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Abstract
Background  Several novel technologies allowing catheter ablation (CA) with a favorable safety/efficacy profile have been 
recently developed, but not yet extensively clinically tested in the setting of ventricular tachycardia CA.
Methods  In this technical report, we overview technical aspects and preclinical/clinical information concerning the application of 
three novel CA technologies in the ventricular milieu: a pulsed field ablation (PFA) generator (CENTAURI™, Galaxy Medical) 
to be used with linear, contact force-sensing radiofrequency ablation catheters; a contact force-sensing radiofrequency ablation 
catheter equipped with six thermocouples and three microelectrodes (QDOT Micro™, Biosense-Webster), allowing high-resolution 
mapping and temperature-controlled CA; and a flexible and mesh-shaped irrigation tip, contact force-sensing radiofrequency abla-
tion catheter (Tactiflex, Abbott). We also report three challenging VT cases in which CA was performed using these technologies.
Results  The CENTAURI system was used with the Tacticath™ (Abbott) ablation catheter to perform ventricular PFA in a patient 
with advanced heart failure, electrical storm, and a deep intramural septal substrate. Microelectrode mapping using QDOT Micro™ 
helped to refine substrate assessment in a VT patient with congenitally corrected transposition of the great arteries, and allowed the 
identification of the critical components of the VT circuit, which were successfully ablated. Tactiflex™ was used in two challeng-
ing CA cases (one endocardial and one epicardial), allowing acute and mid-term control of VT episodes without adverse events.
Conclusion  The ideation and development of novel technologies initially intended to treat atrial arrhythmias and successfully 
implemented in the ventricular milieu is contributing to the progressive improvement in the clinical benefits derived from 
VT CA, making this procedure key for successful management of increasingly complex patients.
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Graphical abstract

entered the clinical arena and holds promise for VT 
ablation in both idiopathic [7] and scar-related set-
tings [8–11].

In this technical report, we provide an update on recent 
technological innovations in the field of VT catheter abla-
tion—pulsed field ablation (PFA) via a linear radiofre-
quency catheter using the CENTAURI™ system (Galaxy 
Medical, USA); radiofrequency mapping and ablation 
with the QDOT Micro™ catheter (Biosense Webster, 
USA); and endocardial/epicardial VT ablation with the 
novel flexible tip Tactiflex™ catheter (Abbott Medical, 
USA)—by firstly overviewing the technical aspects and 
preclinical/clinical available data, and secondly illustrat-
ing the clinical application in a series of challenging VT 
ablation cases.

2 � Pulsed field ablation for electrical storm 
ablation in non‑ischemic cardiomyopathy

2.1 � Overview

PFA is a non-thermal ablation modality which was 
recently introduced in clinical practice and is being 

Keywords  Ventricular tachycardia · Catheter ablation · Pulsed field ablation · CENTAURI™ · QDOT Micro™ · 
TactiFlex™

1  Introduction

The year 2023 marks the fiftieth anniversary of the first cath-
eter ablation procedure for the treatment of ventricular tachy-
cardia (VT) [1, 2]. In fact, in 1983, a patient with recurrent VT 
episodes, despite a prior surgical ablation, was successfully 
treated with multiple 300 J-DC shocks delivered through a 
standard 7 Fr catheter placed at the site of earliest activation 
during VT [1]. Ever since, catheter ablation has evolved from 
an experimental solution to an important therapeutic option 
for patients with VT, and clinical practice guidelines now rec-
ommend the procedure in several clinical scenarios [3].

Continuous and tremendous technological advance-
ments, as well as an increased understanding of mech-
anisms underpinning VT, have revolutionized our 
approach to the ablation procedure, and contributed 
to its improved efficacy/safety profile [4, 5]. Not only 
we currently have multipolar catheters with increas-
ingly small electrodes, allowing high- and ultra-high 
density mapping, but also radiofrequency ablation 
catheter technology has evolved, with improved irri-
gation and temperature control, as well as with the 
possibility to map with microelectrodes on the cath-
eter’s tip [2, 5, 6]. Furthermore, a novel non-thermal 
energy source—pulsed field ablation (PFA)—has now 
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extensively tested in the field of atrial fibrillation ablation 
[12]. Basically, PFA involves the application of electrical 
fields to the myocardial tissue, resulting in irreversible 
electroporation, which disrupts the membrane and cel-
lular homeostasis, alters local tissue pH, and favors the 
generation of reactive oxygen species, leading to myocyte 
death [13]. The clinical use of PFA for VT ablation is 
currently limited by the paucity of available data in the 
ventricular milieu, as only isolated case reports have 
been reported so far [7–11]; furthermore, the 31-mm pen-
taspline catheter (Farawave, Boston Inc., USA) which is 
currently available in most clinical settings in Europe, was 
designed for pulmonary vein isolation and may have lim-
ited manoeuvrability in the ventricle. The recently devel-
oped CENTAURI PFA generator allows the delivery of 
unipolar, biphasic PFA through linear irrigated, contact 
force sensing radiofrequency ablation catheters (Tacticath 
[Abbott, USA], ThermoCool SmartTouch [Biosense Web-
ster, USA], or Intellanav Stablepoint [Boston Scientific, 
USA]). Although the system was initially intended for 
atrial fibrillation ablation, its coupling with linear cathe-
ters may facilitate endocardial ventricular navigation. With 
CENTAURI, PFA pulses are synchronized to the cardiac 
cycle (with multiple brief pulse at the end of QRS) through 
a cardiac monitor, and three different energy settings may 
be chosen (19 A, 22 A, or 25 A; WAVE 1 waveform). The 
duration of complete energy delivery depends on the heart 
rate and the energy settings (4 s, 7 s, and 10 s for 19 A, 22 
A, and 25 A, respectively, at a heart rate of 60/min) [14]. 
Recent preclinical studies showed that in swine models 
of myocardial infarction, the endocardial application of 
PFA using a linear catheter and the CENTAURI system 
in infarcted regions resulted in contraction band necrosis 
and myocytolysis extending deep into the epicardial bor-
ders of the scar, raising the possibility of ablating deeper 
intramural and/or epicardial arrhythmogenic substrates, 
which may be desirable in non-ischemic cardiomyopathy 
patients [11, 14].

2.2 � Case report #1

A 57-year-old male patient with advanced heart failure due 
to dilated cardiomyopathy presented with electrical storm 
and heart failure worsening due to incessant monomorphic 
VT at a heart rate of 110 bpm. His past medical history 
was notable for multiple hospitalizations for heart failure 
worsening due to recurrent slow VT episodes despite the 
use of maximal doses of guideline-directed medical ther-
apy, amiodarone, and mexiletine; the recent upgrading of 
his dual chamber implantable cardioverter defibrillator to 
cardiac resynchronization therapy defibrillator (CRT-D); and 
transcatheter mitral valve repair with Mitraclip implanta-
tion for functional mitral regurgitation [15]. Of note, during 

the 6 months preceding hospitalization, more than 50 anti-
tachycardia pacing were delivered by the CRT-D to termi-
nate VTs, indicating a highly unstable heart failure status 
[15]. The echocardiogram upon hospital admission showed a 
severely dilated and hypokinetic left ventricle, with an ejec-
tion fraction of 20%, a mildly dilated and hypokinetic right 
ventricle, and mild residual mitral regurgitation.

After medical stabilization, a decision was made to 
proceed to catheter ablation of VT. Due to the prior docu-
mentation of deep septal intramural fibrosis with a stria 
pattern by cardiac magnetic resonance imaging, and to the 
potentially preferable tissue penetration of PFA ablation 
lesions as compared to radiofrequency lesions in scarred 
tissue [13, 14, 16], biphasic PFA using an irrigated con-
tact force sensing catheter (Tacticath™, Abbott Medical, 
USA) coupled with the CENTAURI PFA generator was 
performed. Intracardiac echocardiography (ICE) was used 
during the procedure, showing a hyperechogenic stria in 
the interventricular septum, consistent with intramural 
fibrosis (Fig. 1, panel A). The left ventricle was accessed 
with a retrograde aortic approach sequentially using the 
ablation catheter and a multipolar mapping catheter (Advi-
sor HD Grid, Abbott Medical, USA); low-voltage electro-
grams with late abnormal ventricular activities (LAVAs, 
Fig. 1, panels B and C) were documented at the left inter-
ventricular septum. By programmed electrical stimulation, 
a sustained VT with left bundle branch block morphology 
could be reproducibly induced (Fig. 1, panel D), compat-
ible with a septal origin but terminating spontaneously 
during activation mapping. Despite attempts at mapping 
from both the left and the right ventricular endocardium, 
the entire cycle of the VT could not be covered, consistent 
with an intramural circuit component; the earliest acti-
vation zone was recorded in the left mid-septum (Fig. 1, 
panel E). Multiple PFA pulses (n = 30) with high-energy 
settings (25 A) were delivered at that site (Fig. 1, panels 
F–H), eliminating LAVAs (Fig. 1, panels G–I), and the 
patient was rendered noninducible for VTs. Despite the 
procedural success, the patient died 1 month after the pro-
cedure due to refractory cardiogenic shock.

To the best of our knowledge, this is the first report on 
the use of the CENTAURI PFA generator coupled with the 
Tacticath catheter for VT ablation. This case highlights 
that the use of PFA may be associated with procedural 
success in challenging patients with deep intramural sub-
strates; nonetheless, catheter ablation should have prob-
ably been considered earlier in the patient’s clinical course 
to modify the adverse and relentless disease trajectory of 
advanced heart failure [17]. Further studies are urgently 
needed to identify the optimal PFA settings (power, num-
ber of stacked PFA applications at the same site) for deal-
ing with the different arrhythmogenic ventricular sub-
strates [14, 16].
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3 � Microelectrode voltage mapping 
and temperature‑controlled ablation 
of electrical storm in an adult congenital 
heart disease patient

3.1 � Overview

The assessment of the abnormal ventricular substrate under-
pinning VT is critically influenced by the dimensions of the 
mapping electrodes [18]. In recent years, the development 
of multipolar catheters with small mapping electrodes and 
narrow interelectrode spacing has allowed improved visuali-
zation of near-field bipolar electrograms, leading to a more 
accurate delineation of the arrhythmogenic substrate [18, 
19]. The QDOT Micro catheter is a contact force sensing 
ablation catheter embedding six thermocouples for precise 

temperature control during ablation, a standard distal bipole 
(between the 3.5 mm tip and a 1-mm spaced 1-mm ring 
electrodes), as well as three microelectrodes on the distal 
tip (0.167 mm2 wide, 1.755 mm spaced), each recording 
microbipolar electrograms perpendicular to the standard 
bipolar electrogram [6]. As such, this catheter design may 
allow both high-resolution mapping and temperature-con-
trolled ablation within a single device, eliminating the need 
to exchange catheter in case of VT induction during mapping 
and when desiring to rapidly start ablating [3]. Compared 
to the prior generation ablation catheter from the same con-
structor (Thermocool SmartTouch), QDOT Micro has higher 
proximal irrigation flow rate, which is automatically adjusted 
together with power to avoid tissue overheating as assessed 
by the hottest distal thermocouple when using power set-
tings up to 50 W, i.e., QMODE ablation modality [6]. In a 

Fig. 1   Pulsed field ablation of ventricular tachycardia with a lin-
ear, contact force-sensing catheter. A 57-year-old male patient 
with advanced heart failure due to dilated cardiomyopathy is 
referred for catheter ablation of electrical storm. (A–C) Substrate 
characterization using intracardiac echocardiography (A), bipolar 
voltage mapping (B), and local activation time (LAT) mapping in 
right ventricular paced rhythm. Note that a hyperechogenic stria 
is visible deep inside the interventricular septum (red arrows), 
consistent with an intramural septal substrate, which is also con-
firmed by bipolar voltage and LAT maps (RAO view), showing a 
heterogeneous septal low-voltage region (B) with late abnormal 
ventricular activities (LAVAs, red arrow in C); the red star in A 
denotes the MitraClip device. (D–F) Ventricular tachycardia (VT) 

induction (D), VT activation mapping (E), and ablation catheter 
(red arrow) positioning toward the interventricular septum via a 
retrograde aortic access to the left ventricle. Note that the entire 
VT cycle cannot be covered by endocardial mapping (E), con-
sistent with intramural components of the circuit. (F–H) pulsed 
field ablation is performed using the CENTAURI™ system (see 
the artifact on intracardiac recordings), resulting in clearance of 
local abnormal ventricular activities (red circles in F and G). The 
septal area is covered by ablation lesions (red tags), resulting in 
complete LAVA elimination and scar homogenization (H). Abbre-
viations: Bip, bipolar voltage mapping; ICE, intracardiac echocar-
diography; LAT, local activation time mapping in sinus rhythm; 
PFA, pulsed field ablation; VT, ventricular tachycardia 
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recent dual-center report, we demonstrated that the average 
microbipolar electrogram amplitude was 0.98 mV (95% CI, 
0.93–1.04, p < 0.01) larger than standard bipolar electrogram 
amplitude, and 0.27 mV (95% CI, 0.16–0.37 mV) larger 
than minibipolar electrograms recorded by the multipolar 
(20 electrodes) PentaRay™ (Biosense Webster, USA) cath-
eter, which carries 1 mm electrodes with 2–6–2 mm spacing. 
Furthermore, abnormal electrograms had higher amplitude, 
longer duration, and more peaks at microelectrode map-
ping compared to standard bipolar electrode mapping [6]. 
Whether this intriguing and long-awaited combination of 
high-resolution mapping and temperature-controlled abla-
tion within a single catheter may improve outcomes for 
patients undergoing VT ablation is still to be determined.

3.2 � Case #2

A 59-year-old male patient was admitted for recurrent non-
sustained, well-tolerated VT episodes, symptomatic for pal-
pitations. He had been diagnosed with congenitally corrected 
transposition of the great arteries at the adult age, and no surgical 

repair was performed; the patient received a dual-chamber pace-
maker for complete atrioventricular block 1 month prior to the 
present hospitalization. Upon admission, the echocardiogram 
showed moderate dysfunction of the systemic right ventricle 
(fractional area change, 35%) associated with severe tricuspid 
regurgitation, which had both significantly worsened compared 
to the recent hospitalization for pacemaker implantation.

Due to the refractoriness of VT episodes to antiarrhythmic 
drug therapy with metoprolol and amiodarone, we decided to 
perform catheter ablation of VT. At electrophysiology study, 
a sustained VT with a heart rate of 156 bpm and right bundle 
branch block, superior axis morphology could be reproducibly 
induced by programmed electrical stimulation during isopro-
terenol infusion; the VT was well tolerated. The systemic right 
ventricle was accessed through a patent foramen ovale, and 
the VT activation map was reconstructed using the QDOT 
Micro catheter. Diastolic electrograms could be better visual-
ized by microelectrodes as compared to the standard bipole 
in the basal lateral wall of the left ventricle (Fig. 2, panel A) 
and radiofrequency energy delivery (50 W, QMODE ablation 
modality) in the region rapidly led to VT termination (Fig. 2, 

Fig. 2   Mapping and ablation of ventricular tachycardia in a patient 
with congenitally corrected transposition of the great arteries using 
a novel catheter with microelectrodes and thermocouples. (A, B) 
Ventricular tachycardia (VT) activation mapping and VT termination 
with radiofrequency energy. Diastolic electrograms are recorded in 
the basal lateral region and have higher amplitudes by microelectrode 
mapping (green arrows in A) compared standard bipolar mapping 
(white arrow in A). Radiofrequency energy delivery in the region 
rapidly leads to VT termination. (C–E) Substrate characterization by 
standard bipolar, microbipolar, and local activation time (LAT) map-
ping (PA view) in right ventricular paced rhythm using a catheter 

with microelectrodes and thermocouples (QDOT Micro™). Note that 
the standard bipolar map (C) reveals a dense scar area in basal lateral 
region, but irregular low-voltage myocardium is detected by micro-
electrode mapping, with multiple heterogeneous conducting channels 
(D). In the same region, late/fragmented electrograms are recorded 
(E). Note that local abnormal ventricular electrograms are easier to be 
visualized by microelectrode mapping as compared to standard bipo-
lar mapping (green boxes). (F) Final ablation lesion set (same view 
as C–E). Abbreviations: LAT, local activation time; MicroBip, micro-
bipolar voltage mapping; RF, radiofrequency energy; Standard Bip, 
standard bipolar voltage mapping; VT, ventricular tachycardia
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panel B). The voltage and local activation time (LAT) maps 
were then reconstructed in right ventricular paced rhythm, 
showing widespread dense scar at standard bipolar maps in 
anterior and lateral regions (Fig. 2, panels C and D), where late 
and fragmented potentials were also recorded (Fig. 2, panel 
E). Notably, the microbipolar map showed a more heteroge-
neous low-voltage region in the lateral region, with multiple 
potential heterogeneous conducting channels (Fig. 2, panel D), 
and late/fragmented electrograms could be better detected by 
microelectrode mapping, compared to standard bipolar map-
ping (Fig. 2, panel E). Substrate modification was then per-
formed (50 W, QMODE ablation modality; total number of 
radiofrequency energy pulses, 65; average lesion duration, 12 
(7-17) s; average ablation index, 431 [352–505] [20]; target 
temperature set at 47 °C; maximum temperature set at 55 °C; 
programmed power not reached for excessive heating in only 
3 pulses, 4.6%) by eliminating all late potentials in the lateral 
segment (Fig. 2, panel F), and the VT was noninducible at the 
end procedure, even with high-dose isoproterenol infusion. 
Fourteen months after ablation, the patient is free from VT 
recurrences, as confirmed by pacemaker interrogation, and 
amiodarone has been discontinued.

This case highlights that in case of widespread abnormal 
ventricular substrates, microelectrode voltage mapping may 
complement functional substrate mapping for selecting abla-
tion targets [6, 21], and that temperature-controlled ablation 
may be successful even in the challenging setting of complex 
adult congenital heart disease patients, for which available evi-
dence on the safety/efficacy profile of VT ablation is limited 
to isolated case reports [22].

4 � First reported use of a novel flexible tip 
radiofrequency catheter for mapping 
and ablation of electrical storm

4.1 � Overview

Recently, a novel catheter (Tactiflex) incorporating both 
contact-force technology (as opposed to FlexAbility™, 
Abbott, USA) and a mesh-shaped irrigation tip was devel-
oped and approved for atrial fibrillation ablation [23, 
24]. This device is characterized by a flexible tip and 
a distal thermocouple, allowing temperature-controlled 
ablation even when high-power (i.e., 40 W or higher), 
short-duration ablation settings are chosen, and producing 
transmural atrial lesions in preclinical studies [23, 24]. 
The mesh-shaped irrigation tip and the distal thermocou-
ple allow improved tip cooling with a lower irrigation 
flow rate (13 mL/min), as compared to the prior irriga-
tion technology (that of Tacticath), which featured six 
irrigation holes and required a higher irrigation flow rate 
of 30 mL/min [25]. Accordingly, preclinical data showed 

that the mesh-shaped irrigation tip may be associated with 
lower risk of steam-pops, compared to the six-hole irri-
gation technology [25], while a clinical study reported 
a lower risk of procedure-related stroke with the mesh-
shaped irrigation system, possibly due to a reduced risk 
of ablation-induced tissue overheating, char formation, 
and thrombosis [26].

As of today, the Tactiflex catheter has not been evalu-
ated in the ventricular milieu, but due to its flexible and 
mesh-shaped irrigation tip, contact force sensing technol-
ogy, and accurate temperature control, a favorable safety/
efficacy profile may be hypothesized.

4.2 � Case report #3: endocardial ablation in ischemic 
cardiomyopathy

A 78-year-old lady presented with electrical storm due to 
incessant VT, which was terminated with electrical cardi-
oversion. The past medical history was notable for prior 
acute coronary syndrome due to three-vessel coronary 
artery disease, for which she underwent coronary artery 
bypass grafting, and sustained VT episodes, for which 
she received an implantable cardioverter defibrillator 
(ICD). The ECG revealed a sustained monomorphic VT 
at a heart rate of 147 bpm, with left bundle branch mor-
phology and negative concordance in precordial leads, 
while the echocardiography showed a severely dilated 
and hypokinetic left ventricle (left ventricular ejection 
fraction, 20%), as well as a mildly hypokinetic right ven-
tricle. After electrical cardioversion, coronary angiogra-
phy showed a stable picture and patency of bypass grafts. 
Due to multiple VT recurrences despite maximally toler-
ated medical therapy, a decision was taken to perform 
catheter ablation.

Left ventricular high-density mapping was performed 
via both retrograde aortic and transseptal approaches, using 
the multipolar Advisor HD Grid (Abbott, USA), and the 
Tactiflex catheters together with the EnsiteX V2 electro-
anatomical mapping system (Abbott, USA). The omnipolar 
voltage map showed a central dense scar area surrounded by 
a low-voltage border zone in the posterior wall; the border 
zone was very irregular, containing potential heterogene-
ous conducting channels (Fig. 3, panel A). The LAT map in 
sinus rhythm disclosed very late, multi-component poten-
tials in the same regions, covering a surface area of 11 cm2 
(Fig. 3, panel B). The region of interest appeared thin and 
hyperechogenic by ICE, consistent with post-myocardial 
infarction scarring (Fig. 3, panel C).

Clinical VT was easily inducible by programmed electri-
cal stimulation (Fig. 3, panel D); although it was not possible 
to cover the entire VT cycle by mapping the endocardium, 
consistent with a possible epicardial/deep intramural cir-
cuit component [27], the velocity map during VT showed 
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maximum conduction slowing in the posterior wall of the 
left ventricle [28], where late potentials had been recorded 
in sinus rhythm (Fig. 3, panels E and F). Shortly after the 
beginning of radiofrequency energy delivery at that site 
(35 W-25 s pulse), VT termination was obtained (Fig. 3, 
panel F), and late/fragmented potentials were then success-
fully eliminated with multiple RF pulses (either 35 W-25 s 
or 40 W-20 s), as verified by remapping (Fig. 3, panel G). 
At the end of the procedure, the patient was noninducible 
for any VT, and no procedure-related complications were 
encountered. The patient has been free of VT recurrences 
ever since.

4.3 � Case report #4: epicardial VT ablation

A 32-year-old man was referred for electrical storm due to sev-
eral episodes of monomorphic VT requiring ICD intervention. 
The patient’s past medical history included a Kawasaki disease 
diagnosed at the age of 8 and recurrent VT episodes, for which 
he was already receiving metoprolol plus amiodarone. The 
ECG revealed a sustained monomorphic VT at a heart rate of 
155 bpm, with right bundle branch morphology, superior axis, 

and precordial transition in V3. The echocardiography showed 
a slightly dilated left ventricle with a left ventricular ejection 
fraction of 40%; the basal and mid segments of the LV were 
hypo-akinetic. The patient had previously undergone an endo-
cardial VT ablation, which was acutely unsuccessful. Due to 
the multiple VT recurrences despite maximally tolerated medi-
cal therapy and the prior failed endocardial ablation, the patient 
was scheduled for epicardial catheter ablation. The procedure 
was performed under general anesthesia, and the epicardial 
access was obtained by subxiphoid percutaneous pericardial 
puncture, as described elsewhere [29, 30]. The access to the 
epicardial space was granted by the Agilis EPI deflectable 
introducer sheath (Abbott, USA), and left ventricular epicar-
dial high-density mapping was performed using the Advisor 
HD Grid catheter with the EnsiteX V2 electroanatomical map-
ping system. The epicardial omnipolar map showed a wide 
epicardial scar in the mid portion of the inferior wall and in the 
mid-apical lateral wall of the left ventricle (Fig. 4, panel A). 
An activation map was performed during fixed-cycle length 
RV pacing, showing an area of late potentials at the basal edge 
of the inferior wall scar (Fig. 4, panel B). After completion 
of the substate and activation map, a ventricular stimulation 

Fig. 3   First in human endocardial catheter ablation of VT using a 
novel flexible tip, contact force sensing catheter. Catheter ablation 
of electrical storm in a 78-year-old lady with ischemic cardiomyo-
pathy. (A–C) Substrate characterization using omnipolar and local 
activation time (LAT) mapping in sinus rhythm (PA view), as well 
as intracardiac echocardiography (ICE). In the posterior wall, a dense 
scar region with heterogeneous surrounding border zone (A) and late/
fragmented electrograms (B) are recorded; the posterior wall appears 
thinned and hyperechogenic by ICE (blue arrows in C). (D–E) Ven-
tricular tachycardia (VT) induction, mapping, and ablation. A sus-

tained monomorphic VT is induced by programmed electrical stim-
ulation; note the slow intrinsicoid deflection and the large negative 
pseudodelta wave lead in DI, consistent with an epicardial exit site 
(D). The velocity map in VT shows slow conduction in the lateral 
wall of the left ventricle (E), where radiofrequency energy delivery 
allows VT termination (blue arrow, F). After scar homogenization, 
late potentials cannot be recorded any more by high-density mapping 
(G). Abbreviations: ICE, intracardiac echocardiography; LAT, local 
activation time; Omni, omnipolar voltage mapping; VT, ventricular 
tachycardia
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protocol was carried out to induce the clinical VT, which was 
then mapped using the HD Grid catheter (Fig. 4, panel C). A 
mid-diastolic activity was identified at the border between the 
mid and basal segments of the inferior wall, where late poten-
tials had been tagged. During further mapping, the clinical VT 
spontaneously terminated. At this point, the mapping catheter 
was exchanged to insert the TactiFlex ablation catheter into the 
epicardial space. Ablation was carried out using 50 W radiofre-
quency pulses for 10 s, aiming at late potentials’ elimination, as 
confirmed by remapping (Fig. 4, panel D); steam pops did not 
occur. Although limited in-depth penetration in the ventricular 
myocardium may be expected when using high-power abla-
tion, highlighting the need to adjust radiofrequency power and 
duration according to the specific myocardial substrate [31], 
these ablation settings were chosen for being recommended 
by the constructor. Furthermore, the endocardium had already 
been ablated during the previous endocardial procedure, and 
therefore deep intramural ablation was not targeted. At end of 
the procedure, a programmed electrical stimulation protocol 
was repeated and the patient was non-inducible. The procedure 
was terminated without any procedure-related complications, 
and the patient has been discharged without amiodarone and 
is free of VT recurrences since then.

5 � Conclusions

In this technical report, we have overviewed several novel cath-
eter platforms which may soon become more and more com-
monly used for VT ablation. The relentlessly accumulating 
experience with catheter ablation of VT, as well as the expand-
ing clinical indications for the procedure are contributing to 
increase the complexity of patients coming into the electro-
physiology laboratory [2, 3], and the availability of novel energy 
sources (such as PFA) and/or more efficient catheter designs 
(such as QDOT Micro and Tactiflex) are more than welcomed 
to increase safety and efficacy. These advances will widen the 
landscape of treatment opportunities for patients with VT and 
help reduce its cumbersome health, social, and psychological 
burden. The high costs of these technologies will likely need to 
be renegotiated to make these devices cost-effective and acces-
sible to larger patient cohorts in and beyond western countries.
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Fig. 4   First in human epicardial catheter ablation of VT using a novel 
flexible tip, contact force sensing catheter. Epicardial catheter abla-
tion of recurrent ventricular tachycardia (VT) in a 32-year-old male 
patient with Kawasaki disease. (A, B) Substrate characterization with 
omnipolar and local activation time mapping (PA views) in right ven-
tricular paced rhythm. A dense scar region is demonstrated in the 
inferior-lateral walls of the left ventricle (A), and late potentials are 
recorded in the same region (orange arrows in B). (C, D) VT activa-

tion mapping and ablation. During VT, diastolic electrograms (orange 
arrows in C) are recorded in the same region of interest, but the VT 
terminates spontaneously before obtaining a complete activation map. 
Late potentials are then completely eliminated with multiple radiof-
requency energy pulses (D, final lesion set), and the patient is nonin-
ducible at end procedure. Abbreviations: LAT, local activation time 
map; Omni, omnipolar voltage map; VT, ventricular tachycardia 
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