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Ventricular arrhythmias (VA) are observed in the setting of structural heart disease. However, in a propor-

tion of patients presenting with VT, the routine diagnostic modalities fail to demonstrate overt myocardial

abnormality. These arrhythmias have been called idiopathic VAs. They consist of various subtypes that

have been defined by their anatomic location of origin within the heart and/or their underlying mechanism.

While the majority of patients are asymptomatic, some experience debilitating symptoms and may develop

reversible ventricular dysfunction. Catheter ablation has been traditionally reserved for patients with

incapacitating symptoms or progressive ventricular dysfunction. However, as many patients are young,

and catheter ablation can be curative in >90% of cases with a low risk (<1%) of serious complications, it is

increasingly being offered as a first-line treatment in symptomatic patients. The approach to arrhythmia

mapping is guided by the 12-lead electrocardiograph (ECG) morphology of the ventricular tachycardia

(VT). Use of three dimensional (3D) electroanatomic mapping systems and intra-cardiac echocardiography

are helpful in localising sites for successful ablation.
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Introduction
Ventricular arrhythmias (VAs) most often occur in the setting

of structural heart disease, however, in 10% of patients, they

can occur in the structurally normal heart, termed idiopathic

VA. Often manifesting in younger patients, idiopathic VAs

originate from specific anatomical structures and are caused

most frequently by a focal mechanism. The diagnosis is based

upon the presence of VA in the absence of myocardial abnor-

malities on various imaging modalities, including echocar-

diography, angiography or cardiac magnetic resonance

imaging (MRI). Idiopathic VAs can cause debilitating symp-

toms, as well as leading to left ventricular (LV) systolic

dysfunction. Multiple studies have shown that catheter abla-

tion is effective in eliminating idiopathic VA, however, not all

VAs are similar and outcomes vary based upon the location
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and underlying pathology. Various electrocardiographic and

electrophysiologic parameters have been found to be predic-

tive of catheter ablation outcomes.
Sites of Origin of VA
Idiopathic VAs can be categorised by their anatomic location

of origin within the heart (Table 1). The anatomic relationship

of cardiac structures is complex and a detailed understand-

ing of the anatomy around the site of origin (SOO) of the VA

is crucial for planning catheter ablation, and in understand-

ing the potential risks and expected outcomes of catheter

ablation. The SOO of idiopathic VAs, and therefore the area

of ablation, is suggested by the 12-lead electrocardiograph

(ECG).
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Table 1 Idiopathic ventricular arrhythmia origins.

RV (Right ventricle) LV (Left ventricle)

Outflow tract

region

– Supra-valvular

– Endocardial

– Epicardial

Pulmonary artery

RVOT

Aortic cusp

LVOT

LV summit

Annulus Tricuspid annulus Mitral annulus

Fascicles Left posterior fascicle

Left anterior fascicle

Intracavitary Papillary muscles

Moderator band

Papillary muscles

Epicardium Crux

Abbreviations: RVOT, right ventricular outflow tract; LVOT, left ventricu-

lar outflow tract; LV, left ventricle; RV, right ventricle.
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Clinical Presentation
Most idiopathic VAs originate from the outflow tract region,

predominantly (80%) originating from right ventricular (RV)

outflow tract [1]. Outflow tract VAs typically present in

young people, usually between the second to fourth decade

of life [2]. Patients can be asymptomatic, and the diagnosis

made incidentally on a routine ECG. However, most patients

have frequent premature ventricular contractions (PVCs) or

non-sustained ventricular tachycardia (VT) that present as

palpitations (>50%), chest pain, dyspnoea or presyncope.

Syncope is uncommon (<5%). In general, episodes are fre-

quently associated with exertion or emotional stress due to

the effect of endogenous catecholamines. The prognosis is

generally excellent and the risk of sudden cardiac death

(SCD) is very low [3]. However, in a small proportion of

patients, significant arrhythmia burden may lead to a revers-

ible form of LV systolic dysfunction [4–6]. Additionally, a

malignant variant of ‘‘short-coupled” PVCs triggering poly-

morphic VT has been described [7,8].
RV Outflow Tract VA

Anatomic Relationship and ECG
Characteristics
The right ventricular outflow tract (RVOT) lies anterior to the

left ventricular outflow tract (LVOT) as it passes superiorly

and leftward as the pulmonary artery. The LVOT is located

posteriorly and courses rightward to connect to the aortic

root. The pulmonic valve is superior, anterior and leftward of

the aortic valve [9]. The aortic root is centrally located and in

direct contact with the anterior mitral leaflet and the poste-

rior RVOT. Myocardial sleeves can extend above the pul-

monic and aortic valves into the great vessels and may be the

source of arrhythmias [10,11]. A VT originating from the

RVOT has a left bundle branch block (LBBB) pattern with

a late transition that begins no earlier than the precordial lead
V3 [12]. It also displays an inferior axis (i.e. a dominant R

wave in inferior leads) (Figure 1) [13,14]. However, because

the septal aspect of the RVOT is in close anatomical proximity

to the LVOT, the QRS morphology cannot always be solely

relied upon to localise the origin of VA (Figure 1). The

precordial transition is important in differentiating the two

sites of origin [15,16]. If the precordial transition is earlier

than V2, with prominent R waves in V1 and V2, the site of

origin is more likely to be LVOT and if the precordial transi-

tion is V4 or later, the trigger site is more likely located in the

RVOT [13,17]. The QRS duration of VA from the RVOT free

wall is wider and shorter with a characteristic ‘notched’

pattern in the inferior leads and a later precordial transition

(lead V4 or later) compared with VA originating from the

septum [18]. Characteristic ECG changes could also indicate

SOO in LVOT [19,20].

Mapping and Ablation
Catheter ablation is an effective and safe method to perma-

nently cure outflow tract VAs and should be considered as

first-line treatment. In experienced centres, the success rate is

greater than 90%, with the complication rate less than 1% [21].

Activation mapping is the best method to identify the SOO of

VAs (Figure 1). To maximise PVC frequency during the abla-

tion, we discontinue beta blockers, calcium channel blockers,

and other anti-arrhythmic medications at least 5 days before

ablation. We avoid deep sedation and limit the use of propofol

and benzodiazepinesandfavourremifentanil,whichisrapidly

eliminated following discontinuation and has fewer anti-

arrhythmic properties [22]. Isoproterenol infusion and burst

pacing are used when VA remains infrequent. Using intracar-

diac echocardiogram (ICE), a three-dimensional geometry of

the ventricle is created, and activation points are plotted on this

ICE-integrated electroanatomic map. We find ICE to be

extremely valuable for understanding anatomic relationships,

guiding catheter position and tissue contact, monitoring lesion

formation and avoiding/detecting complications (Figure 1).

We also create an electroanatomic substrate map at the same

time which helps us to identify myocardial scarring [23].

Activation mapping is performed to identify the site of

earliest activation breakout, which should be well before the

onset of the QRS complex. The unipolar electrogram should

have a QS morphology with a steep slew. During mapping, if a

wide area has similar activation timing, it either suggests a

deep intramural or epicardial origin of VA or breakthrough

from an adjacent chamber. Therefore, in this situation, activa-

tion mapping of the adjacent structures should be performed.

Althougha lessaccuratemappingtechnique,whentheVAsare

not frequent enough, we do perform pace mapping at or near

the capture threshold with the same coupling interval as the

spontaneous VAs. A perfect pace-map match in all 12 surface

ECG leads should be sought [24]. We find pace-mapping to be

more accurate within the RVOT and less so within the aortic

root, particularly in view of the high pacing outputs required

here [25]. Irrigated or non-irrigated ablation catheters can be

used within the RVOT although sufficient power may be

difficult to achieve with solid tip non-irrigate catheters in some



Figure 1 RVOT and LVOT PVC.
PVC-1 with LBBB Inferior Axis V4 transition in precordial leads and rS wave in Lead 1. This PVC was mapped to be earliest
at Site 2 of RVOT. Ablation was performed with suppression of PVC-1. However, the PVC returned after 20 min with
different morphology (PVC-2). PVC-2 with LBBB, V3 transition in precordial leads, Inferior Axis, Rs in Lead 1 was mapped
earliest in RCC. RCC is anatomically very close to Site 2 RVOT. The CARTO 3D merge map of RVOT and RCC shown with
earliest activation in respective location for PVC-1 and PVC-2. Also, intracardiac echocardiography utilised for 3D geometry
reconstruct and catheter visualisation shows catheter in RVOT Site-2.
Abbreviations: PVC, premature ventricular contractions; LBBB, left bundle branch block; RVOT, right ventricular outflow
tract; RCC, right coronary cusp; 3D, three dimensional.
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of the deep recesses of this region. However, in the LVOT and

coronary venous system, irrigated ablation is required to allow

for sufficient radiofrequency energy delivery and to prevent

coagulum formation or char.

Becauseof itsanatomicalrelations,ablation within the LVOT

can risk injury to the coronary arteries. When ablating within

the right or left aortic sinuses of Valsalva (ASOV), care must be

taken to define the location of the coronary ostia, either by ICE

or angiography. Coronary injury is uncommon while ablating

at the bottom of the ASOV [26]. Additionally,ECG morphology

shouldbecarefullyexaminedafter lesion delivery toensurethe

morphology has not changed as the VA exit may shift. If,

indeed, the ECG morphology has changed, mapping should

be repeated, including in the adjacent structures (Figure 1). We

consider a procedure successful when no further spontaneous

VAs are seen, and when VAs cannot be induced with isopro-

terenol infusion and burst pacing at least one hour following

the successful ablation lesion.
Non-Outflow Tract VAs (Mitral
and Tricuspid Annular VA)
Ventricular arrhythmias from the mitral annulus (MA) and

tricuspid annulus (TA) are rare. If VAs are localised to MA
area, then anterior, anterolateral and posterolateral aspects of

the MA are the usual site of origin [27,28]. An origin at the TA

is seen in around 8% of patients with idiopathic VTs; 74% of

these arise from the septal portion (mostly from the His

Bundle region at the superior TA) and 26% from the free

wall region [29].
Anatomic Relationship and ECG
Characteristics
Mitral annular VAs are characterised by a wide QRS com-

plex and, in some cases, a delta wave-like morphology in

the 12-lead ECG. They arise within the posterior aspect of

the left ventricle and exhibit a RBBB pattern with mono-

phasic R waves in V2-V6 [30]. The success rate of mitral

annular VT ablation is comparable to that of outflow tract

ablation [31]. Tricuspid annular VAs are characterised by a

LBBB morphology and a positive QRS in leads I, V5 and V6

[29]. An early precordial R-wave transition by lead V3 and

a QS pattern in lead V1 are useful indicators for differenti-

ating the origin of VAs from the free wall portion and the

septal region of the TA. The QRS duration, Q-wave ampli-

tude in lead V1-V3 and notching of the QRS is greater in VT

originating from the tricuspid annulus free wall as com-

pared to the septum [29].
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Mapping and Ablation
Ventricular arrhythmias originating from the endocardial

and epicardial MA can be successfully ablated [27,28]. When

the MA VAs cannot be abolished by radiofrequency (RF)

application from the endocardium, access via the coronary

sinus (CS) for mapping and ablation may be necessary

[32,33]. If an epicardial site of origin is not accessible via

the CS due to anatomical limitations, an alternative approach

is via the pericardial space. Coronary angiography is

required to assess the proximity of the coronary arteries to

the proposed ablation site whenever transvenous or epicar-

dial ablation is performed.

Mapping VAs originating from TA region is challenging due

to poor catheter stability, and we routinely use a long

deflectable guiding sheath to achieve adequate contact and

stability of the mapping catheter. Occasionally, the VA origin is

located close to the AV conduction system. In such cases,

mapping in the aortic root at right coronary cusp and non-

coronary cusp region should be performed to identify the

earliestsite and reduce the riskofdamagetotheAVconduction

system. If ablation is performed close to the conduction system,

cryo-ablation should be considered. Catheter ablation is more

effective for VAs arising from the free wall portion of TA than

that from arising the septal portion of the TA [29].

If VAs are frequent, then activation mapping is the best

strategy to locate SOO. Pace mapping should be utilised

when VAs are infrequent. An atrial electrogram is usually

recorded at the successful ablation site of mitral annular and

tricuspid annular VAs [27,29]. Depending upon the SOO of

MA VAs, either a retrograde or transeptal approach may be

required for better mapping and ablation. In either case,

ablation should be performed with the ablation electrode

in direct contact with the endocardium rather than through

the mitral valve itself. There is a potential risk of mitral and

tricuspid insufficiency in the catheter ablation of mitral annu-

lar and tricuspid annular VAs respectively.
Conduction System and Papillary
Muscle VAs
Ventricular arrhythmias originating from the conduction sys-

tem or involving the specialised conduction system have been

described [34,35]. Fascicular VT is the second most common

formof idiopathicVT, and accounts for 10–15%ofall idiopathic

VTs. This VT is seen in the second to fourth decade of life and

occurs more often in men [36]. VAs can also originate from

intracavitary structures such as papillary muscles (PM) of the

RV and LV and the moderator band [37–39].

Anatomic Relationship and ECG
Characteristics
Fascicular VT occurs due to a re-entrant mechanism involv-

ing the left anterior or posterior fascicle. Left posterior fas-

cicular VT is more common than the anterior and septal

fascicular VT. The antegrade limb of these VAs consists of
a zone of slow conduction in the intraventricular left septum

from the base to near the apex, with the Purkinje tissue of the

fascicles comprising the retrograde limb. The underlying

substrate for the region of slow conduction is not clearly

defined. False tendons connected to the interventricular sep-

tum have been suggested as the anatomical basis for the

macro-reentry circuit [40].

Ventricular arrhythmias can also originate from antero-

lateral [37], posteromedial PM [38]. and moderator band of

the RV [39]. Papillary muscle VAs are more commonly seen

originating from the posteromedial PM than the anterolateral

PMs. They often involve the distal Purkinje system, com-

pared to fascicular arrhythmias that involve the proximal

Purkinje system. There are distinct ECG characteristics which

can help to differentiate these VAs. These VAs are charac-

terised by RBBB and superior or inferior-axis QRS morphol-

ogy, however, PM VAs lack a discrete Q wave in the lateral or

inferior leads, thier QRS complex is broader and there is

absence of an rsR’ pattern in lead V1 that is characteristic

for fascicular tachycardia [41].

Mapping and Ablation
Success rates of ablation of fascicular VT are comparable to

outflow tract VT [42]. Ablation is directed at the antegrade

late diastolic Purkinje potential [22]. Mapping is performed

around the anatomic location of the involved fascicle, seeking

a discrete Purkinje potential that precedes the QRS complex

during VT [23]. To avoid damage to the proximal conduction

system, mapping and ablation should start from an apical

site and shift toward a basal site until successful ablation is

achieved. If the VA is not inducible at the time of ablation

either due to catheter trauma or spontaneously, then a more

anatomically based ablation may be required. A linear abla-

tion strategy with lesions set placed perpendicular to the long

axis of the LV, approximately midway from the base to the

apex in the region of the mid to mid-inferior septum can be

performed [24]. However, this approach may be complicated

with left posterior fascicular block.

Catheter ablation of papillary muscle VAs is challenging

compared to ablation of other VAs. The PMs of the heart are

complex intra-cavitary structures and their anatomic and

electrophysiological characteristics may determine the out-

come of ablation procedures. Additional difficulties arise from

the deep location of their sites of origin, multiple VA mor-

phologies due to multiple preferential exits before and during

ablation, and poor catheter stability and low achievable con-

tact force. (Figure 2) [26,43]. Guidance using real-time imaging

with ICE and integrated electroanatomic mapping is neces-

sary for effective and safe mapping and ablation of PM VAs

(Figure 2) [44]. Activation mapping is most reliable in detect-

ing the site of origin. A retrograde transaortic approach or

transeptal approach may be utilised for LV access. Pace map-

ping can provide helpful indications of the breakout points of

PM VAs with deep intramural origin. Of note, ablation at the

best pace mapped site may not eliminate the VAs as the SOO

may be located away from the breakout site. Ablation at the

best pace mapped site may change the QRS morphology,



Figure 2 Papillary Muscle PVC.
Baseline ECG shows couple PVC with PVC-1 RBBB superior axis V3 transition rS in lead 1 (posteromedial papillary muscle)
and PVC-2 RBBB inferior axis V5 transition rS in lead 1 (antero-lateral papillary muscle). Intracardiac echocardiography
utilised for 3D geometry reconstruct shows papillary muscle and ablation catheter on papillary muscle. The CARTO 3D
merge map of papillary muscle shown with earliest activation on antero lateral papillary muscle.
Abbreviations: PVC, premature ventricular contractions; RBBB, right bundle branch block; D, three dimensional; ECG,
electrocardiograph.
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suggesting a change in the exit site. During pace mapping, the

stimulus-to-QRS interval can be utilised to identify preferen-

tial exit sites and the SOO of VAs [45]. A low-amplitude

ventricular pre-potential or Purkinje potential may be

recorded at the successful ablation site [41]. Deeper lesions

may be necessary considering intramural origin of many of

these VAs. Therefore, we routinely use force sensing irrigated

tip ablation catheters to deliver 30–40 W power for 1–

2 minutes. Additionally, ECGmorphology should be carefully

examined after every few lesions to ensure the morphology

has not changed as the VA exit may shift. If indeed the ECG

morphology has changed, mapping should be repeated. Not

infrequently, ablation lesions on both sides of the papillary

muscles are often required to eliminate all variations in the

QRS morphology. Ablation at the body of PM can be challeng-

ing due to poor catheter contact, and at the base due to the risk

of steam pop. Use of ICE is critical to ascertain good catheter

contact and effective lesion delivery (Figure 2). In cases where

catheter stability remains an issue, cryoablation can be utilised

to improve catheter stability [46].
Epicardial (Crux and LV Summit)
VA
Idiopathic VAs rarely arise from the epicardium of the heart.

These epicardial origins are usually seen in the crux of the

heart or the LV summit [33].

Anatomic Relationship and ECG
Characteristics
The crux is at the epicardial surface of the heart, bordered

by the AV groove and posterior interventricular groove,
and is located at the junction of the middle cardiac vein

and coronary sinus. Doppalapudi et al. have described

epicardial idiopathic VT arising from the crux of the heart

adjacent to the posterior descending artery [47]. The QRS

morphology of these VAs show early precordial transition

at or before V2, in addition to a left superior axis and a

maximum deflection index (MDI) >0.55. Leads II, III, aVF

exhibit deep negative QS complexes with slurred down-

stroke deflections.

The LV summit is the area of the epicardium that encom-

passes the most superior aspect of the LVOT and is bound by

the left anterior descending coronary artery anteriorly, the

left circumflex coronary artery posteriorly and the anterior

intraventricular vein (AIV) [25]. Ventricular arrhythmias

arising from this area exhibit atypical LBBB morphology with

inferior axis (large R waves in leads II, III and aVF) and an

early transition in the precordial leads, often with broad R

waves in V1 [48].

Mapping and Ablation
Epicardial VAs can be mapped and ablated via the trans-

venous or transpericardial route. Detailed understanding of

the anatomy of the CS and the adjacent anatomic structures is

critical for mapping and ablation of these VAs. Delineation of

the CS anatomy by coronary venography allows clear visu-

alisation of the architecture and helps to plan mapping and

ablation [49]. The Thebesian valve at CS ostium and the valve

of Vieussens that is located between the coronary sinus and

great coronary vein may be an obstruction to mapping and

ablation [50].

Similar to all other VAs, activation mapping is most reli-

able in detecting the site of origin of these focal arrhythmias.

When an early ventricular activation is recorded within the
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middle cardiac vein (MCV) or proximal CS, catheter ablation

may be attempted if safe [47]. Ablation in the coronary sinus

can be challenging due to proximity to the coronary arteries

and inability to provide effective lesions due to high imped-

ance and limited electrode cooling, leading to a rapid rise in

electrode temperature. Coronary angiography is recom-

mended to define the location of the coronary arteries and

identify a safer area for ablation. Use of an irrigated ablation

catheter is recommended with continuous flow at 30 mL/

min. If ablation from the CS or MCV is unsuccessful, epicar-

dial mapping via a subxiphoid pericardial approach should

be performed. However, several potential complications

including pericardial bleeding, injury to the oesophagus,

and/or phrenic nerve or pericarditis are possible. Addition-

ally, epicardial fat can be a potential barrier to mapping and

effective lesion delivery [51].

For VA arising from the LV summit region, detailed

mapping of the distal CS branches (the great cardiac and

anterior interventricular veins) and the adjacent structures

including the LVOT, the anterior RVOT, and the LV septum

should be performed. The presence of a similar early onset

of activation in the LVOT and RVOT may suggest deep

intramural or epicardial origin. Anatomic proximity enables

adjacent sites to be activated simultaneously to the SOO.

Ablation in such cases may be required from multiple loca-

tions including the coronary veins. Before ablation in the

coronary veins, coronary angiography must be performed

prior to energy delivery to ensure adequate separation. If

coronary artery proximity precludes safe ablation from the

coronary veins, ablation should be attempted from adjacent

structures including the LV endocardium, left coronary

aortic Sinus of Valsalva or from the RVOT. In some circum-

stances, epicardial ablation may be attempted. The great

cardiac vein divides the LV summit into two parts, a supe-

rior portion and an inferior portion. The latter may be

accessible to epicardial catheter ablation. However, due to

the close proximity of the coronary arteries and overlying

epicardial fat, the former is completely inaccessible to cath-

eter ablation using the coronary venous and/or epicardial

approach [52].
Indications for Catheter Ablation
Currently, radiofrequency ablation of idiopathic monomor-

phic VAs is indicated in patients who are symptomatic

despite antiarrhythmic medication or those who do not

wish to take antiarrhythmics. Additionally, patients with

significant VA burden (with or without symptoms) and co-

existing LV systolic dysfunction represent an important

group in which to consider ablation [53]. A large multi-

centre trial by Latchamsetty et al. found an acute success

rate of 84% and a 71% long-term success at 20 months for

catheter ablation [54]. The high success rate of catheter

ablation with an overall low risk of complications means

that this is a reasonable first line approach to patients with

this condition.
Conclusion
Idiopathic ventricular arrhythmias occur in patients in the

absence of structural heart disease. The clinical course is

usually benign; however, some patients may suffer incessant

symptoms and some may develop reversible LV systolic

dysfunction. Idiopathic VAs present distinctive ECG pat-

terns. Analysis of ECG morphology allows one to predict

possible sites of origin of VAs before mapping and to estab-

lish an optimal strategy for catheter ablation. Catheter abla-

tion is highly successful with a low complication rate and

should be considered first-line in selected patients.
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