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1.1. ESTUDIO 1

Left atrial contractility is preserved after successful circumferential
pulmonary vein ablation in patients with atrial fibrillation.

Perea RJ, Tamborero D, Mont L, Caralt TM, Ortiz JT, Berruezo A,
Matiello M, Sitges M, Vidal B, Sanchez M, Brugada J.

J Cardiovasc Electrophysiol. 2008;19:374-379

1.1.1. OBJETIVOS

Objetivo general

El objetivo general del estudio es valorar y demostrar la utilidad de la RM

en pacientes con FA tributarios de APRF de las VPs.

Objetivo especifico

Evaluar los cambios volumétricos y funcionales que se producen a medio
plazo en la Al tras la APRF de la FA y su relacion con el éxito del

procedimiento.
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1.1.2. RESULTADOS

De una serie de 90 pacientes consecutivos, se excluyeron 35 debido a
que no se encontraban en ritmo sinusal en el momento del primer y/o
segundo estudio mediante RM. Por tanto, se analizaron finalmente un
total de 55 pacientes. Sus caracteristicas basales se exponen en la Tabla

3.

Caracteristicas de los pacientes

Edad (anos) 52.0+11.3
Sexo masculino 44 (80.0%)
Tipo de FA

Paroxistica 41 (74.5%)

Persistente 14 (25.5%)
Hipertensién 12 (21.8%)
Enfermedad cardiaca estructural 9 (16.3%)
DD VI (mm) 524 +4.7
DS VI (mm) 33.1+3.8
FE VI (%) 60.0 £ 8.8

Tiempo de evolucion de la FA (afos) 8.4 + 8.1

Tabla 3. Caracteristicas de los pacientes

DD VI = diametro diastdlico del ventriculo izquierdo; DS VI = diametro sistélico del
ventriculo izquierdo; FE VI = Fraccion de eyeccion ventricular izquierda. (Medidas
realizadas mediante ecocardiografia antes de la ablacion).
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Treinta y ocho pacientes (69.1%) se mantuvieron libres de arritmia
(grupo 1), mientras que los 17 pacientes restantes tuvieron recurrencia de
la arritmia (grupo Il) tras 1.2 + 0.3 procedimientos ablativos y durante una
media de seguimiento de hasta 11.8 £ 7.2 meses (en 15 pacientes
recidivo la FA y dos pacientes tuvieron flutter de nueva aparicién). Entre
los pacientes con ablacion exitosa, 33 (60%) se mantuvieron sin
tratamiento médico antiarritmico, tres pacientes recibieron flecaidina para
controlar contracciones auriculares prematuras sintomaticas, y dos
pacientes se mantuvieron libres de arritmia mediante tratamiento ya sea
con flecaidina o con amiodarona, que comenzaron durante el periodo
blanking (periodo a partir de la 5% semana después de la ablacion, sin
tratamiento antiarritmico o con la utilizacion de un farmaco que era
previamente inefectivo) y no fue interrumpido después por el facultativo de
referencia.

La Tabla 4 muestra los cambios en las medidas de la Al después
de la ACVP en relacion al éxito del procedimiento. La Figura 16 muestra

los mismos datos para cada paciente de la serie.
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Tabla 4. Vvalores de la auricula izquierda antes y 4-6 meses después del procedimiento
ablativo

No recurrencia de la FA Recurrencia de la FA
(n=38) (n=17)
Pre Post Disminucion valorp Pre Post Disminucion valor p
ACVP ACVP Media ACVP ACVP media
Vmax(ml) 98.0+19.9 84.9%£17.1 13% <0.001* 126.2+32.8 103.5+28.1 17% <0.001*
Vmin(ml) 58.6+16.1 52.2+12.1 10% 0.004* 78.4+22.2 75.8+24.3 4% 0.315
FE Al (%) 40.2:t11.5 38.1+£9.8 2% 0.268 37.4+10.1  26.9+10.2 11% <0.001*

*p significativa < 0.05%.
Vmax = volumen maximo de la auricula izquierda; Vmin = volumen minimo de
la auricula izquierda; FE Al = fraccion de eyeccion auricular izquierda;

pre/post ACVP = previo/posterior a la ablacién circunferencial de las venas
pulmonares
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Figura 16. Evolucion del volumen telediastdlico de la auricula izquierda (Vmax),
volumen telesistolico de la auricula izquierda (Vmin) y de la fraccion de eyeccion de la Al
(FE Al), 4-6 meses tras la ablacion circunferencial de las venas pulmonares (ACVP) en
cada paciente de la serie. Los datos se muestran dependiendo de si los pacientes
estaban libres de arritmia (paneles de la izquierda) o de si tenian recurrencia de la
arritmia (paneles de la derecha) durante el seguimiento.
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En primer lugar, se puede observar que el volumen maximo (Vmax)
medio tras la ACVP disminuyé en ambos, tanto en el grupo | como en el
grupo IlI; ademas, no se observaron diferencias significativas en el
porcentaje medio de reduccion del Vmax entre los dos grupos (13 £ 12%
vs 17 £ 14%, respectivamente, p = 0.217). En segundo lugar, el volumen
minimo (Vmin) medio solo disminuyd significativamente en el grupo |.
Consecuentemente, no hubo cambios significativos en la FE Al media
tras la ablacion en el grupo |. De hecho, la FE Al permanecio estable o
aumentd en el 68% de pacientes sin recurrencia de la arritmia tras la
ACVP (Figura 17), mientras que en el grupo Il se observé una disminucion
de la FE Al media.

A 10 pacientes se les tuvo que practicar una segunda ablacion, por
recidiva de la FA (en 3 pacientes), o por flutter de nuevo debut (en 7
pacientes). Los cambios en la funcién contractil de estos pacientes se
evaluaron en la RM obtenida después del ultimo procedimiento,
correlacionandose con los observados en el resto de casos. La FE Al no
mostré cambios significativos con respecto a las mediciones basales en
los pacientes libres de FA después de la segunda ablacion (de 35+11% a
3217 p=0.05), mientras que la FE Al disminuy6 en el resto de pacientes
que presentaron recurrencia de la arritmia a pesar de los dos

procedimientos (de 28+9% a 10+2%, p=0,006).
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Figura 17. Variacion de la fraccion de eyeccién de la auricula izquierda (FE Al) tras el
procedimiento ablativo.

Por otra parte, la contractilidad de la OAl no mostré cambios tras la
ablacion. La FE de la OAI antes y después de la ACVP fue similar tanto
en el grupo | (41 £ 20% vs 40 + 20%, p = 0.8) como en el grupo Il (31
20% vs 32 £ 6%, p = 0.9). El grupo | present6 una reduccion del volumen
maximo de la OAl (de 8.8 +4.4 a 7.6 +4.4 ml, p <0.001) y del volumen
minimo de la OAIl (de 5.2 £+ 4.2 a 4.3 +3.3 ml, p <0.001) tras la ablacion.
En el grupo I, hubo una tendencia a la reduccién del volumen maximo de
la OAIl (de 7.1 £ 3.4 a 6.2 £ 3.3 ml, p = 0.08), y no se observaron

variaciones significativas en el volumen minimo de la OAIl (de 4.5 £ 2.1 a
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41 = 22 ml, p = 0.11) tras las ablacion. La OAIl presenté un
comportamiento post-ablacién similar al resto de la auricula.

El analisis univariado mostré que los pacientes con recurrencias
tras el procedimiento ablativo tenian mayor proporcion de hipertension
arterial, volumenes mayores de la Al (medidos antes y después de la
ACVP) y menor FE Al post-ablacion (Tabla 5). La unica variable
independiente asociada con recurrencia de la arritmia en el modelo
multivariado fue el Vmin medido tras el procedimiento ablativo, con riesgo
relativo de 1.04 (intervalo de confianza del 95%, 1.02-1.06, p < 0.001). El
mejor valor de corte obtenido mediante el analisis de la curva ROC
(receiver operating characteristic) para esta variable (area bajo la curva =
0.85) fue el Vmin = 75 ml (sensibilidad = 89%, especificidad = 35%), que
tenia un riesgo relativo de recurrencia de la arritmia de 11.5 (95% de

intervalo de confianza, 3.8—34.5, p <0.001).
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Tabla 5. Analisis univariado relacionado con el riesgo de recurrencia de la arritmia

Riesgo relativo (95% IC) Valor p

Edad (afos)

Sexo masculine

FA paroxistica

Hipertension

Cardiopatia estructural

Procedimientos ablativos

Tiempo de radiofrecuencia (min)

DD VI (mm)

DS VI (mm)

FE VI (%)

Mediciones de RM

Vmax pre-ablacion (ml)

Vmin pre-ablacion (ml)

FE Al pre-ablacion (%)

Vmax post-ablacion (ml)

Vmin post-ablacion (ml)

FE Al post-ablacion (%)

1.021 (0.976-1.067)

0.986 (0.281-3.461)

1.347 (0.468-3.881)

3.782 (1.396-10.246)

2.078 (0.661-6.530)

1.132 (0.322-3.976)

1.000 (0.994-1.006)

1.036 (0.876-1.226)

1.098 (0.908-1.328)

0.972 (0.910-1.038)

1.026 (1.011-1.042)

1.039 (1.017-1.062)

0.978 (0.936-1.021)

1.032 (1.009-1.056)

1.044 (1.023-1.065)

0.924 (0.883-0.968)

* p < 0.05. IC = intervalo de confianza
DD VI = diametro diastélico del ventriculo izquierdo; DS VI = diametro sistdlico del ventriculo izquierdo; FE VI
= Fraccién de eyeccion ventricular izquierda. (Medidas realizadas mediante ecocardiografia antes de la

ablacién).

0.366

0.983

0.581

0.009*

0.211

0.847

0.955

0.679

0.336

0.390

0.001*

0.001*

0.303

0.006*

<0.001*

0.001*

RM = resonancia magnética; Vmax = volumen maximo de la auricula izquierda; Vmin = volumen minimo de la

auricula izquierda; FE Al= fraccion de eyeccion auricular izquierda
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Left Atrial Contractility is Preserved After Successful
Circumferential Pulmonary Vein Ablation in Patients
with Atrial Fibrillation

ROSARIO J. PEREA, M.D., DAVID TAMBORERO, B. ENG., LLUIS MONT, M.D., PH.D.,

TERESA M. DE CARALT, M.D., PH.D., JOSE T. ORTIZ, M.D., ANTONIO BERRUEZO, M.D.,

MARIA MATIELLO, M.D., MARTA SITGES, M.D., PH.D., BARBARA VIDAL, M.D.,
MARCELO SANCHEZ, M.D. and JOSEP BRUGADA, M.D., PH.D.

From the Arrhythmia Section, Thorax Institute, Hospital Clinic, University of Barcelona, Barcelona, Spain

Left Atrial Contractility. Introduction: Circumferential pulmonary vein ablation (CPVA) for atrial
fibrillation (AF) consists of creating extensive lesions in the left atrium (L. A). The aim of the study was to
evaluate changes in LA contractility after ablation and their relationship with procedure outcome.

Methods and Results: A series of 90 consecutive patients underwent cardiac magnetic resonance imaging
(MRI) before and 4—-6 months after CPVA. Only patients in sinus rhythm during both imaging acquisitions
were included in the study to measure LA end-diastolic (LAmax) and LA end-systolic (LAmin) volumes.
Fifty-five patients were finally analyzed (41 men, 52 + 11 years, 74% paroxysmal AF). During a mean
follow-up of 12 &+ 7 months and after 1.2 + 0.3 ablation procedures, 38 patients (69 %) were arrhythmia-
free (group I), and the remaining 17 patients had recurrences (group II). There was a significant decrease
in mean LAmax volume in both groups, whereas mean LAmin volume only decreased in group 1. Mean
LA ejection fraction (EF) was preserved after CPVA in group I (40 + 11% vs 38 + 10%; P = 0.27) but
decreased in patients with arrhythmia recurrences (37 & 10% vs 27 + 10%; P < 0.001). In fact, LA EF
remained stable or increased in 68 % of patients without arrhythmia recurrences.

Conclusions: LAmax volume reduction following CPVA occurs regardless of the clinical efficacy of the
procedure, whereas mean LAmin volume only decreased in patients without recurrences. LA EF was
preserved or even increased in most patients with successful CPVA. (J Cardiovasc Electrophysiol, Vol. 19,
pp. 374-379, April 2008)

atrial fibrillation, catheter ablation, atrial contractility

Although several studies have shown a decrease in left
atrial (LA) size following atrial fibrillation (AF) ablation,'
data on the response of atrial contractility are limited. A re-
cent study in a small series found an impaired LA ejection
fraction (LA EF) after paroxysmal AF catheter ablation.’
LA EF reflects the relationship between atrial end-diastolic
and end-systolic volumes, and has been proposed as a good
method for evaluating global atrial contractility.””'? With re-
gard to changes in LA volume after AF ablation, the data
are contradictory. While some authors have reported that LA
size decreases only after successful ablation,!3¢ others have
suggested that LA size is reduced regardless of the clinical
outcome of the procedure.>*> However, in the majority of
these studies, LA end-diastolic (LAmax) and LA end-systolic
(LAmin) volumes were not measured separately, and imag-
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ing acquisitions were performed regardless of whether the
patients were in sinus rhythm or arrhythmia.

Current cardiac cine magnetic resonance imaging (MRI)
techniques are accurate for depicting the anatomical struc-
tures of LA, allowing calculation of LA volumes with un-
usual precision.'!"!> The purpose of this study was to assess
the effect of circumferential pulmonary vein ablation (CPVA)
on LA volumes and LA EF, as well as their relationship with
procedure outcome using cardiac MRI.

Methods
Patients

Cardiac MRI was performed before and 4-6 months af-
ter CPVA in a series of 90 consecutive patients with symp-
tomatic, >2 drugs-refractory AF. No electrical cardioversion
was performed for at least 2 weeks prior to the MRI study.
A total of 55 patients were in sinus thythm at the time of
both imaging acquisitions and were included in this study.
LAmax and LAmin volumes were measured and LA EF was
calculated.

Paroxysmal AF was defined as AF that terminates sponta-
neously. Persistent AF was defined as AF lasting more than
7 days or requiring electrical cardioversion to be terminated.
Patients with continuous AF in whom cardioversion had ei-
ther failed or had not been attempted were classified as having
permanent AF and were excluded from the study.



Figure 1. In a gradient-echo sequence the
boundaries of the left atrium at maximum di-
lation (left panel) and at maximum contrac-
tion (right panel) are manually drawn for
each slice. Left atrial maximal and minimal
volumes were both calculated by the disc-
summation technique (Simpson’s rule).

The study population was divided into two groups: those
arrhythmia-free after the ablation procedure (group I) and
those with recurrences during follow-up (group II) beyond a
one-month blanking period (see follow-up section). Patients
were included after written informed consent was obtained.
The protocol study was approved by the hospital’s Ethics
Committee.

Magnetic Resonance Imaging
Image acquisition

Cardiac MRI was performed using a 1.5 Tesla scanner
(Signa Horizon CV, GE Medical Systems, Milwaukee WI,
USA) using a dedicated cardiac phase-array coil. Image
acquisition was gated by surface electrocardiogram during
breath-hold at end-exhalation. Fast spoiled gradient-echo lo-
calizer scans were performed in sagittal and axial views. A
segmented gradient-echo cine sequence (FIESTA) was then
carried out in the axial plane to cover the entire heart. Se-
quence parameters were as follows: TE 1.6 ms, TR 3.7 ms,
45° flip angle, matrix size 256 x 256, field of view 360—
440 mm, slice thickness 10 mm without gap, and 125 kHz
receiver bandwidth. The time of acquisition varied according
to the heart rate. A 3D magnetic resonance angiography in
the axial plane was acquired following intravenous admin-
istration of a gadolinium-based contrast bolus at a dose of
0.75 mg/kg. The 3D angiographic and volume rendered data
sets were registered with the electroanatomic maps to locate
the pulmonary veins (PVs) and their connections to the LA
and to assist with the ablation procedure.

Image analysis

LAmax volume was measured on the frame before mi-
tral valve opening was identified and the LAmin volume was
quantified on the first frame showing mitral valve closure.
The inner contours of the LA were manually traced for all
sequential axial cine images with digital markers excluding
the PVs at their ostia and the LA appendage (LAA) (Fig. 1).
The actual atrial volumes were calculated by disc summa-
tion (Simpson’s rule). LA EF was then calculated as follows:
(LAmax — LAmin/LAmax) x 100. Additionally, the contrac-
tility of the LAA was evaluated by calculating the LAA EF.
For this purpose, LAA diastolic and systolic volumes were
measured independently from the atrial region.

All data sets were analyzed by two independent radiolo-
gists blinded to clinical outcomes. A maximal discordance of
5% in the volume estimation was accepted. When a higher
discordance was observed, measurements were repeated. Fi-
nal measurements were recorded as the average of the two
observations for all parameters.

Perea et al.
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Ablation Procedure

Conventional transthoracic echocardiography plus trans-
esophageal echocardiography were performed prior to the
ablation procedure in order to discard intracavitary throm-
bus. Continuous radiofrequency lesions were delivered af-
ter transseptal access as described elsewhere!®™!® surround-
ing each ipsilateral PV. Ablation lines were also deployed
along LA roof, LA posterior wall, and mitral isthmus by a
thermocouple-equipped 3.5 mm cooled tip catheter at a tar-
get temperature of 50°C and a maximum output from 35 to
40 W (Fig. 2). The endpoint of the ablation procedure was
to reduce the amplitude of the local electrogram inside the
surrounded area to below 0.15 mV. Ablation lines were cre-
ated anatomically with the aid of a three-dimensional LA re-
construction performed by the CARTO (Biosense Webster)
or NaVx (Endocardial Solutions) navigation systems. After
circumferential lines were completed, the assessment of the
electrogram abatement was performed in sinus rhythm (after
cardioversion if needed) at several sites within the encircled
antrum and inside each PV by the ablation catheter itself.

Follow-up

Patients were followed up as outpatients at 1, 4, and
7 months following the ablation procedure, and every six
months thereafter if they remained asymptomatic. Routine
24- or 48-hour Holter monitoring was performed before each
visit and patients were also asked to communicate any symp-
tom suggestive of AF recurrence between scheduled visits.

Figure 2. Three-dimensional anatomical reconstruction of the left atrium
(posteroanterior view) showing ablation scheme. Red dots represent ra-
diofrequency delivery sites. LAA = left atrial appendage; PV = pulmonary
vein;, LSPV = left superior PV; LIPV = left inferior PV; RSPV = right
superior PV; RIPV = right inferior PV .
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TABLE 1

Patient Characteristics

Age (years) 520+11.3
Male gender 44 (80.0%)
Type of AF

Paroxysmal 41 (74.5%)

Persistent 14 (25.5%)
Hypertension 12 (21.8%)
Structural heart disease 9 (16.3%)
LV DD (mm) 524 +4.7
LV SD (mm) 33.1+3.8
LV EF (%) 60.0 + 8.8
AF evolution time (years) 8.4 +8.1

All patients continued oral anticoagulation to maintain an
international normalized ratio between 2.0 and 3.0 for a min-
imum of 2 months after ablation. All patients received antiar-
rhythmic drugs (flecainide in the absence of structural heart
disease or amiodarone otherwise) at least during the first 4
weeks after the procedure in order to manage early recur-
rences. CPVA was considered successful if no arrhythmias
were recorded during the follow-up after a 5-week blanking
period without antiarrhythmic treatment or with the use of
one previously ineffective drug. Minimum follow-up of this
series was 6 months.

Statistical Analysis

Quantitative data are reported as mean == SD. MRI mea-
sures before and after ablation between subjects were com-
pared using a paired Student’s #-test. The relationship be-
tween patient variables and the time to recurrence during
follow-up was evaluated using survival analysis methodol-
ogy (Cox regression models). Variables were included in the
multivariate analysis using a forward stepwise procedure with
criteria of P < 0.05 for inclusion and P > 0.10 for removal
from the model. A two-sided P-value <0.05 was considered
statistically significant. The analyses were performed using
the SPSS 12.0 statistical package (SPSS, Chicago, IL, USA).

Results

From a series of 90 consecutive patients, 35 were excluded
because they were not in sinus rhythm at the time of the first
and/or second MRI studies. Therefore, a total of 55 patients
were finally analyzed. Their baseline characteristics are sum-
marized in Table 1.

Thirty-eight patients (69.1%) were arrhythmia-free (group
I), whereas the remaining 17 patients had arrhythmia recur-
rences (group II) after 1.2 £ 0.3 ablation procedures and a

mean follow up of 11.8 & 7.2 months (15 patients with AF
relapses and two patients with new-onset LA flutter). Among
patients with successful ablation, 33 (60%) were without an-
tiarrthythmic drug treatment, three patients received flecainide
to manage symptomatic premature atrial contractions, and
two patients were arrhythmia-free under either flecainide or
amiodarone treatment that started during blanking period and
was not stopped afterwards by the referring physician.

Table 2 shows the changes in LA measurements after
CPVA according to procedure outcome. Figure 3 shows the
same data for each patient in the series. Firstly, it can be ob-
served that mean LAmax volume after CPVA decreased in
both group I and group II; furthermore, no differences in the
mean percentage of LAmax volume reduction were observed
between the two groups (13 = 12% vs 17 &= 14%, respectively,
P = 0.217). Secondly, mean LAmin volume only decreased
significantly in group I. Consequently, there were no signif-
icant changes in the mean LA EF after ablation in group I,
whereas a decrease in the mean LA EF was seen in group
II. In fact, LA EF remained stable or increased in 68% of
patients without arrhythmia recurrences after CPVA (Fig. 4).

On the other hand, the contractility of the LAA showed no
change after ablation. EF of the LAA before and after CPVA
was similar in both group I (41 & 20% vs 40 £ 20%, P =
0.8) and group II (31 & 20% vs 32 = 6%, P = 0.9). In group
I, there was a reduction in LAA diastolic volume (from 8.8 +
4.41t07.6 =4.4mL, P < 0.001) and in LAA systolic volume
(from 5.2 +£4.2t04.3 +3.3mL, P < 0.001) after ablation. In
group II, there was a trend to LAA diastolic volume reduction
(from7.1 =3.4t06.2 & 3.3 mL, P =0.08), and no significant
changes in LAA systolic volume (from 4.5 £ 2.1 to 4.1 £
2.2 mL, P = 0.11) after ablation.

Univariate analysis showed that patients with recurrences
after the ablation procedure had a higher proportion of hy-
pertension, larger LA volumes (measured before and af-
ter CPVA) and lower postablation LA EF (Table 3). The
only variable independently associated with arrhythmia re-
currence in the multivariate model was the LAmin volume
measured after the ablation procedure, with a hazard ratio
of 1.04 (95% confidence interval, 1.02-1.06, P < 0.001).
The best cut-off obtained by receiver operating characteristic
(ROC) analysis for this variable (area under curve = 0.85)
was LAmin volume >75 mL (sensitivity = 89%, specificity
= 35%), which had a hazard ratio for arrhythmia recurrence
of 11.5 (95% confidence interval, 3.8-34.5, P < 0.001).

Discussion

The main finding of this study is that LA contractility
evaluated by means of LA EF is preserved or even increased

TABLE 2
Left Atrial Values Before and 4—6 Months After Ablation Procedure

No Recurrences (n = 38)

Recurrences (n = 17)

Pre CPVA Post CPVA Mean Decrease P-Value Pre CPVA Post CPVA Mean Decrease P-Value
LAmax (mL) 98.0 £ 19.9 849+ 17.1 13% <0.001* 126.2 + 32.8 103.5 + 28.1 17% <0.001*
LAmin (mL) 58.6 & 16.1 522+ 12.1 10% 0.004* 784 +£22.2 75.8 +24.3 4% 0.315
LA EF (%) 402+ 11.5 38.1 £9.8 2% 0.268 374+ 10.1 26.9 +10.2 11% <0.001*

*Means P< 0.05.

LAmax = left atrial maximal volume; LAmin = left atrial minimal volume; LAEF = left atrial ejection fraction; pre/post CPVA = previous/posterior to

circumferential pulmonary vein ablation.
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Figured. Variation of left atrial ejection fraction (LA EF ) following ablation
procedure.

There could be several reasons for these discrepancies.
First, different image techniques were used: echocardiogra-
phy,"4"% magnetic resonance angiography,” or computed to-
mography.? Second, LA size was determined using different
measures: LA anteroposterior diameter,*® LA three orthogo-
nal diameters,>> or LA volume.? Third, with the exception
of one reported study,® only the maximal atrial dimension was
measured. Last, in the majority of these studies, the LA mea-
surements did not take into account whether patients were in
AF or not at the time of image acquisition.”*¢ This could
interfere with a correct measurement of the LA volume vari-
ation after ablation. In fact, if one of the LA images was
acquired during AF and the other in sinus rhythm, it may
overestimate the variation of LAmin. In the present study, in
order to calculate LA EF, LAmax, and LAmin volumes were
determined separately. Therefore, only patients who were in
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Figure 3. Evolution of left atrial (LA) end-diastolic (LAmax) volume, LA
end-systolic (LAmin) volume and LA ejection fraction (LA EF) 4-6 months
after circumferential pulmonary vein ablation (CPVA) in each patient in the
series. Data are shown depending on whether patients were arrhythmia-
free (left panels) or had arrhythmia recurrences (right panels) during the
Sfollow-up.

after CPVA in the majority of patients who had no arrhythmia
recurrences after ablation. In fact, our data showed a simi-
lar reduction of LAmax volume in all patients, regardless
of the ablation outcome, whereas mean LAmin volume only
decreased in those showing a successful outcome of the pro-
cedure. Previous data regarding this issue have proven contra-
dictory. Some investigators have reported that LA size after
AF ablation decreased significantly only after a successful
procedure, whereas LA size remained unchanged or even in-
creased in the remaining patients.!3-¢ In contrast, other inves-
tigators have found that LA size after AF ablation decreased
in all patients regardless of the procedure outcome.>*>

Univariate Analysis Related to the Risk of Arrhythmia Recurrence

Hazard Ratio (95% CI) P-Value
Age (years) 1.021 (0.976-1.067) 0.366
Male gender 0.986 (0.281-3.461) 0.983
Paroxysmal AF 1.347 (0.468-3.881) 0.581
Hypertension 3.782 (1.396-10.246) 0.009*
Structural heart disease 2.078 (0.661-6.530) 0.211
Ablation procedures 1.132 (0.322-3.976) 0.847
Radiofrequency time (min) 1.000 (0.994-1.006) 0.955
LV DD (mm) 1.036 (0.876-1.226) 0.679
LV SD (mm) 1.098 (0.908-1.328) 0.336
LV EF (%) 0.972 (0.910-1.038) 0.390
MRI measurements
Preablation LAmax (mL) 1.026 (1.011-1.042) 0.001*
Preablation LAmin (mL) 1.039 (1.017-1.062) 0.001*
Preablation LA EF (%) 0.978 (0.936-1.021) 0.303
Postablation LAmax (mL) 1.032 (1.009-1.056) 0.006*
Postablation LAmin (mL) 1.044 (1.023-1.065) <0.001*
Postablation LA EF (%) 0.924 (0.883-0.968) 0.001*

*P < 0.05.

LVDD = left ventricular diastolic diameter; LVSD = left ventricular sys-
tolic diameter; LV EF = left ventricular ejection fraction. (Measurements
performed by echocardiography prior to ablation.)
MRI = magnetic resonance imaging; LAmax = left atrial maximal volume;
LAmin = left atrial minimal volume; LA EF = left atrial ejection fraction.
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sinus rhythm at both assessments were included to ensure
optimal measurements, and no electrical cardioversion was
performed during the 2 weeks preceding the MRI in order
to avoid “stunning” of the atrial mechanical function.!® Fur-
thermore, cardiac-gated cine MRI and the disc-summation
technique (Simpson’s rule) were used to measure both LA
volumes to avoid geometric assumptions, image plane posi-
tioning errors, and inappropriate sampling of the atrial bound-
aries.?"22 It is conceivable that all these methodological lim-
itations could explain the observed discrepancies in the liter-
ature.

To our knowledge, two recent studies have analyzed LA
EF after AF ablation, showing contradictory data.”?* Verma
et al. reported a improvement in atrial function in a series
of 67 patients evaluated by either echocardiography or cine
electron beam CT, whereas Lemola et al. suggested a de-
terioration of atrial contractility in a series of 10 paroxys-
mal AF patients evaluated by 3D CT. However, the authors
compared contractility regardless of the success of the pro-
cedure. According to our data, LA EF after ablation gener-
ally worsened in patients with recurrences. In fact, whereas
LAmax volume reduction occurred in almost all patients,
mean LAmin volume only decreased in patients without re-
currences. Moreover, LAmin volume after CPVA was the
only independent variable related to procedure success in the
multivariate analysis. Most patients with a successful abla-
tion showed a decrease in both LAmax and LAmin volumes
and preserved contractility. Whether the LAmin volume re-
duction in these cases occurred immediately after ablation
due to tissue shrinking as a result of the radiofrequency de-
livery,?* or if it was subsequent to a mid-term reverse remod-
eling secondary to the maintenance of stable sinus rhythm,?’
remains inconclusive in the present study. Another hypothe-
sis that may be taken into account is that the PVs isolation
may lead to loss of their contractile capability, and this could
cause blood regurgitation from the LA through the PVs dur-
ing atrial systole. This fact might result in a decrease in atrial
systolic volume and an improvement in LA ejection fraction.
More data are required to elucidate whether the LAmin de-
crease was a cause or a consequence of the outcome of the
procedure.

Finally, LAA contractility was not compromised after
CPVA in any patient of this series. Changes in LAA vol-
umes were in accordance with those observed in the whole
LA, although to a lesser extent. This could be due to the fact
that RF energy is deployed out of the LAA and the effect of
tissue shrinkage may be lower. However, there are method-
ological limitations in the measurement of volumes in such
a small structure. As a consequence, a broader population
would be needed to study these subtle differences on detail.

Study Limitations

The impossibility of accurately measuring the AF burden
at each time point? could partly affect the evaluation of LA
contractility. This is a limitation in this type of study, since
asymptomatic AF episodes could be misinterpreted unless
continuous monitoring of the patient was performed.

In the present study, certain details of the imaging tech-
nique should be noted. First, image acquisition was car-
ried out at end-exhalation. Imaging during inspiration may
have produced different results related to changes in dia-
stolic relaxation properties and preload conditions. Second,

end-systole and end-diastole were defined using direct visual-
ization of mitral valve opening and closure, since electrocar-
diogram co-registration is not available for MRI image post
processing. Finally, PV ostium was defined at the point of
inflection between PV and LA wall. This simplification was
used to facilitate identification and promote interobserver re-
producibility. However, these limitations are unlikely to have
had a significant effect on the results of the study since both
basal and follow-up measurements were performed in the
same manner, and LA variations between subjects may re-
flect real changes.

On the other hand, the effect of radiofrequency may be
more significant in those patients who underwent two ab-
lations, since changes in LA contractility were evaluated in
the MRI obtained after the second procedure. However, re-
sults in these 10 patients were consistent with those observed
in the remaining cases. In fact, LA EF showed no significant
changes with respect to the basal measurement in arrhythmia-
free patients after the second ablation (from 35 £ 11% to 32
+ 7%, P = 0.50), whereas LA EF decreased considerably
in the remaining patients suffering arrhythmia recurrences in
spite of the two procedures (from 28 £ 9% to 10 £ 2%, P
= 0.06). Furthermore, in seven of the 10 second procedures,
the amount of radiofrequency delivery was low because only
new-onset LA flutter was ablated and no extensive lesions
were created.

Finally, it should be considered that the results of this study
may vary depending on the ablation approach. However, the
effect on LA contractility is unlikely to be greater in other
ablation procedures, taking into account the extensive lesions
created in CPVA.

Conclusions

LAmax volume reduction after CPVA occurs regardless of
the clinical efficacy of the procedure, whereas LAmin volume
decreased only in patients free of arrhythmia recurrences. LA
EF was preserved or even increased in the majority of patients
after successful CPVA.
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PRESENTACION DE LOS TRABAJOS

ESTUDIO 2

Incidence of pulmonary vein stenosis in patients submitted to atrial
fibrillation ablation: a comparison of the selective segmental ostial
ablation vs the circumferential pulmonary veins ablation.

Tamborero D, Mont L, Nava S, Caralt TM, Molina |, Scalise A, Perea RJ,
Bartholomay E, Berruezo A, Matiello M, Brugada J.

J Interv Card Electrophysiol. 2005;14:21-25.

3.2.1 OBJETIVOS

Objetivo general

El objetivo general de este estudio es demostrar la capacidad de la RM
para el estudio anatomico sistematico de las VPs y de la Al en pacientes

tributarios de APRF de las VPs.

Objetivo especifico

Identificar la aparicion de estenosis de las VPs como complicacion del
procedimiento en el estudio post-ablacion y determinar su relacion con la

técnica ablativa empleada.



3.2.2 RESULTADOS

Se realizé ARM en 73 de 78 pacientes consecutivos sometidos a
APRF de la FA. La ARM no se pudo realizar en 3 pacientes con
claustrofobia, en un paciente con marcapasos y en otro con desfibrilador
automatico implantable. Las caracteristicas demograficas de los pacientes
de encuentran resumidas en la Tabla 6. La ablacion se realizé6 mediante el
procedimiento de ASOS en 32 pacientes; en 41 pacientes la ablacion se
realizd mediante el método de ACVP. Durante un periodo medio de
seguimiento de 14.7 + 12.2 meses, 23 y 31 pacientes de los grupos de
ASOS y de ACVP se mantuvieron libres de recurrencias (72% vs 76%

libres de arritmias, long rank test p = NS).
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Tabla 6. Caracteristicas demograficas

Grupo ASOS Grupo ACVP

Pacientes 32 41

FA paroxistica 27 (85%) 27 (66%) 0.09
Duracion de la FA (meses) 62+71 72 +80 NS
Numero de FAA fallidos 25109 26107 NS
Edad (afios) 50+12 52+10 NS
Sexo masculino 23 (75%) 33 (80%) NS
Auricula izquierda (mm) 374 42 £5 0.02
FEVI (%) 58 +11 53 +17 NS
Cardiopatia estructural 8 (25%) 11 (27%) NS
Hipertensidn arterial 9 (28%) 12 (29%) NS

ASOS: Ablacién segmentaria ostial selectiva. ACVP: Ablacion circunferencial de las
venas pulmonares. FAA: Farmacos antiarritmicos. FEVI: Fraccidon de eyeccién ventricular
izquierda.

Ninguno de los pacientes desarrollé6 sintomas sugestivos de
estenosis de las VPs. Sin embargo, en 6 pacientes se detectdé estenosis
significativa de las VPs en una ARM de rutina, todas ellas en el grupo de

ASOS, ninguna en el grupo de ACVP (18.8% vs 0% de los pacientes



evaluados; p = 0.005). En 4 pacientes, la estenosis se localizé en la VPSI,
en 1 paciente en la VPIl y en 1 paciente tanto la VPSI como la VPII tenian
estenosis significativa.

En el grupo de ACVP, las lineas de ablacion rodeaban todas las VPs
en todos los casos. En el grupo de ASOS se traté una media de 1.8 £ 0.7
VPs por paciente con una media de 10.3 £ 0.8 minutos de aplicacion de
radiofrecuencia. Los segmentos ostiales donde se aplico la
radiofrecuencia para conseguir la desconexion eléctrica de la VP fueron
clasificados, mediante una guia anatdmica y fluoroscépica, en 4 divisiones
ostiales: segmento anterior, posterior, superior e inferior. En nuestra serie,
la actividad eléctrica mas precoz se registré en el segmento inferior en el
57 y 58% de las VPSIs y VPSDs tratadas, respectivamente (Tabla 7). La
VPSI se aislé en el 93.8% de pacientes, la VPII en el 18.8%, la VPSD en
el 59.4% y la VPID en el 6.3%. Fue necesario un segundo procedimiento
en 3 pacientes del grupo de ASOS debido a recurrencia de la FA, por
tanto el numero total de VPs aisladas fue de 33 VPSIs, 6 VPIIs, 21 VPSDs
y 2 VPIDs. En conjunto, un 15.2% de las VPSIs y un 33.3% de las VPlIIs

tratadas con ASOS desarrollaron estenosis (Figura 18).
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Tabla 7. Segmentos del ostium de las VPs en que se aplicé la energia de

radiofrecuencia en el grupo de ASOS

Inferior Posterior

(%) (%)

VPSI (n = 30) 56.6 26.6
VPSD (n = 19) 57.9 26.3
VPII (n = 6) 16.7 333
VPID (n =2) 0 0

Superior
(%)

233
21.0
50.0

100

Anterior
(%)

26.6
21.0
16.7

100

VPs: venas pulmonares. ASOS: ablacion segmentaria ostial selectiva. VPSI: vena
pulmonar superior izquierda. VPSD: vena pulmonar superior derecha. VPIl: vena
pulmonar inferior izquierda. VPID: vena pulmonar inferior derecha.

Figura 18. Angio-resonancia magnética. Reconstruccion tridimensional de la auricula
izquierda y de las venas pulmonares; a) proyeccion oblicua anteroposterior que muestra
estenosis post-ablacion de la vena pulmonar superior izquierda (flecha); y b) proyeccion
oblicua superoinferior que muestra estenosis de la vena pulmonar inferior izquierda

(flecha).



No se encontraron diferencias en las caracteristicas de los pacientes
0 en los detalles del procedimiento entre los pacientes con y sin estenosis
en el grupo de ASOS, y no se pudieron identificar predictores de
estenosis.

En nuestra serie, 16 pacientes (22% del total) tuvo alguna variante
anatomica de las VPs, siendo la mas frecuente la presencia de un tronco
comun izquierdo (15% de los pacientes) y la presencia de una VPMD (5%

de los pacientes) (Figura 19).

Figura 19. Angio-resonancia magnética. Reconstrucciones multiplanares que
muestran variantes anatdmicas de las venas pulmonares; a) Vena pulmonar media
derecha (flecha); b) tronco comun izquierdo (flecha).
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Incidence of Pulmonary Vein Stenosis in Patients
Submitted to Atrial Fibrillation Ablation: A Comparison
of the Selective Segmental Ostial Ablation vs

the Circumferential Pulmonary Veins Ablation

David Tamborero, Lluis Mont, Santiago Nava,
Teresa M. de Caralt, Irma Molina, Andrea Scalise,
Rosario J. Perea, Eduardo Bartholomay,

Antonio Berruezo, Maria Matiello,

and Josep Brugada

Cardiovascular Institute, Institut d’Investigacions Biomediques
August Pi i Sunyer (IDIBAPS), Hospital Clinic, University
of Barcelona

Abstract. Introduction: Pulmonary vein (PV) stenosis
is an important complication of the AF ablation and
could be underestimated if their assessment is not sys-
tematically done. Selective Segmental Ostial Ablation
(SSOA) and Circunferential Pulmonary Veins Ablation
(CPVA) have demonstrated efficacy in atrial fibrillation
(AF) treatment. In this study the real incidence of PV
stenosis in patients (pts) submitted to both SSOA and
CPVA was compared.

Methods: Those pts with focal activity and normal left
atrial size were submitted to SSOA, remaining pts were
submitted to CPVA to treat refractory, symptomatic AF.
Contrast enhanced magnetic resonance angiography
(MRA) was routinely performed in all patients 4 months
after the procedure.

Results: A series of 73 consecutive patients (mean age
of 51 + 11 years; 75% male) were included. SSOA was per-
formed in 32 patients, and the remaining 41 patients un-
derwent to CPVA, obtaining similar efficacy rates (72%
vs 76% arrythmia free probability at 12 months;log rank
test p = NS). Six patients had a significant PV steno-
sis, all in SSOA group none in CPVA group (18.8% vs
0%; p = 0.005). All patients were asymptomatic and the
stenosis was detected in routine MRA. No predictors
of stenosis has been identified analysing patient pro-
cedure characteristics.

Conclusion: PV stenosis is a potential complication of
SSOA not seen in CPVA. The study confirms than MRA
is useful for identifying patients with asymptomatic PV
stenosis.

Key Words. atrial fibrillation, pulmonary veins steno-
sis, catheter ablation

Introduction

Pulmonary vein (PV) radiofrequency (RF) ablation
is a curative procedure for patients with atrial fib-
rillation (AF). Several strategies have been devel-

oped to achieve the PV isolation with good clini-
cal results [1-3]. PV stenosis has been recognized
as one potential complication of the ablation pro-
cedure that can be associated with severe respi-
ratory symptoms that cause significant morbidity
[4-7]. Its incidence is unclear, mainly in asymp-
tomatic patients. Several methods have been eval-
uated for the proper detection of this complication
[8] and Magnetic Resonance Angiography (MRA)
has become a useful method for the diagnosis
[9,10].

The aim of this study was to analyse the inci-
dence of PV stenosis in patients treated with se-
lective segmental ostial ablation (SSOA) or with
circumferential pulmonary veins ablation (CPVA)
methods.

Methods

Patients

A series of 73 consecutive patients underwent
to AF ablation for treatment of drug-refractory,
symptomatic AF. All patients were previously
studied with 24-hours Holter monitoring and
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Table 1. Demographic characteristics

SSOA group CPVA group P

Patients 32 41

Paroxysmal AF 27 (85%) 27 (66%) 0.09
Duration of AF (months) 62+ 71 72 + 80 NS
Number of failed AAD 2.5+0.9 2.6 +0.7 NS
Age (years) 50 £ 12 52 £10 NS
Male Sex 23 (75%) 33 (80%) NS
Left Atrium (mm) 37+4 42+ 5 0.02
LVEF (%) 58 £ 11 53 +£ 17 NS

Structural Heart Disease 8 (25%)
Arterial Hypertension 9 (28%)

11(27%) NS
12 (29%) NS

SSOA: Selective Segmental ostial ablation. CPVA: Circumferential pul-
monary veins ablation. AAD: Antiarrhythmic drugs. LVEF: Left ven-
tricular ejection fraction.

transthoracic echocardiography. Informed consent
was obtained in all patients before the procedure.
Patients with suspected focal origin AF (identi-
fied by structurally normal left atria and >10
runs of atrial tachycardia/24 hours) were submit-
ted to SSOA in order to isolate pulmonary veins
(PV) from left atria. The remaining patients un-
derwent to CPVA to modify atrial substrate with
extended lesions. Demographic characteristics are
presented in Table 1.

Ablation Procedure

Selective Segmental Ostial Ablation. Af-
ter transseptal access, PV disconnection was per-
formed as described by Haissaguerre et al. [1].
A decapolar Lasso catheter (Biosense-Webster)
was used to map the PV potentials and RF en-
ergy was applied by a thermocouple-equipped 4
mm tip catheter (Biosense-Webster). Ostial le-
sions were created where the PV earliest activity
was recorded until PV potentials were eliminated
or dissociated at a target temperature of 50°C and
a maximum output from 40 to 50 W. Only those
PVs with electrical activity were treated. No at-
tempts to induce premature beats were done. De-
tails of the approach used have been previously
reported [13].

Circumferential Pulmonary Veins Ab-
lation. Non-fluoroscopic navigation system
(CARTO; Biosense Webster) was used to delin-
eate the left atria and PVs and guide the RF
lesions after transseptal access. Ablation lines
were created as described by Pappone et al.
[11,12] surrounding ipsilateral PVs at a mini-
mum distance of 5 mm from their ostium by a
thermocouple-equipped 8 mm tip catheter (Nav-
istar, Biosense-Webster) at a target temperature
of 55°C and a maximum output from 50 to 60 W.
The end point was to reduce the amplitude of the
endocardial potentials inside the encircled area
below 0.15 mV.

Follow-up
Patients were followed in the outpatient clinic at
1, 4, 7 months and every 6 months thereafter if
they remained asymptomatic. Routine 24-hours
Holter monitoring was performed before each con-
trol and patients were also asked to communi-
cate any symptom suggestive of recurrence be-
tween scheduled visits in order to document it. A
transthoracic echocardiogram was also performed
4 months after ablation procedure. Acenocumarol
was maintained at least for 3 months after the ab-
lation. All patients received antiarrhythmic drugs
(flecainide if no structural heart disease was diag-
nosed or amiodarone if there was evidence of struc-
tural heart disease) during the first month to con-
trol early recurrences. Drugs were withdrawn af-
terwards if patients remained free of recurrences.
A contrast enhanced MRA (1.5 T. Signa Hori-
zon. GE Medical Systems) was routinely per-
formed in all the patients submitted to an ablation
procedure. A single radiologist blinded to the type
and result of the procedure and clinical charac-
teristics of patients evaluated the test. MRA was
obtained 4 months after the ablation since pro-
gression of the stenosis is rare after this period of
time [7,14]. A significant stenosis was considered
with a diameter lumen reduction of >70%.

Statistical Analysis

Continuous variables are expressed as mean =+
SD. Comparisons were made using the Student’s
T-test and Chi-square analysis. Recurrence-free
was compared using the Kaplan-Meier survival
curves with log rank test. Multivariate logistic
regression analysis was performed to determine
independent predictors of an event. Results with
p < 0.05 were considered statistically significant.

Results

MRA was performed in 73 of 78 consecutive pa-
tients submitted to an AF ablation procedure. The
MRA could not be done in 3 patients with claustro-
phobia, in a patient with a pacemaker and in an-
other with an implantable automatic defibrillator.
In 32 patients, the ablation was done with a SSOA
approach; in 41 patients the ablation was done
with the CPVA method. During a mean follow-up
of 14.7 +12.1 months, 23 and 31 patients of SSOA
and CPVA groups respectively were free from re-
currences (72% vs 76% arrythmia free; long rank
test p = NS).

None of the patients developed symptoms sug-
gestive of PV stenosis. However, in 6 patients a
significant PV stenosis was detected in the rou-
tine MRA, all them in the SSOA group, none in
the CPVA group (18.8% vs 0% of the evaluated pa-
tients; p = 0.005). In 4 patients, the stenosis was
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Fig. 1. Two patients with pulmonary vein (PV) stenosis. Left and right images show left superior and left inferior PV stenosis

respectively (arrows).

located in the left superior PV (LSPV), in 1 patient
at the left inferior PV (LIPV) and in 1 patient both
the LSPV and the LIPV had a significant stenosis.

In the CPVA group, ablation lines encircled all
PV’sin all cases. In SSOA group amean of 1.8 + 0.7
PVs per patient were treated with a mean of
10.3 + 0.8 minutes of radiofrequency application.
Ostial segments where RF was applied to achieve
the PV electrical disconnection were classified by
anatomic and fluoroscopic guidance among 4 os-
tial divisions: anterior, posterior, superior and in-
ferior segments. In our series, the earliest electri-
cal activity was recorded on the inferior segment
in the 57 and 58% of the treated LSPV and RSPV
respectively (see Table 2). LSPV was isolated in
the 93.8% of patients, LIPV in 18.8%, right su-
perior PV (RSPV) in 59.4% and right inferior PV
(RIPV) in 6.3%. A second procedure was neces-
sary in 3 patients of the SSOA group due to AF
recurrence, therefore the total number of PVs iso-
lated were 33 LSPVs, 6 LIPVs, 21 RSPVs and 2
RIPVs. Overall, 15.2% of the LSPVs and 33.3%
of the LIPVs treated by SSOA developed stenosis.

Table 2. PV ostial segments in which RF energy was
deployed in SSOA group

Inferior  Posterior  Superior Anterior

(%) (%) (%) (%)
LSPV (n=30) 56.6 26.6 23.3 26.6
RSPV(n=19) 579 26.3 21.0 21.0
LIPV (n = 6) 16.7 33.3 50.0 16.7
RIPV (n = 2) 0 0 100 100

PV: pulmonary vein. RF: radiofrequency. SSOA: selective segmental os-
tial ablation. LSPV: left superior PV. RSPV: right superior PV. LIPV:
left inferior PV. RIPV: right inferior PV.

Fig. 2. Example of anatomical variant of the pulmonary
veins where a single ostium of both left and right sided was
observed.

No differences in patient characteristics or proce-
dural details were found between patients with
and without PV stenosis in SSOA group, and no
predictors of stenosis could be identified.

In our series 16 patients (22% of the total) had
some anatomical variant of the PVs, being the
most common variant the presence of single os-
tium of the left PVs (15% of the patients) and the
presence of 3 right PVs (5% of the patients; see
Fig. 2).

Discussion

PV stenosis is a potential complication of AF abla-
tion. Correlation between the technique employed
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for the ablation and the incidence of PV steno-
sis has been studied by Saad et al. [7]. The au-
thors suggest that the most important point is the
accuracy of the technique for differentiating the
real ostium of the PV. Therefore, different meth-
ods like venography, intracardiac ultrasonography
and electroanatomic mapping are used to define
more accurately the junction between the atrial
wall and the PV [5-8]. Even with these techniques,
in large series, stenosis persists as a complica-
tion ranging between 5 to 30% [14]. Some authors
do not look systematically for PV stenosis in all
patients and only if the patient becomes symp-
tomatic, a diagnostic procedure is performed [15];
our results show that this method may underesti-
mate the real incidence of this complication.

In our series, AF ablation was performed using
two different approaches and the incidence of PV
stenosis was compared. The absence of stenosis
in the CPVA group correlates with the findings of
the series published by Pappone et al. [3,12,13,16],
and although there are reports of PV occlusion us-
ing this technique [17], the risk seems lower be-
cause of a better definition of the catheter posi-
tion in respect of the PV ostium. Furthermore, in
CPVA procedures RF is delivered at least 5 mm
away from the defined ostium.

In our experience, all PV stenosis were found
in the SSOA group and this is in part, due to the
more difficult differentiation of the PV ostium and
because of the need to apply energy close to the
ostium, making it easier to produce a lesion inside
the vein. Moreover, although the total amount of
RF energy was higher in CPVA than in SSOA, a
major concentration of RF lesions was required in
SSOA technique in order to achieve the PV iso-
lation, delivering the RF energy in a more lim-
ited region of the PV ostium. It is of interest that
in the SSOA group the left sided PVs were more
stenosed, and this correlates with previous reports
in the literature [14]. A possible explanation may
be that the ablation catheter moves easily inside
the left sided veins with each breathing move-
ment, thus delivering the energy inside the PV. In
our approach, SSOA was performed treating only
those PVs showing electrical activity, being the
most commonly treated the LSPV and the RSPV.
These results were in accordance with other stud-
ies where only arrythmogenic PVs were treated an
could be explained because the muscular sleeves
insertion into PVs was more developed in upper
than in lower veins [1,2].

Recently, a study comparing the efficacy and
safety of both ablation strategies in a series of
100 randomized patients has been published [18].
Multislice CT was routinely performed 3 months
after the ablation procedure, and stenosis of at
least 1 PV was found in 12 and 6% of the SSOA and

CPVA patients respectively. This PV stenosis inci-
dence is similar to our results in the SSOA group,
however we had not observe any stenosis in the
CPVA group. This discrepancy maybe due to the
higher power limit output used in this study, up
to 70 W in 8 mm tip or 50 W in cooled 4 mm tip
catheter respectively.

All patients with PV stenosis in our series were
asymptomatic, and were identified because MRA
was sistematically performed. The development of
clinical symptoms is associated with the number
of PVs affected and the degree of narrowing [14].
Lung perfusion defects were seen in PV narrow-
ing greater than 70% in the left PV [7]. When
right PV are affected lung scan perfusion defects
appear with somewhat lower degrees of stenosis
ranging between 50 to 65%; this might be ex-
plained because of the lower pressure in the right
PV that may increase the pressure gradient [19].
In our series there were no total occlusions, all but
one patient had only one vein affected, and right
sided veins were not involved, contributing to the
absence of respiratory symptoms associated with
found PV stenosis.

In this series, a single MRA was performed 4
months after the ablation procedure, so later PV
stenosis progression could have been missed. How-
ever, although PV narrowing have not been ex-
actly quantified because a previous MRA was not
performed, all PV stenosis images we obtained
showed a focalised and high degree narrowing that
must be catalogued as severe (>70%) in all cases.
In the remaining patients, PVs ostium did not
show appreciable alterations, and normal or mild
narrowed (<50%) PVs rarely progress beyond the
third month [7,14]. Therefore, we decided not re-
peat MRA beyond the 4th month since the ablation
procedure because of the low probability to observe
new findings.

Conclusions

Pulmonary vein stenosis is a potential complica-
tion of the selective segmental ostial ablation of
atrial fibrillation. The PV stenosis is seldom ob-
served in circumferential pulmonary veins abla-
tion approach. The study confirms that magnetic
resonance angiography is useful for identifying pa-
tients with asymptomatic pulmonary vein stenosis
and anatomical variants of the left atria.
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