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V entricular tachycardias (VTs) are 
broadly divided into two catego-
ries based on the presence or ab-

sence of structural heart disease. This divi-
sion entails differences in the mechanism, 
the prognosis, and the treatment of ven-
tricular arrythmias.1-6

Idiopathic VT is observed in patients 
who have no structural heart disease and 
rarely causes sudden cardiac death.3,4 Ab-
lation is indicated in cases of symptomatic, 
drug-refractory ventricular ectopy or tachy-
cardia. Most idiopathic VTs have a focal 
origin, where the activation spreads out 
from the centre towards the periphery.1-4

In contrast to idiopathic VT, VT in the 
setting of structural heart disease is associ-
ated with increased mortality and a high 
incidence of sudden cardiac death.1,2,5,6 
An implantable cardioverter-defibrillator 
(ICD) is the first-line therapy in the ma-
jority of cases. Recurring episodes of VT 
are observed in 40-60% of patients with a 
history of spontaneous sustained VT who 
receive an ICD.6 Multiple ICD discharg-
es significantly affect quality of life, lead 
to repeat hospitalisations, and are associ-
ated with higher mortality.7-9 Treatment 
with antiarrhythmic drugs can be attempt-
ed; however, it is often ineffective and can 
lead to adverse effects, including a proar-
rhythmic action. In these cases, ablation is 

useful for the reduction of the number of 
discharges.10 Also, ablation is clearly indi-
cated in cases of electrical storm.11,12

The most common mechanism of VT 
in patients with structural heart disease 
is scar-related re-entry.1,2,5,6 It often ap-
pears late after myocardial infarction and 
in patients with cardiomyopathies. The 
re-entry circuit is usually maintained by 
a slow-conduction zone (isthmus), which 
is created by surviving myocardial cells 
between zones of interstitial fibrosis and 
which exhibits properties of very slow 
conduction. This zone is electrically “si-
lent” and the QRS complex recorded on 
the surface ECG represents the activa-
tion of the remaining ventricular myocar-
dium. The start of the QRS denotes the 
exit of the electrical front from the pro-
tected isthmus. The tachycardia is further 
stabilised by regions of dense, refractory 
scar tissue and/or neighbouring anatomi-
cal structures (such as the mitral annu-
lus), which act as barriers to conduction. 
In most cases, this anatomical formation 
allows the existence of multiple re-entry 
circuits, which result in different kinds of 
VT and can be triggered via programmed 
stimulation in the electrophysiological lab-
oratory.1,2,4,6

The surface ECG provides important 
information in these patients. The sinus 
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rhythm ECG may give information about the under-
lying heart disease (e.g. old myocardial infarction, 
arrhythmogenic right ventricular cardiomyopathy). 
The VT may be monomorphic, polymorphic, or ple-
omorphic. The morphology of the QRS complex on 
the 12-lead ECG in a monomorphic VT indicates the 
source of a focal VT or the exit zone of a scar-related 
VT (Figure 1). VTs with left bundle branch morphol-
ogy have the focus or exit zone in the right ventricle 
or in the interventricular septum of the left ventricle. 
In contrast, a right bundle branch morphology indi-
cates a focus or exit zone in the left ventricle. A supe-
rior axis shows an origin or exit from the inferior wall, 
whereas an inferior axis indicates the outflow tract 
or the anterior wall. The precordial leads help to lo-
cate the VT between the base and the apex. A domi-
nant S-wave indicates a focus or exit zone in the apex, 
whereas a dominant R-wave locates the focus or the 
exit channel in the base.

Apart from the endocardial re-entry circuits there 
are endomyocardial and epicardial circuits. A high 
incidence of epicardial re-entry circuits was initially 
observed in Chagas disease.2 In non-ischaemic car-
diomyopathy larger epicardial regions with low po-
tentials are observed, compared with the endocardial 

surfaces that are located close to the valve annuli.10 In 
contrast to non-ischaemic cardiomyopathy, patients 
with ischaemic cardiomyopathy tend to have a larger 
endocardial than epicardial scar. A high incidence of 
epicardial circuits is observed in patients with old in-
farctions of the left ventricular inferior wall.8 In pa-
tients with arrhythmogenic right ventricular cardio-
myopathy there are epicardial regions with fractionat-
ed or late potentials. The epicardial scar is consistent-
ly bigger than the endocardial scar. There is suspicion 
of epicardial VT when the ascending branch of the 
QRS shows a pseudo-delta wave (>34 ms), wide QRS 
complex (>198 ms) and an increased intrinsicoid de-
flection time in lead V2 (>85 ms).13

The approach for VT ablation is either retro-
grade through the aortic valve or through the intra-
atrial septum via a transseptal puncture, while in the 
case of epicardial circuits a subxiphoid approach is 
used. In patients with recurring VT who are refrac-
tory to both drugs and ablation, surgical ablation or 
excision of the arrhythmogenic focus is a therapeu-
tic option that is used in specialised centres. Surgical 
treatment requires preoperative and intraoperative 
mapping in order to determine the arrhythmogenic 
regions precisely.1
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Figure 1. Morphology of the QRS complex on the 12-lead ECG in scar-related ventricular tachycardia, according to the focus or exit zone 
in the left ventricle. LBBB: left bundle branch block; RBBB: right bundle branch block.
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VT mapping

The selection and use of various mapping techniques 
in patients with VT depends on the mechanism of the 
arrhythmia and on whether the mapping must be car-
ried out in sinus rhythm or during the VT. Mapping 
during VT requires both VT inducibility and haemo-
dynamically acceptable tolerance. The target of abla-
tion in idiopathic VT is the discrete focus of the ar-
rhythmia, which does not exhibit anatomical or elec-
trophysiological abnormalities. Mapping to identi-
fy the location of the focus is carried out during the 
VT. In contrast, in scar-related VT the ablation tar-
get is the slow-conduction zone (isthmus). This zone 
may be located anatomically during sinus rhythm, 
although its participation in the VT circuit must be 
proven during the VT using pacing manoeuvres.

Activation mapping

Activation mapping is recommended for reproducing 
the course of the electrical front. This is achieved by 
comparing the local activation time at various points 
in relation to a pre-selected point of reference. The 
electroanatomical mapping systems CARTO® (Bio-
sense Webster, Diamond Bar CA, USA) and NavX® 
(Endocardial Solutions, St. Jude Medical, Inc., St. 
Paul MN, USA) can create a three-dimensional re-
production of the course of the electrical stimulus in 
the ventricular myocardium by demarcating a specific 
activation time for each selected point and convert-
ing these arithmetic data into a coloured map. These 
maps can contribute to a better understanding of the 
tachycardia’s mechanism and circuit.14,15 The CAR-
TO system uses three magnetic fields that are creat-
ed below the patient’s chest. A magnetic field sensor 
that is incorporated in the tip of the ablation catheter 
measures the magnetic field strength and converts it 
to an optical signal in the three-dimensional space.

Non-contact mapping allows the simultaneous 
recording of the stimulus from multiple points and 
can be especially useful in the reproduction of activa-
tion maps during haemodynamically unstable or non-
sustained VT.16 Briefly, the Ensite non-contact map-
ping system (Endocardial Solutions, St. Jude Medi-
cal, Inc., St. Paul MN, USA) uses a multi-electrode 
array to record electrical signals endocardially from 
various sites. This catheter has the form of a balloon 
with 64 electrodes on its surface and can be used to 
record a single extrasystole reliably. The three-dimen-
sional visualisation of the electrodes on the surface of 

the balloon and the geometry of the cavity is achieved 
through the application of a low-level electrical field 
between each balloon electrode and a catheter.

Idiopathic VT is usually well tolerated clinically 
and is therefore suitable for the above mapping tech-
niques. The target of ablation in these focal tachycar-
dias is the point with the earliest activation. Apart from 
the timing of the electrograms, careful analysis of the 
unipolar electrograms, which usually have a QS mor-
phology, can be useful in locating the focus of the VT.

Monomorphic VTs due to scar are usually re-
entrant tachycardias.5,6 Mapping should be aimed at 
the isthmus or the exit of the stimulus from the ven-
tricular myocardium. The isthmus is reproduced dur-
ing the VT with mid-diastolic potentials located be-
tween two successive QRS complexes (Figure 2). Pre-
systolic potentials that precede the QRS complex re-
produce the exit of the VT circuit. However, the re-
al contribution of these potentials to the VT circuit 
must be confirmed by entrainment mapping.

Entrainment mapping

Entrainment mapping is used as a supplement to ac-
tivation mapping in re-entry VT (Figure 3). The basic 
limitations of entrainment mapping are when “clinical” 
VT cannot be induced or is poorly tolerated haemody-
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Figure 2. Mid-diastolic potentials during ventricular tachycardia. 
The tracings show the 12-lead ECG (50 mm/s) and bipolar record-
ings from the distal and proximal poles of the ablation catheter 
(Map p and Map d). The tachycardia has a cycle length of 450 
ms and a right bundle branch block morphology. Bipolar electro-
grams of the distal poles of the ablation catheter (Map d) show 
mid-diastolic potentials (arrows).
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namically. It consists of continuous resetting of the VT 
circuit by performing overdrive pacing approximately 
20 to 30 ms faster than the tachycardia cycle length. 
For the evaluation of entrainment mapping, the tachy-
cardia must be accelerated transiently to the paced 
cycle length and then allowed to return to its own cy-
cle length after the cessation of pacing. The presence 
or absence of “fusion” (changes in the morphology of 
the QRS complex) during pacing, as well as the dura-
tion of the post-pacing interval (PPI) at the stimulation 
site should be analysed thoroughly. As shown in Figure 
4, the sites/regions of the ventricular myocardium that 
may or may not participate in the VT cycle based on 
entrainment mapping are classified as follows:17

A. Pacing from the slow-conduction zone (isthmus) 
leads to concealed entrainment (same QRS mor-
phology during stimulation and spontaneous VT) 
with a similar PPI (±30 ms), while the stimulus-
QRS interval during pacing is comparable with 
the local potential-QRS interval during tachycar-
dia (±20 ms). The protected isthmus with slow 
conduction is the ideal target for ablation.

B. Entrainment from zones within the scar that do 

not participate actively in the tachycardia circuit 
may lead to concealed entrainment, but it will 
typically display long PPI (adjacent bystanders).

C. Points corresponding to the outer loop of the cir-
cuit exhibit entrainment with fusion, while the 
PPI matches the VT cycle length.

D. Points far away from the VT circuit (remote by-
standers) show entrainment with fusion and a 
prolonged PPI (>30 ms more than the tachycar-
dia cycle length).

Substrate mapping

Substrate mapping is a useful way to go beyond the 
limitations of activation and entrainment mapping as 
regards scar-related VT. It is recommended for the 
identification of an anatomical substrate that could 
lead to VT (scars and zones of slow conduction) 
through the creation of a coloured, three-dimension-
al map of the left ventricle that records the amplitude 
of the local electrogram potential during sinus rhythm. 
Regions with low potential (<1.5 mV) are considered 
pathological.5,6,14,18 Apart from regions designated as 
scar (<0.5 mV), points should be recorded on the map 
to depict isolated end-systolic (split potentials) or frag-
mented potentials (>133 ms) and may represent zones 
of anisotropy or slow conduction that are responsible 
for maintaining the tachycardia (Figure 5). Isolated 
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Figure 3. Entrainment mapping showing concealed entrainment. 
The electrograms are as in Figure 2. Entrainment mapping is per-
formed over the tip of the catheter with a cycle length of 400 ms. 
The QRS complex arising from the stimulus has the same mor-
phology as the ventricular tachycardia in all 12 leads (concealed 
entrainment). The stimulus-QRS interval during pacing corre-
sponds to the local potential-QRS interval during the tachycardia 
and the post-pacing interval matches the tachycardia cycle length. 
This proves that the ablation catheter has been placed in the isth-
mus zone of the re-entry circuit.
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Figure 4. Basic principles of entrainment mapping (see text).
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end-systolic potentials that are separated from the lo-
cal ventricular electrogram by an isoelectric interval 
≥20 ms have a sensitivity and specificity of 80% and 
84%, respectively, in the detection of a slow-conduc-
tion zone. For an isoelectric interval ≥50 ms the sensi-
tivity and specificity are 54% and 90%, respectively.19

When the VT is inducible and stable, short en-
trainment should be performed at the same time as 
substrate mapping in order to limit the number of ab-
lation lesions. Many ablation strategies target the ana-
tomical substrate of the tachycardia, mainly via the cre-
ation of linear lesions that cross the isthmuses.11,2,5,6,20

Pace mapping

Pace mapping consists in stimulating different sites 
during sinus rhythm to compare the morphology of 
the stimulated QRS complexes to the clinical VT 
morphology. Pace mapping is very useful for locat-
ing the origin of focal VT (Figure 6), especially when 
only a few ventricular extrasystoles are recorded or 
when clinical VT cannot be induced. However, it is 
less precise than activation mapping.

In scar-related VT, stimulation from any point 
within the slow-conduction zone produces a 12-lead 

ECG having identical morphology to that of the VT, 
proving that the activation exits the isthmus at the 
same point as in clinical VT. The gap between the 
stimulation point and the VT exit point indicates the 
conduction delay in the slow-conduction zone.21 Pace 
mapping can be used to supplement substrate map-
ping in the determination of electrically refractory 
zones that may demarcate a possible isthmus zone,22 
and exit zones at the scar boundary that show a QRS 
morphology similar to clinical VT, with a short stim-
ulus-QRS interval.19,23 Regions with excellent pace 
mapping and a stimulus-QRS interval >40 ms corre-
spond to the slow conduction region (isthmus).

Failure of endocardial ablation raises the suspi-
cion of an epicardial substrate, especially in the pres-
ence of specific electrocardiographic features.13 The 
pericardial area may be reached either via a subxi-
phoid approach24 or surgically.25 Epicardial ablation 
should be performed using an irrigated tip catheter. 
High amplitude pacing and coronary angiography, re-
spectively, are essential to determine the route of the 
phrenic nerve and rule out the presence of coronary 
arteries close to the ablation region.26

Ablation of idiopathic VT

Idiopathic VT from the right or left ventricular outflow 
tract (adenosine-sensitive)

Tachycardias originating from the outflow tract are 
the most common forms of idiopathic VT. They usu-
ally originate from the right ventricular outflow tract 
(RVOT), although a number of other foci have been 

II

III

aVR

aVL

aVF

Map P

Map D

V1

V2

V3

V4

V5

V6

I
13 14

Figure 5. Isolated end-systolic potentials (arrows) that represent 
zones of anisotropy or slow conduction in a patient with arrhyth-
mogenic right ventricular cardiomyopathy.
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Figure 6. Pace mapping in a patient with extrasystolic ventricular 
arrhythmia from the right ventricular outflow tract, showing that 
the extrasystole and the paced beat are absolutely identical (12/12).
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described and will be discussed below.3,4 The R/S ratio 
in lead V3 is useful for orientation of the mapping be-
tween right and left ventricular outflow tract (LVOT). 
If R<S in V3, the tachycardia probably originates from 
the RVOT; whereas if R>S with a dominant R-wave in 
V1 or V2, an LVOT origin should be suspected. When 
the R-wave is equal to the S, the origin may from either 
the RVOT or the LVOT, or from the epicardium.27

VT from the RVOT

Various ECG algorithms have been created for the 
orientation of electrical mapping in the RVOT.28,29 An 
example of a posteroseptal RVOT is presented in Fig-
ure 7A. The precise origin of the VT is located using 
both activation mapping (seeking the earliest activa-
tion, about 30 ms before the onset of the QRS com-
plex) and pace mapping. The rate of successful abla-
tion of VTs from the RVOT varies from 65% to 95% 
according to the literature.30-32 The complication rate 
is low, although some cases of cardiac tamponade have 
been reported after perforation of the right ventricular 
free wall. Rarely, the VT may originate from muscle 
sleeves that extend above the pulmonary artery.33

VT from the LVOT

Tachycardias from the LVOT originate from the up-
per section of the left interventricular septum, im-
mediately below the aortic valve or its cusps.34-36 The 
septal sites (around the His bundle) show a QS or Qr 
morphology in lead V1. In contrast, all the other sites 
show a qR, R or Rs morphology in lead V1 (Figure 
7B). More specifically, the presence of a qR morphol-
ogy in lead V1 is considered pathognomonic for the 
aorto-mitral continuity (Figure 7C, Figure 8).36 VT 
may also originate from the left (“M” or “W” mor-
phology in lead V1) or the right aortic cusp (rS or QS 
morphology in lead V1).35,36 These tachycardias origi-
nate from extensions of ventricular myocardium that 
cross the aortic annulus. To avoid acute obstruction 
of the left or right coronary artery, it is necessary to 
use coronary angiography or intracardiac ultrasound 
to monitor the position of the ablation catheter dur-
ing radiofrequency current delivery.

Idiopathic left fascicular VT (verapamil-sensitive)

The clinical features of idiopathic left fascicular VT, 
as described by Zipes et al37 and Belhassen et al,38 in-

clude the absence of structural heart disease, easy in-
duction with atrial pacing and sensitivity to verapamil. 
There are three types of bundle VT: 1) left poste-
rior fascicular VT, with right bundle branch block 
(RBBB) morphology and left axis deviation (most 
common type, 90%; Figure 7D); 2) left anterior fas-
cicular VT, with RBBB morphology and right axis 
deviation; and 3) upper septal fascicular VT, with a 
narrow QRS and a normal or right-deviated axis. The 
VT circuit is not fully understood. It includes the left 
Purkinje system (posterior and anterior left bundle), 
while the ventricular myocardium probably partici-
pates as a bridge. Ablation should target diastolic po-
tentials during VT.39,40 If it is not possible to record 
diastolic potentials we target pre-systolic Purkinje po-
tentials fused with the ventricular electrogram dur-
ing VT. Pace mapping is not particularly useful in this 
kind of VT. Linear lesions in the distal third of the 
posterior fascicle (inferior interventricular septum), 
avoiding the proximal Purkinje system, are usually 
successful.41 The success rate recorded in the litera-
ture is about 80% and complications are rare.

VT ablation in patients with structural heart disease

Bundle branch re-entry VT

This tachycardia usually occurs in patients with struc-
tural heart disease and a diseased Purkinje system, 
which translates electrophysiologically into a pro-
longed HV interval.42 Most patients have left bundle 
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Figure 7. Idiopathic ventricular extrasystoles from the right ven-
tricular outflow tract (A), left ventricular outflow tract (B), aorto-
mitral continuity (C), and left posterior fascicular ventricular 
tachycardia (D).
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branch block (LBBB) on the surface ECG. In the usual 
type of bundle branch re-entrant VT, the wavefront is 
conducted antegradely via the right bundle branch and 
retrogradely via the left bundle branch. Thus, the VT 
exhibits an LBBB morphology. During tachycardia, the 
HV interval is greater than or equal to the HV during 
sinus rhythm. Also, as in all re-entrant tachycardias, it 
is susceptible to entrainment mapping. Treatment con-
sists in ablation of the right branch of the His bundle. 
However, in about 30-40% of patients implantation of 
a pacemaker and/or defibrillator is required because 
other kinds of VT often coexist.42

Re-entrant VT due to scar

After myocardial infarction

As already discussed, VTs following a myocardial in-
farction involve scar-related re-entrant tachycardias. 
Ablation should target the slow-conduction zone (isth-
mus), which is usually located within the scar and is re-
sponsible for maintaining the re-entry circuit. The best 
way to locate the isthmus is by using activation or en-
trainment mapping. As mentioned above, this is not al-
ways feasible. An alternative solution is substrate map-

ping (Figure 9). In any case, ablation aims to eliminate 
the patient’s clinical tachycardia and not the various 
“non-clinical” VTs that may be observed during the 
course of the procedure. The use of a cooled tip cath-
eter that causes larger and deeper lesions is to be pre-
ferred in ablation of this VT.43 Finally, the presence of 
an epicardial circuit should always be taken into con-
sideration, as it is present in 10-30% of these VTs. VT 
ablation following myocardial infarction is initially suc-
cessful in 70-95% of patients when substrate mapping 
is used.6 However, comparisons are difficult since the 
endpoint of ablation differs among various studies. VT 
reoccurs in 20-50% of patients, although in the major-
ity of cases the frequency of episodes is reduced. A re-
cent study showed that preventive VT ablation based 
on the substrate succeeded in significantly reducing the 
number of defibrillator discharges during follow up.10 
Furthermore, the VTACH study found that the time 
to first discharge was significantly longer in patients 
who underwent ablation.44

Dilated cardiomyopathy

Although VTs in patients with dilated cardiomyo-
pathy are also scar-related re-entrant tachycardias, 
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Figure 8. Successful ablation of extrasystolic ventricular arrhythmia from the aorto-mitral continuity. A: surface ECG with qR morphol-
ogy in lead V1 on the ventricular extrasystole; B: pace mapping with absolutely identical complexes (12/12); C: activation mapping with the 
CARTO 3 three-dimensional imaging system. The red dots correspond to the sites of successful ablation.
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radio frequency ablation is more challenging than in 
post-infarction patients because of the greater com-
plexity of the substrate. These patients exhibit multiple 
scar regions that result in the development of different 
re-entry circuits. Epicardial circuits occur in more than 
30% of these patients. The success rate described in 
the literature varies between 35% and 60%.6

Arrhythmogenic right ventricular cardiomyopathy

In patients with arrhythmogenic right ventricular car-
diomyopathy, the re-entry circuits include scar re-
gions around the tricuspid or the pulmonary valve 
annulus and lead to VT with an LBBB morphology. 
Epicardial circuits are also likely in this disease.45,46 
The precise success rate after ablation is unknown 
and depends on the progress of the disease.

Ablation of polymorphic VT and ventricular fibrillation

Haissaguerre et al were the first to describe a new ap-
proach to the ablation of polymorphic VT or ventric-
ular fibrillation.47 Because of the unstable nature of 
these arrhythmias, the method does not aim at map-
ping during the tachycardia, but at mapping and abla-
tion of the original trigger (ventricular extrasystole) 
that is most commonly located in the Purkinje system 
(pre-systolic Purkinje potentials). Since then, this ap-

proach has been used in patients with long QT syn-
drome, Brugada syndrome,48 or after a recent myo-
cardial infarction,49,50 as these patients exhibit fre-
quent polymorphic VT or ventricular fibrillation. In 
these small studies success rates of up to 90% have 
been reported.

Complications of VT ablation

Catheter ablation of VT is a complex invasive proce-
dure that entails severe risks, especially in the case 
of patients with advanced structural heart disease. 
In contrast, complications are rarely observed in the 
ablation of idiopathic VTs. Major complications are 
considered to be those that lead to a prolongation of 
hospitalisation, or require an additional procedure 
for treatment, or result in severe damage or death. 
Severe complications are observed in 8% of patients 
with advanced disease and mortality has been report-
ed as 3%.1,2 Significant vascular lesions at the perfo-
ration site (haematoma, arteriovenous shunt, pseu-
doaneurysm) are seen in 2% of patients.1,2 Thrombo-
embolic phenomena have been reported in 1.3% of 
patients who undergo ablation for VT.1,2 The use of 
irrigated tip catheters and meticulous anticoagulation 
during the procedure reduces the risk of occurrence 
of thromboembolic episodes. Cardiac tamponade has 
been reported in 1% of cases.1,2

Indications for VT ablation

According to current guidelines (EHRA/HRS Expert 
Consensus on Catheter Ablation of Ventricular Ar-
rhythmias),1 catheter ablation of VT in the setting of 
structural heart disease is recommended:
•	 for symptomatic sustained monomorphic VT 

(SMVT), including VT terminated by an ICD, that 
recurs despite antiarrhythmic drug therapy or when 
antiarrhythmic drugs are not tolerated or not desired;

•	 for control of incessant SMVT or VT storm that is 
not due to a transient reversible cause;

•	 for patients with frequent premature ventricular 
complexes, non-sustained VT, or VT that is pre-
sumed to cause ventricular dysfunction;

•	 for bundle branch re-entrant or interfascicular VT;
•	 for recurrent sustained polymorphic VT and ven-

tricular fibrillation that is refractory to antiarrhyth-
mic therapy when there is a suspected trigger that 
can be targeted for ablation.
Catheter ablation of VT is recommended for pa-

tients with idiopathic VT:

Figure 9. Substrate mapping with the CARTO 3 three-dimension-
al imaging system and ablation of the regions with low potentials 
(red dots) in a patient with ischaemic heart disease.
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•	 for monomorphic VT that is causing severe symp-
toms;

•	 for monomorphic VT when antiarrhythmic drugs 
are not effective, not tolerated, or not desired;

•	 for recurrent sustained polymorphic VT and ven-
tricular fibrillation (electrical storm) that is re-
fractory to antiarrhythmic therapy when there is 
a suspected trigger that can be targeted for abla-
tion.

Conclusions

Recent years have seen significant progress in both 
our understanding of the pathophysiological mecha-
nisms of VT and the development of mapping and 
ablation techniques. This has allowed specialised cen-
tres to carry out ablation of VT in patients with or 
without structural heart disease, with a high success 
rate and few complications.

References

1. Aliot EM, Stevenson WG, Almendral-Garrote JM, et al. EH-
RA/HRS Expert Consensus on Catheter Ablation of Ven-
tricular Arrhythmias: developed in a partnership with the 
European Heart Rhythm Association (EHRA), a Registered 
Branch of the European Society of Cardiology (ESC), and 
the Heart Rhythm Society (HRS); in collaboration with the 
American College of Cardiology (ACC) and the American 
Heart Association (AHA). Europace. 2009; 11: 771-817.

2. Natale A, Raviele A, Al-Ahmad A, et al. Venice Chart In-
ternational Consensus document on ventricular tachycardia/
ventricular fibrillation ablation. J Cardiovasc Electrophysiol. 
2010; 21: 339-379.

3. Wilber DJ. Catheter ablation of ventricular tachycardia: two 
decades of progress. Heart Rhythm. 2008; 5: S59-63.

4. Arya A, Piorkowski C, Sommer P, Gerds-Li J-H, Kottkamp 
H, Hindricks G. Idiopathic outflow tract tachycardias: cur-
rent perspectives. Herz. 2007; 32: 218-225.

5. Eckardt L, Breithardt G. Catheter ablation of ventricular 
tachycardia. From indication to three-dimensional mapping 
technology. Herz. 2009; 34: 187-196.

6. Stevenson WG, Soejima K. Catheter ablation for ventricular 
tachycardia. Circulation. 2007; 115: 2750-2760.

7. Irvine J, Dorian P, Baker B, et al. Quality of life in the Ca-
nadian Implantable Defibrillator Study (CIDS). Am Heart J. 
2002; 144: 282-289.

8. Schron EB, Exner DV, Yao Q, et al. Quality of life in the an-
tiarrhythmics versus implantable defibrillators trial: impact of 
therapy and influence of adverse symptoms and defibrillator 
shocks. Circulation. 2002; 105: 589-594.

9. Moss AJ, Greenberg H, Case RB, et al. Long-term clinical course 
of patients after termination of ventricular tachyarrhythmia by an 
implanted defibrillator. Circulation. 2004; 110: 3760-3765.

10. Reddy VY, Reynolds MR, Neuzil P, et al. Prophylactic cath-
eter ablation for the prevention of defibrillator therapy. N 
Engl J Med. 2007; 357: 2657-2665.

11. Bänsch D, Oyang F, Antz M, et al. Successful catheter abla-
tion of electrical storm after myocardial infarction. Circula-
tion. 2003; 108: 3011-3016.

12. Carbucicchio C, Santamaria M, Trevisi N, et al. Catheter ab-
lation for the treatment of electrical storm in patients with 
implantable cardioverter-defibrillators: short- and long-term 
outcomes in a prospective single-center study. Circulation. 
2008; 117: 462-469.

13. Berruezo A, Mont L, Nava S, Chueca E, Bartholomay E, 
Brugada J. Electrocardiographic recognition of the epicar-
dial origin of ventricular tachycardias. Circulation. 2004; 109: 
1842-1847.

14. Marchlinski FE, Callans DJ, Gottlieb CD, Zado E. Linear 
ablation lesions for control of unmappable ventricular tachy-
cardia in patients with ischemic and nonischemic cardiomy-
opathy. Circulation. 2000; 101: 1288-1296.

15. de Chillou C, Lacroix D, Klug D, et al. Isthmus characteris-
tics of reentrant ventricular tachycardia after myocardial in-
farction. Circulation. 2002; 105: 726-731.

16. Della Bella P, Pappalardo A, Riva S, Tondo C, Fassini G, Trev-
isi N. Non-contact mapping to guide catheter ablation of untol-
erated ventricular tachycardia. Eur Heart J. 2002; 23: 742-752.

17. Stevenson WG, Khan H, Sager P, et al. Identification of re-
entry circuit sites during catheter mapping and radiofrequen-
cy ablation of ventricular tachycardia late after myocardial in-
farction. Circulation. 1993; 88: 1647-1670.

18. Arenal A, del Castillo S, Gonzalez-Torrecilla E, et al. Tachy-
cardia-related channel in the scar tissue in patients with sus-
tained monomorphic ventricular tachycardias: influence of 
the voltage scar definition. Circulation. 2004; 110: 2568-2574.

19. Bogun F, Good E, Reich S, et al. Isolated potentials during 
sinus rhythm and pace-mapping within scars as guides for ab-
lation of post-infarction ventricular tachycardia. J Am Coll 
Cardiol. 2006; 47: 2013-2019.

20. Soejima K, Suzuki M, Maisel WH, et al. Catheter ablation in 
patients with multiple and unstable ventricular tachycardias 
after myocardial infarction: short ablation lines guided by re-
entry circuit isthmuses and sinus rhythm mapping. Circula-
tion. 2001; 104: 664-669.

21. Brunckhorst CB, Delacretaz E, Soejima K, Maisel WH, 
Friedman PL, Stevenson WG. Identification of the ventricu-
lar tachycardia isthmus after infarction by pace mapping. Cir-
culation. 2004; 110: 652-659.

22. Soejima K, Stevenson WG, Maisel WH, Sapp JL, Epstein 
LM. Electrically unexcitable scar mapping based on pacing 
threshold for identification of the reentry circuit isthmus: fea-
sibility for guiding ventricular tachycardia ablation. Circula-
tion. 2002; 106: 1678-1683.

23. Arenal A, Glez-Torrecilla E, Ortiz M, et al. Ablation of elec-
trograms with an isolated, delayed component as treatment 
of unmappable monomorphic ventricular tachycardias in pa-
tients with structural heart disease. J Am Coll Cardiol. 2003; 
41: 81-92.

24. Sosa E, Scanavacca M, d’Avila A, Oliveira F, Ramires JA. 
Nonsurgical transthoracic epicardial catheter ablation to treat 
recurrent ventricular tachycardia occurring late after myocar-
dial infarction. J Am Coll Cardiol. 2000; 35: 1442-1449.

25. Soejima K, Couper G, Cooper JM, Sapp JL, Epstein LM, 
Stevenson WG. Subxiphoid surgical approach for epicardial 
catheter-based mapping and ablation in patients with prior 
cardiac surgery or difficult pericardial access. Circulation. 
2004; 110: 1197-1201.

26. d’Avila A, Houghtaling C, Gutierrez P, et al. Catheter abla-



436 • HJC (Hellenic Journal of Cardiology)

K.P. Letsas et al

tion of ventricular epicardial tissue: a comparison of standard 
and cooled-tip radiofrequency energy. Circulation. 2004; 109: 
2363-2369.

27. Tanner H, Hindricks G, Schirdewahn P, et al. Outflow tract 
tachycardia with R/S transition in lead V3: six different ana-
tomic approaches for successful ablation. J Am Coll Cardiol. 
2005; 45: 418-423.

28. Yoshida Y, Hirai M, Murakami Y, et al. Localization of pre-
cise origin of idiopathic ventricular tachycardia from the right 
ventricular outflow tract by a 12-lead ECG: a study of pace 
mapping using a multielectrode “basket” catheter. Pacing 
Clin Electrophysiol 1999; 22: 1760-1768.

29. Joshi S, Wilber DJ. Ablation of idiopathic right ventricular 
outflow tract tachycardia: current perspectives. J Cardiovasc 
Electrophysiol. 2005; 16 Suppl 1: S52-58.

30. Borger van der Burg AE, de Groot NMS, van Erven L, Bootsma 
M, van der Wall EE, Schalij MJ. Long-term follow-up after ra-
diofrequency catheter ablation of ventricular tachycardia: a suc-
cessful approach? J Cardiovasc Electrophysiol. 2002; 13: 417-423.

31. Vestal M, Wen M-S, Yeh S-J, Wang C-C, Lin F-C, Wu D. 
Electrocardiographic predictors of failure and recurrence in 
patients with idiopathic right ventricular outflow tract tachy-
cardia and ectopy who underwent radiofrequency catheter 
ablation. J Electrocardiol. 2003; 36: 327-332.

32. Krittayaphong R, Sriratanasathavorn C, Dumavibhat C, et al. 
Electrocardiographic predictors of long-term outcomes after 
radiofrequency ablation in patients with right-ventricular out-
flow tract tachycardia. Europace. 2006; 8: 601-606.

33. Yamashina Y, Yagi T, Namekawa A, et al. Clinical and elec-
trophysiological difference between idiopathic right ventricu-
lar outflow tract arrhythmias and pulmonary artery arrhyth-
mias. J Cardiovasc Electrophysiol. 2010; 21: 163-169.

34. Ouyang F, Fotuhi P, Ho SY, et al. Repetitive monomorphic 
ventricular tachycardia originating from the aortic sinus cusp: 
electrocardiographic characterization for guiding catheter 
ablation. J Am Coll Cardiol. 2002; 39: 500-508.

35. Hachiya H, Aonuma K, Yamauchi Y, Igawa M, Nogami A, 
Iesaka Y. How to diagnose, locate, and ablate coronary cusp 
ventricular tachycardia. J Cardiovasc Electrophysiol. 2002; 
13: 551-556.

36. Dixit S, Gerstenfeld EP, Lin D, et al. Identification of distinct 
electrocardiographic patterns from the basal left ventricle: 
distinguishing medial and lateral sites of origin in patients 
with idiopathic ventricular tachycardia. Heart Rhythm. 2005; 
2: 485-491.

37. Zipes DP, Foster PR, Troup PJ, Pedersen DH. Atrial induc-
tion of ventricular tachycardia: reentry versus triggered auto-
maticity. Am J Cardiol. 1979; 44: 1-8.

38. Belhassen B, Rotmensch HH, Laniado S. Response of recur-
rent sustained ventricular tachycardia to verapamil. Br Heart 
J. 1981; 46: 679-682.

39. Ouyang F, Cappato R, Ernst S, et al. Electroanatomic sub-
strate of idiopathic left ventricular tachycardia: unidirectional 
block and macroreentry within the purkinje network. Circula-
tion. 2002; 105: 462-469.

40. Arya A, Haghjoo M, Emkanjoo Z, et al. Comparison of pre-
systolic purkinje and late diastolic potentials for selection of 
ablation site in idiopathic verapamil sensitive left ventricular 
tachycardia. J Interv Card Electrophysiol. 2004; 11: 135-141.

41. Lin D, Hsia HH, Gerstenfeld EP, et al. Idiopathic fascicular 
left ventricular tachycardia: linear ablation lesion strategy for 
noninducible or nonsustained tachycardia. Heart Rhythm. 
2005; 2: 934-939.

42. Balasundaram R, Rao HB, Kalavakolanu S, Narasimhan C. 
Catheter ablation of bundle branch reentrant ventricular 
tachycardia. Heart Rhythm. 2008; 5: S68-72.

43. Soejima K, Delacretaz E, Suzuki M, et al. Saline-cooled ver-
sus standard radiofrequency catheter ablation for infarct-re-
lated ventricular tachycardias. Circulation. 2001; 103: 1858-
1862.

44. Kuck K-H, Schaumann A, Eckardt L, et al. Catheter ablation 
of stable ventricular tachycardia before defibrillator implan-
tation in patients with coronary heart disease (VTACH): a 
multicentre randomised controlled trial. Lancet. 2010; 375: 
31-40.

45. Marchlinski FE, Zado E, Dixit S, et al. Electroanatomic sub-
strate and outcome of catheter ablative therapy for ventricu-
lar tachycardia in setting of right ventricular cardiomyopathy. 
Circulation. 2004; 110: 2293-2298.

46. Miljoen H, State S, de Chillou C, et al. Electroanatomic map-
ping characteristics of ventricular tachycardia in patients with 
arrhythmogenic right ventricular cardiomyopathy/dysplasia. 
Europace. 2005; 7: 516-524.

47. Haïssaguerre M, Shoda M, Jaïs P, et al. Mapping and abla-
tion of idiopathic ventricular fibrillation. Circulation. 2002; 
106: 962-967.

48. Haïssaguerre M, Extramiana F, Hocini M, et al. Mapping 
and ablation of ventricular fibrillation associated with long-
QT and Brugada syndromes. Circulation. 2003; 108: 925-928.

49. Szumowski L, Sanders P, Walczak F, et al. Mapping and ab-
lation of polymorphic ventricular tachycardia after myocardi-
al infarction. J Am Coll Cardiol. 2004; 44: 1700-1706.

50. Marrouche NF, Verma A, Wazni O, et al. Mode of initiation 
and ablation of ventricular fibrillation storms in patients with 
ischemic cardiomyopathy. J Am Coll Cardiol. 2004; 43: 1715-
1720.


