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Abstract

Atrial fibrillation is one of the most common arrhythmias in clinical practice, and catheter ablation
therapy for persistent atrial fibrillation (PsAF) has been a clinical challenge. PsAF ablation therapy
is based on pulmonary vein isolation as a cornerstone, but pulmonary vein isolation alone has lim-
ited efficacy. Atrial fibrillation ablation strategies have been optimised in recent years and have
shown promising results in clinical trials. Among them, vein of Marshall (Vein of Marshall, VOM)
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alcohol ablation, as an emerging technology, shows unique advantages and application prospects.
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1. 518

O B (55 B0) » 2 B AT IR H L O R 2, TR IR OE R SR o 5 T R A IR
BT BB — R e TR T 3o ERGHTIY ESC FERE[11H, SO W 296 T A FRPTEAN I 32 10 B A 1
ol R4 5 Bl (persistent atrial fibrillation, PSAF) & & 72 S EHAE AN | 289697 . PsAF M TR R M5
B, {7OESEFEE MO EA . ARYEtl, IF H AR S H Al R R Al & AT 58, T 53 PSAF B4l
E KR BRI AR TR 4y, AR LKA RE SO T JLHAER, R ER KRR B Al b, A R A
(LR AL AR A DX Rl 1T R 52 R 2 P Y i B A Ml ok ik 8 e ¥ R 25 2 P R SR U 2
WA SRR . AXRGNA T HATN AT PsAF 677 KT g K& LIRS, ik RSz T
TERRAL T 2145 .

2. EEARHLE

RN R 2%, HoRE ey, ERAEBIGDT T, BHAES R B L 2
LePIANTI T 53 2 s B fid B M REAL AR o

2.1. EEfRAE

1998 £F, Haissaguerre 55 N7t A& B 51 L b3 Wi F) 5 (. # 51) QAeibe bk, 412 Hhi g I 5 4 ot
WU A I S A 4 0 1 B B, I mT I SR R R [2] o AR o Ik 4 % AL TR B, S
IR BRARAT B AR AR I X I, XA A UE WS R R I B0 A R S B LR 3] s B
KA O G U RSB 50, X RTREAE O b UL AR 9 Al A Bl DL SR AT IR (B i R £ AR
IR 873 R 5 55 WU AL 35 DDRE < o 200 P 85 8 A B S 52 s B i 4 51 98 9 ) 2
HRF, Ca?"H#< FECL VAN VR MBEEGE 2 1) Ca?t, — il RHT 5T, Patterson 55 A& H
KRRk SR A R Ja £ AL o T Ca? Bk as HRIATHE N AT Na-Ca 523 I8 N T e [4]. Ji4b, O IEE
T R GEAE s WA fih A AN A rp R o 2 G BRI

2.2. BERHEFFHLEI

—RZTHRPIEE, H Moe S ASLIRHT FTATHEHLSLIR H AR L, IO B4R T 0 5 A
I AFAE R 2 AT HTIR B, IXLEHTIRPAE o b AN RESE . 3 REANELAL, TR A% ) LI S AR AT 175
KBS —REJRIEED, O RAL R E R I B AR R RS, SR e TR FLL P A,
RAMPRE B S E N AR YA, T BEH R R T A, IR RREB R . =R T,
J B o — MRS E I E RN, R SE L D SRR, B TR IR E R T, T
TR0 B AN BT PRI A e A T B M A% [6] -
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3. PSAF SEHRIRRE

i e o G 25 2 o5 SV RV T BRI SR A A A A B B B HE L BILAR, R A R
J A 5 B T, e K R B R Ak P ) S R LIS B, RERE R RLEE B R . AR, 5
Bk s BAH L, PSAF JHRE T AREIA BB 2. — T Meta 70 HTilIE, 29N T 14 TiwsE, 3t 956 4
PSAF B3, HIRFEHRIATT PSAF RRINZN 43% % 67% [7]. (EFEHMAS FHEE K EEF,
LT ], b5 BRI R R, 8006 Y 53 il i Jik A7 2 B A% 3K E[8] [9], 31X 3 W] S L fif e
KRR B3 AME R R B, H AT AN A ROD Bk 5 i D gdR B AR & PSAF BE TR
A R -

3.1. Z&4iER

i B kT DAAES 2L 4k [ . 5 o 5 3 AR P, o0 5 8 oL 31 R e 20 0 R XIS, i
BIAREBATITR, SBOLRMEARRYAERE . WIRIGS . MFH5: OB E B MR, o0 5 5 BE 5 il ik
AR, BONNFELERF PSAF FREAE FI[10], 2 Ik b 885w LU RIoK B 720 b5 Jm BER S AL fil e, B
BUO RN AR I3]0 DR AE frrig DR BBt Ly 50 200 o5 TR 04T L PV R, TR BRCR IRV i DX 33,
IEB F e 3 Ji B R 25 10V R SRS LI R S, SR el T B A B AN R (M B B, I 1AM
WIS, 5 s i BEH R o By — e ARV . — S0 PRGNS 2 T, BRIN 22 5 e B ¥ i 2L P f i e Jik
THRLALR 8, RJE 12 D AR RO B R RIS R EZS, o5 e BERC i Bk T AN BE s b
ORI R[10]. “2C3L” RRJEIRIR_EIRYT PSAF S5t F IR b SR mg , (H HHE i SR A T~ 2R
Mol S S L e A T BEL, 7 B DB I O AN Ak E Marshall ) 7 ik 2 — Sk i 52 4= P
B TI FAAR SR DR P8 A A 1) KT A2 55 A1 B B LR K

3.2. ERMEHBLLHM

52O AR PV R — o 5 R 5 5 LAY 5 B R S . Nademanee S5 [11] ¥ 5632 H B 2R R HLAGL
2 DR A WA Y AR BRIV R R b UM ZE 1R IR 8 SR O AR BE R BT AN B A
M PsAF #AT AR AT R, £ MV Th, 91% B P 4ERF SO . ZERE TR, fERIK
B T T A i I K s 125 30k 45V R 2 2% A 2R P S A e SR DV O 5, (H TR I [ 38 [ 1.2]
STAR AF 11 [8]52 — TR R BEALNS MR 56, 25 R A BILAE il i ik s 128 A Bt b 14T 2 1k R B AR 2% 70 0o v
P R R PR PSAF SBBE ARJE B, Hor, “RIMEBRAIR BE ¢ 4 P 2 EEF K 22—

3.3. {REEEXiEiHR

E HaL e DX 35 7 R 00 B AR Y, 38 DR RO 5 P AR FRL R DX, S e 5 T, AT 9K
b EEYERE RN K . Gang Yang ZE[1318/F 5T, FL48 N 164 I HERE & 1 55 B %, Kaplan-Meier 7 #7 &
s BV 24 A F AR HL R DX Rl 2 - 0 a3k 3 b 2E S5 RO A E R R 1K 233 69.8% 11 51.3%, T
7 s R AR 5 R BT A2 R 5 s h 2 B R s T i s A, X R BRI PR R S s
OBl I TE ) R AR BRI o B0 AR R XA T Y A, A X A B TR S T — B TR
JREBLEL A S L, AT A O 55 (1 BE AR B A9 B 053 . — TOUT IS P UL 2 BA SR 72 [14] K B, FEMIRHR
JE DX V2 W AR vk B BUR R i, DAZE s H R DR Al R 9 i 5 7 3 SR U X 7 RCRTBR , AIRHL
(X AR FE S I fELE X 38 204k 5 R O ST T IR 26 o AR )32 AR H J X VR il mT e B o s 2 L #5145
BRI M AR 7E 5 25 A AE B B R 5 1R R ARG, R G4 9 i 3 Bl R R P R I LR X
O B B RRR  —.
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3.4. ¥FiHm

e r 2 — MR R IL R DI REMEAT IR, A O DR ELARRE R ATl DAIRIR T U . e 13
ROAT DASE e s B TH R R ED 2, #E CONFIRM RIG[15] 7, B UCUEBIAE N 28 b BT DA H 1 A £
Jik T 2 R R R A4, 1R AT HE PEHRE PSAF B340 FIRM (IR kRE B + %1 mb) Aot i
21 (AU KB 25), S5 R I FIRM AR o ) s B0 1 20 W G5 v T o0 FR 2L o R T Vi i ) i R BRAF
FE—E MG — TR BER TN E AT IH LA T () PSAF 8, B ikiams + #rigmidls ot
i o S LA L, BRI V8 R4 ) SR VAR R W R AR i [16] o PR A 75 ZER R AT HE 1L F TR PP
Wiy BRAE PSAF AR5 R 17 2%

3.5. BfiERRKSM & kT ER

i k2 PSAF FEEIMl A AL AT, 11% 03 7] 51 KA ER Bkl A 25, PSAF B3 7O b il R 28 1 s
B R 28 1 TR R s WAL 7] o St ik A Mk R ek LT AR FE O B B (IR (JC A2 OF [ &5 11 2% X))
FERSE. Bk L Marshal 9155 o bl ko i L IR AR I s ik A A bk 22—, FERRSEPE KK AR PSAF
SR AT AR 5 R R DA B A AR s B A R T 2R, b s R O 1 s B s B R UG 9K [18]
TR SEI fih & R AR H WL, ARSI AE AR R M B[ 19] B b, e B NN TRk R, IR TS
S Mo Bl isk TSR R R O () T A VR A e R S ik TR 2R [20]. - Marshal )77/ Sy B 28 1 il e ik A/ ik i s L9
RRRE T DAV B s WU A fid o, 6 B TSI A M e A B, B R E T TR ThF . BT
Marshall #)7f7i85E Marshall ##k(Vein of Marshall, VOM)TE/K 2.8 W £ 2 )z S T IR, BCAIRTT
PSAF [ 5 2L Rl S B
4. FEHRLEEE

J B AT RloE i R TSR R RE B (B A IR R VRIS 3 B B e HLAE SRR A (U ik
FI) o R ESCHESTET 1. ik B R 2. 90% LA b (¥R &P s B i e ik S S P 51 A, 1 s G ) T 4L
SURTPHI o B AE T 20 BRI R GEF THeEtk 5 B : B PVI Ab, WTRERE VHRRZS O b5 G BE . TR 52
TR AE X . VRIS LT B BAIT T BRI, JU AR R R M B BRSO S
ST R B ) — BRI B o VA VR AE R P BREE S HOR , BREEL il bk 1130 R 5 0 5 5 R GA VR R ==
T BGES: B35 S AR AT A o SR P BT AR T 128 st SR AT i S R v K, R 8 — U e Bt e K I 25
EAFERNZ, WIRGEEXT AL E G RA “ORRerE” F55, UM ERALNEHGEE. Ris
L) IHRIR B AU, X TE— B AR LR T AR S AE (1 RS o ikt L 37 Y R A Dy — AR B R RV
RREEA, FEAE FL A SU% B (DL 45473 o JUL T 0 G B A L IR o 220 55 ) Bl 5 R0 17 ) R ORI T e 4 o ik L)
VH T B2 R s B0 A P B 0V R R T 6 5 A G S AR 2, (R OR I (R BE G, L RO AU 2 3 PR A1
MANIFEST-PF 2 EUPORIA %52 1.0 . HTBEVERT SR BIAE RFEAR ATE T, fkod s 37 8 Blia 97 5 B A
A R Je e Ak

5. Marshall ¥1E5;8Rk
5.1. Marshall ¥)8s iR zE 4

Marshall #)7f7 7 B AT T AP ER 0 AT, A5 VOM., IR A4 RIS ka5, Hok
ITEEFIERZ AR, HEANHASIEACHENL, AT 05 fEREREE AL, @ik CAMEER T 5 S
FEMRGERK, HA, VOM & HITA FIbiEbkat, 274 FEikrbB ks, HmHt Rk, &0
TR IR S2[21] [22].
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5.2. VOM Fo7k Z EE Emrta{E B

VOM VE S T K 2 BERe 55 N FLJE FBLC 55 WL, 75 56, Marshall 9175 /2 5 5 B Bk 4B 1 E B & k2 —,
HARE G A EMELAYE, I H SR AL EAHAT, kAR 2 Marshall 8175 (1.0 4B E
T Ak 2 R AT B Marshall 305 6 5 07 fid i bk 2 R B R e A, B8 R e s g AIMOU i 125 e % e A i e ok i
G| s RS, PEWTAC O 5 5 20 Bl bk 2 IR A 3, 8 v T 75 U Rl B R A s e e 45 4
A AHAR I B GKRI[23] LA B FAFTE AN AR 22 5 [24] FRARTH R AR, A7 Bl E F B s 1)
FeAME, RERESCEEBELR A, T S AU X ] BEL , PR R K% . b4, VOM To7K ZEEH
RS T A5 Ji i ik 76 4345, a3 ek i e ek SR AT A 1], X T VOM JEK B Bk Rk, EF £
WA R E, 40 VENUS [25]. Marshall-PLAN [26] % PROMPT-AF [27]#f 5T, Marshall-PLAN #f 57 &t
7~ PSAF i35 511X Marshal1-PLAN R J5 12 A H EhZ1E 79%, H BRI nI 17118 90% A I, Btk 4
PVI R KGN F AR I AIER AR, RSO 5 TRE. PROMPT-AF W 745 E W], PsAF #3 “ 2
R 2C3L” SRS H A A S 1 4T RO R R RN 70.7%, B0 1% Gl ik b 25 20 (6 1.5%) . VOM
To/K ST R & T8 T il 25 0 PsAF BE RS 12 H N OERRE R AR, ST ARBRIIE.

5.3. VOM Tk ZEEL FiEm I R 214

FBhTE VOM oK OF ALY, TEAE] VOM A8, BAFSAE RN, Sy KE R, 17
FEARHE L S DRERI P RN, PRIE VOM Jo/K ZWEH k) 2 ek SO A B2 R SR R 2 —. Bkt
M2 TZER T, HiBI VOM oK 2B VH R RE NS A1 55 B s 19 52 R 3 T R D S B0 2 e s XL v oL
W, (ECRIEINAS RO IR AR, B I 2ok & %2 41k [28]-[30]

6. &t

PSAF 52 — ML = 2%« MELUIGRYT B R H W, H B2 o i 5 52 22 P R 3RO L, 2 M Ak o 20
SLAHh_E RPN RS < AT, R R B AL AL, R B 2 I R i
—IBESE . PSAF 69T IR T LR B SR BOR AL I RIESE AR RATMEALIR ST - IT. VOM Jo/K LB
Ry PSAF fRVATTHRAE 7R RO BRI T 7%, F AT O i PRI HoA Rk K 2z et AT i e, B IR
WETCHIRA LU BB AT 2D, VOM Jo/K RETH Rl RN PSAF T RLiA T (0 Z 4L Al 7y, 3
e RIS F AT 5 R, 4 PSAF S35 117 R BEAR VAT TR .

SE

[1] Van Gelder, I.C., Rienstra, M., Bunting, K.V., Casado-Arroyo, R., Caso, V., Crijns, H.J.G.M., et al. (2024) 2024 ESC
Guidelines for the Management of Atrial Fibrillation Developed in Collaboration with the European Association for
Cardio-Thoracic Surgery (EACTS). European Heart Journal, 45, 3314-3414. https://doi.org/10.1093/eurheartj/ehael76

[2] Haissaguerre, M., Jais, P., Shah, D.C., Takahashi, A., Hocini, M., Quiniou, G., et al. (1998) Spontaneous Initiation of
Atrial Fibrillation by Ectopic Beats Originating in the Pulmonary Veins. New England Journal of Medicine, 339, 659-
666. https://doi.org/10.1056/nejm199809033391003

[3] Santangeli, P. and Marchlinski, F.E. (2017) Techniques for the Provocation, Localization, and Ablation of Non-Pulmo-
nary Vein Triggers for Atrial Fibrillation. Heart Rhythm, 14, 1087-1096. https://doi.org/10.1016/j.hrthm.2017.02.030

[4] Patterson, E., Lazzara, R., Szabo, B., Liu, H., Tang, D., Li, Y., et al. (2006) Sodium-Calcium Exchange Initiated by the
Ca?* Transient: An Arrhythmia Trigger Within Pulmonary Veins. Journal of the American College of Cardiology, 47,
1196-1206. https://doi.org/10.1016/j.jacc.2005.12.023

[5] Moe, G.K. and Abildskov, J.A. (1959) Atrial Fibrillation as a Self-Sustaining Arrhythmia Independent of Focal Dis-
charge. American Heart Journal, 58, 59-70. https://doi.org/10.1016/0002-8703(59)90274-1

[6] Guillem, M.S., Climent, A.M., Rodrigo, M., Fernandez-Avilés, F., Atienza, F. and Berenfeld, O. (2016) Presence and
Stability of Rotors in Atrial Fibrillation: Evidence and Therapeutic Implications. Cardiovascular Research, 109, 480-

DOI: 10.12677/acm.2025.1551567 1863 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1551567
https://doi.org/10.1093/eurheartj/ehae176
https://doi.org/10.1056/nejm199809033391003
https://doi.org/10.1016/j.hrthm.2017.02.030
https://doi.org/10.1016/j.jacc.2005.12.023
https://doi.org/10.1016/0002-8703(59)90274-1

BT, ERE

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]
[19]

[20]

[21]

[22]

[23]

[24]

492, https://doi.org/10.1093/cvr/cvw011

Voskoboinik, A., Moskovitch, J.T., Harel, N., Sanders, P., Kistler, P.M. and Kalman, J.M. (2017) Revisiting Pulmonary
Vein Isolation Alone for Persistent Atrial Fibrillation: A Systematic Review and Meta-Analysis. Heart Rhythm, 14, 661-
667. https://doi.org/10.1016/j.hrthm.2017.01.003

Verma, A., Jiang, C., Betts, T.R., Chen, J., Deisenhofer, I., Mantovan, R., et al. (2015) Approaches to Catheter Ablation
for Persistent Atrial Fibrillation. New England Journal of Medicine, 372, 1812-1822.
https://doi.org/10.1056/nejmoal408288

Ouyang, F., Tilz, R., Chun, J., Schmidt, B., Wissner, E., Zerm, T., et al. (2010) Long-Term Results of Catheter Ablation
in Paroxysmal Atrial Fibrillation: Lessons from a 5-Year Follow-Up. Circulation, 122, 2368-2377.
https://doi.org/10.1161/circulationaha.110.946806

Kistler, P.M., Chieng, D., Sugumar, H., Ling, L., Segan, L., Azzopardi, S., et al. (2023) Effect of Catheter Ablation
Using Pulmonary Vein Isolation with vs without Posterior Left Atrial Wall Isolation on Atrial Arrhythmia Recurrence
in Patients with Persistent Atrial Fibrillation: The CAPLA Randomized Clinical Trial. JAMA, 329, 127-135.
https://doi.org/10.1001/jama.2022.23722

Nademanee, K., McKenzie, J., Kosar, E., Schwab, M., Sunsaneewitayakul, B., Vasavakul, T., et al. (2004) A New Ap-
proach for Catheter Ablation of Atrial Fibrillation: Mapping of the Electrophysiologic Substrate. Journal of the American
College of Cardiology, 43, 2044-2053. https://doi.org/10.1016/j.jacc.2003.12.054

Fadahunsi, O., Talabi, T., Olowoyeye, A., lluyomade, A., Shogbesan, O. and Donato, A. (2016) Ablation of Complex
Fractionated Atrial Electrograms for Atrial Fibrillation Rhythm Control: A Systematic Review and Meta-Analysis. Ca-
nadian Journal of Cardiology, 32, 791-802. https://doi.org/10.1016/j.cjca.2015.07.008

Yang, G., Yang, B., Wei, Y., Zhang, F., Ju, W., Chen, H., et al. (2016) Catheter Ablation of Nonparoxysmal Atrial
Fibrillation Using Electrophysiologically Guided Substrate Modification during Sinus Rhythm after Pulmonary Vein
Isolation. Circulation: Arrhythmia and Electrophysiology, 9, e003382. https://doi.org/10.1161/circep.115.003382

Yamaguchi, T., Tsuchiya, T., Fukui, A., Kawano, Y., Otsubo, T., Takahashi, Y., et al. (2018) Impact of the Extent of
Low-Voltage Zone on Outcomes after Voltage-Based Catheter Ablation for Persistent Atrial Fibrillation. Journal of
Cardiology, 72, 427-433. https://doi.org/10.1016/j.jjcc.2018.04.010

Narayan, S.M., Krummen, D.E., Shivkumar, K., Clopton, P., Rappel, W. and Miller, J.M. (2012) Treatment of Atrial
Fibrillation by the Ablation of Localized Sources: CONFIRM (Conventional Ablation for Atrial Fibrillation with or
Without Focal Impulse and Rotor Modulation) Trial. Journal of the American College of Cardiology, 60, 628-636.
https://doi.org/10.1016/j.jacc.2012.05.022

Kirzner, J.M., Raelson, C.A., Liu, C.F., Thomas, G., Ip, J.E., Lerman, B.B., et al. (2019) Effects of Focal Impulse and
Rotor Modulation-Guided Ablation on Atrial Arrhythmia Termination and Inducibility: Impact on Outcomes after Treat-
ment of Persistent Atrial Fibrillation. Journal of Cardiovascular Electrophysiology, 30, 2773-2781.
https://doi.org/10.1111/jce.14240

Santangeli, P., Zado, E.S., Hutchinson, M.D., Riley, M.P., Lin, D., Frankel, D.S., et al. (2016) Prevalence and Distribu-
tion of Focal Triggers in Persistent and Long-Standing Persistent Atrial Fibrillation. Heart Rhythm, 13, 374-382.
https://doi.org/10.1016/j.hrthm.2015.10.023

HKIER, R, EER, & KERFSEMFES EE#ki e 2m 7). B g R E, 2019, 46(5): 301-304.
Della Rocca, D.G., Mohanty, S., Mohanty, P., Trivedi, C., Gianni, C., Al-Ahmad, A., et al. (2018) Long-Term Outcomes

of Catheter Ablation in Patients with Longstanding Persistent Atrial Fibrillation Lasting Less than 2 Years. Journal of
Cardiovascular Electrophysiology, 29, 1607-1615. https://doi.org/10.1111/jce.13721

Della Rocca, D.G., Gianni, C., Gedikli, O., Chen, Q., Natale, A. and Al-Ahmad, A. (2020) Provocation and Ablation of
Non-Pulmonary Vein Triggers in Nonparoxysmal Atrial Fibrillation: Role of the Coronary Sinus. HeartRhythm Case
Reports, 6, 231-236. https://doi.org/10.1016/j.hrcr.2019.10.010

de Oliveira, 1.M., Scanavacca, M.1., Correia, A.T., Sosa, E.A. and Aiello, V.D. (2007) Anatomic Relations of the Mar-
shall Vein: Importance for Catheterization of the Coronary Sinus in Ablation Procedures. Europace, 9, 915-919.
https://doi.org/10.1093/europace/eum175

Hwang, C., Wu, T., Doshi, R.N., Peter, C.T. and Chen, P. (2000) Vein of Marshall Cannulation for the Analysis of
Electrical Activity in Patients with Focal Atrial Fibrillation. Circulation, 101, 1503-1505.
https://doi.org/10.1161/01.cir.101.13.1503

Gillis, K., O’Neill, L., Wielandts, J., Hilfiker, G., Almorad, A., Lycke, M., et al. (2022) Vein of Marshall Ethanol Infu-
sion as First Step for Mitral Isthmus Linear Ablation. JACC: Clinical Electrophysiology, 8, 367-376.
https://doi.org/10.1016/j.jacep.2021.11.019

He, B., Zhao, F., Yu, W.,, Li, Y., Wu, X. and Lu, Z. (2022) Ethanol Infusion of Vein of Marshall for the Treatment of
Persistent Atrial Fibrillation: The Basics and Clinical Practice. Journal of Cardiovascular Development and Disease, 9,

DOI: 10.12677/acm.2025.1551567 1864 Il R 125 23k i


https://doi.org/10.12677/acm.2025.1551567
https://doi.org/10.1093/cvr/cvw011
https://doi.org/10.1016/j.hrthm.2017.01.003
https://doi.org/10.1056/nejmoa1408288
https://doi.org/10.1161/circulationaha.110.946806
https://doi.org/10.1001/jama.2022.23722
https://doi.org/10.1016/j.jacc.2003.12.054
https://doi.org/10.1016/j.cjca.2015.07.008
https://doi.org/10.1161/circep.115.003382
https://doi.org/10.1016/j.jjcc.2018.04.010
https://doi.org/10.1016/j.jacc.2012.05.022
https://doi.org/10.1111/jce.14240
https://doi.org/10.1016/j.hrthm.2015.10.023
https://doi.org/10.1111/jce.13721
https://doi.org/10.1016/j.hrcr.2019.10.010
https://doi.org/10.1093/europace/eum175
https://doi.org/10.1161/01.cir.101.13.1503
https://doi.org/10.1016/j.jacep.2021.11.019

AT, FRE

[25]

[26]

[27]

(28]

[29]

[30]

270. https://doi.org/10.3390/jcdd9080270

Lador, A., Peterson, L.E., Swarup, V., Schurmann, P.A., Makkar, A., Doshi, R.N., et al. (2021) Determinants of Outcome
Impact of Vein of Marshall Ethanol Infusion When Added to Catheter Ablation of Persistent Atrial Fibrillation: A Sec-
ondary Analysis of the VENUS Randomized Clinical Trial. Heart Rhythm, 18, 1045-1054.
https://doi.org/10.1016/j.hrthm.2021.01.005

Derval, N., Duchateau, J., Denis, A., Ramirez, F.D., Mahida, S., André, C., et al. (2021) Marshall Bundle Elimination,
Pulmonary Vein Isolation, and Line Completion for Anatomical Ablation of Persistent Atrial Fibrillation (Marshall-Plan):
Prospective, Single-Center Study. Heart Rhythm, 18, 529-537. https://doi.org/10.1016/j.hrthm.2020.12.023

Sang, C., Liu, Q., Lai, Y., Xia, S., Jiang, R., Li, S., et al. (2025) Pulmonary Vein Isolation with Optimized Linear Ablation
vs Pulmonary Vein Isolation Alone for Persistent AF: The PROMPT-AF Randomized Clinical Trial. JAMA, 333, 381-
389. https://doi.org/10.1001/jama.2024.24438

Ge, W, Li, T., Lu, Y., Jiang, J., Tung, T. and Yan, S. (2023) Efficacy and Feasibility of Vein of Marshall Ethanol
Infusion during Persistent Atrial Fibrillation Ablation: A Systematic Review and Meta-Analysis. Clinical Cardiology,
47, e24178. https://doi.org/10.1002/clc.24178

He, Z., Yang, L., Bai, M., Yao, Y. and Zhang, Z. (2021) Feasibility, Efficacy, and Safety of Ethanol Infusion into the
Vein of Marshall for Atrial Fibrillation: A Meta-Analysis. Pacing and Clinical Electrophysiology, 44, 1151-1162.
https://doi.org/10.1111/pace.14263

Li, F., Sun, J., Wu, L., Zhang, L., Qu, Q., Wang, C., et al. (2022) The Long-Term Outcomes of Ablation with Vein of

Marshall Ethanol Infusion vs. Ablation Alone in Patients with Atrial Fibrillation: A Meta-Analysis. Frontiers in Cardi-
ovascular Medicine, 9, Article 871654. https://doi.org/10.3389/fcvm.2022.871654

DOI: 10.12677/acm.2025.1551567 1865 Il R 125 23k i


https://doi.org/10.12677/acm.2025.1551567
https://doi.org/10.3390/jcdd9080270
https://doi.org/10.1016/j.hrthm.2021.01.005
https://doi.org/10.1016/j.hrthm.2020.12.023
https://doi.org/10.1001/jama.2024.24438
https://doi.org/10.1002/clc.24178
https://doi.org/10.1111/pace.14263
https://doi.org/10.3389/fcvm.2022.871654

	持续性心房颤动消融策略的研究进展
	摘  要
	关键词
	Advances in Ablation Strategies for Persistent Atrial Fibrillation
	Abstract
	Keywords
	1. 引言
	2. 房颤发病机制
	2.1. 房颤触发机制
	2.2. 房颤维持机制

	3. PsAF导管消融策略
	3.1. 线性消融
	3.2. 复杂碎裂电位消融
	3.3. 低电压区域消融
	3.4. 转子消融
	3.5. 肺静脉外触发灶消融

	4. 房颤消融能量
	5. Marshall韧带消融
	5.1. Marshall韧带解剖结构
	5.2. VOM无水乙醇消融的作用
	5.3. VOM无水乙醇化学消融的安全性

	6. 结论
	参考文献

