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Summary Catheter ablation is the mainstay therapy for the maintenance of sinus rhythm in patients with par-
oxysmal and persistent atrial fibrillation(AF). Radiorequency is the most frequent energy source implemented for
AF ablation. The effectiveness of radiofrequency catheter ablation is still not satisfactory in maintaining rhythm
control, and it is associated with several potential complications or significant adverse events including pulmonary
vein stenosis, phrenic nerve palsy, or atrioesophageal fistulae. Pulsed field ablation(PFA) is a nonthermal abla-
tion modality based on irreversible electroporation, which demonstrates a unique selectivity for myocardium, pro-
ducing durable lesions while minimizing complications to surrounding structures at the same time. Preliminary
clinical studies have shown that PFA is an attractive alternative to pulmonary vein isolation and additional left atri-
al posterior wall ablation, given the shorter procedure time, reduced risk of collateral injury, high acute pulmona-
ry vein isolation rate and improved long-term durability. PFA hold great promise for the future of AF ablation but
further research is needed for this novel technology to confirm the improved safety profile and potentially improved

efficacy over existing ablation modalities for broad acceptance.
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Figure 1 Mechanism of pulsed field ablation
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Figure 2 Thermal and nonthermal ablative modalities

for pulmonary vein isolation

2 BKMEBIFR YRR

ZIW YL MEE T PFA X sh ik s 84
SRR AR . N K e i 3 E AR AE T T A
W E B K . & B PFA X I 48 ) 58 88 e sg ma e o8
e DRk i b EARAE T R B 2 4 R
EAUCH BRI BS80S vine g EZ
TEXE I PFA 45 £ 8 0 o, B0 ) 3 il £ 4 A0 IR 7
E RNy i N TR 0 S G il = V)
2% Farawave S8 XWAH PFA 5 2R /K 3E 3 5 & 9 4
HREL RSB, KRG 25 d Bk & K
B PFA H &8 IO 25728 Ak, 7 5 A0 1 ol 28 30

1 Tl R TS L1 T 0 R b A B £ 4 R L b 2
AL ERA .

L5 0 A A A RE R T WM EE L PFA BR T IR 4140
20 P 2 L (L ) AN () T LA % 8 LA L 3E g R
G %t 20 AN R A 455 . PFA FI R ik i el 3 463 0
WILZH 2453 43 s 328 08 P 1 AR o5, T X 6 4 I A (A o
ARBHKO 145 R 28 4 4L CAn i #f 28) 26 JE 5 L g
B ] 9 @O B UL B PV B H AL S BH 26, o b
XoF 48 300 2 2R B T 8 0 L B Ok R RO B B IR
P R R sl k45 45 9 & E , AT KR #E PFA #4
TR 1 9 40, ¥ R AF ACRR H RN B & R &
s,
3 PFAMIERBERERE M

HHr#E 17 PFA #9 PVI K Z %00 H Farawav
TEMTE 5k W 5 T8 2 90 48, DASU 7 2 % i — 5 22
T2 Cal gy D) 9 1 w8 R RUAH L 90 R Ik o A7 T
Tl L N RN TE 22 90 A0 4l P B A — UL ik b iR AT
PVIL AR b W #EHA mT 47 e " Reddy
2L FBRIE Lattice ShAS AR ST B PFA K3k
il L BB ] PFA B AR L BEA 6 PFA R
SFYARIE R 28 AE N R BT 58 BT W R M R 4



K WYL S B Sl T R BT A

ik e e, 37 1 R

ZHANG Jiaming,et al. Novel insight into ablation modality for the treatment of atrial fibrillation: ... « 853 -«

P B B B 3 PV ZE By A IR 350 10 T00 0 LA B = 2R
e Ul 38 1Y 2 M AL, G S A AE OC B AT o] I & iE
KA.

2018 4F Reddy %&£ #1457 T & AN 1FA PFA L
VA T il B %) K R E 5 P A R A ok v T
BAE 15 IR F PRI AT T 57 AR PR il R bk T Al
(100 %) , 4 AR il & ok °F- 35 74 Al (3. 26 £ 0. 5) N
A EEBI R FE TR A R 60 s, BT R I KR GE R,
B S5 32F AT 04 I AR 0L 28 R, 81 i R R
PFA P8, Horr 15 il 55k & i HAH 900 ~1000 V
Jok w66 11 B YR K TR 1800 ~ 2000 V' ik . ik
PR BICET ] <1 s, 91 S5 38 ok b 8 80 ) G e 1] <3
min, FAREEAER ] 5 50 A RIS R IE . RS R
3N E AR HEAT A A BRI, A B Rl A Ik v ik
U o1 SR P Ak R BURE % J5 . PVT B R A 18 %
3| 100% . Kaplan-Meier 43 #7 1 HI AL 4k 19 X2
Iw] 308 e ALK o EEL S O T L TRUAE 1 ARG B R O R
23k 87.4% . WEVT 120 d,B& 1 Bl (2. 5%) H Bl
HUSESN, TCAS il g DK e 78 (I ot 28 R B 4 40040 5
JPEARFMG KA.

3 W Z huao I K BF 5T IMPULSE ., PEFCAT #i
PEFCAT [ ™" M4 T B % 7% B @i PFA 17 PVI
AR AR ) FBE DT 1 AF Ao 25 S L (8 4 FhAS T[] A9 ok
MR TE R 15 B AR ik v 900 ~1000 V106 7]
XUAR ik 1800 ~2000 V7, 4 A i & Jik & il 7~ 9 Ik
ik s A R G K R 4~ 10 AL A 121 B R
FAERMR R 52 PVIL, X £83B LR 8] 13~ 14 min,
S AERE ] 97 min, RJF BIEF PVI A ) %5k
100% , Hrh 110 B4 R J5 3 A H B 5 Hr s 0,
84. 8 Y0 I fifi it Ik 222 AR 2 L B L 28 AR Ak BUAH Jik i
PFA J5 PVI ik 96% ., Kaplan-Meier 43 ¥ FiAfhi 1
AR AR B XA Bk ol PFA TC.O AR R AR K
84.5% , HMARFMFEERRD 2.5%,2 Hilh
DB S ZE, 1 B M, o s B LA
Hh it KB A8 RN A 28 A8 4 A5 ™ O RORE B ow
FARAXS %4,

i Futing ZE9 )38 T % W0 F PFA JR)7
30 91 B 1 D B0 AR A ) I DR Y A3, T R 45 A 15 1)
116 min, S48 78 22 b (I ERAE BT [A14X 29 min, & #B 6
A K S8 R B B R TP 1) R R S R R
PRI 5 B 52 450 4 T 5 00 A 380 26 3 e 09 (1) R i 177
30 d B JCIf & E L BE T 90 d B 97 %6 BB e R Sk
O HE, TC R A 28 R0 B 45 A5 B A 5 40 5 TA R i R L 5
A PEA JRIT B K1 s B2 A 30, oA a5k,

PersAFOne J2 1 /M 7E 7 22 Pk b7 B8 35 h E A
PFA [ 2 il &% bk R Z2 B Jo B 1 I R 52 08, 423
30 il £, 25 ) B AT il # UK R 22 5 S RE 1 B AH
PFA, IR R 335 100% . MEVFIE 3 4~ H i & 4
7R 96 %6 (82/85) My fili ik L 100 %6 (21/21) WY 22 i

Jo BE AR L IR B AS Hovh 21 iR R B E B
14 3 D E CT KA K 2 BLE & IR #2545 1k
il B Ik B 2 IR T2 A SR T RO

BT & M FERR B 9 [ 24 ANl R s EAT Y
MANIFEST-PF [o Jii 4 fff 75 $F Ak 1 H i e —
HEUE(H B9 Farawave ik b 74 Bl S48 % 1758 4] 55
BB 2 M RSP 430 Y 580,35 %) i PFA 1Y
B RCE RN Ak 45 S R 99. 9 %6 1Y il bk 8
SERL T LB R BRI E] 65(38~125) min, A
AR 248 107, 32 589 K 0E (1. 6 %) A 0 fi 3H %€ (17
Bi,0.97%) . & H (7 i, 0.39%) FFE T (1 i,
0. 06% A= H) |, YR I & RE A 45 145 458 45 (il
Jife A Bl ik R L Bh kRS 43 B, 2. 44 %) DA K&
TIA 2 5, 0. 11 %) Fit— i P i i 28 pk 95 (8 43l
0.46 %) . %I T 35 4 h 1k HIE 1 d5 KRR A
B R PFA A 8t A7 5 8 i PV, {H LY &M 5
BT Rl I KA (AU SR SE AR AR

Xt LG 43 Bl B R 3 PFA 5% 5 14 Rl it 45 5,
Horp 23 Bl G EiEE (11 GRS, & 47, 8%0) ik
11 PFA, 20 ] (10 ] R #5 2  , d7 50 %0) #4748 R
T P2 100 %52 B T PV, W filt B 20054 fii # k
B EE /Y it 05 72 B B o8 PFA W W kR T % %4
(67% vs 57%) PFA 21 & H B 2Pk iR b 28 461 45
RN (1T & (E B SR W E S 2 95 e e o
LT A R A GO K

VLK, Nakatani 257V fRIE T 5 55 500 F1 8 % 18
XTI PFA M mE LR 45 R . 5 IR R I Al L,
PFA {4 filt i) 5 35 200 300 Il ok s 80 5 R L o P 1Y
M EL I 5% (LGE) 20 f . BEAh, 5 #EE IR 75 Al A~
[F], PFA 75 | B f i 45 BH 2 B3¢ I 2 BE 9 1 1, 9 HL
AE T )7 91 Rl B 1 27 24 A A 7 4 R AT L A )
T 7 R RS VE B B B 36 . Cochet %5122
A5 B 55 —T0URIE 9 o SR FH 5 JOE A 1 41 B 09 6L 48 e 4G )
A1 15 FG 55 M B B AR % PFA FIEAAE I Al 4T 245 1
s, o 18 il T PFA, 23 )R JHHAE I Al (16
BT 7 ¥ ) . L5 B35 97 J5 BB AG I PFA
21T — 1) H B0 A A3 9 A8 T BB T il 2 9 161
K 43% H BV 3 A H B4 Y AT AT I K E &
AL s PEA X IE B0 &4 A e B
— M VR
4 RBRE

PFA K 3l ) 52 56 AF 55 AL R 400 25 i FH 45 2R 4
NG B SR A 18 £ 0] AR £ i U, 1 %G
PFA {4 Gl 5 WA, 5 H At i 5 480 0 il B R
HH, ARG SE 4R B R PFA P2 S R B
S0 0 8 E AR (X AR A BRL B B R R R
EL R AR PFA 28085 B Cln ik b & iy
UBL T WK B8 i TR R OBURD S 4E T
U LA AR VB H PR A R — R AR 1



K WY S D B Sl T RSB ORIk R 37 T

e 854 ¢ ZHANG Jiaming,et al. Novel insight into ablation modality for the treatment of atrial fibrillation: ...

U T R A T BV RS A 0 B AT I R R AR IR
T 0 B AL BT A A RO T BV, it
Hh s BET PEA JRIT b7 B I R A 58 BEAS 5 85070, Bk
Z 55 S B Ve VR Rl L T R, AR TR D B
FE ME B AR I RAE . B, 7B R AR B
HLX B A8 1T BE P I R AF 58 IR 55 PFA 19 2 HA AT 2501k
e Ak,

W& PFA R G000 AW o8 35 . T8 fill 5 58 09 0F &
Rk w2 B e Ak L T8 Rl AR K P 1 B2 va A PR BF
TABHEA BIEL W IEZR WA R, PFA A xn
O3 R AL A VR i v B BT Rl ) 3 4 % O 3
T O 5 35 4 T R B Rl DT B T Re R AR O
MLV VR A R T i D B R R B R R
AR B — DA TS 8 T RLAE B BA YT T RTT AL

PR A EE A PR FEAE R 25 vh 58

5% 3k

[1] De Pooter ], Strisciuglio T, El Haddad M, et al. Pul-
monary vein reconnection no longer occurs in the ma-
jority of patients after a single pulmonary vein isola-
tion procedure[ J]. JACC Clin Electrophysiol, 2019, 5
(3):295-305.

[2] Hindricks G, Potpara T, Dagres N, et al. 2020 esc
guidelines for the diagnosis and management of atrial
fibrillation developed in collaboration with the europe-
an association for cardio-thoracic surgery(eacts) : The
task force for the diagnosis and management of atrial
fibrillation of the european society of cardiology (esc)
developed with the special contribution of the europe-
an heart rhythm association (ehra) of the esc[J]. Eur
Heart J,2021,42(5) :373-498.

[3] Andrade JG.Champagne J.Dubuc M, et al. Cryobal-
loon or radiofrequency ablation for atrial fibrillation
assessed by continuous monitoring: A randomized
clinical trial [J]. Circulation, 2019, 140 (22): 1779-
1788.

[4] Reddy VY.Neuzil P,Koruth JS,et al. Pulsed field ab-
lation for pulmonary vein isolation in atrial fibrillation
[J].J Am Coll Cardiol,2019,74(3) : 315-326.

[5] Bradley CJ,Haines DE. Pulsed field ablation for pul-
monary vein isolation in the treatment of atrial fibril-
lation[ J . J Cardiovasc Electrophysiol, 2020, 31 (8):
2136-2147.

[6] Wittkampf FHM, Van Es R, Neven K. Electropora-
tion and its relevance for cardiac catheter ablation[J].
JACC Clin Electrophysiol,2018,4(8) :977-986.

[7] Ramirez FD,Reddy VY, Viswanathan R,et al. Emer-
ging technologies for pulmonary vein isolation[ J J.
Circ Res,2020,127(1) :170-183.

[8] Maor E,Ivorra A.Leor J,et al. The effect of irreversi-
ble electroporation on blood vessels[ J]. Technol Canc-
er Res Treat,2007,6(4):307-312.

[9] Onik G,Mikus P, Rubinsky B. Irreversible electropo-
ration: Implications for prostate ablation[ ] ]. Technol
Cancer Res Treat,2007,6(4) :295-300.

[10] Neven K, Van Es R, Van Driel V, et al. Acute and

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

long-term effects of full-power electroporation abla-
tion directly on the porcine esophagus[]]. Circ Ar-
rhythm Electrophysiol,2017,10(5).
Koruth J S,Kuroki K, Kawamura I,et al. Pulsed field
ablation versus radiofrequency ablation: Esophageal
injury in a novel porcine model[ J]. Circ Arrhythm
Electrophysiol,2020,13(3) :e008303.
Yavin H, Brem E, Zilberman I, et al. Circular multi-
electrode pulsed field ablation catheter lasso pulsed
field ablation: Lesion characteristics, durability, and
effect on neighboring structures[]]. Circ Arrhythm
Electrophysiol,2021,14(2) :e009229.
Loh P,Van Es R,Groen M HA,et al. Pulmonary vein
isolation with single pulse irreversible electropora-
tion: A first in human study in 10 patients with atrial
fibrillation[ J ]. Circ Arrhythm Electrophysiol, 2020,
13(10) :e008192.
Reddy VY. Anter E, Rackauskas G, et al. Lattice-tip
focal ablation catheter that toggles between radiofre-
quency and pulsed field energy to treat atrial fibrilla-
tion: A first-in-human trial[J]. Circ Arrhythm Elec-
trophysiol,2020,13(6) :e008718.
Reddy VY .Koruth J.Jais P,et al. Ablation of atrial fi-
brillation with pulsed electric fields: An ultra-rapid,
tissue-selective modality for cardiac ablation[J]. JACC
Clin Electrophysiol,2018,4(8) :987-995.
Reddy VY. Dukkipati SR, Neuzil P, et al. Pulsed field
ablation of paroxysmal atrial fibrillation: 1-year out-
comes of impulse, pefcat, and pefcat ii[ J]. JACC Clin
Electrophysiol,2021,7(5) :614-627.
Futing A,Reinsch N, Howel D,et al. First experience
with pulsed field ablation as routine treatment for par-
oxysmal atrial fibrillation[ J ]. Europace,2022,24(7);
1084-1092.
Reddy VY, Anic A, Koruth J,et al. Pulsed field abla-
tion in patients with persistent atrial fibrillation[J]. ]
Am Coll Cardiol,2020,76(9) :1068-1080.
Ekanem E,Reddy VY,Schmidt B, et al. Multi-national
survey on the methods, efficacy, and safety on the
post-approval clinical use of pulsed field ablation
(manifest-pf) [J]. Europace,2022,24(8) :1256-1266.
Blockhaus C, Guelker JE, Feyen L,et al. Pulsed field
ablation for pulmonary vein isolation: Real-world ex-
perience and characterization of the antral lesion size
compared with cryoballoon ablation[ J]. ] Interv Card
Electrophysiol ,2022.
Nakatani Y, Sridi-Cheniti S, Cheniti G, et al. Pulsed
field ablation prevents chronic atrial fibrotic changes
and restrictive mechanics after catheter ablation for
atrial fibrillation[]J]. Europace, 2021, 23 (11): 1767-
1776.
Cochet H, Nakatani Y, Sridi-Cheniti S. et al. Pulsed
field ablation selectively spares the oesophagus during
pulmonary vein isolation for atrial fibrillation[]]. Eu-
ropace,2021,23(9):1391-1399.

(A3 B H1:2022-10-06)



