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Catheter ablation of septal ventricular tachycardia (VT) is challenging. Pulsed field ablation is a promising technology,

potentially reaching deep substrates. We report the first sequential unipolar biventricular pulsed field ablation targeting

refractory septal VT. Besides, we illustrate the importance of searching underlying cardiomyopathy in patients with

recurrent multiple morphology VTs and normal magnetic resonance imaging. (J Am Coll Cardiol Case Rep 2024;29:102356)

© 2024 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
HISTORY OF PRESENTATION

A 60-year-old man presented with incessant episodes
of sustained monomorphic slow ventricular tachy-
cardia (VT) (-VT1, depicted in Figure 1A). The
EARNING OBJECTIVES

To recognize that PFA is a novel, effective,
and safe alternative treatment for deep-
septal VT.
To consider an expectant approach for acute
conduction disturbances after PFA.
To contemplate ARVC as an important
alternative diagnosis, in patients presenting
with idiopathic RV multiple morphology VTs,
even in the absence of apparent structural
abnormalities on MRI.
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implantable cardioverter-defibrillator (ICD) interro-
gation showed multiple episodes of sustained and
nonsustained (NS) VTs in the previous days (between
133 and 167 beats/min).

PAST MEDICAL HISTORY

The patient had a history of idiopathic recurrent and
multiple morphology VTs. The echocardiogram, cor-
onarography, positron emission tomography scan,
and magnetic resonance imaging (MRI) examinations
showed no abnormalities. There was no family his-
tory of sudden death, and no pathogenic variants for
arrhythmic disorders were found on genetic exami-
nation. He underwent an ICD insertion and 2 radio-
frequency ablation procedures in another institution,
targeting the septo-apical region of the right ventricle
(RV) in the first and RV outflow-tract and moderator
band in the second procedure.
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ABBR EV I A T I ON S

AND ACRONYMS

ARVC = arrhythmogenic right

ventricular cardiomyopathy

BBB = bundle-branch block

EGM = electrogram

ICD = implantable

cardioverter-defibrillator

IVS = interventricular septum

LV = left ventricular

MRI = magnetic resonance

imaging

NS = nonsustained

PFA = pulsed field ablation

RV = right ventricle

VPS = ventricular programmed

stimulation

VT = ventricular tachycard
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DIFFERENTIAL DIAGNOSIS

The presence of recurrent VT originating
from the RV (especially if sustained and with
superior frontal-plane axis), even in the
absence of apparent structural abnormalities,
must raise concerns about subclinical car-
diomyopathies, most frequently arrhythmo-
genic right ventricular cardiomyopathy
(ARVC).1

INVESTIGATIONS

Given the multiple VT cycle lengths and
electrogram (EGM) morphologies of unclear
etiology occurring during physical activity,
despite amiodarone and verapamil treatment
and 2 previous endocardial ablation proced-
ures, a hybrid procedure (combining percu-
taneous endocardial and epicardial thoracoscopic
mapping and ablation), with concomitant myocardial
biopsy and sympathectomy were planned.

MANAGEMENT

Following thoracoscopic access, RV epicardium was
mapped in sinus rhythm by the surgeon manipulating
an ablation catheter (Thermocool SmartTouch, Bio-
sense Webster) and showed low amplitude, fraction-
ated, and late bipolar EGMs in the mid-anterior and
peritricuspid area (Figure 2A). While mapping this
region, NS VT1 was elicited, showing diastolic
activity. Focal radiofrequency ablation was per-
formed at this site, along with linear cryoapplications
(AtriCure cryo-probe) for scar homogenization in the
surrounding region, given the large pathological
area. In addition, left C8-T5 sympathectomy was
performed. Visually, marked fibrofatty degeneration
was observed on the anterior RV epicardium.
Subsequently, percutaneous endocardial electro-
anatomical mapping of the epicardially ablated area
was performed by the electrophysiologist using the
same catheter. Although low-voltage EGMs were still
observed, abolishment of late potentials was noted
(Figure 2B).

Ventricular programmed stimulation (VPS) easily
and reproducibly induced VT2 (Figure 1C) and, less
frequently, NSVT3 (Figure 1D). Mapping during VT2
showed the earliest activation simultaneous with QRS
onset in a relatively large region of the basal-anterior

ia
interventricular septum (IVS), 1 cm below the His re-
gion, with “rS” unipolar EGM morphology (Figure 2C),
suggesting deep-septal origin. Pace mapping in this
region showed maximum 85% match. Five focal
pulsed electrical field applications using monopolar
and biphasic waveform (25 mA) were delivered via
the CENTAURI system (Galvanize-Therapeutics) with
a mean contact force of 10.6 � 3.1g. Neither conduc-
tion disturbances, nor signs of ischemia were detec-
ted on the electrocardiogram. After a 30-minute
waiting period, although high-output pacing showed
local noncapture in the ablated area, a more aggres-
sive VPS could still induce VT2.

As intramural septal origin was suspected, left
ventricular (LV) mapping was performed. Earliest LV
septal activation was 10 ms later than QRS onset, with
maximum 75% pattern match at pace mapping. Two
focal pulsed electrical field applications targeting the
LV septal side of the RV applications (25 mA, mean
contact force of 14 � 7.1 g) were performed. Following
the second application, incomplete right bundle-
branch block (BBB) with left anterior fascicular block
was observed (Figure 1E). After these applications,
persistent absence of capture at high-output stimu-
lation was demonstrated on both sides of the septum,
and VPS failed to induce any sustained VT. Pace
mapping was performed for NSVT3, showing 96%
pattern match in the RV apex, close to ICD lead
insertion. Considering the NS and hardly inducible
character of VT3, questionable clinical significance,
and the proximity of ICD lead, this region was not
targeted. Twenty-four hours later, the electrocardio-
gram showed recovered intraventricular conduction
to baseline QRS morphology and width (Figure 1F).

DISCUSSION

Herein, we present the first case of unipolar sequen-
tial right and LV pulsed field ablation (PFA) for the
treatment of refractory intramural septal VT.

Ablation of VTs arising from deep IVS can be
challenging, mainly because of the incapacity of
conventional energy sources (ie, radiofrequency) to
generate deep lesions.2 Bipolar radiofrequency en-
ergy delivery, high-impedance irrigation, ethanol, or
needle ablation constitute valid therapeutic options
for intramural septal VT, but their higher risk of
complications should be considered.3,4

Several preclinical studies analyzing PFA lesions in
ventricular tissue confirmed its capacity to generate



FIGURE 1 12-Lead ECG Recordings

(A) VT1 (spontaneous tachycardia). (B) Baseline ECG. (C) Intraoperative VT2. (D) Nonsustained VT3. (E) End of the procedure (note incomplete

right bundle-branch block and left anterior fascicular block, QRS: 110 ms). (F) Twenty-four hours after the procedure (recovered

intraventricular conduction, QRS: 78 ms). ECG ¼ electrocardiogram.
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FIGURE 2 Electroanatomical Maps

Continued on the next page
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FIGURE 3 Supplementary Tests During Follow-Up

(A) Implantable cardioverter-defibrillator interrogation 6 months after ablation, showing a significant decrease of arrhythmic burden, with a single sustained ventricular

tachycardia recurrence (successfully treated by antitachycardia pacing). (B) Magnetic resonance imaging performed 1 month after ablation showing basal-septal nearly

transmural delayed-enhancement.
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deep lesions (>6 mm) with homogeneous fibrotic
replacement of the myocardium.5

Bipolar delivery of PFA across the IVS was tested in
canine models, demonstrating deep lesions (up to
10 mm, nearly reaching transmurality). However, it
was associated with significant conduction distur-
bances, namely atrioventricular block, and BBB,
which were persistent in some cases.6

Conduction system damage caused by PFA is
dependent on the energy delivery protocol (usually
reversible with low energy and reduced number of
pulses) and site of application (more frequent in
anteroseptal location).7 Sequential right and left
septal PFA might be an adequate alternative, as lesion
formation subsequently occurs from both sides,
allowing gradual titration while monitoring
conduction.

To the best of our knowledge, this is the first hu-
man case of intramural septal VT PFA. There is only
one other case reported of focal endocardial PFA for a
VT arising from LV basal-anterolateral region, with a
likely epicardial origin.8 In our case, the sequential
biventricular approach was effective, and it was not
associated with long-term side effects. Of note, the
reversibility of the conduction disturbance in less
FIGURE 2 Continued

(A) Epicardial bipolar-voltage map of the peritricuspid region, showing

circular tag and a green arrow (contact force vector direction). (B) Endo

maps showing disappearance of late potentials and the extension of epica

activation map (red tags locate pulsed field ablation applications and ye

VT ¼ ventricular tachycardia.
than 24 hours suggests that ventricular PFA is asso-
ciated with a reversible zone effect that might have
clinical consequences.

FOLLOW-UP

Verapamil and amiodarone were discontinued 1 and
3 months after ablation, respectively. During
6 months of follow-up, only a few episodes of NS and
1 episode of sustained VT at 188 beats/min, success-
fully treated by antitachycardia pacing, were regis-
tered (Figure 3A). MRI performed 1 month after
ablation showed mid-septal nearly transmural
fibrosis (Figure 3B). Left-sided lesions seemed to be
deeper, possibly due to the increased contact force,9

although the MRI planes might underestimate lesion
depth, given their possible tangential evaluation.
Although morphological criteria for ARVC were not
met, the histological study of RV biopsy showed
fibrofatty replacement. This finding, together with
the presence of a sustained VT with left BBB, fulfilled
the diagnostic criteria for ARVC (2 major criteria).10

It is worth noting that the contribution of PFA,
epicardial large area cryoablation, and sympathec-
tomy to clinical success cannot be separately
late and fractionated potentials. Catheter position is indicated by a

cardial right ventricular bipolar (left) and unipolar-voltage (right)

rdial low-voltage area after epicardial ablation. (C) VT2 biventricular

llow tags mark His recording sites). VF ¼ ventricular fibrillation;
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addressed, especially in the context of a chronic and
progressive disease with extensive pathological sub-
strate. However, the significant decrease of both fast
and slow arrhythmia burden after ablation suggests
the contribution not only of the slow (VT1) but also
fast (VT2) ablation, perhaps with the additive effect of
sympathectomy and epicardial cryoablation. Of note,
the impossibility of ablating fast NSVT3 could impact
VT recurrence, especially given the similar frequency.

Besides, only a focal ablation catheter was used for
both mapping and ablation, mainly for limiting pro-
cedural duration and due to the important epi/endo-
cardial impedance-mismatch caused by single-lung
ventilation and high-pressure CO2 insufflation of the
pleural space, inherent to thoracoscopic hybrid
procedures.

CONCLUSIONS

Sequential biventricular focal septal PFA constitutes a
safe and effective alternative for the treatment of VT
arising from deep-septal substrate.
FUNDING SUPPORT AND AUTHOR DISCLOSURES

Dr La Meir is a consultant for AtriCure. Dr Chierchia has received

compensation for teaching purposes and proctoring from Medtronic,

Abbott, Biotronik, Boston Scientific, and Acutus Medical. Dr de

Asmundis has received research grants on behalf of the center from

Biotronik, Medtronic, Abbott, LivaNova, Boston Scientific, AtriCure,

Philips, and Acutus and compensation for teaching purposes and

proctoring from Medtronic, Abbott, Biotronik, Livanova, Boston Sci-

entific, AtriCure, Acutus Medical, and Daiichi Sankyo. Dr Sarkozy is a

consultant for Biosense Webster and Medtronic and received speaker

honorarium from Biotronik and Microport. All other authors have

reported that they have no relationships relevant to the contents of

this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr Andrea Sar-
kozy, Heart Rhythm Management Centre, Post-
graduate Program in Cardiac Electrophysiology and
Pacing, Universitair Ziekenhuis Brussel-Vrije Uni-
versiteit Brussel, European Reference Networks
Guard-Heart, Wilrijkstraat 10, Edegem, Antwerpen
2610, Belgium. E-mail: andreasarkozy@yahoo.ca.
@AndreaSarkozy.
RE F E RENCE S
1. Corrado D, Link MS, Calkins H. Arrhythmogenic
right ventricular cardiomyopathy. N Engl J Med.
2017;376(1):61–72.

2. Oloriz T, Silberbauer J, Maccabelli G, et al.
Catheter ablation of ventricular arrhythmia in
nonischemic cardiomyopathy: anteroseptal versus
inferolateral scar sub-types. Circ Arrhythm Elec-
trophysiol. 2014;7(3):414–423.

3. Nguyen DT, Tzou WS, Sandhu A, et al. Pro-
spective multicenter experience with cooled radi-
ofrequency ablation using high impedance irrigant
to target deep myocardial substrate refractory to
standard ablation. J Am Coll Cardiol EP. 2018;4(9):
1176–1185.

4. Stevenson WG, Tedrow UB, Reddy V, et al.
Infusion needle radiofrequency ablation for treat-
ment of refractory ventricular arrhythmias. J Am
Coll Cardiol. 2019;73(12):1413–1425.
5. Im SI, Higuchi S, Lee A, et al. Pulsed field
ablation of left ventricular myocardium in a swine
infarct model. J Am Coll Cardiol EP. 2022;8(6):
722–731.

6. van Zyl M, Ladas TP, Tri JA, et al. Bipolar
electroporation across the interventricular
septum: electrophysiological, imaging, and histo-
pathological characteristics. J Am Coll Cardiol EP.
2022;8(9):1106–1118.

7. van Zyl M, Ladejobi AO, Tri JA, et al. Reversible
atrioventricular conduction impairment following
bipolar nanosecond electroporation of the inter-
ventricular septum. J Am Coll Cardiol EP.
2021;7(2):255–257.

8. Weyand S, Löbig S, Seizer P. First in
human focal pulsed field ablation to treat an
epicardial VT focus with an endocardial approach
in non-ischemic cardiomyopathy. J Interv Card
Electrophysiol Int J Arrhythm Pacing. 2023;66(5):
1057–1058.

9. Nakagawa H, Castellvi Q, Neal R, et al. Effects
of contact force on lesion size during pulsed field
catheter ablation: histochemical characterization
of ventricular lesion boundaries. Circ Arrhythm
Electrophysiol. 2024;17:e012026.

10. Marcus FI, McKenna WJ, Sherrill D, et al.
Diagnosis of arrhythmogenic right ventricular
cardiomyopathy/dysplasia: proposed modification
of the Task Force Criteria. Eur Heart J. 2010;31(7):
806–814.
KEY WORDS arrhythmogenic right
ventricular cardiomyopathy, intramural
septal ablation, pulsed field ablation,
ventricular tachycardia

mailto:andreasarkozy@yahoo.ca
https://twitter.com/AndreaSarkozy
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref1
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref1
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref1
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref2
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref2
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref2
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref2
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref2
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref3
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref3
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref3
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref3
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref3
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref3
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref4
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref4
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref4
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref4
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref5
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref5
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref5
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref5
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref6
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref6
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref6
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref6
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref6
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref7
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref7
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref7
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref7
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref7
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref8
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref8
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref8
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref8
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref8
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref8
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref9
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref9
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref9
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref9
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref9
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref10
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref10
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref10
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref10
http://refhub.elsevier.com/S2666-0849(24)00149-9/sref10

	Sequential Unipolar Biventricular Pulsed Field Ablation for Refractory Intramural Septal Ventricular Tachycardia
	Past Medical History
	Learning Objectives
	Differential Diagnosis
	Investigations
	Management
	Discussion
	Follow-up
	Conclusions
	Funding Support and Author Disclosures
	References


