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Treatment of Atrial Fibrillation with Radiofrequency
Ablation and Simultaneous Multipolar Mapping of the
Pulmonary Veins
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Objective- To demonstrate thefeasibility and safety of
simultaneous catheterization and mapping of the4 pulmo-
nary veinsfor ablation of atrial fibrillation.

Methods - Ten patients, 8 with paroxysmal atrial fi-
brillation and 2 with persistent atrial fibrillation, refrac-
tory to at least 2 antiarrhythmic drugs and without struc-
tural cardiopathy, were consecutively studied. Through
the transseptal insertion of 2 long sheaths, 4 pulmonary
veinswer e simultaneously catheterized with octapol ar mi-
crocatheters. After identification of arrhythmogenic foci
radiofrequency was applied under angiographic or ultra-
sonographic control.

Results- During 17 procedures, 40 pulmonary veinswe-
remapped, 16 of which had local ectopic activity, related or
notwiththe triggering of atrial fibrillation paroxysms. Atthe
end of each procedure, suppression of arrhythmiaswas
obtained in 8 patients, and elimination of pulmonary vein
potential swasaccomplishedin4. Duringtheclinical follow-
up of 9.6+ 3months, 7 patientsremainedin sinusrhythm, 5 of
whomwer e using antiarrhythmic drugsthat had previoudly
been ineffective. None of the patients had pulmonary
hypertension or evidence of stenosisin the pulmonary veins.

Conclusion - Selective and simultaneous catheteriza-
tion of the 4 pulmonary veinswith microcathetersfor smul-
taneousrecording of their electrical activityisafeasibleand
safe procedurethat may help ablation of atrial fibrillation.
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Atrid fibrillationisthemost common sustained arrhy-
thmiaand may occur in up to 5.9% of the population older
than65years®. Itsmorbidity isnot only related to thrombo-
embolic phenomenabut also to thelossof atrioventricular
synchronism and maintenance of ahigh cardiac rate. The
availabletherapeutic options are still limited 2, and this
arrhythmiais one of the greatest challengesto techniques
that use radiofrequency catheter ablation 124,

Recent studies devel oped by Haissaguerre 1> have
demonstrated that most atrial fibrillation paroxysmsaretrig-
gered by prematureatrial depolarizationsoriginatinginside
thepulmonary veins. Itsanatomic pathol ogical substrateis
striated bundles originating in the left atrium, penetrating
into the pulmonary veinswith variable course and depth.
The correct identification of thesefoci allowsthe efficaci-
ous utilization of radiofrequency ablation techniquesfor
treatingthisarrhythmia.

Despitethepromisinginitial results, focal ablation till
hasasignificant relapserate-2® and unknown risk of steno-
sisinthe pulmonary veins?*, Oneof thelimitationsof focal
ablationistheneed for sufficient number of prematureatria
depolarizationto occur. Oftenthearrhythmogenic sourcere-
mains quiescent so that not enough ectapy ispresent to al-
low mapping of the pulmonary veins. Another important
operational difficulty isthefact that the mapping areaen-
compassesawidevascular net, with complex ramifications,
frequent anatomical variations, and multiple unpredictable
triggering capacities®3%,

Inanattempt tominimizethedifficultiesstill foundin
thefocal ablation proceduresfor atrial fibrillation, we ac-
complished electrophysiol ogical mapping through the si-
multaneous catheterization of the4 pulmonary veins, under
angiographic control of thesiteswhereradiofrequency was
applied. Theaobjectiveof thisstudy wastoreport theinitial
results obtained in our experienceusing thistechnique, a-
so emphasi zing the unique characteristics of electrograms
recorded insidethepulmonary veinsinsinusrhythmandin
thedifferent typesof ectopic activity.
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M ethods

From October 1998to December 1999, 10 patientswere
consecutively studied, 9 men, withan averageageof 42+11
years, with paroxysmal (8 patients) or persistent (2 patients)
atrial fibrillation. The average time of symptom onset was
7.0x4.9yearsand median duration of thelast episodeof atrid
fibrillation wasapproximately 2weeks. Theinitial selection
criteriaincluded the presence of symptomatic paroxysmal
atrial fibrillationwith periodicity of at least 1 weekly episode
(present in 6 patients), the number of supraventricular pre-
mature atrial depolarization recorded by the Holter above
2000in24h,"PonT" pattern, refractorinesstoat least 2 antiar-
rhythmic drugs, absence of structural cardiopathy and atrial
thrombosis. All patientshad normal | eft atrium measurement
(38+£6mm). Four patients, who had asméller frequency of pa
roxysms(3/monthin1 patient and 2/monthin 3 patients), we-
relater includedinthestudy, becausethey exhibited frequent
periodsof short duration atrial tachycardiaduring sinusrhy-
thm (4 to 8 episodes of 3 to 12 consecutive beats). Seven
patientsweretaking amiodarone.

Theantiarrhythmic and oral anticoagulant drugswere
suspended 3 days before the procedure, and patientswere
maintai ned onlow molecular weight heparin. Thetranseso-
phageal echocardiogramwasperformed 24hbeforetheexa
mination, in order to exclude eventual thrombusand spon-
taneous contrast.

Patientsunderwent an el ectrophysiol ogical study wi-
thout sedation. Surfaced ectrocardiogramderivationsl, I, avL,
and V1 were simultaneously recorded. Polygraphs BARD
Electrophysiology LabSystemverson2.56 and Electrophysio-
logicMeasurement System-version 4.0 (Maastricht, Holland)
wereused and bipol ar electrogram recordingswithfiltersof
100to 500 Hz wereobtained.

Inthepatientswith sinusrhythm, theinitial step of the
procedure consisted of placement of quadripolar electro-
physiologic catheters(Daig Co., Minnetonka, MN, USA) in
theupper region of theright atrium and inthe coronary si-
nus, which were used for mapping and stimulation. When
thenumber of prematureatrial depolarizationwasinsuffici-
ent (established by theauthorsaslessthan 5/hour), thefol-
lowing provocative maneuverswere performed: Valsalva,
massageof thecarotid sinus, |V infusion of isoproterenol (2
to4g/min), adenosine(bolusof 20-80mg), verapamil (10mg),
or atria stimulation (100to 300 bpm).

Thetransseptal puncture and catheterization of the
pulmonary veinswereperformedin patientswithatria fibril-
lation or thosewith prematureatrial depolarizationwith pre-
cocity above20msinrelationtothereferencee ectrograms,
recorded in the catheter previously placed in the right
atriumandinthe coronary sinus.

After the accomplishment of atransseptal puncture,
we proceeded full anti coagul ationwith sodium heparin 1V
infusion, administering 5000 |U asabol usand-subsequen-
tly 20001U /hour.

For transseptal access, a system comprising the
Brockenbrough needleand 21ong sheaths(8.5F, SL1, Daig
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Co., Minnetonka, MN, USA) wereinserted throughthefos-
saovalis. After placement of thefirst sheath, adeflectable
angiographic catheter (Naviport, Cardima, Fremont, CA,
USA) wasintroduced and sel ective angiography of the 4
pulmonary veinswas accomplished. Following the angio-
graphic study, theinteratrial septum was again punctured
for placement of the second sheath. The first sheath was
thendirectedtotheleft pulmonary veins' ostium, fromwhi-
ch 2 octapolar microcatheterswereintroduced (3.3F, Reve-
lation, Cardima, Fremont, CA, USA) with selectivecathete-
rization of the upper and lower pulmonary veins. Similarly,
thesecond sheath directed the other 2 microcatheterstothe
right pulmonary veins(Fig. 1).

Only after smultaneouscatheterization of 4 pulmonary
veins, thepatientswho had atrial fibrillation underwent ex-
ternal electrical cardioversion.

By mapping premature atrial depolarization through
microcathetersplaced inthe4 pulmonary veins, it was pos-
sibletoidentify thelocation of ectopicfoci. Thus, apulmo-
nary veinwasdefined asarrhythmogenic whenit gaverise
to any type of ectopic activity, initiating or not initiating
arid fibrillation.

Oncetheorigin of an ectopic focal point waslocated,
thediagnostic cathetersof thecontra-ateral sheathwerere-
moved and a5-mmtip ablation catheter (EP Technologies,
SanJose, CA, USA) wasdirected and radiof requency was
applied during sinusrhythmwithamaximum energy limit of
30watts, temperature of 60°C for aperiod of 30to 60s. Ex-
ceptfor 2 patientsincludedintheinitial phaseof the proto-
col, the applications were made only in the pulmonary
veins' ostium, at the pointswhereit was possibleto obtain
higher ectopic precocity. Caution wastaken dueto thefact
that recent reports demonstrate that therisk of stenosisis
directly related to appli cationson more proximal segments

Fig. 1- Transseptal insertion of 2 long sheaths and sel ective catheterization with
placement of octapolar microcathetersin 4 pulmonary veins. ULPV- upper left
pulmonary vein; LLPV- lower left pulmonary vein; URPV - upper right pulmonary
vein; LRPV- lower right pulmonary vein.
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of the pulmonary veins aswell aswith the use of higher
energy radiofrequency 2%,

Thepreciseidentification of theveno-atrial transition
wasinitially oriented through fluoroscopy, placing the pro-
ximal el ectrodesin the position wheremicrocatheterswere
separated from the cardiac silhouette on the antero-posteri-
or projection. Subsequently, this position was adjusted by
thesel ectiveinjection of contrast mediumineach of the pul -
monary veins. The angiographic definition of the ostium
wasarbitrarily established by theauthorsasbeing theinter-
section point of thefirst lineparallel tothelarger axleof the
vessel and the second line tangential to the left atrium
silhouette on theright and | eft anterior obliqueprojections,
withaninclination of 30 and 60. In 6 patients, accomplish-
ment of intravascular echocardiography confirmed the
placement.

Theconclusion of the protocol wasestablished by the
absenceof ectopicbeatsandthefailuretoinduceatrial fibril -
lation, even after the provocative maneuvers described.
Considering the possibility of adiagnosisof stenosissoon
after application of radiofrequency 2%, in our protocol we
routinely proceeded to control angiography of the ablated
pulmonary veinsbeforefinal removal of the sheaths.

The patientsremained hospitalized for at |east aperiod
of 72h after each procedure, under full heparinization. After
hospital discharge, patients were maintained on oral anti-
coagulationfor at least 3 months.

Results

Therecording of activation of the pulmonary veinsin
sinusrhythm allowed the identification of characteristic
atrial electrogramscomposed of 2 potentials: aninitial low
frequency one, corresponding toleft atrium activation and
aterminal spike-shaped fast inscription one, attributed to
the passiveactivation of musclefibersinsidethe pulmonary
veins, designated as pulmonary vein potentials.

Multipolar longitudinal mapping in sinus rhythm
permitted scanning the el ectrical activation of 32 out of 40
pulmonary veinsmapped up to an approximate extension of
38mmfromtheostium. Attheveno-atria transitionlevel, the
pulmonary vein potential was superimposed on the atrial
potential , with afractional aspect, consisting of several spi-
ke potentias. Thischaracteristic morphol ogy wasrecorded
in15 pulmonary veins(6eft upper pulmonary veins, 6 right
upper pulmonary veins, 2 left lower pulmonary veins, and 1
rightlower pulmonary vein) and wasnot rel ated to the pre-
senceof local arrhythmogenic activity. However, thisuni-
guemorphology wasabsent inall other sitesmappedinside
the pulmonary veins and left atrium and therefore proved
to be aspecific marker of the veno-atrial transition region
(p<0.002).

Farther fromthe ostium; inthedirection of the pulmo-
nary veins' inner side, the pulmonary vein potential was
progressively detached from the preceding atrial potential,
becoming better visualized (in 32 of the 40 mapped pulmo-
nary veins). Nonethel ess, at avariabledistancefromtheos
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tium, the pulmonary vein potential wasnolonger recorded,
which suggeststhe presence of amuscular fiber cul-de-sac.
Inthe ostium of the 5 upper | eft arrhythmogenic pulmonary
veins, thepotential could not beinitially identified because
itwascompletely blendedintotheatrial potential. Inthese
cases, stimulation of the distal coronary sinus provided a
clear separation of the ostium potentials and a better con-
trol of thepulmonary vein potential during ablation.

Theatrial electrogramswereusually followed by elec-
trogramsthat coincided withthe surface QRS complex, re-
ferenttothecaptureof activity far fromtheventricles.

An arrhythmogenic pulmonary vein was defined as
the onethat inany part of itscourse was capable of produ-
cing itsown electrical activity, proved by the precocity in
relationtothe Pwaveonthesurface EEG or referenceendo-
cardiac el ectrogram. Thisectopic activity included aspec-
trum of arrhythmiasthat might manifest themselvesindiffe-
rent wayson theel ectrocardiogram. Themost frequent ec-
topic formswere theisolated premature atrial depolariza-
tions, bigeminated or coupled. However, in4 patients, this
electrical activity also manifested asshort periodsof fast re-
petitive beats, intheform of irregular, unsustained, mono-
morphicatria tachycardias.

Duringtheinitial electrophysiological study, 7 patients
had asmall number of prematureatrial depolarizationsmap-
pedin sinusrhythm, of which 4 responded to maneuversto
induce ectopy as previously described. During the second
procedure, 2 patientsal so had asmall number of premature
atrial depolarizations, refractory toinduction maneuvers.

Characteristically, during ectopy of an arrhythmo-
genic pulmonary vein, aninversioninorder occurredinthe
atrial electrogram, with the potential of the pulmonary vein
preceding theatrial one. Correspondingly, during multipo-
lar mapping, an inversion towards activation occurred,
whichtook thedistal to proximal route. Theectopic point of
origin (source) wasidentified astheonewith thehigher pre-
cocity of pulmonary vein potentialsand that al so had grea-
ter detachment fromthe corresponding atrial potential. The
pulmonary vein potentia was, then, progressively conduc-
ted towardstheostium (exit), whereit waseasily recognized
by the continuity of the morphology of both components,
marking the optimum | ocation for application of radiofre-
guency, wheretheluminal diameter waslarger and, conse-
quently, therisk of stenosiswassmaller (Fig. 2).

Theprematureatrial depolarizationsoriginatinginthe
pulmonary vein had avariable coupling in relation to the
preceding sinus beat. The minimum coupling interval ob-
served was 180ms, which remained confinedinsidethevein,
not reaching theatrium, (pulmonary veinblocked potential)
withamaximum of 425ms, bestowing ontheectopy a“Pon
T” electrocardiographic aspect, present in 7 patients. In 3
patients, beats of fusion between the pulmonary veins' si-
nusand ectopic activitieswererecorded.

Fromatotal of 40 different pulmonary veinsmapped,
16 wereshown to bearrhythmogenic: 6 upper right pulmo-
nary veins, 5upper left pulmonary veins, 3lower | eft pulmo-
nary veins, and 2l ower right pulmonary veins. Theprecoci-
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ty of thesiteof origininrelationto thesurface Pvariedfrom
40t0 150ms(97+38ms). Whenit wasimpossibletoidentify
thePwave, theprecacity inrelationtothereference catheter
intheupper region of theright atrium varied from56t0 94 ms
(83.2+15.40ms). Themean distance of thehigher precocity
sitetothepulmonary veins ostiumwas2.8+1.4mm.

The distinction between arrhythmogenic and nonar-
rhythmogenic pulmonary veinswasdefined by thesimulta:
neouscatheterization of multiplepulmonary veins, alowing
theimmediateidentification of precocity of thevenousecto-
py inrelationtothereferenceelectrograms, aswell asthedi-
rection of activation and the order of sequence of the po-
tentialsinside each vessel. In this situation, the recorded
electrical activity began inside the pulmonary veins and
progressively depolarized theostium, theleft atrium, andfi-
nally theright atrium.

| dentification of anonarrhythmogenic pulmonary vein
mapped during the ectopic activity means passive activa-
tion by adistant focoslocalized intheatrium or in another
pulmonary vein, whose activation is similar to that occur-
ring during sinusrhythm, in aproximal to distal direction
(Fig.3).

Although most of thetimes, they manifested themsel-
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vesasisolated prematureatrial depolarizations, the pulmo-
nary venousfoci wereal so capableof devel oping repetitive
electrical activity. Depending onthefrequency cycle, these
episodes of sustained discharge may confer different
morphological patternson the surfaceelectrocardiogram.

In1patient, theelectrical activity of theupper left pul-
monary vein replaced the sinus rhythm, and had aregular
frequency of approximately 80bpm for aperiod of 90sexhi-
bitingalow left atrial rhythm morphology ontheel ectroen-
cephalogram. In2 other patients, repetitivebeatsoriginated
inafocal point situated at approximately 32mm of theupper
right pulmonary vein'sostium, having afrequency cycleof
220and 350msand, respectively, conferring aflutter andan
atrial tachycardiapattern ontheel ectrocardiogram.

When the frequency of thefocal discharge became
even moreelevated, the el ectrocardiogram showed amor-
phological pattern similar to that of an atrial fibrillation,
known asfocal atrial fibrillation, which wasrecordedin 2
patients. Ontheendocardial mapping, theseepisodeswere
recorded as a fast and repetitive sequeNCE of spike
potentials, many timesovershadowing theidentification of
atrial potentials. Thedischargeactivity movedfrominside
the vessel to the ostium, had afrequency cycle of up to
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Fig. 2- Octapolar mapping of the pulmonary vein during coupled premature atrial depolarization (3" and 4" beats), demonstrating thetypical sequential alterationsintheorder of
atrial electrogram components, with the pulmonary vein potential (S), preceding theatrial potential (A). Theoriginsites(source) and“exit” of ectopiaareindicated. Thedistal dipole
(Cd1-2) demonstratesthe absence of the pulmonary vein potential, showing the end of themusclefiber.
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Fig. 3- Differentiation between arrhythmogenic and nonarrhythmogenic pulmonary vein. A) active depol arization of the pulmonary vein, with the pulmonary vein potential (S)
preceding the atrial potential during isolated premature atrial depolarization (arrow), demonstrating that the activation occursin the direction of theveinto theleft atrium (LA).
Theatria electrogram recorded in the dipole (Cd 5-6) placed in the veno-atrial transition has the characteristic morphological pattern, with fragmentation and continuity of its
components; B) passive depolarization of the pulmonary vein by an premature atrial depolarization of unmapped origin (arrow), with the atrial potential (A) preceding the
pulmonary vein potential (S), showing that the activation occursfrom theleft atrium (LA) to thevein, similar to that during sinusrhythm.

150ms(400bpm), and wassuperior totheatrid activity, whi-
chwasrelatively organized and unfragmented. Inthefirst
case, atachycardiainterruption and prompt reestablish-
ment of sinusrhythm occurred 16 secondsafter the onset of
radiofrequency applicationintheupper left pulmonary vein
(Fig. 4). Inthe second, the tachycardia began in the upper
right pulmonary vein degenerating to atrial fibrillation be-
foreit was possibleto apply local radiofrequency. After 3
failed attemptsat electrical cardioversion, weoptedfor abla-
tion of theentireostium perimeter during atrial fibrillation.
After 14 applications, theelectrical cardioversionresultedin

422

the stable maintenance of sinusrhythm, although prematu-
reatrial depolarizationscoming fromthe sameablated pul-
monary veinwerepresent.

Thedifferent forms of ectopic manifestationsorigi-
nating inthe pulmonary veinswere not consi stently indu-
ced or abolished by the habitual maneuvers of program-
med atrial stimulation and were not susceptibleto aen-
trainment, making reentry an unlike arrhythmogenic me-
chanism.

All the recorded episodes of spontaneous onset of
atrial fibrillation occurred soon after theelectrical cardiover-
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sion. Thes multaneouscatheterization of multiple pulmona:
ry veinsconcomitant totheel ectrical cardioversionpermitted
theimmediatelocalization of theatrial fibrillation triggering
foci, with passiveactivation of theother pulmonary veins.
Altogether, 7 patients experienced atrial fibrillation
during the proceduresencompassing 15 el ectrical cardio-
versions, no catheters were displaced by cardioversion,
thus permitting the mapping of 8 episodesof atrial fibrilla-
tion, the onset occurring spontaneously during the first
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60s after electrical cardioversionin5 patients. Fivefocal
pointswere situated in the upper right pulmonary vein, 1
inthelower right pulmonary vein, and 1 in the lower left
pulmonary vein. In 1 episode, it was not possible to ex-
cludethepresenceof anatrial focal point. Therefore, of the
16 pulmonary venous mapped foci 7 induced atrial fi-
brillation.

Most of thereinitiation episodes of atrial fibrillation
wereduetoisolated prematureatrial depolarization (Fig. 5)
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Fig. 4- A) sustained activity of theupper left pulmonary vein recorded by theexploration catheter (EXP) locatedinsidethevessel revealing theappearanceof atrial fibrillation (AF
focal) onthe surfaceelectrocardiogram. S- pulmonary vein potential ; SCD- catheter distal dipole placedinsidethe coronary sinus; B) reversal of tachycardiaand reestablishment

of sinusrhythm that occurred 16s after the beginning of local application of radiofrequency.
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fromthepulmonary veins, originating at an averagedistance
of 2.6cmfromtheostiumwithanaverageprecocity of 90msin
relationtothe Pwave. In 3 episodes, thetriggering wasdue
to fast discharge activity originating inside the pulmonary
veins, withamean frequency cycleof 141ms(425bpm) at a
mean distanceof 3.8cmfromtheostium, associated withthe
corresponding organized activity in the coronary sinus. It
was possibleto show that all beatsthat induced episodes of
atrial fibrillation had the sameel ectrocardiographi c morpho-
logy asthat of isolated premature atrial depolarizationsori-
ginatinginsidethe pulmonary veins, which suggeststhat the
atrial fibrillation and the premature atrial depolarization
originated fromthesamefocal point.

Following electrical cardioversion, 3 patientsexperien-
ced short periodsof sinusrhythmfollowed by atria ectopia,
which quickly reinduced atria fibrillation. Inthesecases, ra-
diofrequency wasdelivered duringatrial fibrillationintheen-
tireogtial perimeter. After theapplications, theelectrical car-
dioversionsproduced stable sinusrhythmin all patients.

After radiofrequency application in the target sites,
stable sinus rhythm occurred with no premature atrial de-
polarization.

Seventeen el ectrophysiological procedureswere ac-
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complished: 1in4 patients, 2in5 patientsand 3in 1 patient.
Sixteen arrhythmogenic pulmonary veinsweremapped and
ablated: 1in6 patients, 2in 2 patientsand 3in 2 patients. Du-
ring preliminary el ectrocardiographic monitoring, ectopic
density lower than 5 prematureatria depolarization per hour
wasobservedin 5 patients, 2 of which occurred only during
the second procedure.

Frequent prematureatrial depolarizationsoccurredin7
patientsduring 12 procedures. Inthese cases, mappingwas
made by simultaneous catheterization of the 4 pulmonary
veins. Thelocal abolition of pulmonary vein potentialsas-
sociated with premature atrial depolarization suppression
wasattainedin al cases. During thefirst procedure, 8 pul-
monary veinsweremapped: 1in6patientsand 2in 1 patient.
Recurrenceof atrial fibrillationwasrecorded withinaperiod
of 2to 30 days of ablation in 6 patientswho were studied
again. Only 1 patient that underwent abl ation of the pulmo-
nary veinremainedin sinusrhythm.

During the second procedure, recurrent ectopy was
verifiedin’5 pulmonary veinspreviously approached and 3
new foci. Two of thesewere mapped in 1 patient who also
exhibited relapse of 1 focus previously approached, being
possibletoidentify 3 different ectopic sourcesduring the
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Fig. 5- Holter of the pulmonary veins: thesimultaneousrecording of theelectrical activity of the4 pulmonary veinsclearly identifiesthe spontaneousinduction of atrial fibrillation
from the premature atrial depolarization (dark arrow) of the upper right pulmonary vein (URPV), with passive activation of the other pulmonary veins.
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sameprocedure (upper right, upper left, and lower | eft pul -
monary veins).

Duringtheclinical follow-up, 2 patientsexperienced
frequent supraventricular prematureatrial depolarizationon
theHolter monitor and aperiod of atrial tachycardiaof upto
12 beats associated with pal pitations. They remained
asymptomatic in sinus rhythm and medicated with amio-
darone. Two patientsexhibited atria fibrillationrelapse. In 1
of them, atrial fibrillation recurred 48h after the ablation
remaining asaparoxysma formwithout medication. Thelast
patient had arelapsejust 4 months|ater and underwent a
third procedure. During mapping we observed the presen-
ceof frequent prematureatrial depolarizationswithoriginin
theright atrium, closeto the Hisbundle. Thispatient did not
undergo ablation and remains in sinus rhythm using
amiodarone.

Duringthe second procedure, the prematureatrial de-
polarization exhibited the same morphol ogy asthat onthe
previousoneinwhichonly 1 arrhythmogenicfocushad be-
enidentified. After asingletransseptal puncture, avein-to-
vein mapping was made by means of an exploration cathe-
ter, confirmingthat the ectopic activity camefromthesame
pulmonary vein approached earlier. Inthe patientsthat un-
derwent asingle procedure, simultaneousmapping of the4
pulmonary veinsshowed the presence of 3arrhythmogenic
focal pointsin 1 patient and 1 focal pointin 2 patients.

Considering thelow ectopic density, the criterion for
successwasnot theabsence of prematureatrial depolariza-
tions, but rather, the abolition of al pulmonary vein poten-
tial intheostium of arrhythmogenic pulmonary veins. This
goa wasonly reached in 2 patientsin whom relapse of the
arrhythmogenicfocal point occurred. They evolvedintosi-
nusrhythmwithout theneed for medication. Theremaining
patientshad arelapseof atrial fibrillationinamean period of
30 days and underwent el ectrical cardioversion. One of
them had persistent atrial fibrillation in 2 arrhythmogenic
pulmonary veinsand remainsinatrial fibrillationrefractory
to cardioversion. The other 2 patientsremain in sinusrhy-
thmand aretaking amiodarone.

Inthefirst 2 patientsincluded inthe present study, ap-
plicationsweremadeinthesiteof origin of the ectopy whe-
rethevessel diameter was6+1.5mmat approximately 30mm
of theostium. Intheremai ning patients, abl ation wasperfor-
med intheostiumwherethevessel diameter was 14+4mm.
We performed 16+5mm radiofrequency applications per
patient. The mean fluoroscopy time during mapping using
simultaneous catheterization of the4 pulmonary veinswas
130+40min.

Different effectsof radiofrequency applicationonthe
pulmonary vein potential swereverified: it could completely
disappear, becomeintermittent, reducetheamplitude, have
alarger retardationinrelationtotheatrial potential insinus
rhythm, or even not bemodified at al. Inthe2 patientswho
evolved to sinus rhythm without medication, after the se-
cond procedure the applicationswere directed solely at 1
segment of the ostium. Inthese cases, the concomitant mul-
tipolar mapping demonstrated theabsenceof al pulmonary
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vein potentials previously recorded, and the stimulation
performed several points of the vessel was not accompa-
nied by theatria capture(Fig. 6). Inall pulmonary veinspre-
viously ablated, rel apse of the ectopic activity wasassocia-
ted with the presence of pulmonary vein potentialsthrou-
ghout the extension of the ostium.

Radiofrequency application in the pulmonary veins
waswell tolerated in most cases. Two patients exhibited
pain and 1 patient cough. These symptoms stopped at the
end of ablation. Several bradyarrhythmias, described in
patients that underwent radiofrequency applicationin the
pulmonary veinswere not documented in our experience®.

The microcathetersremained stablein the pulmonary
veinsfor avariable period of 30to 90min, inclusiveduring
radiofrequency application and rapid atrial stimulation
maneuvers.

During aperiod of 9.6 monthsof clinical follow-up, 8
patients remained in sinus rhythm, 5 of whom were using
the dosage of amiodarone previously found to beineffec-
tive. One patient remained in paroxysmal atrial fibrillation
without medication, and another remained in persistent
atrid fibrillation.

In the patients who remained in sinus rhythm, we
verified astatistically significant reductioninthenumber of
supraventricular prematureatrial depolarization onthe24h
Holter from2.874+7.56109.87+4.95.

Discussion

Simultaneouscatheterization of the4 pulmonary veins
adds an exclusive Holter function to the usual mapping
techniques, insofar asit allows continuous monitoring of
thesevessels' electrical activity, selecting only thearrhyth-
mogenic ones for ablation. This method was particularly
useful inthesituationsof early reinitiation of atrial fibrilla-
tionafter electrical cardioversion, thelow number of mapped
premature atrial depolarization, and the presence of mul-
tiplearrhythmogenicfocal points.

Use of octapolar microcatheters allowed the recor-
ding of thedepol arization of pulmonary veinsat adistance
of 3.8cm from the ostium. Since arrhythmogenic foci are
usually mapped at adepth of 2to 4cm, 8thistechniquema:
kesit possibleto scan pulmonary vein potential sthroug-
hout the course of themuscl efiber, which allowsidentifica:
tion of themost useful mapped surface of thedifferent pul -
monary veinsand the best sitesfor ablation.

Fromtheclassical work of Nathanand Eliakin %, itis
known that cardiac muscle enter, with varying extensions,
into the pulmonary veins forming true sphincters at the
venous-atrial transition. Thislarge local confluence of
fibersmight explainthe morphology of el ectrogramsmade
up of multiple spike potentials, found in the ostium of 15
pulmonary veins.

Despitethepreliminary report includingasmall sample
of patients, suggesting that arrhythmogenic pulmonary
veinswould produceé ectrogramsof higher morphological
complexity *, no sufficient corroboration has yet been
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Fig. 6 - Electrograms of the pulmonary veinsrecorded during sinusrhythm, showing abolition of the pulmonary vein potential (arrow) after application of radiofrequency.

reportedintheliteraturethat permitsrecognitionand abla-
tion of apulmonary veinin the absence of ectopic activity.

Followingtheconceptsdefined by Haissaguerreet d 16182,
thecomponent with spiked morphol ogy andthehighfrequency
to pulmonary vein potential swere ranked according to the
following evidence: 1) to precedetheatrial component during
earlier prematureatria depol arizationinthecatheter positioned
insidethe pulmonary veins, documented by angiography; 2)
higher frequency of the venoustachycardiawhen compared
withtheother intracavity el ectrograms, suggesting exit block; 3)
individualization of pulmonary vein potentia sthroughl eft atria
stimulation maneuvers, 4) disappearance after application of
radiofrequency.

Weobservedthat, inpatientswithatrial fibrillation, the
premature atrial depolarization represented the most fre-
quent typeof ectopy andamostall of themoriginatedinthe
pulmonary veins, which was confirmed in 95% of the pa-
tientsin Hai'ssaguerre’ s sampleand 88.8% of the patients
in Chen’'s % sample. Through aretrospective analysis, we
could not distinguishthe prematureatrial depolarization as-
sociated or not withinduction of atrid fibrillation, by means
of morphology and coupling analysis. Thisevidenceis
contradictory tothat of Prakash et d ““who, inasampleof 14
patients with structural cardiopathy, suggest that atrial
fibrillationinducing prematureatrial depolarizationwould
have asmaller coupling interval when compared with the
non-inducing ones.

In the 9 episodes of mapped spontaneousreinitiation
of atrial fibrillation, we could not exclude a pulmonary
venousorigininonly 1 case. In5 of the 8 episodes, sponta-
neousreinitiation of atria fibrillationwascaused by isolated
prematureatrial depolarizations.
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Based on the pioneering work of Hai'ssaguerre, inthe
present study we proceeded to attempt the ablation of all
prematureatrial depolarization originatinginthepulmonary
veins, aimingto eliminateall the patential tuggersof atrial
fibrillation. A modification of this strategy was described
by Chenetal %, selecting only theprematureatria depolari-
zation that occurred as bursts or those clearly related to
atrid fibrillationfor ablation.

Theconcomitant finding of atrial fibrillationwithatrial
tachycardiaandatrial flutter in 2 patientsmay refl ect the po-
lymorphic capability of the samevenouspulmonary focus
tomanifestitself with distinct frequency cycles. Itisimpor-
tant to emphasize that the focal sources of these tachycar-
diaswerelocated at adistanceof 3cmfromtheostium, alo-
cationnot usually foundin atrial tachycardiasoriginatingin
theleftatrium.

The great difficulty found in mapping ectopic points
originating in the pulmonary veinsis dueto the unpredic-
tability of its manifestation and to the lack of consistent
provocativemaneuvers. Thesedifficultiesmay berelated, in
part, to thelack of awider understanding of itsarrhythmo-
genicmechanism, whichallowsitsreliablereproducibility.
Of the9 patientswhoinitially had asmall number of mapped
premature atrial depolarizations, only 4 responded to pro-
vocative maneuvers. In the 5 cases that maintained less
than 5 prematureatrial depolarization per hour, 3 of whom
underwent simultaneous mapping of the pulmonary veins,
itwaspossibletoidentify all thedifferent ectopicorigins.

Progressive catheterization of 2 or more pulmonary
veins has been shown to be necessary, given the possibi-
lity of multiplearrhythmogenicfoci. Jaiset al 2 referredto
the presence of more than 1 arrhythmogenic pulmonary
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veinin52% of asampleof 110 patients, with simultaneous
catheterization of up to 3 pulmonary veins. Hsieh et a “ re-
ported thepresenceof 2 arrhythmogenicpulmonary veinsin
46% of 42 patients, all of whom underwent simultaneousca-
theterization of the 2 pulmonary veins. Schwartzman et al %
published the results of astudy with 9 patientswhere the
multipolar simultaneous mapping of the4 pulmonary veins
wasaccomplished, inreferenceto 1 patientinwhom 2 pul -
monary veinswereindependently involvedintheinduction
of atrid fibrillation.

Inour sample, simultaneous mapping of the pulmona:
ry veinspermitted theidentification of morethan 1 ectopic
sourceduring thesameprocedurein 4 patients. Thistechni-
gueproved particularly useful in 2 of thesecasesinwhichit
waspossibletoidentify 3arrhythmogenic pulmonary veins,
1 of themwithasmall number of prematureatrial depolariza
tion. Moreover, new focal pointsdetectedintheadditional
procedureswerenot manifested during theinitial procedure.

Accomplishment of the electrical cardioversion of
atria fibrillationwith cathetersprevioudly positionedinside
thepulmonary veinsallowed theidentification of theorigin
of ectopic activitiesthat wereoccult or suppressed. Recent
reports*** demonstratethat external or internal atrial defi-
brillationisassociated with anindex of 30% of early reini-
tiationof atria fibrillation. Consideringthat most atrial fibril-
lation paroxysmsare preceded by dischargeactivity of the
pulmonary veins, mapping of these episodes providesan
opportunity for identification and ablation of triggeringfoci.
Infaceof theimpossihility of predictingthe origin andthe
exact moment of manifestation of thefocal activity, previo-
uscatheterization of the4 pulmonary veinswarrantstheuti-
lization of all information provided by each reinitiation
episode of atrial fibrillation and, consequently, asmaller
number of episodes necessary toidentify an arrhythmoge-
nic source. Thistechniquehasbeen used duringfocal abla
tionof atrial fibrillationby Laueta 4 and Hsieh et al #*, with
early reinduction of atria fibrillationin, respectively, 36%
and 38% of their patients.

Despitethesuccesful suppression of ectopic activity
in the pulmonary veins at the end of most procedures,
relapseof atria fibrillationwasafrequent occurrenceinour
study. Thisfact may be associated with the inability to
completely abolishelectrical activity inthepulmonary veins
inmost of our patients, whichwould correspond totheneed
for effecting atotal disconnection between electrical
activity of the pulmonary veinsand the left atrium. Such a
hypothesis was confirmed by Hai'ssaguerreet al Zina
recent publication in which the authors pointed out that

Rocha Neto et al
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successof focal ablationismorerelated tototal elimination
of the pulmonary vein potential sthan to the acute suppres-
sion of premature atrial depolarizations. Based on circum-
ferencemapping of the pulmonary veins, these authorsbe-
lieveitispossibleto reach thisobjective by meansof mini-
mal applicationsdirected at preferential sitesof thefibers
entry (inputs) from wherethey aredistributed to therest of
the ostial circumference and the vessel’s longitudinal
extension “., Another potentially related factor isthe pre-
senceof theprolonged length of atria fibrillationin our pa-
tients(median of 2weeks), possibly reflectingagreater re-
modeling of theatrial substrateand, consequently, lessde-
pendency on thefocal triggers. In larger samples, the pa-
tients selected had atrial fibrillation paroxysms occurring
periodically every 2to 3days®%,

Althoughitwasnot possibletoreproducethehighlevels
of primary curereportedinlarger samples, weobtained efficient
control of atrid fibrillationwiththeintroduction of antiarrhyth-
mic drugsthat had previoudy beenineffective. Theseresults
point tothebeneficia roleof ahybridtreatment for arrhythmia,
by approaching thefocal triggerswith electrophysiological
proceduresandtheatria substratewithdrugs®. Eliminationof
atrial fibrillationthrough thiscombined approach occurredin
13%f the 79 patientsreportedin Chenetd ®andin33%a0f 110
patients reported in Haissaguerre et al 2. According to this
point of view, 8 of our 10 patients remained in stable sinus
rhythmwithout potentialy related symptoms. Inaddition, no
evidenceof lesionof thepulmonary veinsor pulmonary hyper-
tension was documented.

In conclusion, most of the arrhythmias detected in our
sample originated from foci mapped inside the pulmonary
veins. Such foci werethetriggersof almost all episodes of
atrial fibrillation, which pointsout theimportanceof itspreci-
seelectrophysiological and anatomical catheterization. Si-
multaneous multi ple catheterization of thepulmonary veins
proved to be afeasible and safe technique, providing ady-
namic monitorization of the electrical activity of theseves-
sel's, which hel ped theidentification and abl ation of different
arrhythmogenic sites. This procedure, however, was
associated with asignificant occurrenceof atria fibrillation
relapse, which appeared to be more closely related to the
inability to abolish al pulmonary vein potentialsthanto the
acute suppression of ectopy. Nonethel ess, effectiveclinical
control was obtained by the association of drugsthat were
previoudy ineffective. Thisnew approach, consisting of eli-
mination of focal triggerswiththeradiofrequency catheter as-
sociated with the modul ation of atrial substrate by medi-
cationmay reveal anew way of tregting thisarrhythmia
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