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Europace ESC GUIDELINES

doi:10.1093/europacefeuw295

5UNOPEAN
SOCIETY OF
CARDIOLOGYS

2016 ESC Guidelines for the management of atrial
fibrillation developed in collaboration with EACTS

Recommendations for catheter ablation of atrial fibrillation and atrial fibrillation surgery

Recommendations

Catheter ablation of symptomatic paroxysmal AF is recommended to improve AF symptoms in patients who have
symptomatic recurrences of AF on antiarrhythmic drug therapy (amiodarone, dronedarone, flecainide, propafenone,

sotalol) and who prefer further rhythm control therapy, when Eerformed b; an electrthzslologlst who has received
angrogrlate tralnlng and is Berformlng the Brocedure in an experienced centre.
Ablation of common atrial flutter should be considered to prevent recurrent flutter as part of an AF ablation procedure if
documented or occurring during the AF ablation.

585-587,
713,727

Catheter ablation of AF should be considered as first-line therapy to prevent recurrent AF and to improve symptoms in
selected patients with symptomatic paroxysmal AF as an alternative to antiarrhythmic drug therapy, considering patient
choice, benefit, and risk.

Catheter ablation should target isolation of the pulmonary veins using radiofrequency ablation or cryothermy balloon S

716,734,
catheters. 735
Catheter or surgical ablation should be considered in patients with symptomatic persistent or long-standing persistent AF 468,735,
refractory to AAD therapy to improve symptoms, considering patient choice, benefit and risk, supported by an AF Heart lla 777,831,
Team. 832, 1040
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International Journal of Cardiology

journal homepage: www.elsevier.com/locate/ijcard

Center experience does not influence long-term outcome and
peri-procedural complications after cryoballoon ablation of paroxysmal
atrial fibrillation: Data on 860 patients from the real-world multicenter
observational project

Maurizio Landolina **, Giuseppe Arena °, Saverio lacopino ¢, Roberto Verlato ¢, Paolo Pieragnoli®,

Antonio Curnis |, Maurizio Lunati#, Werner Rauhe ", Gaetano Senatore, Luigi Sciarra’, Giulio Molon ¥,
Pietro Maria G. Agricola *', Luigi Padeletti ™", Claudio Tondo °

Table 2
Procedural, fluoroscopic, ablation duration time and procedural data according to center experience by quartiles.
Procedural characteristics TOTAL (N = 860) 1st quartile (N = 27) 2nd quartile (N = 91) 3rd quartile (N = 195) 4th quartile (N = 547) P-value
Procedure duration ( min 105.0 130.0 145.0 120.0 90.0 <0.001
1an - - - - )] (m -
Fluoroscopy duration { min) 25.0 37.0 39.0 26.0 240 =0,001
L@mﬁ} g Py [25-50) T20-36) TTe-30)
Ablation time (min) 20.0 20.0 26.0 24.0 19.0 <0001
1an ) (10-32) (15-32) (20—32) (lb—%_} 10-29)
Left superior pulmonary vein* 98.6% 100% 98.7% 97.4% 98.7% 0.564
Number of freeze applications 1.5+08 1.5+0.8 1.8 + 1.1 16 +08 13+ 07 <0001
Left inferior pulmonary vein* 97.8% 96.3% 96.7% 96.9% 98.5% 0.098
Number of freeze applications 1.4 + 0.6 14+05 L5 +08 1.5 + 06 1.3+ 06 =0.001
Right superior pulmonary vein* 98.9% 92.6% 96.7% 97.9% 99.3% 0.034
Number of freeze applications 1.3 + 06 1.4+ 06 1.5 +07 14 + 06 1.2+ 05 =0.001
Right inferior pulmonary vein* 972% 88.3% 87.9% 90.7% 98.3% =0.001
Number of freeze applications 1.3 + 06 13+0.5 1.6 +09 14 + 06 12+ 05 =<0.001

*The percentage refers to successfullv isolated pulmonary vein,
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Fig. 1. Freedom from first AF recumence in the total population ( Panel A ) and according to center experience (Panel Bl
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Results from a multicentre comparison of o
cryoballoon vs. radiofrequency ablation for

paroxysmal atrial fibrillation: is cryoablation

more reproducible?

Rui Providencia'*, Pascal Defaye?, Pier D. Lambiase?, Dominique Pavin®,
Jean-Pierre Cebron®, Franck Halimi, Frédéric Anselme?, Neil Srinivasan?,
Jean-Paul Albenque, and Serge Boveda'
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Figure 2 An overview of procedural results and freedom from AF in patients treated with Cryoballoon (left) and RF (right). RF, radiofrequency
ablation; Cryoballoon, Cryoballoon ablation; A, B, C, D, E, and F, centres.
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PI_ ( :E o Evaluation of a Strategy Aiming to Enclose

e the Pulmonary Veins With Contiguous and
Optimized Radiofrequency Lesions in
Paroxysmal Atrial Fibrillation
A Pilot Study
Philippe Taghji, MD,* Milad El Haddad, MSc, PuD,” Thomas Phlips, MD,* Michael Wolf, MD,*

Sebastien Knecht, MD, PuD,” Yves Vandekerckhove, MD,* Rene Tavernier, MD, PuD," Hiroshi Nakagawa, MD, PyD,"
Mattias Duytschaever, MD, PuD™"

FIGURE 1 Illustration of CLOSE-Guided PVI

CLOSE guided PVI
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Reproducibility of acute pulmonary vein isolation guided by -
the ablation index
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FIGURE3 Distribution ofablationtime minutes) among the 12 operators who performed at least 15 ablation procedures [Color figure can be
viewed at wileyonlinelibrary.com|
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FIGURE2 Distribution of fluoroscopy time (seconds) amongthe 12 operators who performed at least 15 ablation procedures [Color figure
can be viewed at wileyonlinelibrary.com] FIGURE 4 Distribution of rate of first-pass pulmonary vein isolation (%) among the 12 operatorswho performed at least 15 ablation
procedures [Color figurecan be viewed at wileyonlinelibrary.com]
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PI—‘ ‘CE workflow to enclose veins with contiguous

lesions: the multicentre VISTAX trial : o

Mattias Duytschaever'*, Johan Viigenz, Tom De Pottev’, Daniel Scherr‘,

Hugo Van Herendael®, Sebastien Knecht', Richard Kobza®, Benjamin Berte®,

Niels Sandgaard’, Jean-Paul Albenque®, Gabor Szeplaki’, Yorick Jeroen Stevenhagen'®,
Philippe Taghiji'!, Matthew Wright'%, Nathalie Macours'?, and Dhiraj Gupta'*
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Figure | The Kaplin Meier analyses in the evaluable population, during a 9-month post-blarking period, of (4) time to first documented AFAT/
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High-Power and Short-Duration Ablation
for Pulmonary Vein Isolation

Biophysical Characterization

Eran Leshem, MD, MHA, " Israel Zilberman, DVM,” Cory M. Tschabrunn, PuD,* Michael Barkagan, MD,”
Fernando M. Contreras-Valdes, MD,” Assaf Govari, PuD," Elad Anter, MDY

FIGURE 1 Comparison B Standard Ablati and High-Power, Short-Duration Ablation

A Standard B High-Power Short-Duration
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FiGURE 5 Comparison of Right Atrial Lines HP-SD and d

FIGURE 2 Mowvel Ablation Catheter Design

A y B

‘ 6 symmetrical Irrigation pores
Temperature sensors

The QDOT Micro Ablation Catheter is based on the Thermocool SmartTouch SF Catheter. It incorporates 6 thermocouples symmetsically
embedded in the circumference of the tip electrode (A) and an improved irmigation system (B). See text for details.
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TABLE 2 phy of Right Atrial Lines: HP-3D Lesions Comp: With
Pasteroseptal Right Atrial Lines Posterolateral Right Atrial Limes

Standard Ablation MP-5D Ablation Standard Ablation HP-SD Ablation

25 Wj20 s (n -~ 64) 90 W/4 s (n ~ 63) p Value 25 W/20 s (n ~ 61) 90 Wj4 s (n - 67) p Value
Maximal temperature, C 2891 63747 <0.001 B¥BE=T 627+7 «<0.001
Average temperature, C 267 +1 526+4 <0.001 30B=+7 516 =4 <0.001
Average pawes, W 24241 71 <0.000 2401 78110 «<0.001
Impedance drop, £ a4 144 £3 0.92 M5=:6 48+ 4 0.26
Contact force, g (range) 157 + 6 (3.8-34.9) 16.7 £ 7 (93-395) 042 146 + 6 (6.1-39.2) 149 = 5(5.8-25.6) 0.43

Vabues are mean £ SO0

HP-50 - high power, short duratian.

FIGURE 6 Differences in Architectural Properties of the HP-5D and Standard Ablation

Lesions in the Right Atrium

Right Atrial Lesion Dimensions

Standard 2
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PI_A( E(‘C Pulmonary Vein Isolation With ®)
Nt — Very High Power, Short Duration, o ~
Temperature-Controlled Lesions -

The QDOT-FAST Trial

Vivek Y. Reddy, MD,*" Massimo Grimaldi, MD," Tom De Potter, MD,” Johan M. Vijgen, MD," Alan Bulava, MD, PD,"
Mattias Francis Duytschaever, MD,? Martin Martinek, MD," Andrea Natale, MD,' Sebastien Knecht, MD, PuD,*
Petr Neuzil, MD, PuD,” Helmut Piirerfellner, MD"

CENTRAL ILLUSTRATION A Novel Temperature-Controlled RF Ablation Catheter
TABLE 3 PAE in the Safety Population (n = 52)
240
2::] d;l:vered via study catheter, Relationship With
o 180 |maDOTFAST(n=52) 3824 PAE Device or Procedure
-E— 120 1052 Total PAE 2(3.8)
E Death 0 -
60 :
Atrioesophageal fistula® 0 -
) 0 Cardiac tamponade/perforation 0 -
TRl Total Total Total Total 5 _pn - =
procedure ablation fluoroscopy  RF application Myocardlal infarction 0] =
time time time duration Stroke 0 _
240 227 -
20 Cerebrovascular accident 0 -
1811
_1e0 Thromboembolism 1(1.9)  Possibly related to device; probably
Thermocouples = . e related to procedure
b . 104.3° s . o
g Transient ischemic attack 0 -
" 60 495 55 98495 Phrenic nerve paralysis 0 -
§ 2 NR l PV stenosis* 0 =
Total  Totat  Total _ Total Major vascular access 1(1.9) Not related to device; possibly related
procedure ablation fluoroscopy  RF application complication or bleedin to procedure
time time time duration P 9 P
Fluid delivered via study catheter,
*n =50, mean, mL Values are n (%). *Device- or procedure-related death, PV stenosis, and atrioesophageal fistula
fincludes 20-minute walting period. ;;i';"_:i‘;?:’:?;é‘; =139) :g:;-: that occur 1 week (7 days) post-procedure are considered and analyzed as PAE.
#Includes 30-minute waiti iod. 5 - 3 = pri PV = i
ncludes 30-minute waiting perio  SMART-SF (n = 159) 8984 PAE = primary adverse event; PV = pulmonary vein.
Reddy, V.Y. et al. J Am Coll Cardiol EP. 2019;5(7):778-86.
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In vivo biophysical characterization of very high power, short
duration, temperature-controlled lesions

Giuseppe Stabile MD*2% | Vincenzo Schillaci MD*

| Teresa Strisciuglio MD*# |

Alberto ArestiaMD' | Alessia AgrestaMD' | GerganaShopovaMD' | Antonio De

Simone MD”

Impedance drop (Ohm)

=
w
-

Impedance drop (Ohm)

—

>
—
3

B

i

I
-

| Francesco Solimene MD"

(A) _ =

Points with ID> 10 Ohm (%)

40

<5 5-10 10-20
Contact Force (g)

!
B 8 °

3 :

>20

(B)

Points with ID2 10 Ohm (%)

a0
20
10

]

<a4,1

p <0.001

-1
Contact force (g)

p <0.001

5-10 11-20 >20

44,1.46,7 46,8457

Maximum Temperature (C°)

49,8

<441 44,1-46,7 46,8-49,7
Maximum Temperature (C°)

>45.8

(A) . _— (B)» —
W s o~
. -
o8 / . / ~ .//’
P4 g /
/ //
E o4 / E U
z / H 7
% W z
Ko / | f /
{ (/
/s
f s 1/
/ 7
/ i
T T T T 20
u % & & £ By oot = r i} o ™

1 - Specificity

FIGURE 5 ROC curves of contact force (CF) (A) and maximum temperature (B). The AUC is 0.67 and 0.69, respectively [Color figure can be
viewed at wileyonlinelibrary.com]

A CF of 8 g and a maximum temperature of
47-C are the optimal cutoff discriminatory
value for adequate lesion formation
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radiofrequency ablation for pulmonary vein
isolation: a two-centre report with emphasis
on silent oesophageal injury

Philipp Halbfass © '*', Jean-Yves Wielandts © 2, Sébastien Knecht?,
Jean-Benoit Le Polain de Waroux & z’ René Tavernier ® 1, Vincent De Wildez,
Kai Sonne (@ ', Karin Nentwich & ', Elena Ene @ !, Artur Berkovitz ® ',

Julian Mueller', Lukas Lehmkuhl ® ¥, Amelie Reichart®, Ulrich Liisebrink © 5,
Mattias Duyts:haeverz, and Thomas Deneke @ !

“Clinic for Feart 197616 e Germanr. ckogy. St

He | By Ber Belgium: *Department of | SintJan Haspital Bruges. Bruges, Belgum: “Clinic for Radiology. Heart Center Bad Neustadt ad_ Sasle. Bad

Nemtadt 1. S, Garany, d “Deparmertof Carhlogy s Anglo, Pl Uniersy Phrburg, Muburg, Gerany

Table 2 Procedural and post-procedural parameters
All patients (n = 90) Bad Neustadt (n = 45) Bruges (n = 45) P-value

Procedure time (min) 9554288 852+218 10584311 <0.001
Extra-PV ablation targets 26 (29) 9 (20) 17 (38) 0.10
Mean contact force at posterior wall (g) 165444 185+41 145437 <0.001
Max ablation temperature ("C) 476+38 46.0x31 492436 <0.001

Patients undergoing PV at Bad Neustads EP centre wers ablated using the nGEN generator, patients treated at Bruges EP centre were ablated using the nMARD generator.
EP. electrophysiclogy PV, pulmonary vein; PV], pumanary vein isolation.

First-pass isolation was achieved in 39 out of 90 patients (43% in

the overall cohort, 40% BN vs. 47% BRU) requiring touch-up RF in

51 out of 90 (57%) of patients. The site of residual conduction in case
of non-first-pass isolation was found at the carina in 45 out of 62
circles
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No steam pop, cardiac tamponade, stroke, neurologic deficit, or fistula was
reported

Post-ablation EGD was done in all patients included in this study on a

mean of 8 + 8 days after ablation. Median time between ablation procedure and
EGD was 3 days (1-15) ranging from 1 to 28 days. None of the patients revealed
ulceration. One patient at BRU centre (1.1%) revealed a small and superficial
oesophageal erosion in loco typico.
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Safety aspects of very high power very short duration
atrial fibrillation ablation using a modified radiofrequency
RF-generator: Single-center experience

Julian Mueller MD*?2 | Philipp Halbfass MD*? ® | Kai Sonne MD* |

Karin Nentwich MD'? | Elena Ene MD' | Artur Berkovitz MD! |

Lukas Lehmkuhl MD, EBCR* | Sebastian Barth MD*? | Gelu R. Simu MD?! |
Christian Waechter MD? @ | Michael Behnes MD* @ | Thomas Deneke MD, FHRS!

34 consecutive patients (67 £ 9 years; 62% male; 68% paroxysmal AF) were included.
First-pass isolation of all PVs was achieved in 6/34 (18%) patients. First-pass
isolation was seen in 37/68 (54%) of PV pairs. Early reconnection occurred in 11
(32%) patients (including reconnections at posterior LA wall sites n = 6 and at
nonposterior sites n = 5). No patient had an EDEL (0%). In 6/23 (26%) patients
undergoing postablation cerebral MRI SCEs were identified. In six patients,
coagulation on the catheter tip was detected at the end of the procedure. No
further peri- or postprocedural complications were detected.

Early AF recurrence before discharge was seen in 1/34 (3%) of the patients included
in this study. Within 3 months 10/34 (29%) revealed AF recurrence during blanking
period. After a mean follow-up of 7 months, 31/34 (88%) patients revealed sinus
rhythm.
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Very high-power short-durati lled ablation versus | %
conventional power-controlled ablation for pulmonary vein isolation: |55/
The fast and furious - AF study

Roland Richard Tilz ", Makoto Sano*, Julia Vogler, Thomas Fink", Roza Saraei", Vanessa Sciacca’,
Bettina Kirstein, Huong-Lan Phan ", Sascha Hatahet ", Lisbeth Delgado Lopez”, Anna Traub”,
Michael Schiiiter, Karl-Heinz Kuck *“, Christian-Hendrik Heeger***

Charlot

Table 3
A Procedire time ‘ & Tkl radichrequency e Procedural details - individual pulmonary vein.
P<0.0001 e
- ; 100 p<0.00001 Variable vHP-SD Control P
\ . Right-sided PVs 28 28
‘ P Total ablation time, sec 154 (124, 750 (580, <0.0001
- f 176) 1006)
[ g - Total number of applications 39 (31, 44) 40 (27, 53) 0.296
= = B Mean application duration, sec 4 (4, 4) 21 (16, 23) 0.001
B - é Mean contact force, g 16 (14, 19) 20(18, 25) <0.0001
Mean power/application, Watt 84 (82, 85) 31 (29, 32) <0.001
VHP-SD ro— * WRSD BE—— Total delivered power/lesion, 338 (328, 594 (500, 683) <0.001
Joule 339)
FAVI 27 (96) 16 (57) 0.005
Left-sided PVs 28 28
E _Leftatrialdwellingtime 5 Mean power/application W/s Total ablation time, sec ;;13)043. 831 (545,972) <0.0001
“ rO —— PO Total number of applications 43 (36, 53) 40 (27, 58) 0.658
< 5 ™ 7‘77 Mean application duration, sec 4 (4, 4) 21 (15, 24) 0.001
£ z Mean contact force, g 14 (11,17) 16 (14, 19) <0.0001
2. } - Mean power/application, Watt 84 (82, 85) 31 (29, 31) <0.001
% E Total delivered power/lesion, 336 (328, 608 (460, 709)  0.002
- — : - Joule 338)
8 e § FAVI 18 (64) 20 (71) 0.571

Values are counts, n (%) or median (first quartile, third quartile). PV(s) = Pulmonary

VHP-SD Control VHP-SD Control vein(s), FAVI = first attempt vein isolated, sec = seconds, g = grams.
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G High-Power Short-Duration
Radiofrequency Ablation on
Procedure Characteristics and
First-Pass Isolation During
Pulmonary Vein Isolation
Zoltan Sallo*, Péter Perge, Bernadett Balogi, Gabor Orban, Katalin Piros,

Szilvia Herczeg, Klaudia Vivien Nagy, Istvén Osztheimer, Pdl Abraham, Béla Merkely,
Lés2I6 Gellér” and Néndor Szegedi’

Heart and Vasoutar Centre, Semmetweis Univeraty, Budepest, Hungery

TABLE 2 | Procedural charactenstics.

Ablation characteristics LPLD [n =53) HPSD (n = 50) vHPSD [n = 53) P-value
Procedure time (min) 85(75-101) 79 B5-91) 70 {53-83 - 0.0001
LA dweling tima {min) &1 (55-T0) 53 {41-56) 45 (34-52) - 0.0001
DAP [mGym®) 0.16 (0.11-0.25) 0.1 (08-0.18) Q17 (0011-0.27) 0.0014
Abdation points 61 (52-69) 56 (44-65) 85 (6309 = 0.0001
RF ablation time (s) 1,587 (1.366-1,761) 1,388 (1,021-1.711) 336 (24 7-386) <0.0001
Total RF energy (J) 47,010 (40,580-52 830) B8,900 (51,060-85,538) 30,240 (22 095-34 875 <0.0001
FPI both sides 30 (57%) 30 (78%) 43 (80%) 0.00097
FPi of the left P\s 35 (B6%) 46 [B29%) 46 (B5%) 0.0015
FP1 of the right Pvs 3B (72%) a4 [B8%) A8 [BE%) 0.0188

DAR dose area product; LA, left amal; LA D, low-power long-duration group; HPSD, fugh-powsr short-cuvation group; LA, #eft aifum; AF, radiofequency; AP, firet
pass isolation; PY pumanary vein. The comtinuous vanzhiss were exprassed as medians and intarquartie ranges, while the catagoncal vadables were exprassed as
percentagas with event numbers. The bold vanables ame statishcally significant.

All patients from the study reached the 9-month follow-up period. At this time,
there was a significant difference in the AF recurrence between the three groups
(36, 10, and 8% in the LPLD, HPSD, and vHPSD groups, respectively, p = 0.0001).
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One-year outcomes in patients undergoing very high-power short-duration
temperature-controlled ablation for atrial fibrillation vHPSD ablation for PVI:
procedural and one year outcomes.

Solimene F, MD, Strisciuglio T, MD, PhD, Schillaci V, MD, Arestia A, MD, Shopova G, MD,
Salito A, MD, Bottaro G, MD, Marano G, MD, Coltorti F, MD, Stabile G, MD
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Overall, 163 patients were enrolled in the study (29 persistent AF, 134 paroxysmal AF).

The procedures were performed under general anesthesia in all patients except for 5 that received deep sedation. With
a median number of 80 RF tags (IQR 74-90) the PVI could be reached in all patients and in 88% cases at first pass. In 2%
of patients acute PV reconnections were observed.
The procedural time (skin to skin) was 7520 min, the RF time was 5,51 min and the fluoroscopy time was 9+6 min.

No steam pops, tamponade, death nor stroke occurred, however 5 patients experienced an access site related vascular
complication.

Overall, 91/134 paroxysmal AF patients and 14/29 persistent AF patients completed the 12-months follow-up. The
freedom from any atrial tachyarrhythmias recurrence was 84%, (14 AF recurrence and 1 patient had

electrocardiographic evidence of both AF and atrial flutter recurrence ) in the paroxysmal cohort and 71% (3 AF
recurrence and 1 atrial flutter /tachycardia) in the persistent group.

Nine patients underwent a redo procedure for AF/AT recurrence. In 4 patients all the veins were still isolated, whereas
in the remaining 5 patients, one reconnected vein was observed in 4 patients and 2 reconnected veins in 1 patient.
Thus, 30/36 veins were still isolated and the PVI durability was 83%.
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Patient experience of very high power short duration radiofrequency
ablation for atrial fibrillation under mild conscious sedation

Gavin Chu'? . Peter Calvert® - Bharat Sidhu? - Akash Mavilakandy? - Ahmed Kotb? - Lilith Tovmassian®-
Nikola Kozhuharov®* - Cédric Biermé® - Nathan Denham? - Charlene Pius? - Jim O'Brien® - Wern Yew Ding? -
Vishal Luther? - Richard L. Snowdon? - G. André Ng?® - Dhiraj Gupta®*®
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Very high power very short duration ablation for atrial
fibrillation: With great power comes great responsibility

Issues and Potential Solutions Very High Power, Very Short Duration Ablation

o Poor / intermittent Consider GA with
catheter contact controlled ventilation

Ensure baseline
impedance 21000 to
reduce current flow

o Coagulum formation ]
on catheter tip

Ablation
Catheter

Reduce inter-lesion
distance to £5mm on

9 Gaps due to excessive
inter-lesion distance

anterior wall
Lack of indices to guide Further research
e ablation in different # required to guide
myocardial segments ablation delivery : ‘
VIyoCaraium
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