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Introduction. The treatment of paroxysmal atrial fibri-
llation in patients without structural heart disease using
radiofrequency ablation of pulmonary veins is a recently
developed procedure with a good clinical success rate,
although there have only been a few published series.
We analyzed our results with this technique.

Method. The procedure was performed in 33 highly
symptomatic patients with focal atrial fibrillation that had
probably originated in the pulmonary veins. The elec-
trophysiological study was carried out with a decapolar
catheter inserted by transeptal catheterization. Ablation
was performed using a 4-mm catheter and directed to the
segments of the ostium of pulmonary veins where venous
potentials with greatest precocity were recorded.
Subsequent radiofrecuency applications were performed
until pulmonary vein disconnection was achieved.

Results. Venous electrical activity was recorded in 59 of
115 pulmonary veins that were mapped (58 were discon-
nected). During a median follow-up of 180 days, 8 patients
recurred and only 2 of these continue with repeat episodes.
The success rate at short term was 74.2% and at mid-term
was 93.5%. Nineteen patients continue to receive an-
tiarrhythmic treatment innefective before the procedure.
Two patients showed complications related to catheter ma-
nipulation during tansseptal catheterization, probably due
to air embolism, that was resolved spontaneously without
consequences. No patient showed pulmonary stenosis.

Conclusions. Teatment of focal atrial fibrillation using
circumferential mapping and radiofrecuency application in
segments of the ostium of pulmonary veins is a highly ef-
fective procedure in selected patients and has potentially
severe although infrequent complications.
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Ablación por radiofrecuencia para el tratamiento 
de la fibrilación auricular focal a través 
de cartografía circunferencial y aislamiento
segmentario de las venas pulmonares

Introducción. El tratamiento de la fibrilación auricular
paroxística en pacientes sin cardiopatía estructural a tra-
vés de la ablación con radiofrecuencia de las venas pul-
monares es un procedimiento reciente y con una tasa de
éxito clínico importante, aunque las series publicadas son
escasas. Analizamos nuestros resultados.

Método. Fueron sometidos al procedimiento 33 pacien-
tes muy sintomáticos y en fibrilación auricular de proba-
ble origen focal en venas pulmonares. Se realizó carto-
grafía con un catéter decapolar por punción transeptal.
Se utilizó un catéter de 4 mm para ablación de los seg-
mentos del ostium de las venas donde se registraba el
potencial eléctrico venoso con mayor precocidad, y se
aplicó radiofrecuencia hasta obtener la desconexión de la
vena pulmonar.

Resultados. Se registró actividad eléctrica en 59 de
115 venas pulmonares cartografiadas (58 fueron desco-
nectadas). Durante un seguimiento medio de 180 días, 8
pacientes presentaron recurrencia de la arritmia y de és-
tos sólo dos siguen con episodios repetitivos. La tasa de
éxito a corto plazo fue del 74,2% y a medio plazo, del
93,5%. Diecinueve pacientes reciben tratamiento antia-
rrítmico antes inefectivo. Dos pacientes presentaron com-
plicaciones en relación con el manejo de catéteres duran-
te la punción transeptal, probablemente por embolia
gaseosa, que se resolvieron espontáneamente sin secue-
las. Ningún paciente presentó signos o síntomas de este-
nosis pulmonar.

Conclusiones. El tratamiento de la fibrilación auricular
focal a través de cartografía circunferencial y aplicación
de radiofrecuencia en segmentos del ostium de las venas
pulmonares es un procedimiento de gran eficacia en pa-
cientes seleccionados y con complicaciones potencial-
mente graves pero infrecuentes.

Palabras clave: Fibrilación auricular. Venas pulmona-
res. Ablación.
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IINTRODUCTION

Recent studies have shown that the majority of epi-
sodes of paroxysmal atrial fibrillation (AF) in patients
without structural heart disease are triggered by ex-
trasystoles with venous pulmonary foci.1-9

Circumferential mapping of the ostium of the pulmo-
nary veins (PV) with multi-electrode catheters allows
identification of segments of the perimeter of the ve-
noatrial junction occupied by muscle bands that ex-
tend from the left atrium to the PV. The application of
radiofrequency (RF) to said areas allows disconnec-
tion of the distal muscle fibers of the PV with a signi-
ficant rate of clinical success.7,8

In prior studies using this technique ablation has
been performed of PV in which ectopy had been docu-
mented, and a significant percentage of these patients
required repeat procedures.8 Oral et al recently des-
cribed the results of an empirical approach directing
the ablation to at least three PVs.10 

In our study, using the technique described, mapping
of the 4 PVs was carried out when possible as was dis-
connection of all those that presented with PV poten-
tials in the ostium.
In our country, ablation of PVs has been described

in an isolated manner for clinical cases.11,12 In this arti-
cle we present our series of 33 patients in focal-origin
AF who underwent PV ablation, and describe the tech-
nique employed, the immediate results, and results du-
ring clinical follow-up.

PATIENTS AND METHODS

The procedure was carried out on 31 patients with
paroxysmal AF and 2 patients with persistent AF.
Twenty-five of the patients were male, with a mean
age of 51 years±10 years. Twenty-six patients did not
present with structural heart disease; 5 had hypertensi-
ve heart disease, 1 had ischemic heart disease, and the
last patient had valve ischemia. One patient without
structural heart disease wore a defibrillator, implanted
26 months prior to the procedure in the setting of reco-
vered sudden death syndrome, and another had an
electrocardiogram suggestive of Brugada syndrome
discovered by treatment with flecainide. The mean de-
velopment time for AF was 71 months (interval, 6
months to 372 months). In 72% of patients the episo-
des of arrhythmia occurred daily. In the 6 months prior

to the procedure 45% of patients had been seen in the
emergency room. All patients were undergoing treat-
ment with anti-arrhythmia agents and were taking an
average of 2.6±0.9 drugs; the majority of them (28 pa-
tients) were taking amiodarone. The mean diameter of
the left atrium was 37 mm ± 4 mm and the ejection
fraction was 0.61±0.08. An intracardiac thrombus was
not detected in any patient. Nine patients were taking
acenocoumarol as an oral anticoagulant. Four of the
total number of patients had previously undergone
ablation of the cavotricuspid isthmus in the setting of
typical atrial flutter, with efficacy criteria.

Electrophysiological study and ablation

Use of all anti-arrhythmia drugs was suspended a
minimum of 5 half-lives prior to the procedure, as
were anticoagulants. Following signature of an infor-
med consent form, the patients underwent the study
under sedation with 5 mg of oral diazepam, with con-
ventional 12-lead cardiac monitoring and intracardiac
bipolar electrogram utilizing the Electrophysiologic
Measurement System, Version 4.0 (Maastricht, The
Netherlands) polygraph.
Two electrocatheters were advanced via fluorosco-

pic control toward the left atrium through the patent
foramen ovale or via transeptal puncture, using a
Brockenbrough needle. A decapolar catheter with a
circular flexible tip (Lasso, Biosense Webster) was in-
troduced via guide catheter for mapping of the pulmo-
nary veins and a 7F 4 mm steerable curve catheter was
introduced for ablation. A 6F catheter was also inser-
ted to record and stimulate the right atrium or coro-
nary sinus, or both, via the right femoral vein.  After
transeptal puncture 2500 to 5000 units of sodium he-
parin bolus was introduced, according to the patient’s
weight, and 1000 units were added every 60 minutes
as per our protocol.
Six patients were in AF rhythm and 5 underwent

transthoracic electrical cardioversion prior to the map-
ping procedure. Two patients underwent mapping and
the application of RF while in AF rhythm.
A Lasso catheter was positioned in the ostium of

each pulmonary vein, beginning with the left superior
PV, the location of which was determined according to
the level of the cardiac silhouette in posteroanterior
projection, recording of the intracavity electrograms,
and catheter stability. The inferior PV required greater
manipulation.  The angiographic diameter of the os-
tium of the pulmonary veins varied from 13 mm to 16
mm in size, from the right inferior to the left superior,
respectively;7 taking this data into account, we decided
to begin the procedure with the 15 mm diameter cathe-
ter. A catheter of a larger diameter was not needed in
any of the cases.
In the atrial margin of the ostium, the PV potentials

were present around the entire circumference, but not
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in the interior of the PV, where potentials were only
present in some segments of the perimeter.8 The Lasso
catheter was positioned as closely as possible in the
interior of the mapped vein. In the segments (identi-
fied by the Lasso catheter bipoles) of the ostium where
the greatest PV potential precocity was shown to exist,
RF energy was applied with a temperature limit of 
50°C and power limit of 50 W. The applications were
repeated with the purpose of obtaining disassociation
of electrical activity from the PV and the left atrium or
the elimination of the venous potential.13,14 In the cases
where disconnection was not achieved or there was no
change in the activation sequence, we proceeded to in-
crease the temperature to a maximum of 60°C. The
procedure was performed during sinus rhythm, or du-
ring stimulation from the distal coronary sinus to bet-
ter record the PV potentials separately from the atrial
recording.7All pulmonary veins with electrical activity
were treated, whether or not there were extrasystoles
originating from their interiors. Provocation maneu-
vers were not used.
In the majority of patients, following the ablation

procedure we proceeded to carry out angiography of
the PV subjected to ablation to look for possible acute
stenosis.

Clinical followup

Following the procedure, either acenocoumarol was
administered to those patients who met the criteria
described in the literature15 or acetylsalicylic acid
(150 to 300 mg) was administered for one month and
flecainide was administered for 3 months following
the procedure. For those patients who needed thera-
peutic anti-arrhythmia agents, treatment was maintai-
ned in order to control their symptoms. The patients
were seen in the outpatient clinic and underwent
Holter monitoring and transthoracic echocardiogram
(basically to evaluate the increase in flow velocity in
the PV) 15 days following the procedure. A recurrence
of episodes was considered to be present if reported by
the patients or identified on Holter monitoring as sus-
tained episodes.

Statistical analysis

The results are expressed as mean±standard devia-
tion.  Continuous variables were compared via the
Student t and the non-continuous variables via the χ2

test or the exact Fisher test. A value of P<.05 was con-
sidered significant.

RESULTS

During the introduction of the catheters into the left
atrium 2 patients experienced thoracic pain with a re-
cording of a subepicardial lesion on the inferior face,

and we did not proceed to PV mapping. Emergency
coronary angiography did not reveal lesions in the co-
ronary arteries and the pain resolved spontaneously
and without sequelae.  Both events were interpreted as
being air emboli. Thus, all the results were from the 31
remaining patients; 1 of them did not undergo transep-
tal puncture due to the presence of a permeable fora-
men ovale. A total of 32 procedures were performed,
as 2 procedures were required in 1 patient. In 3 pa-
tients ablation of the cavotricuspid isthmus was per-
formed during the mapping procedure due to concomi-
tant known AF and typical atrial flutter.
One hundred and fifteen PVs were mapped; electri-

cal activity was found in 59 of these and disconnection
was achieved in 58; 30 were left superior PVs, 19
were right superior PVs, 7 were left inferior PVs, and
3 were right inferior PVs. Disconnection was not
achieved in 1 left superior PV. A new procedure was
performed on this patient and the persistence of acti-
vity in the left superior PV was shown to exist. In 8
patients (26%) disconnection of some of the inferior
pulmonary veins was achieved. We were unable to
place the Lasso catheter in the interior of 3 right infe-
rior PVs and 2 left inferior PVs, and in 2 patients we
found a common ostium for the left PVs (Figure 1).
During mapping, the recording was composed of dou-
ble low-frequency potentials from the left atrium, and
double high-frequency potentials from the PV. During
the extrasystoles the sequence of these components
changed, confirming activation originating in the pul-
monary vein (Figure 2).
For the 2 patients in whom mapping was performed

during AF rhythm, after placing the decapolar catheter
in the part nearest the PV, high frequency potentials
were recorded that originated from the PV, with RF
being applied effectively. Then, after conversion to si-
nus rhythm (in 1 case after electrical cardioversion and
in the other probably due to the effect of the discon-
nection) we proceeded to map the rest of the PVs.
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Fig. 1. Angiography of the left pulmonary veins with a common os-
tium.



It was determined which segments of the PVs requi-
red RF application, and they were classified anatomi-
cally and fluoroscopically into superior, inferior, ante-
rior, and posterior segments, with the aim of verifying
the prevalence of electrical activity in each of the seg-

ments of each PV. In the left superior PV applications
were made to the inferior segment in 49% of cases; to
the posterior segment in 20.6% of cases; to the supe-
rior segment in 16.7% of cases; and to the anterior
segment in16.7% of cases. In the right superior PV ap-
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Fig. 2. Mapping via a circular curve
catheter of the left superior pulmonary
vein during extrasystole, with change
of the double potential component se-
quence: the pulmonary vein potential
preceding that of the left atrium and
fractionation among the 2 compo-
nents.

Fig. 3. Tracing from electrograms ob-
tained via circumferential mapping of
the left superior pulmonary vein du-
ring application of radiofrequency,
which resulted in the separation of the
pulmonary vein potential from the
electrogram of the left atrium due to
delay of anterograde conduction.



plications were made to the inferior segment in 46.2%
of cases, to the posterior segment in 21.5% of cases, to
the anterior segment in 18.5% of cases, and to the su-
perior segment in13.8% of cases. RF was only applied
to 7 left inferior PVs and 3 right inferior PVs, so it is
difficult to come to any conclusions regarding the dis-
tribution of segments subjected to ablation in these ca-
ses.
We applied 18.8±9.9 RF pulses (interval, 5 to 48)

per patient for 628 seconds±326 seconds (interval,
117 to 1,483 seconds) with the aim of obtaining di-
sassociation or elimination of the PV potential
(Figures 3 and 4). The mean temperature was
54.9±5.2 C°, with an average power of 46±7 W and a
mean impedance of 131.7±12.7 Ω. Total fluoroscopy
time, including transeptal puncture, was 50.3±19.6
minutes and the mean time for the mapping and dis-
connection of the pulmonary vein potentials was
108.1±35.0 minutes.
In addition to the complication already mentioned

related to transeptal puncture, 1 patient had a femoral
arteriovenous fistula that required surgical correction.
During the application of RF 1 patient developed tran-
sitory asystole and required ventricular stimulation.
Angiography of the PV showed pulmonary stenosis in
30% of the diameter of 1 left superior PV. No patient
developed a clinical picture of pulmonary stenosis du-
ring the follow-up period.
Analysis of the variables of sex, age, development

time of the arrhythmia, diameter of the left atrium, du-
ration of RF application, number of applications, and
total study time with regard to the number of PV to
which RF was applied showed that the number of ap-
plications was greater in patients with 2 or more PVs
with electrical activity, in spite of the fact that study ti-
mes and duration of RF application were the same
(Table 1). The number of veins treated had no influen-
ce on recurrence rates.
During mean clinical followup of 180 days±178

days, 8 patients had a recurrence of arrhythmia betwe-
en 1 and 540 days (average of 8 days) following the
procedure. Of these, only 2 continued to have repetiti-
ve paroxysmal episodes and required 2 anti-arrhyth-
mia drugs without achieving total control. The remai-
ning 6 patients had a single episode of arrhythmia
during the followup period. One patient presented with
typical counterclockwise atrial flutter and underwent
ablation of the cavotricuspid isthmus with efficacy cri-
teria. Another patient developed presyncope and sinus
pauses of up to 5.6 seconds documented by Holter mo-
nitoring, and a DDD-R mode pacemaker was implan-
ted in the patient. Of the 2 patients who presented with
persistent arrhythmia, 1 had a recurrence of the
arrhythmia (a single episode on the day after the abla-
tion procedure) and the other did not; the two showed
clinical improvement.  Nineteen patients were recei-
ving anti-arrhythmia treatment with drugs that were

formerly ineffective, either due to a recurrence of the
arrhythmia or according to their physicians. Thus, the
initial success rate was 74.2% (no arrhythmia episo-
des), although 93.5% of patients were found to be free
of crisis during the followup period.

DISCUSSION

Circumferential mapping of the PVs allowed identi-
fication of electrical activity in 59 of the 115 veins
mapped, with activity being present in 2 PVs in 48.4%
of patients. These data are similar to those described in
the literature, where the presence of more than 1
arrhythmiagenic vein was found in 52% of the 110 pa-
tients studied by Jais16 and in 46% of the 42 patients
who underwent simultaneous catheterization of the
veins in a study by Hsieh.17

Anatomical studies have shown that striated muscle
fibers are more abundant in the superior PVs18-20 and
that these have a length that varies from 2 cm to 4 cm
and converge in the venoatrial junction.3 Nevertheless,
in patients with atrial fibrillation this proximal seg-
ment is often wider.21 In addition to these findings, a
recent study22 showed that the electrical connections
are predominantly located in the inferior segments of
the superior PVs and in the superior segments of the
inferior PVs. In our series the sites for RF application
with the earliest electrical activity were located in the
inferior segment of the right superior PVs 46.2% of
the time and in the left superior PVs 49% of the time.
In order to achieve greater efficacy and safety in the-

se procedures, techniques have been developed for the
disconnection of PVs via circumferential, longitudinal,
and electroanatomic mapping.14,23,24 In our study we
used the circumferential method, as we believe it per-
mits better analysis of the activation sequence of the
entire length of the ostium of the veins and also allows
three-dimensional orientation. With this technique it
was possible to disconnect all but 1 of the PVs that
had electrical activity, permitting selection of the en-
trance sites of the muscle fibers and limiting the num-
ber of RF applications needed. This strategy also may
have contributed to the fact that none of our patients
presented with pulmonary stenosis, as was reported in
other series that used the same technique.8,10 The brad-

Silva RMFL, et al.  Ablation in the Treatment of Focal Atrial Fibrillation Using Circumferential Mapping and Segmentary Disconnetion of

Pulmonary Veins

61 Rev Esp Cardiol 2003;56(4):361-7 365

TABLE 1. Analysis of the variables and the number 

of pulmonary veins with electrical activity

Variables Males Age AFT LA RFT RF ST

1 VP 7 53.0 66.0 39.8 514.5 13.0* 106.1

2 VP 17 51.3 73.2 36.5 679.0 21.4* 109.0

The values of the variables are expressed as mean. AFT indicates AF time in
months; LA, diameter of the left atrium (mm); RFT, radiofrequency time in se-
conds; RF, number of radiofrequency applications; ST, study time in minutes.
*P<.05.



yarrhythmia presented by 1 of our patients was related
to the application of RF in the PVs, as previously des-
cribed by another group.25 The 2 cases of air embolism
related to the change of catheters during transeptal
puncture occurred in the first patients and probably
had much to do with the learning curve for this techni-
que. This same complication also occurred in 5 of the
90 patients who underwent this same procedure in the
study performed by Haïssaguerre.8 The concomitant
findings of AF and atrial flutter suggest that in some
patients this can trigger or perpetuate fibrillation.26 In
our series 4 patients had previously undergone abla-
tion of the cavotricuspid isthmus, 3 during the proce-
dure itself and another following ablation of the PVs.
As only 2 patients presented with persistent arrhyth-

mia, our results are basically from patients with pa-
roxysmal AF and, if we look at previous experien-
ce,10,24 we can say that it is likely the percentage of
relapses would have been higher if a greater number
of patients with persistent AF had been included in the
study.
Our series achieved the success rate achieved by ot-

her groups (approximately 70%).7-10 During a mean
followup period of 180 days±178 days, 74.2% of our
patients were free of recurrences. Nevertheless, in our
series only 1 patient underwent a repeat procedure,
while in previous studies more than 40% of patients
underwent repeat ablation procedures, and it was pro-
ven that in 38% of these patients there were ectopy
foci initiating AF in PVs that were not treated.8 This
suggests that the efficacy of the procedure is more re-

lated to total elimination of the potentials of the va-
rious PVs than to the acute suppression of extrasysto-
lic foci. Similar results to those we describe have re-
cently been reported by Oral et al10 with a similar
approach.
It is possible that the temperature and power limits

we used (50 to 60°C and 50 W) also had a positive in-
fluence on the low rate of relapses, if we compare then
to the 50°C and 25 to 30 W limits used in the series by
Haïssaguerre, in which 62% of the ectopic foci found
during the second procedure (performed due to recu-
rrence of arrhythmia) originated in the veins already
subjected to ablation that had recovered their conduc-
tion.
In spite of our series being limited in scope, an inte-

resting aspect is that during followup none of our pa-
tients developed complications due to embolism. The
application of RF limited to the segments of the os-
tium of the PVs, the absence of acute stenosis, the sup-
pression of episodes of arrhythmia, the age of the pa-
tients, the absence of risk factors, and the absence of
structural heart disease or significant dilatation of the
atrium mean that most likely no more than antiaggre-
gate treatment for a limited amount of time following
the procedure will be necessary for these patients, as
our results underscore.
In spite of the significant number of patients under-

going anti-arrhythmia treatment following the proce-
dure, our study included patients who were highly
symptomatic and resistant to treatment with an avera-
ge of 2.6 drugs.  Following the procedure more than
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Fig. 4. During another application of
radiofrequency, elimination of pulmo-
nary vein potentials can be seen recor-
ded by the mapping catheter in va-
rious bipolar electrograms.



90% of our patients showed great clinical improve-
ment, confirming the success of this hybrid therapy.

CONCLUSIONS

Radiofrequency ablation for the treatment of pa-
roxysmal atrial fibrillation by circumferential map-
ping with dissociation or elimination of PV potentials
is a procedure that has acceptable levels of efficacy in
certain patients and involves a low risk of complica-
tions, although the technique is still in the develop-
ment phase.
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