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Introduction
Catheter ablation is a well-established technique for treating atrial 

fibrillation (AF) via pulmonary veinisolation (PVI), with a variety 
of energy sources used, most commonly radiofrequency (RF) or 
cryoablation energy [1, 2]. RF ablation has been widely performed and 
shown to be a highly effective treatment for AF, However, it can be 
associated with serious complications [3, 4, 5]. The recently introduced 
therapeutic technology of using a cryoballoon catheter (CB) for 
PVI has produced satisfactory results in a number of trials providing 
comparable efficacy [6, 7]. Recently, infusion of ethanol into the vein of 

Marshall (VOM-EI) has been proposed as a potentially synergistic 
adjunctive therapeutic strategy for AF [8, 9]. The aim of this study is to 
investigate whether a VOM-EI translates into an improved rhythm 
control in paroxysmal AF, and whether the technique chosen for the 
PVI (RF or CB) has any influence when combined with a VOM-EI. 

Methods
Patients Population

Patients 44 to 82 years of age who had experienced multiple episodes 
of AF within the previous 6 months were consecutively enrolled in 
the study. Patients were excluded if their left atrium (LA) was >55 
mm in diameter, or if there was evidence of any LA thrombus. Further 
exclusion criteria included unstable angina, myocardial infarctions 
within the previous 6 months, percutaneous transluminal coronary 
angioplasty within the previous 6 months, an ejection fraction of 
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Abstract
Introduction:  Ethanol infusion (EI) in the Vein of Marshall (VOM) has multifactorial effects that could be synergistic to pulmonary vein 

isolation (PVI) in ablation of atrial fibrillation (AF). The efficacy of radiofrequency (RF) versus cryoablation when combined with a VOM-EI has 
never been investigated. The aim of this study is to evaluate outcome differences of AF ablation using RF versus cryoablation when combined 
with VOM-EI.

Materials and Methods:  Consecutive patients (n=132) underwent catheter ablation of paroxysmal AF with either RF or cryoballoon (CB) 
for PVI combined with VOM-EI. Bi-directional conduction block at the mitral isthmus was attempted. The end-point was the freedom from any 
atrial arrhythmias documented after a blanking period of 90 days after the procedure. 

Results: Kaplan-Meier estimates of the arrhythmia-free survival after 1 year were 63.8 (RF + VOM), and 82.7 % (CB + VOM), respectively. 
Comparison between CB + VOM versus RF + VOM reached statistical significance (p=0.0292). The periprocedural complication rate was 
comparable in both groups (5.0 % RF, 5.8 % CB; p=0.14) with a significant difference in the incidence of phrenic nerve palsy (0 % RF, 2.0 % 
CB; p<0.05). 

Conclusions:  PVI with CB had an increased freedom from AF recurrence compared to RF combined with VOM-EI. The present results 
suggest a potential additive effect of VOM-EI to CB application.
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<40 %, heart failure grade III or IV (New York Heart Association 
criteria), and strokes or transient ischemic attacks within the previous 
6 months. The patients provided informed consent and the protocol 
was approved by the local ethical committee of all institutions.

Patient groups   
RF only; n=90, CB only; n=120, RF combined with VOM-EI; 

n=80, CB combined with VOM-EI; n=52.

A total of 132 patients underwent VOM-EI, 80 of which underwent 
PVI using RF, and 52 using CB (Group 1). For comparison, a total 
of 210 patients underwent PVI without VOM-EI (Group 2), ninety 
of which with RF, and 120 with CB. Patients in Group 1 underwent 
ablation of the mitral isthmus, the aim of which was to achieve 
bidirectional block. Patients in Group 2 did not undergo any mitral 
isthmus ablation. 

Ablation strategy in each patient was selected by the discretion 
of the attending physician at each institution in a random fashion. 
When the VOM was absent as assessed by the venography of the 
coronary sinus, such patients were assigned into Group 2. All centers 
involved in this study enrolled the patients into these four groups. 
Data were collected prospectively.

Pre-procedural management
Cardiac computed tomography (CT) and transesophageal 

echocardiography (TEE) were performed the day before the ablation 
to analyze the LA and PV anatomy and to rule out any intracardiac 
thrombus. For patients receiving novel anticoagulant agents, our 
practice was to stop the anticoagulation as follows: (i) the last dose 
of rivaroxaban and edoxaban were given in the morning 1 day prior 
to the procedure, and (ii) the last dose of dabigatran and apixaban 
were given in the evening 1 day prior to procedure. Warfarin was not 
interrupted.

Ethanol ablation procedure
Under general anesthesia, a quadripolar catheter was positioned 

at the His bundle recording site, and a decapolar catheter was 
inserted into the coronary sinus (CS) via the right jugular vein. A 
balloon occlusion venogram of the CS was performed to delineate 

the CS anatomy. The presence of the VOM was established when 
a posteriorly directed vein branch was visible in the right anterior 
oblique projection.

The VOM was cannulated as previously described, using outer 
(GCS aim SL 59cm, St Jude Medical Inc., Minneapolis, MN) 
and inner sheaths (GCS direct SL II 50cm, St. Jude Medical Inc., 
Minneapolis, MN) designed for a left ventricular pacing lead delivery 
that was inserted in the CS via the right jugular vein [8, 9, 10, 11]. The 
inner sheath was manipulated so that its tip faced posteriorly and 
superiorly toward the orifice of the VOM. Angiographic contrast was 
slowly injected and the VOM was identified as an atrial branch of 
the CS that arose from the level of the valve of Vieussens. A single 
transseptal puncture was undertaken after venous and arterial access 
had been achieved. A duodecapolar catheter was inserted in the left 
atrium through the long guiding sheath and used to pace from the 
left atrial appendage (LAA). Heparin was administered to maintain 
the Activated Clotting Time (ACT) between 300 and 350 seconds 
throughout the procedure. Three-dimensional mapping of the left 
atrial geometry and bipolar voltage amplitude was performed using 
the NavX system (St. Jude Medical Inc., Minneapolis, MN).

An angioplasty wire (Runthrough, TERUMO, Tokyo) was 
advanced into the VOM. An angioplasty balloon (8mm length, 
1.5 mm diameter, Ryujin, TERUMO, Tokyo or 10 mm length, 2.0 
mm diameter, Ottimo, Japan Lifer Line, Tokyo) was then advanced 
over the wire as distally as possible. Depending on the length of the 
VOM, up to three balloon occlusive injections of 98 % ethanol (1.5 
cc over 90 seconds) were delivered. Starting in the most distal VOM, 
the balloon was slightly retracted sequentially after each EI, so that 
the last EI was undertaken from the most proximal portion of the 
VOM. After completion of the VOM-EI, a repeat voltage map was 
performed to delineate the ethanol-induced low voltage area. A low 
voltage area was defined as a bipolar voltage amplitude of <0.05mV. 
The VOM-EI was performed as the first step during the ablation 
procedure. Ablation effects of this procedure on the mitral isthmus 
area were also investigated.

Figure 1B: Kaplan-Meier curve comparing the freedom from AF/AT 
recurrence across the four study sub-groups

Figure 1A: Kaplan-Meier curve comparing the freedom from AF/AT 
recurrence between Group 1 and 2.
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Cryoablation Procedure

Cryoballoon ablation was performed as previously described [14]. 
Briefly, a 14 French deflectable sheath (FlexCath, Medtronic) was 
introduced into the LA after a single transseptal puncture. Only 
the 28-mm CB was used. The cryoballoon catheter (Arctic Front 
Advance, Medtronic) was introduced into the sheath, inflated, 
and advanced to the ostium of each PV and ablation of the PV 
antra was performed with a single application of 180 seconds per 
vein. PV angiography and measurement of the PV potentials were 
carried out both before and after the PVI with the use of a circular 
mapping catheter (Achieve, Medtronic). Occlusion of each PV was 
assessed with venous angiography. Continuous monitoring of the 
phrenic nerve (PN) function during the freezing of the PVs was 
performed as previously described [14]. In short, PN was electrically 
stimulated through the electrode catheter positioned at the right and 
left subclavian veins at a rate of 40 bpm with an output of 10~20 
% above the pacing threshold, and the compound motor action 
potential (CMAP) of the diaphragm was continuously monitored 
during cryoablation. If the PV remained connected, additional 
applications were performed using different angulations. The PVI 
was finally checked at least 30min after the last CB ablation. In cases 
of an incomplete PVI, touch-up RF applications were performed 
using irrigated-tip RF ablation catheters with a contact force system 
in addition to the CB when a gap conduction between the PV and 
LA was identified until all points of residual PV connections were 
eliminated. Patients with a left common PV were excluded from the 
study.

Linear lesion formation at the mitral isthmus
Mitral isthmus (MI) conduction was assessed during pacing 

from the base of the LA appendage using the ring catheter (Lasso, 
Biosense Webster). Distal-to-proximal activation of the CS 
indicated persistent isthmus conduction, and proximal-to-distal 
activation of the CS indicated conduction block at the MI. In groups 
A and B, no MI ablation was performed, because we have already 
reported the easiness of accomplishing MI ablation in patients after 
undergoing the VOM-EI as previously reported [15]. In Group RF 
+ VOM-EI and the CB + VOM-EI, if the initial ablation lesion 
created by the VOM-EI failed to yield conduction block at the MI, 
ablation was performed using the irrigated-tip RF catheter at the 
conduction gap between the mitral annulus and ostium of the left-
sided PVs. If there was a persistent conduction across the MI after 
the endocardial ablation, RF energy was then delivered in the distal 
CS. The ablation catheter was advanced into the distal CS to the 
level of the endocardial lesion, as visualized on the three-dimensional 
map. If conduction block was not achieved after the initial attempt 
in the CS, the process was repeated for a maximum of ten attempts 
for the prevention of damage to the CS as previously reported [16]. 
Linear block was confirmed by differential pacing [17]. RF energy was 
delivered at a maximum power of 25 W near the PVs and along the 
posterior wall, with 35W at the endocardial MI, and 20 W within 
the CS. The maximum temperature was set at 400C. All patients were 
observed at the catheter laboratory for approximately 1 hour after 
undergoing transthoracic echocardiography, and then transferred to 
the ward for further observation.

RF Ablation Procedure
A Thermocool Smart Touch (Biosense Webster, Johnson & 

Johnson) was introduced into the LA through a transseptal long 
guiding sheath, and a circumferential PV ablation was performed 
by systematic RF applications around the PV ostia, consisting of an 
encirclement of the ipsilateral pairs of the PV antra. The power was 
limited to 30W at the anterior, superior, and inferior sites (flow rate, 
17-20 mL/min) and 25W at all posterior sites (flow rate, 17mL/min) 
with the temperature limited to 480Cfor each lesion. The power was 
not adjusted according to the contact force (CF). The CF data were 
available to the operator throughout the procedure. The aim was to 
achieve a CF of at least 10 grams (mean) with a vector perpendicular 
to the tissue. The upper limit was defined as a 50 grams force. These 
values were chosen based on animal studies showing that to be 
effective for lesion formation while avoiding perforations [12, 13]. The 
PVI was first performed anatomically under guidance using CARTO 
navigation (Biosense Webster, Diamond Bar), and RF applications 
were not performed at the left-sided PV area where a low voltage zone 
was already created by the VOM-EI. A circular mapping catheter 
(Lasso, Biosense Webster, Diamond Bar) was used only after the 
completion of the anatomic PVI to confirm a full PV disconnection. 
This was performed by testing for both entrance and exit block with 
a waiting time of 30 min after the last RF application. In cases of an 
incomplete PVI, touch-up RF applications were performed until all 
points of residual PV connections were eliminated. 

Figure 2:   Low voltage scar creation in the mitral isthmus area.

Tabble 1: Patient Clinical Characteristics
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the sinus rhythm maintenance among the two treatment strategies 
and the log-rank test was used for assessing existing differences. JMP 
Statistics version 10.0 software (SAS, Cary, NC) was used for the 
descriptive and inferential statistical analysis.

Results 
Patient Characteristics

A total of 342 patients were enrolled between January 2014 and 
July 2018. The population characteristics are detailed in Table 1. The 
general patient characteristics were similar for all treatment arms. 
The mean age of the patients was 63.15 ± 11.2 years. The majority 
of the study patients were male (73 %). The mean follow-up was 396 
± 132 days. A repeat ablation procedure was undertaken in 26 (19.7 
%) of the Group 1, and in 37 (17.6 %) of the Group 2. There were 
no significant differences in the symptomatic AF episodes before the 
inclusion in the registry among all four patients groups (RF, CB, RF 
+ VOM-EI, and CB + VOM-EI). 

Acute success
The VOM was absent in 15 out of 132 patients (11 %), which 

prohibited us from performing the EI into the VOM. We were able 
to successfully perform the EI-VOM in 117 out of 132 patients (88.6 
%). PVI was acutely successful for 100 % PVs in Group 1 (80 with 
RF and 52 with CB). 5 CB patients (0.96 %) required RF touch-up 
ablation for successful PVI. PVI was acutely successful in 100 % of 
PVs in Group 2 (90 with RF and 120 with CB). 11 CB patients 
(0.92 %) also required RF touch-up ablation for accomplishment of 
PVI. The mean procedure duration for a successful PVI including 
all repeat PV assessments was 45 ± 15 minutes in Group 1, 48 ± 15  
minutes Group 2, (p<0.01). Subgroup (CB vs RF) procedural metrics 
are shown in the Table. The mean procedure duration for the VOM-
EI was 17.8 ± 5.6 minutes in Group 1. The VOM-EI was successfully 
performed in all study patients of groups RF + VOM-EI and CB + 
VOM-EI, even though the anatomical chraracteristics of the VOM 
varied. The mean total volume of the injected ethanol into the VOM 
was 4.4 ± 0.9 cc.

Dormant conduction assessment
The presence of dormant conduction (DC) was assessed by the 

injection of adenosine. DC was found in 34 % of Group RF, 4 % of 

Follow-up
After the index procedure, all patients underwent a cerebral 

magnetic resonance imaging examination three days after ablation 
procedure, and were followed for a total of 396 ± 67 days. Endoscopic 
examination was performed in patients who had a luminal esophageal 
temperature higher than 390C during RF application and lower 
than 150C during CB ablation. Patients were evaluated at 1, 2, 3, 
6, 9, 12, and 15 months after the procedure. Information collected 
during follow-up included a 12-lead electrocardiogram (ECG) and 
24-h Holter monitoring at each visit regardless of the symptoms. 
All patients had been instructed to maintain personal records 
with a description of every episode of symptomatic palpitations. 
The first 3 months post-procedure were considered as a blanking 
period [18]. Anticoagulant medication after the first 3 months was 
considered based on the CHA2DS2Vasc and HAS-BLED scores. 
If antiarrhythmic medications (AAD) were prescribed at discharge, 
they were discontinued at the 3-month office visit. 

Outcomes
The procedure endpoint was a successful PVI confirmed by entry 

and exit block after a waiting time of 30 minutes. Regarding the 
long-term follow-up, the endpoint was defined as the absence of any 
symptomatic atrial arrhythmias lasting longer than 30 seconds after 
the blanking period of 3-months in combination with the absence 
of any persistent complications during the year after the ablation 
procedure. Persistent complications were defined as any new PV 
stenosis, PN palsy, cerebrovascular accidents, bleeding, or vascular 
complications that occurred during or within 48-hours after the 
ablation procedure. This was ascertained by Holter monitoring at each 
outpatient clinic visit or by 12-lead ECGs in the case of symptomatic 
palpitations during the clinical interview. Recurrence was defined as 
any symptomatic or asymptomatic AF/atrial tachycardias (AT) after 
the 3-month blanking period.

Statistical Analysis
Comparisons were performed between the treatment groups. 

A Student’s t-test was used for the comparison of the continuous 
variables. The results with a p< 0.05 were regarded as significant. 
Variables that differed during the baseline between the two treatment 
groups and their impact on sinus rhythm maintenance were assessed 
using a Cox Regression. Kaplan-Meier curves were traced to compare 

Tabble 2: Procedural data 

Tabble 3: Comparison of the freedom from any atrial arrhythmias between 
each treatment arm.
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plus CB + VOM-EI; p= 0.1896. There were significant differences 
between Group CB and RF + VOM-EI, and between Groups RF + 
VOM-EI and CB + VOM-EI as shown in Table 3. 

In the Group RF, CB, and CB + VOM-EI patients, recurrent AF 
was managed with a repeat catheter ablation using RF energy in 25 
patients (Group RF), 12 patients (Group CB), and 9 patients (Group 
CB + VOM-EI), respectively, after 317 ± 48 days. Reconduction of 
>1 PV was observed in 21 patients (84 %) in Group RF, 3 patients 
(25 %) of Group CB, and 4 out of 9 (44.4 %) in Group CB + VOM-
EI, and a single reconnection site was observed in 4 patients (16 %) in 
Group RF, 9 patients (75 %) in Group CB, and 5 out of 9 (55.6 %) in 
Group CB + VOM-EI, and a complete PVI could be accomplished 
in all patients as a result (Table 4).

In contrast, in the Group RF + VOM-EI patients, reconnection 
sites of PVs were observed in 23/65 (35.4 %) in the left inferior PVs 
(16/23=69.6 %) predominantly at the inferior aspect of the LIPV 
where low voltage areas had already been created by the VOM-EI 
and no further touch-up RF applications had not been required for 
a successful PVI in the first session in Group RF + VOM-EI. In 3 
patients in Group RF + VOM-EI (3.8 %), such low voltage areas 
created by the VOM-EI were found at the posterior antral wall of 
the left superior PV (LSPV) as shown in Figure 2. Of note, no AT 
whose arrhythmogenic substrate involved the MI area was observed 
observed in Groups RF + VOM-EI and CB + VOM-EI during the 
follow-up period.  

Predictors of recurrence
We assessed the prognostic role of the ablation approach. In a 

univariate Cox regression analysis, the use of the CB during the 
ablation procedure (HR 0.31; 95 % CI 0.13-0.73; p= 0.005) and 
Diabetes Mellitus (HR 2.94; 95 % CI 0.84-10.29; p= 0.09) were 
significant predictors of AF recurrence. In the multivariate Cox 
regression analysis, the only significant predictor of an AF-free 
survival was the use of the CB for the ablation (HR 0.29; 95 % CI 
0.12-0.69; p= 0.005). The use of a VOM-EI was not a predictor of 
success. 

Safety outcomes
Pericardial tamponade requiring percutaneous drainage occurred 

in 3/210 (1.4 %) Group 2, and 1/123 (0.8 %) Group 1 patients. 
Tamponade occurred approximately 60 minutes after acomplishment 
of the successful PVI procedure. No instances of arterial injury, 
symptomatic thromboembolism, or esophageal injury were observed. 
However, sustained phrenic nerve palsy was provoked in one Group 
1 patient during right-sided PVI with the CB, and an asymptomatic 
cerebral infarction was provoked in approximately 20 % of the CB 
treated patients as reported previously [20, 21]. Dissection of the CS was 
also provoked by the VOM-EI procedure in two Group 1 patients, 
and the EI could not be performed in those patients (Table 2). 

Discussion
We report a large, prospective, multicenter series of paroxysmal 

AF patients undergoing 4 different treatment strategies including 
the largest experience using a VOM-EI over a 12-month follow-up 

Group CB, 38 % of Group RF + VOM-EI, and 4 % of Group CB + 
VOM-EI patients. All those all DCs were successfully eliminated by 
touch-up irrigated RF ablation procedures as previously reported [19].

Conduction block at the MI
In 10 out of 132 (7.7 %) Group 1 patients bidirectional MI block 

(MIB) was achieved solely by a VOM-EI. Conduction gaps at the MI 
were identified in the area where a low voltage zone (scar area) could 
not be created solely by the VOM-EI, and the viable portion of the 
MI area predominantly remained at its most annular portion. In 85 
out of 132 (64.4 %) Group 1 patients, linear block was obtained after 
only an endocardial ablation. A CS ablation was performed in 30 out 
of 132 (22.7 %) Group 1 patients for a complete MIB. There were no 
significant differences between RF and CB in terms of the success 
rate of creating the MIB (68/80=83 % in Group RF + VOM-EI, 
and 47/52=90 % in Group CB + VOM-EI, p= 0.23) (Table 2). The 
mean procedure duration for the successful construction of the MIB 
was 13.5 ±11.2 minutes in Group 1. Ablation of the cavotricuspid 
isthmus in addition to the PVI was performed in all patients, and 
resulted in complete success in all patients using irrigated-tip RF 
catheters. 

Long-term outcomes
The follow-up period was 402 ± 99 days in Group RF, and 388 ± 

87 days in Group CB, 381 ± 152 days in the Group RF + VOM-EI, 
and 398 ± 139 days in Group CB + VOM-EI (p= n.s.). 

There was a significant association among the types of treatment 
received and the rate of freedom from AF as shown in Figure 
1A. Kaplan-Meier curve estimates of the freedom from AF after 
approximately 450 days were 0.73 for Group 1 and 0.77 for Group 
2 (p=0.167). Per subgroups of RF vs cryo 58 out of 90 (64.5 %) in 
Group RF, 92 out of 120 (79.6 %) in Group CB, 51 out of 80 (63.8 
%) in Group RF + VOM-EI, and 43 out of 52 (82.7 %) in Group CB 
+ VOM-EI patients. Among the treatment arms, however, recurrent 
AF occurred in a significantly larger proportion of patients in Groups 
RF, CB and C RF + VOM-EI, than in Group CB + VOM-EI, and 
those differences reached statistical significance (Figure 1B)(p= 
0.048). The comparison data between each treatment arm were as 
follows: Group RF vs. CB; p= 0.3091, Group RF vs. RF + VOM-
EI; p= 0.2644, Group CB vs. RF + VOM-EI; p= 0.0033, Group CB 
vs. CB + VOM-EI; p= 0.5205, and Group RF + VOM-EI vs. CB 
+ VOM-EI; p= 0.0292, Group RF + CB vs. Group RF + VOM-EI 

Tabble 4: Data of the reconnections of the PVs among each treatment 
arm.
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and that kind of characteristic could be expected in cases that had a 
relatively long VOM coursing toward the LSPV area. 

A high reconnection rate of the LIPV meant that the durability of 
the lesion around the PVs created by the VOM-EI was not sufficient. 
This might be the reason why the long-term clinical outcome of 
Group CB was significantly better than that of Group RF + VOM-
EI. Considering that the VOM is an epicardial structure, the VOM-
EI is expected to ablate the epicardium first and may not reach to 
the endocardial myocardium as effectively or as durably. CB ablation 
in the LIPV, when combined with a VOM-EI, did not have a high 
LIPV reconnection rate. It is possible that if RF energy applications 
had been performed at those “silent” areas, the rate of the freedom 
from AF in Group CB could have been comparable to that of 
Group RF. In addition, Guler et al demonstrated that CB provided 
additional substrate modification owing to the balloon and PV 
mismatch and could provide a lesion formation at the posterior wall 
of the left atrium, which is the most affected part of left atrium [32] 

This may have some influence on the results of the present study.

A previous report demonstrated the necessity of a combined 
epicardial (inside CS) and endocardial RF catheter ablation of the 
VOM area was required to eliminate the VOM potentials [33]. In the 
present study, the success rate of constructing an MIB was 68 out 
of 80 (83 %) in Group RF + VOM-EI and 47 out of 52 (90 %) 
in Group CB + VOM-EI, respectively (p= 0.23). This was overall a 
higher success rate than usually reported in the literature [34] with a 
lower rate of RF application inside the CS as compared to the other 
study [33], and may highlight a unique utility of this procedure. 

In this study, we failed to demonstrate any significant further 
improvement in the clinical efficacy in terms of preventing AF 
recurrences by adding a VOM-EI to the PVI by ablation using the 
CB or RF energy in patients with paroxysmal AF. According to the 
recent report, the one-year clinical outcome using the CB for the 
PVI in patients with persistent AF was not satisfactory [35]. Even 
though the acute success rate of the PVI was 100 %, the 1-year 
clinical success rate was 69 % with the use of the second-generation 
CB. Of note, left-sided ATs were documented in 13 % of the study 
patients. Those ATs could have been prevented by adding a VOM-
EI procedure to the PVI. A VOM-EI has multifactorial effects for 
facilitating the clinical efficacy of the catheter ablation of AF. As 
we previously reported, the VOM-EI was able to abolish the non-
pulmonary vein ectopy, which degenerated into AF by the VOM-
EI [36]. In addition, this procedure might be expected to provoke 
significant parasympathetic denervation effects in the left atrium, 
which could contribute to the improvement in the success rate of 
vagally mediated AF [9, 37]. A durable PVI in addition to a VOM-
EI might be expected to improve the rate of freedom from AF 
recurrences, and further investigation will be required.

Limitations
This study constituted a nonrandomized analysis of consecutive 

patients, including our initial patients treated with the second-
generation CB device. However, all operators were well trained in CB 
ablation beyond the learning curve, minimizing any time-dependent 
confounders. (2) The group sizes were small. However, a number of 

period.

Major findings
The main results of this study were: (1) Overall, the VOM-EI 

failed to significantly improve the clinical efficacy of the PVI for 
paroxysmal AF. (2) The success rate of RF combined with a VOM-
EI was significantly lower than that of a CB alone (88 and 66 %, p= 
0.0033). (3) The success rate of the MIB afforded by the VOM-EI 
was high and did not differ between Groups RF + VOM-EI and CB 
+ VOM-EI. (4) Using the CB was the only predictor of an AF-free 
survival among all treatment arms.

  We previously demonstrated that a VOM-EI was useful for 
treating perimitral atrial flutter by reliably achieving bidirectional 
MI block [15]. We were also able to show that there was regional 
parasympathetic denervation around the MI area [22]. These clinical 
aspects of the VOM-EI may be expected to facilitate the clinical 
efficacy of the ablation of AF. 

The CB technology offers the possibility of the PVI with a single 
energy application as an alternative to a point-by-point RF current 
ablation [23, 24, 25], and the CB has been increasingly used for treating 
AF because of the relative technical simplicity and steeper learning 
curve [26]. However, the clinical results have been hampered by left-
sided ATs in approximately 8~10 %, and those ATs were associated 
with the MI area [27, 28]. Macroreentrant tachycardia involving the 
mitral annulus-PMF causes 33 % to 60 % of post-PV isolation atrial 
flutters [29, 30]. Therefore, construction of MIB could be regarded as 
one of the necessary ablation procedures even in paroxysmal AF.

At 12-months of follow-up, approximately 65 % of the Group RF 
and 80 % of the Group CB patients were free of AF recurrences 
in the present study, and that was in line with the recent articles 
analysing the mid-term outcomes [4, 5, 27, 28]. However, no left-sided 
ATs have ever been documented in all four groups of patients during 
the follow-up period, and these results could be associated with the 
antiarrhythmic effects of preventiong AF recurrences by a VOM-
EI procedure [8. 9]. Lyan et al reported that 26 out of 238 (10.9 %) 
AF patients underwent a redo ablation for AT. Nine out of 26 (34.6 
%) patients had perimetral reentrant AT after the CB application. 
An additive EI-VOM might be beneficial in terms of preventing 
perimetral AT [31].

  In Group RF + VOM-EI, reconnected PVs sites were observed 
in 20/52 (38.5 %) patients predominantly in the left inferior PVs 
where a VOM-EI had already created low voltage areas and no 
further touch-up RF applications were performed in the first session, 
because a successful PVI could be performed by applying RF energy 
at the antral area where the residual atrial electrograms remained. In 
general, the anatomical course of the VOM arises from the middle or 
proximal portion of the CS and runs toward the inferior aspect of the 
LIPV. Therefore, the antral atrial tissue at the inferior aspect of the 
LIPV is susceptible to be ablated by the VOM-EI. In those cases, our 
approach was to spare the RF energy applications in the area where 
no atrial electrograms were recorded from the tip of the ablation 
catheter for a successful PVI of the LIPV. In sporadic cases, such 
low voltage areas were detected at the posterior wall of the LSPV, 
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K, Valderrabano M. Ethanol infusion in the vein of Marshall facilitates mitral 
isthmus ablation. Heart Rhythm 2012;9:1207-1215

16. Nakamura T, Aoyagi H, Yamauchi Y, Okishige K. Coronary sinus stenosis after 
radiofrequency ablation. J Am Coll Cardiol Clin. Electrophysiol 2016;2:759-761 

17. Jais P, Hocini M, Hsu LF, Sanders P, Scavee C, Weerasooriya R, Macle L, Raybaud 
F, Garrigue S, Shah DC, Metayer PL, Clementy J, Haissaguerre M. Technique and 
results of linear ablation at the mitral isthmus. Circulation 2004;110:2996-3002

18. Camm AJ, Lip GY, De Caterina R, Savelieva I, Atar D, Hohnloser SH. 2012 
focused update of the ESC Guidelines for the management of atrial fibrillation: 
an update of the 2010 ESC Guidelines for the management of atrial fibrillation-
developed with the special contribution of the European heart Rhythm 
Association. Europace 2012;14:1385-1413

19. Okishige K, Aoyagi H, Ihara K, Iwai S, Nakamura T, Yamashita M, Katoh N, 
Hasegawa T, Kawaguchi N, Keida T, Sasano T, Hirao K. Reappraisal of the clinical 
implications of adenosine triphosphate in terms of the prediction of reconnection 
sites in cases with electrical isolation of the pulmonary veins. J Interv Card 
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20. Okishige K, Nakamura T, Aoyagi H, Kawaguchi N, Yamashita M, Kurabayashi M, 
Suzuki H, Asano M, Shimura T, Yamauchi Y, Sasano T, Kenzo Hirao. Comparative 
study of hemorrhagic and ischemic complications among anticoagulants in patients 
undergoing cryoballoon ablation for atrial fibrillation. J Cardiol 2017;69:11-15

21. Nakamura T, Okishige K, Kanazawa T, Yamashita M, Kawaguchi N, Kato N, 
Aoyagi H, Yamauchi Y, Sasano T, Hirao K. Incidence of silent infarction after 
catheter ablation of atrial fibrillation utilizing the second generation cryoballoon. 
Europace 2017;19:1681-1688

22. Baez-Escudero JL, Keida T, Dave AS, Okishige K, Valderrabano M. Ethanol 
infusion in the vein of Marshall leads to parasympathetic denervation of the 
human left atrium. J Am Coll Cardiol 2014;63:1892-1901
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the efficacy parameters differed significantly between the groups. (3) 
The assignment of the study patients into the four groups might not 
be appropriate, because grouping of patients depended on whether 
the VOM was present or not. (4) A comparison of PVI vs. PVI plus 
VOM-EI might be unfair due to the additive effects of creating a 
lesion in the mitral isthmus region. (5) The evaluation of the success 
and complication rates was complex. (6) A procedure trying to 
construct the MIB was not performed in Group RF+ VOM-EI, and 
this might have affected the rate of freedom from AF/ AT. However, 
all recurrent arrhythmias were AF instead of left-sided ATs rotating 
along the mitral annulus. Therefore, it was unlikely that the absence 
of the MIB could affect the clinical results in Group RF + VOM-EI. 
(7) By definition, successful maintenance of sinus rhythm strongly 
relies on the length of the follow-up, which varies from center to 
center. Because we reported on the 12-month follow-up data from 
outpatient clinic visits or telephone interviews, we could not exclude 
that AF recurrent episodes could have been missed in some patients. 
(8) The examinations to evaluate the efficacy of ablation procedure 
such as periodic 12-lead ECG and Holter monitoring recording 
might not be sufficient to strictly investigate the clinical efficacy 
of each ablation modality. (9) There was no comparison between a 
control group in the present study.

Conclusions
Overall, the VOM-EI failed to demonstrate any significant 

improvement in the ablation long-term results of paroxysmal AF. 
However, CB ablation combined with a VOM-EI had a significantly 
improved outcome compared to a PVI with RF ablation combined 
with a VOM-EI.
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