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This article will discuss the past, present, and future of ventricular tachycardia ablation and the continuing contribution of the

Europace journal as the platform for publication of milestone research papers in this field of ventricular tachycardia ablation.
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Introduction

Ventricular arrhythmias (VAs), an important cause of morbidity and mor-
tality, are attributed to sudden cardiac death that used to be a terminal
event until after the introduction of defibrillation therapy in the mid-20th
century."* Rapid developments have taken place since then in our under-
standings of the VAs and our ability to diagnose and treat them.?

Catheter ablation (CA) is currently considered the most effective
non-pharmacological approach in reducing recurrence of VA The ab-
lation strategy, as well as its efficacy, is highly dependent on the accuracy
of mapping of the substrate under investigation.* Ventricular tachycar-
dia (VT) ablation in structural heart disease has evolved from proce-
dures based on mapping in VT to substrate mapping in sinus
rhythm.? Substrate mapping characterizes areas likely to support re-
entry based on electrophysiological characteristics that can be deter-
mined during stable sinus or paced rhythm leading to efficient elimin-
ation of VTs.*> Additionally, ablation is now a valid therapeutic option
for VF storm as well as for VAs in genetic syndromes such as
Brugada and Long QT. Furthermore, with the advancements in map-
ping technology, we are now aware of many sites of origin of premature
ventricular complexes (PVCs) other than the right ventricular outflow
tract and fascicular VT.

Needless to say, understanding the substrate is the quintessence of
successful VT ablations.® Definite progress has been made in this direc-
tion with the introduction of high-density mapping, decrement-evoked

potential-based VT substrate modification and hidden slow conduc-
tion analysis, multipolar catheters and the non-thermal pulse-field
ablation system, etc. This article will discuss the past, present, and
the future of VT ablation and the continuing contribution of the
Europace journal as the platform for publication of milestone research
papers in this field.

Energy options for ventricular
tachycardia ablation

Among the energy options available for CA of VT, radiofrequency (RF)
energy is often the first-line choice. However, RF energy is limited by
the inability to create penetrating lesions to reach intramyocardial ori-
gins, emerging energy sources may improve the safety and efficacy of
VT ablation.

Radiofrequency energy

For traditional single electrode discharge, the current density will con-
tinuously decay, which ensures that the deep tissue is heated, but also
prevents excessive damage to the non-lesion. However, the pathologic-
al products such as blood clots, carbonized crusts, and microbubbles
caused by electrical heating may trigger complications such as myocar-
dial rupture and embolism. In the case of VT, the ventricular wall tends
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to be thick and scarred, so RF energy is often difficult to reach the ideal
depth. The application of flushing irrigation catheters led to improved
transmural injury, where cold saline irrigation can control lesion size
by dispersing current density due to its conductive properties. VWhen
VT ablation is performed with irrigated RF catheters, the depth of le-
sion is ensured, and clot formation is reduced.® In addition, the use of al-
ternative perfusion agents such as half normal saline and glucose solutions
has been reported to be able to produce deeper lesion.” However, with
low ion perfusion agents, reducing impedance may increase the risk of
cardiac rupture and stroke.® It has also been reported that bipolar abla-
tion and simultaneous unipolar RF ablation can obtain deeper transmural
injury and successfully terminate VT where unipolar ablation is unsuc-
cessful.”'® Given the potential risks of unpredictable myocardial injury
with novel RF techniques, especially when increased current delivery is
involved, randomized controlled studies are required. Moreover, the de-
velopment of needle-tip catheters has been underway, the catheter can
overcome the lack of intramural injury delivery while allowing for more
refined mapping. Recently, a multicentre study showed acute and satis-
factory mid-term control of difficult VTs."”

Alternative energy

In some VT cases where RF ablation fails due to catheter instability,
cryoablation has better results because it improves catheter-
myocardial contact. Berte et al.'? ablated a sheep model using a liquid
nitrogen freezing system and showed better transmural injury with-
out a significant increase in complications. Gordon et al.”? indicated
that cryoenergy is a stable alternative energy for VT patients who
have failed radiofrequency ablation. Ethanol ablation that can lead
to effective substrate modification through coronary venous system
is another option to ablate refractory VTs.'* Stereotactic radiother-
apy (STAR) targeting the VT stromal region is a promising energy for
VT patients, especially for those who cannot tolerate complex and
prolonged cardiac procedure. This treatment is performed by non-
invasive matrix labelling in combination with magnetic resonance car-
diography to label the source of VT. The STAR can produce myocar-
dial damage in localized areas of the ventricular myocardium. The
Netherlands group published a registry prospective study that in-
cluded 73 patients with ischaemic cardiomyopathy showed a reduc-
tion intreated VT episodes at the end of follow-up in 67 patients
(87%). During the follow-up period, no treatment-related serious
adverse events were observed." In addition, scientists have also pro-
posed the use of proton beams, carbon beams, and other energies
for VT ablation,’® but these non-invasive VT ablation methods re-
quire further studies on the long-term efficacy and potential effects
of radiation on the heart and adjacent organs are still under investi-
gation. Pulsed field ablation (PFA) is a novel, non-thermal modality by
irreversibly electroporating cell membranes, which can spare collat-
eral tissues damage. Koruth et al."” demonstrated that in swine mod-
els, ventricular endocardial delivery of focal PFA is both safe and
feasible. We look forward to more clinical trial data and in-depth
studies of these new techniques.

Scar-related ventricular
tachycardia

Ventricular tachycardia ablation guided by

activation mapping

Programmed electrical stimulation (PES) and observations during ini-
tiation and termination have supported re-entry as mechanism of
scar-related VT in patients with structural heart disease.'®
Multielectrode mapping of ventricular activation during VT has

enabled identification of critical sites at which ablation consistently
interrupted the circuit in an animal infarct model."’ Mapping re-
entrant VTs in humans is more complex, but the recognition of spe-
cific response characteristics following PES at re-entry circuit sites
has allowed refinement in the localization of these sites relative to
the circuit.?’ These findings have paved the way for activation map-
ping guided VT-ablation targeting critical isthmus sites. Identification
of these critical sites by entrainment mapping, confirmed by termin-
ation of VT during ablation, can be considered gold standard to verify
any mapping criteria applied for substrate mapping during stable
rhythm. Programmed electrical stimulation, activation, and entrain-
ment mapping are tools to guide VT ablation but are also important
to identify underlying mechanisms of VT and to further explore re-
entry circuits in patients with different underlying heart diseases.

Modern multielectrode catheters allow for rapid electrogram ac-
quisition with a potentially better accuracy for VT activation map-
ping because of the increased sensitivity for detection of low
amplitude potentials in the nearfield. Mapping studies in post-infarct
patients with slow, well-tolerated VT, in whom the entire VT circuit
could be mapped, have provided new insights into complex circuit
geometries.”’ Of note, functional barriers to conduction in the isth-
mus were observed in 75%, confirming earlier high-resolution map-
ping studies of post-myocardial Infarction (MI) VT in a swine infarct
model.*? Functional barriers are not always present during sinus
rhythm (SR), highlighting limitations of substrate-based mapping, if
performed during SR or slow pacing rates.

Detailed entrainment mapping has revealed that re-entry circuit isth-
mus sites of mappable post-MI VTs are more often located at the endo-
cardium (62% of VTs), while the VT isthmus of mappable
non-ischaemic cardiomyopathy (NICM) VTs could be identified at
the endo- or epicardium in only 26%.2> Sequential endo- and epicardial
high-density activation mapping of 83 stable VTs has demonstrated that
only 7% of post-MI VTs and 28% of NICM VTs had the complete re-entry
circuit confined to the endocardium or epicardium.24 The full diastolic
pathway (between offset QRS and onset QRS) of clinical VTs, which al-
lowed high-density activation mapping for at least 30 s, could be re-
corded in 42% of patients, more frequently in post-Ml patients
compared to NICM patients and in the majority (72%) from the endo-
cardium.?® Recording of the full diastolic pathway followed by linear ab-
lation at its narrowest site was associated with higher freedom from VT
recurrence, compared to patients with partial diastolic pathway re-
cording and substrate modification. These high-density activation or de-
tailed entrainment mapping studies support a complex 3D activation
with intramural components of re-entry circuits, difficult to detect by
all current mapping techniques.

Of importance, activation and entrainment mapping have limita-
tions and can only be applied in patients, who have mappable VT, de-
fined as VT that'® is (reproducible) inducible,’® has stable conduction
velocities and conduction paths, which are not altered by pacing,
and® is haemodynamically tolerated. Only a minority of patients
have exclusively mappable VTs. The majority requires additional sub-
strate mapping and ablation strategies to improve outcome after ab-
lation.> Whether fast or unstable VTs have similar features as
mappable VT is unknown and verification of substrate mapping tools
for these VTs difficult.

If ablation targets are not easily identifiable during SR or pacing
manoeuvres, especially in patients with non-ischaemic cardiomyop-
athies, haemodynamic mechanical support (HMS) may allow activa-
tion and entrainment mapping of poorly tolerated, fast VT.
Venoarterial extra corporeal membrane oxygenation (VA-ECMO)
provides biventricular support and allows transseptal and transaortic
mapping without electromagnetic interferences.”® Whether this ap-
proach will improve our understanding of 3D substrates and will facili-
tate targeted ablation, especially in non-ischaemic substrates, requires
careful evaluation.
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Substrate-based ventricular tachycardia
mapping

Catheter ablation of VT based on activation mapping proved to
terminate safely and effectively post-infarct VAs.?® Even though the in-
vestigated VT should be reproducibly inducible during the electrophysi-
ology study and should be stable and slow enough to be properly
mapped by this approach, no more than 30% of patients presenting
with scar-related VT display inducible and stable VA.?’ For this reason,
substrate-based strategies have emerged as an alternative option to ef-
fectively map and ablate scar-related VT.28 From the identification and
ablation of late potentials and local abnormal ventricular activities
(LAVA) to scar dechanelling and scar homogenization,” all these
substrate-based strategies have greatly improved the understanding
of VT pathophysiology and thus provide guidance in so-called unmap-
pable ventricular circuits.”” However, these strategies differ for specific
ablation endpoints® and the extension of ventricular ablation,” thus rais-
ing the questions on the best mapping strategy to adopt and in which
clinical context.

In this regard, a meta-analysis published in this journal® showed that
substrate modification was associated with a decreased long-term com-
bined risk of VA recurrence and all-cause mortality when compared to
standard ablation of stable VT [risk ratio (RR) 0.57, 95% confidence
interval (Cl) 0.40-0.81]. In addition, the more extensive the ablation,
the better the results. In fact, the long-term outcome was significantly
improved when strategies based on complete substrate modifications
were adopted vs. incomplete substrate modifications (RR 0.39, 95%
Cl 0.27-0.58).> Of note, more than 70% of the patients included in
the metanalysis had past medical history of ischaemic cardiomyopathy.

Explanation of these results is two-fold. On the one hand, the advan-
tage of substrate modification might be related to the ablation of mul-
tiple scar channels that would be easily missed by activation mapping or
standard ablation. On the other hand, extensive CA would be asso-
ciated with a higher likelihood of eliminating circuits within the com-
plexity of the ventricular scar. However long-term ablation results in
patient with NICM seem to differ.® Endo-epicardial homogenization
of the ventricular scar may significantly increase the freedom from re-
current VT patients.>"2 In NICM patients, the outcomes are different.
The reason should be sought in the septal and mid-myocardial distribu-
tion of the scar in patients affected by NICM that are typically asso-
ciated with a greater risk of VT recurrence after ablation.*®

Although the understanding of the ventricular substrate during VT
ablation is paramount, the current knowledge and technology seem
to fall behind. However, the progressive evolution of mapping tech-
nologies and ablation strategies will help clarify the best ablation ap-
proach in specific clinical scenarios and substrates. Meanwhile,
extensive substrate ablation looks feasible in different clinical setting
and, when necessary, the combination of both activation and substrate
mapping strategies can still be of value in the most complex cases.

Catheter ablation of non-ischaemic

cardiomyopathy ventricular tachycardia

The term NICM includes a heterogeneous group of cardiomyopathic
states that are not due to coronary artery disease and with aetiologies
ranging from genetic conditions to acquired inflammatory or infectious
diseases.>* Despite these heterogeneities, NICM patients undergoing
CA of VT share similarities in the substrate distribution and procedural
approaches required to suppress VT.>>° For instance, imaging and map-
ping studies have consistently documented a perivalvular distribution of
the abnormal substrate responsible for VT in NICM and in patients with
LV NICM, two patterns of scar distribution have been reported: a pre-
dominantly antero-septal (AS) pattern that has a high prevalence of
intramural septal substrate extending to the periaortic region, and a
predominantly infero-lateral (IL) pattern that is mostly characterized

by basal LV free wall involvement greater in the epicardium compared
to the endocardium. Delayed gadolinium-enhanced cardiac magnetic
resonance imaging (CMR) is the gold standard for pre-procedural sub-
strate characterization in NICM. Piers et al.>® have characterized the
substrate distribution of NICM with pre-procedural CMR in 19 con-
secutive patients and highlighted the clinical importance of pre-
procedural distinction between AS and IL substrate patterns owing
to its impact on the procedural approaches, risks, and outcomes.
Oloriz et al. have investigated the baseline 12-lead electrocardiogram
(ECG) features in 108 patients with NICM undergoing VT ablation
and found that the extent of unipolar low voltage in AS scar correlated
with the PR interval and QRS duration, indicating involvement of the
conduction system in the basal septum, whereas the extent of unipolar
low voltage of the IL scar correlated with the mean voltage in the limb
leads. In this study, a PR interval < 170 ms or QRS voltage < 0.6 mV or
presence of lateral Q waves predicted IL substrate involvement with
92% sensitivity and 90% specificity, whereas a paced ventricular rhythm
or PR> 230 ms or QRS > 170 ms or V3 lead R < 0.3 mV had 92% and
81% sensitivity and specificity in predicting an AS substrate distribu-
tion.?” Patients with a predominantly AS substrate typically present
with a basal-septal and often intramural substrate distribution and are
best managed with endocardial-only procedures with minimal or no
role for epicardial mapping and ablation. In these patients, substrate ab-
lation carries risk of bystander injury to the proximal conduction sys-
tem that can lead to acquired bundle branch block or complete heart
block with implications for post-procedural need for device upgrade.38
Owing to the high prevalence of intramural scars in this group, bailout
approaches such as bipolar RF ablation, simultaneous unipolar RF abla-
tion, bipolar RF ablation, and use of lower ionic irrigant solutions or
chemical ethanol ablation via arterial or venous septal perforator
branches may be required.”*'%*

On the other hand, patients with a primarily IL substrate frequently
present with a largely epicardial or combined epicardial and endocardial
substrate and as such, tend to require epicardial instrumentation for
mapping and ablation. The latter carries inherent risks associated
with epicardial access together with risk of collateral injury to the major
coronary arteries or phrenic nerve.*?

Outcomes studies with CA of VT in NICM have overall demon-
strated worse VT-free survival compared to ischaemic cardiomyopathy
patients, which reflects the more challenging substrate distributions
particularly in the AS scar subtype in the presence of an intramural
scar distribution.*

Outcomes in specific subgroups

Ventricular tachycardia in arrhythmogenic

right ventricular cardiomyopathy

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is genetically
determined cardiomyopathy characterized by myocardial fibrofatty re-
placement that typically progresses from the epicardium to the endocar-
dium. Such pathological substrate provides an ideal milieu for re-entrant
VT2 Similar to other types of NICM, the abnormal substrate in ARVC
is perivalvular around the tricuspid annulus/pulmonic valve for
RV-dominant subtypes, and perimitral/periaortic for LV-dominant sub-
types.43 In ARVC patients, a combined endo-epicardial ablation approach
has been consistently shown to provide excellent long-term outcomes in
multiple observational studies and multicentre registries (Figure 1).**

Ventricular tachycardia in cardiac

sarcoidosis

Cardiac sarcoidosis is a peculiar type of NICM characterized by
lymphocyte CD4*-mediated formation of non-necrotizing granulomas
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Figure 1 Co-registered 3D CT of a patient with ARVC. Left ven-
tricle shows septal wall thinning, right atrium (blue), RCA (green), aor-
taand LAD (red), pulmonary artery (yellow), ICD lead (white), and left
phrenic nerve (green). Electroanatomical reconstruction of the RV
with infero-basal scar. LAD, left anterior descending coronary artery.

that results in reparative fibrosis that can lead to re-entrant VT. In add-
ition to scar-mediated VT, patients with cardiac sarcoidosis may pre-
sent also focal VTs due to triggered activity, particularly during acute
inflammatory bouts. In a recent multicentre observational study,
Siontis et al.*> have documented a negative prognostic impact of active
inflammation detected on '®F-fluorodeoxyglucose positron emission
tomography on VT recurrence. However, in some cases, immunosup-
pression alone may not be sufficient to control VT, and escalation of
antiarrhythmic medications with or without adjunctive catheter abla-
tion may be needed.*

Ablation of ventricular fibrillation
in non-ischaemic disease states

Brugada syndrome

Brugada syndrome is a hereditary ion channel disease characterized by an
elevated ST segment in leads V1 to V3 in the thoracic leads on the ECG,
which often leads to polymorphic ventricular arrhythmias. Nademanee
et al*’ found the presence of low-voltage zones and fragmentated potential
zones on the epicardial surface of the right ventricular outflow tract in
patients with Brugada syndrome (Figure 2), which can be ablated for ven-
tricular fibrillation (VF) prevention. These results have been replicated
and extended by Pappone et al*® in a series of 135 patients. The authors
confirmed a predominant RV outflow tract epicardial substrate location,
and CA was associated with a high rate of complete ECG normalization
and freedom from recurrent VF. A recent report from BRAVO
(Brugada Ablation of VF Substrate Ongoing Multicenter Registry) suggested
that catheter ablation treatment is safe and effective in preventing VF recur-
rence during a long-term follow-up period, achieving >95% 5 year VF-free
survival in patients with highly symptomatic Brugada syndrome.*’

Long QT syndrome

Haissaguerre et al.>° first reported the relevance of VF triggers from the
Purkinje system and right ventricular outflow tract in patients with her-
editary Long QT syndrome (LQTS). In addition, Yap et al.>" reported
that PVC trigger foci can also be distributed in the posterior left ven-
tricular septum and outflow tract, the right ventricular septum, and

the aortic valve region. In a recent study, Pappone et al.>* revealed

that in high-risk LQTS patients, homogenization of the arrhythmogenic
substrate that localized in the epicardium of the right ventricle success-
fully prevented malignant ventricular arrhythmia recurrences.

Early repolarization/J-point elevation

syndrome and ventricular fibrillation

Early repolarization/J-wave syndrome (ERS/JWS) is usually a benign ECG
finding, although a small subset of patients may develop VF. In a multicentre
study in which substrate ablation, Purkinje PVC-triggered foci ablation, or a
combination of both was performed to treat VF in early repolarization syn-
drome, 91% of patients had no recurrence of VF at a follow-up of (31 +
26) months.>? Later, a multicentre study by Nademanee et al. increases the
understanding of the pathophysiology of ERS/WS. They found two dis-
tinct phenotypes in highly symptomatic patients with ERS/[WS: one with
late depolarization abnormality that predominantly resides in the RV out-
flow tract and RV infero-lateral epicardium, and the other without sub-
strates but with VF triggers that are associated with Purkinje sites.
Ablation is effective in treating both phenotypes.>

Premature ventricular contraction
ablation

Idiopathic VAs occur in patients without structural heart disease and
comprise up to 10% of all VT. The predominant form is idiopathic
PVCs accounting for ~90% with the remainders manifesting themselves
in the form of non-sustained or sustained idiopathic ventricular tachy-
cardia (IVT). The prognostic implications of idiopathic PVC are consid-
ered favourable but there are conflicting reports.””>*® The most
common source of origin are the left and right ventricular outflow tract
(OT) accounting for almost 70% of all cases. The second most common
form are fascicular VAs that derive from the left bundle branches and
are probably also involved in papillary muscle and moderator band
VA. Rarer locations are the mitral and tricuspid annulus.>”

The most common mechanisms for idiopathic PVCs are triggered ac-
tivity resulting from cAMP-mediated afterdepolarization and increased
automa‘cicity,ss'59 rendering them inducible by adrenergic stimuli, in-
crease intra-cellular Ca, or conversely suppressible by beta blocker,
L-type Ca channel blockers, or adenosine.

Patients should be treated once they become symptomatic, or the
idiopathic PVCs/VT are thought to be involved in the deterioration
of cardiac function.®® Development of left ventricular dysfunction can
occur with a PVC burden as low as 10% with a higher risk at burdens
of >20%.°" Elimination of the PVC often results in a significant improve-
ment of the systolic function.> Another important scenario is
PVC-triggered ventricular fibrillation® where elimination of the PVC
may result in long-term freedom from malignant arrhythmia’.®3

Correct identification of the site of origin guides the ablation strategy
and helps predict the potential success rate. Twelve-lead ECG algo-
rithms help to localize the site of origin with high accuracy.®*¢®

Outflow tract ectopy

The OT forms a complex anatomical structure’ ¢ that contains many
of the most common sites of origin for ventricular ectopy in close prox-
imity.®> The OT PVCs have been studied extensively and may be loca-
lized fairly accurately using surfaces ECG.5*%> All have inferior axis and
negative vectors in aVR and aVL as a result of the cephalic origin. The
morphology of lead V1 is of critical importance in localizing the site
of origin along the sagittal plane of the heart. QS complexes in V1
with late transition (beyond V3) support right ventricular outflow tract
(RVOT) origin while positive initial anterior forces resulting in rS or Rs
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Figure 2 Epicardial substrate ablation in a patient with Brugada syndrome and history of VF. Purple represents bipolar voltage >1.5 mV. Fractionated
potentials (arrows) are tagged with black dots, and a representative example is displayed. Adopted form Europace, Volume 22, Issue 3, March 2020,

Pages 450—495.

complexes accompanied by earlier precordial transition represent
more posterior sources. There are signature morphologies such a
notched/qrS pattern in V1 in cases of right coronary cusp/left coronary
cusp (RCC/LCC) commissure origin or a pattern break in V2 where the
R wave in that lead is less positive than in V1 and V3 pseudo-delta pat-
terns suggesting left ventricle (LV) summit origin.

Since some patients have no or very few PVC at the time of the proced-
ure, intra-procedural PVC burden may be increased by atrial/ventricular
pacing and/or administration of isoproterenol, caffeine, or epinephrine’.*’
In addition, it has been shown that in most of these cases ablation guided
mainly by pace-mapping may still be successful’ ®® The long-term success
of OT PVC ablation is very good,'®**~" yet, some specific location and
intramural foci still pose a significant challenge'.”? Such cases may require
detailed mapping for multiple vantage points (both OTs, coronary venous
system, and pulmonary artery), occasionally including epicardial mapping in
order to locate a safe site for successful ablation.”? Non-standard techni-
ques”® may be used to penetrate thick structures such simultaneous or se-
quential unipolar ablation from multiple sites,”* use of low-ionic irrigation
solutions, bipolar ablation,” needle ablation,”® and ethanol ablation or in-
tracoronary ablation.”” An anecdotal report of using PFA for OT PVC has
been published with encouraging result.”®

The OT PVC ablation is safe with a consistently low rate of major
complication.”” Nevertheless, it is important to consider the possibility
of inadvertently ablating close to the coronary arteries. The risk is high-
est when ablation within the coronary cusps, the septal RVOT, above
the pulmonary valve or epicardialy.®**°

Fascicular ectopy

Fascicular VAs are verapamil sensitive and display typical ECG signa-
tures that reflect the involvement of the native conduction system.
The most common type is the left postero-fascicular VT (LPF-VT)
with a rather narrow QRS complex with right bundle branch block
morphology, a rapid upstroke and left superior axis. Left antero-
fascicular VT with an inferior axis is less common. The fascicular VA
may be difficult to induce and pharmacological agents and/or ventricular
stimulation may be required for induction. Once induced, the ablation
success rate is high, and the LPF-VT can even be treated by targeting
fragmented antegrade Purkinje potentials of the distal portion of the
left fascicle if non-inducible with a long-term success rate exceeding
90%.2" Left upper septal fascicular VT (LUS-VT) is a rare variant that
has a similar QRS morphology as in sinus rhythm and often only be in-
duced by atrial stimulation.2*®* A network of fascicles, including a septal
fascicle, can give rise to numerous different re-entries for fascicular
VT 8485

Intra-cavitary structures

The papillary muscles of the mitral valve, of the tricuspid valve, and the
moderator band®® are increasingly recognized as important sites of ori-
gin for PVCs. Many of these PVCs have a common ECG feature of dis-
cordant axis in leads Il and 1l1* in addition to location specific features.
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Figure 3 Randomized controlled trial describing the timing for VT ablation.

The LV papillary muscle (PM) displays right bundle (RB) morphology
with a late precordial transition. Moderator band ectopy presents
with left bundle (LB) morphology, late transition, superior axis, or nega-
tive lead Ill and positive 11587 The variability in their size, shape, and
orientation poses specific challenges for ablation. This is best navigated
with direct visualization using intracardiac echocardiography. Additional
challenges are caterers stability and deep substrate. The former may be
addressed by using a cryocatheter® albeit at the cost of more limited
manoeuvrability.

Drug therapy

|diopathic PVC can be treated pharmacologically (flecainide, calcium
channel blocker, beta blocker, or amiodarone), but ablation is the first-
line treatment and is more effective in most cases.**® It is safe with
success rates of 75-90%. If patients display different morphologies, suc-
cess rates decline, and ablation of all PVC instead of the dominant form
only results in lower PVC burden and better long-term ejection fraction
(EF) improvement.”®

Imaging technologies

Very frequently VTs are associated with structural changes of the heart
—past ischaemias, infections, sutures, anastomosis, or malfunction of
valves can lead to scarring of the ventricles that is a prerequisite for con-
duction heterogeneity and finally: ventricular tachycardias. This strong
correlation of structural abnormalities and the functional symptom
(VT) is the reason why imaging and VT ablation were always very close-
ly linked. Over the past decades, both mapping and ablation but also im-
aging modalities have improved significantly and made these
procedures more predictable, safer, and more successful.

At beginning of VT ablation, mainly fluoroscopy was supporting the
anatomical orientation—resulting in relevant fluoroscopy times and
-doses. Also when applying imaging modalities to VT ablations, the as-
pect of exposing radiation should be kept in mind—imaging like intra-
cardiac echocardiography (ICE) and trans-esophagealechocardiography
(TEE) is free of any potentially harming effects, MRI usually uses
Gadolinium (which at least should be realized), and computed tomog-
raphy (CT) can also expose the patient to substantial radiation—

depending on the protocol.” The use of MRI still is limited in clinical
practice because of concerns regarding potential interactions with im-
planted devices (which most of VT patients have). Multiple studies
clearly demonstrated that this concern is hardly ever justified and image
quality and diagnostic yield are the only limitations to the widespread
use of MRl in VT patients.”>?®

The widespread use of 3D electroanatomical mapping systems certain-
ly was the next major step in evolution of VT ablation. Detailed mapping
became available and the re-entry circuits were no longer theory from the
textbooks but became visible. Even better since imaging provided us fur-
ther insights in the structural conditions of the heart: anticipating the need
for epicardial access,” planning the optimal access route, and even virtu-
ally creating lesion sets”> based on the scar pattern. Potential obstacles for
ablation therapy became apparent like coronary arteries and epicardial
fat”® with a good correlation between imaging (see Figure 1) and mapping
results.” Finally and logically, imaging was no longer only used to support
the ablation procedure but really to guide it. Both CT and MRI can be used
to assess the structural problem and to plan strategic lesions that after a
step of registration can be deployed by the ablation catheter.”®% It was
demonstrated in these studies that even without induction and mapping
of the tachycardia, the results were at least comparable when using a
purely image-guided abolition of critical isthmus sites.

Finally, first attempts have been made to immediately deploy the ab-
lation lesions within the site of image acquisition-MRI-guided ablation of
typical atrial flutter already is feasible,’®" and even VT ablations have
been performed successfully in an animal study.®>

In summary: the better we understand the underlying structural
problem, the more targeted we can treat the arrhythmia. Multiple im-
aging modalities are available—all of them helping us in delivering safe
and efficient therapy to our patients.

Ventricular tachycardia ablation:
endpoints and clinical trials

Current guidelines®®%? indicate VT ablation in patients with structural

heart disease and recurrent VT episodes causing implantable
cardioverter-defibrillator (ICD) interventions.

Observational studies have shown that freedom from VT recurrence
following ablation is associated with enhanced survival, decreased rate
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of worsening heart failure (WHF), and need for heart transplant.’®*

Also, it was found that an earlier access to VT ablation was related
to lower recurrence rate.'9>1%¢

A survival benefit from CA, however, has not been yet demonstrated
by prospective studies. The following issues concerning the role of VT
ablation are still open questions to be addressed by prospective studies:

(1) Timing: prophylactic at the time of ICD implant, after the first shock,
after recurrent VT episodes, or even after electrical storm.

(2) Does the prevention of VT impact survival, or affect the occurrence of
heart failure?

Over the last 10 years, several studies focused on the effects of pre-
ventive catheter ablation, randomizing patients at the time of ICD im-
plant to an ablative treatment and to a medical treatment arm'o7-1M
(Figure 3). The uniform finding was an overall reduction of recurrent
VT episodes and a decreased incidence of appropriate shocks, without
significant effects on overall survival. Although a possible indication to
preventive VT ablation at the time of ICD implant has been foreseen
in selected cases by the latest ESC VT ablation guidelines,® it is unlikely
that this might become a widespread strategy. Many patients after the
ICD implant might never have a recurrent arrhythmia pattern, needless
to add, a uniform strategy of ablation at the time of or shortly after ICD
implant will prove unpractical and economically unfeasible.

Two recently published prospective randomized studies provide im-
portant information on the outcome following an early ablation strat-
egy at ICD intervention: The SurviveVT''? and the PARTITA.'"?

The former prospectively compared the outcome of a population of
144 with recurrent post-infarction VT after an ICD implant, 71 rando-
mized into an early ablation strategy, and the remaining 73 into an anti-
arrhythmic drug (AAD) treatment arm, mostly including amiodarone
and to a lesser extent sotalol. Although it did not prove a short-term
(2 year follow-up) survival benefit from CA, it demonstrated a signifi-
cantly higher incidence of severe treatment-related complications in
the AAD arm: 15/73 patients (20%) required early hospital admissions
(mostly within 4 months) due to recurrent untreated or incessant slow
VTs causing hospitalization and requiring subsequent CA and the dis-
continuation of the ongoing treatment. Arrhythmia recurrence and
hospitalization occurred to a significantly lesser extent among patients
that had undergone early ablation. Therefore, according to these find-
ings, ablation performs better then drugs on the long run.

The PARTITA trial was designed to verify the prognostic impact of
early VT ablation after the first ICD shock on the endpoints of mortality
and wHF and to provide data on the natural history of VT following ICD
implantation, including the identification of specific arrhythmia patterns
that may predict a subsequent shock.

In this multicentre prospective two-stage, the rate of the primary
endpoint of death and wHF hospitalization was 4.3% in the ablation
group vs. 41.7% in the control group with a relative risk reduction of
89%.

Catheter ablation was also associated with lower recurrence of VTs
treated by shock and with lower mortality. These findings, so far unique
among the accomplished clinical studies on VT, support an early (after
the first appropriate shock) ablation, both in patients with ischaemic
and non-ischaemic dilated cardiomyopathy.

Also, it is worth mentioning that, due to the uniform implementation
of modern ICD programming settings (prolonged detection times and
high rate cut-offs),""* the rate of shock was lower than originally ex-
pected, but the negative prognostic value of an untreated active ar-
rhythmia pattern is strengthened by these findings. Treatments with
ATP were also linked to subsequent shock, and a quantitative analysis
of this issue is under evaluation.

Far from being over, the quest is moving to further prospective stud-
ies to provide solid and definitive evidence that elimination of VT recur-
rence by ablation favourably affects the natural history of HF and
prolongs survival in patients with heart disease. Focus on: patient

selection (active arrhythmia pattern and low EF) standardization of
ICD programming according to modern criteria rigorous compliance
to state-of-the-art ablation protocols and homogeneous procedure
endpoints.
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