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889 patients underwent AFTCA 
mean age 57+ 11years;  

53.3% parox AF, 40.5% persist AF, 6.2% long-standing AF).  
F-up of 64 months (range 41–84 years)  

AF progression despite AFTCA occurred in 57 cases (6.4%).  
Independent predictors of progression: comorbidities/
cardiomyopathies and baseline persistent/long-standing AF (odds 
ratio 11.3, 95% confidence interval 2.6–48.0, P o.001, and odds 
ratio 1.6, 95% confidence interval 1.2–2.1, P o.001, respectively).  
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…the others… 
Who are they? 

Elderly patients 
Valvular heart disease 
OSAS 
COPD 
GUCH 



Italy 

5.969.000 people > 65 y 



AGE and AF TROUBLES 

Etiopatogenesis 

Drugs: side effects 

Co-morbidity Higher TE and bleeding risk 

Persistent > Paroxysmal 



Clinical characteristics in elderly 
patients 

Study N. Of 
pts 

Age (Years) Male AF type LA 
size 

(mm) 

SHD Comparisons 

Bhargava et al. (2004) 103 >60 (66.6 ± 4.18) 77% PAF  (52%) 
Pers.  (8%) 
Perm. (40%) 

43.4 ± 
0.6 

63% Age  <50,  ≤60 

Oral et al. (2004) 24 >70 (73 ± 2) 54%* All PAF 
(88%) 

42±7 N/A Age <70 

Hsieh at al. (2005) 37 ≥65 (72 ± 4) 92% PAF 37 ± 5 62% AVJ ABL + pacing 

Hsu et al. (2005) 22 ≥65 59%* Perm. 49 ± 3 36% Age  <45,  ≤45,  <65 

Zado et al. (2008) 34 ≥75 (77 ± 2) 44%* All PAF 
(53%) 

44 ± 10 88%* Age <65,  ≤65,  <75 

Corrado et al. (2008) 174 ≥ 75 63% All PAF 
(55%) 

46  ± 6 68% None 

Spragg et al. (2008) 83 ≥70 N/A PAF pers. N/A N/A Age <70 

Bunch et al. (2010) 35 (717) ≥80 45% PAF  (46%) /
pers 

24  ± 9 31% Age <80 

*p <0.05  
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Linear lesions 

83 pts 

Spragg 
JCE 2008 

AF Ablation in the Elderly: Results from 7 retrospective 
studies  

434 pts > 70 years / 3935 total population (11%) 

PVI + 
Linear lesions 

PVI 

 Success (%) 

61 pts 

Kusumoto 
JICE 2009 

PVI ± 
Linear lesions 

35 pts 

Bunch 
PACE 2010 

PVI ± 
Linear lesions 

 
Efficacy 

68%- 92% 
Mean 80% 
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Bunch et al. PACE 2010

Outcome of AF ablation during 1 Y follow 
up
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AF Ablation in the Elderly: our center experience 

412 subjects, mean age 76 yrs, male 72%, Persistent AF 100%, prospective 
non randomized study 

AF Ablation, n 153 pts  AAD n 259 pts 

76 % vs 46 % (p value < 0.001) 

Follow up 60 ± 17 months 

Blandino A, Scaglione M,  Gaita F et al JCE Vol. 24, pp. 731-738, July 2013  

In elderly persistent AF patients, 
catheter ablation is more effective 

in maintaining SR and in improving 
QoL than AAD 

No differences 
between groups 



1244 228 34 
1244 228 34 

Zado E. et al. JCE 2008



1) CONCLUSIONS: 

AF ablation in elderly is feasible 

…success rate is good and comparable with 
younger pts 

…complications rate is similar ( vascular 
access*) 



VALVULAR HEART DISEASE AND PROSTHESES 

Few articles 



Wang X et al. Heart 2009 



of these data for research purposes was approved by the
institutional ethics review board.

Results

Baseline patient characteristics

Patient demographics and clinical characteristics are
shown in Table 1. Of 391 patients, 197 (50%) patients had
structural heart disease, including 94 (24%) patients with
LV dysfunction, defined as ejection fraction below 40%,
102 (26%) with known clinically significant valvular dis-

ease defined as moderate stenosis or insufficiency of the
mitral or aortic valve, and 40 (10%) patients with history of
prior cardiac surgery, including 22 patients with history of
aortocoronary bypass grafting, 4 patients with aortic valve
replacement, 7 patients with mitral valve replacement, and 5
patients with history of other open-heart surgery. A total of
55 patients with LV dysfunction alone were excluded from
this analysis. The remainder of LV dysfunction patients had
either concomitant moderate valve disease or history of
prior cardiac surgery and were analyzed in those groups.

PV antrum isolation in patients with valvular
heart disease

Significant valvular dysfunction was present in approx-
imately half of the structural heart disease patients. Patients
with valve disease were older at the time of PV antrum
isolation than those with lone AF and had a higher New
York Heart Association functional class. They did not differ
significantly with respect to gender. These patients had AF
for a longer period of time with half of the patients in
permanent AF before ablation. Nevertheless, the number of
antiarrhythmic drugs attempted before PV antrum isolation
was similar between groups.
Total procedure and fluoroscopy times were similar be-

tween patients with lone AF and those with significant
valvular heart disease as shown in Table 2.
After a mean follow-up of 11 ! 5 months, patients with

significant valvular dysfunction had a higher rate of AF
recurrence. However, after a second procedure in this group,
there was a 93% overall cure rate compared with 98% after
a mean follow-up of 18! 7 months in patients with lone AF
(P " .04) (Table 3).

Table 1 Patient demographics

Lone AF Valve disease CVSx

Patients, n (%) 194 102 40
Women 40 (21) 22 (22) 8 (20)
Age (y) 54 ! 12 58 ! 10* 59 ! 10‡

LA size (cm) 4.4 ! 2.4 4.7 ! 2.0 4.8 ! 0.4‡

Mean EF (%) 55 ! 4 52 ! 10 51 ! 11
NYHA, n (%)

I 187 (96) 82 (80)§ 28 (70)§

II 6 (3) 4 (4) 2 (5)
III 1 (0.5) 15 (15) 8 (20)
IV 0 1 (1) 2 (5)

Duration of AF
(years) 6 ! 4 8 ! 8† 6 ! 4

Type of AF, n
(%)

Paroxysmal 111 (58) 37 (37)! 12 (30)¶

Persistent 18 (9) 12 (12) 7 (18)
Permanent 64 (33) 52 (51) 22 (55)

Number of anti-
arrhythmic
drugs tried
before PVI 3.2 ! 1.1 3.0 ! 1.1 3.0 ! 1.4

* p # 0.0001 compared with others; †p " 0.04 compared with
others; ‡p " 0.006 compared with others; §p # 0.006 for the differ-
ence in NYHA functional class distribution compared with others;
!p " 0.0002 for the difference in AF type distribution compared with
others; ¶p " 0.001 for the difference in AF type distribution compared
with others.

AF " atriel fibrillation; EF " ejection fraction; LA " left atrium;
NYHA " New York Heart Association.

Table 2 Pulmonary vein isolation and follow-up results

Lone AF
Valve
disease CVSx

Fluoroscopy time (min) 83 ! 26 85 ! 20 84 ! 26
Procedure time (h) 4 ! 1 4 ! 1 4 ! 1
Mean number of RF

lesions/PV (min) 9.4 ! 3.4 9.7 ! 2.6 9.5 ! 2.0

p " not significant.
AF " atrial fibrillation; PV " pulmonary vein; RF " radiofrequency.

Table 3 Complications and recurrences, n (%)

Lone AF
n " 194

Valve disease
n " 102

CVSx
n " 40

CVA 0 1 (1) 0
TIA 1 (0.5) 0 0
Tamponade 4 (2) 0 0
Access site

hematoma 1 (0.5) 1 (1) 0
Severe PV stenosis 2 (1) 1 (1) 0
Combined adverse

outcomes 8 (4) 3 (3) 0
Recurrence 31 (16) 17 (17) 6 (15)
Controlled on

antiarrhythmic
drug 4 (2) 5 (5) 3 (8)

2nd PVI 27 (14) 12 (12) 3 (8)
On antiarrhythmic

drug post 2nd
PVI 0 2 (2) 0

Follow-up, mo 18 ! 7 11 ! 5 10 ! 5

AF " atrial fibrillation; CVA " cerebrovascular accident; PV "
pulmonary vein; TIA " transient ischemic attack.
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Pulmonary vein antrum isolation for treatment of atrial
fibrillation in patients with valvular heart disease or
prior open heart surgery
Yaariv Khaykin, MD, Nassir F. Marrouche, MD, Walid Saliba, MD,
Robert Schweikert, MD, Dianna Bash, RN, Michael S. Chen, MD,
Michelle Williams-Andrews, RN, Eduardo Saad, MD, David J. Burkhardt, MD,
Mandeep Bhargava, MD, George Joseph, MD, Antonio Rossillo, MD,
Demet Erciyes, MD, David Martin, MD, Andrea Natale, MD
From the Center for Atrial Fibrillation, Department of Cardiovascular Medicine, The Cleveland Clinic Foundation,
Cleveland, Ohio.

OBJECTIVES The goal of this study was to assess the safety and efficacy of pulmonary vein antrum
isolation in patients with moderate valvular heart disease or open-heart surgery and atrial fibrillation (AF).
BACKGROUND Valvular heart disease and open-heart surgery are commonly associated with AF and
increase the risk of adverse events in AF patients.
METHODS A total of 391 consecutive patients who had pulmonary vein antrum isolation performed
between December 2000 and December 2002 were screened. A total of 142 of these patients had
clinically significant valvular disease or prior cardiac surgery. End points included AF recurrence and
pulmonary vein antrum isolation complication rates.
RESULTS Patients with valvular heart disease or prior open-heart surgery were older, had larger left atria
and a more advanced New York Heart Association class. They did not differ significantly with respect to
gender, but had a longer history of AF. Procedure times were similar between patients with and without
valvular heart disease or prior open-heart surgery. After 18 ! 7 months in the lone AF patients, 11 ! 5
months in patients with valvular heart disease, and 10! 5 months in patients with prior open heart surgery,
there was a trend toward lower recurrence of AF in patients with lone AF who enjoyed a 98% overall cure
rate after up to 2 pulmonary vein antrum isolations versus 93% among patients with valvular heart disease
(P " .04) and prior open heart surgery (P " .07). Complication rates were comparable between groups.
CONCLUSIONS Pulmonary vein antrum isolation is safe and effective in patients with moderate valvular
heart disease and the patients who developed AF after open-heart surgery. These results have implications
for our understanding of the pathophysiology of AF in patients with moderate valvular heart disease or past
cardiac surgery and should be considered when discussing treatment options in these patients.
© 2004 Heart Rhythm Society. All rights reserved.

KEYWORDS
Atrial fibrillation;
Pulmonary vein
isolation;
Valvular heart disease;
Open-heart surgery

Atrial fibrillation (AF) is the most common sustained
cardiac arrhythmia.1 It causes considerable disability, im-

pairs quality of life, and is difficult to treat.2–4 The discov-
ery that atrial ectopics originating in the pulmonary veins
(PV) and other atrial sites could initiate AF has led to the era
of catheter-based therapy for AF with sequential advent of
linear ablation, focal PV ablation and, more recently, isola-
tion at the level of the PV antrum.5–19 This therapy has
shown 6-month cure rates up to 90% in selected cases.
However, patients undergoing PV antrum isolation may
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The Need for Atrial Flutter Ablation
Following Pulmonary Vein Antrum Isolation
in Patients With and Without Previous Cardiac Surgery
Fethi Kilicaslan, MD,* Atul Verma, MD,* Hirosuke Yamaji, MD,* Nassir F. Marrouche, MD,*
Oussama Wazni, MD,* Jennifer E. Cummings, MD,* Steven Hao, MD,† Michelle Williams Andrews, RN,*
Salwa Beheiry, RN,† Ahmad Abdul-Karim, MD,* William A. Belden, MD,* Stephen Minor, MD,*
J. David Burkhardt, MD,* Walid Saliba, MD,* Robert A. Schweikert, MD,* Andrea Natale, MD*
Cleveland, Ohio; and San Francisco, California

OBJECTIVES The aim of this study was to assess the incidence of atrial flutter (AFL) after pulmonary vein
antrum isolation (PVAI) in patients with previous cardiac surgery (PCS) in comparison to
patients without PCS and to assess the need for AFL ablation in both groups.

BACKGROUND Atrial fibrillation (AF) and AFL often co-exist. Pulmonary vein antrum isolation may be
sufficient to control both arrhythmias. However, in patients with PCS, atrial incisions,
cannulations, and scar areas may cause AFL recurrence despite elimination of pulmonary vein
triggers.

METHODS Data from 1,345 patients who had PVAI were analyzed. Patients with a history of AFL
ablation and patients who had concomitant AFL ablation during PVAI were excluded from
analysis. Sixty-three patients constituted the PCS group (Group 1, age 57 ! 13 years, 12
female) and 1,062 patients constituted the non-PCS group (Group 2, age 55 ! 12 years, 212
female). Patients in Group 1 had larger left atria, higher incidence of AFL pre-PVAI, and
lower ejection fraction.

RESULTS There was no significant difference in post-PVAI AF recurrence between Groups 1 and 2, but
AFL incidence after PVAI was higher in Group 1 (33% vs. 4%, p " 0.0001). Ablation of
AFL in Group 1 patients resulted in an 86% acute success rate and 11% recurrence over a
mean follow-up of 357 ! 201 days.

CONCLUSIONS In patients with PCS, post-PVAI AF recurrence is similar to patients without PCS.
However, history of PCS is associated with a higher recurrence of AFL after PVAI. In a
significant number of patients with PCS, AFL ablation is required to achieve a cure. (J Am
Coll Cardiol 2005;45:690–6) © 2005 by the American College of Cardiology Foundation

Atrial flutter (AFL) is an important late complication after
cardiac surgery with increasing morbidity and mortality over
time (1–3). The mechanism of AFL occurring after a
remote previous cardiac surgery (PCS) is well characterized.
The AFL in these patients is re-entrant, and the flutter
circuit may involve atypical isthmuses between natural
barriers, atrial incisions, and scar areas as well as the
cavotricuspid isthmus (2–5).

There is a close relationship between atrial fibrillation
(AF) and AFL. They often co-exist in the same patient and
may degenerate into each other (6–9). Pulmonary vein (PV)
triggers may be responsible for initiation of AFL as well as
AF (7,10,11). Pulmonary vein antrum isolation (PVAI) is a
feasible and effective treatment for patients with symptom-
atic and drug-resistant AF, even for patients with PCS
(12,13). In patients without a history of PCS, we have
shown previously that PVAI is sufficient to control both AF
and AFL (10). However, in patients with PCS, the poten-
tial for AFL isthmuses secondary to PCS and a very

unstable substrate may predispose to AFL recurrence de-
spite the elimination of PV triggers. Whether AFL recur-
rence after PVAI is different in patients with and without
PCS is unknown.

We sought to: 1) assess the incidence of AFL after PVAI
in patients with PCS in comparison to patients without
PCS, and 2) establish whether additional AFL ablation is
required in these patients.

METHODS

Patient population. Data from 1,345 patients who had
PVAI at two institutions between October 2000 and
December 2003 were analyzed. Patients with a history of
AFL ablation and patients who had concomitant AFL
ablation during PVAI were excluded from analysis. Sev-
enty patients had a history of PCS #6 months ago.
Among them, five patients were excluded because of a
history of AFL ablation and two patients were excluded
because of concomitant AFL ablation during the PVAI
procedure, leaving 63 patients in the PCS group (Group
1, age 57 ! 13 years, 12 female). Of the remaining 1,275
patients, 189 were excluded because of either a previous

From the *Cleveland Clinic Foundation, Section of Pacing and Electrophysiology,
Cleveland, Ohio; and †Sutter Pacific Heart Centers, San Francisco, California.

Manuscript received August 23, 2004; revised manuscript received October 20,
2004, accepted November 15, 2004.
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Kilicaslan et al JACC 2005 

Heart Rhythm Disorders

The Need for Atrial Flutter Ablation
Following Pulmonary Vein Antrum Isolation
in Patients With and Without Previous Cardiac Surgery
Fethi Kilicaslan, MD,* Atul Verma, MD,* Hirosuke Yamaji, MD,* Nassir F. Marrouche, MD,*
Oussama Wazni, MD,* Jennifer E. Cummings, MD,* Steven Hao, MD,† Michelle Williams Andrews, RN,*
Salwa Beheiry, RN,† Ahmad Abdul-Karim, MD,* William A. Belden, MD,* Stephen Minor, MD,*
J. David Burkhardt, MD,* Walid Saliba, MD,* Robert A. Schweikert, MD,* Andrea Natale, MD*
Cleveland, Ohio; and San Francisco, California

OBJECTIVES The aim of this study was to assess the incidence of atrial flutter (AFL) after pulmonary vein
antrum isolation (PVAI) in patients with previous cardiac surgery (PCS) in comparison to
patients without PCS and to assess the need for AFL ablation in both groups.

BACKGROUND Atrial fibrillation (AF) and AFL often co-exist. Pulmonary vein antrum isolation may be
sufficient to control both arrhythmias. However, in patients with PCS, atrial incisions,
cannulations, and scar areas may cause AFL recurrence despite elimination of pulmonary vein
triggers.

METHODS Data from 1,345 patients who had PVAI were analyzed. Patients with a history of AFL
ablation and patients who had concomitant AFL ablation during PVAI were excluded from
analysis. Sixty-three patients constituted the PCS group (Group 1, age 57 ! 13 years, 12
female) and 1,062 patients constituted the non-PCS group (Group 2, age 55 ! 12 years, 212
female). Patients in Group 1 had larger left atria, higher incidence of AFL pre-PVAI, and
lower ejection fraction.

RESULTS There was no significant difference in post-PVAI AF recurrence between Groups 1 and 2, but
AFL incidence after PVAI was higher in Group 1 (33% vs. 4%, p " 0.0001). Ablation of
AFL in Group 1 patients resulted in an 86% acute success rate and 11% recurrence over a
mean follow-up of 357 ! 201 days.

CONCLUSIONS In patients with PCS, post-PVAI AF recurrence is similar to patients without PCS.
However, history of PCS is associated with a higher recurrence of AFL after PVAI. In a
significant number of patients with PCS, AFL ablation is required to achieve a cure. (J Am
Coll Cardiol 2005;45:690–6) © 2005 by the American College of Cardiology Foundation

Atrial flutter (AFL) is an important late complication after
cardiac surgery with increasing morbidity and mortality over
time (1–3). The mechanism of AFL occurring after a
remote previous cardiac surgery (PCS) is well characterized.
The AFL in these patients is re-entrant, and the flutter
circuit may involve atypical isthmuses between natural
barriers, atrial incisions, and scar areas as well as the
cavotricuspid isthmus (2–5).

There is a close relationship between atrial fibrillation
(AF) and AFL. They often co-exist in the same patient and
may degenerate into each other (6–9). Pulmonary vein (PV)
triggers may be responsible for initiation of AFL as well as
AF (7,10,11). Pulmonary vein antrum isolation (PVAI) is a
feasible and effective treatment for patients with symptom-
atic and drug-resistant AF, even for patients with PCS
(12,13). In patients without a history of PCS, we have
shown previously that PVAI is sufficient to control both AF
and AFL (10). However, in patients with PCS, the poten-
tial for AFL isthmuses secondary to PCS and a very

unstable substrate may predispose to AFL recurrence de-
spite the elimination of PV triggers. Whether AFL recur-
rence after PVAI is different in patients with and without
PCS is unknown.

We sought to: 1) assess the incidence of AFL after PVAI
in patients with PCS in comparison to patients without
PCS, and 2) establish whether additional AFL ablation is
required in these patients.

METHODS

Patient population. Data from 1,345 patients who had
PVAI at two institutions between October 2000 and
December 2003 were analyzed. Patients with a history of
AFL ablation and patients who had concomitant AFL
ablation during PVAI were excluded from analysis. Sev-
enty patients had a history of PCS #6 months ago.
Among them, five patients were excluded because of a
history of AFL ablation and two patients were excluded
because of concomitant AFL ablation during the PVAI
procedure, leaving 63 patients in the PCS group (Group
1, age 57 ! 13 years, 12 female). Of the remaining 1,275
patients, 189 were excluded because of either a previous

From the *Cleveland Clinic Foundation, Section of Pacing and Electrophysiology,
Cleveland, Ohio; and †Sutter Pacific Heart Centers, San Francisco, California.

Manuscript received August 23, 2004; revised manuscript received October 20,
2004, accepted November 15, 2004.

Journal of the American College of Cardiology Vol. 45, No. 5, 2005
© 2005 by the American College of Cardiology Foundation ISSN 0735-1097/05/$30.00
Published by Elsevier Inc. doi:10.1016/j.jacc.2004.11.047

Group 2 had multiple AFL isthmuses and needed multiple
isthmus ablations. In this group, 22 patients had concomi-
tant AF recurrence and a second PVAI was performed
concomitant with AFL ablation at the same session. The
AFL ablation was successful in all (100%), and no compli-
cation related to AFL ablation was noted. During a mean
follow-up of 378 ! 197 days, 2 of 43 patients (5%) had
AFL recurrence.

DISCUSSION

Main findings. The main finding of this study is that
patients with PCS have higher AFL recurrence after PVAI
compared with patients without previous PCS. In addition,
AFL ablation is needed in a higher number of patients with
PCS and can be performed effectively. To our knowledge,
this is the first study to compare AFL occurrence after
PVAI in patients with and without PCS.
PVAI as a treatment for AFL. It is well recognized that
AFL and AF often co-exist and may degenerate into each
other (6–9). Also, a considerable number of patients have
AF recurrence after ablation of typical AFL (16). The
reasons for co-existence are not entirely clear, but it is
possible that PV triggers may initiate AFL as well as AF, or
may convert AFL to AF (7,10,11). We have reported, for
example, that in patients with both typical AFL and AF,
PVAI alone was sufficient to control both arrhythmias (10).
The results presented in this series are consistent with our
previous report. Indeed, 94% (219 of 234) of patients who
had pre-existing AFL were cured by PVAI alone in the
control group (Group 2). In contrast, only 15 of 24 PCS
patients (63%) with pre-PVAI AFL were free of AFL after
PVAI. Furthermore, 21 (33%) PCS patients experienced
AFL occurrence after PVAI. These results demonstrate that
the elimination of PV triggers may not prevent the occur-
rence of AFL in a significant number of patients with PCS.

Possible mechanisms of high AFL incidence in PCS
patients after PVAI. A substrate and a trigger are essential
prerequisites to initiate re-entrant AFL (9,17). The PCS
patients may be predisposed to AFL because of the co-
existence of incision lines, cannulation sites, scars, and
conventional anatomic barriers (4,5,17,18). Areas of low
voltages may also be found at discrete areas other than
incisions and cannulation sites (4,18). Scars may result from
interruption of arterial supply, insufficient protection during
cardioplegia, and other surgical trauma (4,18). Furthermore,
scar areas may be a manifestation of the underlying struc-
tural heart disease (19). Concordant with these hypotheses,
the present study found that patients with PCS were more
likely to have electrically silent areas and larger LA diameter
compared with patients without PCS. These associations
may reflect a more vulnerable substrate for AFL in patients
with PCS (20).

In patients who have AF and AFL postoperatively, a high
incidence of premature atrial beats has been reported before
the onset of atrial arrhythmias (21). Premature atrial beats
from areas other than the PVs may predispose patients to
AFL if the appropriate substrate exists to perpetuate AFL
(21,22). Indeed, it has been previously observed that pre-
mature atrial beats and irregular atrial activity often precede
AFL (9,23,24). Because PCS patients have the appropriate
arrhythmogenic substrate, they may have higher AFL re-
currence as a result of triggers outside of the PVs.

Early recurrence of AF and AFL is more common after
PVAI for the first two months. This is considered a
transient finding and may not require long-term treatment
(10,12). In the study by Wazni et al. (10), for example, early
AFL recurrence (within the first two months after the
PVAI procedure) was seen in 55% of patients, but long-
term AFL recurrence was seen in only 5% of patients. In the
present study, 18% (192 of 1,062) of patients without
previous PCS and 60% (38 of 63) of patients with PCS had

Table 2. PVAI Results and Follow-Up

Group 1
(n ! 63)

Group 2
(n ! 1,062) p Value

Mean fluoroscopy time (min) 80 ! 27 79 ! 25 0.84
Mean procedure time (h) 3.8 ! 1.2 3.9 ! 1.3 0.65
Mean follow-up period (days) 508 ! 299 548 ! 282 0.31
AF recurrence (n) 13 (21%) 201 (19%) 0.74
Electrically silent areas in LA/RA (n) 19 (30%) 26 (2%) " 0.0001*
AAD after PVAI

Sotalol 11 (17%) 126 (12%) 0.23
Dofetilide 11 (17%) 151 (14%) 0.46
Propafenone 2 (3%) 46 (4%) 0.98
Flecainide 3 (5%) 92 (9%) 0.36
Beta-blocker/digitalis 9 (15%) 164 (15%) 0.99
Others 11 (17%) 170 (16%) 0.73

AFL recurrence within two months (n) 38 (60%) 192 (18%) " 0.0001*
AFL recurrence after two months (n) 21 (33%) 43 (4%) " 0.0001*

Typical AFL 7 (11%) 28 (3%)
Atypical AFL 14 (22%) 15 (1%)

*p " 0.05.
LA # left atrium; RA # right atrium; other abbreviations as in Table 1.
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size of this study, it may be that the transient ischemic
attack suffered by one patient was coincidental and not
directly related to the presence of a mechanical valve.
Nonetheless, it would appear that the complication rate,
overall, is higher in patients with MVP.
Efficacy. In this study, both the MVP and control groups
were at the extreme end of the spectrum of atrial disease,
with grossly enlarged atria and a high proportion of chronic
AF. For this reason, freedom from AF is lower than that
described in previous series. Our data would suggest that
patients with prosthetic mitral valves who undergo percu-
taneous LA ablation of AF have an outcome similar to that
of closely matched controls. Atrial tachycardia seems to be

a more common occurrence after ablation in these patients
and may require a repeat procedure. The increased incidence
of AT may be due to the presence of surgical scarring in
these patients, as well as an inability to create adequate block
at the mitral isthmus because of an inability or fear of
getting close to the mitral prosthesis. It is well recognized
that the creation of incomplete lines of block will facilitate
macro–re-entrant arrhythmias (8), and this brings into
question the appropriateness of attempting such lines to
close the mitral isthmus in these patients. Our outcome data
are inferior to published surgical series of intraoperative
therapy for AF during concomitant mitral surgery, which
quote success rates of 70% to 96%, with various different

Figure 1. Arrhythmic event-free survival for patients with and without prosthetic mechanical mitral valves. Patients have been stratified according to
whether atrial fibrillation (AF) before ablation was paroxysmal (left panel) or chronic (middle panel). The right panel gives the results for all patients
combined. Broken lines ! mitral valve prosthesis (MVP); solid lines ! no MVP.

Figure 2. Simultaneous images of catheter positions as seen on fluoroscopy and CARTO. The fluoroscopy helps establish the precise location of the mitral
valve ring in relation to the CARTO map. CARTO has the advantage of being able to see the catheter tip position in multiple views simultaneously.
However, with fluoroscopy, the valve leaflets are clearly visible, and contact between the catheter and the leaflets can be readily identified. The electrogram
inset in the panels in the third column shows the typical appearance of a mitral annular electrogram recorded from the ablation catheter, whereas the inset
just below it shows the characteristic artifact seen when the catheter is in contact with the mechanical leaflets.
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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:
868–72) © 2005 by the American College of Cardiology Foundation

Many patients undergoing mitral valve surgery have or will
subsequently develop atrial fibrillation (AF). Percutaneous
catheter ablation of AF is becoming widely practiced, with
success rates improving (1–6). Patients with mitral valve
prostheses (MVP) represent a distinct group for whom
appropriate nonpharmacologic therapy for AF has not yet
been established due to a lack of published experience.
Catheter-based ablation might be expected to carry a risk of
prosthetic valvular damage. In addition, surgical patients
have scarred atria. This, in combination with atrial myop-
athy from chronic mitral valve disease, might be expected to
reduce the procedural success. This study describes our
experience with circumferential pulmonary vein ablation
(CPVA) in patients with MVP and reports the feasibility,
safety, and outcomes in this important group.

METHODS

Patients. Between July 2001 and July 2003, 27 patients
with mechanical mitral valves were listed for CPVA for
paroxysmal (n " 14) or chronic (n " 13) AF. It was possible
to determine the type of valve in 24 of 27 patients, and these
were of the St. Jude type (n " 16), Sorin (n " 8), and
Carbomedics (n " 3). For each MVP patient who under-
went ablation, two control subjects were matched from our
data base for (in rank order): left atrial (LA) diameter (!3
mm), chronic or paroxysmal AF, duration of symptoms #2
years, age (!3 years), gender, history of hypertension, and
impaired left ventricular (LV) function (ejection fraction
$45%). All MVP patients and control subjects were resis-
tant to drug therapy with at least two anti-arrhythmic
agents. Patients were asked to discontinue warfarin for three
days before the procedure, and ablation was performed if the
international normalized ratio (INR) was $1.5. A trans-
esophageal echocardiogram was obtained in all patients with
chronic AF before ablation to exclude LA appendage
thrombus. The activated clotting time (ACT) was main-
tained between 300 and 350 s after the transseptal puncture.
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group I. Gender- and age-matched controls were enrolled in
group II. In group I, 41 (82%) patients had a prosthetic
mitral valve, 5 (10%) had a prosthetic aortic valve, and the
remaining had both mitral and aortic valves replaced. A
large percentage of these patients had a St. Jude valve
(72%), followed by Medtronic (20%) and Carpentier Ed-
wards (8%) valves. Sixty percent (n ! 30) of patients had
the left atrial appendage ligated during prior valve sur-
gery. Fourteen percent (n ! 7) had concomitant maze
procedure, and 30% (n ! 15) had concomitant coronary
artery bypass graft surgery. Demographic, clinical, and
echocardiographic variables were comparable between
the two groups (Table 1).

PVAI procedure was completed in all 50 patients in the
valve group. Simultaneous cavotricuspid isthmus ablation
was performed in 43 (86%) patients, perimitral flutter abla-
tion line was drawn in 10 (20%) patients, and left atrial roof
line was drawn in 34 (68%) patients. Superior vena cava
isolation was achieved in 40 (80%) patients (circumferential
or segmental ablation at SVC–right atrial junction in 44% of
patients). Total procedural time (199.4 " 49 minutes vs
166.6 " 27.5 minutes, P #.001), mean RF time (48 " 12
minutes vs 36 " 8 minutes, P #.01), and fluoroscopy time
(60 " 17 minutes vs 53.8 " 6.8 minutes, P #.01) were
prolonged in the valve group compared to controls (Table
2). At 3-month follow-up, no significant difference was seen
between groups I and II with regard to recurrence rate off
antiarrhythmic medication of AF only (10% [n ! 5] vs 18%
[n ! 9], P ! NS), atrial flutter only (18% [n ! 9] vs 6%
[n ! 3], P ! NS), and combination of AF and atrial flutter
(10% [n ! 5] vs 6% [n ! 3], P ! NS). Similarly, no
significant difference was seen in the recurrence of atrial
arrhythmias between groups I and II at 6 months (22% vs
16%, P ! NS) and at 12 months (20% vs 18%, P ! NS).
Eighty-five percent of patients in group I and 67% of pa-
tients in group II with recurrences underwent redo ablations.
In the prosthetic valve group, 12 of 18 flutters were left
atrial and 6 were typical right atrial cavotricuspid isthmus

dependent. In the control group, 2 of 6 were atypical left
atrial flutters and 4 of 6 were typical cavotricuspid isthmus
dependent. At 12 months, 80% of patients in group I after a
mean of 1.3 procedures and 82% of patients in group II after
a mean of 1.2 procedures were in sinus rhythm off antiar-
rhythmic drugs (Figure 3). Mean duration of stay after the
procedure was slightly longer in group I than in group II but
was not statistically significant (1.18 " 0.62 vs 1.04 " 0.19,
P ! NS).

Complications
No deaths were reported in either group. In group II, non-
fatal complications were seen in #4% (1 moderate pericar-
dial effusion requiring pericardiocentesis and a large groin
hematoma requiring evacuation and transfusion). In group I,
the risk of nonfatal complications was about 8% (2 AV
fistulae postprocedure, 1 tamponade requiring pericardio-
centesis, 1 diaphragmatic paralysis). There was no statisti-
cally significant difference in complication rates between
the two groups. In the patient with tamponade, warfarin was
reversed with fresh-frozen plasma, and low-dose heparin
drip at 800 units/h was resumed 12 hours later, with no
further effusion was noted. Warfarin was resumed on the
same day. No changes to anticoagulation therapy were made
for the patient with a transient ischemic attack. In patients
who had groin bleeds, compression was used for a 24-hour
period. Low-dose heparin drip without a bolus was used if
INR fell below 2. Enoxaparin for bridging was avoided as
much as possible.

Discussion
AF is the most common arrhythmia following surgery for
valvular heart disease.16 In one series of patients with pre-
vious mitral valve surgery, cumulative risk of new-onset AF

Table 2 Summary of study results

Variables
Group I
(n ! 50)

Group II
(n ! 50)

P
value

Procedural time (min) 199.4 " 49 166.6 " 27.5 #.01
Fluoroscopy time (min) 60 " 17 53.8 " 6.8 #.01
Total duration of RF

ablation (min)
48 " 12 36 " 8 #.01

Fatal complications Nil Nil N/A
Nonfatal complications 4 (8%) 2 (4%) .11
AF recurrence only 5 (10%) 9 (18%) .40
Atrial flutter recurrence only 9 (18%) 3 (6%) .1
Combination of AF and

atrial flutter recurrence
5 (10%) 3 (6%) .7

Cumulative recurrence rates
off AAD at 3 months

19 (38%) 15 (30%) .5

Redo ablations 17/19 (89%) 10/15 (67%) .2
Recurrence rates off AAD at

6 months
11/50 (22%) 8/50 (16%) .6

Recurrence rates off AAD at
12 months

10/50 (20%) 9/20 (18%) .6

Data are given as mean " SD or number (%) of patients.
AAD ! antiarrhythmic drug; AF ! atrial fibrillation; N/A ! not appli-

cable; RF ! radiofrequency.

Table 1 Demographic, clinical, and echocardiographic data of
patients undergoing ablation

Characteristics
Group I
(n ! 50)

Group II
(n ! 50)

P
value

Age (years) 62.5 " 11.2 59 " 9.7 .9
Gender (men/women) 34/16 37/13 .6
Ejection fraction (%) 49.8 " 10.1 52 " 6.5 .1
Hypertension (%) 34 40 .6
Type of AF (paroxysmal/

persistent) (%)
40/60 40/60 1

Left atrial diameter (cm) 5 " 0.9 4.7 " 0.8 .8
AF duration $2 years (%) 90 84 .5
Years with prosthetic valve 5 " 3 N/A
Diabetes mellitus (%) 12 18 .5
Previous rheumatic heart

disease (%)
36 16 .04

Data are given as mean " SD or number (%) of patients.
AF ! atrial fibrillation; N/A ! not applicable.
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BACKGROUND Patients with prosthetic valves have a high prev-
alence of atrial fibrillation (AF). We report a multicenter experi-
ence of performing pulmonary vein antral isolation (PVAI) in this
challenging, high-risk cohort of patients.

OBJECTIVE The purpose of this study was to assess the feasibil-
ity, safety, and efficacy of radiofrequency (RF) ablation for sinus
rhythm restoration in AF patients with mitral or aortic mechanical
prosthetic valves.

METHODS A total of 50 patients with prosthetic valves (group I)
who underwent RF ablation for AF between January 1, 2007, and
April 30, 2009, were identified prospectively at four tertiary care
centers. A matched group of 50 patients (group II) acted as
controls.

RESULTS Total procedural time (199.4 ! 49 minutes vs 166.6 !
27.5 minutes, P ".001) and fluoroscopy time (60 ! 17 minutes vs
53.8 ! 6.8 minutes, P ".01) were prolonged, with a higher
incidence of atrial flutter at 3 months in group I (18% vs 6%, P #
.1) compared to group II. At 12 months, 80% of patients in the

valve group were in sinus rhythm after an average of 1.3 proce-
dures, and 82% of controls were in sinus rhythm after an average
1.2 procedures (P # .9). There was a trend toward a higher
nonfatal complication rate in the valve group than in the control
group (8% vs 4%, P # .1).

CONCLUSION In patients with prosthetic valves, RF ablation for
AF is feasible, safe, and efficacious, with a trend toward a higher
nonfatal complication rate and an increased rate of postablation
atrial flutter.

KEYWORDS Atrial fibrillation; Prosthetic valve; Radiofrequency
ablation

ABBREVIATIONS AF # atrial fibrillation; CFAE # complex frac-
tionated atrial electrogram; INR # international normalized ratio;
PV # pulmonary vein; PVAI # pulmonary vein antral isolation;
RF # radiofrequency; SVC # superior vena cava

(Heart Rhythm 2011;8:975–980) © 2011 Published by Elsevier Inc.
on behalf of Heart Rhythm Society.

Introduction
Atrial fibrillation (AF) is frequently associated with patients
who have rheumatic or nonrheumatic valve disease.1 Restora-
tion of sinus rhythm by surgical ablation in patients with AF
undergoing valve surgery was previously shown to be benefi-
cial.2 However, a significant proportion of patients undergoing

mitral valve surgery develop de novo AF during subsequent
years.3

Patients with advanced valvular heart disease often ex-
perience lower success rates with pharmacologic rhythm
control strategies, resulting in a tendency to preferentially
treat these patients with rate control approaches.4 Over the
last decade, catheter ablation has evolved into a very effec-
tive treatment modality for AF. Pulmonary vein antral iso-
lation (PVAI) currently is an established treatment for res-
toration of sinus rhythm in patients with AF.5–7 However,
access to the left atrium and subsequent catheter manipula-
tion for PVAI often are challenging. Cases of prosthetic
valve dysfunction secondary to trauma from ablation cath-
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prosthetic valve damage, or entrapment of the ablation catheter
within the prosthesis. The incidence of procedure related
complications were similar in both groups (Table 4).

Discussion

This is the largest study to date to evaluate the feasibility,
safety, and outcomes of AF ablation in patients with MVR.
We have demonstrated that the procedure is feasible and is
not associated with increased risk of complications, partic-
ularly no catheter entrapment occurred. An average of 1.5
ablations per patient was required to restore SR off antiar-
rhythmic drugs in 70% of patients with MVR referred for
ablation. Also, ablative therapy allowed arrhythmia control
with medications that have previously failed in an additional
13% of patients. Only 17% continued to have drug-resistant
AF. In a group of patients who have failed medical
management, this may still be considered a clinical success.
However, the overall success rates of radiofrequency abla-

tion were lower in patients with MVR compared to con-
trols. Recurrent arrhythmias were more likely to be AFL or
AT and less likely to be AF in patients with MVR, and
occurred more frequently in patients with older prostheses
in place and in those with longer duration of AF. A
substantial proportion of patients with MVR had concom-
itant AFL at baseline. Electroanatomic mapping with cre-
ation of flutter lines, in addition to CTI ablation, signifi-
cantly improved the outcomes in patients with any history of
AFL during their AF course. The majority of patients
having prior maze procedures were found to have conduc-
tion recovery in at least 1 of the PVs and were more likely
to have concomitant flutters at baseline and to have more
recurrences as AFL or AT after ablation compared to
patients without a prior maze procedure.

Ablative therapy is feasible in MVR patients but requires
longer fluoroscopy times (5) to prevent valvular damage or
entrapment of the ablation catheter by frequently checking
the position of the catheter during ablation. Furthermore,
longer fluoroscopy times during mapping allow detailed
reconstruction of LA anatomy and help to accurately
localize the MA. These measures ultimately result in reduc-
tion of complications risk, but careful manipulation of ablation
catheters in the LA remains essential to prevent them.

Previously reported complications in patients with MVR
undergoing ablation in the LA are prosthesis disk emboli-
zation as a result of trauma from ablation catheters (10),
transient ischemic attacks (5), and catheter entrapment
within the prosthetic valve (4). None of these complications
occurred in our study. Interestingly, no patients had throm-
boembolic complications.

We believe that performing ablation with ICE guidance
and under therapeutic INRs were 2 critical factors that
contributed to the safety of AF ablation in our patients.
Intracardiac echocardiography allowed direct visualization
of catheters in the LA and determined in real-time the
position of catheters relative to the prosthetic valves, which
helped along with fluoroscopy to prevent entrapment or
damage to MV prostheses. The thromboembolic risk is a
major concern in patients with prosthetic valves and is
further increased with catheter-based ablation in the LA. It

Procedure-Related Complications inPatients With and Without Mechanical MVRTable 4 Procedure-Related Complications in
Patients With and Without Mechanical MVR

Parameter
No MVR

(n ! 162)
MVR

(n ! 81) p Value

Minor complications, % 0.20

Pericardial effusion, no intervention 1.2 0

Major complications, % 0.52

Bleeding requiring transfusion 0.6 1.2

Hematoma requiring intervention 1.2 1.2

Femoral pseudoaneurysm 0 1.2

Tamponade 0.6 0

Stroke 0 0

Native or prosthetic valve damage 0 0

MVR ! mitral valve replacement.

Figure 2 Kaplan-Meier Curves for
Arrhythmia-Free Survival After AF Ablation

Kaplan-Meier curves for arrhythmia-free survival after atrial fibrillation (AF) abla-
tion in patients with mitral valve replacement (MVR) (blue lines) and without
MVR (red lines). (A) Arrhythmia-free survival after a single ablation. (B) Arrhythmia-
free survival after the last ablation (1.4 " 0.6 vs. 1.2 " 0.5 ablations per per-
son in patients with and without MVR). *Log-rank test p value.
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Radiofrequency Ablation of Atrial Fibrillation in
Patients With Mechanical Mitral Valve Prostheses
Safety, Feasibility, Electrophysiologic Findings, and Outcomes
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Objectives The purpose of this study was to evaluate the feasibility, safety, and outcomes of radiofrequency ablation of
atrial fibrillation (AF) in patients with mechanical mitral valve replacement (MVR).

Background The role of ablative therapy in patients with MVR is not yet established, with safety concerns and very few outcome data.

Methods Between January 2003 and December 2008, we followed up 81 patients with MVR undergoing first-time AF ab-
lation (compared with 162 age- and sex-matched controls). Arrhythmia recurrences were identified by symptoms
with documentation, event monitoring, Holter monitoring, and electrocardiograms.

Results All MVR and control patients underwent ablation under therapeutic international normalized ratio. No entrap-
ment of catheters or stroke occurred. There were no differences in terms of procedure-related complications be-
tween the groups (p ! NS). Patients with MVR had larger atria (p " 0.0001), lower left ventricular ejection frac-
tions (p ! 0.0001), and more concomitant atrial flutter at baseline (p " 0.0001). Over a 24-month follow-up,
they had higher recurrence rates compared with controls (49.4% vs. 27.7% after a single ablation, p ! 0.0006).
The creation of flutter lines significantly reduced recurrences in patients with any history of atrial flutter (16.7%
vs. 60.9%, p ! 0.009). At last follow-up, 82.7% of MVR patients had their arrhythmia controlled (69.1% not re-
ceiving antiarrhythmic drugs).

Conclusions Radiofrequency ablation is feasible and safe for patients with MVR. It allowed restoration of sinus rhythm in a
substantial proportion of patients undergoing ablation. An abnormal atrial substrate underlies recurrences in
these patients. The ablation procedure needs to be further refined with a focus on extra pulmonary vein triggers
and concomitant flutters to improve outcomes. (J Am Coll Cardiol 2011;58:596–602) © 2011 by the American
College of Cardiology Foundation

Atrial fibrillation (AF), the most common cardiac arrhyth-
mia, frequently complicates the course of mitral valve
disease (1,2). Among patients undergoing mitral valve
replacement (MVR), many have AF, and in many others,
AF and atrial flutter (AFL) develop after their surgery. It is
not uncommon that AF becomes resistant to medical

management in patients with MVR, and these patients are
referred for radiofrequency ablation.

Pulmonary vein isolation (PVI) and ablation of left atrial
flutter are effective treatments for drug resistant atrial arrhyth-
mias (3). The role of ablative therapy in patients with mechan-
ical MVR is not yet established, with very few data in the
literature on feasibility, safety, and outcomes (4,5). In this
distinct group of patients, the procedure carries a risk of
prosthetic valvular damage and entrapment of the ablation
catheter within the prosthesis, necessitating open-heart sur-
gery. Furthermore, patients with MVR have a particular atrial
substrate of their arrhythmia with surgical scarring, fibrosis
around the mitral annulus (MA), and probable atrial myopathy
from chronic mitral valve disease. An abnormal atrial substrate
may potentially contribute to arrhythmia recurrences in these
patients. We aimed to evaluate the feasibility, safety, and
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prosthetic valve damage, or entrapment of the ablation catheter
within the prosthesis. The incidence of procedure related
complications were similar in both groups (Table 4).

Discussion

This is the largest study to date to evaluate the feasibility,
safety, and outcomes of AF ablation in patients with MVR.
We have demonstrated that the procedure is feasible and is
not associated with increased risk of complications, partic-
ularly no catheter entrapment occurred. An average of 1.5
ablations per patient was required to restore SR off antiar-
rhythmic drugs in 70% of patients with MVR referred for
ablation. Also, ablative therapy allowed arrhythmia control
with medications that have previously failed in an additional
13% of patients. Only 17% continued to have drug-resistant
AF. In a group of patients who have failed medical
management, this may still be considered a clinical success.
However, the overall success rates of radiofrequency abla-

tion were lower in patients with MVR compared to con-
trols. Recurrent arrhythmias were more likely to be AFL or
AT and less likely to be AF in patients with MVR, and
occurred more frequently in patients with older prostheses
in place and in those with longer duration of AF. A
substantial proportion of patients with MVR had concom-
itant AFL at baseline. Electroanatomic mapping with cre-
ation of flutter lines, in addition to CTI ablation, signifi-
cantly improved the outcomes in patients with any history of
AFL during their AF course. The majority of patients
having prior maze procedures were found to have conduc-
tion recovery in at least 1 of the PVs and were more likely
to have concomitant flutters at baseline and to have more
recurrences as AFL or AT after ablation compared to
patients without a prior maze procedure.

Ablative therapy is feasible in MVR patients but requires
longer fluoroscopy times (5) to prevent valvular damage or
entrapment of the ablation catheter by frequently checking
the position of the catheter during ablation. Furthermore,
longer fluoroscopy times during mapping allow detailed
reconstruction of LA anatomy and help to accurately
localize the MA. These measures ultimately result in reduc-
tion of complications risk, but careful manipulation of ablation
catheters in the LA remains essential to prevent them.

Previously reported complications in patients with MVR
undergoing ablation in the LA are prosthesis disk emboli-
zation as a result of trauma from ablation catheters (10),
transient ischemic attacks (5), and catheter entrapment
within the prosthetic valve (4). None of these complications
occurred in our study. Interestingly, no patients had throm-
boembolic complications.

We believe that performing ablation with ICE guidance
and under therapeutic INRs were 2 critical factors that
contributed to the safety of AF ablation in our patients.
Intracardiac echocardiography allowed direct visualization
of catheters in the LA and determined in real-time the
position of catheters relative to the prosthetic valves, which
helped along with fluoroscopy to prevent entrapment or
damage to MV prostheses. The thromboembolic risk is a
major concern in patients with prosthetic valves and is
further increased with catheter-based ablation in the LA. It

Procedure-Related Complications inPatients With and Without Mechanical MVRTable 4 Procedure-Related Complications in
Patients With and Without Mechanical MVR

Parameter
No MVR

(n ! 162)
MVR

(n ! 81) p Value

Minor complications, % 0.20

Pericardial effusion, no intervention 1.2 0

Major complications, % 0.52

Bleeding requiring transfusion 0.6 1.2

Hematoma requiring intervention 1.2 1.2

Femoral pseudoaneurysm 0 1.2

Tamponade 0.6 0

Stroke 0 0

Native or prosthetic valve damage 0 0

MVR ! mitral valve replacement.

Figure 2 Kaplan-Meier Curves for
Arrhythmia-Free Survival After AF Ablation

Kaplan-Meier curves for arrhythmia-free survival after atrial fibrillation (AF) abla-
tion in patients with mitral valve replacement (MVR) (blue lines) and without
MVR (red lines). (A) Arrhythmia-free survival after a single ablation. (B) Arrhythmia-
free survival after the last ablation (1.4 " 0.6 vs. 1.2 " 0.5 ablations per per-
son in patients with and without MVR). *Log-rank test p value.
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Feasibility of catheter ablation of mitral annular flutter in
patients with prior mitral valve surgery
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David Lin, MD, Wendy Tzou, MD, Rupa Bala, MD, Francis E. Marchlinski, MD, FHRS,
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From the Section of Cardiac Electrophysiology, Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania.

BACKGROUND Mitral annular flutter (MAF) may occur after abla-
tion of atrial fibrillation in patients with prior mitral valve (MV)
replacement or repair. Percutaneous catheter ablation may be
challenging owing to the presence of surgical scar and a prosthetic
MV.

OBJECTIVE We examined the feasibility of and outcome after
mitral isthmus ablation in patients with prior MV surgery.

METHODS Twenty-one consecutive patients (18 males, age 61
!10 years) with a history of MV surgery (nine replacement, 12
repair with annuloplasty ring) underwent catheter ablation of
clinical (n " 17) or easily inducible (n " 4) MAF (group 1).
Patients were matched for age, gender, and ejection fraction, with
21 patients undergoing MAF ablation without prior MV surgery
(group 2). Irrigated ablation was delivered endocardially in a
linear fashion from the MV to the left inferior and/or to the right
superior pulmonary vein and, when required, epicardially inside
the coronary sinus. Isolation of all pulmonary veins was also
performed.

RESULTS There was no difference in termination of tachycardia
during ablation (group 1 vs. group 2; 86% vs. 71%; P " .454),
achieving mitral isthmus block (71% vs. 71%; P " 1.000), or need
for epicardial ablation (43% vs. 62%; P " .354) between groups.
No complications occurred in either group. After a mean follow-up
of 7 ! 4 months, 15 (71%) patients in group 1 and 14 (67%) in
group 2 had no recurrence of atrial arrhythmias.

CONCLUSIONS Percutaneous mitral isthmus ablation is feasible
and safe in patients with prior MV replacement or repair and has
comparable outcomes to patients without prior MV surgery.

KEYWORDS Catheter ablation; Mitral annular flutter; Mitral valve
surgery; Atrial fibrillation

ABBREVIATIONS AF " atrial fibrillation; CS " coronary sinus;
CT " computed tomography; INR " international normalized ra-
tio; LA " left atrium; LAA " left atrial appendage; MAF " mitral
annular flutter; MV " mitral valve

(Heart Rhythm 2011;8:809–814) © 2011 Heart Rhythm Society.
All rights reserved.

Introduction
Preoperative atrial fibrillation (AF) is common in patients un-
dergoing mitral valve (MV) surgery1 and has been associated
with increased incidence of stroke and all-cause mortality.2

Surgical ablation of AF at the time of MV surgery has become
more popular based on evidence that it is associated with low
morbidity and mortality3 and that it decreases the incidence of
postoperative thromboembolic events and valve-related com-
plications.4–6 The ablation procedure typically consists of epi-
cardial pulmonary vein isolation using radiofrequency energy,
amputation of the left atrial appendage (LAA), and linear
ablation connecting the isolated pulmonary veins to the mitral
annulus. Restoration of sinus rhythm has been achieved in
70%–96% of patients over an average follow-up of 5 years.7,8

However, gaps in the linear ablation lesions may lead to left
atrial flutters after surgery.

Management of patients with postoperative atrial flutter
after combined AF and MV surgery is challenging. Patients
can be quite symptomatic, and the ventricular rate is often
difficult to control. Antiarrhythmic medications have lim-
ited efficacy in treating these incessant arrhythmias. Mitral
annular flutter (MAF) may occur after surgical ablation, and
catheter ablation may be technically challenging because of
the presence of surgical scar and a prosthetic valve or
annuloplasty ring. The MAF recurrence rate after linear
ablation of the mitral isthmus without achieving bidirec-
tional block is quite high.9,10 We examined the feasibility
and outcome of mitral isthmus ablation in patients with
MAF and a history of MV repair or replacement.

Methods
Study population
We studied 21 consecutive patients with a history of MV
surgery who were referred to our institution for ablation of
symptomatic left atrial flutter, alone or in addition to AF,
between 2005 and 2010 (group 1). The diagnosis of MAF
was confirmed during electrophysiology study with activa-
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tion and entrainment mapping (Figure 1). These patients
were matched for age, gender, left atrial size, and ejection
fraction, with 21 patients undergoing MAF ablation without
prior MV surgery (group 2).

Electrophysiology study and ablation
Cardiac computed tomography (CT) was performed the
night before the study in all patients to evaluate the anatomy
of the left atrium (LA) and pulmonary veins. Antiarrhyth-
mic agents were discontinued for at least 5 half-lives, except
for amiodarone, which was stopped at least 2 weeks before
the procedure. Ablation was typically performed on warfa-
rin with a therapeutic international normalized ratio (INR).
In cases in which the INR was subtherapeutic at any point
during the 3 weeks before ablation, a transesophageal echo-
cardiogram was performed before ablation to exclude LA
thrombus.

Two decapolar catheters with 5-mm electrodes and
2-mm interelectrode spacing were placed in the posterior
right atrium and coronary sinus (CS), with the proximal
poles located at the CS ostium. A phased-array diagnostic
ultrasound catheter (5.5–10 MHz, 8 Fr, AcuNav, Siemens
Medical, Mountain View, CA) was advanced to the level of
the fossa ovalis in the right atrium. In cases in which atrial
flutter was the presenting rhythm, overdrive atrial pacing
was initially performed from the proximal and distal CS to
determine their location relative to the tachycardia circuit
and to exclude right atrial flutter. After excluding right atrial
flutter, heparin was initiated to achieve an activated clotting
time of !350 seconds, and this was maintained throughout

LA access. The LA was accessed with two transseptal
punctures; a 10-pole, 15- to 25-mm adjustable circular map-
ping catheter (Lasso, Biosense-Webster, Inc., Diamond Bar,
CA) and 3.5-mm irrigated-tip ablation catheter (Thermo-
cool, Biosense Webster) were used for mapping and radio-
frequency ablation, respectively.

Three-dimensional electroanatomic mapping was per-
formed with the Carto (Biosense-Webster) or NavX (St.
Jude Medical, Minneapolis, MN) system. Activation and
entrainment mapping from at least three sites around the
mitral annulus were performed to confirm the diagnosis of
MAF. Ablation lesions were delivered endocardially in a
linear fashion from the MV annulus to the left inferior
pulmonary vein in most cases. On the basis of operator’s
preference, a line to the right superior pulmonary vein was
occasionally created initially or if the mitral isthmus line
failed to achieve block. Epicardial ablation inside the CS
was not performed as part of the line from the MV to the
right superior pulmonary vein. Radiofrequency lesions were
delivered during ongoing tachycardia at a power of 35–50
W, with temperature limited to 42°C.

Beginning in 2008, a steerable sheath (Agilis, St. Jude
Medical) was used to facilitate manipulation of the ablation
catheter near the MV. If tachycardia persisted despite ana-
tomic completion of the linear ablation between the MV and
left inferior pulmonary vein, irrigated epicardial ablation
(20–30 W) inside the CS was performed opposite the en-
docardial line (Figure 2). If tachycardia persisted after epi-
cardial ablation, the patient was electrically cardioverted to

Figure 1 Left panel: Recordings from the surface electrocardiogram, circular mapping catheter (Lasso), CS, and ablation catheter (Carto) during
entrainment from the ablation catheter positioned at the septal mitral annulus. The postpacing interval (PPI) is similar to the tachycardia cycle length (245
ms), which confirms participation of the septal mitral annulus in the tachycardia circuit. Right panel: Activation map from earliest (pink) to latest (blue) during
clockwise mitral flutter projected on CT. Note the image of the mitral prosthesis on the CT. RSPV: right superior pulmonary vein; LAA: left atrial appendage;
LSPV: left superior pulmonary vein.
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Introduction
Preoperative atrial fibrillation (AF) is common in patients un-
dergoing mitral valve (MV) surgery1 and has been associated
with increased incidence of stroke and all-cause mortality.2

Surgical ablation of AF at the time of MV surgery has become
more popular based on evidence that it is associated with low
morbidity and mortality3 and that it decreases the incidence of
postoperative thromboembolic events and valve-related com-
plications.4–6 The ablation procedure typically consists of epi-
cardial pulmonary vein isolation using radiofrequency energy,
amputation of the left atrial appendage (LAA), and linear
ablation connecting the isolated pulmonary veins to the mitral
annulus. Restoration of sinus rhythm has been achieved in
70%–96% of patients over an average follow-up of 5 years.7,8

However, gaps in the linear ablation lesions may lead to left
atrial flutters after surgery.

Management of patients with postoperative atrial flutter
after combined AF and MV surgery is challenging. Patients
can be quite symptomatic, and the ventricular rate is often
difficult to control. Antiarrhythmic medications have lim-
ited efficacy in treating these incessant arrhythmias. Mitral
annular flutter (MAF) may occur after surgical ablation, and
catheter ablation may be technically challenging because of
the presence of surgical scar and a prosthetic valve or
annuloplasty ring. The MAF recurrence rate after linear
ablation of the mitral isthmus without achieving bidirec-
tional block is quite high.9,10 We examined the feasibility
and outcome of mitral isthmus ablation in patients with
MAF and a history of MV repair or replacement.

Methods
Study population
We studied 21 consecutive patients with a history of MV
surgery who were referred to our institution for ablation of
symptomatic left atrial flutter, alone or in addition to AF,
between 2005 and 2010 (group 1). The diagnosis of MAF
was confirmed during electrophysiology study with activa-
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Scaglione et al. Unpublished data 
55 Pts with long-term follow up 



Results after 2 
procedures 

Valvular 

Valvular 

VALVULAR:  64% were in SR 
without AAD 
follow-up 36 months 

Non VALVULAR: 70% were 
in SR without AAD 
follow up 36 months 

Controls 

Prostheses 

VALVULAR: 56 % were in SR 
senza AAD 
PROSTHESES: 88% were in 
SR without AAD 
follow up 36 months 



2) CONCLUSIONS: 

AF ablation in valvular and prosthetic pts is feasible 

…success rate seems to be less good if compared with 
non valv. pts, however is quite satisfactory  

…complications rate is similar ( non fatal 
complications higher in 1 report) 

…requires higher Xray exposure 

…F-up presents higher incidence of AT/flutter 





Prevalence of OSA is significantly higher in patients with AF than in 
patients without past or current AF 
 
49% [95% CI 41% to 57%] vs 32% [95% CI 27% to 37%], p=0.0004 





Contributory mechanisms for the pathogenesis 
of AF in the patients with OSA 

Maan et al, Crit Pathways in Cardiol 2015; 14:81-85 





78% vs 73%, 
p=0.024 

79% vs 68%, 
p=0.003 





CPAP therapy: 
 
- !AF free survival 
rate (71.9% vs 36.7%, 
p=0.01) 
 
- !AF-free survival off 
AAD or redo ablations 
(65.6% vs 33.3%, 
p=0.02) 

AF recurrence rate of 
CPAP patients was 
similar to a group of 
patients without OSA 
(HR0.7, p=0.46) 









3) CONCLUSIONS: 

AFib ablation success in OSAS is less good 
than in controls 

…CPAP after ablation is able to reduce this 
success gap  
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 AF pts with CLD have significant alterations in PV anatomy related to 
foci. Higher prevalence of RA foci. RFCA can be performed safely with a 
comparable success rate to that in patients with normal lungs.  
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Atrial Arrhythmias in Adults with Congenital 
Heart Disease: 

 Age Distribution  
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Prevalence of AF and IART in  
Congenital Heart Disease  

"  Up to a third of patients with CHD and atrial tachycardia who 
require cardioversion may have AF 

" Patients with significant and unrepaired lesion may be relatively 
more prone to AF 



Clinical case 
R.G. Male, 66 y 

Diabetes mellitus, smoker, hiatal hernia, previous dysthyroidism.  
 
Congenital heart disease: interatrial septal defect (ostium primum) 

and pulmonary valve stenosis > surgical repaire in 1986 (39y) 

2010 (63y) new episodes of atrial flutter/AF 
(pharmacological CV with propafenone/amiodarone) 

#  prophylaxis with propafenone 325 mg bid #  
very frequent AF episodes #  

indication to ablation 

1997 (50y) Atrial flutter# EP study # typical atrial 
flutter # IVC-TA isthmus ablation 







Sherwin et al; Circ Arrhythm Electrophysiol. 2013 



Scaglione et al EUROPACE 2014 



Scaglione et al EUROPACE 2014 

AF present in 40 % of pts 



Long Term Ablation Results (FU 7 ± 3.8 y) 

Successful single 
ablation procedure 
35/46 (76%)  

46 pts 

12 CTI 5 right atrial lesions 
(RAL) 

29 CTI + RAL 

11 Recurrences 

3 typical A Fl 

CTI + RAL(2) 

6 atypical A Fl 

CTI (1), RAL (1),  
L circuit -> AAD  
Nn induc -> AAD 

I 

II 

III 

2 AF 

PVI (1) 

2 Recurrences  
(1 RAL, 1 Atypical A Fl) 

Success without 
AAD 40/46 (87%) 

Success with AAD 
44/46 (96%) 

Consent denied 
2/46 (4%) 

OVERALL RESULTS 



Philip F et al; Congenit Heart Dis 2012;7:392-399 

AF Ablation 

Congenital Heart Disease (36pts) 
 

•  Atrial septal defect          22 (61%) 
•  Ventricular septal defect  6 (17%) 
•  Tetralogy of Fallot     1 (3%) 
•  Double outlet left LV and TGA 1 (3%) 
•  Coartation of aorta  1 (3%) 
•  Epstain anomaly 3 (8%) 
•  Bland-Garland White Syndrome 2 (6%) 

Noncongenital Structural Heart 
Disease (355): 

•  Coronary artery disease 
•  Valvular heart disease 

•  EF <50% 
•  Prior noncongenital cardiac surgery 

 



Philip F et al; Congenit Heart Dis 2012 

Success off ADD Success on ADD 

Two pts with Tetralogy of Fallot and TGA failed ablation attempts “as many of the 
ablation catheters were not designed to reach the left atrium and PVI” 



Clinical case 
R.G. Male, 66 y 

Diabetes mellitus, smoker, hiatal hernia, previous dysthyroidism.  
 
Congenital heart disease: interatrial septal defect (ostium primum) 

and pulmonary valve stenosis > surgical repaire in 1986 (39y) 

2010 (63y) new episodes of atrial flutter/AF 
(pharmacological CV with propafenone/amiodarone) 

#  prophylaxis with propafenone 325 mg bid #  
very frequent AF episodes #  

indication to ablation 

1997 (50y) Atrial flutter# EP study # typical atrial 
flutter # right isthmus ablation 







Voltage map 



Follow up 



4) CONCLUSIONS: 

AF is less frequent than IART in GUCH 

First we have to eliminate the circuits related 
to IART 

AF ablation is feasible but require experienced 
centers 

AF ablation results are less good and similar to 
NCSHD 

The importance of patient selection 



SR 

1 st 

2 nd 
3 rd 



It is convenient to intervene  
at an early stage 

…before it’s too late 


