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Background: Epicardial catheter ablation has been shown to be an effective strategy for treating ventricular

arrhythmias (VA). We investigated the efficacy and safety from a tertiary referral center in Taiwan.

Methods: From 2010 to 2016, patients undergoing epicardial ablation for VAs were consecutively enrolled. The

clinical characteristics, disease entity, electrophysiological studies, and ablation outcome were extracted for

further analysis.

Results: A total of 80 patients were eligible, including 34 patients for arrhythmogenic right ventricular cardiomyopathy

(ARVC), 16 for Brugada syndrome (BrS), 13 for idiopathic VAs, 11 for idiopathic dilated cardiomyopathy (IDCM), 2

for ischemic cardiomyopathy, and 4 for other nonischemic cardiomyopathies (NICM). Epicardial ablation rendering

VAs non-inducible was achieved in 78 patients (97.5%). There were no procedure-related deaths. Major complications

were reported in 8 (10.0%) patients, including an acute hemopericardium in 5 (6.3%), delayed tamponade in 1

(1.3%), hemothorax in 1 (1.3%), and major pericardial reaction in 1 (1.3%). Two (2.7%) patients died due to causes

other than procedure-related deaths. After a mean follow-up of 31 � 15 months, 20 patients (25.0%) presented

with VA recurrences, including 13 with ARVC, 1 with BrS, 1 with idiopathic VAs, 4 with IDCM, and 1 with other

NICM.

Conclusions: In this tertiary referral center’s experience, the complication rate of an epicardial approach was

acceptable. Patients with NICM displayed a growing trend for a referral for epicardial ablation. The long-term

follow-up demonstrated that an epicardial ablation for idiopathic VAs and BrS was associated with a better prognosis

than that for the other etiologies.
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INTRODUCTION

Since Sosa and colleagues first described the use of

epicardial ablation to treat ventricular arrhythmias (VAs)

in Chagas disease,
1

the use of catheter ablation through

a percutaneous pericardial access has been expanded to

treat Vas in other diseases.
2

The epicardial approach is

supported by the fact that a combined endo-epicardial

approach has been reported to yield a better prognosis

for the ablation of ventricular tachycardia (VT) in pa-
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tients with non-ischemic cardiomyopathy (NICM) and

certain VAs occurring after a myocardial infarction.
3-6

Furthermore, epicardial mapping and ablation have

been proven to improve the acute and long-term out-

comes with an acceptable risk of procedure-related

complications in experienced and high-volume centers.
7

However, the technical difficulties of a percutaneous

pericardial access and ablation of surrounding epicardial

vasculature structures or nerves, especially for unskilled

operators, may contribute to serious and detrimental

complications. Previous studies have reported an inci-

dence rate of major complications ranging from 4.1-

8.8%, including the common adverse event of a hemo-

pericardium, followed by intraabdominal bleeding and

epicardial vascular and phrenic nerve injuries.
7-9

A multicenter study reported the safety and efficacy

of a percutaneous pericardial access for radiofrequency

catheter ablation (RFCA),
9

however the findings may

have been confounded by the experience of operators

from different hospitals and diverse disease entities.

The evolution of epicardial VA ablation and the associ-

ated outcomes have not previously been systemically in-

vestigated in Taiwan. Thus, the purpose of this study

was to elucidate advances in epicardial VA ablation, as-

sociated disease entities, feasibility and safety of the

epicardial procedures, and ablation outcomes during

long-term follow-up in an experienced referral center in

Taiwan.

METHODS

Patient selection

The present analysis included patients with drug-re-

fractory VAs undergoing a percutaneous pericardial ac-

cess and epicardial ablation for the secondary preven-

tion of VAs from June 2010 to June 2016 at an experi-

enced tertiary referral center in Taiwan. Structural heart

diseases were assessed by echocardiography, cardiac

magnetic resonance imaging (CMR), and invasive ven-

triculography and/or coronary artery angiography be-

fore the electrophysiology study. Both the right ventric-

ular (RV) and left ventricular (LV) ejection fractions (EFs)

were obtained from CMR and/or echocardiography.

Complete 12-lead electrocardiography (ECG) and 24-

hour Holter monitoring were performed prior to the ab-

lation. An epicardial approach was performed for pa-

tients with failed endocardial ablation, those with elec-

trocardiographic evidence supporting an epicardial ori-

gin,
10-12

those with a disease entity favoring an epi-

cardial substrate, and those with electroanatomic map-

ping supporting the existence of a diseased epicardial

substrate.
13-15

All percutaneous epicardial procedures

were performed under general anesthesia. This study

was conducted at the Taipei Veterans General Hospital

in Taiwan, and was approved by the Institutional Review

Board of the Taipei Veterans General Hospital (VGH-IRB

No. 2014-10-004BC) and Department of Health, Taiwan.

Written informed consent was obtained from all patients.

Electrophysiological study, mapping, and

radiofrequency catheter ablation

After obtaining informed consent, we performed a

standardized electrophysiological study with the pa-

tients in a fasting state under general anesthesia. All

antiarrhythmic drugs were discontinued for a minimum

of five half-lives before the RFCA (except for amiod-

arone). In the absence of any spontaneous VAs, rapid

ventricular pacing and/or programmed stimulation of up

to three extra-stimuli was performed from the RV apex

and/or RV outflow tract (RVOT). If the VAs were not in-

ducible, intravenous isoprenaline at 1-5 �g/min was in-

fused to achieve at least a 20% increase in the heart

rate. If spontaneous VAs were not inducible during phar-

macological provocation, the induction protocol was re-

peated. The QRS morphologies of spontaneous and/or

induced VAs were compared with the clinically docu-

mented VAs.

The localization of any arrhythmogenic foci or criti-

cal isthmuses was performed using a 3D mapping sys-

tem (EnSiteNavX
TM

, St Jude Inc., St Paul, MN, USA or

CARTO 3 MEM with UDM module, Biosense Webster,

Diamond Bar, CA, USA). For idiopathic VAs, activation

mapping, defined as the earliest local electrograms,

and/or pace mapping were performed by comparing the

12-lead QRS morphology of paced premature ventricu-

lar complexes with the clinical VAs, aiming for a match

of at least 11 of the 12 leads. For hemodynamically sta-

ble substrate VAs, activation mapping and entrainment

mapping were performed to localize the critical isthmus

within a scar zone, whereas a pace mapping and/or sub-

strate-based modification strategy targeting late and
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fractionated electrograms within scar/low voltage zones

during sinus rhythm or ventricular pacing, was used for

unstable VAs.

Indications for an epicardial approach

In the present study, the patients were selected for

an epicardial approach according to the features of the

VAs, disease entity, substrate characteristics of the en-

docardial mapping, and the presence of intramural scar-

ring by CMR.
10,16-22

In brief, the epicardial approach was

considered for patients with failed idiopathic VAs or

those with an adequate endocardial approach for sub-

strate VAs. In addition, the epicardial approach was per-

formed for most patients with arrhythmogenic right

ventricular cardiomyopathy (ARVC) or Brugada syndrome

(BrS) in whom arrhythmogenic substrates were predom-

inantly located within the epicardium.

Percutaneous pericardial access: technique and

management

Pre-procedure subxiphoid echocardiography was

performed routinely to avoid liver or gastric injuries. A

subxiphoid puncture was performed in all cases accord-

ing to the technique described by Sosa et al. (Figure 1).
1

Access to the pericardium was achieved by using an 18

G Tuohy Needle (Arrow International, Inc., Reading, PA,

USA) through the subxiphoid process with simultaneous

epigastric compression of up to 3 to 4 cm deep. The

anteroposterior projection was used to direct the access

in the anterior/posterior plane, while the left anterior

oblique (LAO) 60� projection was used to guide the nee-

dle leftward tangentially to the cardiac silhouette to

prevent an RV puncture. After passing through the dia-

phragm, 1-2 cm
3

of contrast was injected between the

diaphragm and pericardium to observe tenting of the

pericardial puncture. After posterior pericardial entry, a

0.032 guidewire was advanced to the left heart border

in the LAO projection, and 10 cm
3

of contrast was in-

jected into the pericardial space through a soft-tip 5F

dilator to allow for visualization of any adhesions. An

8-Fr Cordis Sheath was then inserted into the pericardial

space. An Agilis Steerable Sheath (St. Jude Medical) was

used at the discretion of the operator. Epicardial bleed-

ing of > 80 cm
3

from the initial puncture until the re-

moval of the pericardial drain, intra-thoracic bleeding,

intra-abdominal bleeding, major pericardial reaction, or

delayed tamponade requiring further drainage were

classified as major complications.
8,9

After the procedure,

the epicardial sheath was exchanged for a pigtail. Peri-

cardial injections of hydrocortisone 100 mg and keto-

rolac tromethamine 30 mg were given immediately and

24 hours after the epicardial procedure through the
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Figure 1. An example of a percutaneous pericardial access and post-procedural drainage. (A) Epicardial puncture set; (B) 3M Ioban Incise Drapes

on the subxiphoid area; (C) Abdominal compression was performed to avoid gastric or liver injury; (D) A slight contrast injection for testing under

fluoroscopic guidance (AP view); (E) A 0.032” guidewire was inserted smoothly into the epicardial space under fluoroscopic monitoring; (F) A pigtail

was inserted with an intrapericardial injection of steroid and non-steroidal anti-inflammatory drugs.
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pigtail to prevent any future epicardial adhesions or the

development of pericarditis.

Follow-up

The patients were followed up at our cardiology

outpatient clinic with 12-lead ECGs, 24-hour Holter re-

cordings, and echocardiography after the RFCA every 3

months for the first year, and then 6 months thereafter.

The patients who could not attend outpatient follow-up

visits at our institution were contacted by telephone for

any recurrent symptoms and recurrent arrhythmias. We

also advised these patients to visit our affiliated institu-

tions to complete follow-up screening, and then ob-

tained their medical reports from these affiliated institu-

tions. Recurrence was defined as the recurrence of any

sustained VT or VF, non-sustained VT by implantable

cardioverter defibrillator (ICD) interrogation, and the re-

currence of premature ventricular complexes based on

the findings of 24-hour Holter monitoring.
23

Statistical analysis

All analyses were performed using SPSS statistical

software, version 20.0 (IBM Corporation, Armonk, NY).

The baseline patient characteristics were expressed as

the mean � standard deviation for continuous variables

and as percentages for categorical variables. Continuous

variables were analyzed using a two-tailed t-test, and

discrete variables were compared using a chi-square

test. Kaplan-Meier cumulative recurrence curves were

plotted, and survival curves were compared using the

log-rank test. Statistical significances was set at p < 0.05.

RESULTS

Study population

Data obtained from 80 of 989 patients (60 men;

age, 45 � 14 years; 8.1% of all VA ablation procedures)

undergoing VA ablation procedures with a percutaneous

pericardial access at Taipei Veterans General Hospital

were extracted for further analysis (Table 1). Of the 80

patients, 34 (42.5%) had ARVC, 16 (20.0%) had BrS, 13

(16.3%) had idiopathic VAs, 11 (13.8%) had idiopathic

dilated cardiomyopathy (IDCM), 2 (2.5%) had ischemic

cardiomyopathy (ICM), and 4 (5.0%) had other NICM, in-

cluding hypertrophic cardiomyopathy, post-pericarditis

VT, congenital heart disease, and amyloidosis-related

heart disease (Figure 2). The averaged LVEF was 52 �

11%, however, 6 (7.5%) patients had an LVEF of < 30%.

Sixty (75.0%) patients had an ICD. Figure 3A shows the

annual distribution of the patients receiving epicardial
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Table 1. Basic characteristics of patients undergoing epicardial

approaches (N = 80)

Clinical characteristics

Age 45 � 14

Sex (male, %) 60 (75%)0.

Underlying diseases

Hypertension 18 (22.5%)

Diabetes mellitus 7 (8.8%)

Heart failure 18 (24.7%)

Dyslipidemia 10 (12.5%)

Thyroid dysfunction 2 (%)

ICD implantation 60 (75.0%)

Structural assessment

Left ventricular ejection fraction (%) 52 � 11

Right ventricular ejection fraction (%) 42 � 10

Clinical manifestations

Syncope 36 (45.0%)

Palpitation 66 (82.5%)

Dyspnea 28 (35.0%)

ICD shock or sudden cardiac arrest 43 (53.8%)

Hemodynamic support during the procedure 3 (3.8%)

Previous failed endocardial procedure 42 (52.5%)

ICD, implantable cardioverter defibrillator.

Figure 2. Disease entities in patients receiving an epicardial approach.

The pie chart demonstrates the disease entities of the patients undergo-

ing an epicardial procedure in the present study. Most of the patients in

this study had ARVC. ARVC, arrhythmogenic right ventricular cardio-

myopathy; BrS, Brugada syndrome; ICM, ischemic cardiomyopathy;

IDCM, idiopathic dilated cardiomyopathy; NICM, non-ischemic cardio-

myopathy; VA, ventricular arrhythmia.



procedures from 2010 to 2016. A significantly greater in-

crease in the need for an epicardial approach was ob-

served from 2014 to 2016 compared to that from 2010

to 2013 (53 vs. 17, p < 0.001, Figure 3B).

Ventricular arrhythmias, epicardial mapping, and

ablation

Forty-three of the 80 patients (53.8%) received ap-

propriate ICD interventions or an aborted sudden car-

diac arrest. Forty-six (57.5%) patients presented with

sustained VT, and ventricular fibrillation (VF) was docu-

mented by an ICD in 18 (22.5%) patients. The character-

istics of the VAs are summarized in Figure 4.

The epicardial approach was attempted during the

index procedure in 38 (47.5%) patients (Table 2), includ-

ing 12 for BrS, 16 for ARVC, 1 for an idiopathic VA, 6 for

IDCM, and 3 for other NICM. Epicardial ablation was not

performed in 3 patients due to an inappropriate target

based on the activation map or protected foci by adja-

cent coronary arteries. For idiopathic VAs, the arrhy-

thmogenic targets were determined by both pace map-

ping and activation mapping in 8 patients (61.5%), acti-

vation only in 4 patients (30.8%), and pace mapping

only in 1 patient (7.7%). For substrate VAs, activation

mapping was achieved in 42 patients (62.7%), pace

mapping in 53 patients (79.1%), and entrainment map-

ping in 40 patients (59.7%). All of the patients also re-

ceived additional substrate modification after targeting

the clinical VAs.
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Figure 3. Annual distribution of epicardial procedures. (A) The annual distribution of the total number of patients undergoing epicardial procedures

for VAs from 2010-2016. (B) The cumulative cases regarding different disease entities from 2010-2013 and 2014-2016. The abbreviations are as in

Figure 2.

Figure 4. Characteristics of the ventricular arrhythmias. The clinical

manifestations of the VAs, including ventricular fibrillation, sustained

VT/VF, and non-sustained VT in the patients undergoing epicardial pro-

cedures. VA, ventricular arrhythmia; VF, ventricular fibrillation; VT, ven-

tricular tachycardia.

A B

Table 2. Indication of epicardial ablation and procedure approach

Heart disease Number Previous failed endocardial ablation Reasons for limited epicardial ablation

BrS 16 04 (25.0%) 0 (0.0%)

ARVC 34 18 (52.9%) 1 (2.9%) Adjacent to RCA

Idiopathic 13 12 (92.3%) 02 (15.4%) 1: No appropriate target by activation map

1: Adjacent to LCA

IDCM 11 05 (45.5%) 0 (0.0%)

ICM 02 002 (100.0%) 0 (0.0%)

Others 04 01 (25.0%) 0 (0.0%)

Total 80 42 (52.5%) 3 (3.8%)

ARVC, arrhythmogenic right ventricular cardiomyopathy; BrS, Brugada syndrome; ICM, ischemic cardiomyopathy; IDCM, idiopathic

dilated cardiomyopathy; LCA, left coronary artery; NICM, nonischemic cardiomyopathy; RCA, right coronary artery.



Epicardial ablation acutely eliminated the VAs in all

patients with idiopathic VAs, while acute procedural

success was achieved in 65 (97.0%) patients with sub-

strate VAs and partial success in 2 patients (3.0%). The

details of the procedural parameters of the patients

with ARVC and BrS are provided in Supplemental Table

1.

Complications

There were no procedure-related deaths. Major

peri-procedural complications were identified in 8 (10.0%)

patients, including 5 with intrapericardial bleeding (> 80

cm
3
), 1 with intra-thoracic bleeding, 1 with a delayed

tamponade requiring drainage, and 1 with a major

pericardial reaction. All of the patients fully recovered

within 72 hours after appropriate management. Intoler-

able chest pain immediately after the epicardial proce-

dure requiring aggressive pain control was reported in 1

patient. Fourteen (17.5%) patients had minor complica-

tions, including an RV puncture in 6 patients (7.5%),

subxiphoid hematoma requiring manual compression in

1 patients, prolonged chest pain for more than 3 days in

4 patients, and transient ST elevation without any evi-

dence of coronary stenosis during the application of

radiofrequency energy within the epicardium in 3 pa-

tients. Table 3 shows the summary of the major and mi-

nor periprocedural complications related to the per-

cutaneous pericardial access.

Patient follow-up and recurrence of ventricular

arrhythmias

During a mean follow-up period of 31 � 15 months

(1-79 months), the recurrence of VAs and/or appropri-

ate ICD therapy was documented in 20 (25.0%) patients,

including 13 (38.3%) with ARVC, 1 (12.5%) with BrS, 1

(7.7%) with idiopathic VA, 4 (36.4%) with IDCM, and 1

(25.0%) with other NICM. Two patients with substrate

VAs died due to non-cardiac diseases, 1 of whom due to

a brain stem stroke secondary to atrial fibrillation, and

the other due to a progressive hematologic disease de-

spite standard chemotherapy. Figure 5A and 5B demon-

strate Kaplan-Meier analysis of the endpoints, consisting

of overall VA recurrence, ICD therapy, and mortality be-

tween the different disease entities. When comparing

the endpoints of the substrate VAs rather than BrS,

epicardial ablation of idiopathic VAs and BrS was associ-

ated with a better prognosis (log-rank p < 0.05, Figure

5C and 5D). There were no significant differences in the

endpoints between the substrate VAs and BrS.

DISCUSSION

Major findings

The present study has several important findings.

First, we reported our experience of epicardial RFCA for

VAs from one tertiary referral center in Taiwan. There

was a trend of a gradually increasing need for an epi-

cardial approach for both idiopathic and substrate VAs.

Second, the patients with ARVC and BrS had the most

common diseases requiring an epicardial approach, in

contrast to previous Western reports. Third, epicardial

ablation provided an effective strategy with acceptable

safety for VAs refractory to an endocardial approach. In

addition, the endpoints were significantly lower in the

patients with idiopathic VAs and BrS than in those with

other substrate VAs.

The application of epicardial VA ablation

Since Sosa et al. first introduced the application of a

percutaneous pericardial access for epicardial substrates

in patients with Chagas disease in 1996,
1

the application

of an epicardial approach has expanded to other dis-

eases. With the improvements in clinical outcomes,
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Table 3. Acute and delayed major and minor complications

related to epicardial approaches

Major complications Numbers

Acute

Intrapericardial bleeding (> 80 cm
3
) 5 (6.3%)

Intra-thoracic bleeding 1 (1.3%)

Intra-abdominal bleeding 0 (0.0%)

Delayed (> 48 h)

Major pericardial reaction 1 (1.3%)

Delayed tamponade 1 (1.3%)

Myocardial infarction 0 (0.0%)

Total 08 (10.0%)

Minor complications

RV puncture without consequence 6 (7.5%)

Subxyphoid hematoma 1 (1.3%)

Prolonged pleuritic pain > 3 days 4 (5.0%)

Transient acute coronary syndrome 3 (3.8%)

Total 14 (17.5%)

RV, right ventricle.



epicardial RFCA of VAs has been advocated as a first-line

strategy in selected patients, such as those with ARVC,

IDCM, ICM with transmural scarring, myocarditis, and

BrS.
3,7,17,19,24,25

However, even though epicardial study

and ablation has promising ablation efficacy and has

provided a better understanding of the arrhythmoge-

nesis of diseased substrates,
26-28

the procedure still car-

ries a certain risk of catastrophic complications, even in

experienced and high-volume centers. Therefore, the

application of the epicardial procedure should be ba-

lanced between the benefits of procedural success and

the risk of procedure-related complications. To the best

of our knowledge, the present study is the first to report

comparable efficacy and safety profiles in a relatively

large sample to a multicenter study regarding the appli-

cation of percutaneous pericardial access in an experi-

enced tertiary referral center in Taiwan.
9

In addition, idi-

opathic VAs that failed endocardial ablation and sub-

strate VAs of BrS and ARVC comprised a significant pro-

portion of the patients who received an epicardial ap-

proach. In contrast to the present findings, a previous

European multicenter study demonstrated that ICM and

IDCM were the most common diseases requiring epi-

cardial ablation.
7

These findings reflect a distinct pat-

tern in the evolution of VA ablation and non-uniform

disease characteristics between different ethnicities as

previously reported.
23

Regarding the ARVC group, a previous study re-

ported that epicardial ablation resulted in freedom from

the recurrence of VT in 64% and 45% of the patients at 1

and 5 years follow-up, respectively, which is consistent

with our findings.
21

In this study, epicardial mapping was

performed only in the patients who were refractory to

previous endocardial ablation. Furthermore, in our pre-

vious study, 42.5% (34 of 80) of the patients with ARVC

required epicardial ablation to achieve non-inducibility

of ventricular tachyarrhythmias, which is also consistent

with a previous study.
18

The overall acute success rate of

catheter ablation for secondary prevention in a recent

report of VT/VF in ARVC was 71-100%.
29

Further studies
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Figure 5. Recurrence of VAs after epicardial procedures. (A) Kaplan-Meier survival curve for the events (overall VA recurrence/ICD therapy/mortal-

ity) in the total study population receiving an epicardial approach. (B) Kaplan-Meier survival curve for the events regarding different disease entities

after an epicardial approach. (C) Kaplan-Meier survival curve for the events in the patients with idiopathic VAs and substrate VAs rather than BrS af-

ter epicardial ablation. (D) Kaplan-Meier survival curve for overall VA recurrence/ICD therapy/mortality: BrS vs. non-BrS substrate Vas. The abbrevia-

tions are as in Figures 2 and 4.

A
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to evaluate the efficacy of catheter ablation for primary

or secondary prevention are warranted.

The requirement of an epicardial approach for

ventricular tachyarrhythmias

The clinical clues used to identify the need for an

epicardial approach rely on the features of the VAs, dis-

ease entity, substrate characteristics of the endocardial

mapping, and presence of intramural scarring in CMR. In

the past decade, the surface ECG of Vas has been used

to provide initial information regarding the potential exit

of the VT or extension of epicardial scarring.
10,16-18,20,30

The need for and benefits of epicardial ablation have

also been shown in certain diseases including ARVC and

BrS.
19,21,22

Therefore, an initial epicardial or combined

endo-epicardial approach as a first-line strategy might

be reasonable for ARVC and BrS, and this may also ex-

plain the distinct distribution of the patient population

in the present study. Furthermore, recent studies have

also demonstrated the predictive value of endocardial

unipolar voltage mapping with electroanatomic map-

ping for the detection of epicardial diseased subst-

rates,
13,31

and this was also correlated with the scarring

identified in CMR in an experimental model.
32

This im-

plies that incorporating unipolar endocardial electro-

anatomic mapping and late gadolinium enhancement

may help in the delineation of the presence of epicardial

arrhythmogenic substrates.

Periprocedural complications of an epicardial

approach

In the present study, the incidence of epicardial pro-

cedure-related major complications was 10.0%, and that

for minor complications was 17.5%, which is similar to

prior single and multicenter studies.
7,8

This supports the

safety of the epicardial approach in our institute. How-

ever, it is important to note that these results were ob-

tained from centers with an established program of

epicardial VT ablation and in the presence of surgical

backup to rapidly treat any complications. Epicardial

mapping and ablation still carry the potential risk of car-

diac and extra-cardiac side effects, and therefore it

should be used with caution. This is supported by the

reports of major complications of abdominal bleeding

due to diaphragmatic vessel damage and non-Q-wave

myocardial infarctions owing to ablation.
33

Another pos-

sible cause of abdominal bleeding is a liver perforation.

Thus, detailed preoperative evaluations by ECG, espe-

cially for patients with hepatomegaly or a congestive

liver, may prevent the occurrence of any life-threatening

complications.

Apart from these factors, a dry RV puncture has

been reported to be a minor complication with an inci-

dence of 4.5~7.5%,
9,33

however this can be dramatically

reduced after an appropriate learning curve. Post-proce-

dural precordial pain was observed in every case in the

present study. However, prolonged and intolerable chest

pain were rare, which maybe due to the routine admin-

istration of intrapericardial steroids and non-steroidal

anti-inflammatory drugs. In addition, phrenic nerve inju-

ries and coronary artery damage can be avoided by

high-intensity pacing and pre-ablation angiography.
34,35

Evaluation of the distances between the ablation target

and major branches of the coronary arteriesis also rec-

ommended. In spite of the detailed evaluations before

attempting energy delivery, transient ST segment changes

were noted in 3 patients during epicardial ablation, re-

flecting the complex reaction of ablation to coronary

flow. The occurrence of a delayed tamponade re-em-

phasized the importance of sequential follow-up with

ECG after each epicardial procedure.

Limitations

There are several limitations to the present study.

First, the recurrence of idiopathic VAs and substrate VAs

in patients without ICD implantation was assessed by

Holter monitoring, and thus the recurrence of VAs may

have been underestimated. Second, in spite of the bet-

ter prognosis in the patients with BrS and idiopathic VAs

requiring epicardial ablation, the clinical implication of

an epicardial approach for different disease entities

should be validated in larger cohort studies.

CONCLUSIONS

The need for an epicardial approach for VA ablation

displayed a gradually increasing trend. Our results demon-

strate the effectiveness of epicardial RFCA for idiopathic

VAs that failed an endocardial approach for substrates of

VAs with recurrence and/or appropriate ICD interventions

with acceptable safety in an experienced referral center.
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SUPPLEMENT

Supplemental Table 1. Procedure parameters of ARVC and BrS

patients

ARVC (N = 34) BrS (N = 16)

Ablation time (min) 34 � 17 29 � 12

Ablation area (cm
2
)

Endocardial 11 � 70 2 � 2

Epicardial 23 � 16 16 � 60

Ablation site*

Endocardium

RVOT 24 (70.6%) 26 (76.5%)

TVA-superior 05 (14.7%) 09 (26.5%)

TVA-inferior 05 (14.7%) 11 (32.4%)

Basal-superior 12 (35.3%) 19 (55.9%)

Basal-inferior 14 (41.2%) 17 (50.0%)

Epicardium

RVOT 07 (43.8%) 016 (100.0%)

TVA-superior 0 (0.0%) 1 (6.3%)

TVA-inferior 0 (0.0%) 0 (0.0%)

Basal-superior 0 (0.0%) 1 (6.3%)

Basal-inferior 0 (0.0%) 0 (0.0%)

* Right ventricle was segmented into distinct anatomic

segments based on a previously described model.
S1

ARVC, arrhythmogenic ventricular cardiomyopathy; BrS,

Brugada syndrome; RVOT, right ventricular outflow tract; TVA,

tricuspid valve annulus.
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