- Leftinferior pulmonary vein (LIPV) isolation. Basal: Pulmonary vein electrogramsfrom 1 (distal) to 10 (proximal) obtained by thecircular (“Lasso”) catheter positioned
inthe LIPV ostium during atrial pacing (st) in distal coronary sinus(CS). RF: Notethe“Lasso” catheter el ectrogram activation changing during radiofrequency (RF) application
secondary to entrance conduction block in asector of the LIPV ostia. Disconnection: LIPV isolation. Observe that pulmonary vein potentials obtained by “Lasso” catheter

disappeared. CS pacing activatestheleft atrium, but it does not achieve theinterior of LIPV.

monitoring (Holter and symptomatic events recordings)
was used to clarify suggestive symptoms of atrial fibrilla-
tion recurrencenot documented in EK G, Typica symptoms
of atrial fibrillation recurrencewereaccepted intheabsence
of EKG documentation.

As Statistical Analysiswe used the Student t-test to
compare continuous variables and the Fisher test to com-
pareproportions. Wecons dered 5% asignificant statistical
level.

Results

We performed ostial radiofrequency ablationin 184
veins(49 patients- 3.7 veinsper patient). A mean of 21+12
RF pulsesper veinwasapplied in each patient: 25+14 at the
left superior pulmonary vein (LSPV) ostium; 22+10 &t the
right superior pulmonary vein (RSPV); 13+9at theleftinferi-
or pulmonary vein(L1PV) and 23+12 at theright inferior pul-
monary vein (RIPV). Proceduremeantimeand X ray time
exposition were 231+47 min and 12+4 min, respectively.
Completeisolationwasobtainedin 146 out 184 (79%) veins,
40LSPV (82%),41RSPV (84%), 35(81%) and 30of 45RIPV
(67%). All four pulmonary veinswerecompletely isolatedin
18 patients; threeveinsin 20 patients; twoveinsinsix; one
veininthreeand two patientsdid not haveany vein comple-
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tely isolated. Inthose cases, just the ostium electrogram
amplitudereduction wasobtained.

Patients did not present any important complication
during hospitalization and follow-up. No patient presented
important hematomaor vascular complication. Therewere
no complicationsrelated to transeptal puncture, pulmonary
vein stenosis or embolic events.

After ablation, 25 patients(51%) did not present recur-
rence in amean follow-up of 12+5 months. Of those, 22
(88%) had threeor four pulmonary veinsisolated and three
(12%) had two or lessveinsisol ated. Nineteen patientsre-
mained asymptomatic and six complained of palpitationsre-
lated to premature contractions. Fifteen (60%) patientswere
not using antiarrhythmic drugs; four (16%) wereusing be-
ta-blockers, threedueto systemic arterial hypertensionand
one due to premature ectopic beats perception; and six
(24%) wereunder amiodarone.

Twenty-four (49%) patientspresented at least onere-
currenceduringfollow-up; in 20 (83%) recurrence occurred
withinthefirst month after RF ablation, andinfour (17%)
after twoto ninemonthsof follow-up (figure3). Afterintro-
ducing antiarrhythmic drugs(beta-blockers: six, amiodaro-
ne: six, sotalol: three, propafenone; two, flecainide: oneand
diltiazen: one), fifteen (63%) patients presented important
symptomsrélief, ten becameasymptomatic (including four
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Figure 3 - Atrial fibrillation recurrence rate after pulmonary vein isolation. Observe
that 19 (82%) of 23 recurrences occurred in thefirst 15 days after the procedure.

patientswho stopped drugs) and fivereferred sporadicand
short AF episodes. Nine (37%) remained with symptoms
unchanged despite the use of antiarrhythmic drugs and
seven were submitted to asecond procedure. At theend of
thefollow-up, 35(71%) of thepatientsremainedin stablesi-
nusrhythmwithout atria fibrillationrecurrencesafter asin-
gle procedure. No patient presented symptoms related to
systemic emboli or pulmonary veinsstenosis.

Discussion

Theelectrophysiologic observationthat atrial fibrilla-
tionistriggered by ectopic foci frequently originated in the
pulmonary veinsopened anew erainradiofrequency catheter
ablation. However, just few patients presented frequent
spontaneous ectopi ¢ beatsenough to allow mapping of spe-
cificfoci?®. Theattemptstoapply thepotentid clinical bene-
fitsof AFtriggersby catheter ablation presented mgjor limita-
tions. Difficulty tolocdizeall ectopic foci which triggered
atrid fibrillationandlow reproducibly of theprovocativema-
neuverstoinducethetriggersresultinginhigh AF recurrence
rate after ablation, consequently, many ablation procedures
werenecessary toobtaingoodclinical control®2. Additional-
ly, multiplesradiofrequency pulsesapplied in the ostium of
pul monary veinsmay cause pulmonary vein stenosis, some-
times resulting in severe pulmonary hypertension 16-17,
Aimingto solvethese problemstwo strategiesweredevel o-
ped in order to isolate the four pulmonary veinsin asingle
procedurewith low risk of pulmonary veins stenosis: map-
ping and abl ating specific sectorsof pulmonary veinsostig®
and circumferential ablation of pulmonary veinsogtiausinga
3-D dectro-anatomic system© 11,

Thepulmonary veinisolationtechniquedevel oped by
Haissaguerre et al aimsto electrically isolate pulmonary
veinsminimizing the stenosisrisk®®. Itisbased onrecogni-
zingveno-atrial junction connectionsby thecircular cathe-
ter positioned at the pulmonary veins ostia® *°. Through
the use of thistechnique, radiofrequency applicationscan
be optimized and the stenosisrisk lower. Haisaguerreet al,
reported 3% of symptomatic pulmonary veins stenosis’.
Oral et ad, applying the sametechniquedid not report pulmo-

Scanavacca et al

Pulmonary veins isolation to treat patients with refractory paroxysmal atrial fibrillation

nary veinscomplications'. Marroucheet al, reported pul-
monary vein stenosis during high energy radiofrequency
applicationinsidetheveinsthroughirrigatedtip catheters.
Pulmonary vein stenosis were not observed after using
intracardiac echocardiogram to adequate radiofrequency
applications'®. In this study we did not observe any
manifestation related to pulmonary veinsstenosis. Howe-
ver, clinical manifestation occursjust whenthepulmonary
veinstenosisisvery important, mainly whenthereismore
than oneveininvolved®’, Symptoms, ingeneral, occur in
thefirst days after the procedure, but can occur later®. In
thisstudy, wedid not eval uate pulmonary veins systemati-
cally during follow-up, however all patients but one were
followed for morethan six monthsand noneof themreported
any symptom related to pulmonary veins stenosis. These
initial dataconfirm other observationssuggesting that abla-
tionof pulmonary vein ostiaapplyinglow energy radiofre-
guency pulses presents low risk of promoting pulmonary
vein stenosis. Nevertheless, further studies are necessary
to confirmthe safety of thisprocedure.

Thereare some controversiesrelated to theclinical re-
sultsof pulmonary veinsisolationtotrest patientswith recur-
rentatrid fibrillation. Stablesinusrhythmwithout atrid fibrilla:
tion recurrence has been reported from 70% to 94%1 421,
Thissuccessratevariation canberelated to patientssel ection,
pulmonary veinsisolation technique, number of procedures
applied, antiarrhythmic drugsused and patient’ sfollow-up®.
Ectopicfoci located outsdethepulmonary veinogtiaor rel ated
to other atrial structures have been described as a cause of
atrid fibrillation recurrenceafter pulmonary veinsisolation®4,
Inour study, some patientswithout completePV isolation had
asogood clinical evolution and radiofrequency applications
around thepulmonary veinsostiacouldberesponsiblefor that.
Thoselesionsapplied around the pulmonary veinsostiacoul d
ablatefocdl triggersof atrid fibrillationand could explainwhy
twoof our patientswithout any PV completely isolated became
freeof atrid fibrillation recurrence, one of them without an-
tiarrhythmicdrugs. Papponeet a, havesystematicaly applied
RFlesionsaroundthefour pulmonary veins. Although pulmo-
nary veinsisolation wasabtained in just 75% of al patients,
85%of themdidnot present atrid fibrillation, most of themwi -
thout antiarrhythmic drugs'®*. However, reconnection of pul-
monary vein previously isolated seemsto be the most
common cause of recurrence and obtaining a definitive,
without increasing the pulmonary veinsstenosisrisk isoneof
thetechnical challenges to be solved. Marroucheet a has
suggested that performing deep lesions outside thevein
throughan 8-mmtip catheter isrel ated to better results®®. Ho-
wever, Madleet d, usngad-mmirrigatedtiphadtoperformtwo
or threeproceduresin49% of patientsobtainingclinica control
in80% of them, 44% usingantiarryhthmicdrugs™.

In this study 47% of our patients presented at |east
onerecurrenceafter pulmonary veinsisolation. |n most of
themrecurrencesoccurred withintwoweeksafter radiofre-
guency ablation. But, after the first month they became
asymptomaticor oligosymptomaticafter antiarrhythmicin-
troduction. This observation was al so reported by other
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authors® %, Theradiofrequency lesionrepair processcould
beresponsiblefor thisevol ution®®. Otherwise, aninflamma:
tory processinduced by radiofrequency lesionson the pul -
monary veinsostiacouldinduceatrid fibrillationtransitory
episodes. Such observations were reported by other au-
thorsthat suggested to perform anew intervention for pul-
monary veinisolationjust after six or eight weeksof thefirst
procedure™ 14, Postponing a new intervention for 4to 6
weeks and restricting it to symptomatic patients non con-

Arq Bras Cardiol
2004; 82: 160-4.

trolled by antiarrhythmic drugsweindicated anew procedu-
rejust for 16% of our patients.

In summary, most patientspresenting refractory paro-
xysmal atridl fibrillation obtainagoodclinical control after a
single procedure of empirical isolation of four pulmonary
veins. Atrid fibrillationrecurrences, when occur, aremore
frequentinfirst twoweeksafter theprocedure, but, in most
patientsit is possible to obtain agood clinical control
during outcome.
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