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Aims Data about whether empirical superior vena cava (SVC) isolation (SVCI) improves the success rate of paroxysmal atrial fib
rillation (PAF) are conflicting. This study sought to first investigate the characteristics of SVC-triggered atrial fibrillation and 
secondly investigate the impact of electroanatomical mapping–guided SVCI, in addition to circumferential pulmonary vein 
isolation (CPVI), on the outcome of PAF ablation in the absence of provoked SVC triggers.

Methods 
and results

A total of 130 patients undergoing PAF ablation underwent electrophysiological studies before ablation. In patients for 
whom SVC triggers were identified, SVCI was performed in addition to CPVI. Patients without provoked SVC triggers 
were randomized in a 1:1 ratio to CPVI plus SVCI or CPVI only. The primary endpoint was freedom from any documented 
atrial tachyarrhythmias lasting over 30 s after a 3-month blanking period without anti-arrhythmic drugs at 12 months after 
ablation. Superior vena cava triggers were identified in 30 (23.1%) patients with PAF. At 12 months, 93.3% of those with 
provoked SVC triggers who underwent CPVI plus SVCI were free from atrial tachyarrhythmias. In patients without pro
voked SVC triggers, SVCI, in addition to CPVI, did not increase freedom from atrial tachyarrhythmias (87.9 vs. 79.6%, 
log-rank P = 0.28).

Conclusion Electroanatomical mapping–guided SVCI, in addition to CPVI, did not increase the success rate of PAF ablation in patients 
who had no identifiable SVC triggers.
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What’s new?

• Empirical superior vena cava (SVC) isolation (SVCI), in addition to 
circumferential pulmonary vein isolation (CPVI), did not increase 
the success rate for patients with paroxysmal atrial fibrillation 
(PAF) in the absence of identifiable SVC triggers.

• This is the first randomized controlled study to compare the 
12-month success rate of CPVI plus SVCI vs. CPVI only for patients 
with PAF in the absence of identifiable SVC triggers.

• Different from previous studies, induction for triggers was per
formed before CPVI in the present study. Superior vena cava– 
triggered atrial fibrillation was identified in 23.1% of patients.

Introduction
Circumferential pulmonary vein (PV) isolation (CPVI) has proven to be 
the cornerstone of radiofrequency catheter ablation of atrial fibrillation 
(AF).1,2 However, non-PV triggers also play an important role in initiat
ing AF in 10–20% of patients.3–5 The common non-PV triggers include 
the superior vena cava (SVC), coronary sinus (CS) ostium, left atrial 
posterior wall, left atrial appendage, ligament of Marshall, inter-atrial 
septum, and crista terminalis.6–8 The SVC is a major origin of non-PV 
triggers accounting for 25–40%,9–11 which may be associated with 
the heterogeneity of the SVC sleeve and the arrhythmogenicity of car
diomyocytes isolated from the SVC.9,12

Whether SVC isolation (SVCI) is necessary remains controversial.13–15

The objective of this randomized controlled study was to investigate the 
impact of electroanatomical mapping–guided SVCI, in addition to CPVI, 
on the outcome of paroxysmal AF (PAF) ablation when SVC triggers can
not be provoked or identified. The study was carried out in accordance 

with the principles of the Declaration of Helsinki and was approved by 
the Ethics Committee. All subjects were given written informed consent 
before participating in the study. This study was registered with the 
Chinese Clinical Trial Registry (ChiCTR2000034532).

Methods
Study population
This prospective, multi-centre, randomized controlled study was con
ducted in four electrophysiology centres (three in China and one in 
Singapore). The study population included patients with symptomatic 
drug-refractory PAF referred for catheter ablation between December 
2019 and June 2022. Exclusion criteria included age <18 or >80 years, prior 
AF ablation, and severe structural heart diseases (including hypertrophic 
cardiomyopathy, dilated cardiomyopathy, and valvular heart disease).

Patients with SVC triggers received CPVI and SVCI. The remaining pa
tients without SVC triggers were randomized 1:1 to CPVI plus SVCI or 
CPVI-only groups. The flow chart of the study is described in Figure 1.

Peri-operative management and mapping
Before the procedure, all anti-arrhythmic agents, except amiodarone, were 
withdrawn for at least five half-lives, and patients received uninterrupted 
oral anticoagulants for at least 3 weeks. Left atrial thrombi were ruled 
out by transoesophageal echocardiography or cardiac computed tomog
raphy. The procedure was performed under conscious sedation with intra
venous fentanyl. A 6 Fr decapolar catheter and two 6 Fr quadripolar 
catheters were positioned in the CS, right ventricular apex, and SVC, re
spectively, for pacing and recording via the femoral vein (Figure 2). After a 
double transseptal access into the left atrium (LA), a multi-polar catheter 
(PentaRay; Biosense Webster, Diamond Bar, CA, USA) was inserted 
through the long sheath to map the PV ostia, and a 3.5 mm irrigated tip ab
lation catheter (Thermocool Smarttouch; Biosense Webster) was prepared 
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for ablation. All ablation procedures were guided by a 3D electroanatomical 
mapping system (CARTO 3, Biosense Webster). During the procedure, 
intravenous heparin was administered to maintain an activated clotting 
time between 300 and 350 s.

Electrophysiological studies for the induction 
of atrial fibrillation triggers
Before ablation, electrophysiological studies (EPSs) were performed to 
identify the site of the origin initiating AF. The multi-polar catheter 
PentaRay and the ablation catheter Thermocool Smarttouch were placed 
in the right superior PV (RSPV) and left superior PV (LSPV), respectively 
(Figure 2). Isoproterenol (ISP) was intravenously injected (4 μg/min) to in
crease the heart rate by more than 20% from baseline. If no spontaneous 
AF occurred, rapid burst pacing (200 ms) for 30 s was performed in the 
electrode of the CS, SVC, LSPV, and RSPV, sequentially. If AF was induced, 
the next step was to observe the initial beat at the onset of the induced AF. 
If AF was not induced after these steps, boluses of adenosine triphosphate 
(ATP, 40 mg) were administered during ventricular pacing (500 ms) to un
cover the ectopic beat initiating AF. Additional radiofrequency applications 
were applied to eliminate non-PV foci after CPVI.

Circumferential pulmonary vein isolation
For CPVI, radiofrequency energy was set up at a power of 35–40 W, con
tact force of 10–20 g, and flow rate of 25–30 mL/min. The target ablation 

index was 500 for the anterior walls, while the target ablation index was 
350–400 for the posterior walls. The endpoint of CPVI was defined as 
the achievement of the bidirectional conduction block between the PVs 
and the LA, after 30 min of waiting time, and the presence of ISP and 
ATP. If AF reinduced, it continued to look for the trigger foci and ablated it.

Superior vena cava isolation
The right atrium was anatomically constructed using the multi-polar cath
eter PentaRay. The location of the sinus node (SN) was identified by using 
an activation map during sinus rhythm to prevent SN injury. Local maximum 
output pacing (20 mA) was performed at the free wall of the SVC to tag the 
location of the phrenic nerve.16 The SVC–right atrial (RA) junction was de
fined as the horizontal line at the ostium of the SVC, where the diameter of 
the SVC increased abruptly compared with the RA geometry.17 The follow
ing parameters were measured: the length from the SVC–RA junction to the 
distal SVC myocardial sleeve, the length from the SN to the distal SVC myo
cardial sleeve, and the diameter of the SVC in the SVC–RA junction. The fol
lowing parameters were also measured: the length from the SVC–RA 
junction to the most distal SVC myocardial sleeve, the length from the SN 
to the distal SVC myocardial sleeve, and the diameter of the SVC in the 
SVC–RA junction. Based on the location of the SN, patients were divided 
into the In-SVC group and the In-RA group. If the earliest activation site 
was located at the RA–SVC junction, it was classified as the RA part.18

Segmental ablation was performed at least 10 mm above the SN. 
Radiofrequency energy was delivered at 40 W with a flow rate of 30 mL/min 

PAF patients enrolled in the study (n = 130)

PAF patients assessed for eligibility (n = 145)

SVC trigger
(n = 30)

CPVI plus SVCI
(n = 50)

CPVI only
(n = 50)

Included in ITT
analysis (n = 50)

Included in ITT
analysis (n = 50)

Included in PP
analysis (n = 49)

Included in PP
analysis (n = 49)

Lost to follow-up
(n = 1)

Lost to follow-up
(n = 1)

Non-SVC trigger
(n = 100)

1:1 Randomization

Excluded:
 Patients <18 or >80 years old (n = 2)
 Patients with prior AF ablation (n = 10)
 Severe structural heart disease (n = 3)

Figure 1 A flow chart of the study. AF, atrial fibrillation; CPVI, circumferential pulmonary vein isolation; ITT, intention-to-treat; PAF, paroxysmal 
atrial fibrillation; PP, per-protocol; SVC, superior vena cava; SVCI, SVC isolation.
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for the septal wall and at 35 W with a flow rate of 25 mL/min for the free wall. 
The endpoint of SVCI was the entrance block. In addition, if atrial flutter was 
previously documented or induced, an additional cavo-tricuspid isthmus line ab
lation was performed.

Follow-up
Patients continued anticoagulation therapy for at least 3 months after abla
tion. The anti-arrhythmic agent was used only for 3 months after ablation. 
Patients with recurrent atrial tachyarrhythmias continued to take anti- 
arrhythmic agents after 3 months. Follow-up visits were performed at 
1, 3, 6, and 12 months and every 6 months thereafter. The 24 h Holter 
was performed at each follow-up visit, while 7-day Holter was arranged 
at 12 months.

Endpoints
The primary endpoint was freedom from any documented atrial 
tachyarrhythmias (AF/atrial flutter/atrial tachycardia) lasting over 30 s after 
a 3-month blanking period without anti-arrhythmic drugs at 12 months 
after the procedure. The primary endpoint analysis was based on an 
intention-to-treat principle. The secondary endpoints of the study included 
the following: incidence of peri-procedural complications, procedure time, 
fluoroscopy time, and total radiofrequency delivery time.

Statistical analysis
Continuous variables with a normal distribution were presented as mean ±  
standard deviation and were compared using the two-sample t-test. 
Non-normally distributed continuous variables were presented as median 
with inter-quartile range and were compared using the Mann–Whitney U 
test. Categorical variables were presented as frequency (percentage) and 
were analysed using the χ2 test or Fisher’s exact test. Kaplan–Meier survival 
curves showed survival rate freedom from atrial tachyarrhythmias using the 
log-rank test. A two-sided P-value <0.05 was considered statistically signifi
cant. In a randomized controlled trial of cryoballoon vs. radiofrequency ab
lation (CPVI only) for PAF, the estimated 12-month success rate for CPVI 
using radiofrequency was 64.1%.19 An improvement in the success rate to 
88% was considered clinically significant. A sample size of 94 patients, ran
domized in a 1:1 ratio, would provide 80% power to detect a 24% increase 
in the primary endpoint, with an alpha of 0.05. Allowing for a 5% dropout 
rate, at least 100 patients should be randomized.

Results
Trigger foci of atrial fibrillation
Among 130 patients enrolled in this study, the PV trigger foci were ob
served in 39.2% (51/130) of patients. Non-PV trigger foci were 
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observed in 33.1% (43/130) of patients, including 23.1% (30/130) of 
SVC-triggered AF patients. Atrial fibrillation was induced in 87 
(66.9%) patients (Figure 3A). There were 94 trigger foci in these 87 pa
tients (Figure 3B). The trigger foci were the LPV (31, 33.0%), SVC (30, 
31.9%), RPV (20, 21.3%), CS ostium (7, 7.4%), crista terminalis (3, 3.2%), 
and RA appendage (3, 3.2%), respectively.

Baseline characteristics
All 30 patients with SVC triggers underwent CPVI and SVCI. The re
maining 100 patients were randomized to CPVI plus SVCI (n = 50) or 
CPVI only (n = 50). Baseline characteristics were not significantly differ
ent between the CPVI plus SVCI and the CPVI-only groups, except for 
body mass index (BMI) and the use of a calcium channel blocker 
(Table 1). The BMI in the CPVI plus SVCI group was higher than that 
in the CPVI-only group (25.5 ± 2.7 vs. 24.3 ± 2.9, P = 0.03). The calcium 
channel blocker usage in the CPVI plus SVCI group was higher than that 
in the CPVI-only group (28.0 vs. 8.0%, P = 0.01).

Electrophysiological parameters
Electrophysiological characteristics of the patients without provoked 
SVC triggers randomized to the CPVI plus SVCI group vs. the 
CPVI-only group were comparable (Table 2). The electrophysiological 
characteristics were comparable between patients with and without 
SVC triggers, except for the length of the SN to the distal SVC muscle 
sleeve (Table 3). The length of the SN to the distal SVC muscle sleeve in 
patients with SVC triggers was significantly longer than that in patients 
without SVC triggers (40.2 ± 14.5 vs. 31.7 ± 10.4, P = 0.02).

Efficacy
At 12 months after the procedure, 93.3% of those with provoked SVC 
triggers who underwent SVCI plus CPVI were free from atrial tachyar
rhythmias. The overall survival rate from atrial tachyarrhythmias was 
83.8% among the randomized patients (Figure 4A). A total of 16 patients 
(16%) had atrial tachyarrhythmia recurrences after a 3-month blanking 
period, 6 in the CPVI plus SVCI group and 10 in the CPVI-only group. 
The Kaplan–Meier analysis showed that the survival rates freedom from 

atrial tachyarrhythmias in the CPVI plus SVCI and CPVI-only groups 
were 87.9 and 79.6%, respectively (log-rank P = 0.28; Figure 4B). The 
ablation of non-PV triggers, except the SVC, was comparable between 
the two groups (8.0 vs. 12.0%, P = 0.51).

Safety
No significant differences in procedure, fluoroscopy, and total ablation 
time were observed between the CPVI plus SVCI and the CPVI-only 
groups. No SN injury, phrenic nerve injury, and pericardial effusion oc
curred in the present study (Table 4).

Discussion
Major findings
The main findings of this randomized controlled study were as follows: 
first, the SVC was the most common non-PV trigger foci in our sub
jects; secondly, the patients with SVC triggers had longer SVC muscle 
sleeves compared with those without SVC triggers; thirdly, electroana
tomical mapping–guided SVCI avoided SN injury; and finally, SVCI in the 
absence of SVC triggers did not increase the success rate of PAF 
ablation.

The induction of atrial fibrillation 
non-pulmonary vein triggers
In the present study, non-PV triggers were induced in 33.1% of patients, 
which was similar to previous studies.3,20 Aggressive stimulation for 
triggers was performed before CPVI and at the end of the ablation pro
cedure in the present study. Although the induction protocol in the 
present study was similar to previous studies, the incidence of 
SVC-triggered AF (23.1%) in the present study was higher than that 
in previous studies.21,22 Takigawa et al.21 and Lin et al.22 reported the 
SVC-triggered AF rate of 6.6 and 10% in patients with PAF, respectively. 
In these previous studies, EPS to identify AF trigger foci was performed 
only after CPVI. Thus, non-PV triggers, including the SVC, may be 
masked by autonomic effects of CPVI.

LPV

31 (33.0%)

7 (7.4%)

30 (31.9%)

20 (21.3%)

Total = 94Total = 130

87 (66.9%)

43 (33.1%)

Non-trigger

Trigger

3 (3.2%)

BA
3 (3.2%)

RPV

SVC

CS

CT

RAA

Figure 3 The incidence (A) and distribution (B) of trigger foci in 130 patients undergoing PAF ablation. (A) AF was induced in 87 (66.9%) patients. 
(B) Among 94 trigger foci in 87 patients, the trigger foci were the LPV (33.0%), SVC (31.9%), RPV (21.3%), CS ostium (7.4%), CT (3.2%), and RAA 
(3.2%), respectively. AF, atrial fibrillation; CS, coronary sinus; CT, crista terminalis; LPV, left pulmonary vein; PAF, paroxysmal AF; RAA, right atrial ap
pendage; RPV, right pulmonary vein; SVC, superior vena cava.
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Electrophysiological characteristics of 
superior vena cava–triggered patients
The SVC, as the most common non-PV foci, contains cardiac muscles 
connected to the right atrium, and atrial excitation can propagate 

into the SVC.23 Superior vena cava cardiomyocytes were found to 
have pacemaker activity, and the enhanced automaticity and afterdepo
larization play a role in the arrhythmogenic activity of the SVC.24

Previous studies have shown that SVC firing is more likely to occur in 
patients with long SVC sleeves (>30 mm) and large SVC potentials 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics of patients in the CPVI plus SVCI group and the CPVI-only group

CPVI plus SVCI (n = 50) CPVI only (n = 50) P-value

Age (years) 59.1 ± 8.9 57.1 ± 9.9 0.30

Male (%) 35 (70.0%) 37 (74.0%) 0.66

BMI (kg/m2) 25.5 ± 2.7 24.3 ± 2.9 0.03

Duration (months) 24 (11–60) 24 (6–72) 0.97

CHA2DS2-VASc score 1 (0–2) 1 (0–2) 0.06

HAS-BLED score 1 (1–2) 1 (0–1) 0.10

Smoke (%) 14 (28.0%) 13 (26.0%) 0.82

Alcohol (%) 11 (22.0%) 9 (18.0%) 0.62

Comorbidities (%)

Hypertension 25 (50.0%) 19 (38.0%) 0.23

Diabetes mellitus 6 (12.0%) 4 (8.0%) 0.51

Coronary heart disease 5 (10.0%) 2 (4.0%) 0.44

Ischaemic stroke 2 (4.0%) 0 (0.0%) 0.50

Medication use (%)

Beta-blocker 18 (36.0%) 20 (40.0%) 0.68

CCB 14 (28.0%) 4 (8.0%) 0.01

ACEI/ARB 9 (18.0%) 9 (18.0%) 1.00

Statin 14 (28.0%) 8 (16.0%) 0.15

LAD (mm) 38.3 ± 4.3 37.4 ± 2.9 0.21

RAD (mm) 34.1 ± 3.5 34.1 ± 3.4 0.10

LVDD (mm) 47.8 ± 3.9 48.1 ± 3.5 0.73

LVDS (mm) 31.9 ± 2.2 31.5 ± 2.5 0.44

LVEF (%) 62.8 ± 1.9 63.5 ± 3.1 0.23

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CCB, calcium channel blocker; CPVI, circumferential pulmonary vein isolation; 
LAD, left atrium diameter; LVDD, left ventricular end-diastolic diameter; LVDS, left ventricular end-systolic diameter; LVEF, left ventricular ejection fraction; RAD, right atrium diameter; 
SVC, superior vena cava; SVCI, SVC isolation.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Electrophysiological characteristics of patients in the CPVI plus SVCI group and the CPVI-only group

CPVI plus SVCI (n = 50) CPVI only (n = 50) P-value

Left atrial volume (mm3) 103.9 ± 28.9 94.7 ± 17.7 0.09

Right atrial volume (mm3) 80.4 ± 27.1 79.5 ± 27.7 0.90

Diameter of the SVC port (mm) 20.8 ± 4.3 21.5 ± 4.5 0.47

Muscle sleeve length of the SVC (mm)

Septum 38.5 ± 11.1 39.2 ± 11.0 0.81

Free wall 38.3 ± 11.2 40.3 ± 11.0 0.49

Length of the sinus node to the distal SVC muscle sleeve (mm) 31.6 ± 10.3 31.8 ± 10.7 0.94

Location of the sinus node (%) (n = 85) 0.61

In-RA 26 (59.1%) 22 (53.7%)

In-SVC 18 (40.9%) 19 (46.3%)

CPVI, circumferential pulmonary vein isolation; RA, right atrium; SVC, superior vena cava; SVCI, SVC isolation.
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(>1 mV).9,25 A recent study conducted by Nyuta et al.11 demonstrated 
that longer L-SVC (length from the top of the SN to the top of the myo
cardial sleeve of the SVC) was an independent risk factor for SVC firing 
in patients with AF who underwent ablation, which was consistent with 
the result of our study.

Outcomes
The role of SVCI in PAF patients undergoing index ablation is currently 
controversial. In the present study, the success rate of AF ablation was 
the highest in patients who had identifiable SVC triggers and received 
SVCI. This observation confirms that SVCI is really necessary for pa
tients in the presence of SVC triggers. However, in patients with the 

absence of provoked SVC triggers, the success rate was similar be
tween the SVCI plus CPVI group and the CPVI-only group, which is 
consistent with some previous studies,26–28 although these studies 
included patients with SVC-triggered AF. On the other hand, other 
studies have shown a benefit.13,15,29 Corrado et al.15 conducted a 
randomized controlled study of empirical SVCI and found that empir
ical CPVI plus SVCI was superior to CPVI in PAF patients (90 
vs. 77%, P = 0.04) with a follow-up of 12 months. But, patients with 
PAF were only a subgroup of 320 patients with PAF, persistent AF, and 
permanent AF in the overall study population, and ablation was carried 
out with non-irrigated ablation catheters. Ejima et al.29 compared the out
comes of empiric SVCI vs. as-needed SVCI (SVCI if SVC triggered) in 
186 patients with PAF and reported a lower recurrence rate in the 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Electrophysiological characteristics in patients with or without SVC triggers

SVC trigger (n = 30) Non-SVC trigger (n = 100) P-value

Left atrial volume (mm3) 94.2 ± 31.1 99.3 ± 24.2 0.39

Right atrial volume (mm3) 79.8 ± 18.7 79.9 ± 27.2 0.99

Diameter of the SVC port (mm) 20.7 ± 3.5 21.1 ± 4.4 0.65

Muscle sleeve length of the SVC (mm)

Septum 37.6 ± 11.2 38.9 ± 10.9 0.70

Free wall 37.8 ± 13.1 39.3 ± 11.0 0.66

Length of the sinus node to the distal SVC muscle sleeve (mm) 40.2 ± 14.5 31.7 ± 10.4 0.02

Location of the sinus node (%) (n = 114) 0.66

In-RA 15 (51.7%) 48 (56.5%)

In-SVC 14 (48.3%) 37 (43.5%)

RA, right atrium; SVC, superior vena cava.
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empiric SVCI group compared with as-needed SVCI (23 vs. 44%, P =  
0.035). But, this study was a non-randomized retrospective study 
with inherent operator bias. All previous studies on SVCI were con
ducted in non-specific patients with PAF, whereas our study focused 
on PAF patients without provoked SVC triggers. The present study sug
gests that electroanatomical mapping–guided SVCI is not routinely re
quired in patients without provoked SVC triggers.

Safety
Potential complications related to SVCI include phrenic nerve injury, 
SN injury, and SVC stenosis. In the present study, electroanatomical 
mapping–guided SVCI could maximumly avoid SN and phrenic nerve 
injury. The previously reported incidence of phrenic nerve injury is 
low (0–5%) and usually transient.29–31 This proves that our strategy 
of searching for phrenic nerve capture by local maximum output pacing 
(20 mA) before ablation is a safe method of avoiding phrenic nerve in
jury. Liu et al.32 reported that the right phrenic nerve can be visualized 
by intracardiac echocardiography (ICE) in most patients, and phrenic 
nerve injury can be prevented by the guidance of ICE. It was reported 
that, among 354 patients with SVCI during AF ablation, the rate of SN 
injury was 1.1%.33 No SN injury occurred in patients with electroana
tomical mapping–guided SVCI in the present study.

Limitations
The ablation of non-PV triggers, except SVCI, may affect the outcome 
of patients between the two groups. However, the ablation of non-PV 
triggers was comparable between the two groups due to a randomized 
controlled study, and the influence of different non-PV triggers could be 
ignored. The recurrence rate of atrial tachyarrhythmias may have been 
underestimated because asymptomatic atrial tachyarrhythmia episodes 
may be undetected using 24 h or 7-day Holter compared with implan
table loop recorders.

Conclusions
The superior vena cava was the most common source of non-PV trig
gers in patients with PAF. Electroanatomical mapping–guided SVCI, in 
addition to CPVI, did not increase the success rate of PAF ablation in 
patients who had no identifiable SVC triggers.

Funding
This study was funded by the sixth-phase 333 project of Jiangsu Province 
(2022-2-408) and Zhongnanshan Medical Foundation of Guangdong 
Province (ZNSA-2020017).

Conflict of interest: none declared.

Data availability
The data underlying this article will be shared on reasonable request to the 
corresponding author.

References
1. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomstrom-Lundqvist C et al. 2020 

ESC guidelines for the diagnosis and management of atrial fibrillation developed in col
laboration with the European 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 European 
Heart Rhythm Association (EHRA) of the ESC. Eur Heart J 2021;42:373–498.

2. Boersma L, Andrade JG, Betts T, Duytschaever M, Pürerfellner H, Santoro F et al. 
Progress in atrial fibrillation ablation during 25 years of Europace journal. Europace 
2023;25:1–14.

3. Lin WS, Tai CT, Hsieh MH, Tsai CF, Lin YK, Tsao HM et al. Catheter ablation of parox
ysmal atrial fibrillation initiated by non-pulmonary vein ectopy. Circulation 2003;107: 
3176–83.

4. Inamura Y, Nitta J, Inaba O, Sato A, Takamiya T, Murata K et al. Presence of non- 
pulmonary vein foci in patients with atrial fibrillation undergoing standard ablation of 
pulmonary vein isolation: clinical characteristics and long-term ablation outcome. Int J 
Cardiol Heart Vasc 2021;32:100717.

5. Santangeli P, Zado ES, Hutchinson MD, Riley MP, Lin D, Frankel DS et al. Prevalence and 
distribution of focal triggers in persistent and long-standing persistent atrial fibrillation. 
Heart Rhythm 2016;13:374–82.

6. Higa S, Lo LW, Chen SA. Catheter ablation of paroxysmal atrial fibrillation originating 
from non-pulmonary vein areas. Arrhythm Electrophysiol Rev 2018;7:273–81.

7. Santangeli P, Marchlinski FE. Techniques for the provocation, localization, and ablation 
of non-pulmonary vein triggers for atrial fibrillation. Heart Rhythm 2017;14:1087–96.

8. Gianni C, Mohanty S, Trivedi C, Di Biase L, Natale A. Novel concepts and approaches in 
ablation of atrial fibrillation: the role of non-pulmonary vein triggers. Europace 2018;20: 
1566–76.

9. Higuchi K, Yamauchi Y, Hirao K, Sasaki T, Hachiya H, Sekiguchi Y et al. Superior vena 
cava as initiator of atrial fibrillation: factors related to its arrhythmogenicity. Heart 
Rhythm 2010;7:1186–91.

10. Kuroi A, Miyazaki S, Usui E, Ichihara N, Kanaji Y, Takagi T et al. Adenosine-provoked 
atrial fibrillation originating from non-pulmonary vein foci: the clinical significance and 
outcome after catheter ablation. JACC Clin Electrophysiol 2015;1:127–35.

11. Nyuta E, Takemoto M, Sakai T, Mito T, Masumoto A, Todoroki W et al. Importance of 
the length of the myocardial sleeve in the superior vena cava in patients with atrial fib
rillation. J Arrhythm 2021;37:43–51.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Procedural characteristics of patients in the CPVI plus SVCI group and the CPVI-only group

CPVI plus SVCI (n = 50) CPVI only (n = 50) P-value

Procedure time (min) 200.2 ± 37.2 208.3 ± 48.1 0.35

Fluoroscopy time (min) 5.8 (2.3–10.0) 5.5 (3.0–11.0) 0.61

Total ablation time (min) 54.0 (47.3–60.0) 53.0 (42.0–59.0) 0.22

Ablation of non-PV triggers, except the SVC (%) 4 (8.0%) 6 (12.0%) 0.51

Peri-operative complications (%)

Pericardial effusion 0 0 –

Thrombo-embolic events 0 0 –

Phrenic nerve injury 0 0 –

Sinus node injury 0 0 –

Death 0 0 –

CPVI, circumferential pulmonary vein isolation; PV, pulmonary vein; SVC, superior vena cava; SVCI, SVC isolation.

8                                                                                                                                                                                                   Y. Dong et al.



12. Kawano D, Mori H, Tsutsui K, Ikeda Y, Yamaga M, Kawai A et al. The target ablation 
index values for electrical isolation of the superior vena cava. J Interv Card 
Electrophysiol 2022;64:687–94.

13. Li JY, Jiang JB, Zhong GQ, Ke HH, He Y. Comparison of empiric isolation and conven
tional isolation of superior vena cava in addition to pulmonary vein isolation on the out
come of paroxysmal atrial fibrillation ablation. Int Heart J 2017;58:500–5.

14. Simu G, Deneke T, Ene E, Nentwich K, Berkovitz A, Sonne K et al. Empirical superior 
vena cava isolation in patients undergoing repeat catheter ablation procedure after re
currence of atrial fibrillation. J Interv Card Electrophysiol 2022;65:551–8.

15. Corrado A, Bonso A, Madalosso M, Rossillo A, Themistoclakis S, Di Biase L et al. Impact 
of systematic isolation of superior vena cava in addition to pulmonary vein antrum iso
lation on the outcome of paroxysmal, persistent, and permanent atrial fibrillation abla
tion: results from a randomized study. J Cardiovasc Electrophysiol 2010;21:1–5.

16. Gianni C, Sanchez JE, Mohanty S, Trivedi C, Della Rocca DG, Al-Ahmad A et al. Isolation 
of the superior vena cava from the right atrial posterior wall: a novel ablation approach. 
Europace 2018;20:e124–32.

17. Matsunaga-Lee Y, Egami Y, Ukita K, Kawamura A, Nakamura H, Matsuhiro Y et al. 
Electrophysiological identification of superior vena cava: novel insight into slow conduc
tion or conduction block. J Cardiovasc Electrophysiol 2021;32:58–66.

18. Chen X, Lu Y, Liu Y, Chen Q, Chen H, Ju W et al. Three-dimensional electroanatomic 
mapping characteristics of superior vena cava myocardial sleeve and sinoatrial node in 
patients with atrial fibrillation. Front Cardiovasc Med 2022;9:902828.

19. Kuck KH, Brugada J, Furnkranz A, Metzner A, Ouyang F, Chun KR et al. Cryoballoon or 
radiofrequency ablation for paroxysmal atrial fibrillation. N Engl J Med 2016;374: 
2235–45.

20. Yamaguchi T, Tsuchiya T, Miyamoto K, Nagamoto Y, Takahashi N. Characterization of 
non-pulmonary vein foci with an EnSite array in patients with paroxysmal atrial fibrilla
tion. Europace 2010;12:1698–706.

21. Takigawa M, Takahashi A, Kuwahara T, Okubo K, Takahashi Y, Watari Y et al. 
Long-term outcome after catheter ablation of paroxysmal atrial fibrillation: impact of 
different atrial fibrillation foci. Int J Cardiol 2017;227:407–12.

22. Lin CH, Chang SL, Lin YJ, Lo LW, Hu YF, Chung FP et al. Distribution of triggers foci and 
outcomes of catheter ablation in atrial fibrillation patients in different age groups. Pacing 
Clin Electrophysiol 2021;44:1724–32.

23. Miyazaki S, Takigawa M, Kusa S, Kuwahara T, Taniguchi H, Okubo K et al. Role of ar
rhythmogenic superior vena cava on atrial fibrillation. J Cardiovasc Electrophysiol 2014; 
25:380–6.

24. Chen YJ, Chen YC, Yeh HI, Lin CI, Chen SA. Electrophysiology and arrhythmogenic ac
tivity of single cardiomyocytes from canine superior vena cava. Circulation 2002;105: 
2679–85.

25. Nakamura T, Hachiya H, Yagishita A, Tanaka Y, Higuchi K, Kawabata M et al. The rela
tionship between the profiles of SVC and sustainability of SVC fibrillation induced by 
provocative electrical stimulation. Pacing Clin Electrophysiol 2016;39:352–60.

26. Da Costa A, Levallois M, Romeyer-Bouchard C, Bisch L, Gate-Martinet A, Isaaz K. 
Remote-controlled magnetic pulmonary vein isolation combined with superior vena 
cava isolation for paroxysmal atrial fibrillation: a prospective randomized study. Arch 
Cardiovasc Dis 2015;108:163–71.

27. Wang XH, Liu X, Sun YM, Shi HF, Zhou L, Gu JN. Pulmonary vein isolation combined 
with superior vena cava isolation for atrial fibrillation ablation: a prospective randomized 
study. Europace 2008;10:600–5.

28. Sharma SP, Sangha RS, Dahal K, Krishnamoorthy P. The role of empiric superior vena 
cava isolation in atrial fibrillation: a systematic review and meta-analysis of randomized 
controlled trials. J Interv Card Electrophysiol 2017;48:61–7.

29. Ejima K, Kato K, Iwanami Y, Henmi R, Yagishita D, Manaka T et al. Impact of an empiric 
isolation of the superior vena cava in addition to circumferential pulmonary vein isola
tion on the outcome of paroxysmal atrial fibrillation ablation. Am J Cardiol 2015;116: 
1711–6.

30. Miyazaki S, Usui E, Kusa S, Taniguchi H, Ichihara N, Takagi T et al. Prevalence and clinical 
outcome of phrenic nerve injury during superior vena cava isolation and circumferential 
pulmonary vein antrum isolation using radiofrequency energy. Am Heart J 2014;168: 
846–53.

31. Xu K, Wang Y, Wu S, Zhou L, Zhao L, Jiang W et al. The role of superior vena cava in 
catheter ablation of long-standing persistent atrial fibrillation. Europace 2017;19: 
1670–5.

32. Liu X, Lin R, Peng X, Wang X, Li Y, Liu X et al. Visualization and mapping of the right 
phrenic nerve by intracardiac echocardiography during atrial fibrillation ablation. 
Europace 2023;25:1352–60.

33. Killu AM, Fender EA, Deshmukh AJ, Munger TM, Araoz P, Brady PA et al. Acute sinus 
node dysfunction after atrial ablation: incidence, risk factors, and management. Pacing 
Clin Electrophysiol 2016;39:1116–25.

SVCI in paroxysmal atrial fibrillation                                                                                                                                                                    9


	Role of electroanatomical mapping–guided superior vena cava isolation in paroxysmal atrial fibrillation patients without provoked superior vena cava triggers: a randomized controlled study
	Introduction
	Methods
	Study population
	Peri-operative management and mapping
	Electrophysiological studies for the induction of atrial fibrillation triggers
	Circumferential pulmonary vein isolation
	Superior vena cava isolation
	Follow-up
	Endpoints
	Statistical analysis

	Results
	Trigger foci of atrial fibrillation
	Baseline characteristics
	Electrophysiological parameters
	Efficacy
	Safety

	Discussion
	Major findings
	The induction of atrial fibrillation non-pulmonary vein triggers
	Electrophysiological characteristics of superior vena cava–triggered patients
	Outcomes
	Safety

	Limitations
	Conclusions
	Funding
	Data availability
	References


