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Idiopathic Fascicular Left Ventricular Tachycardia with atypical ECG morphology: Which is the mechanism?

Other denominations: Fascicular Tachycardia (FT), AKA Fascicular or interfascicular VTs, verapamil-sensitive left VT, verapamil-responsive

VT, Belhassen-type VT, idiopathic left ventricular tachycardia (IVLT), or borderline-broad complex VT.

Overview

Idiopathic ventricular tachycardia (IVT) is a term that has been used for VT in the absence of clinically apparent structural heart disease (1). It

accounts for approximately 10% of all VTs evaluated in specialized arrhythmia services. Several types have been reported according to their

clinical presentation, ventricular origin, response to drugs, ECG pattern, among other parameters. Idiopathic fascicular tachycardia (FT) is a rare

cause of sustained monomorphic ventricular tachycardia (VT). It is a well described clinical entity (Okumura 2002) that typically occurs in the

absence of structural heart disease and whose mechanism is usually due to reentry within the left-sided specialized conduction system. (Zipes

1972; Belhassen 1981; Lerman 1997; Okumura 2002; Nogami 2002). Detailed anatomic and histopathologic studies of the specialized

conduction system have delineated the presence of 3 fascicles in the left ventricle (LV) of the human heart, including the posterior, anterior, and

septal fascicles. (Demoulin 1972; Demoulin 1973; Kulbertus 1975;1976).

Electrocardiographic features

The baseline electrocardiogram (ECG) is normal in most patients though it may present T-wave inversion immediately after tachycardia (cardiac

memory).

Unlike patients with structural heart disease, IFLVT usually shows a QRS complex duration inferior to 140-150 ms and fast initial forces (RS

interval of 60-80 ms). Both features can lead to misdiagnosis of aberrant supraventricular tachycardia. The electrocardiographical pattern varies

depending on the site of origin of the tachycardia:

Fascicular tachycardia can be classified based on ECG morphology corresponding to the anatomical location of the re-entry circuit in the

following variants:

1. Left Posterior fascicular VT/Posterior fascicular ventricular tachycardia (P-IFLVT). (90-95% of cases): RBBB-configuration+ superior
axis in the frontal plane (left anterior fascicular block-like pattern) suggesting that the exit of the circuit is located in the inferoposterior
septum arises close to the left posterior fascicle.(Zipes 1972; Belhassen 1981; Nogami 1998; Okumura 2002);

2. Anterior fascicular ventricular tachycardia (A-IFLVT)/Left anterior fascicular VT (5-10% of cases): The ECG shows RBBB
configuration + right axis (left posterior fascicular block-like pattern); arises close to the left anterior fascicle. It is the second variant in terms
of frequency. The earliest activation has been described in the anterolateral wall of the left ventricle.



3. Upper septal fascicular ventricular tachycardia (rare): that shows a narrow QRS and normal or rightward axis 6; 12 atypical morphology —
usually RBBB but may resemble LBBB instead; cases with narrow QRS and normal axis have also been reported. Arises from the region of
the upper septum.(Shimoike 2000). This presentation is exceptional. As a general rule, it presents RBBB but a few cases with morphology of
left bundle branch block have also been described. A narrow QRS and normal frontal axis have been reported too.

4. Multiform fascicular tachycardia (FT) in the same patient because several circuits are operative (Sung 2013)

Another component characteristic of FT is borderline QRS complex duration (modest increase in QRS width (=120-130 ms).

Historical Background

May 1972: Cohen et al (Cohen 1972). First description: VT with a relative narrow QRS complexes (< 140ms).
1979: Zipes et al (Zipes 1979) reported three patients with VT characterized by QRS width of 120 to 140 ms, RBBB-Like pattern and extreme
left-axis deviation. These authors described the characteristic triad:

»Induction with atrial pacing

»RBBB-like pattern with extreme left axis deviation

» Without structural heart disease
1981: Belhassen et al (Belhassen) were the first to report on the characteristic termination of this VT with intravenous verapamil, hence
accounting for the terms Belhassen VT and verapamil-responsive VT to describe the condition.

Differential diagnosis

As in other IFLVT diagnosis requires exclusion of structural heart disease. It is therefore recommended to perform echo, coronary angiography or
computed  tomography, if deemed necessary depending on the cardiovascular risk  profile of the  patient.
Quite often, the IFLVT can be confused with a paroxysmal supraventricular tachycardia conducted with aberrancy because of its relatively
narrow QRS, response to verapamil and presentation in young patients without structural heart disease. The presence of ventriculoatrial
dissociation in the ECG or during the EPS may clarify the diagnosis.

It must also be distinguished from other forms of VT with narrow QRS. This is the case of VT related to intramyocardial reentry close to the
conduction system in which the QRS may be narrow due to an early invasion of the His-Purkinje system. As well, verapamilo sensitive VT from
the mitral annulus should be considered. They can present morphology of RBBB, right axis and a relatively narrow QRS, but its clinical and EPS
behaviour is usually different. An exceptional entity to consider is the interfascicular VT. In this case, the tachycardia circuit is established
between the two fascicles, either one or another sense. The QRS morphology is similar in sinus rhythm and tachycardia, RBBB and LAFB, LPFB
or LSFB. The ablation of one of the fascicles resolved successfully the event.



Epidemiological Aspects

Age: Usually observed between 15 and 40 year. Gender: Male predominance (70% of cases). Sudden Death Familiar Background: Negative.

Sex: verapamil sensitive fascicular VT has 3:1 male predominance (Nakagawa 2002).

Case Report

JSS, 28 years old, Caucasian man with history of recurrent paroxysmal palpitations since age 14 years. Several hospitalizations in the emergency
room with recording of regular tachycardia with a borderline-broad complex

Current admission by dyspnea and precordial pain with recording of ventricular tachycardia with cycle of 500 ms (120 bpm) and ECG with
atypical RBBB pattern + Prominent Anterior QRS forces and superior axis deviation: LAFB-like type (suggestive of anterior divisional
tachycardia). Little response to treatment with IV amiodarone. Several attempts of cardioversion were successful immediately and early recurrence

of tachycardia. We chose to perform electrophysiology study.

Which is the diagnosis of the event?
Which is the mechanism?

Which i1s probable circuit used as descending pathway and ascending direction?



ECG performed during the event
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Colleagues opinions



The QRS width and intrinsicoid deflection do not appear consistent with fascicular mechanism- more like myocardial or papillary muscle.
What did the EPS show?

Best,

Rod

Roderick Tung, MD, FACC, FHRS

Associate Professor of Medicine

Director, Cardiac Electrophysiology & EP Laboratories
The University of Chicago Medicine

Center for Arrhythmia Care | Heart and Vascular Center
5841 8. Maryland Ave. MC 6080 | Chicago, IL 60637
O: 773-834-0455 | F: 773-702-4666




1. The diagnostic of VT is 99% correct due to obvious AV dissociation.
2. The origin of the VT is in the posterior LV
3. The mechanism of VT is unclear before we know about the results of EPS. I note 3 important things:
a. The effects of verapamil and adenosine have not been tested.
b. The QRS morphology during VT is somewhat different from what classically observed in "typical Belhassen VT*
c. The authors have certainly some good reason for not sharing with us yet the ECG tracings in sinus rhythm; I am wondering what
could be this reason????

Looking forward to learning more about this patient but always remind:
Not all RBBB-LAD VT are "Belhassen VT" !!! (even in patients without obvious heart disease)
Bernard Belhassen

From the Department of Cardiology, Tel-Aviv Sourasky Medical Center,
Sackler Faculty of Medicine, Tel-Aviv University, Israel.
bblhass@tasmc.health.gov.il
Tel Aviv Israel.

NB. You might have been surprised by my statement in my previous mail " The diagnostic of VT is 99% correct
due to obvious AV dissociation". You certainly asked: why not 100%77?
The reason is that [ have observed a young patient with BELHASSEN VT and normal resting ECG in whom rapid
atrial pacing resulted in intraventricular aberration associating RBBB + LAH with a QRS configuration
IDENTICAL to the VT. Therefore it is possible (and this should be absolutely exceptional) that a wide QRS
tachycardia with RBBB + LAH in a patient with normal heart and normal baseline ECG could be due to SVT +
RBBB + LAH. If during such a tachycardia AV dissociation is present, the diagnosis should be either AVNRT or
ectopic junctional/His tachycardia that are associated with RBBB + LAH + VA block (in other words another
speculation of cardiac electrophysiologists !!!)
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ECG performed 1mmedlately after cardloversmn
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Dear BB: The young emergency physician did not make the correct diagnosis of VT type. He did not think in Belhanssen's sensitive verapamil
VT. This is the reason why he did not use intravenous verapamil or adenosine
ECG: Characteristic non-specific transient inferolateral T-wave changes immediately after cessation of event (our case).

Andrés& Raiundo



Aduendum

Dear Professor Bernard Belhassen: T-wave inversion In this case is caused by “cardiac memory” Cardiac memory”’(CM) is a peculiar variety of
cardiac remodeling (Chiale 2014) observed after abnormal sequence of ventricular activation/depolarization (Rosenbaum 1982-1990; Geiger
1943; Katz 1992; Chiale 2014) manifested by a persistent (for minutes, hours, weeks or months) but reversible T-wave changes on the
surface ECG.

L.

II.

I1I.
IV.

VL

Electrocardiographic changes (cardiac memory) subsequente of post pacing or artificial ventricular depolarization(Chiale 2010; Elizari
1995)

Cardiac memory after intermittent left bundle branch block (Rosenbaum 1973-1982; 1990) “pseudo primary T-wave changes”
Cardiac memory after episodes of tachycardia post-paroxysmal wide tachycardia syndrome (Kernohan 1969). This is the present case.
Cardiac memory after unespecific intraventricular conduction defects (NSIVCD)

Cardiac memory after intermittent preexcitation Wolff-Parkinson—White type (Kalbfleisch 1991): example after ablation of anomalous
pathway in Wolff-Parkinson-White. T wave inversion in II, III and aVF associated to delta wave disappearance of delta wave after ablation of
anomalous accessory pathway in patients carrier of Wolff-Parkinson-White syndrome, is a powerful marker of success of ablation procedure
(Trajkov 2008).

In patients who develop significant QRS vector changes during AVB, the effects of cardiac memory lead to excessive QT prolongation.
Cardiac memory resulting froernohanm a change in QRS morphology during AVB is independently associated with QT prolongation and may
be arrhythmogenic during AVB.(Rosso 2014)

The great interest for investigating this topic is due to the impact that recognizing this phenomenon has when making decisions in cardiological
clinical practice, since it manifests with T wave alterations generally interpreted mistakenly as of ischemic origin (pseudo-primary T waves)
observed in multiple scenarios, mainly in the presence of precordial pain in the ER, as in the first case.

Andrés & Raimundo



BB answer: "MEMORY*“ ABSOLUTELY: PLEASE NOTE IN REGARD TO WHAT YOU WROTE " IIl. Cardiac memory after
episodes of tachycardia post-paroxysmal wide tachycardia syndrome (Kernohan 1969)“ that KERNOHAN did the wrong
diagnosis of SVT + aberration. BUT ABOVE ALL that Mauricio Rosenbaum in his paper on memory published in the
AMERICAN JOURNAL OF CARDIOLOGY (1980-1981-1982??) showed the tracings of KERNOHAN ... but did not make the
diagnosis of VT (this was a typical case of Belhassen VT).

Bernard Bellhassen (BB)



1. The diagnostic of VT is 99% correct due to obvious AV dissociation.

I wrote this sentence taking in account the ECG showed a wide QRS tachycardia with AV dissociation.

When you have a regular, wide QRS tachycardia and AV dissociation, the first diagnosis should be VT.

I only pointed out that there are exceptional cases of wide QRS tachycardia with AV dissociation in which the final diagnosis is not VT.
I do agree with Dr Baranchuk that the use of “99%” may be inappropriate since I have never studied the issue in a systematic way.

I do accept to delete the “99%” and replace it with “almost always”.

My sentence should read:

“In the presence of regular, wide QRS tachycardia with AV dissociation, the diagnosis of the arrhythmia is “almost always” VT.

NB. I did not read Dr Baranchuk’s e-mail.
Bernard Belhassen (BB)

From the Department of Cardiology, Tel-Aviv Sourasky Medical Center,
Sackler Faculty of Medicine, Tel-Aviv University, Israel.
bblhass@tasmc.health.gov.il
Tel Aviv Israel.



mailto:bblhass@tasmc.health.gov.il

Hi

My dear colleague, Dr Belhassen makes a profound mistake on his statement that “99% of the correct diagnoses of VT are done due to obvious AV

dissociation”. I hope he reads my email and can honestly retract from that comment.

The basis of his comment is that he saw 1 (ONE) patient with this characteristic (AV dissociation, wide complex, not VT) (perfectly explained by
him, so no need for me to repeat it). That means that his UNIVERSE is composed by another 99 AV dissociations that were VT. (one case 1%, thus

100 1s the total number of cases that he is counting...).

Did Dr Belhassen ONLY see or manage 100 cases of AV dissociations resulting in VT diagnosis? Obviously not. This may be the number he sees

in 1 month,...or two (maybe three???). Let’ say 1 or 2 years.

If he had said “The statement that 100% of the correct VT diagnosis are done by finding AV dissociation is false”, I would agree. For the same

reason of the case he described. [Tl

Managing numbers lightly can induce mistakes in our reasoning.

Best wishes,
Adrian Baranchuk MD FACC FRCPC FCCS

Professor of Medicine (Tenure)

Queen's University

Kingston, Ontario, Canada

Editor-in-Chief, Journal of Electro cardiology

IB



The diagnostic of VT is 99% correct due to obvious AV dissociation.

I wrote this sentence taking in account the ECG showed a wide QRS tachycardia with AV dissociation.

When you have a regular, wide QRS tachycardia and AV dissociation, the first diagnosis should be VT.

I only pointed out that there are exceptional cases of wide QRS tachycardia with AV dissociation in which the final diagnosis 1s not VT.
I do agree with Dr Baranchuk that the use of “99%” may be inappropriate since I have never studied the issue in a systematic way.

I do accept to delete the “99%” and replace it with “almost always™.

My sentence should read:

“In the presence of regular, wide QRS tachycardia with AV dissociation, the diagnosis of the arrhythmia is “almost always™ VT.

NB. I did not read Dr Baranchuk’s e-mail.

Bernard Belhassen (BB)



Comments (continued)
I had the privilege to get the ECG in sinus rhythm after VT conversion by DC shock. There are marked inferolateral changes as well known after
termination (with drug or DC shock) of this type of VT.

The QRS is somewhat bizarre with some Q waves in inferior leads associated with relatively prominent R in V1 with R/S > 1.

The possibility of minor preexcitation involving a left sided accessory pathway.

Based on ECG only, we should rule out of course an old inferoposterior myocardial infarction (that can be excluded based on clinical ground of a
long history of palpitations in a young otherwise healthy boy).

Thus assuming that we are dealing with a patient with normal heart and LV-VT, 2 diagnoses should be discussed:

1. "Belhassen VT" ++++++++
2. Other type of LV-VT +

Answer

Another addendum: Dear BB, the dorsal or posterior wall does not exist; as our "guru" taught us: the

great Catalan Professor of electrocardiology Antonio Bayes de Luna.

He wrote in Circulation eleven years ago these recommendations

1. Because these ECG patterns matched well with the CE-CMR necrotic areas, although some of them
present limited sensitivity, they offer a better global concordance than the classic Q-wave ECG
pattern location.

2. The concordance between the ECG patterns and the location of MI by CMR shows that abnormally
increased R waves, the Q-wave equivalent, in leads V1and V2 indicate a lateral MI and that
abnormal Q waves in leads aVL and I without a Q wave in lead V6 indicate a mid-anterior MI.
Therefore, THE TERMS POSTERIOR AND HIGH LATERAL MI ARE INCORRECT when
applied to these patterns and should be changed to lateral wall MI and mid-anterior wall M1,
respectively (Bayés de Luna 2006).

Andrés. My pet “Evita”




Dear Andres,

Thank you for sending this interesting case.

I think that more than 80% of fascicular tachycardia's are involved in the left posterior fascicle. In most of these ECGs, like yours, there is RBBB
and left axis deviation. The left posterior fascicular is usually involved and is used as a retrograde part of the reentry circuit. They are generally
sensitive to verapamil; however, ablation is very effective once one can localize the reentry circuit. Even though verapamil may work for some
time, most do not respond to antiarrhythmic agents; therefore, ablation has become a first-line therapy in these cases with often no structural heart
disease. Please let me know if my interpretation is correct. Thank you again.

Very best,
Mohammad

Mohammad Shenasa MD, FACC, FESC, FAHA, FHRS,

Heart & Rhythm Medical Group é / g&w@
105 N. Bascom Ave Suite 204

San Jose, CA 95128
408-930-9400 (Mobile)

408-286-2922 (Fax)
mohammad.shenasa@gmail.com

B:mmm&

Maya Smith
Assistant to Dr. Mohammad


http://mail.uol.com.br/compose?to=mohammad.shenasa@gmail.com

Final comments



Classical Posterior fascicular VT (90-95% of cases): RBBB-like pattern + extreme left axis deviation; arises close to the left posterior fascicle.
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The present case
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The present case

Right precordial leads comparison

Classic Posterior fascicular VT
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The fifth beat is narrower and does not have
notched at the apex (dissociation)
i
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QRS duration 150 ms. Very tall R wave. This pattern is not classical RBBB

QRS duration 120 ms: borderline-
broad complex VT < 140ms
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The present case
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QRS duration = 150ms. The fifth beat is a fusion beat (F) because it is narrower and does not have notched at the apex (dissociation).



The present case
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QRS duration
gqRS. R voltage = 31 mm!!!.Why is R amplitude too high? (R height = between 31 and 35 mm)



Classical Posterior fascicular VT

[y
QRS duration = 120 ms

ﬁ

.

Another component characteristic of 1diopathic fascicular VT is borderline QRS complex duration (modest increase in QRS width (=120-130
ms)).



Multiform fascicular tachycardia (FT) in the same patient because several circuits are operative (Sung 2013)
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- & A. Left posterior fascicular VT morphology prior to ablation. The circuit includes retrograde
M'W\/\ conduction up the septal fascicle (S) and antegrade conduction down the left posterior
< fascicle (P), with passive activation of the RBB and likely slow conduction down the left
Wi A A anterior fascicle (A).
W"‘M B. VTI1 with narrow QRS and right axis deviation. The circuit involves retrograde conduction
B up S and antegrade conduction down A, with likely block in P. Passive activation of RBB is
- v | still present accounting for the narrow QRS.
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C. VT2 with RBBB and right axis deviation. The circuit is the same as in B, with either block
or significant delay in the RBB accounting for the new RBB block morphology in
comparison to 2B.

D. VT3 with LBBB and left superior axis. The circuit here is bundle branch reentry, with
retrograde conduction likely up S and antegrade conduction down RBB.
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Sung et al present 6 cases of multiform FT that suggest functional contribution of a trifascicular left-sided conduction system. Successful ablation
therapy relied on suspicion of a fascicular origin on the basis of characteristic surface ECG recordings as well as recording FP in SR and during
tachycardia. In addition, the authors emphasize the importance of recording FPs, use of entrainment pacing and 3D electroanatomic maps for
successful ablation. For further and complete characterization, they also encourage FP—QRS timing and mapping along both anterior and posterior
fascicles to determine interfascicular reentry using the traditional 2 fascicle model versus invocation of a third fascicle (antegrade conduction
along both LAF and LPF), and to ablate near the region just apical to the LBB when suspicion of the upper left septal fascicle involvement is

present. Interfascicular Macro-Reentry Mechanism

1) Left Septal Fascicle (L.SF)
2) Left Anterior Fascicle (LAF)
3) Left Posterior Fascicle (LPF)

LPF

RBB




Supporting evidence of upper septal fascicle or left septal fascicle (LSF)
Anatomic and histopathologic studies by Demoulin and Kulbertus reinforced earlier studies of the trifascicular nature of the left specialized

conduction system, demonstrating a third branch in 11 of 20 hearts (Demoulin 1972; Demoulin 1973). Kulbertus showed that the majority of
examined hearts had a left septal division/fascicle (LSF) easily identifiable, originating from the trunk of the left bundle branch in the majority of
cases, or from the LAF and/or LPF in a smaller percentage of cases (Kulbertus 1975;1976).

TYPE | TYPE | BEEE

LAF LsF LAF LSF %

%
TYPE Il TYPE IV Q N A
LBB
LAF L€ lpk
LSF
LSF ‘e

LSF




Indeed, extensive ECG and VCG studies have postulated the functional existence of the left septal fascicle (LSF) based on specific ECG/VCG
changes consistent with left septal fascicular block(LSFB) (Iwamura 1978; Dabrowska 1978; Chen1979; Athanassopoulos 1979: Uchida 2006;
Riera AR 2008a,b,c; Pérez-Riera 2011, Pérez-Riera 2016 ), and case reports of idiopathic upper septal VT have been previously reported in the
literature, with postulated mechanisms including automaticity (Kottkamp 1995) and reentry (Shimoike 2000; Kottkamp 1995).

Mechanistic and Clinical Implications

While reentry is well established as an underlying mechanism of monomorphic idiopathic VT, the observation that reentry can also result in
multiform FT has been described for patients with idiopathic VT (Sung 2013). In cases of cardiomyopathy or known conduction disease, 3 case
reports have been published demonstrating interfascicular reentry between LAF and LPFs resulting in 2 distinct VT forms with alternating
morphology (Lopera 2004; Chien 1992; Crijns 1995).

In Sung series, 4 of 6 cases had normal HV intervals, and only 2 cases had likely or confirmed HV prolongation. Of the cases with likely baseline
HYV prolongation, the shift between VT1 and VT2 was spontaneous during tachycardia without tachycardia termination, implicating the presence
of a third fascicle. Radiofrequency catheter ablation (RFCA) was successful in terminating fascicular VT for all cases, guided by 3D
electroanatomic mapping and segmental modification of the conduction system targeting FPs critical to the circuit (Nakagawa 1993; Zardini
1995). Their results are consistent with a prior series describing RF application at a site remote to the VT exit that achieved procedural success.
However, only by ablating the auxiliary fascicle did they terminate all VT forms. Ablation of only the antegrade limbs (LPF and LAF) resulted in

bundle branch reentrant tachycardia (BBRT) due to persistence of the retrograde limb.



Successful ablation of the auxiliary fascicle in most cases is based on concealed entrainment mapping, localizing concealed entrainment to the
region just apical to the LBB. Although this would be the preferred technique, it may not be unreasonable to attempt a line of ablation just distal to
the LBB extending from a region close to the LAF to a the region close to the LPF in an attempt to transect the auxiliary fascicle. The entity of
multiform FT should be differentiated from BBRT and myocardial VT. In all patients, a distinct FP was recorded both in sinus (or atrial paced)
rhythm and during VT. When variations in the tachycardia cycle length (CL) were observed, changes in FP—FP drove changes in V-V. In addition,
the FP preceded the ventricular electrogram, and the HV interval was very short during FT. Together, these observations serve to exclude BBRT
and myocardial VT. The exceptions are the LBBBVTs where BBRT was the likely mechanism for VT after left sided fascicular VT ablation.

Comprehensive maps of all VT circuits and extensive entrainment mapping could not be performed in every case. However, concealed entrainment
of one or more VT forms is possible strongly suggestive of a reentrant mechanism. Also, Sung et al. hypothesize use of a separate functioning
fascicle (septal) to best explain the observations in this series of cases, but they cannot exclude the possibility of multiple diseased fascicles
producing similar patterns. However, the presence of normal HV intervals lending credence to a functional third fascicle rather than disease in the
HPS. Previous studies of FT have used multipolar catheters to clearly demonstrate antegrade versus retrograde conduction along individual
fascicles (Nogami 1998; Nogami 2000). Although Sung et al did not use multipolar mapping of individual fascicles, they believe that the
combination of 3D electroanatomic mapping to define spatial location and multipoint fascicular activation mapping with the ablation catheter is

sufficient to determine directionality of fascicular conduction.



Conducted

1. With mild sedation and local anesthesia. TWO punctures were made in right femoral vein and ONE puncture in right femoral artery to position
catheters: deflectable decapolar catheter in the CS + fixed quadripolar catheter at the RV tip. Through arterial puncture, deflectable decapolar
catheter was placed in the left ventricle for activation map construction.

2. Electroanatomic mapping (Ensite Nav’x, SJIM) — activation of ventricular tachycardia with emphasis on PRE-PURKINIJE (P1) and PURKINJE
potentials (P2).

3. Ventricular tachycardia throughout the test. Different spontaneous interruptions of VT during the manipulation of catheters with EASY
INDUCTION BY ATRIAL PACING in all attempts.

4. Through activation mapping of P1 and P2 potentials, we observe ventricular tachycardia by reentry, the circuit of which used a descending
pathway at the level of medium IVS (area of slow conduction) and ascending direction through the posteroinferior fascicle.

5. 2:1 ventriculo-atrial conduction during tachycardia.

Performed

1. Ablation of tachycardia circuit based on P1 and P2 potentials, seen in the left posterior septal area and confirmed with the activation map and
entrainment maneuvers.

2. We performed RF application (50 W, 70°) by 8 mm ablation catheter, in the region with greatest precocity and with evidence of P2 very near
the ventricular electrogram. Immediate reversion of ventricular tachycardia preceded by cycle reduction (480 — 510 ms) before interruption.
New applications of consolidation increasing the lesion area.

3. By programmed atrial and ventricular pacing with cycles of 500 and 400 ms, besides one and two extra-stimuli, it was NOT possible to induce
new episodes of ventricular tachycardia.

Diagnosis

1. Ventricular tachycardia of the posterior fascicular type

2. Successful ablation of ventricular tachycardia

3. Procedure with no complications
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RBBB-configuration+ superior axis

Left Posterior fascicular VT/Posterior fascicular ventricular tachycardia (P-IFLVT). (90-95% of cases)

in the frontal plane (left anterior fascicular block-like pattern)



1

1nous verapami

ECG performer immeddiatly after intrev

3 i el ¥ T INEEEES & - ) | 3 l i 3
T T T 2 5 B INENE & T T
r P i T IS NEEEE SRREE ) (BEEE SRS 1 S ARAES B8 t ! 1T H
I 1 ImmS om 8 81 1 T +t T : L
! o _ . wi ¥ TT 1 + ! 8 EEE
T 1 T T 1 I 1
H- H- 4 1 H FHHHHH NS . s } jan
5 9 ) - 1 - 3 =x "o -
1 am am . ma Y T ! T
11 1 )t iERSsus I8 58 SRMRE N { w3 1 -+ 8 B8
- ! o i T : B o
1 : & SERSE RESRS B 4 11+ 1 t 1 T 1
. 18 . 4 +1+ . .- - ! !
T SREEE A NEEE ISEEERSNES IN INESSNES SHUSE B " 8 T mns snuus
TIT I 18 6E inE LT T I 1 T
. o8 ISR EEE I
T T ; y +
t - 414 T asane 8 : P SRR N H 1 RE B8
111 t { . t 1 t H11 1 JES SRNEH
I 1 . T 1 1 1 T T 1 + -
I ! 1 I mas 1 w sl
! HHH . T yan= - 1 aa : 2588
TR i HENEEE SRENN " in I ! nua
) ? 1 H3H SRSEESS 1N AR T !
mman u : T
' T s Y A =na T Y 1 ¥
R I AT R EaEEd IEERRRaRES IaRERIEEEL
e . : InE 8 ann ! EEaERs u e
T . H IR 1 I H
T ‘e - Tt : ! smnn S EEEES SREEE '
e ! . see==occ sEEE € '
HHH e INES InEEN o HHHH . " EEENE SRENN 5 Imm 1
— - L ' 1 " " 2 L - '3
- 3 * + -+ W it SEES 854 + ssnem
i 1+ - ] { 3 4 RE Y 44
e - 18 RRS 11 1 1
HF ] 1 1 A ] IESEEESEEN Sua o
amm 11 : : ] .. I - N HS WEEEE . S )
1 i 1 1
1 8 . T 3
sux 1 s 2 1 b T (253 B nu
- . RSEES 8 S amw 3 HHH - o 1 H 3
H T i 8 SRREE . 1 1 1 1 un
T -+ { 1 ! s 1 1
+ + : +1111 i T1111] T 1 1
44+ n ! - . 1
T : ! ; . a ] 1}
1 m HH s - o : e
11 . B E - 1 T ™1 T 14
T - = L - - ] (R8s
tas sunan nnan .“ T SRS e H T 5 BmmEEBE T T t ol
I INEE I - I | I T
1 t + HHH imm 1
SEEE: dnmaa =5 nun: 1 1 1T HH HHH
- - = - . B - - 1 HHR T
b — T it A IS S m === F
HHH ] .ﬂ 1 + 1} i } ing s ; 1 ]
1 : : H HH 1 Iu (SEENES 4w 13 FHE ] H H
- = e 44411 = . 4 . } $ 4 9+ - } :
1 : s IS RSN Sann i SREEESEIEE 5 I HHH
ENEEE 8 I  » I ] 1] u ! 1 HEH
I 1 t T R SuEE A s
1 ! 1 1 1 I I IR u "
REess SaRa RS f 1 H- H . -+ HA < H w..rﬂ‘r JRES A + ! ISSSS pans
3 T BEES SEA 1] S 51
3 I ! 1 ! s B! R ¥ NS IBENEENNES ANEE in sunny
T :
- HHHE 4 111 NS smEEe L
fass: HEEE R o , 3
I T T T T
i i T iaas i 4 S Ea0s R8RS } + 4
1 TR 3 e iE wn o I8 ANEE
¥ [EERE 2 R REnat Bt 1 INERS ENEEN IRENE NS S -
NS 0 RN SENE G L \ jSSs panes
T T 1 unEG suEEs am ¥ SHH
+ 4 . e e .H s . i 23 = SR IEES
4 i 1 4t JEERS EhE 44 I
1 EEEEES o 1 et Lt 4 : . 4
B + . - + fooe
HE EE ENL MR EER TR e e i
SEes 1 1 1 - . . S RERRE R
1 as taand sl P - -
IENES AN ¥ ! ! ) T '
EEEE EEEEE AN T AT jRaas innan
e A SEEEE ERNE ! J N H44
HEH HHHHH T
bt g - BSSS snans + " INSSSENEE 28 Bha M 1+
FE R 8us sEmE ISR ERNEE SRS
1 - HHE IEEENEEEEN R . NS EEEEN
HF w.u‘ 1 BENE raun sanaEal 1 I N REEN SREEN
T iy SEuas m) ! IREE SRS
SEEEE B 5 1 I IEEES A AES SR ESEE
- . ! BN NN ANNEE § H ENE|
-+ 1 T
ing 1 1T T NSEE EEEES 5 GRS BN
-+ . + -t R EERRE | (o
- . HHEE HH
T +
; T i e
H T T 11T IENE ES RRARENS RORE
u BRE 1T aesiine = | 1
3 3o RESS Ean t
T | T
aunm .ﬁﬁ
HHHE HHHTH
- BENE B
HHE 1 S
INNES SHEE)
T
T mEm
1 { ISSuE 1u
7 NEGES SNEEE RS )
m HEHEEE
I SENERSENEE AN D i
IS SNEEN AR SWE ¥
pes - .
‘e + -
L
' -
1
§SEESEIEEC ina
NSNS AN ¥
S8 SEEEE AN !
8 -
1
1
HHEE
HA
I
4
I .
T 4 1
) Eu B
H I H
s T
t 1 INEEE ...
IRRES -+ w. EENEE NS
InEnE 1 EEEEE SNEN i ImE .
1 1 H 8 IHS EENE) ISESEERE]
. 134 4 1 ) 4 et + e e -+t te f et
HH INENS AEE! » I a1 NS RN 4, im |
< = I HHH A i1 1
i - 17 S
I 1T L
: ima o T
o ! INE ARR)
- + PR cae e -
. ISNE HH
INEE A HHHH
sas swn T
o 1 i
HHH H
-+ «H
- - "
ns=s IESEEwE Bu) 4 T
T e o 1 | B 1
T + IS B 4+
L ] T | +
i i
! EEmms o
¥ e . HH I ¥ mm
- - I IR EEny REES B + b ]
! =) = 1 ' T 1
1 IS IR ESEaE ERSRE o T B}
11 HHHT T H-
' swmme am immms
BN 4 fd
-4 + ]
+H 1 ISR YENNE ) o ¥
INENE B0 ES ImanS 3 ! 1
* 1 1 I 1 1T
t t +H T
+ + T
: mmmt ! =1
, T t i H
2 . - eSS S8at T
- - s 1 1 1 =) 11 1
' ISRES SRae I SEESNNEES SREN 1T L) TTT T T

1mversion

ts present T-wave

1en

. Most pati

1Sm

Memory mechani

1ac

Card

).

diately after tachycardia (cardiac memory

11mme

Deep negative T-waves from V4 to V6 (> 10mm) and in inferior leads



H —r WEREEREEE 01 NEE SRENE S iV wandBREE el
H- Il.va rma. o +H vw Exam {.«% ‘?L IEREE RN 1 4
InEr: En INEES NSNS SRANAERNEL SNGNN ANANE SNRES B
4 ot T EEEE SR i -+
1 s I8 BREE] i : IS SRS S REEEE IRE NEEES B 4
[EaEE BEs . Saeas ot Bt BEwid ERSRE Aeuns Be! EEEE ARSI I I 1
s f3d7 EEad 8 R H
1 R ERE o8 Saasd b ~ | RS SEREESS SEREISECRE RERRI RS
T ' Tt ettt e T = T t
} : I +HH- musaEs sREEEEEEED - |
H mEi RN mard RRRARRRR ARARE AR HH 1
1 ! . ! ¥ HH I I juE anms|
SR SERSsEERE L R R
1 } ++ 4 o = HHHE : Rnee)
HHEE NN NS . i INENE ENESE INENR AR I
= INEE R = HHER nEu 4H
E8ES smmn == THHH S SSasEsEEEl mEREEEEEE 1
mN EEaEEEREEN B ' * . - . B
4 T . inau * IEENEENENE SENN T H
EEEE sREES SEEEE 0 o } IBS 55 A EEE A Mﬁv
B ! HENE RS 1 SEU S ENEOEENENN AEENE N
HA-HH-H r, I m H .} + 1 I 1 ey HiH
HHH EREREEEN % BEEEN RN SN A ! 0
H s H-HHH %.I»Av HHHH HHHH 2 4
NS SERE in SEEEEENEEE NN i NS R REES TN I S
tmms =) H T NS S8 UEBEEEEGE SREAE S
= ! SEEN NSNS CREEE R EEES 5 8 8] BEE EEEE 1 i
HHHHHH HHH R HHH H
] IEEE NSRS RREES aNE n S Sens. SRaRE Rt It 1
MM”. Ht +4 1 e INSS SESSE RER’ S sREEE B uﬁ e +
B nun T BEE 08 8 T H
1 - . 13 ias Ba i H
- 11 i MT; ++ % saan M - 4
1 . H 51 ! H wom |
IBEE B e RS R - o - s R 1SS .
SNEN SEEENEERES EREEE EEeS 1 SRR T 3 mu
B 4 o ISER SNERAENNEN S0 . i I B + H4 '
: T e INEEE SRNEE ENE BEE ENEEE R SRR BENEEE !
INEE SEREE lh”.“ll levIAAAt 0_ AR EREE ERER IR I B e e T . +-1t++4-+11 1 T + .
: " = EEEED SRE) BuE SEEE ' L 1 -t - 3 1
++ HA-HHHHHEH . o : - 1+ : . +
—- 4 Ins smass & R T
. B ¥ : INEEEBEEES A IRY 88 SSESE B0 HHH N 4
EREEE 8 3 EEEEEEE SREEE B 1 I ! mEEE SEEE
i S aessaaus samRENUARS IAREARS SN SNARA RREED ARNAEAREED A5eC tHH T
T 1 T 1 ! T T 1 1
- 1+ -+ . 4 . PRf RS RIS BRI 411+ 1N 4
W.M 1 1 NSNS Bn .-w - 4\ 1 SRS SNESE A T BEES S84
SuEu SENESENES INENS ERERS URESE NES! n BB EERE ! 3 EEEEY SR8
" t 13 : : m AmEE S
PR 3 ! { smams IRaSEEs suae +4 H34 4 -+
1 EEEREE EEaaRREEEN b T S EAREE SENERBAES BN HH 3 aRans anua
+ HHHHHE R R 1 HHHH B R e R R SE R pES EERERAE 1
1 SEES RSN SRAR] — SEEEES AEENE REEE BRI —uu iBE SNEEE
. ! i s =) = 31 INEE
= =m0 .. 1 1 ..»T HH W« ] 1 L1 NN
. w=_Ju i e S iNEB. 88 M
HHH 1 Eus 153 SNENENAENE SHNEE ENRAE AN inEn
T T mas mma e 1 ! T !
o i NE N Ra IS SN GE NN SN 1 InuBuwa
1 NS R ) IEEE ERNEN BN N NN BN =i
1 I 5 EEEEREE \ NS NN RS 1
HHHH - 44 - +H .S E 134 3 3 .
BuRR & , 58 Eaaatpess 8 B8 ESRRE Ranes B mEERREAE 35 8 A ]
IS i auEananas ; a ISENS SHRES ERE i i INEEREEE SRR
T 3 R ISRES SRERI NENEN SUN I SEEEEEs sEANE
+ T,l 41 " = . v InE + 3
4 : mEEN 1 S H-
T 1 nEn EREE N ! !
1 1 ; ! .
s T -
: St R
T o o
ot
- -
= T 3 -
e 1 B8 N
1 T 5 R
=5 N - H
-+ -4+ 1! :
! ! IS A
IENEE & = .
IB8Es seaEn
HHH
ImmEs summa
“,.. +
WS o
=ik
1
)
i
4.y
H-+H
e
11
HHH
-+
) W
BN BESE
SESEEEES NN
i BENAEEEE ENEN)
BT mmm
1 SN ESEEN KRR
IS SN O

f memory T-wave

10n O

24 hours after ending the event

ficant reduct

Signi



OCOCCCICTDO OO
T RTEL VO NRANRNE N ORI RN

V5 |
® 10
10 mm/mV 25 mmis |




After ablation

diately after

IMversion 1mme

ts present T-wave i

1en

. Most pati

1Sm

Cardiac Memory mechani

Negative T-waves from V4 to V6 and in inferior leads

tachycardia (cardiac memory).



W

10.
11.
12.
13.
14.

15.

References

Athanassopoulos CB. Transient focal septal block. Chest 1979;75(6):728- 30.

Bayé¢s de Luna A, Wagner G, Birnbaum Y, et al. A new terminology for left ventricular walls and location of myocardial infarcts that present Q
wave based on the standard of cardiac magnetic resonance imaging: a statement for healthcare professionals from a committee appointed by
the International Society for Holter and Noninvasive Electrocardiography. International Society for Holter and Noninvasive
Electrocardiography. Circulation. 2006;114(16):1755-60.

Belhassen B, Rotmensch HH, Laniado S. Response of recurrent sustained ventricular tachycardia to verapamil. Br Heart J 1981;46(6):679- 82.
Chen CH, Nobuyoshi M, Kawai C. ECG pattern of left ventricular hypertrophy in nonobstructive hypertrophic cardiomyopathy: The
significance of the mid-precordial changes. Am Heart J 1979;97(6):687-95.

Chiale PA, Pastori JD, Garro HA, et al. Reversal of primary and pseudo-primary T wave abnormalities by ventricular pacing. A novel
manifestation of cardiac memory. J Interv Card Electrophysiol. 2010;28(1):23-33.

Chiale PA, Etcheverry D, Pastori JD, et al. The multiple electrocardiographic manifestations of ventricular repolarization memory. Curr
Cardiol Rev. 2014;10(3):190-201.

Chien WW, Scheinman MM, Cohen TJ, Lesh MD: Importance of recording the right bundle branch deflection in the diagnosis of His-Purkinje
reentrant tachycardia. Pacing Clin Electrophysiol 1992;15(7):1015-24.

Cohen SI, Voukydis P. Supraventricular origin of bidirectional tachycardia. Circulation. 1974;50: 634-8.

Crijns HJ, Smeets JL, Rodriguez LM, Meijer A, Wellens HJ. Cure of interfascicular reentrant ventricular tachycardia by ablation of the
anterior fascicle of the left bundle branch. J Cardiovasc Electrophysiol 1995;6(6):486-92.

Dabrowska B, Ruka M, Walczak E. The electrocardiographic diagnosis of left septal fascicular block. Eur J Cardiol 1978;6(5):347-57.
Demoulin JC, Kulbertus HE. Histopathological examination of concept of left hemiblock. Br Heart J 1972;34(8):807-14.

Demoulin JC, Kulbertus HE. Left hemiblocks revisited from the histopathological viewpoint. Am Heart J 1973;86(5):712-3.

Elizari MV, Chiale PA. Clinical aspects of cardiac memory revisited. J Electrocardiol. 1995;28 Suppl:148-55.

Iwamura N, Kodama I, Shimizu T, Hirata Y, Toyama J, Yamada K. Functional properties of the left septal Purkinje network in premature
activation of the ventricular conduction system. Am Heart J 1978;95(1):60-9.

Kalbfleisch SJ, Sousa J, el-Atassi R, Calkins H, Langberg J, Morady F. Repolarization abnormalities after catheter ablation of accessory
atrioventricular connections with radiofrequency current. J Am Coll Cardiol. 1991;18(7):1761-6.



16.
17.

18.
19.

20.
21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

Kernohan RJ. Post-paroxysmal tachycardia syndrome. Br Heart J. 1969;31(6):803-6.

Kottkamp H, Chen X, Hindricks G, et al. Idiopathic left ventricular tachycardia: New insights into electrophysiological characteristics and
radiofrequency catheter ablation. Pacing Clin Electrophysiol 1995;18(6):1285-97.

Kulbertus HE. Concept of left hemiblocks revisited. A histopathological and experimental study. Adv Cardiol 1975;14:126-35.

Kulbertus HE, Demoulin J. Pathological basis of concept of left hemiblock. In: Wellens HJJ, Lie KI, Janse MJ, eds. The Conduction System of
the Heart. Lea and Febiger, Philadelphia, USA; 1976. P. 287.

Lerman BB, Stein KM, Markowitz SM. Mechanisms of idiopathic left ventricular tachycardia. J Cardiovasc Electrophysiol 1997;8(5):571-83.
Lopera G, Stevenson WG, Soejima K, et al. Identification and ablation of three types of ventricular tachycardia involving the His-Purkinje
system in patients with heart disease. J Cardiovasc Electrophysiol 2004;15(1):52-8.

Nakagawa H, Beckman KJ, McClelland JH, et al. Radiofrequency catheter ablation of idiopathic left ventricular tachycardia guided by a
Purkinje potential. Circulation 1993;88(6):2607-17.

Nakagawa M, Takahashi N, Nobe S, et al. Gender differences in various types of idiopathic ventricular tachycardia. J Cardiovasc
Electrophysiol 2002;13(7):633-8.

Nogami A, Naito S, Tada H, et al. Verapamil-sensitive left anterior fascicular ventricular tachycardia: Results of radiofrequency ablation in six
patients. J Cardiovasc Electrophysiol 1998;9(12):1269-78.

Nogami A, Naito S, Tada H, Taniguchi K, et al. Demonstration of diastolic and presystolic Purkinje potentials as critical potentials in a
macroreentry circuit of verapamil-sensitive idiopathic left ventricular tachycardia. J Am Coll Cardiol. 2000;36(3):811-23.

Nogami A. Idiopathic left ventricular tachycardia: Assessment and treatment. Card Electrophysiol Rev 2002;6(4):448-57.

Okumura K, Tsuchiya T. Idiopathic left ventricular tachycardia: Clinical features, mechanisms and management. Card Electrophysiol Rev
2002;6(1;2):61-7.

Pérez Riera AR, Ferreira C, Ferreira Filho C, et al. Electrovectorcardiographic diagnosis of left septal fascicular block: anatomic and clinical
considerations. Ann Noninvasive Electrocardiol. 2011;16(2):196-207.

Pérez-Riera AR, Barbosa-Barros R, Baranchuk A. Left septal fascicular block: Characterization, differential diagnosis and clinical
significance. Springer International Publishing, Switzerland; 2016.

Riera AR, Uchida AH, Schapachnik E, et al. The history of left septal fascicular block: chronological considerations of a reality yet to be
universally accepted. Indian Pacing Electrophysiol J. 2008;8(2):114-28. (a)



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Riera AR, Kaiser E, Levine P, et al. Kearns-Sayre syndrome: electro-vectorcardiographic evolution for left septal fascicular block of the his
bundle. J Electrocardiol. 2008;41(6):675-8. (b)

Riera AR, Ferreira C, Ferreira Filho C, et al. Wellens syndrome associated with prominent anterior QRS forces: an expression of left septal
fascicular block? J Electrocardiol. 2008;41(6):671-4. (¢)

Rosenbaum MB, Blanco HH, Elizari MV, Lazzari JO, Davidenko JM. Electrotonic modulation of the T wave and cardiac memory. Am J
Cardiol. 1982;50(2):213-22.

Rosenbaum MB, Blanco HH, Elizari MV. Electrocardiographic characteristics and main causes of pseudoprimary T wave changes.
Significance of concordant and discordant T waves in the human and other animal species. Ann N 'Y Acad Sci. 1990;601:36-50.

Rosso R, Adler A, Strasberg B, et al. Long QT syndrome complicating atrioventricular block: arrhythmogenic effects of cardiac memory. Circ
Arrhythm Electrophysiol. 2014;7(6):1129-35.

Shimoike E, Ueda N, Maruyama T, Kaji Y. Radiofrequency catheter ablation of upper septal idiopathic left ventricular tachycardia exhibiting
left bundle branch block morphology. J Cardiovasc Electrophysiol 2000;11(2):203-7.

Sung RK, Kim AM, Tseng ZH, et al. Diagnosis and ablation of multiform fascicular tachycardia. J Cardiovasc Electrophysiol. 2013;24(3):297-
304.

Trajkov I, Poposka L, Kovacevic D, Dobrkovic L, Georgievska-Ismail Lj, Gjorgov N. Cardiac memory (t-wave memory) after ablation of
posteroseptal accessory pathway. Prilozi. 2008;29(1):167-82.

Uchida AH, Moffa PJ, Riera AR, Ferreira BM. Exercise-induced left septal fascicular block: an expression of severe myocardial ischemia.
Indian Pacing Electrophysiol J. 2006;6(2):135-8.

Zardini M, Thakur RK, Klein GJ, Yee R. Catheter ablation of idiopathic left ventricular tachycardia. Pacing Clin Electrophysiol.
1995;18(6):1255-65.

Zipes DP, Foster PR, Troup PJ, Pedersen DH. Atrial induction of ventricular tachycardia versus triggered automaticity. Am J Cardiol
1979;44(1):1-8.



