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Ablation of Atrial Fibrillation

ranscatheter Radiofrequency Ablation
f Atrial Fibrillation in Patients With
itral Valve Prostheses and Enlarged Atria

afety, Feasibility, and Efficacy
hristopher C. Lang, MB, CHB, Vincenzo Santinelli, MD, Giuseppe Augello, MD, Amedeo Ferro, MD,
ilippo Gugliotta, BENG, Simone Gulletta, MD, Gabriele Vicedomini, MD, Cézar Mesas, MD,
abriele Paglino, MD, Simone Sala, MD, Nicoleta Sora, MD, Patrizio Mazzone, MD,
rancesco Manguso, MD, PHD, Carlo Pappone, MD, PHD
ilan, Italy

OBJECTIVES Few data have been published on transcatheter ablation of atrial fibrillation (AF) in patients
with mitral valve prostheses. Thus, we sought to report our experience.

BACKGROUND Ablation is an effective treatment for AF. Patients with prosthetic mitral valves represent a
special group because of an increased risk from the ablation procedure due to the possibility
of damage to the prosthetic valve.

METHODS Between July 2001 and July 2003, 26 patients with mitral valve prostheses (MVP) underwent
circumferential pulmonary vein ablation for AF. A matched group of 52 ablated patients
without MVP acted as control subjects. After a blanking period of three months, a follow-up
of 12 months was considered for MVP patients and controls. Holter recordings were
performed in all subjects at 3, 6, and 12 months.

RESULTS Radiation exposure was higher in the MVP group, with fluoroscopy times of 35.3 � 21 min
versus 20.9 � 15 min in controls. At the end of follow-up, 73% of MVP patients were in
sinus rhythm, compared with 75% of controls. Atrial tachycardia occurred in six (23%) MVP
patients, requiring repeat ablation in three, and one (2%) control subject, which settled
without treatment. One transient ischemic attack and one femoral pseudoaneurysm occurred
in the MVP group. No complications occurred in the control group.

CONCLUSIONS Ablation of AF in patients with MVP is feasible, with outcomes similar to those of standard
patients. Complications were higher among MVP patients with a greater radiation exposure
and a higher incidence of post-ablation atrial tachycardia. (J Am Coll Cardiol 2005;45:

ublished by Elsevier Inc. doi:10.1016/j.jacc.2004.11.057
868–72) © 2005 by the American College of Cardiology Foundation
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any patients undergoing mitral valve surgery have or will
ubsequently develop atrial fibrillation (AF). Percutaneous
atheter ablation of AF is becoming widely practiced, with
uccess rates improving (1–6). Patients with mitral valve
rostheses (MVP) represent a distinct group for whom
ppropriate nonpharmacologic therapy for AF has not yet
een established due to a lack of published experience.
atheter-based ablation might be expected to carry a risk of
rosthetic valvular damage. In addition, surgical patients
ave scarred atria. This, in combination with atrial myop-
thy from chronic mitral valve disease, might be expected to
educe the procedural success. This study describes our
xperience with circumferential pulmonary vein ablation
CPVA) in patients with MVP and reports the feasibility,
afety, and outcomes in this important group.

From the Division of Cardiac Pacing and Arrhythmias, San Raffaele Hospital,
ilan, Italy. Drs. Lang and Mesas were Research Fellows at the Hospital University

n Milan at the time of data collection.
t
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ccepted November 22, 2004.
ETHODS

atients. Between July 2001 and July 2003, 27 patients
ith mechanical mitral valves were listed for CPVA for
aroxysmal (n � 14) or chronic (n � 13) AF. It was possible
o determine the type of valve in 24 of 27 patients, and these
ere of the St. Jude type (n � 16), Sorin (n � 8), and
arbomedics (n � 3). For each MVP patient who under-
ent ablation, two control subjects were matched from our
ata base for (in rank order): left atrial (LA) diameter (�3
m), chronic or paroxysmal AF, duration of symptoms �2

ears, age (�3 years), gender, history of hypertension, and
mpaired left ventricular (LV) function (ejection fraction

45%). All MVP patients and control subjects were resis-
ant to drug therapy with at least two anti-arrhythmic
gents. Patients were asked to discontinue warfarin for three
ays before the procedure, and ablation was performed if the
nternational normalized ratio (INR) was �1.5. A trans-
sophageal echocardiogram was obtained in all patients with
hronic AF before ablation to exclude LA appendage
hrombus. The activated clotting time (ACT) was main-

ained between 300 and 350 s after the transseptal puncture.
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enous sheaths were removed immediately after the abla-
ion procedure, whereas the arterial sheath was removed
nce the ACT had fallen below 160 s. Intravenous heparin
as infused overnight and titrated to maintain an ACT
etween 250 and 300 s. The following day, heparin was
ubstituted by subcutaneous calciparin, and patients were
ischarged home on their usual dose of warfarin and

nstructed to discontinue the low-molecular-weight heparin
nce the INR was therapeutic.
blation technique. The procedure of CPVA has been
escribed in detail elsewhere, but in brief, using a three-
imensional electroanatomic mapping system (CARTO,
iosense-Webster, Diamond Bar, California) and an 8-mm
apping/ablation catheter (Navi-Star, Biosense-Webster)

onnected to a radiofrequency generator set to a 62°C
emperature limit and a maximum power output of 100 W,
ircumferential lesions were created around the pulmonary
ein ostia to create local voltage abatement of �80%, with
bsence of electrical activity within the ostium (�0.05 mV
ipolar electrogram), as measured with the ablation catheter
t several points within each ostium. In 21 (81%) of 26

VP patients and 42 (81%) of 52 control subjects, addi-
ional lines were placed between the lateral mitral valve
nnulus and the left-inferior pulmonary vein (mitral isth-
us), and posterior lines joining the contralateral superior

nd inferior veins, respectively (6) in an attempt to prevent
ost-ablation incisional tachycardias. Three (12%) of 26 and
(13%) of 52 had a mitral isthmus line only, and 2 (8%) of

6 and 3 (6%) of 52 had no additional lines. Additional lines
ere not performed in all patients, as during the period in
hich these ablation procedures were performed, we were

till assessing the potential benefit of these lines in prevent-
ng atrial tachycardias. All patients underwent ablation of
he cavotricuspid isthmus for prevention of atrial flutter.
he procedure was performed in the patients’ presenting

hythm, and if necessary, direct cardioversion was per-
ormed at the end of the procedure. In order to minimize
he risk of valve damage in patients with prostheses, one
perator monitored the position of the ablation catheter
elative to the valve and the leaflet motion by fluoroscopy,
hile the operator controlling the catheter monitored the
osition on CARTO.
ollow-up. Patients were given a transtelephonic electro-
ardiographic recording device. Holter recordings were
erformed in all patients at the end of the blanking period

Abbreviations and Acronyms
ACT � activated clotting time
AF � atrial fibrillation
AT � atrial tachycardia
CPVA � circumferential pulmonary vein ablation
LA � left atrial/atrium
LV � left ventricular/ventricle
MVP � mitral valve prosthesis
nd at 3, 6, and 12 months of follow-up. All MVP patients h
ad a transthoracic (or transesophageal) echocardiogram
efore and after ablation to exclude procedure-induced
rosthetic valve dysfunction. All MVP patients and controls
ere discharged on amiodarone (unless contraindicated, in
hich case, flecainide was used [n � 1]), with a 200-mg/day
aintenance dose and discontinued after three months if

inus rhythm was maintained. Patients with MVP were
aintained on long-term warfarin, whereas patients in the

ontrol group discontinued warfarin if sinus rhythm was
aintained for three months.
A 12-month follow-up after a three-month blanking

eriod, in which anti-arrhythmic treatment was adminis-
ered, was considered for each subject.
tatistical analysis. Continuous variables were compared
y the Student t test and categorical variables by the
hi-square or Fisher exact test. For patients with and
ithout prosthetic mechanical mitral valves, the Kaplan-
eier procedure was used to calculate arrhythmic event-free

urvival, which was compared by the log-rank test. Cox
egression analysis was used to determine the presence of
ndependent predictors of recurrence of AF. Data are
xpressed as the mean value � SD, unless otherwise
pecified. Significance was defined as a value p � 0.05.
tatistical analysis was performed with SPSS for Windows
version 12.0.1, SPSS Inc., Chicago, Illinois).

ESULTS

here were no significant differences between groups in
erms of age, duration of AF, LA diameter, gender, LV
ypertrophy, or LV impairment (Table 1).
blation data. Overall, 28% of patients were in sinus

hythm at the time of catheter ablation. Of the remaining
2%, 31% converted to sinus rhythm during the procedure
nd 41% were electrically cardioverted at the end of the
rocedure. There was a nonsignificant trend toward a longer
rocedure time in the MVP group (134 vs. 125 min);

able 1. Baseline Clinical Variables of Patients Undergoing
blation

MVP
Patients
(n � 26)

Control
Subjects
(n � 52)

p
Value

ge (yrs) 57 � 9 55 � 10 0.71
ender (men/women) 10/16 26/26 0.33
eft atrial diameter (mm) 55 � 5 55 � 5 0.65
rrhythmia (PAF/CAF) 13/13 26/26 1.00
revious amiodarone 13 (50%) 22 (42%) 0.70
atients previously cardioverted 15 (58%) 34 (67%) 0.51
uration of AF �2 yrs 22 (85%) 36 (69%) 0.14
ypertension 6 (23%) 27 (52%) 0.06
eft ventricular hypertrophy 2 (8%) 6 (12%) 0.59
uration of MV disease (yrs) 16 � 7 —
ears with prosthetic MV 6 � 5 —

ata are presented as the mean value � SD or number (%) of patients or control
ubjects.

AF � atrial fibrillation; CAF � chronic atrial fibrillation; MV � mitral valve;
VP � mitral valve prosthesis; PAF � paroxysmal atrial fibrillation.
owever, there was a significant increase in the total
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uoroscopy time (35 vs. 21 min, p � 0.001). In the MVP
roup, one patient had a transient ischemic attack with
eft-sided weakness 8 h after the procedure, at which time
e was receiving a heparin infusion and had an ACT of
20 s. The computed tomographic scan showed old lacunar
nfarcts but no acute changes. There was complete neuro-
ogic recovery. One patient with Marfan’s syndrome devel-
ped a femoral pseudoaneurysm, which was successfully
reated with thrombin injection. In another patient, it was
mpossible to perform the transseptal puncture, despite
epeated attempts, with the Brockenbrough needle entering
he aorta, although there were no adverse events associated
ith this. The procedure was abandoned, and this patient
as been excluded from outcome analyses, as we do not
hink that the failure to perform the transseptal puncture
as due to previous surgery or the presence of a prosthetic
alve, but was due to cardiac rotation. However, this patient
as been included in the statistical analysis of complications.
here were no procedure-related complications in the

ontrol group.
ecurrences of AF. Procedural and follow-up data are
escribed in Table 2. After the blanking period, during the
2-month follow-up, 7 (27%) of 26 MVP patients had
ecurrences of AF, as compared with 13 (25%) of 52
ontrols. In MPV patients and controls, chronic AF recur-
ence was more common than paroxysmal AF, as expected.
he Kaplan-Meier procedure showed that arrhythmic

vent-free survival for patients with and without prosthetic
echanical mitral valves did not attain statistical signifi-

ance by log-rank testing (Fig. 1). Moreover, the Cox
egression model showed that there was no predictor of
utcome. If an intention-to-treat analysis is performed,
ncluding the patient with paroxysmal AF in whom it was
ot possible to perform a transseptal puncture, the recur-
ences rise to 5 (18%) of 28 controls and 4 (29%) of 14 MVP
atients with paroxysmal AF, and 24% of controls and
9.6% of MVP patients overall, as neither of the selected
ontrols for this patient had recurrences. However, even in
his case, arrhythmic event-free survival for patients with

able 2. Procedural Data and Follow-up

MVP
Patients
(n � 26)

Control
Subjects
(n � 52)

p
Value

rocedure duration (min) 134 � 25 125 � 31 0.24
luoroscopy time (min) 35 � 21 219 � 15 �0.001
omplications 3 (11%) 0 0.01
F recurrence 7 (27%) 13 (25%) 1.00
hronic AF 4 (15%) 8 (15%) 1.00
aroxysmal AF 3 (12%) 5 (10%) 1.00
trial tachycardia 6 (23%) 1 (2%) 0.005
ean follow-up* (min–max)
(months)

9.8 (1–12) 10.1 (2–12) 0.78

By Kaplan-Meier analysis. Data are presented as the mean value � SD or number
%) of patients or controls.

Abbreviations as in Table 1.
nd without prosthetic mechanical mitral valves did not r
ttain statistical significance by log-rank testing (p � 0.33
or paroxysmal AF; p � 0.26 overall).
ost-ablation atrial tachycardia. Atrial tachycardia (AT)
ccurred in six MVP patients (23%) and one control
ubjects (2%) (p � 0.005). All patients with AT had had
dditional lines at the mitral isthmus and/or posterior wall
t the time of the initial procedure, which were designed to
revent AT. This gives an incidence of AT of 2% (n � 1)
n control subjects and 29% (n � 6) in MVP patients (p �
.005). Repeat ablation was required in three MVP patients
or prolonged, incessant, and highly symptomatic episodes.
wo (10%) of 21 these patients had both mitral isthmus and
osterior lines, and 1 (33%) of 3 patients had only the mitral
sthmus line. The control subject with AT who had only
ad a mitral isthmus line also required repeat ablation (1
14%] of 7). As all of these patients also had episodes of AF,
tandard CPVA and additional lines were repeated. Atrial
achycardia was transient in three patients: two patients who
lso had post-ablation paroxysms of AF, and one patient
ho had a documented episode of AT during the blanking
eriod and required no specific treatment. None of the study
atients had a preprocedural diagnosis of AT, suggesting
hat these arrhythmias were a consequence of the ablation
rocedure. No embolic events occurred in any patient
uring follow-up.

anagement of recurrences. In the MVP group, four of
even recurrences required repeat ablation for AF (three of
hese also had AT). The other three patients were managed
ith anti-arrhythmic medication, and one of these three

lso had an anti-tachycardia pacemaker implanted in an-
ther center. In the control group, 6 of 13 subjects had
epeat procedures, and the remaining subjects were main-
ained on anti-arrhythmic medication.

ISCUSSION

easibility. Our experience is that the CPVA procedure is
echnically feasible in patients with prosthetic mechanical
itral valves, although longer fluoroscopy times are required

o check the position of the ablation catheter relative to the
alve, particularly when recreating the atrial anatomy during
he mapping phase, to ensure accurate localization of the
itral annulus. Normally, in the presence of native valves,

fter acquisition of the four main veins, the rest of the atrial
eometry can be reconstructed without fluoroscopy. In
ddition, when ablating near the mitral annulus and left-
ided pulmonary veins, it is necessary to use fluoroscopy to
ee whether the ablation catheter is interfering with the
alve leaflets. The electrogram signal shows mechanical
rtifact when the ablation catheter is in contact with the
eaflets or valve structure (Fig. 2). There is at least one case
eport of prosthetic mitral leaflet embolization as a conse-
uence of trauma from ablation catheters (7), and the risk of
amaging the valve or trapping the ablation catheter is
ignificant. Patients with prosthetic valves are at increased

isk of embolic events. Nonetheless, given the small sample
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ize of this study, it may be that the transient ischemic
ttack suffered by one patient was coincidental and not
irectly related to the presence of a mechanical valve.
onetheless, it would appear that the complication rate,

verall, is higher in patients with MVP.
fficacy. In this study, both the MVP and control groups
ere at the extreme end of the spectrum of atrial disease,
ith grossly enlarged atria and a high proportion of chronic
F. For this reason, freedom from AF is lower than that
escribed in previous series. Our data would suggest that
atients with prosthetic mitral valves who undergo percu-
aneous LA ablation of AF have an outcome similar to that
f closely matched controls. Atrial tachycardia seems to be

igure 1. Arrhythmic event-free survival for patients with and without p
hether atrial fibrillation (AF) before ablation was paroxysmal (left pane

ombined. Broken lines � mitral valve prosthesis (MVP); solid lines �

igure 2. Simultaneous images of catheter positions as seen on fluoroscopy
alve ring in relation to the CARTO map. CARTO has the advantage o
owever, with fluoroscopy, the valve leaflets are clearly visible, and contact

nset in the panels in the third column shows the typical appearance of a m

ust below it shows the characteristic artifact seen when the catheter is in cont
more common occurrence after ablation in these patients
nd may require a repeat procedure. The increased incidence
f AT may be due to the presence of surgical scarring in
hese patients, as well as an inability to create adequate block
t the mitral isthmus because of an inability or fear of
etting close to the mitral prosthesis. It is well recognized
hat the creation of incomplete lines of block will facilitate
acro–re-entrant arrhythmias (8), and this brings into

uestion the appropriateness of attempting such lines to
lose the mitral isthmus in these patients. Our outcome data
re inferior to published surgical series of intraoperative
herapy for AF during concomitant mitral surgery, which
uote success rates of 70% to 96%, with various different

etic mechanical mitral valves. Patients have been stratified according to
hronic (middle panel). The right panel gives the results for all patients
VP.

ARTO. The fluoroscopy helps establish the precise location of the mitral
g able to see the catheter tip position in multiple views simultaneously.
en the catheter and the leaflets can be readily identified. The electrogram

annular electrogram recorded from the ablation catheter, whereas the inset
rosth
l) or c
and C
f bein
betwe
act with the mechanical leaflets.
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echniques and technologies (8–16). Intraoperative ablation
lso has the advantages of being able to visualize the lesions
reated, and catheter manipulation is less restricted.

A reduction in morbidity and mortality after CPVA has
een previously demonstrated (4), with a substantial reduc-
ion in cardiovascular events, in particular, ischemic stroke
nd sudden death. Long-term follow-up of patients after
itral valve surgery and a Maze procedure suggest that
aintenance of sinus rhythm will significantly reduce the

isk of stroke in these patients, regardless of the presence of
andatory anticoagulation, emphasizing the potential ben-

fit of ablative treatment for AF (12).
tudy limitations. Every attempt has been made to select
uitably matched control subjects for this study; nonetheless,
he case-control nature of this study and the relatively small
opulation size are limitations. As ours is a high-volume
enter with considerable experience with CPVA, our results
ay not be representative of all hospitals performing this

rocedure.
onclusions. The procedure of CPVA can be performed

n patients with prosthetic valves, although in our experi-
nce, these patients represent the extreme end of the
pectrum of patients with AF, and this is reflected in the
igher recurrence rate. Nonetheless, the presence of MVP,
er se, is neither a contraindication nor a marker of poor
utcome. A higher incidence of incisional AT was docu-
ented in patients with mitral prostheses after the initial

rocedure, which may relate to incomplete block at the
itral isthmus. Where possible, it would be preferable to

erform ablation of AF at the time of cardiac surgery in
enters where this is an option.
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