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Epicardial access during electrophysiology procedures offers valuable insights and therapeutic options for managing ventricular arrhythmias (VAs). 
The current clinical consensus statement on epicardial VA ablation aims to provide clinicians with a comprehensive understanding of this complex 
clinical scenario. It offers structured advice and a systematic approach to patient management. Specific sections are devoted to anatomical consid
erations, criteria for epicardial access and mapping evaluation, methods of epicardial access, management of complications, training, and institutional 
requirements for epicardial VA ablation. This consensus is a joint effort of collaborating cardiac electrophysiology societies, including the European 
Heart Rhythm Association, the Heart Rhythm Society, the Asia Pacific Heart Rhythm Society, the Latin American Heart Rhythm Society, and the 
Canadian Heart Rhythm Society.
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Section 1: Introduction
Preamble
Epicardial access during electrophysiology (EP) procedures offers valu
able insights and therapeutic options for managing ventricular arrhyth
mias (VAs), and is typically needed in 23–30% of patients undergoing 
VA ablation.1,2 The need for epicardial VA ablation emerged from an 
increasing understanding that the critical sites of many VAs originate 
from the intramural myocardium and epicardium, making them less ac
cessible for effective endocardial ablation.3–6

Epicardial VA ablation is most effectively performed in high-volume 
tertiary centres and is often combined with endocardial ablation to 
achieve optimal substrate modification and improve patient outcomes. 
Meticulous technique, careful patient selection, and vigilant monitoring 
are paramount to ensure procedural success and patient safety.

While epicardial ablation can improve the success of catheter abla
tion, the procedure is associated with an increased risk of complica
tions, requires significantly greater resources and preparation than 
endocardial ablation alone, and is only considered in limited clinical 
scenarios and experienced referral centres.7 Current indications for 
epicardial VA ablation include but are not limited to recurrent VA after 
previously failed endocardial ablation when electrocardiographic, im
aging, or mapping findings suggest the presence of epicardial substrates. 
In selected patients, however, a first-line endocardial–epicardial ap
proach may be appropriate.

This consensus is a joint effort of collaborating cardiac electrophysi
ology societies, including the European Heart Rhythm Association 
(EHRA), the Heart Rhythm Society (HRS), the Asia Pacific Heart 
Rhythm Society (APHRS), the Latin American Heart Rhythm Society 
(LAHRS), and the Canadian Heart Rhythm Society (CHRS).

Scope of the document
The current clinical consensus statement on epicardial VA ablation aims 
to guide clinicians in managing epicardial VA ablation across various 
scenarios. It offers structured advice and a systematic approach to pa
tient management. Specific sections are devoted to anatomical consid
erations, criteria for epicardial access and mapping evaluation, methods 
of epicardial access, management of complications, training, and institu
tional requirements for epicardial VA ablation.

Organization of the writing committee
The EHRA, as the leading society, nominated the chair and the co-chair 
of the document based on their internationally recognized expertise in 
the field. The writing group was defined based on a list of representa
tives put forward by each organization. All members are internationally 
recognized experts. The members were qualified in order of prefer
ence if they did not meet any of the following: part-time employment 
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or salary from a related company, significant stock ownership, holding 
of a patent that generates significant revenues, and receipt of significant 
royalties for intellectual property related to the topic of the scientific 
paper. The entire group was comprised of 13 members, and they 
were appointed to section writing teams based on preference and ex
pertise, aiming to cover specific content. All members provided disclos
ure statements to assess potential conflicts of interest. Details are 
available in supplementary material online.

Methods
After a comprehensive literature review and evaluation of existing evi
dence, a detailed survey comprising 112 questions was distributed to all 
members to capture common practices and preferences in the man
agement of patients undergoing epicardial VA ablation. Considering 
the survey results, the writing group proposed an initial list of practical 
advice. This advice was refined through several face-to-face and web- 
based meetings, during which the proposed tables of advice were dis
cussed and modified. A final list of clinical advice was then prepared 
for the voting process. During voting, each member had the option 
to agree (with or without modification), disagree, or abstain. Every pro
posed advice was included only if the voting results (excluding absten
tion) were at least 70% in support.

It should be emphasized that the current document is not intended 
as a guideline and aims to document the current expert consensus in 
the dedicated narrow field of VA epicardial ablation. Healthcare 
professionals should refer to the latest guidelines for the overall 
management of patients with VAs.8–10 The classification of various 
categories of advice, along with their respective definitions, is out
lined in Table 1. Additionally, the evidence supporting each category 
of advice has been organized based on the type, quality, and quantity 
of the respective sources (Table 2). Finally, the terms and abbrevia
tions used throughout the consensus document are summarized in 
Table 3.

Document review and approval
A review committee conducted a peer review of the draft document. 
All peer reviewers were required to submit a declaration of interest. 
The final document was officially reviewed and endorsed by each part
nering organization.

Brief history of epicardial access in 
electrophysiology
Inspired by the need to better treat VA in Chagas disease, Sosa et al.11

introduced the subxiphoid percutaneous epicardial mapping and/or ab
lation in 1996. In the 1990s, d’Avila found an article on laser epicardial 
photocoagulation by Svenson suggesting that ventricular tachycardia 
(VT) was related to an epicardial circuit in some patients with post- 
myocardial infarction VT in whom the endocardial peeling technique 
had failed.12 Since one mechanism of scar formation in Chagas disease 
is chronic distal ischaemia in the watershed regions, and VT typically ori
ginates from the inferolateral left ventricle (LV), a fax was immediately 
sent to Sosa suggesting that epicardial circuits would likely dominate in 
Chagas’ VT, which would explain the poor outcomes of endocardial ab
lations at that time.

Sosa observed late potentials on ventricular electrograms re
corded from the coronary sinus in patients with Chagas’ disease. 
Soon, it became clear that alternative access to the pericardial space, 
other than surgical access, would be needed if the procedure was to 
be done in the EP Lab. In 1995, the Tuohy needle, a specially designed 
needle to prevent vascular and neural damage during epidural anaes
thesia, was brought to the attention of Scanavacca, an experienced 
Brazilian electrophysiologist. Scanavacca thought that it would be 
worth trying a ‘dry’ epicardial puncture with the needle connected 

to a unipolar channel to identify an ‘injury current’ as soon the needle 
reached the epicardial surface. The first attempt was successful in a 
patient with several previous EP procedures. Sosa was amazed by 
what Scanavacca did. At that moment, it became clear that the epi
cardial space would become an integral part of cardiac ablation. 
Since then, more than 2000 papers have been published on various 
aspects of this approach, solidifying it as a critical step in enhancing 
the success of VA ablations.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Classification and definition of different categories of 
advice

Definition Categories of 
Advice

Evidence or general agreement that a given 

measure is clinically useful and appropriate

Advice TO DO

Evidence or general agreement that a given 

measure may be clinically useful and 
appropriate

May be appropriate 

TO DO

Evidence or general agreement that a given 
measure is not appropriate or harmful

Advice NOT TO DO

No advice can be given because of lack of data or 
inconsistency of data. The topic is important to 

be addressed

Areas of uncertainty

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Type and strength of supporting evidence

Type of supporting 
evidence

Strength of 
evidence

Icons

Published data >1 high quality 

RCT 

Meta-analysis or 
high quality RCT

High quality RCT  

> 1 moderate 
quality RCT 

Meta-analysis or 

moderate 
quality RCT

High quality, large 

observational 

studies

Expert opinion Strong consensus  

> 90% of writing 
group supports 

advice
>90% agree

Consensus > 70% 
of writing group 

supports advice

>70% agree
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Section 2: Anatomy of the 
pericardium
General structure
The human pericardium is a double-layered fibro-serous membrane 
that surrounds the heart and the root of the great vessels. It consists 
of an outer fibrous envelope (the fibrous pericardium, Figure 1A) and 
an inner serous sac (the serous pericardium), which has a visceral layer 
adherent to the heart (the epicardium, Figure 1B) and a parietal layer 
lining the fibrous pericardium. The pericardial space is a virtual space 
between the visceral and parietal layers of the pericardium and typically 
contains 15–50 mL of serous fluid generated by the mesothelial lining. 
By separating the heart from adjacent structures (descending aorta, 
lungs, diaphragm, oesophagus, trachea), the pericardial space allows 
free cardiac motion within this sac.13

The pericardial reflections around the great vessels delineate two hi
lar orifices: the superior hilum (arterial pole) around the ascending aor
ta and pulmonary trunk and the posterior hilum (venous pole) around 
the pulmonary and caval veins (Figure 2).14 Both hila are the sites of en
trance and exit of extracardiac nerves and vessels to and from the sub
epicardial layer of the heart. Because the pericardial reflections are 

located posteriorly, the anterior, apical, and lateral surfaces of both ven
tricles are freely accessible within the pericardial space. The fibrous 
pericardium is attached inferiorly to the central tendon of the dia
phragm and anteriorly to the posterior sternal surface by the superior 
and inferior sternopericardial ligaments, which help maintain the gen
eral position of the heart inside the thorax.

Pericardial sinuses and recesses
The reflection of the serous pericardium around the great vessels cre
ates the pericardial sinuses and recesses (Figure 3—upper panel and 
Supplementary material online, Figure S3.1).15

• Transverse sinus: a transverse passage between the left and right sides of 
the pericardial cavity. It lies behind the aorta and the main pulmonary 
artery, bordered superiorly by the right pulmonary artery and inferiorly 
by the dome of the left atrium. The transverse sinus is separated from 
the oblique sinus by a pericardial reflection that extends between the 
left superior and right superior pulmonary veins and gives rise to several 
recesses that extend as diverticula between the major vessels (superior 
aortic, inferior aortic, right and left pulmonic recesses).

• Oblique sinus: a cul-de-sac located behind the left atrium, bounded on 
the right by the inferior vena cava and on the left by the pericardial re
flection connecting the two left pulmonary veins.

• Superior aortic (or aortocaval) recess: the superior extension of the 
transverse sinus, located between the aorta and superior vena cava.

• Inferior aortic recess: located between the right lateral aspect of the as
cending aorta and the right atrium.

• Right and left pulmonic recesses form the lateral extensions of the trans
verse sinus. The right pulmonic recess is inferior to the proximal right 
pulmonary artery, bounded by the reflection of serous pericardium ex
tending from the right pulmonary artery to the superior vena cava. The 
left pulmonic recess is bounded superiorly by the left pulmonary artery, 
inferiorly by the left superior pulmonary vein, and medially by the liga
ment of Marshall.

• Postcaval recess extends along the superior vena cava as a lateral exten
sion of the superior sinus, limited superiorly by the right pulmonary ar
tery and inferiorly by the right superior pulmonary vein.

• Right and left pulmonary venous recesses are located between the su
perior and inferior pulmonary veins on each side, with significant vari
ation in depth and width.

Anatomical relations
A thorough understanding of the anatomical relations of the pericar
dium within the mediastinum is crucial to minimizing the risks asso
ciated with epicardial access and ablation (Figure 3—lower panel and 
Supplementary material online, Figure S3.2). 

• Anterior relations: Anteriorly, the pericardium is in contact with 
the anterior chest wall, pleura, and lungs, with approximately 
one-third of its surface located rightward and two-thirds leftward 
from the midline. A potentially life-threatening complication of epicar
dial access is the injury to the left internal mammary artery (LIMA) (see 
Section 4—Figure 6 and Section 7). This artery originates from the left 
subclavian artery. It runs along the inner surface of the anterior chest 
wall, coursing between the trans vs. thoracis and intercostal muscles at 
the third intercostal space, where it can be found 10–20 mm lateral of 
the sternum. As it descends along the anterior chest wall, it gives rise 
to the anterior intercostal arteries that feed the intercostal muscles 
and overlying cutaneous tissues. As it approaches the 6th or 7th inter
costal space, it bifurcates into the musculophrenic artery and the su
perior epigastric artery.

• Inferior relations: Through the diaphragm, the pericardium is related 
to the diaphragmatic surface of the liver (left lobe) and part of the gastric 
fundus. The Larrey’s space or left sternocostal triangle is an anatomic 
area bordered by the sternum anteriorly, the diaphragm inferiorly, 
and the pericardium posteriorly, and it is the most common target 
for percutaneous epicardial access. This space is mainly avascular, ex
cept for the left superior epigastric artery, which runs along the left cos
tal margin (see Section 7).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Abbreviations

Term 
(abbreviation)

Definition

AF Atrial fibrillation

APHRS Asia Pacific Heart Rhythm Society

ARVC/D Arrhythmogenic right ventricular 

cardiomyopathy/dysplasia

CHRS Canadian Heart Rhythm Society

CT Computed tomography

CF Contact force

CMR Cardiac magnetic resonance imaging

D5W Dextrose 5% in Water

ECG Electrocardiogram

EHRA European Heart Rhythm Association

ESC European Society of Cardiology

HRS Heart Rhythm Society

ICD Implantable cardiac defibrillator

ICE Intracardiac echocardiography

ICM Ischaemic cardiomyopathy

LAHRS Latin American Heart Rhythm Society

LIMA Left internal mammary arterial

LGE Late gadolinium enhancement

LV Left ventricle

NS Normal saline

NICM Non-ischaemic cardiomyopathy

RCT randomized clinical trial

RF Radiofrequency

RV Right ventricle

VA Ventricular arrhythmia

VT Ventricular tachycardia
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Pericardium

Pericardium

Anterior pericardial
reflection

Pericardium

A

B
Epicardium

Figure 1 Anatomy of the human pericardium (anterior view)—fibrous pericardium (A) and serous pericardium with epicardium (B). Image adapted 
with permission from the Image Courtesy of the UCLA Cardiac Arrhythmia Center, Amara-Yad Project Collection.

Pulmonary trunk

Aortic arch
Superior aortic recess
(aorto-caval recess)

Transverse sinus

Superior vena cava

Superior hilum
of the heart

Right pulmonic recess
(Retro-caval recess)

Right superior
pulmonary vein

Right pulmonary venous
recess (right lateral recess)

Inferior vena cavaRight inferior
pulmonary vein

Oblique sinus

Left pulmonary venous recess
(left lateral recess)

Left superior
pulmonary vein

Left pulmonic recess

Vestigial fold

Left inferior
pulmonary vein

Posterior hilum
of the heart

Figure 2 Pericardial reflections and hilar orifices around the great cardiac vessels (posterior view). Image adapted with permission from the Image 
Courtesy of the UCLA Cardiac Arrhythmia Center, Amara-Yad Project Collection.
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• Posterior relations: Posteriorly, the pericardium is related to the or
gans of the posterior mediastinum, especially the oesophagus, which is 
adjacent and posterior to the oblique sinus and left atrium (see 
Supplementary material online, Figure S3.3).

• Lateral relations: Laterally, the pericardium is separated from the 
mediastinal pleura by a thin layer of loose connective tissue that contains 
the phrenic nerves and pericardiophrenic vessels. The left phrenic nerve 
runs over the left atrial appendage and then over the left ventricular free 
wall. The right phrenic nerve runs along the superior vena cava, close to 
the right superior pulmonary vein.

Vessels and nerves
The arterial supply of the pericardium is provided by a branch of the 
internal thoracic artery known as the pericardiophrenic artery, along 
with smaller contributions from the bronchial and oesophageal arteries, 
which are branches of the thoracic aorta. Venous drainage is through 
the pericardiophrenic veins, tributaries of the brachiocephalic veins, 
and varying tributaries of the azygos venous system. The fibrous peri
cardium and the parietal layer of the serous pericardium receive innerv
ation from the phrenic nerves and vagal inputs from the oesophageal 
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Figure 3 Upper panel: Anterior and posterosuperior view of the pericardium showing the superior or arterial hilum (red string) and the posterior or 
venous hilum (blue string), with the distribution of the main pericardial sinuses and recesses. Lower panel: Coronal and paramedian section of the thorax 
depicting the anatomical relations of the pericardium within the thorax. Left lower panel: 1. clavicle; 2. left brachiocephalic vein; 3. upper lobe of the right 
lung; 4. aortic arch; 5. superior vena cava; 6. right atrium; 7. coronary sinus; 8. liver; 9. second rib; 10. upper lobe of left lung; 11. pulmonary trunk; 12. 
ascending aorta and left coronary artery; 13. aortic valve; 14. pericardium; 15. left ventricle; 16. the lower lobe of the left lung; 17. diaphragm; 18. colon. 
Right lower panel: 1. aortic arch; 2. left atrium; 3. oesophagus; 4. right atrium; 5. liver. Image adapted with permission from the UCLA Cardiac 
Arrhythmia Centre, Amara-Yad Project Collection, and Wolters Kluwer.

Epicardial ventricular arrhythmia ablation                                                                                                                                                             7

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euaf055#supplementary-data


plexus. The visceral layer lacks pain sensitivity. Pain associated with peri
carditis only originates in the parietal layer and is transmitted by the 
phrenic nerve.

Section 3: Criteria to consider 
epicardial access and mapping
Epicardial VAs are defined as (i) focal VAs originating from the epicardial 
side or (ii) scar-related re-entrant VAs with an epicardial exit site. In 
these situations, epicardial ablation is necessary to terminate the VA 
and disrupt its circuit.

The candidates for epicardial VT ablation include patients with an ar
rhythmogenic substrate inaccessible from the endocardium and certain 
non-ischaemic cardiomyopathies (NICMs) that are known to predis
pose to the epicardial substrate. Patients with Chagas’ disease, arrhyth
mogenic right ventricular cardiomyopathy/dysplasia (ARVC/D), or 
Brugada syndrome may also be candidates, given the propensity for epi
cardial involvement. Epicardial ablation is generally not useful when im
aging, mapping, or electrocardiogram (ECG) suggests a septal 
origin.16,17 Delayed transseptal activation time (>40 ms), disrupted 
transmural activation patterns, and long-duration (>95 ms) septal elec
trograms, fractionated/late/split electrograms observed during pacing 
adjacent to a mid-myocardial septal abnormality can be helpful in the 
identification of intramural septal substrates in NICM.18

Electrocardiographic identification of 
epicardial origin of ventricular 
arrhythmias
The ECG can help identify specific patterns suggestive of epicardial VT. 
However, while ECG criteria provide valuable insights, they are not in
fallible and should not be used as the sole determinant for selecting the 
epicardial ablation approach. They are notably less reliable in patients 
with extensive scars from prior myocardial infarction.19

Idiopathic ventricular arrhythmias
Idiopathic VA usually originates from the endocardial side. If endocar
dial mapping and ablation fail to identify an endocardial origin, epicardial 
catheter ablation may be necessary.20

Identifying epicardial left ventricular summit ventricular arrhythmia
A maximum deflection index of ≥0.55 could help to identify an epicar
dial left ventricular origin primarily located in the epicardial perivascular 
sites with a distance > 10 mm from the aortic sinus of Valsalva.21 The 
left ventricular summit is a complex epicardial region.22 LV summit 
VAs usually have an RBBB-like pattern. Some VAs from left ventricular 
summit have an LBBB-like pattern with an early transition in V2 or V3.20

In these patients, a later than V2 transition or a precordial break pattern 
and a lack of an S wave in V5 and V6 suggest an epicardial site of origin.23

Rare epicardial VT origins: the crux of the heart
Rarely, epicardial idiopathic VA originates from the crux.24 Epicardial 
VA from the crux shows superior axis, and a negative deltoid wave in 
the inferior leads, a prominent R wave in V2, an intrinsicoid deflection 
time in lead V2 ≥ 85 ms, and a precordial maximum deflection index ≥  
0.55. A shortest precordial RS duration  ≥ 121 ms does not help differ
entiate this type of epicardial VA.24

Ventricular arrhythmias in non-ischaemic 
cardiomyopathies
Many forms of NICM are associated with dominant epicardial scarring. 
Consequently, many NICM-related VA circuits and exit sites are lo
cated at the right ventricle (RV) and LV epicardial regions.25 Patients 

with left ventricular NICM can be classified according to their scar pat
tern and resulting arrhythmia as either anteroseptal (mainly intraseptal) 
or inferolateral.25

Epicardial VTs in ARVC/D generally originate from the basal inferior 
free wall and the infundibular anterior section of the RV, close to the in
terventricular groove. Although many of these VTs are epicardial, endo
cardial ablation can also be effective, especially in advanced stages of the 
disease characterized by significant dense epicardial scarring.26 Certain 
premature ventricular contraction and VT-QRS morphology and interval 
ECG criteria suggest epicardial VT origin in patients with NICM.

Morphology criteria
ECG morphological criteria to pinpoint an epicardial VT origin rely on 
initial QRS polarity (‘r’ or ‘q’ wave) analysis in the ECG lead facing the 
VT’s source. If ventricular depolarization starts at the epicardium, the 
vector moves away from the ECG lead, showing a Q wave or QS pat
tern (Figure 4). The presence of an initial Q wave in lead I suggests an 
epicardial VT origin at basal and apical superior LV sites; a Q wave in 
leads II, III, or aVF indicates the same at basal and apical inferior LV sites; 
and the absence of a Q wave in inferior leads points to an epicardial ori
gin at basal superior sites.27 A Q wave in all inferior leads indicates epi
cardial VTs originating from any lower section of the LV, while an aVR/ 
aVL QRS-complex amplitude ratio of <1 points to epicardial VTs from 
the basal inferior LV. Additionally, a Q wave in lead V2 slightly suggests 
epicardial VTs at the LV apex.28 The morphology criteria are less helpful 
in determining the epicardial origin of right ventricular VTs. Q or QS 
complexes in leads II, III, and aVF indicate an epicardial exit site for in
ferior and basal right ventricular VTs. A QS complex in leads I and 
V2 also suggests an epicardial origin in ARVC/D, stemming from the 
lower right ventricular outflow tract and free wall.29

Interval criteria
In NICM, VTs that originate from the epicardial side of the basal–lateral 
LV wall, ventricular activation begins at the epicardial (or subepicardial) 
layers and slowly progresses towards the endocardium, ultimately 
reaching and activating the subendocardial Purkinje fibres, which de
polarize both ventricles. This initial slow depolarization resembles a del
ta wave.

For LV VTs, ECG criteria that suggest an epicardial origin include 
pseudodelta ≥ 34 ms, intrinsicoid deflection time ≥ 85 ms, shortest 
RS ≥ 121 ms, and maximum deflection index ≥ 0.55.21,30 The overall 
duration of the QRS complex is not useful due to considerable overlap 
in QRS duration for both epicardial and endocardial types of VTs. 
However, a duration > 211 ms is suggestive of epicardial VT.30

However, applying interval criteria in NICM conditions must be ap
proached with caution due to several factors. These include the pattern 
of transmural scarring, the affected LV region, the extent of LV remod
elling or dilatation, the local wall thickness at the VT origin, and any ex
isting baseline conduction system issues, all of which can influence the 
relevance of the pseudodelta wave and other interval criteria in NICM 
contexts.28,31 In addition, interval criteria are invalid in right ventricular 
epicardial VAs.31

In conclusion, the effectiveness of ECG criteria for diagnosing LV epi
cardial VAs is reliable in the basal superior and lateral LV (diagnostic ac
curacy of 87% using computerized criteria). In these LV zones, 
morphological ECG criteria, particularly the presence of a Q wave in 
the lead I and a four-step ECG algorithm (Figure 5), reach a diagnostic 
precision comparable to that of more advanced computerized VT-QRS 
criteria.32,33

Indicators of an epicardial substrate during sinus rhythm
Analyzing the 12-lead sinus rhythm ECG features of patients without 
distal conduction system disease or ventricular pacing can help identify 
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the presence of a left ventricular epicardial VT substrate in patients with 
NICM. Attention to these features and recognizing when epicardial 
mapping and ablation are necessary can significantly improve the effect
iveness of pre-procedural planning.34,35 Table 4 summarizes these 
criteria.

In patients with NICM, the identification of those with a predominant 
inferolateral substrate was highly accurate, using three-step criteria in
cluding a PR interval duration of <170 ms (sensitivity 73%, specificity 
100%), a QRS voltage of <0.6 mV in the inferior leads (sensitivity 
50%, specificity 90%), and the presence of a q wave in the lateral leads 
(sensitivity 35%, specificity 100%). This stepwise approach achieved a 
sensitivity of 92% and a specificity of 90%.36 On the other hand, the 

accurate prediction of a predominant anteroseptal substrate was 
achieved with these four criteria: presence of a paced ventricular 
rhythm (sensitivity 22%, specificity 95%), a QRS duration over 
170 ms (sensitivity 50%, specificity 95%), a PR interval exceeding 
230 ms (sensitivity 42%, specificity 95%), and an r wave in V3 ≤  
0.3 mV in the absence of complete bundle branch block (sensitivity 
25%, specificity 100%). These parameters collectively resulted in a sen
sitivity of 92% and a specificity of 81%.36

Ventricular arrhythmias in ischaemic cardiomyopathy
Acknowledging the diverse and complex potential configurations of 
arrhythmogenic circuits in their relationship with the endocardial 

Posterior VT

Inferior VT

Lead III
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Lead III
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Lead aVL Lead aVL
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Figure 4 Basics for ventricular arrhythmia-ECG morphological criteria in patients with non-ischaemic cardiomyopathy. Depolarization and ECG 
morphology in posterior and inferior monomorphic ventricular arrhythmias in patients with non-ischaemic cardiomyopathies with endocardial (A) 
and epicardial (B) exit sites. Adapted with permission from Vallès et al.27
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and epicardial layers is essential. These circuits are not strictly con
fined to endocardial or epicardial locations; they exist along a con
tinuum, including transmural and mid-myocardial distributions. 
Recognizing this spectrum enhances our understanding of the sub
strate and guides more effective therapeutic strategies. Therefore, 
the criteria that differentiate epicardial from the endocardial site of 

origin in patients with NICMs fail to identify epicardial origin in pa
tients with ischaemic cardiomyopathy (ICM). In patients with mono
morphic VA, ECG morphology with negative concordance and 
superior axis in patients with inferior scar predicted the need for epi
cardial VT ablation.37

Electrophysiological findings indicating 
epicardial ventricular arrhythmias
In addition to activation and entrainment mapping, endocardial unipolar 
voltage mapping is a sensitive method for detecting intramural or epi
cardial abnormalities, even effective in the presence of layered scarring 
(Table 5). This technique surpasses cardiac magnetic resonance imaging 
(CMR) and computed tomography (CT) in identifying the epicardial VT 

Four step algorithm based on interval criteria for patients with
non-ischemic cardiomyopathies 

Inferior q waves?
Yes

No epicardial VT

Epicardial VT

Epicardial VT

Epicardial VT

Yes

Yes

Yes

Pseudodelta ≥ 75 ms?

Maximum deflection index ≥ 0.59?

q wave in lead I?

Sensitivity: 96% - specificity: 93%

Figure 5 Four-step algorithm based on inferior Q-waves in inferior and lead I, pseudodelta, and maximum deflection index to identify left ventricular 
epicardial ventricular tachycardia (VT) in patients with non-ischaemic cardiomyopathy based on VT-QRS morphology. This algorithm applies to ‘basal- 
superior/posterior’ VTs in non-ischaemic cardiomyopathy. Adapted with permission from Vallès et al.27

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Indicators of an epicardial substrate during sinus rhythm

ECG Criteria Sensitivity 
(%)

Specificity 
(%)

(1) QRS fragmentation in the lateral 
leadsa34

20 100

(2) Lack of inferior Q-wavesa (if (1) 
negative)34

75 87

(3) S/R ratio in V6 ≥ 0.25a (if (1) and 
(2) negative)34

100 88

(4) R wave in V1 and S wave in V6 ≥  
0.15 mV34

86 88

(5) R wave in V1 ≥ 0.15 mV and S/R 
ratio in V6 ≥ 0.235

57 88

(6) R wave in V1 ≥ 0.15 mV35 100 63

(7) S wave in V6 ≥ 0.15 mV35 86 50

(8) S/R ratio in V6 ≥ 0.235 57 50

aCumulative sensitivity 100% and specificity 77%.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 Unipolar voltage criteria based on conventional mapping 
catheter to identify epicardial substrate during endocardial mapping

Chamber Unipolar threshold 
(mV)

Right ventricle <5.5a

Left ventricle (non-ischaemic 

cardiomyopathy)

<8.3

Left ventricle (ischaemic cardiomyopathy) <4.0–5.0

aIn patients with arrhythmogenic right ventricular cardiomyopathy, a small study has 
shown that using a reduced unipolar voltage threshold of 3.3 mV along with 
micro-electrode mapping can most accurately identify epicardial scarring.38
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substrate, offering real-time insights to pinpoint potential targets for 
epicardial ablation.6,39,40

Several factors affect the accuracy of unipolar voltage mapping: 

• The accuracy of unipolar electrogram recordings depends on the prop
er electrode contact to the adjacent endocardium.

• Optimal voltage cut-offs for scar identification are catheter-specific. 
Smaller electrodes may require lower thresholds than the higher 
thresholds reported for larger electrode sizes.38,41

• Adjusting high-pass filter settings (ranging from ≤0.5–2 Hz to 
30–100 Hz) impacts the capacity of unipolar recordings to detect 
low-frequency signals, typically indicative of distant pathologies, thereby 
affecting the effectiveness of endocardial unipolar mapping in identifying 
remote myocardial diseases.42

• Wall thickness correlates linearly with the unipolar voltage threshold for 
predicting epicardial scar tissue.43

• Unipolar mapping cannot distinguish between intramyocardial and epi
cardial scarring; therefore, its spatial resolution is inferior to that of late 
gadolinium enhancement (LGE)-CMR.

If epicardial ablation is not initially considered, detecting intramural/ 
epicardial scarring in areas with normal endocardial bipolar readings 
(using <8.3 mV for LV and <5.5 mV for RV) should prompt consider
ation of accessing the epicardium for ablation to improve outcomes. 
Advanced stages of NICM often involve a transition to a less arrhyth
mogenic, fibrotic epicardial scar with endocardial arrhythmogenic 
zones.31,38,42

The conventional cut-off in patients with ICM overestimates the 
extent of epicardial scar. Lowering the voltage cut-off in LV to <4.0– 
5.0 mV provides an acceptable specificity and sensitivity in these 
patients for predicting epicardial scar.44 A cut-off of unipolar voltage 
of <6.9 mV or <6.2 mV has been found to differentiate normal myo
cardium from transmural scar as detected by CMR or histopathological 
studies, respectively.45,46

Some writing group members use intracardiac echocardiography 
(ICE), in addition to mapping, cardiac CT, and CMR, to enhance visual
ization of ventricular scar tissue. This could potentially assist in deter
mining whether an epicardial approach is necessary.

Section 4: Periprocedural 
management and access techniques

Periprocedural anticoagulation
Pre-procedural
In patients taking vitamin K antagonists, oral anticoagulants are typically 
stopped before epicardial ablation to achieve an international 

normalized ratio of <1.5 at the time of the procedure. Direct oral antic
oagulants should be withheld for at least 24 h before the procedure.

The need for heparin bridging is determined individually based on the 
presence and type of mechanical heart valves and other factors that in
crease thrombotic risk. Among the writing members, 50% preferred 
minimally interrupted anticoagulation (the last dose taken on the morn
ing of the day before the procedure for once-daily regimens or missing 
one or two doses for twice-daily regimens), while 40% favoured inter
rupted anticoagulation (e.g. the last dose taken more than 24 h before 
the procedure) when performing epicardial VA ablation.

Intraprocedural
Systemic anticoagulation is not required in epicardial-only mapping and 
ablation during the procedure. However, in most VA ablation proce
dures, epicardial access is often paired with endocardial mapping and 
ablation. Systemic anticoagulation, usually with unfractionated heparin, 
is needed during endocardial mapping and ablation of left VAs. Detailed 
advice for intraprocedural systemic anticoagulation of LV ablation is 
described in the 2019 HRS/EHRA/APHRS/LAHRS expert consensus 
statement on catheter ablation of VAs.7 In combined epicardial– 
endocardial VA ablation, the timing and approach of systemic anticoa
gulation are critical considerations. It is reasonable to confirm epicardial 
access before LV access and systemic anticoagulation in procedures 
where both epicardial and endocardial access are planned. This ap
proach has the potential role of mitigating bleeding risk if complications 
related to obtaining epicardial access were to occur, most notably inad
vertent RV puncture.

Eighty per cent of the writing group members routinely use imaging 
to exclude LV thrombus in all patients undergoing epicardial VA abla
tion, irrespective of presenting rhythm, history of atrial fibrillation 
(AF), and prior anticoagulation.9,54,55 Therefore, we advise imaging 
for the exclusion of LV thrombus in all patients undergoing epicardial 
VA ablation.9,55 Our survey showed that echocardiography and cardiac 
CT (each with around 37%) are the most common imaging modalities 
for excluding LV thrombus. However, transoesophageal echocardiog
raphy and CMR have also been used (12.5% for each). However, epicar
dial mapping and ablation can be done in the presence of an LV 
thrombus.

Unplanned epicardial access and post-procedure
If epicardial access is unplanned and becomes necessary after endocar
dial LV mapping and ablation, it must be performed following protamine 
reversal. Limited evidence exists regarding the safety of epicardial ac
cess attempts during full anticoagulation, with a few studies indicating 
safety.50 Therefore, the writing group believes reversing heparin with 
protamine targeting an ACT < 200 s before epicardial access in patients 
fully anticoagulated with systemic heparin is reasonable.50 No consen
sus could be reached on the appropriate time for resuming anticoagu
lation after epicardial sheath removal; however, resuming 
anticoagulation before 3–5 h is not advised.

Anaesthetic considerations
Obtaining epicardial access and ablation is a high-risk procedure. 
Therefore, the members (90%) routinely use invasive arterial blood 
pressure monitoring during epicardial VA ablation. Additionally, main
taining patient immobility with general anaesthesia or deep sedation as
sists the operator in successfully achieving access and substantially 
reduces access-related complications.

Deep sedation agents such as propofol and inhaled anaesthetics can 
suppress VAs and cause significant haemodynamic compromise, both 
of which are undesirable during VA ablation. Deep sedation using remi
fentanil with midazolam was reported to be feasible and safe; however, 
only in small studies.56

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Advice Strength of evidence

Advice TO DO

Invasive arterial blood pressure monitoring 

is advised during epicardial VA 

ablation7,47–49

>90% agree

Advice NOT TO DO

Uninterrupted anticoagulation is not 

advised in patients undergoing epicardial 

VA ablation50–53

>90% agree
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The decision to use general anaesthesia or conscious sedation should 
be carefully tailored to each patient, considering factors such as left ven
tricular function, haemodynamic stability during VA, the potential need 
for mechanical circulatory support, and the availability of specialized 
cardiac anaesthesia staff. Sixty per cent of the writing group supported 
the routine use of general anaesthesia for epicardial VA ablation. The 
remaining members preferred deep sedation over general anaesthesia, 
with 66% citing the limited availability of anaesthesiologists and 33% at
tributing their preference to concerns about prolonged procedural 
duration and an increased risk of noninducibility.

Percutaneous access techniques
Entry point
The dry pericardial puncture technique remains essentially unchanged 
since its original description.11 To find the puncture site, the xiphoid 
process should first be palpated. The needle should be advanced under 
live fluoroscopy during an inspiratory breath hold or apnoea (if intu
bated). The entry site should be lateral to the xiphoid below the margin 
of the left-sided rib cage. The needle can be pointed towards the pa
tient’s left shoulder, and the stylet can be removed once under the 
skin. Some operators point the needle towards the chin to avoid the 
internal mammary artery; however, this may increase the risk of hepatic 
puncture. The optimal puncture site is represented by the triangle 
formed by the left border of the xiphoid process and the lower left 
rib (Figure 6).

Needle
Most centres utilize a Tuohy needle to facilitate access to the virtual 
space between the parietal and visceral pericardium while minimizing 
the risk of lacerating adjacent structures. Its spoon-shaped tip helps 
separate tissue planes along its trajectory with minimal trauma.

A 17- and/or 18-gauge, 120–180 mm long Tuohy needle is advanced, 
with its spoon-shaped tip towards the myocardium, under the skin and 
the rib cage towards the left shoulder, oriented according to the tar
geted ventricular surface (i.e. anterior, shallow < 45 vs. inferior, steep  
> 45°) (Figure 7—right). The needle-in-needle technique (micropunc
ture) has been described;57,58 it uses a smaller 21-gauge, 15- and/or 
20 cm long micropuncture needle for accessing the pericardium. The 
micropuncture needle is inserted through a standard 7 cm, 18-gauge 
access needle to provide stability. Once pericardial access is obtained 
using the micropuncture needle, a 0.018 inch long guidewire is ad
vanced into the pericardium, which is subsequently exchanged for a 
standard 0.032 or 0.035 inch long guidewire to allow insertion of larger 
bore epicardial introducers.57,59,60

A multicentre observational study of 404 patients compared large- 
bore and micropuncture needles for epicardial access during VA abla
tion or Lariat procedures. While both showed similar rates of inadvert
ent myocardial puncture, the micropuncture needle group had 
significantly fewer complications, including large pericardial effusions 
and cardiac lacerations requiring surgery. The study suggested a shift to
wards routine use of micropuncture needles for epicardial access pro
cedures.57 The micropuncture technique is utilized by 40% of the 
writing group members.

Angle
During epicardial puncture, the angle between the needle and the skin 
will determine the ventricular surface being accessed (anterior vs. infer
ior). The needle angle can be adjusted based on the targeted region of 
the myocardium that the operator wishes to access. Most commonly, 
this is the medial third of the RV, an area typically free of major coron
ary vessels.

For an inferior puncture, the skin is punctured 2–3 cm below the rib 
cage margin at roughly 30–45° angles, which allows the needle to pass 
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Figure 6 Major arteries located near the epicardial puncture site. Please note the vicinity of the left superior epigastric, left musculophrenic, and left 
internal thoracic (mammary) arteries to the puncture site. Image adapted with permission from the Image Courtesy of the UCLA Cardiac Arrhythmia 
Center, Amara-Yad Project Collection.
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through the Larrey’s space just superior to the diaphragm (Figure 7— 
left). An anterior puncture requires a shallow angle of 20–30° and re
quires skin entry 1–2 cm more caudally and a more medial trajectory to 
ensure the needle trajectory is not impeded by the underside of the 
sternum or passes too close to the internal mammary artery 
(Figure 6) (see also Table 6).

From skin to the heart
After the needle is inserted under the skin, the stylet should be re
moved, and the needle should be gradually advanced under fluoroscop
ic guidance towards the cardiac silhouette. Gentle aspiration should be 
performed continuously to monitor for inadvertent vascular punctures. 
Fluoroscopic guidance is typically used in an anteroposterior or right 
anterior oblique (RAO) projection for inferior punctures and in a left 
lateral projection for anterior punctures (Figure 8).

The Larrey’s space is the target (Figure 7, left). This is a space bor
dered by the sternum anteriorly, the pericardium posteriorly, and the 
dome of the diaphragm inferiorly. The needle should always be ad
vanced over the diaphragm because the latter is a highly vascularized 
structure. Fluoroscopic visualization of the needle in the left lateral pro
jection can significantly aid with this. As stated, if the patient is intu
bated, the control of respiration through an inspirational breath-hold 
can further facilitate the puncture and is associated with a lower com
plication rate.58

Once the needle reaches the pericardium, cardiac pulsations can be 
felt. Initially, the pulsations may be intermittent and more prominent 
with inspiration. However, as the needle tip gently advances towards 
the pericardium, cardiac pulsations eventually become apparent with 
every heartbeat. The injection of a small amount of contrast medium 

will indicate the location of the needle tip (Figure 8). If contrast injection 
results in staining of the pericardial fat or the pericardium, the needle 
may be slowly advanced another 1–2 mm, and contrast injection should 
be repeated until the pericardium is accessed. Care should be taken to 
avoid injecting large amounts of undiluted contrast, which can consid
erably obscure the fluoroscopic image.

Epicardial pop
The puncture of the fibrous pericardium may be accompanied by a no
ticeable ‘pop’ and appreciated with the release of resistance on the nee
dle. At this stage, injecting contrast medium will result in its diffuse 
dispersion throughout the pericardium and along the cardiac silhouette 
(Figure 9A). Visualization of contrast along the inferior pericardial bor
der can be helpful because it validates the position of the needle inside 
this space (Figure 9A).

Some members of the writing group employ an alternative method 
in which the wire is introduced into the needle when approaching the 
heart. As the needle advances slowly, the wire can be used for probing. 
Once the pericardial cavity is accessed, the wire advances freely.

The needle tip can occasionally penetrate the RV, which can be easily 
recognized upon injection of contrast with rapid washout and/or by the 
presence of blood during syringe aspiration. In the event of an RV punc
ture, the needle can simply be withdrawn slightly while reinjecting a 
small amount of contrast until the pericardium is entered.

After the needle tip is positioned in the pericardium, a soft, long J-tip 
guidewire is inserted into the pericardium through the needle. The use 
of long guidewires is essential for demonstrating the crossing of mul
tiple chambers, including transitions from the left to the right chambers 
(Figure 9B). The position of the guidewire must always be validated in 
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Figure 7 Left: Anatomic location of Larrey’s space. Right: anterior (A, shallow < 45) vs. posterior (B, steep > 45) approach for subxiphoid puncture 
using Tuohy Needle. Be aware that using the posterior approach results in diaphragmatic puncture, potentially leading to intra-abdominal injuries. Image 
adapted with permission from the Image Courtesy of the UCLA Cardiac Arrhythmia Center, Amara-Yad Project Collection.
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the RAO and left anterior oblique projections visualized following the 
left heart border and crossing unrestrictedly from left to right, anterior 
to the great vessels, to confirm the intrapericardial location (Figure 9). 

The guidewire can be visualized on ICE passing in the pericardial space 
with the probe in the RV. Intracardiac echocardiography can also be 
used to monitor effusion after a puncture in real time.

A

RAO: inferior puncture LL: anterior puncture

B

Figure 8 (A) Inferior subxiphoid puncture in right anterior oblique projection. (B) Anterior subxiphoid puncture in left lateral projection. Blue arrows 
show the entrance of the needle into the epicardial space. The green arrow indicates CO2 insufflation (upper arrow - B).

Virtual catheter via
the inferior approach

Virtual catheter via
the transverse sinus

Virtual catheter via the
anterior approach

Figure 9 Virtual and fluoroscopic visualization of epicardial guidewire pathways is presented. The left panel: virtual guidewire trajectories through the 
anterior (red, the line without arrow) and inferior (yellow, the line with arrow) approaches on a 3D cardiac reconstruction. The arrowheads mark the 
location of the guidewire. The right panel: use of a long guidewire inside the pericardium (arrow heads) to demonstrate the crossing of multiple chambers 
encircling the heart. Image adapted with permission from the Image Courtesy of the UCLA Cardiac Arrhythmia Center, Amara-Yad Project Collection.
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Epicardial guidewire and sheaths
Once the position of the guidewire is confirmed in fluoroscopy, the epi
cardial introducer will advance into the pericardial space. A small skin 
nick at the puncture site is made, and after pre-dilatation with an 
8–10 F dilator, a long sheath will be advanced. A Steerable Sheath 
(Abbott Vascular, Abbott Park, IL) is designed specifically for facile ma
nipulation of intrapericardial catheters. Regardless of the type of sheath, 
the sheath and its introducer should never be left unprotected within 
the pericardial space due to the risk of myocardial and vascular lacera
tions. A guidewire, a blunt catheter (i.e. diagnostic mapping or ablation 
catheter), or a 5–7 Fr pigtail catheter must always be placed through 
the sheath into the pericardium until its final removal. Once an intro
ducer has been placed inside the pericardium, the operator should 
monitor for pericardial bleeding by gently aspirating the sheath. 
Aspiration from the sheath should reveal only serous or serosangui
nous fluid with a nontraumatic puncture.

Sheath removal and monitoring
At the end of the procedure, a pigtail catheter (5–7 Fr) can be posi
tioned in the epicardial space, preferably posterior, after the removal 
of the catheter and steerable sheath. Any residual intrapericardial fluid 
should be aspirated (see Section 7). If no effusion is noted on ICE 
(or with conventional echocardiography) after sheath removal and vital 
signs are stable, the pigtail catheter may be removed and dressing 
applied.

Alternative epicardial access techniques
Carbon dioxide (CO2) insufflation
The use of coronary venous exit for carbon dioxide (CO2) insufflation 
in the pericardial space is becoming more common to aid subxiphoid 
puncture, as this method potentially enhances safety.61,62 This tech
nique may reduce the risks associated with traditional epicardial access 
practices, even in lower-volume centres.63,64 Twenty per cent of the 
writing group members use CO2 insufflation from the coronary sinus 
to enhance the safety of epicardial access.

Pericardial window as a surgical alternative
A pericardial window is a safe alternative to subxiphoid puncture, espe
cially in patients with previous heart surgery. Romero et al.65 recently pre
sented a new surgical method using video-assisted thoracoscopy for safer 
subxiphoid epicardial access for epicardial access, especially for patients 
with severe pericardial adhesions and calcification (Figure 10).

Videoscope for percutaneous pericardial access
A novel videoscope for percutaneous pericardial access under direct visu
alization was also reported by Opfermann et al.66 in animal studies. The 
device included a visualization channel where an embedded video camera 
allowed for direct visualization of subcutaneous tissue, surrounding vascu
lature, the parietal pericardium, adhesions, if any, and the ventricular wall 
during needle advancement through a separate working channel. No ven
tricular puncture was noted in their preclinical animal studies.

A B C

D E F

Figure 10 Surgical access for epicardial ablation. The surgical window approach for epicardial access involves creating a small subxiphoid incision to 
reach the pericardial space. (A and B) A limited incision is made just beneath the xiphoid process, and the subcutaneous tissues are dissected to reveal 
the pericardium. A small incision in the pericardium is performed under direct visualization to prevent injury to adjacent structures. (C and D) A flexible 
sheath is then advanced into the pericardial space, facilitating the insertion of mapping and ablation catheters. (E and F ) 3D late potential mapping and 
3D mapping integrated with fluoroscopy images.
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Other epicardial access methods
Liu et al. introduced an innovative puncture kit designed to improve the 
process of obtaining epicardial access. This kit aims to enhance preci
sion and safety during subxiphoid puncture procedures, addressing 
common challenges faced with existing methods.67

Several studies have recently addressed the challenges of traditional ap
proaches and demonstrated promising outcomes.68By pulling the parietal peri
cardium outward away from the RV, this device facilitates safer entry into the 
pericardial space, minimizing the risk of inadvertent puncture and associated 
complications. In a multicentre study involving 25 patients, successful epicardial 
access was achieved in all patients, guided by real-time pressure monitoring on 
the Tuohy needle. This method offers potentially safer epicardial access.69

Further studies in larger patient populations are needed to evaluate these new
er methods. Ronghui et al. also recently introduced needle tracking and needle 
electrogram analysis in 3D Electroanatomical mapping, which allows for safe 
epicardial access with no or minimal fluoroscopy.70 Advancements in robotic 
technologies, such as the HeartLander epicardial robot, have the potential to 
increase precision and manoeuvrability during epicardial procedures.71

Key steps of the subxiphoid puncture
The subxiphoid puncture is a crucial step in accessing the pericardial 
space. Table 6 summarizes the key steps for each approach, ensuring 
precision and safety throughout the procedure.

Section 5: Mapping techniques and 
selection of epicardial ablation 
targets

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 6 Key steps of the subxiphoid puncture

Approach Key steps Details

Posterior Check needle 

orientation

Ensure proper alignment.

Contrast injection Inject a small amount of contrast medium to identify the best puncture site and angulation relative to the cardiac 
silhouette.

Needle orientation After tenting, position the needle as parallel as possible to the heart profile.

Advance the needle Proceed slowly with a firm grip until a sudden loss of resistance is perceived. Confirm success with contrast layering and 
staining.

Guidewire 

advancement

Insert a soft guidewire to follow the cardiac silhouette.

Dilator positioning Use a small dilator (4 Fr) and verify its position with contrast. Note this cannot rule out a “through and through” 

puncture.

Guidewire re-insertion Reinsert the guidewire as needed.
Progressive dilatation Gradually dilate the puncture tract with larger introducers to enable insertion of a firm guidewire and a larger 

deflectable sheath.

Anterior Fluid accumulation Recognize that fluid in supine-positioned, nonsurgical hearts typically accumulates anteriorly.

Access advantage The anterior approach provides access to the fibrous pericardium without crossing the diaphragm.

Access site Locate the puncture site 3–4 cm below the subxiphoid process and costal cage.
Shallow needle angle Advance the needle at a shallow angle (<30°) with gentle downward pressure to avoid the internal mammary artery.

Needle trajectory Use the left lateral view to visualize the needle’s trajectory towards the anterior right ventricle.

Needle orientation Direct the needle towards the left clavicle or to the chin to prevent injury to the superior epigastric or left internal 
mammary artery.

Contrast injection Use contrast medium to visualize fibrous pericardium tenting, guiding the wire by tactile feedback and reduced 

resistance.
Wire alignment Ensure the wire aligns with and remains within the cardiac silhouette to avoid RV perforation.

Progressive dilatation Follow the same progressive dilatation steps as the posterior approach, ensuring safe sheath insertion and confirming no 

myocardial damage.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Advice Strength of 
evidence

Advice TO DO

Routine pre-procedural cardiac MRI to assess the 

presence, location, distribution, and extent of 
ventricular scars is advised in patients with 

non-ischaemic cardiomyopathy55,72–80

May be appropriate TO DO

Use of multielectrode mapping catheter may be 
useful to accelerate and enhance epicardial 

mapping81
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Identification of the ventricular 
arrhythmia substrate
Non-invasive mapping of the epicardial ventricular 
arrhythmia substrate by imaging techniques
Cardiac imaging has demonstrated its effectiveness in identifying the ar
rhythmogenic substrate that triggers and sustains VAs. Imaging also as
sists in assessing their endocardial accessibility, particularly by evaluating 
variations in wall thickness. It can be determined before the procedure 
through LGE-CMR, multidetector CT, or even during the procedure 
using ICE.7,55,82

In addition to choosing between the endocardial, epicardial, or com
bined approaches, CMR and multidetector CT imaging have the poten
tial to facilitate mapping and probably improve outcomes by identifying 
the channels responsible for clinical or induced VT.75,83–86 These 
images can be incorporated into the navigation system to guide the 
intervention (Figure 11). The use of ICE during the procedure also facil
itates recognition of mid-myocardial or epicardial VA substrate.88,89

While the usefulness of CMR is established in patients with NICM, its 
impact on the outcomes of catheter ablation in patients with ICM re
mains unclear.55,89,90 Therefore, for patients with NICM undergoing 
catheter ablation of VAs, pre-procedural CMR is advisable to aid in pro
cedural planning and potentially reduce VA recurrence.7,55 Even in the 
majority of patients with implantable devices, LGE-CMR allows for 

identifying the scar location along the ventricular wall thickness, aiding 
in pinpointing the segment of origin and predicting the endocardial 
vs. epicardial successful ablation site for clinical VTs74,91,92 (Figure 11).

Eighty per cent of the writing group members supported the routine 
use of pre-procedural CMR to evaluate the presence, location, distribu
tion, and extent of ventricular scarring in patients with NICM. In con
trast, 60% of the writing group opposed the routine use of 
pre-procedural MRI in patients with ICM. Forty per cent of the writing 
group members perform routine multidetector CT to measure fat 
thickness and/or coronary anatomy (for image integration) in epicardial 
VA ablation.

Catheter mapping of the epicardial ventricular arrhythmia 
substrate
Endocardial unipolar mapping
Endocardial unipolar mapping can be especially useful in the case of 
ARVC/D (see Section 3). A cut-off of 5.5 mV in the RV identifies the 
presence of epicardial substrate in patients with RV VTs and normal 
endocardial voltage.93,94 A completely normal bipolar voltage in pa
tients with ARVC/D can be found in about one-fourth of patients. A bi
polar/unipolar low-voltage area ratio > 0.23 identifies patients with 
advanced-stage disease, where the most arrhythmogenic substrate is 
located endocardial, and the indication for an epicardial approach 
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should be assessed more cautiously (Figure 12).26 The presence of intra
myocardial scar may prevent rapid transmural activation, and the trans
mural activation delay in sinus rhythm (first endocardial to first 
epicardial activation, optimal cut-off 17 ms) can be used to identify in
tramyocardial VT substrates in patients with ARVC/D and predomin
antly haemodynamically non-tolerated VTs, although it requires 
epicardial access to be measured.95

Multielectrode mapping
Multielectrode and particularly omnipolar mapping accelerate and may 
enhance epicardial mapping.96–101 Glashan et al.96 demonstrated the ef
ficacy of multielectrode unipolar voltage mapping and electrogram 
morphology in identifying post-infarct scar geometry, validated by hist
ology, highlighting its potential to guide precise interventions. Anter 
et al.98 introduced a novel multipolar electrogram configuration, which 
significantly enhances the accuracy of intracardiac signal detection, offer
ing superior precision in identifying arrhythmic foci for targeted catheter 
ablation. Furthermore, Ehdaie et al. focused on the importance of multi
electrode mapping in finding persistent late potentials after ablation of 
scar-related VT substrates, which could be a crucial step in preventing 
arrhythmia recurrence. Using 0.5–1.5 mV with conventional or 

multielectrode mapping is reasonable. However, further studies are 
needed to assess the optimal cut-offs for multielectrode mapping, as 
these cut-offs were originally defined by using conventional mapping 
catheters.94,99

Epicardial mapping
Epicardial mapping can be easily done in most cases once the epicardial 
space has been reached if there are no adhesions and obstacles. 
However, electrograms can be attenuated by inadequate catheter epi
cardial contact, particularly in the presence of pericardial effusion, cor
onary arteries, and fat. A bipolar voltage ≤ 1.81 mV and unipolar 
voltage ≤ 7.95 mV have been associated with epicardial scar in the ab
sence of fat tissue ≥ 2.8 mm in thickness. Even if fat is present, pro
longed electrogram duration and fractionated electrograms are 
indicative of scar (Figure 13).39

Identification of epicardial ablation targets
Mapping during sinus rhythm
Two primary scar patterns have been identified in patients with NICM; 
approximately half show a predominant anteroseptal scar distribution, 
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while the other half exhibit a predominant inferolateral scar. Patients 
with anteroseptal scars typically have more extensive endocardial scar
ring, greater LV dysfunction, and a high prevalence of deep intraseptal 
substrates. Critical VT sites are often located in the left ventricular out
flow tract or anteroseptal LV endocardium in up to 90% of these cases, 
often associated with higher recurrence rates following ablation. 
Epicardial mapping and ablation in these patients are typically not neces
sary unless there is scar tissue extending more laterally and towards the 
epicardium. Conversely, those with inferolateral scars usually present 
an epicardial substrate, with critical VT sites in the inferolateral epicar
dium in 63% of cases.102

Functional mapping during ventricular stimulation
In addition to substrate mapping, functional mapping can be used to 
identify lines of block and slow conduction zones. Substrate mapping 
improves target selection by narrowing the potential targets for pace- 
mapping in haemodynamically unstable VAs. Aside from applied cut- 
offs, the mapping-catheter type influences the substrate mapping.103

The narrow, fluid-free space within the pericardium helps ensure opti
mal contact between linear catheters and the heart’s epicardial surface.

Additionally, as the contact angle shifts from parallel to perpendicu
lar, the bipolar signal amplitude decreases, and the electrogram starts to 
mirror a unipolar potential. In the empty pericardial space, both cath
eter electrodes maintain a contact angle close to 0°, resulting in a 
true bipolar electrogram with higher amplitude and fidelity, which is 
crucial for identifying near-field low-amplitude potentials.103 The next 
step in sinus rhythm mapping involves functional mapping to identify 
slow conduction zones, complex potentials, and block lines.

Functional substrate mapping can detect areas of abnormal conduc
tion and conduction block that occur in response to premature stimuli 

that are associated with re-entry circuits and may not be recognized 
based on sinus or paced rhythm alone.104 Functional mapping includes 
but is not limited to, decrement-evoked potential mapping, 
sensed-evoked delayed potential mapping, and isochronal late activa
tion mapping.105–107

Mapping during ventricular arrhythmia
With present substrate and functional mapping methods, mapping in 
VT is usually reserved for patients with slow, incessant VT during the 
procedure or who continue to have inducible clinical VT after a 
substrate-guided ablation. The same techniques applied to endocardial 
mapping can be applied to epicardial activation mapping.

Mapping consideration in special conditions
Arrhythmogenic right ventricular cardiomyopathy/dysplasia
Garcia et al.108 initially demonstrated the feasibility and effectiveness 
of epicardial catheter ablation after previously undergoing unsuccess
ful endocardial VT ablation procedures. Based on current evidence, 
the use of an epicardial approach in ARVC/D patients undergoing 
VT substrate ablation can be tailored according to the substrate dis
tribution pattern observed in the endocardial map.109,110 Patients 
with a normal endocardial map or a limited endocardial low-voltage 
area should consider obtaining epicardial access. Conversely, a se
quential strategy may be warranted for patients with significant 
endocardial involvement (e.g. a bipolar/unipolar low-voltage area ratio 
≥ 0.23).26 However, patients who are non-inducible after comprehen
sive endocardial ablation likely have a primarily endocardial arrhythmic 
substrate, showing minimal epicardial involvement, and might not bene
fit from a routine epicardial approach. Finally, first-line catheter ablation 
of monomorphic VTs in these patients reduced the composite primary 

Electrogram morphology:
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Figure 13 Algorithm for differentiation between scar and viable myocardium during epicardial mapping. Adapted with permission from Piers et al.39

Epicardial ventricular arrhythmia ablation                                                                                                                                                           19



endpoint of VT recurrence, cardiovascular hospitalization, and death, 
which were driven by a reduction in implantable cardiac defibrillator 
(ICD) therapies.111

Hypertrophic cardiomyopathy
Endocardial and epicardial electroanatomic mapping and ablation re
present an effective approach for treating VAs in selected patients 
with hypertrophic cardiomyopathy.112 Substrate and functional map
ping, along with activation and entrainment mapping on both the epi
cardial and endocardial surfaces, facilitates the identification of critical 
VT circuits. While endocardial-only ablation can successfully terminate 
VTs, often originating from an aneurysmal apex, the persistence of VT 
inducibility and prolonged VT termination time with reinduction may 
suggest the presence of an epicardial or intramyocardial substrate.112

Ischaemic cardiomyopathy
The epicardial approach is reasonable after a failed endocardial abla
tion, the presence of a large floating left ventricular thrombus, or an 
inaccessible LV due to double mechanical valves. A prior unsuccessful 
endocardial ablation alone, however, does not automatically justify 
performing an epicardial puncture, as the failure of the procedure 
may be due to incomplete endocardial mapping or insufficient abla
tion. Additionally, ablation can be successfully performed from the 
endocardium because of the presence of wall thinning. In a study of 
93 patients with VT and ICM, definitive evidence of epicardial involve
ment in the VT circuit was found in only 13%, with many still success
fully undergoing endocardial ablation.113 Studies have found that an 
epicardial scar area > 14 cm2 on LGE MRI and/or wall-thinning 
< 3.59 mm is highly sensitive (1 and 0.91, respectively) and specific 
(1 and 0.93, respectively) indicators of epicardial arrhythmogenic 
substrates in post-MI patients.114

Brugada syndrome
Recent studies have improved our understanding of substrate abnor
malities and ablation strategies in high-risk Brugada syndrome. 
Pappone et al.115 identified novel electromechanical substrate abnor
malities associated with arrhythmic risk, emphasizing the importance 
of thorough substrate mapping. Nademanee et al.116 demonstrated 
that catheter ablation targeting the anterior epicardial region of the 
right ventricular outflow tract prevents ventricular fibrillation epi
sodes, establishing ablation as an effective alternative to ICDs. The 
BRAVO registry further confirmed the long-term effectiveness of 
Brugada substrate ablation in reducing ventricular fibrillation recur
rence.117 Li et al.118 showed that ablation significantly decreased 
ventricular fibrillation recurrence in high-risk Brugada syndrome 
patients who refused implantable cardioverter-defibrillator (ICD) 
implantation, providing an alternative for these patients. Santinelli 
et al.119 reported that epicardial ablation combined with ICD im
plantation improved outcomes and reduced arrhythmic recurrence 
in high-risk Brugada syndrome. Collectively, these studies highlight 
substrate-guided ablation as a vital strategy for managing high-risk 
Brugada syndrome, tailored to individual patient risk and treatment 
preferences.115–119

Chagas heart disease
There are only a few reports of the results of Chagas VT ablation. An 
epicardial approach is usually necessary in >80% of patients with 
Chagas disease to achieve noninducibility at the end of the procedure. 
Performing epicardial ablation improves the outcomes of the catheter 
ablation in these patients.120

Section 6: Delivering lesions for the 
epicardial ablation of ventricular 
arrhythmias

Epicardial ablation lesions can be created with radiofrequency (RF) ab
lation, cryoablation, and pulsed-field ablation. Ablation systems using 
ultrasound have also been introduced.5,126,133

Radiofrequency ablation
General considerations
During RF ablation, the current passing through tissue produces resist
ive heating, and this heat is transmitted to the tissue in the surrounding 
region. The region that reaches 50°C is irreversibly damaged and is sur
rounded by a region of reversible injury and oedema that will re
cover.134 The amount of current that enters the myocardial target 
tissue is determined by multiple factors, including ablation time, the 
area of the ablation electrode in apposition with the tissue, the contact 
angle, catheter type, the contact force (CF), the power applied, and the 
current that is shunted away through the blood and surrounding tis
sue.135 The size of the tissue area reaching 50°C expands as heat gen
erated in the resistive heating zone conducts to the surrounding tissue. 
Depending on the catheter used, this effect may continue to increase 
over several minutes.136,137

Irrigated-tip catheter and epicardial lesions
Epicardial RF ablation is generally performed with externally irrigated 
catheter systems that maintain measured electrode temperature well 
below 70°C as high power is applied. External irrigation with unhepar
inized solution (5–17 mL/min) provides cooling of the epicardial sur
face, which reduces RF lesion width at the epicardial surface but not 
necessarily lesion depth.138 In an ex vivo animal model, RF lesions at 
fixed power were larger with lower irrigated RF flow rates of 
5–7 mL/min than at 10 mL/min with Thermocool STSF and Flexibility 
(Abbott) catheters.138 In addition to a high-power setting (40– 
50 W), targeting baseline impedance < 120 Ω (used by 20% of the writ
ing group members) and use of a half-saline solution (used by 20% of 
the writing group members) can increase the lesion size during epicar
dial ablation of VAs.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Advice Strength of evidence

Advice TO DO

Achieving noninducibility and ablation of all 

late potentials are advised endpoints for 

epicardial VA ablation121–124

Use of an irrigated-tip catheter is advised 

for epicardial ablation of VA125–129

Setting 40–50 W as the upper power limit 

is advised when performing RF epicardial 

VA catheter ablation130–132

>90% agree
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Most of the writing group members (90%) employ 40–50 W as the 
upper power limit when performing RF epicardial VA catheter ablation. 
Among the writing group members, the torso (40%) or a combination 
of the torso and lower extremity, including the buttock (40%), was the 
most common area for placement of cutaneous skin patches for abla
tion of epicardial VAs, and only 20% use lower extremity including but
tock only.

Non-irrigated catheter and epicardial lesions
RF ablation with a solid tip electrode, without irrigation, can create epi
cardial lesions.126 The pericardial space is devoid of circulating blood to 
cool the electrode catheter such that there is likely less disparity be
tween tissue and electrode temperature. For similar power and dur
ation of RF, however, lesion size is greater with epicardial RF 
applications, compared to endocardial applications, likely due to less 
heat sinking from the circulating blood and the tendency for parallel 
orientation of the ablation catheter producing a larger tissue electrode 
interface compared to vertical orientation in the endocardium.139,140 It 
is possible that higher temperature targets could be used in the epicar
dium, but this has not been explored.

Factors influencing epicardial lesions
Epicardial lesion formation during VA ablation is influenced by various 
factors, including energy delivery methods, contact force, ablation dur
ation, and the choice of irrigation fluids, all of which impact the efficacy 
and safety of the procedure.

Power setting
In an ex vivo model, up to 70 W with an 8 mm electrode did not in
crease lesion size compared to externally irrigated RF ablation cathe
ters.136 A variety of approaches to adjusting power are in use and a 
single optimal approach has not been defined. During epicardial RF ab
lation, the impedance falls because of tissue heating in the same manner 
as during endocardial ablation.126 In an animal model, RF lesion size cor
related with the magnitude of the impedance fall. Some investigators ti
trate RF power to achieve an impedance fall of 10–15 Ω, or 10%.

Ablation duration
The duration at which lesion size plateaus is not defined. For epicardial 
scar-related arrhythmias, most investigators continue the RF applica
tion for at least 60 s. In an ex vivo model, lesion size increased beyond 
3 min, and 5 min lesions were deeper than 3 min lesions.136

Long-duration applications are sometimes used when the substrate is 
perceived to be located deep within the epicardium. Most of the writing 
group members use ≥60 s as a typical RF lesion duration for an epicar
dial VA ablation lesion (20% for 90 s, 40% for 60 s, 30% for <60 s).

Contact force
As in the endocardium, increasing contact force against the myocar
dium increases RF lesion size. Force-sensing catheters are potentially 
useful. Seventy-seven per cent of the writing members use CF catheters 
for epicardial VA ablation. Among the members, 22% target a minimum 
of 5–10 g, and 55% target a minimum of 10–20 g when using CF sensing 
catheters during epicardial VAs ablation; however, 22% only rely on the 
direction of the contact force vector. No consensus could be achieved 
for the appropriate upper CF limit to be implemented during epicardial 
VAs ablation with a CF sensing ablation catheter. However, most of the 
members use 30 g as an upper CF limit.

In the absence of force sensing, 22% of RF applications did not pro
duce an identifiable lesion in an in vivo ovine model.140 The presence of 
sharp electrograms and the ability to capture with pacing from the ab
lation catheter are also indications of contact. The writing group mem
bers, due to lack of clear evidence, did not reach a consensus regarding 
lesion size indices to guide energy delivery. Only half of the members 

believed that lesion size indicators (like ablation index, lesion size index, 
and force-time integral) are mandatory to guide energy delivery during 
epicardial VA ablation.

Selection of irrigation fluids
During ablation with external irrigation, the saline irrigant accumulates 
in the pericardial space and requires drainage, preferably continuous
ly.141 The presence of normal saline in the pericardial space reduces 
RF lesion diameter and depth by increasing current shunting away 
from the target tissue.138 The use of half-normal saline irrigation can re
duce current shunting away from the target area, increasing current de
livery for a given power compared to normal saline irrigation and 
potentially increasing lesion size.136 Lesion size is like that of lower os
molar fluid (Dextrose 5% in Water—D5W). Therefore, the use of half- 
normal saline could facilitate lesion creation in epicardium, but further 
study is needed.

Pacing and endpoints
Finally, routine pacing may be beneficial to assess the epicardial lesion 
creation.142 In our survey, 60% of the writing group members routinely 
use pacing to assess lesion creation. The majority (80%) of writing 
group members defines noninducibility and ablation of all late potentials 
as required epicardial VA ablation endpoints.

Steam pops during epicardial irrigated radiofrequency 
ablation
Steam pops can occur during epicardial irrigated RF ablation and are 
more likely as power is increased.126 In an animal model, steam pop 
produced an epicardial ‘crater’ without perforation to the endocar
dium. In an ex vivo model, steam pops were observed more frequently 
and earlier with RF applied over fat than over myocardium, which was 
consistent with the greater resistance and lower thermal conductivity 
of adipose tissue.138 Irrigation with D5W was associated with more 
steam pops as compared to irrigation with normal saline or half-normal 
saline at the same power in an experimental model.143 In human stud
ies, steam pops have been uncommon, and we are unaware of any car
diac perforation related to steam pops in the epicardium.

Epicardial fat and irrigated radiofrequency ablation
Epicardial fat has lower electrical and thermal conductivity than muscle, 
limiting RF lesion creation.126,144 Excessive intramural heating with 
steam pops is more likely to occur when heating over fat.138 In human 
studies, effective RF lesions have been unlikely in regions where epicar
dial fat thickness is more than 6.1 mm on CT imaging.145 Increasing CF 
(from 10 to 30 gm), long-duration applications, up to 5 min, and use of 
half-normal saline irrigation increased lesion size with RF applied over 
fat in an ex vivo model136 (see Section 9).

In the presence of ≥2.8 mm of fat, unipolar or bipolar voltage does not 
discriminate between fat and scar.39 Fat thickness of more than 2.8 mm 
was associated with bipolar electrogram amplitude of <1.5 mV, even in 
the absence of a scar.146 Bipolar electrogram amplitude > 1.5 mV pre
dicted the absence of fat. Fat does not alter electrogram duration, such 
that fractionated; long-duration (>50 ms bipolar) electrograms and late 
potentials are reliable indicators of fibrosis, although fat could still be 
present.39,147

Unipolar vs. bipolar epicardial radiofrequency ablation
Unipolar RF is usually applied between the catheter tip electrode and a 
dispersive cutaneous electrode. Bipolar ablation can be applied between 
ablation electrodes positioned on either side of the free wall of the ven
tricle, with one electrode on the epicardium. In an ex vivo animal model, 
bipolar RF produced deeper lesions than unipolar epicardial RF with nor
mal saline irrigation, but not as deep as unipolar RF with half-normal 
saline.136
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In an in vivo model, bipolar RF ablation (TactiCath™; Abbott, 
Chicago, IL, USA) at 30 W for 60 s, with normal saline irrigation at 
30 mL/min, produced transmural lesions in 62% of applications in tissue 
with a mean thickness of 11.78 ± 5.12 mm and a 3.5% incidence of 
steam pops. This is compared to 7% transmural lesions achieved with 
sequential unipolar applications in thinner tissue (mean thickness 
4.16 ± 0.66 mm) but with a higher steam pop rate of 10%.148 This ap
proach has also been used in humans, but data are limited.149

Other energy sources
Cryoablation has been studied in open-chest animal models, and there 
is substantial experience with epicardial cryoablation in surgical ap
proaches to the epicardium.150–152 The absence of circulating blood 
in the pericardial space facilitates freezing, and epicardial cryoablation 
produces a larger lesion than an endocardial application with the 
same catheter.153,154 In the beating heart, endocardial circulating blood 
provides a heat sink that limits lesion depth.155 Surgical epicardial cryoa
blation has been used to target epicardial VT and atrial arrhythmias and 
as part of a maze procedure.133,152,156,157

Electroporation has been studied and shown to be capable of creat
ing large lesions that can exceed 1 cm in depth and potentially result in 
transmural lesions.158–160 Recent studies show improved safety and en
ergy delivery for epicardial ablation. These findings highlight its potential 
to potentially enhance VT ablation outcomes, warranting further stud
ies.161 Coronary spasm is a concern with epicardial ablation. 
Experimental studies suggest that laser and microwave energy appear 
more effective than RF ablation for creating lesions below the fat.144

High-intensity focused ultrasound has been studied in experimental 
models and has the potential to create larger lesions than have been 
achieved with RF ablation.162,163

Section 7: Prevention and 
management of complications

Epicardial access and interventions can be associated with serious com
plications. The reported complication rate varies from 1% to 
17.5%.174,175 Some complications may occur immediately after the pro
cedure, while others can be delayed. The most serious complications 
associated with the procedure are listed below, along with some sug
gestions about their prevention, diagnostics, and management. All cen
tres performing epicardial VA ablation are encouraged to establish a 
registry for documenting potential complications and for transparent 
follow-up and monitoring.

Factors associated with procedural 
complications
Table 7 summarizes factors contributing to increased complications 
during epicardial access and ablation of VAs. Awareness of these situa
tions is therefore required to assess whether to proceed with a percu
taneous attempt or switch to a surgical approach, either via the 
subxiphoid or the lateral thoracotomy (pericardial window).177,178

General rules to prevent complications
Preventing complications in epicardial interventions requires adherence 
to established standards and meticulous planning to ensure patient 
safety and procedural success. The following principles should always 
be observed: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Advice Strength of evidence

Advice TO DO

>90% agree

Availability of immediate in-house cardiac 
surgical backup is advised at all centres 

performing epicardial ventricular 

arrhythmia (VA) ablations7,8,164,165

It is advised to perform routine 

echo-guided exclusion of pericardial 
effusion before the patient leaves the 

EP-lab in patients undergoing epicardial 

VA catheter ablation166,167 >90% agree

Performing a phrenic nerve capture test 

and marking its course before epicardial 
VA ablation is advised168

Measures to protect phrenic nerve 

including use of balloon, air, or fluid 

instillation in case of phrenic capture  
at a provisional ablation site are 

advised169–172

Continued

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Continued  

Advice Strength of evidence

Visualization of coronary arteries using 

selective coronary angiography is 

advised before performing epicardial VA 
ablation in areas with possible proximity 

to coronary arteries145,173 >90% agree

In case of a high probability of coronary 

artery damage, performing 12-lead ECG 

for monitoring of ST-segment during the 
procedure is advised >90% agree

Selective coronary angiography after 
epicardial ablation of VAs in the 

presence of new and/or dynamic 

ST-segment changes is advised
>90% agree

Performing abdominal sonography and if 

necessary, CT with contrast in patients 
with suspected intra-abdominal bleeding 

and/or injury is advised after epicardial 

VA ablation >90% agree

Advice NOT TO DO

>90% agree

Routine abdominal sonography is not 

advised after performing epicardial VA 
ablation

Routine chest X-ray assessment after 

epicardial VA ablation to exclude 
phrenic nerve damage is not advised

>70% agree
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• Careful interdisciplinary preoperative assessment and procedure planning;
• Proper operator training and maintaining of high level of expertise;
• Adequate periprocedural patient monitoring;
• Appropriate periprocedural anticoagulation management to balance the 

risks of thrombotic and bleeding complications; and
• Availability of surgical and cardiac interventional backup in case of car

diac perforation with tamponade or ST elevation suggesting damage 
to coronary arteries.

Some small observational studies suggest that such procedures can 
be safely performed without in-house cardiac surgery in highly experi
enced centres.179 However, all members of the writing group agreed 
that the availability of immediate in-house cardiac surgical backup is ad
vised for all centres performing epicardial VA ablations.

Access specific complications
The inferior technique can potentially cause intra-abdominal bleeding 
through an inadvertent puncture of the diaphragm and sub-diaphragmatic 

structures (see Figures 6 and 7). The anterior approach is associated with 
an increased risk of puncturing the superior epigastric artery or LIMA. 
However, an inferior puncture approach is preferred in certain situations 
(e.g. a history of cardiac surgery and/or anterior sternotomy) (see 
Section 2).

A retrospective study evaluated the safety of anterior and inferior epi
cardial puncture techniques in 211 patients (average age 61.4 years, 84.8% 
male) undergoing 271 VA ablation procedures. Results showed that major 
complications occurred in 12.5% of procedures, with 8.5% directly related 
to the puncture. Anterior puncture was associated with a lower rate of 
complications (4.9%) compared to the inferior approach (10.1%). 
Additionally, damage to adjacent structures like the liver, colon, and gastric 
vessels occurred exclusively in the inferior access group.59

Possible complications
Pericarditis
Pericarditis is the most common complication after epicardial VA abla
tion, occurring in up to 40% of patients.180 In rare cases, constrictive 
pericarditis may also occur after epicardial procedures.181 Clinical pres
entation, investigation, management, and prevention of pericarditis and 
its related symptoms are summarized in Figure 14. The risk of post- 
procedural pericarditis can be reduced by minimizing epicardial RF en
ergy delivery as much as possible. Removal of the sheaths is advised at 
the end of the procedure to minimize irritation and inflammation, ex
cept in case of persistent bleeding (see Section 8—Access manage
ment). If there is no haemopericardium after the procedure, 
removing the pericardial catheter and sheaths immediately after intra
pericardial steroid instillation is reasonable.

Management of pericarditis-related symptoms
There is a high incidence of pericarditic chest pain and ECG changes 
after epicardial VT mapping and ablation. Intrapericardial steroids sig
nificantly decrease pericarditic chest pain.184,185 Intrapericardial liposo
mal bupivacaine is associated with significantly decreased numeric pain 
scores up to 48 h and a shorter length of hospital stay without an in
crease in the risk of adverse events.183

If pericarditis-related symptoms persist, non-steroidal anti- 
inflammatory drugs with or without colchicine can be administered 

Table 7 Factors associated with increased rate of complications 
during epicardial access and ablation of ventricular arrhythmias

Patient-specific factors

• History of previous cardiac surgery or pericarditis

• Obesity

• Underlying coagulopathy

• Renal insufficiency

Anatomical variations

• Presence of pectus excavatum

• Proximity of the ablation site to the phrenic nerve and major coronary 
arteries

Procedure-related factors

• Prolonged procedure duration

• Extensive, long, and high-energy ablation

High PAINESD score176

Pericarditis

Definition:  inflammation of the pericardium

Clinical presentation

• Post-procedural pleuritic chest pain
• Pericarditic ECG changes (50%)

How to prevent

• lntrapericardial corticosteroids
• Oral colchicine therapy

Investigation

• 12-lead-ECG
• Transthoracic echocardiography

Management

• Oral NSAIDs
• Oral colchicine
• lntraprocedural liposomal

bupivacaine

Incidence:  20–40%

Figure 14 Clinical presentation, investigation, management, and prevention of pericarditis and pericarditis-related symptoms.180,182,183 NSAID, non- 
steroidal anti-inflammatory drugs.
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for pain control.186 The use of colchicine for 7–10 days is associated with 
a significant reduction in post-procedural pericarditis and its associated 
pain and complications.182 Non-steroidal anti-inflammatory drugs are gi
ven for 1–2 weeks and tapered off over the next week if the patient 
shows improvement/resolution of symptoms (see also Section 8).

Intrapericardial post-procedural liposomal bupivacaine and oral col
chicine are other therapeutic options, which were found to be asso
ciated with significantly decreased numeric pain scores.183 It was also 
associated with a significantly shorter length of hospital stay.182

Despite these measures, some patients may continue to have severe 
chest pain and require opioids. In extreme cases, pericardiectomy 
due to recurrent drug-resistant chronic pericarditis after epicardial 
VT ablation may be used to alleviate the symptoms.187

Haemopericardium and tamponade
Haemopericardium and tamponade are life-threatening and are im
portant complications associated with epicardial access and interven
tions. It usually occurs due to cardiac puncture or epicardial vessel 
damage by a puncture needle; however, it can also occur by a guidewire, 
catheter, or sheath, especially in patients with pericardial adhesion. 
Clinical presentation, investigation, management, and prevention of 
tamponade and haemopericardium are summarized in Figure 15.

Early haemopericardium
Most cases of haemopericardium that occur within 10 min of pericardial 
access are related to RV puncture or vascular damage and can be easily 
diagnosed and monitored with intracardiac or transthoracic echocar
diogram167,188–190 (see Supplementary material online, Figure S15.1). If 
coronary arterial bleeding is suspected, prompt diagnosis should be 
made with a coronary angiogram at the same time as pericardial drain
age, and the amount of bleeding determines the use of a graft stent or 
surgical repair (Figure 15). Most writing members (90%) routinely per
form echocardiography to exclude pericardial effusion before the pa
tient leaves the EP laboratory.

Intraprocedural haemopericardium
Haemopericardium in the middle of the procedure is usually caused by 
slow bleeding after multiple punctures or vascular damage by catheter 
manipulation or steam pop.167,188 Slow and continuous bleeding requir
ing surgical repair by the laceration of the middle cardiac vein or coron
ary vein has also been reported.191

Post-procedural haemopericardium
Post-procedural haemopericardium (<1%) is due to access track bleed
ing or, very rarely, double RV puncture.167,188,190,192 The double RV 
puncture occurs more frequently with the anterior approach. Some 
operators suggest advancing a long wire through the pericardial sheath 
before its removal to permit sheath readvancement to seal the perfor
ation sites and stabilize the patient until surgery. Another possible com
plication with similar consequences is a tear of the ventricular wall if the 
wire passes through the adhesions and the sheath is advanced over the 
wire. It may not bleed during the mapping and ablation, but bleeding 
starts when the sheath is removed.

RV pseudoaneurysm, discovered as chest pain one month after suc
cessful epicardial ablation, has also been reported.191 Delayed haemo
pericardium may occur after the resumption of anticoagulation 
therapy, and Dressler syndrome (post-cardiac injury syndrome) may 
also occur after extensive epicardial ablation or long catheter indwelling 
time (<1%).190

Most procedure-related haemopericardium cases can be managed 
with catheter drainage. However, immediate blood transfusion, sur
gery, and extra-corporeal membrane oxygenator backup should always 
be available. Above all, the operator’s calm, training, and experience, as 
well as ultrasound monitoring, are important.193

Left internal mammary arterial injury
While the anterior approach of percutaneous epicardial puncture re
duces the risk of RV damage, it can be accompanied by LIMA dam
age.194 The risk of LIMA damage is particularly high in very anterior 

Tamponade and hemopericardium 

Definition:  compression of the heart due to the pericardial
accumulation of fluid, blood, pus, clot, or gas.

Clinical presentation

• Dyspnea
• Chest pain
• Lethargy
• Decreased blood pressure
• Palpitation (tachycardia)

How to prevent

• Always place a guidewire or a
  small catheter into the epicardial sheath
• Gentle catheter and sheath movement
  especially in patients with adhesions
• Micropuncture and CO2 techniques
• Always place a guidewire before the sheath’s
  removal

Investigation

• Echocardiography
• Pulsus Paradoxus
• Elevated jugular venous pressure
• Electrical alternans in ECG

Management
• Prompt diagnosis
• Continuous pericardial drainage
• Reversal of anticoagulation if needed
• Cardiac surgery, if necessary

Incidence (HP):  5–10%
Incidence (T):  1.5–5%

Figure 15 Clinical presentation, investigation, management, and prevention of tamponade and haemopericardium.167,188–190 HP, haemopericar
dium; T, tamponade.
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punctures (puncture needle angle < 20°) or higher-than-usual punctu
res. Left internal mammary artery injury can rarely occur also during in
ferior puncture (see Section 2).

Coronary artery injuries
Epicardial RF ablation in proximity to coronary arteries produces le
sions ranging from thickening and damage to the intima and media 
with replacement of the media smooth muscle cells by the interstitial 
matrix to complete occlusion.195–197 Changes clearly occur when RF 
is applied very close to the vessel.197 RF ablation should be avoided 
within 5 mm of major epicardial arteries to minimize the risk of vascular 
injury.7 Multiple factors likely determine the relation between the prox
imity of the ablation site and coronary damage, including the presence 
of adjacent fat and coronary blood flow that may reduce coronary ar
terial heating.197

To avoid coronary artery injuries, performing a coronary angiogram 
is appropriate to outline the location of major epicardial vessels relative 
to the region of interest before RF ablation. The 2019 HRS/EHRA/ 
APHRS/LAHRS consensus statement on VT ablation recommends a 
distance of at least 5 mm away from the coronary vessel for ablation 
before ablation is considered.7 Multiple angiographic views are recom
mended to assess the distance appropriately. Real-time integration of 
multidetector CT-derived coronary anatomy or angiogram can be 
used (Figure 16).173 All the writing group members visualize the coron
ary arteries using selective coronary angiography or pre-procedural im
aging before performing epicardial VA ablation in areas with possible 
proximity to coronary arteries. After the procedure, in case of a high 
probability of coronary artery damage, all members of the writing 
group perform a 12-lead ECG for ST-segment monitoring, and they 
perform selective coronary angiography after epicardial ablation of 
VAs in the presence of new and/or dynamic ST-segment changes.

Left phrenic nerve injury
Phrenic nerve damage with consequent diaphragmatic paralysis is a 
rare, well-recognized, but preventable serious complication of epicar
dial VA ablation168,198 (Figures 17 and 18). The left phrenic nerve 
courses most frequently aside from the mid-ventricular wall (around 
50% of cases), but more apical or basal courses are not infrequently en
countered (see Section 2). Phrenic nerve limits the epicardial ablation in 
7% of the patients.169 Initial experience with pulsed-field ablation in the 
pericardial space suggests a favourable safety profile concerning phrenic 
nerve complications; however, further large-scale studies are needed to 
confirm these findings.161,203

Mapping of the phrenic nerve capture sites by high output low-rate 
pacing with the ablation catheter remains the only precise and reliable 
option to locate the phrenic nerve. Since many epicardial ablation pro
cedures are performed under general anaesthesia, it is crucial to inform 
the anaesthetist to avoid using muscle relaxant agents during this man
oeuvre. If residual muscle relaxant activity is present, administering an 
antagonist can help prevent false-negative responses.

Prevention of phrenic nerve injury
Several strategies have been reported to prevent phrenic nerve injury. 

• Direct displacement of the pericardium, and consequently the phrenic 
nerve, from epicardial ablation sites can be accomplished by introducing 
and inflating peripheral angioplasty or valvuloplasty balloons.170,204 This 
procedure requires double wiring of the epicardial puncture site and the 
subsequent introduction of two deflectable sheaths to steer the angio
plasty device accurately.169 For this specific purpose, the inferior punc
ture would probably allow better handling of the introducers, with a 
shorter and more direct course to the left posterior wall. The left anter
ior oblique projection is critical to confirm that the inflated (50% mix
ture of contrast and saline) balloon lies externally to the ablation 
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Figure 16 (A) Integration of coronary angiography in 3D mapping during the ablation procedure. The large white points delineate the course of the 
left phrenic nerve. (B) Three-dimensional epicardial surface mesh colour-coded for fat thickness. (C ) Fusion between the electroanatomical mapping 
and epicardial three-dimensional surface reconstruction showing coronary arteries and colour-coded fat thickness, registered using the left main cor
onary artery (LM) landmark. The triangle demonstrates the predicted epicardial target site in the vicinity of the left anterior descending artery (LAD), 
covered by >4 mm of fat. Images B and C are adapted with permission from van Huls van Taxis et al.145
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Phrenic nerve injury 

Definition:  Thermal damage to the phrenic nerve during ablation

Clinical presentation

• Mostly asymptomatic
• Shortness of breath

How to prevent

• Localization of phrenic nerve before
  catheter ablation:
  - with high output pacing
• Displacement of phrenic nerve using:
  - PTA balloon
  - steerable sheath/catheter

• Pulmonary rehabilitation
• CPAP/BiPAP or invasive respiratory
  support
• Diaphragmatic pacing
• Surgical options:
  - Phrenic nerve grafting
  - Plication of the diaphragm

Investigation

• Chest X-ray
• Electromyography

Management

Incidence:  <1%

Figure 17 Clinical presentation, investigation, management, and prevention of phrenic nerve damage.168,198–202 BiPAP, bilevel positive airway pres
sure; CPAP, continuous positive airway pressure; PTA, percutaneous transcatheter angioplasty.

A C

B D

Figure 18 Phrenic nerve palsy after epicardial ablation for refractory ventricular tachycardia. (A and B) Anteroposterior and lateral chest X-rays 
before the procedure, showing the normal position of the left diaphragm dome. (C and D) Elevation of left hemidiaphragm, particularly in the posterior 
segment, after epicardial ablation. Note the relative elevation of the gastric bubble after the nerve palsy.
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catheter tip to protect the pericardial membrane’s displaced portion 
(see Supplementary material online, Figure S17.1). Loss of phrenic nerve 
capture after inflation should always be confirmed before proceeding 
with the ablation.

• CO2 or fluid instillation is also beneficial for phrenic capture at a provi
sional ablation site.

All writing group members conduct a phrenic nerve capture test be
fore epicardial VA ablation when ablating near the potential course of 
the phrenic nerve. The most common approach used by the writing 
group members to manage the phrenic nerve capture at a provisional 
ablation site was the balloon among 67% of members, whereas fluid in
stillation in the pericardium (22%) or air insufflation in the pericardium 
(11%) were the other approaches. Should the pericardial displacement 
strategy fail in preventing phrenic nerve capture at the selected ablation 
sites, the percutaneous epicardial ablation should be aborted, and a sub
sequent open chest (preferably via lateral thoracotomy) scheduled at 
another time to safely perform the procedure under visual guidance. 
All members of the writing group agree that routine chest X-ray to ex
clude phrenic nerve damage after epicardial VA ablation is not 
necessary.

Intra-abdominal bleeding and injuries
Intra-abdominal bleeding may also occur during the pericardial punc
ture, resulting in the development of a haemoperitoneum. However, 
its incidence is very rare (around 0.5%) in one case series187 (see 
Supplementary material online, Figure S17.2). The bleeding can originate 
from a puncture of the liver or vessels beneath the diaphragm (see also 
Section 2). This complication may be detected after the procedure at 
different time periods and may require a blood transfusion or even sur
gical haemostasis. Bleeding within the liver may occur when the needle 
traverses the enlarged liver.57 To minimize the risk of gastric injury dur
ing needle insertion, one could consider gastric decompression in pa
tients exhibiting gastric dilatation (see Supplementary material online, 
Figure S17.3). This complication may present as abdominal pain with 
or without rebound tenderness. Abdominal sonography and, if neces
sary abdominal CT with contrast were the preferred approaches 
among the writing group members to exclude intra-abdominal bleeding 
and/or injury in case of abdominal pain after epicardial VA ablation. 
However, routine abdominal sonography is not deemed necessary after 
the procedure.

Oesophagus injury
Oesophageal damage after epicardial VT ablation is a rare complication. 
However, cases of pericardial oesophageal fistula and mediastinal oe
sophageal fistula that occurred after basal posterior wall near coronary 
sinus epicardial ablation have been reported.205,206 Since the vagus 
nerve runs along the anterior aspect of the oesophagus towards the 
stomach, injury to this structure could lead to delayed gastric empty
ing207 (see Supplementary material online, Figure S17.4).

Lungs and pleura injury
Due to the parietal pericardium’s direct contact with the mediastinum, 
pleura, and lung, extensive epicardial RF energy delivery may result in 
collateral injuries.126,187 Lung or pleural injury is an extremely rare com
plication.187 Pleural effusion due to post-cardiac injury syndrome or 
procedure-related haemopericardium has been reported187 (see 
Section 2).

Air in the pericardial space
Air may inadvertently be introduced into the pericardial space during 
catheter manipulation or catheter exchanges, and it can be easily de
tected on fluoroscopy. It does not usually have haemodynamic conse
quences; however, large amounts of air may increase the transthoracic 
defibrillation threshold and distort local ECGs and 3D electroanatomi
cal mapping.

Atrial fibrillation
AF may complicate the post-ablation course of epicardial access. One 
study documented new-onset AF in 8 of 41 patients with epicardial ab
lation (19.5%).208 All these patients had clinical symptoms of pericardi
tis and responded to short-term antiarrhythmic therapy or electrical 
cardioversion. At 18.0 ± 9.0 months of follow-up, no patient had a re
currence of AF, and all were without antiarrhythmic drugs.

The risk factors for AF included a lack of amiodarone after ablation, 
inadvertent right ventricular puncture, longer epicardial ablation times  
> 600 s, and significant pericardial pain on the day after the procedure. 
Current knowledge suggests that pericardial steroids and prophylactic 
antiarrhythmic drugs may decrease the risk of AF after epicardial abla
tion. Intrapericardial steroids can significantly reduce ECG changes due 
to pericarditis and AF after epicardial ablation.184

Section 8: Post-procedural 
management

Access management
At the end of the epicardial procedure, the first step is to manage the 
epicardial access space. We suggest checking for epicardial fluid with as
piration and echocardiography (transthoracic or intracardiac). After 
emptying the epicardial space, intrapericardial injection of triamcino
lone or methylprednisolone to prevent epicardial inflammation and ad
hesions is reasonable, which can prevent subsequent epicardial access 
for future epicardial ablations.185 However, around one-fourth of the 
writing members do not routinely use intrapericardial injections (see 
Section 7).

Early removal of the epicardial access, 30–60 min after the ablation 
procedure, can decrease post-procedural chest pain.210 However, on 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Advice Strength of evidence

Advice TO DO

It is advised to perform first follow-up ICD 
interrogation within 4–8 weeks after 

epicardial VA catheter ablation, and then 

as routine or remote ICD-monitoring209 >70% agree

Assessment of discontinuation of 
antiarrhythmic drugs after complete 

successful catheter ablation is advised

>70% agree
May be appropriate TO DO

Triamcinolone (2 mg/kg) or 

Methylprednisolone (250 mg) for 
intrapericardial injections after the 

procedure may be useful to avoid 

adhesions and chest pain184,185

Routine administration of colchicine in 

patients undergoing epicardial VA 
catheter ablation to reduce the risk of 

post-procedural pericarditis and chest 

pain may be useful182 >90% agree
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the other side, late tamponade after epicardial ablation is a known po
tentially lethal complication; therefore, keeping the epicardial drainage, 
if the aspirated epicardial fluid shows haemopericardium, for 6–12 h 
after the procedure and remove it, as soon as the drainage volume is 
<30 mL/h seems to be reasonable.26,211

Post-procedural care and monitoring
After completing the procedure, extubation, and removal of the 
sheaths, patients should be transferred to an intermediate care unit 
for 12–24 h. In case of haemodynamical stability, patients can be trans
ferred to the ward with continuous telemetry until hospital discharge. 
Haemodynamic decompensation after access removal without pericar
dial bleeding suggests bleeding along the access tract into either the 
chest or the abdomen. In this case, a surgical consultation should be ob
tained immediately; CT imaging and an angiography of the internal 
mammary, if necessary, is advised212 (see also Section 7).

Device interrogation
Device interrogation should be done before the patient leaves the EP 
Lab. The patient’s chart should clearly reflect whether ICD antitachy
cardia therapies have been turned on after the procedure. Early recur
rences, within 30 days, account for up to 50% of all recurrences within 
the first 12 months after VT ablation and are associated with increased 
mortality.213–215 Hence, a structured follow-up, ideally using remote 
ICD monitoring, is essential for the early detection and management 
of recurrences following epicardial VA ablation. Almost all the writing 
members (90%) believe that the first follow-up ICD interrogation 
should be scheduled within 4–8 weeks after epicardial VA catheter ab
lation, and then routine follow-up or remote ICD monitoring is advised.

Anticoagulation management
Bleeding is the principal risk associated with pericardial access, primarily 
due to inadvertent cardiac puncture rather than anticoagulation man
agement. Therefore, the main emphasis on enhancing safety should 
be the prevention of inadvertent cardiac puncture. Initiation or resump
tion of anticoagulation in 3–5 h after the procedure is reasonable. 
However, it is advised to rule out haemopericardium before restarting 
anticoagulation therapy. One study reviewed the anticoagulation strat
egy before and during pericardial access for 355 patients (average age 
57 ± 14 years) undergoing VA mapping and ablation. Significant pericar
dial bleeding occurred in 46 patients (13%) irrespective of anticoagula
tion strategy (P = 0.720). Inadvertent cardiac puncture and left 
ventricular ejection fraction ≤ 35%, but not the anticoagulation strat
egy, were independently associated with pericardial bleeding.52

Further studies are warranted to assess the safety of uninterrupted an
ticoagulation in epicardial ablation procedures.

Antiarrhythmic drug management
The decision to continue or discontinue antiarrhythmic drugs after ab
lation should be individualized and tailored to the specific clinical scen
ario, the effectiveness of the ablation, the presence of residual 
arrhythmogenic substrates, and the patient’s overall risk profile for ar
rhythmia recurrence.209,216

Seventy per cent of the members of our writing group prefer to use 
short-term (3-month) antiarrhythmic drugs after catheter ablation to 
prevent early VAs recurrences following epicardial VA ablation. 
However, the writing group members emphasize the importance of 
carefully evaluating the discontinuation of antiarrhythmic drugs follow
ing successful catheter ablation. None of the members recommends 
long-term (more than 3 months) use of antiarrhythmic drugs for VA re
currence prevention.

Section 9: Specific scenarios

This section discusses how to overcome the more frequent challenges 
in epicardial VA procedures.

Obesity
Obesity can complicate epicardial access due to challenges in palpating 
anatomical landmarks, difficulties with fluoroscopic visualization, and 
the need to use steeper angles. Additionally, an anterior approach 
may be particularly challenging in patients with abdominal obesity. 
Epicardial access in patients with elevated body mass index can be ob
tained with similar success and complication rates as normal-weight in
dividuals and is not a contraindication. However, half of the writing 
group members prefer to defer epicardial VA ablation in patients 
with morbid obesity (body mass index > 40) until significant weight 
loss is achieved unless there is an electrical storm, therapy refractory 
VT, or incessant VA.

Adhesions
Pericardial adhesions may harden or prevent access to the epicardial 
space. These adhesions are particularly common in patients with prior 
cardiac surgery. The obstacles to adequate epicardial mapping and ab
lation associated with pericardial adhesions may present three distinct 
challenges:221

(1) Accessing the epicardial space: When adhesions are present around 
the pericardial puncture site, tactile feedback may become distorted, 
along with insufficient spreading of the injected contrast medium.

(2) Restricted access to some potential regions of interest.
(3) Risk of complications: Blunt dissection of pericardial adhesions may in

crease the risk of significant bleeding in the pericardial space and pos
sible tamponade, as inadequate drainage of the effusion can occur due 
to adhesion-related compartmentalization that makes pericardial 
blood inaccessible to percutaneous aspiration.

In cases of severe adhesions, minimally invasive surgical approaches, 
such as accessing the epicardial area through a subxiphoid window or a 
limited anterior thoracotomy, are generally advised. In some very ex
perienced centres, dense adhesions after prior non-coronary cardiac 
surgery or pericarditis may be carefully bluntly dissected with a de
flected ablation catheter and/or steerable sheath, allowing for sufficient 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Advice Strength of evidence

Advice TO DO

It is advised to consider patient’s body 

mass index when assessing risk of 
complications, outcome, and eligibility 

for epicardial VA ablation217

>90% agree

A surgical epicardial window is advised 

after cardiac bypass surgery177,218

May be appropriate TO DO

A surgical epicardial window may be a 

useful alternative to standard subxiphoid 

puncture after non-bypass cardiac 
surgery OR in repeat procedures with 

severe adhesions177,218–220
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epicardial mapping in most patients.220 In some other instances, a hy
brid surgical-interventional approach may also be appropriate 
(Figure 10).222

Occasionally, pericardial adhesions are encountered in the absence 
of a prior history of cardiac surgery. This phenomenon may contribute 
to the roughly 2% incidence of unsuccessful percutaneous access to the 
pericardial space in patients undergoing VT ablation. The prevalence of 
pericardial adhesions was 8% in a retrospective series of 155 patients 
undergoing a first attempt of epicardial VT ablation, which was asso
ciated with underlying renal disease and encompassed poorer short- 
term procedural success.223 Pre-procedural assessment of the extent 
and density of pericardial adhesions by means of CT scan, CMR, and/ 
or 3D-echocardiography should be advisable prior to determining 
the mapping/ablation strategy of choice (either surgical or percutan
eous) on an individual basis, especially in the setting of prior cardiac 
surgery.224–226

Repeat procedures
Pericardial adhesions seem to be the primary limitation for repeating an 
epicardial VA ablation procedure in the epicardial space. However, in 
30 patients undergoing repeat mapping and ablation, access to the peri
cardial space was achieved in all patients a median of 110 days after the 
last ablation procedure. Significant adhesions were observed in seven 
(23%) of the cases, with six of these patients having received intraper
icardial triamcinolone acetate during prior procedures. Even with peri
cardial adhesions present, complete epicardial mapping was successfully 
performed using blunt dissection, achieving noninducibility in 90% of 
patients, with no complications related to the pericardial access or dis
ruption of the adhesions.227 In a series by Tung and colleagues, success
ful repeat access into the pericardial space was achieved in 88% (14 of 
16 cases) of 11 patients who had prior epicardial access 8 days to 3.5 
years before the re-ablation procedure.189

Previous cardiac surgery
Patients with a history of prior cardiac surgery with sternotomy usually 
have compromised access to the anterior epicardial space due to post- 
surgical adhesions along the anterior surface of the heart. These pa
tients would require an inferior epicardial puncture approach, with 
the inherent increased risk of intra-abdominal bleeding through an 
inadvertent puncture of the sub-diaphragmatic structures228 (see 
Section 4).

The reported success rate of epicardial access in this setting is vari
able in the literature, ranging from 15% to 90%, although restriction of 
catheter movement was observed in all patients, and meticulous dissec
tion of adhesions may be necessary.229 Once the pericardium is ac
cessed, contrast may be injected to confirm the location of the 
guidewire. In patients with diffuse and dense anterior epicardial adhe
sions, the contrast will pool along the inferior heart border as opposed 
to rapid dispersion around the cardiac silhouette. Typically, it is not pos
sible to further advance the guidewire to encircle the cardiac silhouette, 
and for a highly experienced operator, it may be reasonable to first ad
vance a smaller 5 F introducer over the guidewire to allow further in
jection of contrast medium to validate pericardial access before 
insertion of larger bore epicardial introducers and sheath. It has been 
postulated that epicardial adhesions are usually safely disrupted by using 
the elbow of the mapping/ablation catheter, with self-limiting and minor 
pericardial bleeding as the main complication.220

Epicardial fat
The areas of epicardial fat frequently follow the course of the main cor
onary vessels at the atrioventricular and interventricular grooves. In a 
series of 25 patients undergoing epicardial mapping for VT who had 
CT imaging, an average of 65 ± 16% of the epicardium was covered 
by fat, with 25 ± 15% covered by more than 4 mm of fat with the 

thickest regions over the basal and apical anterior RV and basal superior 
LV walls.145

Impact on ablation lesions
Epicardial fat both increases the distance between the ablation catheter 
and the actual VT ‘origin’ and impedes an adequate penetration of the RF 
energy due to the fat’s low thermal and electrical conductivity.126 The 
total amount of epicardial adipose tissue is directly associated with un
successful VT ablation.230,231 Beyond its potential pro-arrhythmic role, 
the main explanation appears to be both the proximity of some VT 
origins to the great epicardial coronary arteries and an insufficient RF en
ergy penetration to the VT origin from the epicardial surface through fat 
tissue.

Challenges in mapping and voltage interpretation
A >5 mm adipose layer attenuates the myocardial voltage, making the 
conventional 1.5 mV values for epicardial bipolar mapping potentially 
misleading.232–235 It is suggested that the recognition of abnormal myo
cardium in this setting should not only lie on the absolute voltage value 
but also on the electrogram fragmentation and late and/or split poten
tials.39,233,235 Impaired pacing capture, which limits the effectiveness of 
pace- and entrainment mapping, is another challenge posed by the 
interposition of a thick fat layer during epicardial mapping.

Emerging mapping and ablation strategies
Impedance mapping has emerged as a promising technique for differen
tiating normal and low-voltage areas (normal to low impedance) from 
epicardial fat (high impedance).236,237 Epicardial fat patches can be ef
fectively distinguished from the epicardium using a multidetector CT 
scan and integrated as a separate chamber into the mapped geometry. 
This facilitates the identification of fat interposition during VT mapping 
and ablation.238

Epicardial pulsed-field ablation creates uniform lesions and pene
trates collagen and fat layers more effectively than RF ablation, though 
further research is needed to confirm its superiority.239,240

Cryoablation is another possible alternative for VAs arising from the 
epicardial LV summit.241

Section 10: Training requirements
Successful and safe execution of epicardial VA ablation requires clini
cians to have comprehensive training and to work in a well-equipped 
and adequately supported facility.165

Training requirements and competencies
Epicardial ablation for VA requires the expertise and coordination of 
various healthcare professionals (physician, anaesthesiologist, surgeon, 
imaging team), each playing a crucial role in the patient’s care. This ap
proach to team preparation includes: 

• All practitioners, including cardiologists, electrophysiologists, anaesthe
siologists, nursing staff, and technicians, understand the intricacies of epi
cardial VA ablation.

• Ongoing education and training opportunities in the field are provided.
• Access to advanced diagnostic and therapeutic technologies that are es

sential for the accurate mapping, effective ablation, and management of 
VAs is facilitated.

• Patient care plans that address pre-procedural preparations, intraopera
tive strategies, and post-operative care, including the management of 
potential complications, are provided.

• Patient preparation for epicardial ablation requires careful attention to 
clinical indicators that may signal an increased risk of adverse outcomes 
or complications, such as a history of prior cardiac surgery, obesity, pec
tus excavatum, or a high PAINESD score.176
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Required technical knowledge
Epicardial ablation for VA requires a knowledge base underpinned by 
training that has been formally documented. This expertise encom
passes a wide range of areas, including: 

• Identifying candidates for the epicardial VA ablation procedure.
• Understanding the relevant anatomy is crucial for navigating the com

plexities of epicardial access and ensuring its effectiveness and success. 
One must also be familiar with the pros and cons of various technologies 
and methodologies employed in epicardial access and ablation.

• Awareness of the success rates associated with ablation across different 
patient conditions, providing realistic expectations for outcomes.

• Understanding best practices for post-operative care and patient 
follow-up is essential for optimizing recovery and long-term outcomes 
success.

• Strategies for preventing, detecting, and managing complications that 
may arise during or after the procedure.

Physicians should complete a structured training programme with 
their progress documented and validated by a senior mentor, while on
going lifelong learning is strongly recommended. This training should 
provide them with the necessary skills to: 

• Secure venous access, including the application of vascular ultrasound 
techniques.

• The use of 3D mapping systems for real-time guidance during the 
procedure.

• Accurately identify and ablate the areas of interest utilizing electro
physiological tracings and pacing manoeuvres.

• Understand the biophysics underlying various energy sources and make 
informed decisions about energy settings and applications.

• Effective haemostasis for various vascular accesses post-procedure.
• Promptly identify and manage a serious complication.
• Delineate coronary anatomy and phrenic nerve for epicardial ablation.

Completion of training
Determining the exact number of procedures required to achieve 
proficiency in epicardial ablation for VAs is difficult due to clinicians’ 
varying learning speeds. However, it is advised that all trainees under
go a thorough training programme, after which their mentors should 
confirm their readiness to perform epicardial VA ablations 
independently.

The writing group members reached a consensus that the following 
number of procedures is the minimum that may provide sufficient ex
perience for performing epicardial access, mapping, and ablation: 

• Twenty-five cases involving the mapping and ablation of endocardial 
ventricular tachycardia circuits to develop a deep understanding of ven
tricular arrhythmia mechanisms and the nuances of intramural and epi
cardial substrate identification.

• Ten epicardial ablation procedures specifically targeting VAs to ensure 
exposure to a variety of scenarios and complexities inherent in ventricu
lar ablation.

Institutional requirements
Healthcare institutions must meet specific staffing, equipment, and facil
ities requirements to effectively deliver epicardial VA ablation 
procedures.

Staffing requirements

• The availability of an on-site cardiothoracic surgeon is advocated as epi
cardial ablation and mapping carry the risk of ventricular laceration or 
perforation that can result in life-threatening tamponade and haemo
dynamic collapse, which usually requires emergent surgical intervention 
via sternotomy.7,8,164,165

• Availability of anaesthesiologists, cardiac interventionalists, and cardiac 
technicians for the application of haemodynamic support systems.

Equipment and facility requirements

• Fluoroscopic X-ray imaging for real-time visualization during the 
procedure.

• Advanced 3D mapping technologies to facilitate precise navigation and 
targeting of the arrhythmic substrate, which is critical for the success of 
epicardial ablation

• Equipment for pericardial drainage and reversal of anticoagulation
• Transthoracic (and, if available, intracardiac) echocardiography.
• Round-the-clock availability of imaging modalities such as abdominal 

ultrasound and/or CT.
• Haemodynamic support systems.

Section 11: Future directions
The future of epicardial access in EP is promising, driven by ongoing ad
vancements in novel techniques and device technology. These advance
ments allow clinical electrophysiologists to enhance procedural success, 
reduce complications, improve patient outcomes, and make epicardial 
VA ablation more accessible. Continued research and collaboration 
within the field will be essential for realizing the full potential of epicar
dial access in EP and addressing patients’ evolving needs.

Areas for future investigation

• RF with low ionic irrigation to assess safety, efficacy, and optimal RF 
parameters

• Optimal RF power and duration for creating lesions
• Methods to increase lesion depth and penetration
• Methods for assessing the characteristics, including size and depth of 

created lesions
• Identification and integration of epicardial fat in 3D mapping
• Improved methods for defining proximity to coronary arteries and pro

tecting coronary arteries
• Improved methods for protecting the phrenic nerve
• New energy sources: cryoablation (including ultra-low temperature), 

pulsed-field ablation, and high-intensity focused ultrasound
• Optimal pre- and periprocedural anticoagulation management
• Role of on-site cardiac surgery in epicardial procedures with the ad

vancement of safer access and ablation techniques.

Supplementary material
Supplementary material is available at Europace online.
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