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Abstract

Background In patients with non-paroxysmal AF (atrial fibrillation), various ablation strategies have been attempted
to target non-pulmonary vein (PV) foci or to achieve substrate modification beyond pulmonary vein isolation. The
efficacy of empirical ablation of the SVC, one of the most common non-PV foci, is unclear. The aim of this study

was to investigate the efficacy and safety of additional superior vena cava (SVC) isolation in patients with non-parox-
ysmal AF undergoing thoracoscopic surgical ablation.

Methods/results A total of 191 patients with persistent or long-standing persistent AF was enrolled. All patients
underwent total thoracoscopic surgical ablation for AF, and half of them also received empirical SVC isolation. We
compared the atrial tachyarrhythmia (ATa)-free survival rate and procedure-related complications in the two groups
of patients. The 3-year ATa-free survival rate was 53% in the SVC isolation group and 52% in the no-SVC isolation group
(p=0.644). There were no differences between the two groups with respect to AF type or LA size. Procedure-related
complications occurred in 12 patients (6%). Pacemakers were implanted only in three patients from the SVC isolation
group. The only factor influencing recurrence of ATa was LA diameter.

Conclusions Empirical SVC isolation during thoracoscopic ablation for persistent AF did not improve patient
outcomes.

Keywords Persistent atrial fibrillation, Thoracoscopic surgical ablation, Superior vena cava, Empirical isolation, Non-PV
trigger
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Pulmonary vein isolation (PVI) is the cornerstone of
atrial fibrillation (AF) treatment [1]. However, despite
complete PVI, some patients, especially non-paroxysmal
AF patients, experience recurrence of AF [2, 3]. Many
investigators have postulated that both substrate modi-
fication and trigger isolation are necessary for effective
treatment of persistent or long-standing AF, and various
ablation strategies, such as non-PV trigger, linear line,
complex fractionated atrial electrogram (CFAE), or rotor
ablation, have been assessed [4, 5].

Non-PV trigger sources are present in approximately
11% of patients with persistent and long-standing
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persistent AF [6, 7]. The superior vena cava (SVC) is
one of the most common non-PV AF trigger sites, along
with the coronary sinus, vein of Marshall, left atrial pos-
terior wall, interatrial septum and crista terminalis. The
SVC acts as both an initiator and perpetuator of AF [I,
8]. Previous studies have shown that arrhythmogenic
SVC or empirical SVC isolation in combination with PVI
improves clinical outcomes in paroxyamal AF patients
[9-11]. However, the efficacy of SVC isolation in patients
with persistent or chronic atrial fibrillation remains con-
troversial [9].

Thoracoscopic surgical ablation has been advanced
as an alternative for non-paroxysmal AF patients. This
approach allows durable PVI through a direct epicardial
approach, with the added benefit of ablating epicardial
structures such as the ganglion plexus (GP) or Marshall’s
ligament, while excluding the left atrial appendage and
limiting the risk of phrenic nerve injury [12]. However,
in thoracoscpic ablation, non-PV trigger cannot be tested
and only empirical ablation is available. To date, there
have been no studies assessing the efficacy and safety
of additional empirical SVC isolation in thoracoscopic
surgical ablation for AF. The aim of this study was to
investigate the effect of empirical SVC isolation in thora-
coscopic surgical ablation of patients with non-paroxys-
mal AF.

Methods

Study population

We retrospectively analyzed patients who underwent
thoracoscopic ablation for persistent or long-standing
persistent atrial fibrillation at a single center from Janu-
ary 2012 to December 2018. Thoracoscopic ablation was
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indicated in patients with a high risk of catheter ablation
failure such as long-standing persistent AF, persistent AF
large LA size or long duration, or who failed prior cath-
eter ablation. We screened 293 consecutive patients, and
the following patients were excluded: (1) previous cath-
eter or surgical ablation (n=20), (2) incomplete thora-
coscopic ablation due to thoracic adhesions (n=15) and
(3) hybrid approach with epicardial and endocardial abla-
tion during index hospitalization (n=67). A total of 191
patients were selected for this study, with 51% (n=98) in
the empirical SVC isolation group and 49% (n=93) in the
no-SVC isolation group. (Fig. 1). All data were collected
through a review of medical records. This study was
approved by the Institutional Review Board of Samsung
Medical Center, and informed consent was waived (IRB
No. 2020-06-159).

Surgical procedures

Total thoracoscopic ablation (TTA) refers to a video-
assisted thoracoscopic surgical ablation technique using
bipolar radiofrequency energy without the assistance of
the Da Vinci system (Intuitive Surgical, Sunnyvale, CA,
USA) or cardiopulmonary bypass. First, three ports
were introduced on the right side. One 5-mm port was
inserted into the fourth intercostal space, and CO gas
was injected to expand the chest cavity and secure the
surgical field. The remaining two ports were placed in the
third intercostal space at the anterior axillary line and the
sixth intercostal space at the midaxillary line. After peri-
cardial tenting, a lighted dissector (AtriCure® Lumitip,
Atricure, Inc., Cincinnati, OH, USA) was used to pass
a rubber band under the antrum of the pulmonary vein
(PV) through the oblique sinus. An AtriCure® Isolator®

(January 2012 — December 2018)
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Fig. 1 Flow chart of the study. AF, atrial fibrillation; SVC, superior vena cava
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transpolar clamp was positioned around the PV antrum
through a connection to the rubber band. Bipolar radi-
ofrequency energy was delivered to the clamp six times
to achieve PV isolation. Superior and inferior lines con-
necting the PV isolation lines were created using a linear
pen device (MLP, Atricure, Inc.). Ganglionated plexuses
were subsequently ablated with bipolar energy under
high-frequency pacing. The procedure was performed in
the same way on the left side. The endpoint of each abla-
tion is the confirmation of bidirectional acute conduction
block across pulmonary veins isolation defined as the
absence of sensed atrial potentials in the PVs and pac-
ing conduction to the atria from PVs in patients in sinus
rhythm. A high-frequency stimulation is used at ablation,
and its response is defined as>50% increase in the R-R
interval. Using a bipolar ablation pen (Isolator Transpolar
pen), the high-frequency stimulation is delivered (cycle
length 60 ms, 16 Hz, pulse width 1.0 ms) with output
increments from 1 to 25 mA. When the high-frequency
stimulation does not evoke a vagal response, ablation is
performed on the basis of anatomic landmarks. After PV
and ganglionated plexus ablation, the ligament of Mar-
shall was dissected and ablated. Once ablations were
completed and conduction block was confirmed, the
left atrial auricle was removed with an endoscopic sta-
pling device. In patients in the SVC group, a clamp was
placed above the SVC and right atrial junctions, and abla-
tion was performed using the bipolar clamp previously
used for pulmonary vein isolation. To avoid damage to
the phrenic nerve, the phrenic nerve was excluded and
circular ablation was performed only around the SVC.
Because the ablation was made between the clamps, con-
tact outside the clamps did not damage the surrounding
tissue. Circular ablation of the SVC was performed twice
following an exit block test. All procedures were per-
formed by one experienced cardiac surgeon (DS]). (Addi-
tional file 1: Fig. S1).

Follow-up

After surgery, all patients were monitored in the inten-
sive care unit for the first 24 h. After confirming that
there was no bleeding or pericardial effusion, heparin
infusion was started 4 h after the operation; on the day
after the operation, the heparin infusion was discontin-
ued and the patient was switched to oral anticoagulation
(non-vitamin K antagonist or warfarin). Antiarrhythmic
drugs were continued after surgery. All patients had fol-
low-up evaluations at 2 weeks, 3 months and 6 months
postoperatively and every 6 months thereafter. At every
visit, 12-lead electrocardiography (ECG) and 24-h Holter
monitoring were performed. After a 3-month blanking
period, recurrence was defined as the detection of any
atrial tachyarrhythmias (ATa) including AF, atrial flutter
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(AFL) or atrial tachycardia (AT) occurring for a dura-
tion of more than 30 s. Cardioversion was performed
as needed during the blanking period. In patients with
recurrence of ATa, additional interventions, such as anti-
arrhythmic drugs, catheter ablation, or DC cardiover-
sion, were performed in consideration of the patient’s
status. In general, antiarrhythmic drugs (AADs) were
discontinued after 3 months if there was no evidence of
recurrence. Oral anticoagulants (OACs) were continued
postoperatively; in patients with no history of stroke,
low CHA,DS,-VASc score and well-maintained sinus
rhythm, OACs were discontinued on the decision of the
attending physician. During all follow-up periods, com-
plications were defined as events requiring additional
interventions, medications, or that lengthened the dura-
tion of hospital stay.

Statistical analyses

Categorical variables are reported as numbers and per-
centages, while continuous variables are presented as the
mean + standard deviation (SD). For comparison between
the two groups based on SVC isolation, a chi-square test
or Fisher’s exact test was used for categorical variables,
and an independent sample T-test was used for continu-
ous variables. The ATa-free survival rate was analyzed
using the Kaplan—Meier method, and the survival rates of
the two groups were compared using a log-rank test. Fac-
tors associated with ATa recurrence were identified using
univariate and stepwise multivariate analyses in Cox
regression. All variables with p values <0.10 in the univar-
iate analyses were entered into the multivariate analyses.
A two-sided p value<0.05 was considered statistically
significant. All statistical analyses were conducted using
SPSS® software (version 23.0; IBM, Armonk, NY).

Results

Baseline patient characteristics

Of the 191 total patients, 98 (51%) received SVC isolation
(SVC isolation group), and 93 (49%) did not (no-SVC iso-
lation group). The baseline patient characteristics are pre-
sented in Table 1. The mean age was 57 + 8 years, and 89%
were male. There were no significant difference in comor-
bidities between the two groups. The mean AF duration
was 44 +44 months (IQR 10-68 months). Persistent AF
and long-standing persistent AF accounted for 55% and
45% of the patient diagnoses, respectively. The SVC iso-
lation group contained a significantly greater percentage
of patients with long-standing persistent AF (53%) than
did the no-SVC isolation group (36%, p=0.015), and the
LA size was larger (LA diameter 49+6 vs. 46+7 mm,
p=0.002). The mean left ventricular ejection fraction was
59+ 8%.
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Table 1 Baseline characteristics
Variables Total No-SVC ablation SVC ablation p value
(n=191) (n=93, 49%) (n=98,51%)
Gender (female) 21 (11%) 15 (16%) 6 (6%) 0.025
Age (year) 57.1+82 56.7+9.3 574+70 0.542
Body mass index (kg/mz) 260+34 259438 26.1+3.0 0.561
Comorbidities
Hypertension 81 (42%) 36 (39%) 45 (46%) 0314
Diabetes mellitus 22 (12%) 1(12%) 11 (11%) 0.896
Prior stroke/TIA 24 (13%) 6 (17%) 8 (8%) 0.060
Heart failure 26 (14%) 1(12%) 15 (16%) 0.485
Coronary artery disease 6 (3%) ( %) 5(5%) 0.118
CHA,DS,VASc score 13£13 15+£15 1110 0.033
AF duration (month) 444+44.72 40.1+43.6 484+44.6 0.193
Type of AF 0.015
Persistent 106 (56%) 60 (64%) 46 (47%)
Long-standing persistent 85 (45%) 33 (36%) 52 (53%)
Echocardiographic data
LV EF (%) 589+7.7 582+84 596+6.9 0.210
LA diameter (mm) 473+65 458+6.7 487+6.0 0.002
LA volume index (ml/m?) 522+16.9 486+6.0 555+180 0.005

AF Atrial fibrillation, EF Ejection fraction, LA Left atrium, SVC Superior vena cava, TIA Transient ischemic attack

Surgical procedure and complications
All patients underwent PVI. More than 90% received roof
and posterior line ablation or ganglion plexus (GP) abla-
tion, and there were no significant differences between
the two groups with respect to the use of these proce-
dures. Twenty-one patients (11%) also underwent addi-
tional linear ablation from the SVC to IVC. Marshall
ligament division was performed in a lower percentage of
patients in the no-SVC than in the SVC isolation group.
Left atrial appendage (LAA) removal was performed in
all but two patients (Table 2).

Procedure-related complications occurred in 12
patients (6%), and there were no differences between the
two groups (7% vs. 6%, p=0.925). There were no patients

Table 2 Procedure characteristics

with phrenic nerve injury in either group. Pacemakers
were implanted only in three patients from the SVC iso-
lation group: Two of these patients had pre-existing sinus
node dysfunction before ablation, and the other had a
newly discovered arrhythmia after the procedure and had
a pacemaker implanted. One patient died of an unknown
cause one month after surgical ablation (Table 3).

Recurrence of atrial tachyarrhythmia

The overall mean follow-up duration was 32 + 17 months.
The 1-year and 3-year ATa-free survival rates were 68%
and 53% in the SVC isolation group and 75% and 52%
in the no-SVC isolation group, respectively, and there
were no significant differences between the two groups

Variables Total No-SVC ablation SVC ablation p value
(n=191) (n=93, 49%) (n=98, 51%)

Pulmonary vein isolation 191 (100%) 93 (100%) 98 (100%)

Roof line ablation 178 (93%) 85 (91%) 96 (98%) 0.053
Posterior line ablation 189 (99%) 92 (99%) 98 (100%) 0487
Ganglion plexus ablation 171 (90%) 83 (89%) 88 (90%) 0.901
SVC to IVC linear ablation 21 (11%) 7 (8%) 4 (14%) 0.136
Ligament of Marshall division 184 (96%) 86 (94%) 98 (100%) 0.012
Left atrial appendage removed 189 (99%) 91 (98%) 98 (100%) 0.236

SVC Superior vena cava, IVC Inferior vena cava
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Table 3 Procedure-related complications
Variables Total No-SVC ablation SVCablation p value
(n=191) (n=93,49%) (n=98, 51%)
Total 12 (6%) 6 (7%) 6 (6%) 0.925
Pericarditis 5 (3%) 3 (3%) 2 (2%) 0.676
Pacemaker 3 (2%) 3 (3%) 0.247
implantation
Stroke 3(2%) 2 (2%) 1 (1%) 0613
Death 1(1%) 1 (1%) 0 0487
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Fig. 2 Atrial tachyarrhythmia free surival rate

(p=0.644, Fig. 2). Of the 98 patients who underwent
SVC isolation, 26 patients underwent redo catheter abla-
tion due to AF recurrence. Incomplete SVC isolation was
confirmed in 7 patients (27%) and additional ablation was
performed, and complete SVC isolation was confirmed
in the remaining 19 patients (73%). In subgroup analysis,
there were also no differences according to AF type: At 3
years, no ATa recurrence was reported in 62% and 67%
(p=0.207) of patients with persistent AF and 43% and
38% (p=0.211) of those with long-standing persistent
AF in the SVC isolation and control groups, respectively
(Fig. 3A, B). There were also no differences in ATa-free
survival according to LA diameter (Fig. 3C, D). Table 4
presents the results of the univariate and multivariate
analyses to identify determinants of ATa recurrence. The
only factor influencing the recurrence of ATa was LA
diameter in the multivariate analyses (hazard ratio 1.079,
95% confidence interval 1.040-1.121, p <0.001).

Discussion

In this study, we investigated the efficacy and safety of
additional SVC isolation when performing thoraco-
scopic surgical ablation in patients with non-parox-
ysmal AF. To our knowledge, this is the first study to
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evaluate the efficacy and safety of additional SVC isola-
tion in surgical ablation for patients with AF. Our study
demonstrated that empirical SVC isolation did not
improve outcomes in patients with non-paroxysmal AF.
A larger LA size was the only independent predictor of
ATa recurrence, which was consistent with the results
of previous studies. Complications occurred in 6% of
patients. There were no patients with phrenic nerve
injury, but three patients in the SVC isolation group
required pacemaker implantation.

The SVC is one of the most common non-PV AF trig-
ger sites. The SVC has been shown to act not only as an
initiator, but also as a perpetuator of AF [8, 13]. Dur-
ing embryogenesis, the SVC originates from the sinus
venosus, which is also the origin of the sinoatrial node
[14]. This can explain the arrhythmogenicity of this
structure. There have been many studies of SVC isola-
tion using catheter ablation. In paroxysmal AF, empiri-
cal SVC isolation with PVI has been shown to improve
the outcome of AF ablation in de novo or redo proce-
dure. However, it did not improve outcomes in per-
sistent AF [9, 11, 15, 16]. In a prospective randomized
study, empirical SVC isolation improved Ata-free sur-
vival rate for paroxysmal AF (77% vs. 90%, p=0.04),
but did not significantly improve outcomes for patients
with persistent or permanent AF (74 vs. 80%, p=0.52
and 69 vs. 67%, p=0.77, respectively) [9]. These results
are also consistent with our findings using thoraco-
scopic ablation in patients with persistent AF. Xu et al.
[17] investigated the role of SVC in patients with long-
standing persistent AF who underwent extensive endo-
cardial ablation. The arrhythmogenicity of the SVC
was confirmed in only 1 of the patients (0.98%). Both
AF duration and LA diameter were determinants of
AF recurrence. Similarly, in another study, the preva-
lence of arrhythmogenic SVC in persistent and long-
standing persistent AF was very rare, at 1.9% and 1.3%,
respectively [18]. These results suggest that empiri-
cal SVC ablation has no additional benefit in patients
with persistent AF. On the contrary, in paroxysmal AF
patients, arrhythmogenic SVC were identified in 9-12%
[9, 11]. Small LA size and typical atrial flutter were
reported to be independent predictors of arrhythmo-
genic SVC. Atrial fibrillation is a progressive disease
characterized by chronic atrial structural remodeling,
including cellular hypertrophy, fibroblast proliferation
and tissue fibrosis. Left atrial enlargement is a surro-
gate marker of elevated left ventricular filling pressure
and the result of atrial remodeling. These contradictory
results suggest that the mechanism of AF in patients
with arrhythmogenic SVC differs from the typical
course of AF progression. Additionally, in this study,
the LA diameter was larger in the SVC isolation group
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Fig. 3 Atrial tachyarrhythmia free survival rate according to subgroup. A persistent atrial fibrillation. B long-standing persistent atrial fibrillation. C

left atrial diameter <50 mm. D left atrial diameter =50 mm

than in the no-SVC isolation group. The bigger LA in
SVC isolation group could affect the results. So it needs
to be considered in interpreting the results.

More extensive atrial ablation compared to catheter
ablation, such as thoracoscopic epicardial ablation or
COX MAZE III or IV operation, may increase the risk
of sinus node through direct or indirect injury [19-21].
It may directly induce postoperative sinus node dysfunc-
tion due to atrial scarring, cause local inflammation and
edema and also damage the sinus node or sinus artery
[21]. In particular, in about 40% of patients whose sinus
node artery originates from the left circumflex artery,
the nodal artery passes through the ablated field as it
winds around the PV. In this study, three patients were
implanted permanent pacemakers. Two patients were

diagnosed with sinus node dysfunction prior to proce-
dure, and one patient was diagnosed postoperatively.
Other studies that performed thoracoscopic epicardial
ablation for lone AF also showed similar results [19].
Transient or permanent sinus node dysfunction occurred
after procedure in 7%, and a pacemaker was implanted
in 2.5% of patients. Although this outcome is rarer than
MAZE operation, which is reported at 8—-9%, it is a sig-
nificantly higher incidence compared to never reported
or less than 1% in previous studies with catheter ablation
[9, 11, 15, 20, 21].

In the present study, we found an ATa-free survival
rate of 67% at 12 months for persistent or long-standing
persistent AF patients who underwent thoracoscopic
surgical ablation. This outcome was better than that
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Table 4 Determinant of atrial tachyarrhythmia recurrence

Hazard ratio 95% ClI p value
Univariate
Age 1.022 0.995-1.051 0.111
Sex 1.200 0.635-2.268 0.575
AF type 1.657 1.071-2562 0.023
AF duration 1.004 0.999-1.009 0.090
Left atrial diameter 1.085 1.047-1.124 <0001
Left ventricular ejection fraction  0.991 0.964-1.019 0524
BMI 1.059 0.994-1.127 0077
Hypertension 1.028 0.662-1.597 0901
Diabetes 0917 0459-1.833 0917
SVCisolation 1.108 0.718-1.710 0644
GP ablation 1.214 0526-2.800 0649
Multivariate
AF type 1.596 0.980-2.598 0060
AF duration 1.000 0.994-1.005 0972
Left atrial diameter 1.079 1.040-1.121 <0001
BMI 1.009 0.942-1.081 0793

All variables with p values <.10 in univariate analysis were included in the
multivariate model

GP Ganglion plexus; other abbreviations as in Table 1

reported in a previous study in which catheter ablation
was performed on patients with similar LA diameter, an
independent predictor of AF recurrence (43% ATa-free
survival at 12 months) [17]. These findings suggest that
epicardial ablation is an alternative treatment option for
patients with advanced AF with larger LA size.

Limitations

Our study has several limitations. This study was ret-
rospective in design and reports the findings from a
single center. As a retrospective study, there were sig-
nificant differences in baseline characteristics between
the two groups. However, sub-analysis was performed
to overcome these differences. Since epicardial abla-
tion was performed using a thoracoscopic approach,
the arrhythmogenicity of SVC could not be evaluated.
In addition, the ATa recurrence rate might have been
underestimated when using 12-lead ECG or Holter ECG
rather than continuous monitoring. Further larger and
randomized studies are required to support our results.

Conclusions

In patients with persistent AF, empirical SVC isolation
did not improve Ata-free survival rate. Even extensive
atrial ablation increases the risk of sinus node dysfunc-
tion. Empirical SVC isolation seems unnecessary during
thoracoscopic ablation in patients with persistent AF.
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Abbreviations

AF Atrial fibrillation

PV Pulmonary vein

PVI Pulmonary vein isolation
SvC Superior vena cava

ATa Atrial tachycardia

CFAE  Complex fractionated atrial electrogram
GP Ganglion plexus

TTA Total thoracoscopic ablation
AFL Atrial flutter

OAC  Oral anticoagulant

Ve Inferior vena cava

LA Left atrium
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