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Abstract: Percutaneous pericardial access for epicardial mapping and ablation of ventricular arrhythmias has expanded 
considerably in recent years. After its description in patients with Chagas disease, the technique has provided relevant in-
formation on the arrhythmia substrate in other cardiomyopathies and has improved the results of ablation procedures in 
various clinical settings. Electrocardiographic criteria proposed for the recognition of the epicardial origin of ventricular 
tachycardias are mainly based on analysis of the first QRS components. Ventricular activation at the epicardium has a 
slow initial component reflecting the transmural activation and influenced by the absence of Purkinje system in the 
epicardium. Various parameters (pseudodelta wave, intrinsicoid deflection and shortest RS interval) of these initial inter-
vals predict an epicardial origin in patients with scar-related ventricular tachycardias with right bundle branch block mor-
phology. Using the same concept, the maximum deflection index was defined for the location of idiopathic epicardial 
tachycardias remote from the aortic root. Electrocardiogram criteria based on the morphology of the first component of 
the QRS (q wave in lead I) have been proposed in patients with nonischemic cardiomyopathy. All these criteria seem to be 
substrate-specific and have several limitations. Other information, including type of underlying heart disease, previous 
failed endocardial ablation, and evidence of epicardial scar on magnetic resonance imaging, can help to plan the ablation 
procedure and decide on an epicardial approach. 
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INTRODUCTION 

 Ventricular tachycardia (VT) mapping and ablation has 
increased significantly in recent years. Nowadays, VT abla-
tion is an essential option to control recurrent VTs [1]. In the 
case of idiopathic VTs, radiofrequency (RF) catheter abla-
tion is curative in a large proportion of patients. In structural 
heart disease, catheter ablation is usually adjunctive therapy 
to antiarrhythmic drugs and/or an implantable defibrillator. 
In these patients, RF catheter ablation was initially relegated 
to a last-resort tachycardia therapy for VT recurrence despite 
antiarrhythmic drug therapies. In experienced centers, cathe-
ter ablation now can be considered early in the management 
of patients with heart disease and symptomatic monomor-
phic VT [2].  
 In the majority of cases, scar-related VTs can be treated 
endocardially, particularly in post-myocardial infarction pa-
tients. Most of the circuits observed in infarct scars are lo-
cated subendocardially and most idiopathic VTs have an 
endocardial focus. However, earlier studies on VT mapping 
observed subepicardial target sites to be involved in catheter 
ablation failure [3, 4].  
 Since the initial description by Sosa et al. in a patient 
group with Chagas disease, [5] a percutaneous approach to 
catheter ablation treatment of VT has expanded considera-
bly. Although surgery was the only option for recurrent  
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scar-related VT refractory to endocardial ablation and antiar-
rhythmic drugs for many years, [6] the usefulness of the per-
cutaneous epicardial approach has now been proven in vari-
ous substrates [7, 8]. In two recent multicenter studies, 
epicardial mapping or ablation was involved in 13% to 17% 
of VT ablation procedures [9, 10]. However, the use of the 
technique is still restricted to rather high-volume centers due 
to the high skill level required and the potential risk of se-
vere complications. 
 One of the main issues when planning a VT ablation pro-
cedure is deciding when to go to the epicardium. The present 
article aims to provide an overview of data from the clinical 
history, imaging studies and electrocardiogram and the char-
acteristics of the underlying heart disease that can provide 
useful information and an indication to suspect epicardial 
origin of tachycardia [11].  
 Electrocardiographic methods for the diagnosis of 
epicardial VT are mainly based on the concept that when 
ventricular activation starts at the epicardial level, the ini-
tial part of the wavefront progresses slowly through the 
myocardial wall until reaching the Purkinje system at the 
subendocardium. This slow transmural activation is re-
flected as slow onset of the QRS on the surface electrocar-
diogram [12]. 
 The incidence of epicardial VTs varies dramatically be-
tween different arrhythmogenic substrates. In a recent multi-
center report on epicardial VT ablation, epicardial mapping 
was more frequently required in some arrhythmogenic sub-
strates than others. Pericardial access was performed in 16% 
of patients with coronary artery disease (n=58), 35% of pa-
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tients with idiopathic dilated cardiomyopathy (n=39), 41% of 
patients with arrhythmogenic right ventricular cardiomyopa-
thy (ARVC) (n=14), 18% of patients with other cardiomy-
opathies (n=13), and 6% of patients without structural heart 
disease (n=17).  
 We focus this review on electrocardiographic methods 
developed for identifying epicardial VTs. A variety of elec-
trocardiographic tools have been developed to recognize the 
epicardial origin of VTs in different clinical situations. These 
are summarized in Table 1. We discuss these according to 
the arrhythmogenic substrate. 

IDIOPATHIC EPICARDIAL VENTRICULAR TA-
CHYCARDIA 

 Idiopathic VTs are a small proportion of all monomor-
phic VTs, which are mostly related to myocardial scars in 
patients with structural heart disease. Idiopathic VTs have 
good prognosis and can be effectively treated with radiofre-
quency ablation. Classically, idiopathic VTs have been di-
vided into outflow VTs, the most frequent site of origin, and 
fascicular VTs. Ventricular arrhythmias arising from mitral 
and tricuspid annulus have similar mechanisms but are less 
common. Around 15% of idiopathic VTs have an epicardial 
origin [13]. 
 Triggered activity is the most widely accepted arrhyth-
mogenic mechanism for the outflow tract tachycardias. The 
appearance of delayed afterdepolarizations is related to intra-
cellular calcium overload. Drugs such as adenosine, beta 
blockers or verapamil that reduce the inward calcium current 
inhibit the occurrence of VTs.  
 In most cases, the site of origin of the tachycardia is lo-
cated in the right ventricular outflow tract (RVOT), just be-
low the pulmonary cusps. Left ventricular outflow tract 
(LVOT) origin occurs in 15% to 30% of outflow VTs. Three 
locations have been described in LVOT VTs: LVOT endo-
cardium, sinuses of Valsalva, and the LVOT epicardium. 
Although VTs arising from the coronary cusp can be ablated 
endocardially via retroaortic approach, these origins also can 
be considered epicardial. 

 The typical electrocardiographic pattern of outflow tract 
ventricular arrhythmias shows left bundle branch block 
(LBBB) pattern and inferior axis. The presence of very early 
precordial transition (≤ V2) indicates LVOT origin [14]. The 
late transition (≥ V4) predicts RVOT origin. Ventricular ar-
rhythmias with intermediate transition (V3 transition) may 
have an origin in either outflow tract.  
 Presence of myocardial extensions into the aortic root, 
beyond the annulus, is relatively common. In an autopsy 
series, 21 of 95 human hearts showed ventricular myocardial 
extensions beyond the ventriculo-arterial junction. Ventricu-
lar extensions into the aortic root (7% of cases) were located 
within the adventitia or on the epicardial surface [15]. How-
ever, the exclusive presence of these muscle fibers does not 
seem to be enough to justify the arrhythmia. On the other 
hand, the semilunar shape of the sinuses of Valsalva allows 
three triangles of myocardium to exceed the ventriculo-
arterial junction. Left coronary cusp is the most frequent 
origin of idiopathic ventricular arrhythmias from the aortic 
root. In a group of 44 idiopathic ventricular arrhythmias 
from the aortic root, the site of origin was the left coronary 
cusp in 24 patients, the right coronary cusp in 14, the junc-
tion between left and right cusps in 5, and the non-coronary 
cusp in 1 patient [16]. The non-coronary cusp is intimately 
related to the anterior aspect of the interatrial septum and 
rarely is involved with ventricular arrhythmias.  
 Several different electrocardiographic features have been 
proposed for the diagnosis of ventricular arrhythmias origi-
nating from the sinuses of Valsalva. Ouyang et al. studied a 
group of 15 patients with VT or premature ventricular con-
tractions (PVCs) with the earliest ventricular activation in 
the septal RVOT (8 patients) or aortic cusp (7 patients). The 
R wave duration and the R/S wave amplitude in V1 and V2 
were higher in arrhythmias coming from the aortic root. 
Concretely, R-wave duration index ≥50% (longer R wave 
duration V1 or V2 / QRS duration) and R/S-wave amplitude 
index ≥30% (greater R wave amplitude / S wave amplitude 
ratio in V1 or V2) showed a sensitivity of 87.5% and a speci-
ficity of 100% [17]. Fig. (1) shows two electrocardiograms 
of PVCs with site of origin in the RVOT and in the right 
coronary cusp. More recent studies report that pacing in the 

Table 1. Electrocardiographic criteria proposed for the identification of epicardial VTs.  

Reference Underlying heart disease Limitations Technique ECG criteria 

Berruezo et al. 
[12] 

CAD 72% 

IDCM 28% 

RBBB VT Pace mapping 
and clinical VT 

Pseudodelta wave ≥34 ms 

Intrinsicoid deflection V2 ≥85 ms 

Shortest RS complex ≥121 ms 

Daniels et al. [22] No SHD Described for LVOT VT Clinical VT Precordial maximum deflection index ≥0.55 

Bazan et al. [52] 

Vallès et al. [53] 

NICM Absence of Q wave in sinus 
rhythm 

Pace mapping 
and clinical VT 

Q wave in lead I for anterolateral epi VT 

Q wave in inferior lead for inferior epi VT 

Bazan et al. [66] CAD: 2, IDCM: 4, 
ARVC: 2, No SHD: 5 

No tested in ARVC VTs. Absence 
of Q wave in sinus rhythm 

Pace mapping 
in RV 

Q wave in lead I / QS in lead V2 for ante-
rior epi RV VT 

Q wave in leads II, III, and aVF is inferior 
epi RV VT 

ARVC, Arrhythmogenic right ventricular cardiomyopathy; CAD, Coronary artery disease; IDCM, Idiopathic dilated cardiomyopathy; SHD, Structural heart disease; VT: ventricular 
tachycardia. 
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left coronary cusp produces a polyphasic QRS morphology 
in V1 (with “W” or “M” shape) with a precordial transition 
at V2 or before. Pacemapping from the right sinus of Val-
salva results in a LBBB pattern with precordial transition in 
V3 [18]. Yamada et al. thoroughly studied the characteristics 
of ventricular arrhythmias of the aortic root. The maximum 
amplitude of the R-wave in the inferior leads was larger in 
ventricular arrhythmias originating from the left coronary 
cusp, compared to the right coronary cusp. Notably, 6 of 24 
VTs from the left coronary cusp showed the RBBB pattern. 
In this series, a ratio between amplitude at lead III and lead II 
(III/II) greater than 0.9 predicts a left coronary cusp origin 
with a sensitivity of 100% and specificity of 64% [16]. The 
presence of a qrS pattern in leads V1-V3 has been specifi-
cally associated with an origin in the junction of the left and 
right coronary cusps [19]. 
 Idiopathic epicardial VTs with an origin remote from the 
sinuses of Valsalva are usually perivascular. Transvenous 
and transpericardial approaches can be used. In a series of 48 
patients with previous failed endocardial VT ablation proce-
dure, Schweikert et al. performed endo and epicardial map-
ping. They found that 17 of 20 idiopathic VTs had the earli-
est activation at the epicardium. Eight of them were ablated 
in the aortic root, 9 from in the epicardial surface, and 1 
failed. Most of the VTs successfully ablated with epicardial 
RF were located close to major epicardial vessels in the 
atrioventricular and interventricular grooves [20]. These VTs 

appear to showed predilection for locating in the distal por-
tion of the great cardiac vein [21]. 
 Slow initial QRS activation allows differentiation of 
idiopathic epicardial VTs (usually perivascular) from RVOT 
VTs, endocardial LVOT VTs, and ventricular arrhythmias 
coming from sinuses of Valsalva. An electrocardiographic 
marker has been proposed to quantify the prolongation of the 
initial part of the QRS [22]. The maximum deflection index 
(MDI) is calculated as follows: earliest time to maximum 
deflection in any precordial lead divided by the total QRS 
duration (Table 1) [22]. An MDI larger than 0.55 was related 
to epicardial origin remote from the sinus of Valsalva com-
pared to other sites of origin with a sensitivity of 100% and 
specificity of 98.7% [22]. However, two later studies showed 
that the MDI had limited value for the differentiation be-
tween VTs arising from the epicardium and from the aortic 
cusps (Fig. 2) [13, 23]. The presence of preferential conduc-
tion within the aortic root has been proposed to explain the 
variability in the electrocardiographic features of aortic cusp 
arrhythmias and the limited reliability of electrocardio-
graphic algorithms to determine the site of origin [24]. Ba-
man et al. report that an R wave in V1 broader than 75 ms 
can help to differentiate idiopathic epicardial VTs from the 
coronary venous system [13]. In this series, most of the 
epicardial PVCs (74%) were successfully ablated by RF ab-
lation within the coronary venous system. Ventricular ar-
rhythmias with a site of origin in the proximal part of the 

 
Fig. (1). Electrocardiogram of two patients with frequent premature ventricular contractions (PVCs) and normal heart referred for radiofre-
quency ablation, one of them ablated (left) in the septal right ventricular outflow tract, under the pulmonary valve. The other was success-
fully ablated in the right coronary cusp. The R-wave duration index is obtained by dividing the longer R wave (A) in V1-V2 into the total 
duration of the QRS. R-wave duration index ≥50% predicts origin in the aortic root. The R-wave duration index is 31% in the RVOT PVC 
and 64% in the coronary cusp PVC. The R/S-wave amplitude index is calculated from the greater percentage of the R/S-wave amplitude ratio 
(B divided by C, expressed as a percentage) in V1 or V2. The cut-off point proposed is 30%. In these examples, the R/S-wave amplitude 
index is 9% in the RVOT PVC and 49% in the left-sided PVC. 
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great cardiac vein showed RBBB morphology and those with 
a distal origin had LBBB morphology [13]. 
 Crux cordis also have been defined as a potential source 
of idiopathic epicardial VTs. In a series of 340 patients 
referred for idiopathic VT ablation, 4 of them revealed ear-
liest activation in the middle cardiac vein or proximal coro-
nary sinus at the crux cordis [25]. All electrocardiograms 
showed left superior axis, MDI >0.55, pseudo-delta >34 ms 
and intrinsicoid deflection >85 ms in lead V2 [12, 22]. Be-
yond the epicardial electrocardiogram criteria, deeply nega-
tive deltoid waves in the inferior leads and prominent R 
wave in lead V2 can lead to suspicion of a crux cordis ori-
gin [25]. 
 In our center, we follow a stepwise mapping strategy 
for outflow tract VTs with a V3 transition, in which the 
ECG has a low discriminative capacity to differentiate 
between RVOT and LVOT. Mapping starts at the RV and 
the highest density of points is taken on the septal RVOT. 
Right ventricle mapping is used for merging with com-
puted tomography or cardiac magnetic resonance images. 
The spatial displacement between point position acquired 
in sinus rhythm and PVC must be taken into account. This 
is particularly relevant for fusion [26]. Afterwards, the 
coronary sinus is mapped up to the distal great cardiac 
vein and the first portion of the anterior interventricular 
vein. In the case of absence of appropriate parameters for 
ablation, the LVOT (endocardial LVOT and aortic sinuses 
of Valsalva) is mapped via retrograde aortic access [27]. 
After comparing all the points mapped in the different 

chambers, the point with the highest precocity electro-
gram during PVC with respect to the QRS complex is 
targeted for RF ablation. Finally, if endocardial access 
attempts fail to abolish PVC/VT, epicardial access is per-
formed [11]. 

VENTRICULAR TACHYCARDIA AFTER MYOCAR-
DIAL INFARCTION 

 Earlier studies with endocardial and epicardial mapping 
during surgical treatment of post-myocardial infarction VTs 
showed that 20% of VTs have earliest epicardial activation 
rather than endocardial activation [28]. The presence of an 
epicardial exit does not exclude successful VT ablation from 
the endocardium. The VT isthmuses can be long and com-
plex with a 3-dimensional pathway that can involve suben-
docardial and subepicardial layers. In other series during this 
same era of VT treatment, around 15% of circuits were com-
plete subepicardial circuits [4]. In histology studies of healed 
infarctions, viable myocardial fiber tracts, recognized as the 
substrate of reentry, have a complex architecture and can be 
displayed through different levels of the wall thickness [29, 
30]. The infarct location and transmural extent influence the 
incidence of epicardial VTs. They are more common in infe-
rior infarction compared to other locations [7, 8, 31]. The 
presence of epicardial circuits has been recognized as a cause 
of recurrence after endocardial VT ablation [32]. Initial re-
ports showed the usefulness of percutaneous epicardial VT 
ablation in patients with healed infarction and/or incessant 
VT [7, 8]. 

 
Fig. (2). Example of idiopathic ventricular tachycardia (VT). Electrocardiogram (left panel) shows a maximum deflection index (MDI) of 
0.71 (interval A divided by QRS duration). However, radiofrequency application (right panel, red dots) in the distal great cardiac vein (GCV) 
failed to eliminate VT. In this case MDI was not useful to predict an epicardial origin of the VT. Mapping in the aortic root (AoR) showed 
the earliest bipolar electrogram ("Map" in the left panel, blue dot in the right panel) in the left cusp. LMCA, left main coronary artery; 
RVOT, right ventricular outflow tract. 
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 Di Biase et al. have studied extensive endo- and epicar-
dial substrate ablation in patients with healed infarction and 
electrical storm [33]. They treated 98 patients by limited 
endocardial substrate ablation or by endocardial and epicar-
dial abolition of abnormal electrogram (scar homogeniza-
tion). In the first group, epicardial ablation was necessary in 
8% of patients because of VT inducibility after endocardial 
ablation. Epicardial mapping was obtained in all patients 
(n=49), but epicardial ablation was required in only 33% of 
these patients. Endo- and epicardial homogenization was 
related to a reduction in the recurrence of ventricular ar-
rhythmia during follow-up (19% vs 47% of recurrence dur-
ing a mean follow-up of 25 months). However, this result is 
probably more related to ablation technique (scar homogeni-
zation vs limited ablation) than to the epicardial access. In 
fact, there was no difference in outcome between patients 
undergoing epicardial ablation and those who only received 
endocardial homogenization. Remarkably, only a third of 
patients who systematically received epicardial mapping had 
any substrate at that level to be treated [33]. Although data 
are lacking, patients with subendocardial infarctions appear 
unlikely to benefit from an epicardial approach. The absence 
of scar at subepicardial layers makes the presence of VT 
isthmuses at that level very unlikely. 
 Electrocardiography can be useful for determining an 
epicardial VT exit in ischemic patients. In 2004, our group 
analyzed the electrocardiographic features during epicardial 
and endocardial left ventricular pacing in 9 patients to verify 
the hypothesis that the epicardial origin of the ventricular 
activation widens the initial part of the QRS complex. We 
also analyzed the electrocardiographic characteristics of 69 
VTs in patients with ischemic and dilated cardiomyopathy. 
A number of electrocardiographic parameters were defined. 
Pseudo delta wave was measured from the earliest ventricu-
lar activation to the earliest fast deflection in any precordial 
lead. The intrinsicoid deflection time was defined as the in-
terval measured from the earliest ventricular activation to the 
peak of the R wave in V2. The shortest RS complex was 
defined as the interval from the earliest ventricular activation 
to the nadir of the first S wave in any precordial lead (Table 
1). The duration of this pseudodelta wave coincided with the 
duration of the transmural activation time. 
 Epicardial pacing was significantly related to prolonga-
tion of the shortest RS interval, intrinsicoid deflection, pseu-
dodelta wave, and QRS duration. Patients with VTs were 
divided into 3 groups according to the site of successful VT 
ablation: epicardial, endocardial, and failed endocardial. 
Electrocardiographic parameters described were longer in 
patients with epicardial ablation and failed endocardial abla-
tion. Numerous cut-off points were tested, and the best sensi-
tivity and specificity obtained for the identification of an 
epicardial origin on the VT were as follows: pseudodelta 
wave ≥34 ms, 83% and 95%; intrinsicoid deflection time 
≥85 ms 87% and 90%; and RS complex duration ≥121 ms, 
76% and 85%, respectively (Fig. 3) [12]. The main limitation 
of these criteria is that they are only applicable to VTs with 
RBBB pattern. Ventricular arrhythmias in patients with 
structural heart disease and LBBB morphology were not 
included in this study. These VTs commonly arise from the 
interventricular septum and may be inappropriate for epicar-
dial ablation. 

 The reliability of various electrocardiographic criteria 
was recently tested in a series of patients with ischemic car-
diomyopathy [34]. The QRS characteristics of 24 VTs suc-
cessfully ablated from the epicardium in 14 patients and 39 
VTs ablated from the endocardium in 25 patients were retro-
spectively analyzed. Electrocardiographic criteria (pseudo-
delta, intrinsicoid deflection time, shortest RS complex, Q 
wave in lead I, and MDI) failed to discriminate between VTs 
ablated from endocardium and VTs requiring epicardial abla-
tion [35]. The presence of Q waves, the myocardial scar ex-
tension and slow conduction within the scar have been pro-
posed to explain the failure of the electrocardiographic crite-
ria in post-myocardial infarction patients. It must also be 
taken into account that the electrocardiogram pattern only 
indicates the exit of the VT circuit. The VT isthmus can be 
complex, and most of them have an endocardial and epicar-
dial trajectory permitting successful ablation from endocar-
dium in a VT with an epicardial exit. Moreover, irrigated tip 
ablation catheters cause deep lesions that may achieve pro-
found circuits by RF application at the endocardium [36]. 
This is of particular significance in patients with transmural 
infarction and thin left ventricular walls. 
 In our center, patients with myocardial infarction and VT 
referred for RF ablation are initially approached endocar-
dially. We perform a substrate-guided ablation strategy, at-
tempting to eliminate all the abnormal electrograms in the 
scar area with RF application al the slow conducting zones 
entrance (scar dechanneling technique) [37, 38]. After sub-
strate ablation, VT inducibility is tested. Residual VTs are 
targeted by entrainment and pacemapping techniques. In the 
case of monomorphic VTs still inducible after an endocardial 
ablation attempt, percutaneous epicardial mapping and abla-
tion is performed. The transmurality of the myocardial in-
farction (scar reaching the epicardium), analyzed by means 
of echocardiogram or preferably magnetic resonance imag-
ing, is taken into account before deciding on an epicardial 
approach.  

NON-ISCHEMIC CARDIOMYOPATHY 

 Myocardial diseases are categorized as dilated cardiomy-
opathy, hypertrophic cardiomyopathy, restrictive cardiomy-
opathy, arrhythmogenic right ventricular cardiomyopathy 
(ARVC), and unclassified [39]. The incidence and type of 
ventricular arrhythmias varies between pathologies, and 
these are not the only cause of sudden death in this context. 
In advanced stages of the disease, bradycardia, thromboem-
bolism, and electromechanical dissociation are a frequent 
cause of death [40]. Sustained monomorphic VT is only part 
of the spectrum of ventricular arrhythmias in patients with 
cardiomyopathy [41]. The occurrence of clusters of VT epi-
sodes tend to be recurrent and impair survival in patients 
with idiopathic dilated cardiomyopathy, despite the use of 
antiarrhythmic drugs [42]. 
 Most of the available knowledge about VT pathophysiol-
ogy is based on ischemic models. Myocardial scar reentry 
causes the vast majority of VTs in post-infarction patients. 
The mechanism of ventricular arrhythmias in other cardiac 
diseases is less established. Experience of VT ablation in 
patients with non-ischemic cardiomyopathy (NICM) is less 
well known, but the outcomes after ablation seem poorer 
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[43]. The arrhythmogenic mechanisms in non-ischemic heart 
disease are: bundle-branch reentry, focal activity, and scar-
related reentry. As with ischemic heart disease, reentry is 
most frequently the mechanism involved [44, 45].  
 The success rate of endocardial ablation is lower in pa-
tients with NICM than in ischemic patients [1]. Reentry 
circuits deep in the endocardium and epicardium appear to 
be a likely explanation. Cardiac magnetic resonance imag-
ing with delayed enhancement demonstrates that scars can 
be located intramurally and subepicardially in NICM [46, 
47]. Epicardial mapping after a failed endocardial approach 
usually shows more extensive substrate at epicardium and 
improves the success rate [48]. Certain etiologies, such as 
Chagas disease or sarcoidosis, frequently show epicardial 
substrate [49, 50].  

 Soejima et al. published a series of 28 consecutive 
patients with dilated cardiomyopathy refereed for VT ab-
lation. Only 6 (27%) were successfully ablated from the 
endocardium; ablation was not attempted in 2 patients 
(9%) and in 14 patients (64%) endocardial ablation failed. 
Epicardial mapping and ablation was performed in 7 pa-
tients and succeeded in 6 of them. Most low-voltage areas 
identified in the electroanatomic maps are close to the 
atrioventricular annulus, being larger at the epicardial 
surface. This predilection for the basal segments of the 
left ventricle was also found in another study and remains 
unexplained [44]. In a consecutive series of 22 consecu-
tive patients with NICM and VTs with endo- and epicar-
dial mapping, confluent low-voltage areas were present in 
82% of patients. Moreover, epicardial scar areas were 

 

Fig. (3). Electrocardiographic criteria for the recognition of the epicardial origin in patients with coronary artery disease (CAD). Left panel 
shows a 12-lead electrocardiogram during ventricular tachycardia (VT) from a patient with healed inferior myocardial infarction. Epicardial 
VT exit was confirmed after pericardial percutaneous access Right panel shows the electrocardiogram from a patient with subendocardial 
myocardial infarction and VT. Endocardial radiofrequency ablation successfully terminated VT.  
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significantly greater than endocardial ones [51]. The pre-
dominant location of the scar in the subepicardium may 
explain the low success rate of endocardial catheter abla-
tion in NICM. 
 Bazan et al. analyzed electrocardiogram features during 
endocardial and epicardial pace mapping in a cohort of pa-
tients with VT not related to myocardial infarction, most of 
them with dilated cardiomyopathy [52]. They proposed dif-
ferent morphological criteria depending on the site of origin 
of the VT determined by the polarity of the initial vector of 
depolarization (Table 1). The presence of a Q wave in infe-
rior leads for basal inferior and apical inferior VTs reflects 
the initial epi to endo activation in the inferior wall and 
therefore suggests an epicardial origin. In the same way, a Q 
wave in lead I for basal superior and apical superior VTs and 
the absence of a Q wave in any of the inferior leads for basal 
superior VTs were associated with an epicardial origin [52]. 
The sensitivity and specificity of the previously reported 
criteria may differ depending on the myocardial wall of ori-
gin of the VT [12, 52]. More recently, the same group re-
ported the data from 14 patients with NICM undergoing 
endo- and epicardial VT ablation. They focused the analysis 
on the anterior-basal and lateral-basal segments of the left 
ventricle (Josephson sites 8, 10, 12). Using pace mapping 
they tested the proposed interval criteria (pseudo-delta wave, 
intrinsicoid deflection time, shortest RS complex, and MDI) 
and morphology criteria (q wave in lead I and no q waves). 
The presence of q waves in inferior leads, pseudo-delta wave 
≥75 ms, MDI ≥0.59, and q wave in lead I had 95% specific-
ity and 20% sensitivity in identifying epicardial and endo-
cardial origin for pace maps in the mentioned regions (see 
Fig. 4) [53]. A four-step algorithm based on these criteria 
was proposed and showed 93% sensitivity and 86% specific-
ity for an epicardial origin in a validation cohort of 11 pa-
tients [53]. The main restriction of this algorithm is that it 
can be applied only to patients with NICM and myocardial 

scars in the anterolateral basal region of the LV. Although a 
predominance of perimitral zones has been observed, scars in 
the NICM may appear at any myocardial segment [54]. 

ARRHYTHMOGENIC RIGHT VENTRICULAR CAR-
DIOMYOPATHY 

 Arrhythmogenic right ventricular cardiomyopathy 
(ARVC) is a myocardial disease characterized by fibrofatty 
replacement and ventricular arrhythmias. This replacement 
involves predominantly the right ventricle, starting at the 
epicardium and extending towards the endocardium [55]. 
Left ventricular involvement is present in more than half of 
all cases and a left dominant phenotype have been described 
[56, 57]. Heart failure, ventricular arrhythmias, and sudden 
cardiac death (SCD) are the most severe clinical manifesta-
tions of ARVC. The diagnosis of ARVC can be arduous. 
Task Force criteria proposed for ARVC diagnosis includes 
electrocardiographic, structural (cardiac imaging and histol-
ogy), clinical, and familial variables [58].  
 Radiofrequency ablation has been restricted to patients 
with incessant VTs or electrical storm refractory to antiar-
rhythmic drugs. Endocardial RF ablation has proven inade-
quate in both acute and long-term results [59-62]. Substrate-
guided mapping techniques may improve these results [63]. 
The high recurrence rate published in earlier series has been 
attributed to the progressive nature of the disease. However, 
the epicardial nature of the disease also may have a role in 
the failure of the endocardial ablation approach.  
 Recent studies in substrate-guided ablation have shown 
that ARVC exhibits a predominantly epicardial arrhyth-
mogenic substrate. Garcia et al. performed endocardial and 
epicardial mapping in 13 patients with ARVC after failed 
endocardial ablation [64]. The area of low voltage (<1 mV 
and <1.5 mV at epicardium and endocardium, respectively) 
were larger at epicardium in each patient. During a follow-up 

 

Fig. (4). Epicardial VT in nonischemic cardiomyopathy. Left panel shows short axis view of contrast-enhanced cardiac magnetic resonance 
from a patient with non-ischemic cardiomyopathy. An extensive area of hyperenhancement is observed in the lateral wall of the left ventricle 
(white arrow). Right panel shows the electrocardiogram of the clinical ventricular tachycardia. Q waves (lead I, black arrows) represent the 
initial forces of the ventricular activation going from epicardium to endocardium. 
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of 18±13 months, 77% of patients remained free of VT re-
currence. Recently, our group reported the results of a com-
bined endocardial and epicardial substrate-guided ablation 
(using the scar dechanneling technique) as a first-line ap-
proach for patients with ARVC and VT referred for VT abla-
tion [37]. These patients also had a larger epicardial than 
endocardial arrhythmogenic substrate. Remarkably, 86% of 
the induced VTs required an epicardial ablation. The scar 
dechanneling technique aims to eliminate every slow con-
ducting zone and minimize the extension of RF application, 
which is especially desirable at the epicardium [37, 38]. Af-
ter a follow-up of 11 months (6-24 months) only one patient 
(9%) had a VT recurrence. Bai et al. compared two groups of 
patients (23 vs 26 patients) with ARVC who received endo-
cardial or combined endo- and epicardial substrate-based 
mapping and ablation. After a 3-year follow-up, 52% of pa-
tients in the endocardial group and 85% of patients in the 
endo-epicardial group were free of VT recurrence [65]. 
 Bazan et al. studied the usefulness of electrocardio-
gram to predict an epicardial origin in VT arising from the 
right ventricle (Table 1). Pacemapping was used in multi-
ple endocardial and epicardial sites in a group of patients 

who underwent combined endo- and epicardial mapping. 
Two patients had coronary artery disease, 4 had dilated 
cardiomyopathy, 2 had ARVC and 5 had normal hearts. 
Interval criteria appeared not to be applicable with pace 
mapping in the right ventricle. The presence of Q wave in 
inferior leads was more frequent when pacing in inferior 
epicardial sites and the presence of Q waves in lead I and 
QS in V2 when pacing in anterior epicardial sites. No dis-
tinctive electrocardiogram feature for epicardial pacing at 
the RVOT was identified [66]. These criteria have not 
been validated with clinical VTs in patients with ARVC. 
The described interval criteria (pseudodelta wave, intrin-
sicoid deflection time, shortest RS complex) are probably 
inapplicable in this disease, primarily because most of the 
VTs in ARVC patients have LBBB morphology and these 
criteria have been validated for VTs with RBBB mor-
phology. 
 Considering the data reported about the epicardial ar-
rhythmogenic substrate and the results of endo- and epicar-
dial ablation, in our center a combined endocardial and 
epicardial ablation is the first-line approach in all ARVC 
patients referred for ablation. 

 
Fig. (5). Contrast-enhanced cardiac magnetic resonance (CeCMR) from a patient with subendocardial anterior myocardial infarction and 
ventricular tachycardia (12-lead electrocardiogram is shown in the right panel of Fig. (3)). Panel A shows axial-axis view of CeCMR show-
ing subendocardial hyperenhancement in the anterior wall of the left ventricle. Panels B to D show signal intensity maps obtained from 
CeCMR projected over 3D color-coded shells at subendocardium (panel B), midmyocardium (panel C) and subepicardium (panel D). Nor-
mal myocardium is coded in purple, core of the infarct in red and border zone in blue-green-yellow. Identification by CeCMR of scar con-
fined to subendocardium indicates that an endocardial approach will be adequate to abolish the arrhythmia. Apex left ventricular apex; Ao, 
Aortic root; MA, mitral annulus. 



254     Current Cardiology Reviews, 2014, Vol. 10, No. 3 Fernández-Armenta and Berruezo 

WHEN TO GO TO THE EPICARDIUM? DATA BE-
YOND THE ELECTROCARDIOGRAM. 

 In addition to electrocardiographic criteria detailed here, 
other clinical parameters from cardiac imaging may be use-
ful.  
 As we have emphasized, the presence of epicardial sub-
strate varies greatly depending on the underlying heart dis-
ease. A first-line percutaneous pericardial approach may be 
reasonable in entities with proven extensive epicardial sub-
strate. This is the case of ARVC, Chagas disease, myocardi-
tis or NICM. In the latter case, it would be preferable to se-
lect cases for epicardial approach using additional criteria 
because some patients may have only endocardial or mid-
myocardial substrate [67]. 
 On the other hand, it is generally established that a failed 
endocardial ablation procedure is sufficient reason to attempt 
an epicardial ablation. In our experience, epicardial ablation 
in patients with incessant VT and prior failed endocardial 
ablation offers good results in terms of acute success and 
follow-up [8].  
 Most VTs in patients with structural heart disease are 
scar-related myocardial reentries. Identification of scar tissue 
by contrast-enhanced cardiac magnetic resonance matches 
the histology of the myocardial infarction, is related to VT 
inducibility and spontaneous VT occurrence, has prognostic 
value for long-term total mortality, and is correlated with 3D 
voltage maps [68-73]. Cardiac magnetic resonance allows 
characterization of the scar in core and border zone and can 
identify VT isthmuses as border zone corridors [70, 74-76]. 
Scar identification and characterization could help to restrict 
mapping to potentially arrhythmogenic areas, estimate scar 
extent, and examine the endocardial/epicardial involvement 
of the ventricular wall. In a series of 29 patients with NICM, 
Bogun et al. showed that the distribution of the scar at the 
myocardial wall can be useful in the preparation of the abla-
tion strategy. Five patients showed endocardial scar and ab-
lation was effective from endocardium in all of them. Two 
patients had both endo- and epicardial scar, and both abla-
tions were only partially effective. Finally, two patients had 
scars confined to epicardium and epicardial ablation was 
successful in both [77]. In selecting an epicardial approach 
for reentry VTs (the vast majority of non-idiopathic VTs), 
the principle of "no scar no VT" should be kept in mind: it is 
very unlikely that a VT has an epicardial origin in a patient 
with evidence of an exclusively subendocardial scar, and 
vice versa (Fig. 5). 
 In the case of patients with coronary artery disease 
(CAD), the evidence of transmural infarction can lead us to 
suspect the presence of epicardial circuits. However, it is 
well known that most infarct-related VTs can be successfully 
ablated from the endocardium. The presence of complex 
isthmus with endo- and epicardial paths and wall thinning in 
the infarct area may allow appropriate ablation results from 
the endocardium in transmural infarcts. Therefore, we think 
it is reasonable to be more conservative in the indication of 
epicardial mapping in patients with CAD. 
 In patients with a normal heart, electrocardiogram cri-
teria appear to fail in the differentiation of VTs arising 
from the aortic root and the epicardial surface [23]. 

Moreover, epicardial transvenous ablation can eliminate 
most of the epicardial foci remote from the aortic cusps 
[13]. Finally, epicardial ablation from the pericardial sac 
can be limited in idiopathic VTs because the atrioven-
tricular and interventricular grooves (the most frequent 
origins) are often covered with abundant fat. Therefore, 
we perform pericardial access for idiopathic VT ablation 
in selected patients only after mapping the RVOT, endo-
cardial LVOT, sinuses of Valsalva, and coronary venous 
system and ablation failure. 
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