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Abstract

Background: Pulmonary vein (PV) antrum isolation (PVAI) has proven to be a useful
strategy for radiofrequency catheter ablation (RFCA) of atrial fibrillation (AF) world-
wide. However, non-PV foci, especially from the superior vena cava (SVC), play an
important role in initiating and maintaining AF.

Methods: In all, 427 consecutive patients with non-valvular AF who were admitted
to our hospitals to undergo RFCA of AF using an EnSite” system were evaluated. The
length from the top of the sinus node to the top of the myocardial sleeve of SVC (L-
SVC), longer and shorter diameter of SVC of 1 cm above of junction of right atrium
and SVC, and local activation time (LAT) of SVC were measured. Then, the SVC fir-
ing was evaluated by an intravenous administration of isoproterenol and adenosine
triphosphate.

Results: L-SVC, longer and shorter diameter of SVC, and LAT of SVC were signifi-
cantly longer in the SVC firing group than non-SVC firing group (P < .05). Moreover,
in accordance with the L-SVC, the frequency of the SVC firing significantly increased
(P < .001). A univariate analysis and multivariate statistical analysis revealed that
L-SVC longer than 37.0 mm (odds ratio 6.39) and longer diameter of SVC (odds ratio
6.78) were independent risk factors for SVC firing in patients with AF who under-
went RFCA of AF.

Conclusions: In view of these findings, L-SVC longer than 37.0 mm longer diameter
SVC longer than 17.0 mm may be one of the important predictors of SVC firing in
patients with AF.
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1 | INTRODUCTION

Pulmonary vein (PV) antrum isolation (PVAI) has proven to be a useful
strategy for radiofrequency catheter ablation (RFCA) of atrial fibrilla-
tion (AF) worldwide.® However, non-PV foci play an important role in
initiating and maintaining AF in less than 20% of patients.“'5 Non-PV
foci are located at sites including the superior vena cava (SVC), left
atrial (LA) posterior wall, crista terminalis, coronary sinus, ligament
of Marshall, interatrial septum, left atrial appendage, and so on.*®
In particular, the SVC, which harbors 25%-40% of the non-PV foci,
is the most common non-PV origin of AF4711 \We often experience
the atrial myocardium extending into the SVC at RFCA of AF in daily
clinical practice. Thus, in this study, we evaluated the relationship be-
tween the SVC firing by an intravenous administration of isoprotere-
nol (ISP) and adenosine triphosphate (ATP), which plays an important

role in non-PV foci, and length of the myocardial sleeve in the SVC.

2 | METHODS
2.1 | Baseline clinical characteristics

This study was approved by the institutional review committee and
ethics review board of our hospitals. From 2018 to 2019, 427 con-
secutive patients (281 males and 146 females with a mean age of
71.6 + 9.3 years) with non-valvular AF who were admitted to our
hospitals to undergo RFCA of AF using an EnSite NavX/Velocity™
Cardiac Mapping System (Abbott) were evaluated. The type of AF
was determined according to the 2018 JCS/JHRS guidelines on Non-
Pharmacotherapy of Cardiac Arrhythmias.'? In brief, paroxysmal, per-
sistent, and long-lasting AF were defined as AF that occurred from
a few minutes to days and then stopped on its own within 7 days,
AF that lasted for more than 7 days and did not correct on its own,
and AF that consistently exhibited a high, erratic heartbeat that could
not be corrected, respectively. The patients with hemodialysis, a his-
tory of RFCA with an SVC isolation, chronic obstructive lung disease,
which was a contraindication for ATP, who persisted AF after PVAI
and cardioversion and/or persistent left superior vena cava, were
excluded. All patients had their history recorded, and underwent a
physical examination, laboratory analysis, chest radiogram, 12-lead
electrocardiogram, and echocardiography within at least 1 month be-
fore admission. The CHADS, score,*? chamber size and left ventricu-
lar ejection fraction by echocardiography, and anatomy and size of
the PVs and LA by computed tomography (Aquilion 64 and Aquilion
ONE TSX-301A; TOSHIBA) were also evaluated before the RFCA.

2.2 | Procedure for the RFCA of AF

All patients were effectively anticoagulated for at least 1 month be-
fore the procedure. The procedures were performed after cardiac CT
and/or transesophageal echocardiography to rule out any LA thrombi.

All patients gave their informed consent. RFCA was performed as

described previously.***® In brief, deep sedation with supraglottic air-
ways (i-gel™; INTERSURGICAL Ltd.) was performed for the RFCA of
AF under an intravenous administration of propofol and dexmedeto-
midin. The initial i-gel™ size chosen was based on the manufacturer's
recommendation according to the body weight.' A temperature probe
(SensiTherm™; St. Jude Medical) for monitoring the esophageal tem-
perature was inserted through a side hole of the i-gel™ under deep
sedation, and placed between the level of the left superior and inferior
pulmonary veins for both groups. Femoral arterial access was routinely
acquired for continuous blood pressure and heart rate monitoring. A
100 unit per kilogram administration of heparin was administered fol-
lowing the transseptal puncture and heparinized saline was additionally
infused to maintain the activated clotting time at 300-400 seconds.
After an Advisor™ HD Grid catheter (Abbott) and circular map-
ping catheter (Optima™; St. Jude Medical) were positioned in the LA
after a double transseptal puncture, the LA was reconstructed by an
EnSite™ system using the Advisor™ HD Grid catheter. Then, a circum-
ferential PVAI was performed with an open irrigated ablation catheter
(FlexAbility™ or TactiCath SE™; St. Jude Medical) or 28-mm cryobal-
loon Arctic Front Advance™ (Medtronic, Inc) under electroanatomic
guidance with a 3D mapping system with intravenous administration
of ISP. In patients with persistent/long-lasting AF, when AF persisted
after the PVAI, the roof and bottom linear ablation of LA posterior wall
was additionally performed, and internal electrical conversion was
performed to recover sinus rhythm. The completion of the PVAI was
defined as the achievement of bidirectional conduction block between
the LA and PVs under the administration of ISP (10-20 pg/h) and ATP
(20 mg bolus iv). Furthermore, if common atrial flutter was previously
documented or induced by programmed stimulation after the PVAI, an
additional cavo-tricuspid isthmus line ablation was performed. There
was no potential for confounding data between the centers and op-
erators because the procedures for the RFCA of AF were performed
by electrophysiologists who were trained in advanced RFCA, and the
cases were assisted by two staff members who were well trained in

catheterization laboratory practices at our hospitals.

2.3 | SVC evaluation

After the complete PVAI procedure in the LA, the voltage and acti-
vation maps of SVC and right atrium were precisely reconstructed
by an EnSite™ system using an Advisor™ HD Grid catheter, or cir-
cular mapping catheter, Optima™ under an intravenous drip admin-
istration of ISP (10-20 pg/h) during sinus rhythm at a heart rate of
80-100 bpm (Figure 1A-C). Therefore, the earliest activation site
was the sinus node. The cutoff value of the voltage map was 0.5-
0.1 mV. Less than 0.1 millivolts was defined as no electric potential.
Then, the length from top of the sinus node to the top of the myo-
cardial sleeve in the SVC (L-SVC) was measured. After the circular
mapping catheter, Optima™, was placed about 10-20 mm above the
sinus node in the SVC, the SVC firing was evaluated by an intrave-
nous administration of ISP’ at 10-20 pg/h and 30 mg bolus injec-
tion of ATP at least more than twice. If the SVC firing (Figure 1D)
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FIGURE 1 The activation maps of the superior vena cava (SVC)
and right atrium (RA), which were reconstructed with EnSite™
3D-mapping in the right side (left panels) and frontal (right panels)
(A-C) views. The white areas show the earliest activation sites
during sinus rhythm and the white area indicates the sinus node
(SN). The length of SVC (L-SVC) was determined by the length
from the top of the sinus node to the top of the myocardial sleeve
in the SVC. The intra-cardiac electrocardiograms show the SVC
firing (D) and AF induced by the SVC firing (E) under intravenous
administration of isoproterenol and adenosine triphosphate

and/or AF (Figure 1E) was induced, an SVC isolation was additionally
attempted at 45°C with power limit of 20-25 W for 40-60 seconds.
To prevent diaphragmatic paralysis, just before radiofrequency en-
ergy application, we verified that the right diaphragm did not twitch
upon pacing from the ablation catheter. The completion of the SVC
isolation was defined as the achievement of bidirectional conduc-
tion block between the RA and SVC under the administration of ISP
and ATP. Additionally, local activation time (LAT) of was measured
using an EnSite™ system. Furthermore, the longer and shorter diam-
eter of SVC were evaluated by cardiac CT for RFCA of AF.

2.4 | Follow-up post-ablation

All patients were followed at 1, 2, 3, 6, and 12 months post-ablation.
The ECG was checked periodically, and 24-hour Holter monitoring was

used during first 6 months post-ablation to assess the recurrence of AF.

2.5 | Statistical analysis

The numerical results are expressed in the text as the mean + SD.
Paired data were compared by a Fisher's exact test and Student's t
test or the Wilcoxon signed-rank test. The trend in the proportions
and correlation between the frequency of SVC firing and an L-SVC
was determined by a Cochran-Armitage analysis.

Comparisons among the three different types of AF were per-
formed using the chi-square test for categorical variables and one-
way analysis of variance for continuous variables. A multivariate
logistic regression analysis was carried out to evaluate the asso-
ciation between the SVC firing and those factors. Factors with at
least a borderline significance (P < .15) according to the univariate
analysis were included in the multivariate analysis. All analyses were
performed with SAS version 9.2 software (SAS Institute). A P of <.05

was considered to indicate statistical significance.

3 | RESULTS
3.1 | Patient characteristics

Out of 427 patients, in 143 (33%) and 284 (67%) patients, SVC
firing was induced (SVC firing [SVCF] group) and not induced
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TABLE 1 Patient characteristics

All (n =427) SVCF (n = 143) N-SVCF (n = 284) P value (SVCF vs N-SVCF)
Male 281 (66%) 101 (71%) 180 (63%) 137
Age (y) 71.6 +9.3 70.6 +9.6 72.2+9.2 .099
Body mass index (kg/mz) 23.8+9.8 23.7 +3.6 239 +11.7 799
Body surface area (m?) 1.67 +0.19 1.68 + 0.20 1.66 +0.19 .390
CHADS, score 2.51+1.26 242+1.21 2.56 +1.29 .292
Type of atrial fibrillation
Paroxysmal 212 (50%) 69 (48%) 143 (50%) .695
Persistent 161 (38%) 52 (36%) 109 (38%) -
Long-lasting 54 (13%) 22 (15%) 32 (11%) =
Underling heart disease
Post-percutaneous coronary intervention 36 (8%) 11 (8%) 25 (9%) .698
Cardiomyopathy or amyloidosis 14 (3%) 4 (3%) 10 (4%) .693
Post-cardiac surgery 2 (1%) 0 (0%) 2 (1%) 316
Post-pacemaker implantation 16 (4%) 5(3%) 11 (4%) .847
Others 2(1%) 1(0.7%) 1(0.4%) .621
Laboratory analysis
Brain natriuretic peptide (pg/mL) 165 + 275 152 + 171 172 + 314 485
Serum creatinine (mg/dL) 0.92 +0.24 0.89 +0.23 0.93+0.24 .098
Left ventricular ejection fraction (%) 63.0+10.4 627 +11.3 63.3+£9.9 597
Diameter of left atrium (mm) 40.7 + 6.8 40.8 +11.3 40.6 + 6.9 .835
EPS/RFCA before the SVC evaluation
Pulmonary vein antrum isolation 427 (100%) 143 (100%) 284 (100%) 1.000
Left atrial posterior (Box) isolation 188 (44%) 67 (47%) 121 (43%) 405
Cavo-tricuspid isthmus line ablation 102 (24%) 36 (25%) 66 (23%) .659
Others 16 (4%) 4 (3%) 12 (4%) 464
Radio-frequency ablation 372 (87%) 115 (80%) 257 (90%) .003
Cryoballoon ablation 55 (13%) 28 (20%) 27 (10%) -
SVC evaluation
Three-dimensional mapping points by EnSite 200 + 14 199 + 14 200 + 14 .565
L-SVC (mm) 30.6 +14.7 419 +125 249 +123 <.001
Longer diameter of SVC (mm) 19.1 + 3.9 201 +27 18.6 + 4.3 <.001
Shorter diameter of SVC (mm) 17.7 + 4.4 18.6 + 2.8 17.3 +5.0 .004
Local activation time (msec) 777 +£26.6 81.5+22.7 75.8 +£28.2 .035
Medications on admission
Oral anticoagulation with NOAC or VKA 427 (100%) 143 (100%) 284 (100%) 1.000
Bepridil 339 (79%) 113 (79%) 226 (80%) .894
Amiodarone 28 (7%) 10 (7%) 18 (6%) 797
Class | agent 95 (22%) 36 (25%) 59 (21%) .303
Digitalis 8 (2%) 4 (3%) 4 (1%) .319
Beta-blocker 335 (78%) 111 (78%) 224 (79%) 767
ACE inhibitors or angiotensin Il receptor blocker 288 (67%) 94 (66%) 194 (68%) .593
Mineralocorticoid-receptor antagonist 149 (35%) 46 (32%) 103 (36%) 403
Diuretic 169 (40%) 61 (43%) 108 (38%) .357
Statin 210 (49%) 62 (43%) 148 (52%) .088
Platelet inhibitor 62 (15%) 20 (14%) 42 (15%) .825

Abbreviations: ACE, angiotensin-converting enzyme; EPS, electrophysiological study; L-SVC, Length from top of sinus node to top of myocardial
sleeve in the SVC; NOAC, non-vitamin K antagonist oral anticoagulant; N-SVCF, the non-SVC firing group; RFCA, radiofrequency catheter ablation;
SVC, superior vena-cava; SVCF, the SVC firing group; VKA, vitamin K antagonist.
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(non-SVC firing [N-SVCF] group), respectively. The prevalence
of radiofrequency ablation (80% vs 90%; P = .003), an L-SVC
(41.9+12.5mmvs24.9 +12.3 mm; P <.001), longer (20.1 + 2.7 mm
vs 18.6 + 4.3 mm; P < .001) and shorter diameters (18.6 + 2.8 mm
vs 17.3 + 5.0 mm; P = .004) of SVC, and LAT (81.5 + 22.7 points
vs 75.8 + 28.2 points; P = .035) were significantly lower and
longer in the SVCF group than N-SVCF group (Table 1; Figure 2A).
Furthermore, out of 143 patients in the SVCF group, AF was in-
duced by SVC firing in only nine patients (2%). The L-SVC in those

nine patients was 42.6 + 8.7 mm.

3.2 | L-SVC for the different types of AF

The L-SVCs for all types of AF were significantly longer in the
SVCF group than N-SVCF group (all; P < .001) (Table 2). In the
SVCF group, the L-SVC in long-lasting AF tended to be longer
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FIGURE 2 The length of superior vena cava (L-SVC) was
determined by the length from the top of the sinus node to the
top of the myocardial sleeve in the SVC. The plotting of the L-SVC,
which was determined by the length from the top of the sinus
node to the top of the myocardial sleeve in the SVC in the SVCF
and N-SVCF groups (A). The frequency of SVC firing according

to the 7 L-SVC groups (B). AF, atrial fibrillation; ATP, adenosine
triphosphate; ISP, isoproterenol

TABLE 2 L-SVC for the different types of atrial fibrillation

P
All SVCF N-SVCF value
Paroxysmal 31.6 +141 41.7+13.4 267 £11.7 <.001
(n=212) (n = 69) (n=143)
Persistent 297 +152 414+125 241+13.1 <.001
(n=161) (n=52) (n=109)
Long-lasting 299 +15.7 441+95 20.1+10.8 <.001
(n=54) (n=22) (n=232)
P value .893 667 .094 —

Abbreviations: L-SVC, length from the top of the sinus node to the top
of the myocardial sleeve in the SVC; N-SVCF, the non-SVC firing group;
SVCF, the SVC firing group.

than that of paroxysmal and persistent AF, but was not significant.
Furthermore, in the N-SVCF group, the L-SVC in long-lasting AF
tended to be shorter than that in paroxysmal and persistent AF,

but it was not significant.

3.3 | SVC firing and the L-SVC

The L-SVC was significantly longer in the SVCF group than N-SVCF
group (41.9 + 12.5 points vs 24.9 + 12.3 points; P < .001). Therefore,
the patients were divided into seven groups according to the L-SVC. In
accordance with the L-SVC, the frequency of SVC firing significantly
increased (P < .001) (Figure 2B). The ROC curve analysis of L-SVC
(Figure 3A) and longer diameter of SVC (Figure 3B) revealed that the
specificity and sensitivity of SVC firing were 0.835 and 0.727,and 0.254
and 0.951, respectively, for a 37.0 mm L-SVC and a 17.0 mm longer di-
ameter of SVC. The areas under the curve (AUC) and 95% Cl of the AUC
were 0.838 and 0.797-0.879, and 0.591 and 0.538-0.645, respectively.

3.4 | Independent risk factors of SVC firing in
patients with AF who underwent RFCA of AF

A univariate analysis and multivariate statistical analysis revealed
that the L-SVC longer than 37.0 mm (odds ratio 6.39) and longer di-
ameter of SVC longer than 17.0 mm (odds ratio 6.78) were independ-
ent risk factors for SVC firing in patients with AF who underwent
RFCA of AF (Table 3). In view of these findings, L-SVC longer than
37.0 mm and longer diameter of SVC longer than 17.0 mm may be
one of the important predictors of SVC firing in patients with AF.

3.5 | SVCisolation

Out of 143 patients with SVC firing, in 119 (83%), a complete SVC
isolation was additionally performed. RFCA of the SVC isolation
lines was performed about 10 mm above the top of the sinus node
which was detected by EnSite™. However, in the remaining 24 pa-

tients, a complete SVC isolation could not be achieved because
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FIGURE 3 The length of superior vena cava (SVC) (L-SVC) (A) was determined by the length from the top of the sinus node to the top

of the myocardial sleeve in the SVC by EnSite™ images. The longer diameter of superior vena cava SVC (B) was determined by the diameter
of SVC of the 1 cm above of junction of right atrium and SVC by computed tomography for radiofrequency of catheter ablation of atrial
fibrillation. A receiver-operating characteristic curve analysis of the L-SVC (A) and longer diameter of SVC (B). The specificity and sensitivity
of the SVC firing according to the L-SVC and longer diameter of SVC were 0.835 and 0.727, for an L-SVC of 37.00 mm, and 0.254 and 0.951,

for longer diameter of SVC of 17.00 mm, respectively

of capture of the phrenic nerve by 10 V pacing from the ablation
catheter on the SVC isolation lines to avoid the phrenic nerve palsy.
Fortunately, in nine patients with SVC firing, which induced AF dur-

ing an ISP and ATP infusion, a complete SVC isolation was achieved.

3.6 | Complications

Out of 427 patients, in 12 (2.8%), the complications associated with
procedure, including 5 (1.2%) cardiac tamponade, 2 (0.5%) pericar-
ditis, 2 (0.5%) retroperitoneal hematoma, 1 (0.2%) acute paralytic
gastric dilatation, 1 (0.2%) transient ischemic attack/brain infarc-
tion, and 1 (0.2%) transient diaphragmatic paralysis, were observed.
There were no statistically differences in the complications between
the SVCF and N-SVCF groups (data not shown).

3.7 | Recurrence of AF

After conclusion of the study, 14%, 21%, and 38% of the patients
with paroxysmal, persistent, and long-lasting AF had recurrence of

AF, respectively, at the final follow up at 12 months post-ablation.

4 | DISCUSSION

4.1 | The new findings and important points of this
manuscript

The SVC is one of the most important sources of non-PV foci revealed
by the results of an ISP and ATP test, which can aid in the identifi-
cation of an arrhythmogenic SVC during the RFCA procedure. It has
been reported that the SVC, which harbors 25%-40% of non-PV foci,

is the most common non-PV origin of AF471 However, no reports

have covered the relationship between the SVC firing during ISP and
ATP, and the length of the myocardial sleeve in the SVC and diameter
of SVC. We evaluated that and confirmed new findings and important
points in the evaluation after the PVAI as follows: (a) Out of 427 patients
who underwent RFCA of AF, in 143 (33%) SVC firing was induced by an
intravenous administration of ISP and ATP (Figure 1D). (b) Out of 143
patients in whom SVC firing was induced, in only nine (6%) patients AF
was induced by SVC firing (Figure 1E). (c) The L-SVC (41.9 + 12.5 mmvs
24.9 + 12.3 mm; P < .001) and longer diameter of SVC (20.1 + 2.7 mm
vs 18.6 + 4.3 mm; P < .001) were significantly longer in the SVCF group
than N-SVCF group (Table 1; Figure 2A). (4) In accordance with the
L-SVC, the frequency of SVC firing significantly increased (P < .001)
(Figure 2B). (5) The ROC curve analysis (Figure 3A,B), univariate analy-
sis, and multivariate statistical analysis (Table 3) revealed that the
L-SVC longer than 37.0 mm (odds ratio 6.39) and longer diameter of
SVC longer than 17.0 mm were independent risk factors for SVC firing
in patients with AF who underwent RFCA of AF.

4.2 | LATof SVC

The L-SVC, and longer and shorter diameter of SVC were signifi-
cantly longer in the SVCF group than the N-SVCF group. Because,
probably, longer and wider myocardial sleeve in the SVCF group
may have much atrial muscle, LAT was longer than N-SVCF group.
However, longer LAT was not independent risk factors for SVC firing
in patients with AF who underwent RFCA of AF in this study.

4.3 | L-SVC for the different types of AF

There were no statistically differences of L-SVCs between the all
types of AF including paroxysmal, persistent, and long-lasting AF
(Table 2).
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TABLE 3 Univariate and multivariate analyses

Univariate analysis

Multivariate analysis

OR (95% ClI) P value OR (95% ClI) P value
Male 1.39(0.88-2.20) 160
Age (y) 0.98 (0.96-1.00) .100
Body mass index (kg/m?) 0.99 (0.97-1.02) .801
Body surface area (m?) 1.59 (0.55-4.60) .389
CHADS, score 0.92(0.78-1.08) 291
Type of atrial fibrillation
Paroxysmal 0.92 (0.60-1.40) .758
Persistent 0.92(0.59-1.42) 751
Long-lasting 1.43(0.75-2.66) .280
Underling heart disease
Post-percutaneous coronary intervention 0.86(0.37-1.88) .854
Cardiomyopathy or amyloidosis 0.78 (0.17-2.79) 782
Post-cardiac surgery 0.00 (0-10.58) .553
Post-pacemaker implantation 0.89 (0.24-2.87) 1.000
Others 1.98(0.02-156.79) 1.000
Laboratory analysis
Brain natriuretic peptide (pg/mL) 1.00 (0.99-1.00) 491
Serum creatinine (mg/dL) 0.48 (0.19-1.15) .098
Left ventricular ejection fraction (%) 0.99 (0.97-1.01) .597
Diameter of the left atrium (mm) 1.00(0.97-1.03) .835
EPS/RFCA before SVC evaluation
Pulmonary vein antrum isolation — —
Left atrial posterior (Box) isolation 1.18(0.77-1.81) 411
Cavo-tricuspid isthmus line ablation 1.11(0.67-1.81) 718
Others 0.65(0.15-2.21) .594
SVC evaluation
L-SVC (237.0 mm) 13.3(8.07-22.47) <.001 6.39 (3.67-11.1) <.001
Longer diameter of SVC (mm) 6.60(2.95-14.8) <.001 6.78 (2.67-17.20) <.001
Shorter diameter of SVC (mm) 1.07 (1.02-1.12) .004 1.03 (0.96-1.11) 408
Local activation time (msec) 0.99 (0.98-0.99) .036 0.99 (0.98-1.00) 199
Medications on admission
Oral anticoagulation with NOAC or VKA — —
Bepridil 0.96 (0.57-1.64) .900
Amiodarone 1.11 (0.44-2.62) .837
Class | agent 1.28(0.77-2.11) .325
Digitalis 2.01(0.37-10.9¢) 450
Beta-blocker 0.93(0.55-1.56) .803
ACE inhibitors or angiotensin Il receptor blocker 0.89 (0.56-1.39) .587
Mineralocorticoid-receptor antagonist 0.83(0.53-1.30) 452
Diuretic 1.21(0.78-1.86) 402
Statin 0.70 (0.45-1.07) 101
Platelet inhibitor 0.94 (0.49-1.71) .885

Abbreviations: ACE, angiotensin-converting enzyme; EPS, electrophysiological study; NOAC, non-vitamin K antagonist oral anticoagulant; RFCA,
radiofrequency catheter ablation; SVC, Length from top of sinus node to top of myocardial sleeve in the SVC; VC, superior vena-cava; VKA, vitamin K
antagonist.
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4.4 | Was the SVCisolation needed?

This study revealed that an L-SVC longer than 37.0 mm and longer
diameter of SVC longer than 17.0 mm may be one of the important
predictors of SVC firing and/or greater arrhythmogenicity in pa-
tients with AF. Probably, a longer and wider myocardial sleeve and
may include much atrial muscle, and with much atrial muscle, electri-
cal firing may occur, which may initiate AF. In this study, in 143 (33%)
patients SVC firing was induced by the intravenous administration of
ISP and ATP (Figure 1D). However, out of 143 patients in whom SVC
firing was induced, AF was induced by SVC firing in only nine (6%)
patients (Figure 1E). In those nine patients, the SVC played an impor-
tant role in initiating and maintaining AF. On the other hand, in the
remaining 124 patients, AF could not be maintained AF because of
the PVAI procedure, which isolated the most important area to main-
tain AF, even though triggered SVC firing occurred. Furthermore, in
paroxysmal AF patients, empirically adding an SVCI after the PVAI
did not significantly reduce the AF recurrence after the RFCA of AF’
Possibly, in those patients, an additional SVC isolation may not be
necessary after a complete PVAI. On the other hand, it has been
shown that excessive atrial ectopy and short atrial runs increase the
risk of the incidence of AF and strokes.'® In view of this point, the
124 patients with SVC firing without AF may undergo an SVC isola-
tion. Whether an SVC isolation should be performed or not, should
be determined in a randomized clinical trial and further studies.

4.5 | Limitations of the study

This study had a prospective design but was not a randomized clini-
cal trial. Although our study was a multi-center trial, it was limited by
the relatively small number of patients. The SVC mapping was per-
formed after PVAI procedure. Because of the short follow-up period,
our study still could not demonstrate the long-term clinical benefits.
Whether our results can safely be extrapolated to the inclusion of a
larger number of patients, and a longer follow-up period for these
patients by a randomized clinical trial should be determined in fur-
ther studies.

5 | CONCLUSIONS

In view of these findings, an L-SVC longer than 37.0 mm (odds ratio
6.39) and longer diameter of SVC longer than 17.0 mm (odds ratio
6.78) may be one of the important predictors of SVC firing in pa-
tients with AF.
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