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Bleeding Complications 

•  Puncture site hematoma 
•  Retroperitoneal Bleeding 
•  Pseudoaneurysm 
•  Pericardial effusion 
•  Pericardial tamponade 
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Major Bleeding (%) 

Periprocedural Risk of Major Bleeding during 
AF Ablation (warfarin discontinuation) 



Cardiac Perforation / Tamponnade 

Incidence: 1-3% 
Related to TS puncture, catheter 
navigation, RF delivery in addition to 
anticoagulation 
Pericardial effusion: up to 25%  
More common with the OIC. 
Common perforation sites: LAA, LA 
roof , Mitral isthmus.   



IAS Aneurysm 



Pericardial Effusion by ICE 



LA-LAA junction lesion, epicardial side 



LSPV lesion, popping(+) 



Prevention 

Pre-prepare the subxyphoid area 
Transseptal puncture: ICE Guidance 
Use RF neddle for transeptal 
Monitor with ICE during the procedure 
Monitor and titrating energy delivery to avoid 
pops. (impedance change, bubble formation). 
Keep contact force below 20 grams   



■  Start at 40 w 
■  Reduce the power to 30-35w on the esophagus 
■  Power application 20 sec 
■  Keep contact force below 20 grams 
■  Do not increase the power when perpendicular to the 

atrial wall 
■  Monitor the impedance 

Power Protocol with Open Irrigation 



Thromboembolic complications 

Char formation, 
Air Embolism, 

RF Time 

Soft Thrombus 
formation 

RF Catheter ablation: 



Intra-procedural early detection of 
complications 

ACT < 350 sec; between 1.5 and 12% after Transseptal access  



AF ablation and Periprocedural 
Stroke: an Ominous Association 
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Open-irrigated catheters 



Type of atrial fibrillation in stroke patients 

Persistent/Permanent 

Paroxysmal 

4 (19%) 

17 (81%) 

Patel D, Natale A, et al JCE 2009 



Circulation 2007 



Patient Characteristics 



Complications 

Group 1- LMWH 1 mg/kg BID, Group 2- LMWH 0.5 mg/kg BID,  
Group 3- on Warfarin 





Di Biase, Natale et al.,Circulation,2010; 121: 2550-6  
 

•  Group 1: Ablation with an 8-mm catheter off warfarin 
•  Group 2: Ablation with an open irrigated catheter off warfarin 
•  Group 3: Ablation with an open irrigated catheter on 

warfarin 
  



Periprocedural Stroke and Management of Major Bleeding 
Complications in Patients Undergoing AF Catheter Ablation 

The Impact of Periprocedural Therapeutic INR 

Di Biase, Natale et al.,Circulation,2010; 121: 2550-6  



Pericardial Effusion Management  

Di Biase, Natale et al.,Circulation,2010; 121: 2550-6  
 



Pericardial Effusion Management  

Di Biase, Natale et al.,Circulation,2010; 121: 2550-6  



Silent Ischemia 



Periprocedural Clinical Silent Cerebral 
Ischaemia After PV Ablation.  

Schrickel JW et al.: Incidence and predictors of silent cerebral embolism during pulmonary  
vein catheter ablation for atrial fibrillation. Europace 2010; 12: 52-57 



Silent Cerebral Positive Findings 
Publication ACT n Ablation 

technique 
Positive 
DW MRI 

Lickfett  
JCE 2006 

>250 10 Irigated  RF ablation 1 (10%) 

Schwarz  
Heart Rythm 2010 

>300 13 
9 

Irigated  RF ablation 3 (14,3%) 

Neuman  
Europace 2010 

>300 44 
45 

Irigated  RF 
Cryoballoon 

3 (6,8%) 
4 (8,9%) 

Gaita 
Circulation 2010 

250-300 232 Irigated RF ablation 33 (14%) 

Schrickel 
Europace 2010 

>250 53 Irigated  RF ablation 6 (11%) 

Siklódy 
Clin Res Cardiol 100, 2011 

>300 27 
23 
24 

RF 
Cryoballoon 
Phased RF 

2 (7,4%) 
1 (4,3%) 
8 (33%) 

Gaita  
JCE 2011 

>300 36 
36 
36 

Irigated  RF ablation 
Phased RF 
 
Cryoballoon 

3 (8,3%) 
14 (38,9%) 
 
2 (5,6%) 



Does The Peri-procedural Anticoagulation Management For Af Affect The 
Prevalence Of Silent Thromboembolic Lesion Detected By Diffusion 
Cerebral Magnetic Resonance Imaging (dmri) In Patients Undergoing 
Atrial Fibrillation Ablation With Open Irrigated Radiofrequency Energy? 
Results From A Prospective Multicenter Study.  
 
 

Di Biase, Gaita, Natale et al HR 2013 

Methods: Consecutive patients undergoing RF ablation for AF with “therapeutic” 
warfarin and receiving heparin bolus before transseptal (group 1, n=146) were 
compared with a group of pts that had protocol deviation in terms of maintaining 
the therapeutic pre-procedure INR ( patients with subtherapeutic INR) and/or 
failure to receive pre-transseptal heparin bolus infusion (non-compliant population, 
group 2, n=134) and with a group of patients undergoing RF ablation with warfarin 
discontinuation bridged with low weight molecular heparin (group 3, n=148).  
All patients underwent preablation and postablation (within 24 hours) dMRI.  
All patients had to maintain ACT above 300 secs during the entire procedure. 



Di Biase, Gaita, Natale et al HR 2013 

Incidence of Post Ablation Silent Thromboembolic Lesion with Cardioversion 



AF Pts Undergoing RFCA 
randomized to 

Warfarin (INR 2-3) 

 
Warfarin (INR 2-3) and 

bridge with LWMH 
 

ENDPOINT 
Thromboembolism/Bleeding 

UNINTERRUPTED 

COMPARE STUDY 
RCT Continuos vs Discontinuos Warfarin  Periprocedural Anticoagulation in pts  

with  High CHAD2S SCORE 

INTERRUPTED 

Di Biase, Natale, et al Circulation 2014 



Results: Thromboembolic Events  
• There were 39 TE [3.7% (29) strokes and 1.3% (10) TIA] 

events in group 1 respectively: 
– 2 (0.8%) in PAF (paroxysmal),  
– 5 (2.9%) in persistent AF,  
– 32 (8.2%) in LSP AF with a total of 37 TE events in non-

PAF. 

• Two (0.25%) strokes in LSP pts were observed in group 2 
(p <0.001) with sub therapeutic INR the day of the 
procedure. 

• When stratified by AF type, the event rate for stroke/TIA in 
PAF was 0.47% (2/429) compared to 3.2% (37/1155) in 
non-PAF; p<0.001.  

Di Biase, Natale, et al Circulation 2014 
 



CONCLUSIONS 

•  This multicenter randomized study shows that in higher risk pts 
therapeutic INR protects against peri-procedural thromboembolic 
events.  

•  The risk of these complications during AF ablation is 
predominantly confined to pts with non paroxysmal AF and 
especially long standing persistent AF.  

•  Therefore, future studies assessing the protecting value of newer 
anticoagulants should be performed in comparison with on 
warfarin treatment and enrolling pts with LSPAF since in 
paroxysmal pts these events are relatively rare. 
 

Di Biase, Natale, et al Circulation 2014 
 



Silent Thromboembolic Lesions Following Catheter Ablation For Atrial 
Fibrillation Using Radiofrequency Energy: Results From A Sub-study  

of The “COMPARE" Randomized Trial  
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Dabigatran 





Methods 

•  Patients undergoing AF ablation for drug-refractory, symptomatic 
AF 
–  at 8 high volume centers between  
– January 2010 and July 2011 were included 

Dabigatran Group (cases) 
 

Comprised of 145 
consecutive patients on 
anticoagulation with 150mg 
of dabigatran etexilate 
(Pradaxa®) twice daily for at 
least 30 days before AF 
ablation 

 
 
 
 

Warfarin group (controls) 
 

An equal number (145) of 
patients undergoing AF 
ablation during the same 
time period, matched on age, 
gender and type of AF 

Patients without therapeutic INR at the time of the procedure were 
excluded 
 



• Patients on  dabigatran  were  instructed  to  hold  the  
dose  on  the  morning  of  the  procedure.  

• Dabigatran was resumed within three hours after 
hemostasis and when patient was ready to have oral 
intake after the ablation procedure was completed.  

 

Methods: On Dabigratan Group 



Complications 

Total (290)
Dabigatran 

(Cases, 
n= 145)

Warfarin 
(Controls, 

n =145)
p value

10 (3%) 9 (6%) 1 (1%) 0.019

Periprocedural Pericardial Tamponade 7 (2%) 6 (4%) 1 (1%) 0.120

Late Pericardial Tamponade 3 (1%) 3 (2%) 0 (0%) 0.250

20 (7%) 12 (8%) 8 (6%) 0.350

Groin Hematoma 11 (4%) 6 (4%) 5 (3%) 0.760

Pericardial Effusion without Tamponade 10 (3%) 6 (4%) 4 (3%) 0.750

29 (10%) 20 (14%) 9 (6%) 0.031

3 (1%) 3 (2%) 0 (0%) 0.250

32 (11%) 23 (16%) 9 (6%) 0.009

Major Bleeding Complications

Minor Bleeding Complications

Total  Bleeding Complications

Embolic Complications (CVA/TIA)

Composite of bleeding and embolic complications

No intracranial hemorrhage or deaths  occurred  in  the  study.   
Of  note,  all  3  thromboembolic  complications  occurred  in non- paroxysmal patients of the 
dabigatran group while no embolic complications occurred in the warfarin group (p=0.25 for 
comparison).  
Neurological symptoms improved in all patients with no residual deficits noted at 30 day follow-
up.  



Rivaroxaban 



Feasibility & Safety of Uninterrupted Rivaroxaban vs 
Warfarin for Periprocedural Anticoagulation in 

Patients Undergoing Radiofrequency Ablation for 
Atrial Fibrillation: Results from a Multicenter 

Prospective Registry 
 

Lakkireddy, Natale, et al JACC 2014 
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Baseline characteristics$ Group$ p 
valu

e$
Rivaroxaba

n 
 N= 321$

Warfarin  
N =321$

Age (mean, std dev)" 63 ±10" 63 ±10" 0.98"
Body Mass Index (mean, 
std dev)"

30 ± 6" 30 ±6" 0.16
2"

Male (%)" 221 (69)" 221 (69)" 1.0"
Caucasian (%)" 277 (86)" 292 (91)" 0.06"
Paroxysmal Atrial 
Fibrillation (AF) (%)"

164 (51)" 164 (51)" 1.00"

Duration of AF in months; 
Med (IQR)"

42 (20-81)" 48 
(22-84)"

0.24
3"

Re-Do Procedure" 88 (27)" 74 (23)" 0.20
3"

Heart Failure (%)" 30 (7)" 23 (6)" 0.31
5"

Hypertension (%)" 177 (55)" 199 (62)" 0.07
8"

Age > 75 yrs (%)"   41 (13)" 41 (13)" 1.00"

Diabetes (%)"   59 (18) " 64 (20)" 0.61
6"

Transient Ischemic Attack 
or Stroke (%)"

34 (11)" 26 (8)" 0.27
8"

Coronary artery disease 
(%)"

60 (19)" 67 (21)" 0.48
8"

Peripheral Artery Disease" 17 (5)" 25 (8)" 0.20
2"

Chronic Renal Insufficiency 
(%)"

8 (3)" 9 (3)" 1.0"

Serum Creatinine" 0.845 ±0.25" 0.874 
±0.23"

0.12
6"

Baseline characteristics$ Group$ p 
value$Rivaroxaban 

 N= 321$
Warfarin  
N =321$

Mean CHADS2 Score " 1.16 ±1.0" 1.18 ±1.0" 0.87
6"

Median CHADS2" 1 (0-2)" 1 (0-2)" 0.73
7"

Mean CHADSVasc Score" 2.17±1.6" 2.21 ±1.5" 0.78
1"

Median CHADSVasc Score" 2 (1-3)" 2 (1-3)" 0.80
8"

Mean HAS BLED Score" 1.47 ±0.9" 1.70 ±1.0" 0.03
2"

Mean Left Atrial Size in cm" 4.4 ±0.8" 4.3 ±0.8" 0.11
4"

Mean Left Ventricular 
Ejection Fraction %"

58 ±8" 57 ±8" 0.18
4"

Aspirin (%)" 98 (31)" 84 (26)" 0.22
0"

Clopidogrel (%)" 22 (7)" 15 (5)" 0.23
6"

Beta Blocker (%)"  186 (58)" 192 (60)" 0.63
0"

Calcium Channel Blocker (%)" 90 (27)" 74 (23)" 0.14
8"

Lakkireddy  etal, JACC in press 



  
Procedural Variables$

Group$ p value$

Rivaroxaban 
N = 321$

Warfarin  
N= 321$

Sinus Rhythm on Arrival to the Lab (%)" 209  (65)" 228 (71)" 0.110"

Ablation of CFAE/ Posterior Wall" 116 (36)" 125 (39)" 0.463"

Additional Linear Lesions including Right Atrial" 101 (31)" 118 (37)" 0.157"

Cardioversion during procedure" 102 (32)" 90 (28)" 0.300"

Acute PV Isolation (%)" 317 (99)" 314 (99)" 1.0"

Procedural Time (min) mean  ± SD" 195 ±62" 198 ±66" 0.550"

Fluoroscopy Time (min) mean  ± SD" 49 ±20" 51 ±30" 0.320"

RF Time (min); mean  ± SD" 56 ±25" 58 ±29" 0.349"

Lakkireddy . Natale et al, JACC 2014 

Procedural Variables 



 Outcomes$ Rivaroxaban 
(N =321)$

Warfarin 
(N = 321)$

Total 
(N = 642)$

p 
value$

Major Bleeding Complications$ 5 (1.6)" 7 (2.2)" 12 (1.9)" 0.772"

Early Cardiac Tamponade$
2 (0.6)" 4 (1.2)" 6 (0.9)"  "

Delayed Cardiac Tamponade$ 1 (0.3)" 0 (0)" 1 (0.2)"  "

≥Moderate Access Site Hematomas$ 2 (0.6)" 3 (0.9)" 5 (0.8)"  "

Minor Bleeding Complications$ 16 (5.0)" 19 (5.9)" 35 (5.5)" 0.602"

< Moderate Access Site Hematoma$ 13 (4.0)" 18 (5.6)" 31 (4.8)"  "

Insignificant Pericardial Effusions$ 3 (0.9)" 1 (0.3)" 4 (0.6)"  "

All Bleeding Complications$ 21 (6.5)" 26  (8.1)" 47 (7.3)" 0.449"

Thrombo-embolic Complications (Stroke/TIA)$ 1 (0.3)" 1 (0.3)" 2 (0.3)" 1.0"

Transient Ischemic Attack$ 1 (0.3)" 1 (0.3)" 2 (0.3)"  "

Stroke$ 0" 0" 0"  "

Bleeding and Thrombo-embolic 
Complications$

22 (6.8)" 27 (8.4)" 49 (7.6)" 0.457"

Other Complications$ 3 (0.9)" 2 (0.6)" 5 (0.8)" 1.0"

Lakkireddy, Natale, et al,  JACC 2014 

Differences in outcomes 



•  In our multicenter experience, 
uninterrupted Rivaroxaban appears to 
be feasible and a safe alternative to 
uninterrupted warfarin in patients 
undergoing AF ablation.  

•  Future larger and randomized trials are 
needed to confirm our findings 



RCT – Warfarin vs. Rivaroxaban for 
Periprocedural Anticoagulation: Venture AF 

AF Pts Undergoing RFCA 

110 pts Warfarin (INR 2-3) 110 pts Rivaroxaban 20 mg 

ENDPOINT 
Thromboembolism/Bleeding 

UNINTERRUPTED 

Cappato, Natale et al EHJ 2015 



Potential Plus and Minus of The Venture AF 

•  First Randomized Multicenter Study 
•  Include mostly paroxysmal patients 
•  Small Sample Size 
•  No MRI Study For Asymptomatic 

Thromboembolic Events 
•  Did not mandate pre-transeptal Heparin 

bolus 



Forty nine (49) consecutive patients undergoing ablation of AF while on 
rivaroxaban 20 mg for at least 3 weeks before the procedure were enrolled in this 
prospective study. 
 
Twenty four (24) patients discontinued rivaroxaban at least 24 hours before the 
procedure and were bridged with low molecular weight heparin (GROUP I) 
 
Twenty five (25) patients underwent ablation without rivaroxaban discontinuation 
(GROUP II) . 
 
Group I patients underwent heparin bolus after transseptal access was obtained, 
while group II underwent heparin bolus before transseptal. All patients underwent 
pre and post ablation dMRI. 
 
 
 
 

Abstract HRS 2014 

Uninterrupted Rivaroxaban reduces the prevalcence of Silent 
Cerebral Ischemia during radiofrequency ablation of AF  



All 49 patients had persistent and long standing persistent AF.  
 
At post-procedure dMRI, silent thromboembolic lesions were (29.2%) patients in 
Group I and none in patient in Group II (p= 0.004).  
 
Rivaroxaban discontinuation was the strongest predictor of post-procedure SCI. 
 
Uninterrupted rivaroxaban before radiofrequency ablation of AF reduces the 
prevalence of SCI as detected by dMRI.  
 
A controlled randomized study with a larger sample size is warranted to confirm 
our findings. 
 
 
 
 
 
 
 

Abstract HRS 2014 

Uninterrupted Rivaroxaban reduces the prevalcence of Silent 
Cerebral Ischemia during radiofrequency ablation of AF  



AHA Abstract 2014 



Apixaban 



RCT – Warfarin vs. Apixaban for Periprocedural 
Anticoagulation: AXAFA study  

AF Pts Undergoing RFCA 

310 pts Warfarin (INR 2-3) 310 pts Apixaban 5 mg BID 

ENDPOINTS 
Thromboembolism/Bleeding 

MRI substudy 

UNINTERRUPTED 



Potential Plus and Minus of The AXAFA Study 

•  Randomized Multicenter Study 
•  Include Non-paroxysmal patients 
•  Larger Sample Size 
•  MRI Study For Asymptomatic 

Thromboembolic Events 
•  Does not mandate pre-transeptal Heparin 

bolus 



Di Biase, Lakkireddy, Natale et al Heart Rhythm. 2015   



Results 
"  Study Population  :  
•  200 pts in the apixaban group; 200 pts in the warfarin 

group (N = 400) matched by age, gender, AF type and 
institute where ablation was performed 

•  Mean Age : 65.9 ± 9.9 years  
•  Male : 71.5%  
•  Paroxysmal AF : 16.5%,   Non-Paroxysmal AF : 83.5% 
•  Hypertension : 68.5% 
•  Diabetes : 19.0 % 
•  Baseline Characteristics were similar between the groups 

Di Biase, Natale et al, HR 2015 



Results 
•  A subset of 29 patients with non paroxysmal AF 

underwent post ablation  dMRI in the uninterrupted 
apixaban group and all were negative for SCI. 

Di Biase, Natale et al, HR 2015 



Comparison of Baseline Demographics, Clinical parameters, Medication Use 
between Patients on Apixaban and Warfarin 

Characteristics Apixaban 
(N=200) 

Warfarin 
(N=200) 

p-value 

Age (yrs) 65.9 ± 9.9 65.9 ± 9.9 1.0 
Male 143 (71.5) 143 (71.5) 1.0 

Caucasian 183 (91.5) 187 (93.5) 0.45 
Body Mass Index 29.4 ±6.0 30.1 ±6.5 0.25 

Type of AF 
Paroxysmal AF 

Non-Paroxysmal AF 

  
33 (16.5) 
167 (83.5) 

  
33 (16.5) 
167 (83.5) 

1.0 

Duration of AF (Median, IQR) 36 (10.5, 84) 36.0 (12.0, 96) 0.62 
Heart Failure 22 (11) 19 (9.5) 0.62 
Hypertension 136 (68.0) 138 (69.0) 0.83 

Coronary Artery Disease 29 (14.5) 29 (14.5) 1.0 
Dyslipidemia 106 (53.0) 114 (57.0) 0.42 
Sleep Apnea 22 (11.0) 14 (7.0) 0.16 

Transient Ischemic attack/Stroke 11 (5.5) 10 (5.0) 0.82 
Diabetes 37 (18.5) 39 (19.5) 0.80 

Left Atrial size(cm) 4.5 ±0.8 4.5 ± 0.9       0.80 
LV ejection fraction (%) 56.1 ±9.4 56.9 ±10.6 0.45 

Aspirin 56(28.0) 67 (33.5) 0.23 
ACE inhibitor/ARBs 56 (28.0) 50 (25.0) 0.50 

Digoxin 29 (14.5) 35 (17.5) 0.41 
Statin 93 (46.5) 93 (46.5) 1.00 



Comparison of Bleeding Score and Procedural Characteristics between 
 Patients on Apixaban and Warfarin 

  

Characteristics 
Apixaban 
(N=200) 

Warfarin 
(N=200) 

p-value 

CHADS2  score 1.28 ±0.9 1.27 ±0.8 0.95 
CHADS2  score 

0 
1 

                     ≥2 

  
39 (19.5) 
82 (41.0) 
79 (39.5) 

  
36(18.0) 
85 (42.5) 
79 (39.5) 

0.92 

CHA2DS2 -VASc score 2.28 ±1.4 2.30 ± 1.4 0.89 
HAS-BLED score 1.74 ±0.98 1.74 ± 0.94 0.96 

Baseline INR 1.90 ±0.5 2.16 ±0.5 <0.001 
Presence of Scar 136 (68.0) 134 (67.0) 0.82 

Cardioversion during the 
procedure 

80 (40.0) 82 (41.0) 0.84 

Additional Periprocedural 
Heparin Unit 

3.6 ± 1.4 1.6 ± 0.7 <0.001 

ACT during procedure 
(seconds) 

342.1 ± 23.1 363.1 ± 26.5 <0.001 

•  There were no differences in the usage of medications and bleeding score between the 
groups 

•  Average INR and mean ACT were higher in the warfarin group (p<0.001) 
•  After the bolus of heparin, patients in the apixaban group required more additional heparin 

units compared to the warfarin group Di Biase, Natale et al, HR 2015 



Composite of bleeding and 
embolic complications 

"  Overall, there was no difference in the 
composite of bleeding and embolic 
complications between the apixaban 
group[9(4.5%)] and the warfarin group[6(3.0%)]  

   (p-value = 0.43) 

Di Biase, Lakkireddy, Natale et al Heart Rhythm. 2015 Feb 26.  



Thromboembolic complications 
 

"  dMRI was negative for silent cerebral 
ischemia for the subset of population(n=29) 
in the apixaban group. 

"  No patients suffered Stroke/TIA. 
 

Di Biase, Lakkireddy, Natale et al Heart Rhythm. 2015 Feb 26.  



Complications 
"  Total Bleeding Complication : 15 (3.8%)  
o  9(4.5%) in the apixaban group,  
o  6(3.0%) in the warfarin group, p = 0.4 
#  Major Bleeding Complications : 3 (0.8%) 
o   2(1.0%) in the apixaban group 
o   1(0.5%) in the warfarin group, p=1.0 
#  Minor Bleeding Complications : 12 (3.0%) 
o  7(3.5%) in the apixaban group 
o  5(2.5%) in the warfarin group, p=0.6 

Di Biase, Natale et al, HR 2015 



Complications 
"  Major Bleeding Complications 
o  All complications were Pericardial effusion (PE) with tamponade (0.8%) 
o  1 early PE in both the groups, 1 delayed PE in the apixaban group  
o  Managed by percutaneous pericardial drainage  
o  None of the patients required surgical drainage 

"  Minor Bleeding Complications 
#  Groin Hematoma(1.3%)  
o  3 (1.5%) patients in the apixaban group 
o  2 (1.0%) patients in the warfarin group, p=1.0 
#  Pericardial Effusion without Tamponade (1.3%) 
o  3 (1.5%) patients in the apixaban group  
o  2 (1.0%) patients in the warfarin group, p=1.0 
#  GI bleeding :1 (0.5 %) patient in the apixaban group 
#  Hematuria : 1 (0.5%) patient in the warfarin group 

#  Thromboembolic Complication 
o  Stroke/TIA : No patient had thromboembolic complications 

Di Biase, Natale et al, HR2015 



PV stenosis 
Overall incidence: 1-29% 
Severe PV stenosis: 1.6% ….and 
decreasing 
Depends on ablation approach 

 



AF Catheter Ablation Strategies 

More Proximal ablation: The PV Antrum 

Exit (Os) Focal 

Antrum 



Severe PV Stenosis 
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Saad et al Circulation 2004 Saad E, Natale A, et al Circulation 2004 
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Esophageal Injury  

The esophagus is close to the posterior LA 
wall. 
The posterior LA wall is thin 
The esophagus has a variable course 

  



LA- Esophagus Proximity: Anatomy 



Posterior LA ablation: Impact on 
Esophageal Lumen 



Posterior LA Wall Thickness by ICE 

The mean LA wall 
thickness as 

measured by ICE 
2.8mm +/- 0.9mm 
(1.9mm – 4.0mm) 

Cummings J, Natale A,et al Circulation 2005  



Esophageal Course 

Right PVs Mid Posterior 
Wall 

Left PVs 

Esophageal 
Course 

28.4% (21/81) 33% (27/81) 38.3%(31/81) 

Cummings et al Circulation 2005  
Cummings J, Natale A,et al Circulation 2005  



Atrial Esophageal Fistula 

Incidence 0.01% - underestimated due to 
underreporting 
Mechanism – thermal injury to anterior 
esophageal wall following ablation along 
posterior LA wall 
–  Once injured, fistula development preceded by 

inflammatory response leading to atrial and 
esophageal tissue necrosis 



Contributing Factors 

Power >50W (8mm) or >35W (irrigated tip) 
Long Energy application 
Small Atrial Size 
Use of Large Tip Catheters ???  
Overlapping lesions in posterior LA ??? 
High contact pressure 



Heart"Rhythm."2010;7:1224–30"



Heart"Rhythm."2010;7:1224–30"



Journal"of"Arrhythmia."2015"[ePub"ahead"of"print]"



Circ"Arrhythm"Electrophysiol."2009;2:108–12"



Is luminal esophageal temperature the best 

Animal data clearly 
demonstrate that 
external 
esophageal tissue 
temperatures 
exceed luminal 
temperatures by far 
However, tissue 
temperature 
monitoring in 
humans is not 
currently feasible 

 



J"Cardiovasc"Electrophysiol."2008;19:641–4"



Mean Luminal and Tissue Temperatures
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J"Cardiovasc"Electrophysiol."2007;18:145–50"



No"injury"with"circula;ng"fluid"
tempearture"of"10"or"5"°C"

↓"
"
2"dogs"
•  1"control"
•  1"ESO"25"°C"(room"temp)"
•  2"ESO"10"°C""
•  2"ESO"5"°C" 1"with"esophagus"

displaced"toward"LA"

J"Cardiovasc"Electrophysiol."2009;20:1272–8"



Transmural"lesions"
a  Control"
a  ESO"25"°C"

No"lesion"
a  ESO"5°"and"10"°C"
"
Muscolaris"lesion"
a  ESO"5"°C"and"10"°C"when"

esophagus"dislaced"toward"LA"

J"Cardiovasc"Electrophysiol."2009;20:1272–8"



J"Cardiovasc"Electrophysiol."2012;23:147–54"

Control"group"



J"Cardiovasc"Electrophysiol."2014;"25:579–84"



Heart"Rhythm."2013;10:1591–7"



Phrenic Nerve Injury 

Incidence: 0.48% 
Right Phenic Nerve  most commonly 
involved (80%) 
Associated with symptoms in 69% of  
affected patients 
Recovery in 81% (Partial 17%) 
Mean time to recovery 7±7 months 



Europace."2013;15:937–43"

Paceamapping"predicts"PN"loca;on"



Heart"Rhythm."2010;7:937–41"

When"measured"in"AP,"distance"RSPVaRPA"on"CT*"is"iden;cal"to"
the"distance"of"RSPVaPN"capture"on"fluoroscopy"

*64aslices"MDCT"
coronary"artery"
protocol"



Heart"Rhythm."2010;7:937–41"

3"groups,"based"on"RSPVaRPA"
distance"
"
•  short"≤"10"mm"
•  medium"10.1"to"20"mm"
•  long">"20"mm"

37"balloonaabla;on"procedures"
"
•  7"pa;ents"with"short"RSPVa

RPA"
•  6/7"had"PN"injury"



Heart"Rhythm."2009;6:957–61"



Circula;on:"Arrhythmia"and"Electrophysiology."2013;6:1109a14"

"
Hexapolar"in"the"SVC""
>"PN"pacing"at"high"
output"
"

Quadripolar"(4a10a4"mm)"in"the"
hepa;c"vein"
>"record"diaphragma;c"
compound"motor"ac;on"poten;al"
(CMAP)"

Bipolar"EGM"(1a4)""
Filter"5a150"Hz""
Amplitude"≥"300"µV"



Circula;on:"Arrhythmia"and"Electrophysiology."2013;6:1109a14"

57"balloonaabla;on"procedures"
"
•  50"stable"PN"capture"
•  6"pa;ents"with"CMAP"

amplitude"reduc;on"≥"30"%"
•  No"PN"injury"

STOP"if"voltage"
amplitude"≥"30"%"



J"Cardiovasc"Electrophysiol."2015;26:260a6"

PNI"



Conclusions"
$ Uninterrupted"coumadin"and"factor"X"during"
abla;on"of"atrial"fibrilla;on"and"leu"atrial"
flu@er"appear"to"reduce"the"risk"of"
thromboembolic"complica;ons"without"
increasing"the"risk"of"bleeding"

$ This"approach"benefits"more"non"paroxysmal"
AF"pa;ents"which"carry"a"higher"risk"of"such"
complica;on"



Conclusions"
$ "Therefore,"the"protec;ve"effects"of"new"drugs"
should"be"tested"in"non"paroxysmal"pa;ents"



Be Careful… 
Know what you are doing… 



Keep Your Eyes on the Target 


