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Graphical Abstract

Symptomatic pulmonary vein stenosis after AFCA
(From Yonsei AF Ablation Cohort Database, median follow up duration: 22 months)
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Computed tomography (CT) images of stenotic pulmonary vein before (A) and after atrial fibrillation catheter ablation (AFCA) (B). Kaplan—Meier
curves for the cumulative incidence of pulmonary vein stenosis after AFCA. Top arrow of (A) pre-procedural right inferior pulmonary vein (RIPV),
bottom arrow of (A) pre-procedural three-dimensional (3D) reconstructed image of RIPV, and arrows of (B) stenotic RIPV after AFCA. AF, atrial
fibrillation; ConvP-AFCA, conventional power atrial fibrillation catheter ablation; HPSD, high-power short duration.

* Corresponding author. Tel: +82 2 2228 8464. E-mail address: kimdhoon@yuhs.ac

© The Author(s) 2023. Published by Oxford University Press on behalf of the European Society of Cardiology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com


https://orcid.org/0000-0003-1049-4211
https://orcid.org/0000-0002-9736-450X
https://orcid.org/0000-0002-6835-4759
https://orcid.org/0000-0003-4200-3456
https://orcid.org/0000-0001-9036-7225
https://orcid.org/0000-0002-7268-0741
https://orcid.org/0000-0002-3256-3620
mailto:kimdhoon@yuhs.ac
https://creativecommons.org/licenses/by-nc/4.0/

J. Kim et al.

What’s new?

® |n comparison with atrial fibrillation (AF) patients treated with con-
ventional power atrial catheter ablation (ConvP-AFCA), those with
high-power short-duration catheter ablation (HPSD-AFCA) more
frequently exhibit symptomatic pulmonary vein stenosis (PVS).

® Symptomatic pulmonary vein stenosis occurs several months after
AFCA, requiring long-term follow-up to monitor whether unex-
plained signs or symptoms are found.

Pulmonary vein (PV) stenosis (PVS) is a rare condition, and atrial fibril-
lation (AF) catheter ablation (AFCA) is a well-known cause of acquired
PVS.! The reported incidence of severe PVS or PVS requiring interven-
tion after AFCA has ranged from 0.4% to 0.7% in some studies.’
High-power short-duration AFCA (HPSD-AFCA) is now widely ac-
cepted owing to its comparable efficacy and safety with conventional
power-AFCA (ConvP-AFCA), along with reduced procedure time.*”
The aim of the present study was to assess the occurrence of PVS ac-
cording to the type of AFCA.

All patients provided written informed consent for inclusion in the
Yonsei AF Ablation Cohort Database (ClinicalTrials.gov Identifier:
NCT02138695). Data from 5246 cases in the cohort who underwent
AFCA between March 2009 and June 2022 were reviewed. Individuals
with AF and rheumatic valvular disease and/or a history of AF surgery
were excluded. All patients had pre-procedural three-dimensional
(3D) spiral computed tomography (CT). Intracardiac electrograms
were recorded using a Prucka Cardiolab electrophysiology system, in-
tegrated with a 3D electroanatomical mapping system (NavX and
CARTO) merged with CT. For ConvP-AFCA, a radiofrequency (RF)
power of 30-35 W was used for the anterior side and 25-30 W for
ablation of the posterior side of the left atrium (LA) and PVs. For
HPSD-AFCA, 50-60 W ablation for 10-15 s was used for the anterior
side of the LA and PVs and 40-50 W ablation with a reduced ablation
time (<10 s) for the posterior side of the LA and PVs. During the RF
procedure, contact force-sensing (CFS) catheters were used at opera-
tors’ discretion. All cryoablation procedures were performed using a
28 mm cryoballoon (Arctic Front Advance). Cryoballoon dosing was
based on a protocol described in the ICE-T trial.2 If there were remain-
ing PV potentials after cryoablation, 50 W RF touchup ablation was de-
livered to complete electrical isolation. After discharge, patients visited
the clinic regularly or when symptomatic. Those with respiratory symp-
toms were suspected of PVS and underwent CT, if needed.
Symptomatic PVS was defined as PV being reported as occluded by
CT and presence of stenotic PV with associated signs or symptoms.

After excluding patients with missing data, the analysis included data
from 4333 patients. Among these, 2832 patients received
ConvP-AFCA, 1019 underwent HPSD-AFCA, and 482 were treated
with cryoablation. The mean age of the overall cohorts was 59.4 +

12.1 years, 75.1% were male, 64.2% had paroxysmal AF, and 11.7%
underwent repeated AFCA more than the re-do procedure.
Fourteen cases of symptomatic PVS after AFCA were identified during
a median follow-up of 22 months [interquartile range (IQR), 8-50
months]. The incidence rate of symptomatic PVS after AFCA was high-
er in the ConvP-AFCA group 0.2% (6 of 2832) than in the HPSD-AFCA
group and 0.8% (8 of 1019) in the HPSD-AFCA group. The cumulative
incidence of symptomatic PVS was significantly higher in the
HPSD-AFCA group than that in the ConvP-AFCA group, respectively
(log-rank P =0.001; Graphical abstract). A total of 9.9% of patients in
the ConvP-AFCA and 23.9% in the HPSD-AFCA group received RF ab-
lation with a CFS catheter, yet none of them were diagnosed with
symptomatic PVS (0 of 524). Additionally, there were no reported
cases of symptomatic PVS after cryoablation. The medical records of
symptomatic PVS cases were summarized in Table 1 . The median
time to diagnosis of PVS from AFCA was 372 days (IQR, 258-427
days). The most common complaints among those with PVS, apart
from cough, were haemoptysis and dyspnoea. Pulmonary vein stenosis
treatment depended on symptom severity, prioritizing percutaneous
procedures over surgery, with stent placement preferred for suitable
sizes. About half of symptomatic PVS cases received endovascular or
surgical intervention.

Based on the author’s experience, signs or symptoms related to PVS
developed several months after AFCA and it was diagnosed at a median
of 12 months after the procedure. A previous study reported that PV
diameters gradually decreased over 3 months after AFCA? In experi-
mental animal studies, histopathological changes after RF ablation pro-
gress gradually over >10 weeks.'” Therefore, PVS after AFCA may
occur late, requiring long-term follow-up, and, when unexplained signs
or symptoms are found, further examination using modalities, such as
contrast-enhanced CT, is necessary.

To date, there have been no reports suggesting that HPSD-AFCA is a
risk factor causing more PVS than ConvP-AFCA. In a swine model,
HPSD ablation resulted in wider lesions compared with standard abla-
tion, which were consistently transmural."""? Based on these findings,
we speculate that HPSD-AFCA is likely to induce histopathological
changes in a broader area of myocardial tissue and may lead to more
frequent endovascular contractions compared with ConvP-AFCA.
Additionally, there were no instances of symptomatic PVS when using
CFS catheter. To assess the relationship between CFS usage and PVS
catheter, we require a larger sample size and further evaluation.

Recent experimental studies have reported that very high-power
(>70 W), short-duration AFCA is as safe as conventional ablation and is
associated with improved efficacy.”*™"® However, because these studies
only described peri-procedural and short-term complications, questions
remain about the potential link between HPSD ablation and long-term
complication such as PVS. Further analysis or studies investigating the long-
term outcomes of HPSD ablation could potentially provide valuable in-
sights into the relationship between HPSD ablation and PVS.



Revisiting symptomatic pulmonary vein stenosis after high-power short-duration radiofrequency

panuuo’)
siskydowsey ‘ysnoo T4

ured
1s9yd ‘siskydowsey ‘ydnod Sl
uolax uo esoudsAg 8y

AJBUOJOD ‘DSBISIP ASUpD| dlUOIYD)

3unuas AdSyY Aq Aisejdouaa |nyssadong
QuoN oaou 3 1vd

woldwAs SuluSSIOM INOYLM UOITBAISSGD)
SUON| oAou 2 4vd
wodwAs 3UjUSSIOM INOYUM UOIBAISSGO

9seas|p Auape
oAou 3 4vd

(jeudsoy Jsyjoue e A>ueudijew 3un| se uold.ejul-oudA Aseuow|nd jo uopidsns ) 3un| ay3 Jo UoIdsaL 93pam [ed134ng

uolsnys [edna|d

(Spp1uuaA 9j3uls [euoidUNy) [eUSSUOD)

SuoN| oaou 3 4vd

3unuais Ad[T Aq Aisejdouan |nyssaddng
oaou 3 4vd

woldwiAs 3UjUSSIOM INOYUM UOIBAISSGO

snuIs 2Is ‘uoisualuadAH oaou Qg 4vd

AdS1 213ouass ay3 y3nodys ssed o3 ajqeun 3uiaq 03 anp Aisejdousa pajre]

‘Uoaxa uo esoudsAqg S61l
y3no> ‘ured 359y /8¢
siskydowae S9¢C

uoraXa uo eaoudsAg 424
siskydowae 06€

uoisuapadAH onou aQg 4vd

wo3dwiAs 3UlUSIOM INOYUM UOIIBAISSGO

SUON Op-t1 4vd

(Ayseidouan jo sudsap uoisnya Juaisisiad Joy) sisapounald [ed18.uns pue [ediwayd)

(Bunua1s AdPY + VA AdSY < SISOUR1SAL AdIY PUE JUA1S AdSY (1) PUE Vg AdIY/ADSY « Sisoudls
AdId/sisousisad Juais AdSY (1) ‘Bunuais AJSY < SISOUa1s AJSY (1)) sawi €  Aiseidouaa Aseuownd snosueindiay

uoisnys [eJna|d

snuis 3d1s ‘uolsuadAH op-ay 4vd

wo3dwAs SUlUSSIOM INOYUM UOIBAISSGO

awod3no juaned
pue JusWageue|,|

9% ‘W AdY

awod3no juaned
pue Juswageuel,|

¥€ W AdIY
awod3no Juaned
pue JuswWageur|,|

8/ 4 AdId
swos3no jusied

pue JusWageue|,|

65 4 AdId
swodino juaned
pue Juswadeur|,|
¥YT'4 AdITAIST
swod3no juaied
pue juswageuel,
0L ‘W AdId ‘AdSY
awodno juaned
pue juswagdeue},|
7S W AdITAdST
awod3no Juaied
pue Juswageue},|

8% ‘W AdSY

awod3no Juaied
pue Juswageue|,

65 ‘W AdIY ‘AdSY

awod3no Juaired
pue Juswageue|,

0S W AdST

Vd-DAS

11D ‘M 05-Md

‘M 09-A\d
VYV1+IAd ¥

Vd-DAS

11D ‘M 05-Md

‘M 09-A\d
VYVI+IAd ¥

VY-DAS

11D ‘M 05-Md

‘M 09-A\d
VYWI+IAd ¥

VY-DAS

11D ‘M 05-Md

‘M 09-M\d
VYVI+IAd ¥

11D ‘M 0€-IAd ¥

11D

VY-DAS ‘M OE-INd ¥

I1D ‘M OE-INd ¥

dOI ‘dord
‘VY-DAS ‘M 0€-AdSY

11D ‘WY-DAS j004
190d ‘M 0E-IAd ¥

11D 190d ‘M 0€-IAd ¥

‘uoJexe uo eaoudsAQg €79
siskjdowae S
sAep

swoldwiAs pue sudis  ‘sisouselp 03 awi]

auoN op-3y 4vd
s3uUnod 4V
Aypigiowod vOdv joadAyL

a3e Ad
‘X3S  dI30Ud§

Jomod 4y
395 uoIs3a| uone|qy

wiANIQYX3ld VD4V-ASdH oL
wiANIQYX3ld VD4V-ASdH 6
wiAMIqYXal ‘VD4V-ASdH 8
wiAUIYX3l] VD 4V-ASdH L
wiX®ld 00D ‘YD4V-dAuoD 9
WiX®l4 [00D ‘YD4V-dAuoD S
w1|0020WIsY | YD4Y-dAucD ¥
walood0WdY | ‘¥D4y-dAuoD €
WiSNISRD VD4V-dAuoD C
wiSNIS|RD YD4V-dAucD L
4239Yy3ed uone|qe ‘ou
Jo adf3 jod030.4d YO 4V ase)

uol3e|qE J333Y3Ed UO|

|l [BlIR J2YE SSED SISOUd)S UIRA Aseuow|nd d1jewoldwAs Jo MaIASY | S|qeL



J. Kim et al.

‘uidA Aseuownd Jotiadns 3L ‘AdSY ‘UIRA Aseuowind Joiajul Y3 ‘AdlY ‘shxa|d uoljBues uorisjur ySii oy ‘Aousnbaujoiped ‘4y ‘wnlie
Y81 WY ‘WL o] JO ||em Joli3sod ‘AAd UIRA Ateuownd ‘Ad ‘Uoiie||LIqy [eLiye Jualsisiad ‘4y/ad 4y [ewsAxo.ed ‘Jyd ‘uiea Aueuow|nd Joladns 3| ‘AdST ‘Snwiyas! [e4a3e] 3| ‘|77 ‘UldA Areuownd Jolisjul Y| ‘Ad|T ‘snxa|d uoljued olisjul Y| ‘O
‘|[lem Jorieysod a8epuadde [elie 19| ‘AAd YV ‘uoieInp 1ioys Jamod-yaiy ‘qSdH Aed-X 359Ud YxD ‘snwiyasi pidsnolijoaed ‘|| D ‘UOKER|qe J4919Yy3ed UoiIe||liqyy [Ble Jamod [BUORUIAUO) ‘YD {\-dAuoD ‘Aiseidoidue uoojieq ‘g ‘Uone||ql [BlIe ‘4y/

awod3no juaied /1 Jolajul-oaaisod

3unuais AdSY Aq Aisejdouaa |nyssedong pue juswageuel, ‘177 ‘M 0S-A\d
93015 JIwaeyds! ‘M 09-M\d
uopaxa uo edoudsig LS ‘d.n|iej 1Y ‘s932qeIp ‘UoIsuLIDAH op-oy 4v3d 89 ‘W AdIY ‘AdSY YV1+IAd ¥ wiANIGYXOl “VD4V-ASdH bl
awod3Ino Juaiyed VY-DAS
wodwAs 3UlUSSIOM INOYUM UOIIBAISSGO pue juswageuel 11D ‘M 05-Md
uoisnya [euna|d ‘M 09-Ad
[ewiuiw ‘woydwAs oN 19¢ (043s dlWSeyds| oAaou @ vd 95 W AdId VV1+IAd ¥ wiANIGYx3l “VD4V-ASdH €l
V4-DAS ‘11D
‘v Joliajul-oasisod
awodino jusijed ‘M 05-Md
3unuais Ad[T Aq Aisejdouan |nyssadong pue Juswagdeuel,| ‘M 09-AAd
sishidowiaey ‘ysno €8¢ SUON Op-3Y dvd  €€°'W  AdST'AdN VV1+IAd ¥ wiANIGYxl VD4V-ASdH 4"
VY-DAS
awod3no jusijed ‘11D ‘M 0§-AA\d
wo3dwiAs 3UlUSIOM INOYHM UOIIBAISSGQ pue juswagdeue),| ‘M 09-AAd
siskidowsry ‘y3noD v SUON oAaou g vd 95 ‘W AdIN VV1+IAd ¥ wiANIGY*Rl] VD4V-ASdH L
sAkep s3unod iv a8e Ad Jomod Jy J19339Y3ed uone|qe ‘ou
swojdwiAs pue sudig ‘sisouSelp 03 awi] A31pi1giowon VD4V JoadA] ‘xa§ dpoudls s uoisdjuone|qy  jo 2dA3 ‘jodojoud yo4vy ase)

panunuo) | 3jqeL



Revisiting symptomatic pulmonary vein stenosis after high-power short-duration radiofrequency 5

Acknowledgements
We would like to thank Mr John Martin, Editage, for his linguistic assistance.

Funding

This work was supported by a grant (HI21C0011) from the Ministry of
Health and Welfare; a grant (NRF-2020R1A2B5B01001695) from the
Basic Science Research Program run by the National Research
Foundation of Korea (NRF), which is funded by the Ministry of Science,
ICT & Future Planning (MSIP); and a Korea Medical Device Development
Fund grant (project number 1711174471; RS-2022-00141473) funded by
the Korean government (Ministry of Science and ICT; Ministry of Trade,
Industry and Energy; Ministry of Health & Welfare; and a grant
[22213MFDS486] from the Ministry of Food and Drug Safety, Republic of
Korea).

Conflict of interest: B). has served as a speaker for Bayer, BMS/Pfizer,
Medtronic, and Daiichi Sankyo and received research funds from
Medtronic and Abbott. No fees have been received directly or personally.
All remaining authors have declared no conflicts of interest.

Data availability

Data are available upon reasonable request; the corresponding authors may
provide the data.

References

1. Pazos-Lépez P. Pulmonary vein stenosis: etiology, diagnosis and management. World |
Cardiol 2016;8:81.

2. Teunissen C, Velthuis BK, Hassink R}, van der Heijden JF, Vonken EPA, Clappers N et al.
Incidence of pulmonary vein stenosis after radiofrequency catheter ablation of atrial fib-
rillation. JACC Clin Electrophysiol 2017;3:589-98.

3. Gupta A, Perera T, Ganesan A, Sullivan T, Lau DH, Roberts-Thomson KC et al.
Complications of catheter ablation of atrial fibrillation: a systematic review. Circ
Arrhythm Electrophysiol 2013;6:1082-8.

N

wv

o

~N

oo

0

10.

11.

12.

13.

14.

15.

. Yavin HD, Leshem E, Shapira-Daniels A, Sroubek J, Barkagan M, Haffajee Cl et al. Impact

of high-power short-duration radiofrequency ablation on long-term lesion durability for
atrial fibrillation ablation. JACC Clin Electrophysiol 2020;6:973-85.

. Winkle RA. HPSD ablation for AF high-power short-duration RF ablation for atrial fib-

rillation: a review. | Cardiovasc Electrophysiol 2021;32:2813-23.

. Ravi V, Poudyal A, Abid QU, Larsen T, Krishnan K, Sharma PS et al. High-power short

duration vs. conventional radiofrequency ablation of atrial fibrillation: a systematic re-
view and meta-analysis. Europace 2021;23:710-21.

. Lee AC, Voskoboinik A, Cheung CC, Yogi S, Tseng ZH, Moss D et al. A randomized

trial of high vs standard power radiofrequency ablation for pulmonary vein isolation:
SHORT-AF. JACC Clin Electrophysiol 2023;9:1038-47.

. Chun KR, Stich M, Firnkranz A, Bordignon S, Perrotta L, Dugo D et al. Individualized

cryoballoon energy pulmonary vein isolation guided by real-time pulmonary vein re-
cordings, the randomized ICE-T trial. Heart Rhythm 2017;14:495-500.

. Dill T, Neumann T, Ekinci O, Breidenbach C, John A, Erdogan A et al. Pulmonary vein

diameter reduction after radiofrequency catheter ablation for paroxysmal atrial fibrilla-
tion evaluated by contrast-enhanced three-dimensional magnetic resonance imaging.
Circulation 2003;107:845-50.

Taylor GW, Kay GN, Zheng X, Bishop S, Ideker RE. Pathological effects of extensive
radiofrequency energy applications in the pulmonary veins in dogs. Circulation 2000;
101:1736-42.

Leshem E, Zilberman |, Tschabrunn CM, Barkagan M, Contreras-Valdes FM, Govari A
et al. High-power and short-duration ablation for pulmonary vein isolation: biophysical
characterization. JACC Clin Electrophysiol 2018;4:467-79.

Barkagan M, Contreras-Valdes FM, Leshem E, Buxton AE, Nakagawa H, Anter E.
High-power and short-duration ablation for pulmonary vein isolation: safety, efficacy,
and long-term durability. | Cardiovasc Electrophysiol 2018;29:1287-96.

Heeger C-H, Sano M, Popescu S$, Subin B, Feher M, Phan HL et al. Very high-power
short-duration ablation for pulmonary vein isolation utilizing a very-close protocol—
the FAST AND FURIOUS PVI study. Europace 2022;25:880-8.

Popa MA, Bourier F, Lengauer S, Krafft H, Bahlke F, Férschner LV et al. Safety profile and
long-term efficacy of very high-power short-duration (60-70 W) catheter ablation for
atrial fibrillation: results of a large comparative analysis. Europace 2022;25:408-16.
Kottmaier M, Popa M, Bourier F, Reents T, Cifuentes J, Semmler V et al. Safety and out-
come of very high-power short-duration ablation using 70 W for pulmonary vein iso-
lation in patients with paroxysmal atrial fibrillation. Europace 2020;22:388-93.



	Revisiting symptomatic pulmonary vein stenosis after high-power short-duration radiofrequency ablation in patients with atrial fibrillation
	Acknowledgements
	Funding
	Data availability
	References


