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An impact of superior vena cava isolation  

in non-paroxysmal atrial fibrillation patients  

with low voltage areas 
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(SVC) (AF)

AF non-PAF

(ArSVC) (LVAs) non-

PAF (SVCI)

non-PAF ArSVC LVAs LVAs

non-PAF SVCI

Non-PAF (PVI)

PVI 51 PVI SVCI PVI+SVCI 102

ArSVC SVC AF AF

SVC

0.5mV LVAs

LVAs 5% LVAs 18 LVAs

PVI PVI SVCI

ArSVC 51/153 33.3% PVI PVI

SVCI 27.5% vs 36.3%, P=0.275

LVAs 107/153 69.9%

64.7% vs 72.5%, P=0.353 LVAs

[OR]; 4.023, 95 CI; 1.049-15.425, P=0.042

OR;1.122, 95 CI;1.194-1.243, P=0.028
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ArSVC OR;3.134, 95 CI;1.194-8.228, P=0.020

18 LVAs

PVI LVAs

27% vs 61%, log-rank, P=0.018, 

49% vs 78%, log-rank, P=0.046 PVI+SVCI

50% vs 61%, log-rank, P=0.386, 73% 

vs 79%, log-rank, P=0.530

AF LVAs SVC
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Computed Tomography; 

CT

1 French; Fr 20

BeeAT; Japan Lifeline, Tokyo, Japan SVC

coronary sinus; CS

SVC 8 Fr  SoundStar 

ultrasound catheter® Biosense Webster, Diamond Bar, CA,USA

3

CARTO® 3 Biosense Webster

CARTO sound 3

Acuson X300PE Siemens Medical Solutions, 

Erlangen, Germany 8.5Fr

SL1; St Jude Medical, Minneapolis, MN, USA 2

PV
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PV
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20  Lasso Biosense Webster

PVI
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10 PVI
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AF
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t

LVAs

P<0.05

P 0.05

ArSVC

2014 4 2018 3 non-PAF PVI 51

PVI SVCI 102 153

1  ArSVC PVI 14/51

(27.5%) PVI SVCI 37/102 (36.3%)

ArSVC (P=0.275) LVAs PVI

33/51 (64.7%) PVI SVCI 74/102 (72.5%)

(P=0.353) PVI PVI+SVCI
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ArSVC 2 3 42/153

(27.5 ) 13/68 (19.1 ) 1/8 (12.5 )

SVC 21 (13.7 )  SVC

38 (24.8 ) 8 (5.2 )

PVI PVI+SVCI

ArSVC SVC SVC

2

SVC
PVI, pulmonary vein isolation; SVC, superior vena cava; SVCI, superior vena 
cava isolation 
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LA LA PVI

717±328 PVI+SVCI 741±357 PVI

LA LVAs 8.4cm2 IQR;1.3-19.3cm2

LA 11.6% IQR; 2.1-26.6%

LVAs>5% 33/51 64.7 PVI SVCI

LVAs 9.5cm2 IQR; 3.3-19.4cm2 LA

13.3% IQR; 4.5-25.0% LVAs>5% 74/102 72.5

LVAs

3

3 LVAs PVI PVI+SVCI
PVI, pulmonary vein isolation; SVCI, superior vena cava isolation 

LVAs

LVAs 2 LVAs

LVAs 66.0±9.2 vs 60.9±10.2 , P=0.003
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27.1% vs 10.9%, P= 0.033 CHA2DS2-VASc

2.5±1.5 vs 1.7±1.3, P=0.003 E/e' 10.2±4.6 vs 8.5±2.8, P 

=0.021 RV -RA 22.8±4.1mmHg vs 

19.2±4.5mmHg, P<0.001 systolic pulmonary 

artery pressure; PAPs 27.9±4.1mmHg vs 24.8±4.7mmHg, 

P<0.001 ArSVC 41.1 vs 15.2 P =0.002

LVAs

Pts. witout LVAs Pts. with LVAs
(n=46) (n=107)

Age, year 60.9±10.2 66.0±9.2 0.003
Female, n (%) 5 (10.9) 29 (27.1) 0.033
Body Mass Index  24.4±3.4 24.4±3.4 0.922
AF history, month (IQR) 10 (6-26) 7 (3-17) 0.980
Heart failure, n (%) 11 (23.9) 29 (27.1) 0.841
Hypertension, n (%) 23 (50.0) 65 (60.7) 0.285
Diabetes mellitus, n (%) 8 (17.4) 23 (21.5) 0.664
Stroke, n(%) 2 (4.3) 8 (7.5) 0.724
CHA2DS2 - VASc score 1.7±1.3 2.5±1.5 0.003
Structural heart disease 7 (15.2) 23 (21.5) 0.506

Valvular heart disease 2 (4.3) 7 (6.5) 0.725
Ischemic heart disease 2 (4.3) 10 (9.3) 0.512

Cardiomyopathy 3 (6.5) 5 (4.7) 0.697
Congenital heart disease 0 (0.0) 2 (1.9) >0.999

Echocardiographic findings
LVEF, % 59.5±11.0 61.8±11.5 0.244
LAD, mm 43.9±5.8 45.4±8.1 0.247

LAVI, ml/m2 48.1±14.3 52.8±16.8 0.099
E, cm/s 75.9±18.2 82.9±20.8 0.049

E wave DcT, ms 186.6±36.3 187.3±45.3 0.925
e', cm/s 9.4±2.2 8.9±2.3 0.224

E/e' 8.5±2.8 10.2±4.6 0.021
RV-RA PG, mmHg 19.2±4.5 22.8±4.1 <0.001

estimated PAPs, mmHg 24.8±4.7 27.9±4.1 <0.001
SVC sleeve length (mm) 33.0±8.2 35.1±6.7 0.104

Arrhythmogenic SVC, n (%) 7 (15.2) 44 (41.1) 0.002

p value

DcT, deceleration time; IQR, interquartile range; LAD, left atrial dimension; LAVI, left atrial volume
index; LVAs, low voltage areas;  LVEF, left ventricular ejection fraction; PAPs, systolic pulmonary
artery pressure; PG, pressure gradient; RA, right atrium; RV, right ventricle; SVC, superior vena cava
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LVAs CHA2DS2-

VASc PAPs ArSVC

LVAs [OR]; 4.023, 95 CI; 1.049-

15.425, P=0.042 PAPs OR; 1.122, 95 CI; 1.194-1.243, 

P=0.028 ArSVC OR; 3.134, 95 CI; 1.194-8.228, P=0.020

3

Ò±²óÐßÚ ÔÊß

OR 95% CI p value OR 95% CI p value
Age, year 1.056 0.004 1.025 0.397
Female, n (%) 3.049 0.032 4.023 0.042
Body Mass Index 1.006 0.914
AF history, month (IQR) 1.000 0.980
Heart failure, n (%) 1.183 0.681
Hypertension, n (%) 1.548 0.219
Diabetes mellitus, n (%) 1.301 0.563
Stroke, n(%) 1.778 0.478
CHA2DS2 - VASc score 1.504 0.004 1.113 0.595
Structural heart disease 1.526 0.372
Echocardiographic findings

LVEF, % 1.014 0.352
LAD, mm 1.031 0.290

LAVI, ml/m2 1.020 0.113
E wave, cm/s 1.020 0.050

E wave DcT, ms 1.002 0.723
e', cm/s 0.909 0.232

E/e' 1.147 0.025 1.053 0.439
estimated PAPs, mmHg 1.188 <0.001 1.122 0.028

SVC sleeve length (mm) 1.04 0.106
Arrhythmogenic SVC, n (%) 3.891 0.003 3.134 0.020

Uni variate Multi variate

DcT, deceleration time; IQR, interquartile range; LAD, left atrial dimension; LAVI, left atrial volume
index; LVAs, low voltage areas; LVEF, left ventricular ejection fraction; OR, odds ratio; PAF,
paroxysmal atrial fibrillation; PAPs, systolic pulmonary artery pressure; PG, pressure gradient; SVC,
superior vena cava



20 

LVAs

18

PV PVI+SVCI SVC

PVI 2nd 20 27 74.1% PV

3rd 3 PVI

PV 9

PVI+SVCI PV 2nd

28 41 68.3 3rd

5 PV SVC 2nd

34 41 82.9 3rd

2 5 40.0 PV SVC

3

PV SVC

PVI

PVI+SVCI 1 AFL

PV SVC -

PVI 51 81 PVI+SVCI 102

148



21

PVI+SVCI

PVI 1

LVAs PVI 9 33

(27.3%) vs. 11 18 (61.1%) P=0.018 [16 33

(48.5%) vs.14 18 (77.8%) P=0.046] LVAs

4 A B PVI+SVCI

[37 74 (50.0%) vs. 17 28 (60.7%) P=0.386]

[54 74 (73.0%) vs. 22 28 (78.6%), P=0.530] LVAs

4 C D

LVAs ATs
A)PVI B)PVI C)PVI SVCI
D)PVI+SVCI
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PVI PVI+SVCI

LVAs PAPs

SVC PVI LVAs

ATs PVI+SVCI LVAs

AF LVAs

AF

AF

AF 16)17) LVAs

LA AF

8) AF 35 84

5)-8) 18)19) AF153 107 69.9

LVAs CHA2DS2-VASc

E/e' PAPs ArSVC
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AF
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ATP 51 33.3

ArSVC ArSVC

ArSVC

ArSVC

AF SVC AF

SVC AF SVC

SVC AF SVC

13.7 24.8

LVAs non-PAF SVCI

SVC 1

9) non-PAF PVI

SVCI 10)-13)

SVCI SVCI

PVI LVAs

LVAs

LVAs LVAs

PVI LVAs LVAs
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