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[ Abstract] Catheter ablation has become the first-line treatment for patients with symptomatic atrial fibrillation who are poorly

controlled with drugs. As a new technique for the treatment of atrial fibrillation, cryoballon ablation has been applied more and more in clinic.

In general , pulmonary vein isolation can be achieved after a single cryopreservation, which has advantages over traditional point-by-point

ablation-based radiofrequency ablation. However, the clinical application of cryoballon ablation is short,and there are still some complications.

This article summarized the mechanism and prevention and treatment measures of its common complications.

[ Key words] Atrial fibrillation; Cryoballoon; Ablation; Complication

O BBl (5 B J2 fi o DL YRR R 2 e O
R AR R R S L B B AL AR
TREFR A R, [ R R T AR T KR,
JEHEAE R AR R B0 R P o JE T A bk e B
( pulmonary vein isolation, PVI) [ ¥ 1% BR ¢ 75 @b AR
(cryoballoon ablation, CBA ) , 7E3:d 25 JLAE P E U IBIT
AN B X IR M B B BT B S M HOR o A
X5 H TR R 28 58 S0 Rl R (radiofrequency
catheter ablation, RFCA) , ] F AT E & S AL, FAR
it ] HL A B 4 4, BT8R 45 F RFCA™ . CBA £ &
E-HLR M E -50 ~ 30 CHREE . TR RIS
MRt AR A AR 2RO LA M 25 A AR IR AE, AT
IRENH R o SR, 3 — 2ok AR AT BE X il 4H 4t
RAIMENT o CBA A7 I 23 K Az —SE I R AE , 491 4 pf
25 iR ( phrenic nerve paralysis, PNP) | .0 5 8 & 5% .

ESWE IR EARBIH LW (EHKRIH ) (2016ACA153)
BIS1EE P, E-mail ; huangcongxin@ vip. 163. com

A Ae ZE | fili § ik 3k %8 (pulmonary vein stenosis, PVS)
o PR CBA M LB 4 B £ IE RAE M By iR
i
1 PNP

PNP J2 55 B fl6 97 W8 WOF R 2 — o HOR
R T RFCA, 5 WL F CBA H, 7 5 %) STOP
AF #5352  tp CBA 1 PNP [ & AR 20 11.2% , Kk
ZHRF AR ATAE 1 AE NG R, 29 1. 5% 1y %
TE 1 ARG HRESEAELE PNP IR . FHARIANA 1 221 i
F 25 B BR, CBA R PNP & 4 %l
6.38% , il oS PERY 4. T3% ) AEAR G A Hiat
PE PNP, JLrH,0.37% 1) i3 PNP RpZinf (Al i1 4F
MR V2 R IR R 1 ol [ R ERAE 22 50 i 35, PNP & 2
RGBT B, (AL 58 1) RFCA ) PNP & A= R 24 fy
0.1% , —FHAW e kR .



- 674 - OB F IR 2023 48 A% 44 B 8 ] Adv Cardiovasc Dis ,August 2023 , Vol. 44, No. 8

ff IR 2T PNP ) kA5 5 R, R
ZRIETHE = U AHM L, A2 AL
KRB A 78 T B K A A w0, 28 3 A i # ik
L FEFRIK B AT O s s FAb . AE R R 24T A T A SR
kG 7 W Sk S S kT DB R AL ET
Ko AMmAPZEIE B4 N IRk R FE 29292 7. 8 mm,
TIEE B A7 b M AR i i FE B 20 2. 1 mm™) | [R) g
PEAT 1 W #5 Jok 22 A IR P 28 19 B 8 R % 55 e o
PGS, 247 LAl #R kAT CBA B B 4% 5 & A= 46
o BT, LN ZE WS PNP [ & A HH ¢
(1) BRIt BT 1 RS 5 (2) BRI A Bk 5
A0 B AT VEER]IE £ 5 (3) H50 /0N 08 Jii i Jok 141 30 i/ 6
A o AN BRAE I /N e T IR A 0 A A
AT DAL T ke A b s e SR A 22 1 D B

PNP (1% 5L 1A R AT 2% 30 A W Wk L WE 06 0 I % TR
ME o FEAR iz A0 AT X2 2 g ALz Bl IR HE, anig ALda
15, R AL S G I SR B At A R 2
Mok sE R sk, Hoadk el EmA L
FERR RTINS 3T00 55 A8 SR, e R BR R 1Y) 17,
LA 1000 ~1 500 ms [ J& 513647 I b b2 48 B
T 25 S EORUE 55 o Wk i v o7 R e i
SEMFERE MR A, S FE R T DG & T
I L k32 e T s AL 6 1 e 32, 4 & 2B R L 4
FEa R AR T $278 PNP k4. IRILE 7323l 3))
A HL A St A By T MR L 8 s B b 2215 L
AT DA o 2 A R VLR S (R 2% B 1 WA s AR Ok i
SO YA TR BRI, T LA SR bk E ALY
W BEAT I, BFE Y R IR L A is shah e
PPRIE T BRI 35% fHi#7~ PNP, A5 B+ 730 & Bl
P O PR P R kO T A5 B F & 3 PNP,
H1F CBA 1 PNP [ &% & F RFCA, Hij 2 AR
K 2 Al £ T B[R] i W AR A 2 T RE

AR HER 2 PNP [ % A, 1 37 B HEBR il 2 51,
A GUS PRI, By (ki — 5 . R &)
REALE B0 b VK A2, 1T LB 5 o7 BR A 107 B Ak 53R
7o FEREIIRA U () 3 B of, LT B A PNP #R 2 Al
(o KT T EFT A7 20 00 e i) 58 o7, 384 300 1)
TTAFAN R IR Pl 22Dy RE W, w8 38 02 3 P 3 4
MR
2 LDEREE

BB ETIENAETE A0 s Z )5, TE RS Y 220 By
T REYT B 2 R A 30007 , D B0 DL T W] i J 0 s
B, O IR S D W A C 0 T IR &
JEZ —, R AR 2K 0. 01% , {H HFE 177 % 1] ik
64% "l TR ERIEAR E R, O R BGE

AT A 0 B K o BRAEAE AE T M Bk 4
SEICAE bt R ORI M, O ) S T, R
TE T il 72T e K sy o 25 5 2 LR B

— AR, B R A AL TR R AR
1, SECEABZ TR, PR &8 st v kit
(R F DL Ke v VR S SR BE S BB R B 5 A oG . IR
AT AT RER O A A, L HOR A TR K. B
BT T 00 b 5B Z [ A sy 2, 3 4
JE AT LA B AR 5 R A ) 4 3R P ol 0 £ A 180
TENGE T ]SSR i AR 5 1R 1 A RIS e AL, Z
Ja KA IRFE

B i PN TR I R A TN A X T R , - mT
RE R R e e A R R
FHLE T REE 15 CHHME IR, T LI RG4S it
Py kAR HEHXT PVI 7 80% A BB 2 . i)
5% 5 5 1] ( time-to-isolation , TTT) 7 L F5U 314 fif SR , 76

N PV R B[R] B, 46 2 VRS [B], AT R &

REAY KRR AR T 2022 4F & RGN 2 289 ]
BB p R, B TTT S8 0] A4 6 T
ARBS[E] 25 26 min, 7] B 46 52 B ALE A] 29 3 min, AR,
FEREATF AR Z T, v 100 B P A o~ 2 4900 i) 551 45 245 4
B RR A2, AT LA £ A B kA —
B EAEFARIGA S BRI B8 H A R aER,
IR A i T AN B A G T, MR E R
TR M A b e e B R i 2 A S E R
KT TSR, HEBRAHIC AT BE
3 MmigK=E

AR FE S b BT 48 T Al R 19 0L 9F R IE 2
— o BEEBAEE AR, Hok AR BT 0, (HA)
ABETE 2 AN, W, EHITHM T ARSI 2D
3 AR A BB YT, O & B g RSO 3 R
X0 7 AR R T PRAR, , (E AN 0 A AT A RT BE B ast
oo FA A BAE T B8 (AT AEAE 10 By 12 I
%o BLAN, ZE R EAE TN VR g | A () L 8L 405 L SRy o
IR () WA B AS [ Rt B o s = T 7 NS S @ i 3 1
MBI .

— 5P @R, CBA 5 RFCA 1 Bl F-A 3 1l 4%
W gE R AERARL, Y 0.3% . W SEf b F2 0 i
B A i a1 &2 A B T R A e I = R A
TEAT AR F A I A e R I L EARFTAR G #E4T
FEPTBEER YT A B TR AR AR AR ZE M R A
4 PVS

PVS J& b5 Bl i il - R 5 0 F UL T &RE , J0 HO& 7E
RFCA J5. CBA £ ARM I, A B T X fp 5 FAR
AR I BAE . SR, B8R 4 22 19 B 27, CBA Jf:



OB AR 2023 48 A% 44 B 8 ] Adv Cardiovasc Dis ,August 2023 , Vol. 44, No. 8

- 675 -

ARESE Ak PVS, — 312021 4£ R AYANA 2 336 H
BE BRI BoR , SECER R TR B
PVS [ ik kA= %k 0. 17% , Watanabe 25 fg—Jji
AN S0 BB IR R B, A2 b i K S e T It
WKAEZE 7 RECA J5 (1% 20T e 10468 s 100 T R 23 31 ik
JNT 19.9% F1 15. 3% , i £ CBA 2043 %K 6. 8% Fil
5.1% ,#2/~1E CBA J5 PVS A2 /T RFCA, @,
PVS by Jils e ik A B 405 5 2 , im0z 5 S ZH 2L HE
e A AR . A A A A SR o™ S A
DAy DA A R A P78 . T CBA BRI XS N B S 4
ZRH AR BN, OB U IR 4 2 s 1 4,
P PVS 5 AR R

PVS (SR IR SR T B A FE T, A4 57 ) P 01 A
ME g R IR W I, A I T BB R 12
Mg, AH Z FER BT AR ZRIB T TG R Bl A 9 o ik
Je& , AT LA A 2 ik e i )R RORAAE o PR 44T
Jo BT Rl A I %) B I 3 JUk v s ) A AR I
% PVS, HAZ2 Wi ] DLiE o 28 £ 45 88 75 0 3 R £
V/ QA% B A AR AR A CT JEATIEAS . 45
BERA T HEIER PVS, Al BT EEAE A KR
CBA F:E( PVS J&— R4k eas , i T4r 4tk
SRS, B BR Y 5K R L BE IS W6 =T Ak, D
SRS ATA AR KA A A it R B 7

A TR RO 101 3 R Bl sk B8 R 0ok /N, (75 T i
AT N A DK TR Y AL N, 2336 PVS 1y & A
YA BRI AL 2 PVS iR AR, R
T Rl S T 1073 A R FE AR R ]IS I ] TTT 45 e i) 5
B ivs VR s [B) R 0 /D PVS B & A il e Ik i, A it
5 BERRATE RS IR TP PVS A H B,
5 NG

IEAh, CBA #24E hid v] B8 & A= 3B 0 A
B e B WL 27 AL 35 57 DL 0 R 0, DA B A ] ot
EARAEA TR ACAE , 0 2 AL S it ey ¥4 ot fie it A5
T I e 75 A 284 . BRAERIFE ) B 2, 7E K 3
1 S Zh % 7 1T, CBA I RFCA AL, 1 CBA TR
WAL AN B JE O™ B PVS A543 A5, (45 HAE 5 B
BI7 TP OL TR GE S O B, A BRI R PR AH
KA AR PRI AE SC I R AE , IF 2R B 452 %)
T AMEREE T ARG K AR TER, CBA
FRIE R BERL, I 2 B2 45

& & X Bk

[1] Rahman F, Kwan GF, Benjamin EJ. Global epidemiology of atrial fibrillation
[J]. Nat Rev Cardiol ,2014,11(11) :639-654.
[2]  van Gelder IC,van Veldhuisen DJ, Crijns HJ, et al. RAte Control Efficacy in

permanent atrial fibrillation: a comparison between lenient versus strict rate

(3]

(4]

(5]

(6]

(7]

(9]

[10]

(1]

[12]

[13]

[15]

[16]

(18]

[20]

control in patients with and without heart failure. Background, aims, and design
of RACE II[J]. Am Heart J,2006,152(3) :420-426.

PP P o AL A BRI S 25, h E BRI 2 D 2l & B ax, o
D W p IR B B WS B VA & R AR R 51 2. 0 b5 B H AT UGRENA
JPEEI(2021) [T]. AR 22 2% ,2022,26 (1) : 15-88.

Kuck KH,Brugada J, Furnkranz A et al. Cryoballoon or radiofrequency ablation
for paroxysmal atrial fibrillation[ J]. N Engl J Med,2016,374(23) ;2235-2245.
Packer DL, Kowal RC, Wheelan KR, et al. Cryoballoon ablation of pulmonary
veins for paroxysmal atrial fibrillation : first results of the North American Arctic
Front (STOP AF) pivotal trial [ J]. J Am Coll Cardiol, 2013, 61 (16):
1713-1723.

Andrade JG, Khairy P, Guerra PG, et al. Efficacy and safety of cryoballoon
ablation for atrial fibrillation ;a systematic review of published studies[ J]. Heart
Rhythm,2011,8(9) :1444-1451.

Mol D, Houterman S, Balt JC, et al. Complications in pulmonary vein isolation in
the Netherlands Heart Registration differ with sex and ablation technique[ J].
Europace ,2021,23(2) :216-225.

Sanchez-Quintana D, Cabrera JA, Climent V, et al. How close are the phrenic
nerves to cardiac structures? Implications for cardiac interventionalists [ J].
J Cardiovasc Electrophysiol ,2005,16(3) :309-313.

Saitoh Y, Stroker E, Irfan G, et al. Fluoroscopic position of the second-generation
cryoballoon during ablation in the right superior pulmonary vein as a predictor of
phrenic nerve injury[ J]. Europace,2016,18(8) :1179-1186.

Franceschi F, Dubuc M, Guerra PG, et al. Diaphragmatic electromyography
during cryoballoon ablation:a novel concept in the prevention of phrenic nerve
palsy[ J]. Heart Rhythm,2011,8(6) :885-891.
Lakhani M, Saiful F, Parikh V, et al. Recordings of diaphragmatic
electromyograms during cryoballoon ablation for atrial fibrillation accurately
predict phrenic nerve injury[ J]. Heart Rhythm,2014,11(3) :369-374.
Finsterer J, Stollberger C, Pulgram T. [ Neurological complications of
atrioesophageal fistulas; postprandial insults, epilepsy and meningitis | [ J].
Nervenarzt ,2011,82(2) :198-201.

John RM, Kapur S, Ellenbogen KA, et al. Atrioesophageal fistula formation with
cryoballoon ablation is most commonly related to the left inferior pulmonary vein
[J]. Heart Rhythm,2017,14(2) :184-189.

Ahmed H, Neuzil P, d’Avila A, et al. The esophageal effects of cryoenergy
during cryoablation for atrial fibrillation [ J ]. Heart Rhythm, 2009, 6 (7).
962-969.

Furnkranz A, Bordignon S, Schmidt B, et al. Luminal esophageal temperature
predicts esophageal lesions after second-generation cryoballoon pulmonary vein
isolation[ J]. Heart Rhythm,2013,10(6) :789-793.

Furnkranz A, Bordignon S, Bohmig M, et al. Reduced incidence of esophageal
lesions by luminal esophageal temperature-guided second-generation cryoballoon
ablation[ J]. Heart Rhythm,2015,12(2) :268-274.

Cordes F, Ellermann C, Dechering DG, et al. Time-to-isolation-guided
cryoballoon ablation reduces oesophageal and mediastinal alterations detected by
endoscopic ultrasound ; results of the MADE-PVI trial [ J ]. Europace,2019,21
(9) :1325-1333.

Reissmann B, Wissner E, Deiss S, et al. First insights into cryoballoon-based
pulmonary vein isolation taking the individual time-to-isolation into account[ J].
Europace,2017,19(10) :1676-1680.

Tsiachris D, Doundoulakis I, Antoniou CK, et al. Effectiveness and safety of a
time to isolation strategy of cryoballoon ablation of atrial fibrillation:a systematic
review and meta-analysis [ J |. J Cardiovasc Electrophysiol, 2022, 33 (12) .
2640-2648.

Zellerhoff S,Lenze F,Eckardt L. Prophylactic proton pump inhibition after atrial
fibrillation ablation: is there any evidence? [ J]. Europace, 2011, 13 (9):
1219-1221.

(%555 685 TT)



OB AR 2023 48 A% 44 B 8 ] Adv Cardiovasc Dis ,August 2023 , Vol. 44, No. 8

- 685 -

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

review[ ] ]. Heart,2014,100(6) :465-472.

TSCHT, TERFS XA L BT AL LS R R A A (T ] e E S LR
Z4,2019,34(5) :352-356.

WIS, FLA B REALAR UG S5 8 75 0 Sl TR L B N JEE R0 LSRG 11432 7 4
Brrse[J]. BRI K S5 20F ,2020,18(4) :314-317.

Sado DM, White SK, Piechnik SK, et al. Identification and assessment of
Anderson-Fabry disease by cardiovascular magnetic resonance noncontrast
myocardial T1 mapping[ J]. Circ Cardiovasc Imaging,2013,6(3) :392-398.
FIIE, 0 RS L E N AL U R R B R SR AR AE A4 [ T] . [ B
TR R 2 15 2 2 76,2018 ,42(3) 1233-236 +256.

Bruder O, Wagner A, Jensen CJ, et al. Myocardial scar visualized by
cardiovascular magnetic resonance imaging predicts major adverse events in
patients with hypertrophic cardiomyopathy [ J]. J Am Coll Cardiol, 2010, 56
(11) :875-887.

VLRI, AVHED. MEJEERLC UL 13T BEJ [T ] I RO LA 2%,
2018,27(1) :49-54.

Ostman-Smith I, Wettrell G, Keeton B, et al. Echocardiographic and

electrocardiographic  identification of those children with hypertrophic
cardiomyopathy who should be considered at high-risk of dying suddenly[ J].
Cardiol Young,2005,15(6) :632-642.

TR, VR JLEENEIREALC YL O 2 AR D B el R N A EL () ]
H E A A ST ,2022,33(6) < 108-111.

Arteyeva NV. Dispersion of ventricular repolarization ; temporal and spatial[ J ].
World J Cardiol ,2020,12(9) :437-449.

Nakano SJ, Menon SC. Risk stratification in pediatric hypertrophic
cardiomyopathy ; insights for bridging the evidence gap? [ J]. Prog Pediatr
Cardiol ,2018,49:31-37.

Kalisz K, Rajiah P. Computed tomography of cardiomyopathies[ J]. Cardiovasc
Diagn Ther,2017,7(5) :539-556.

LI, BUHT , BRI, AF. RSB IR CT PPAl TR B0 U5 O JULET 28 AL 1) T
LTT. b B2 R 2 4436, 2015,23 (2 ) :100-104.

T SRR CT IFA5 AL AL U O LT 4R AL B 2 LT ). PP RS

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

LB F245,2019,7(31) :84.
PP R A O LV S 2P E IS IR RL G WU 2 B SR T IR i R
A, AR LA A AR R 2. o [ ROIE R BLC L2 W 5 16 97
M [T]. AL R 2 ,2017,45(12) :1015-1032.
SR, i, MSL T AR A RO S ARG A X R A LS R 7
RS T]. Th s FURHIG R 2% & ,2017,32(1) :34-37.
Kang E,Kim YM,Kang M, et al. Clinical and genetic characteristics of patients
with fatty acid oxidation disorders identified by newborn screening[ J]. BMC
Pediatr,2018,18(1) :103.
Geisterfer-Lowrance AA, Kass S, Tanigawa G, et al. A molecular basis for
familial hypertrophic cardiomyopathy: a beta cardiac myosin heavy chain gene
missense mutation[ J]. Cell,1990,62(5) :999-1006.
Moak JP,Kaski JP. Hypertrophic cardiomyopathy in children[ J]. Heart,2012,
98(14) :1044-1054.
Chan W, Yang S,Wang J,et al. Clinical characteristics and survival of children
with hypertrophic cardiomyopathyin China: a multicentre retrospective cohort
study[ J]. EClinicalMedicine,2022,49:101466.
Walsh R, Thomson KL, Ware JS, et al. Reassessment of Mendelian gene
pathogenicity using 7,855 cardiomyopathy cases and 60,706 reference samples
[J]. Genet Med,2017,19 (2) :192-203.
Garcia-Giustiniani D, Arad M, Ortiz-Genga M, et al. Phenotype and prognostic
correlations of the converter region mutations affecting the 8 myosin heavy chain
[J]. Heart,2015,101(13) :1047-1053.
Mori AA, Castro LR, Bortolin RH, et al. Association of variants in MYH7,
MYBPC3 and TNNT2 with sudden cardiac death-related risk factors in Brazilian
patients with hypertrophic cardiomyopathy[ J]. Forensic Sci Int Genet,2021,52;
102478.
Miron A, Lafreniere-Roula M, Steve Fan CP,et al. A validated model for sudden
cardiac death risk prediction in pediatric hypertrophic cardiomyopathy [ J].
Circulation,2020,142(3) :217-229.

HCAS B 47:2022-11-30

111111111111 1111111111111 1111111111111 1111111111111 1@ 111111111111 1@ -

(EEF 65 W)

[21]

[22]

(23]

[24]

[25]

Cordes F, Ellermann C, Dechering DG, et al. Pre-procedural proton pump
inhibition is associated with fewer peri-oesophageal lesions after cryoballoon
pulmonary vein isolation[ J]. Sci Rep,2021,11(1) :4728.

Gaita F, Leclercq JF, Schumacher B, et al. Incidence of silent cerebral
thromboembolic lesions after atrial fibrillation ablation may change according to
technology used : comparison of irrigated radiofrequency, multipolar nonirrigated
catheter and cryoballoon [ J ]. J Cardiovasc Electrophysiol, 2011, 22 (9) .
961-968.

Schmidt M, Dorwarth U, Andresen D, et al. Cryoballoon versus RF ablation in
paroxysmal atrial fibrillation: results from the German Ablation Registry [ J]. J
Cardiovasc Electrophysiol ,2014,25(1) :1-7.

Herrera Siklody C, Deneke T, Hocini M, et al. Incidence of asymptomatic
intracranial embolic events after pulmonary vein isolation ; comparison of different
atrial fibrillation ablation technologies in a multicenter study [ J]. ] Am Coll
Cardiol ,2011,58(7) :681-688.

Romero J, Gabr M, Patel K, et al. Efficacy and safety of left atrial appendage

electrical isolation during catheter ablation of atrial fibrillation ;an updated meta-

[26]

[27]

(28]

[29]

[30]

analysis[ J]. Europace,2021,23(2) ;226-237.

Watanabe R,Sairaku A, Yoshida Y, et al. Head-to-head comparison of acute and
chronic pulmonary vein stenosis for cryoballoon versus radiofrequency ablation
[J]. Pacing Clin Electrophysiol ,2018,41(4) :376-382.

Vanderlaan RD,Rome J, Hirsch R, et al. Pulmonary vein stenosis ; treatment and
challenges[ J . J Thorac Cardiovasc Surg,2021,161(6) :2169-2176.

Narui R, Tokuda M, Matsushima M, et al. Incidence and factors associated with
the occurrence of pulmonary vein narrowing after cryoballoon ablation[ J]. Circ
Arrhythm Electrophysiol ,2017,10(6) :e004588.

Raviele A, Natale A, Calkins H, et al. Venice Chart international consensus
document on atrial fibrillation ablation: 2011 update [ J]. J Cardiovasc
Electrophysiol ,2012,23(8) :890-923.

Cheng X,Hu Q,Zhou C,et al. The long-term efficacy of cryoballoon vs irrigated
radiofrequency ablation for the treatment of atrial fibrillation: a meta-analysis

[J].Int J Cardiol 2015 ,181:297-302.
KA B H7.2022-12-26



