Symptomatic Caucasian middle-aged woman with a family history of sudden
death, Brugada type 1 electrocardiographic pattern and other peculiarities

PHRASE OF THE DAY: Accept the project that scares you a little. This will be the one that will teach you the most.



Dear Dr Pérez-Riera,

| would be very happy if you would agree sending you an ECG of a patient in order to ask you for your opinion.

It is an ECG from a 53y old female patient who suffered from syncope and has a positive family history for sudden cardiac death and has complete
right bundle branch block.

My question would be if you would consider her ECG as a Brugada type | ECG pattern?
In order not to bias you | wouldn’t tell you my opinion before.

With best regards from Germany

Britt Maria
Dr. med. Britt-Maria Beckmann

Outpatient clinic fr patients with inherited arrhythmia syndromes
Med. Klinik und Poliklinik 1
Klinikum der Ludwig Maximilians Universitdt Minchen

DE-80336 Mlinchen Germany.
Ludwig-Maximilians-University of Munich
Location

Munich, Germany

Department

Department of Internal Medicine |

Position

Medical Doctor
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Type 1 Brugada pattern plus fractionated QRS in lead Il and V3, possible Brugada patterns in aVR and J wave in lead I1l. Worrisome risk
features as well as history. Would lean towards genetic testing and ICD implant.

Melvin Scheinman, MD

Cardiac Electrophysiology and Arrhythmia Service
400 Parnassus Ave., Fifth Floor

San Francisco, CA 94143, USA

Phone: (415) 353-2554

Fax: (415) 353-2528

Cardiovascular Genetics Program

400 Parnassus Avenue, Plaza Level, Room 94
San Francisco, CA 94143, USA

Phone: (415) 353-2873

Fax: (415) 476-5355




Dear Dr Beckmann:

| have the feeling you are preparing us some surprise but let’s go anyway.....

First, in order one can ascertain the diagnosis of Brugada-ECG in this relatively young woman we need to be sure that the patient does not have

any other cardiac or extracardiac condition that could result in a similar ECG. Therefore physical examination, echocardiogram and ECG exercise

testing are mandatory.

| do believe that the ECG shown is consistent with a Type 1-Brugada ECG. Such tracing in females may indicate a poorer arrhythmic prognosis

than in males. | also note a deep S wave in lead I that has been suggested by Calo et al. (1) to also indicate a worse arrhythmic prognosis. | do not

see clearly fragmented QRS.

The positive family history of sudden cardiac death (SCD) is interesting despite we do not have information about the degree of familial

relationship nor the age at which SCD occurred in the family relative. In any case, discrepant results exist about the predictive value of family

history of SCD in first degree relatives at a young age (2, 3).

| would like to comment on the present case on the light of the results we have collected on 59 females with arrhythmic events in Brugada

syndrome in the Multicenter International Survey (SABRUS) (Milman, Belhassen et al., unpublished data). Two papers dealing with SABRUS

have already been recently published (4,5) while the one dealing with gender differences has been submitted for publication.

My personal recommendation in the management of the present patient will require performance of 2 additional exams:

1. Diagnostic EPS (found positive in more than third of females with arrhythmic events in SABRUS).

2. Genetic testing (found positive for SCN5A mutation in almost half of females tested in females with arrhythmic events in SABRUS).

In case the patient has inducible VT/VF at EPS, | would first recommend EP-guided management therapy with quinidine (6) instead of implanting

ICD. In case this approach is not feasible or if the patient is intolerant or not compliant to medication or if quinidine fails to prevent arrhythmia

induction, ICD implantation will be mandatory.

In case the patient refuses EPS or has negative baseline EPS while he is SCN5A carrier | would also recommend implantation of an ICD.
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Dear Andres,

Thank you for sharing this interesting case.

At first glance, it obviously looks like a Brugada Type | ECG; however, looking at it carefully, | noticed the following:
1. The QT is above normal rage. | see an epsilon wave in leads V3 and V4.

2. The ST segment in aVR is not quite normal.

3. There are some early repolarization changes.
Putting all of these points together, | favor ARVC/D.
Looking forward to seeing your comments.

\ery best,

Mohammad Shenasa MD, FACC, FESC, FAHA, FHRS,
Heart & Rhythm Medical Group

105 N. Bascom Ave Suite 204

San Jose, CA 95128

408-930-9400 (Mobile)

408-286-2922 (Fax)
mohammad.shenasa@gmail.com
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Spanish
Buenas tardes estimado Andrés! ! En ECG registrado a velocidad Standard parece un BRD y patrén de Brugada (En una mujer de 53 afios!!!,
tengo 58 ....) tipo 1.

En los registros a 50 mm/seg creo ver ondas épsilon (u ondas de Fontaine) en V1 a V3, aVR y en cara inferior. Ondas T negativas asimétricas de
V1 a V3. Y fQRS inferior (peor prondstico) hablaria de un retardo de la conduccion en el tridngulo de la displasia (TSVD-TEVD-PUNTA)
génesis de las TV-FV gue explicarian sincope y MS, incluso en familiares.

Se trataria entonces de una DAVD, que en no pocas ocasiones se registran trastorno de conduccion de rama derecha hasta BCRD.

Ademas podrian coexistir ambas entidades (DAVD+BrS). |
Un Ecocardiograma o mejor una RMN ayudarian en el diagndstico.
Con admiracion y carifio.

Dr Juan Carlos Manzzardo

Mendoza-Argentina

English
Good afternoon dear Andrés. In the ECG registered at standard speed looks like a RBBB + type 1 Brugada ECG pattern.

In the tracing at 50 mm/s, | see epsilon waves or Fontaine waves from V1 to V3, aVR and in the inferior leads.

Asymmetric negative T waves from V1 to V3, and fQRS in the inferior leads (worst prognosis), | would say of a conduction delay in the dysplasia
triangle (RVOT-RVIT-apex) could originate the genesis of VT/VFs that would explain syncope and sudden death, even in relatives.

In addition, a record of right leads and Fontaine, could help to visualize the epsilon.With HC and ECG, we have: 1 major criterion for ARVD on
ECG: epsilon waves, 2 minor: negative T waves from V1 to V3 in the presence of BRD and family history of MS.

| do not know if the fQRS are minor criteria by ECG or they are by SAECG.

It would be a ARVCD, which in a few occasions are registered IRBBB to CRBBB. In addition, both entities (ARVCD and BrS) could coexist.

An echocardiogram or better an CMRI would help in the differential diagnosis.

With admiration and affection.

Dr Juan Carlos Manzzardo

Mendoza-Argentina



Dear Andrés and friends,

Thank you for sharing this interesting case of a 53 year old woman with syncope. The strong family history of sudden death suggests that the
syncope is of cardiac origin.

ECG #1 recorded at 25 mm/s shows sinus rhythm (~90 bpm), PR 160 ms, QRS ~160 ms, QT ~340 ms, and SAQRS +120 degrees. Late QRS
forces are oriented rightward and anterior with classic rsR’ (V2) of complete RBBB. Although there is right axis deviation | don’t think there is
LPFB because R, >R,,;. Coved ST segment elevation followed by T wave inversion is present in V1-3 and suggests Brugada type 1 pattern.

The 2" ECG recorded at 50 mm/s is not the same ECG #1, although RBBB is still present. Coved ST segment elevation in V1-3 is no longer
present and the SQRS is closer to +90 degrees.

| look forward to your opinion and that our colleagues.

Regards,

Frank G. Yanowitz MD

Professor of Medicine (Cardiology), University of Utah School of Medicine; Medical Director,
Cardiac Rehabilitation at Intermountain Medical Center; Medical Director, IHC ECG Services.




Spanish

Querido Andrés:

Coincido con el analisis de Juan Carlos Manzzardo.
Hay que descartar una displasia arritmogenica del V.D.
Abrazo,

Mario Hening

English

Dear Andrés:

| agree with the Juan Carlos Manzzardo’s opinion.
| would rule out ARVCD.

Hug

Mario Hening




Spanish

Querido Amigo Andrés: No veo vector septal por ningin lado lo que me hace pensar que tiene una fibrosis septal? gR en V1 y V2 sin r inicial ,
onda T plana en cara inferior, el eje eléctrico en cuadrante normal. Sin aparente sobrecarga auricular. Para mi no es patrén de Brugada ni de
displasia. Pienso que es cardiopatia isquémica. Ademas un sincope a los 53 afios justifica descartar coronariopatia. Espero la opinion del grupo.
Un saludo.

Emilio Marigliano MD

mariglianoemiliod@GMAIL.COM

English

Dear friend Andrés: | do not see a septal vector anywhere, which makes me think that she has a septal fibrosis? gR in V1 and V2 without initial r,
flat T wave in the inferior wall, with normal QRS axis. No apparent atrial overload. For me it is not Brugada's pattern nor ARVCD. I think it would
be coronary artery disease (CAD). In addition, in a person of this age with syncope justifies to rule out CAD. I look forward to the group's opinion.
Regards.

Emilio Marigliano MD
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Estimado Andrés, es un interesante planteo el versus Brugada/BCRD. Para Brugada, es infrecuente en mujer, pero puede ocurrir. Para un simple
BCRD episodio sincopal y antecedentes de MS familiar, sobra. Claramente hay que definir que no existe una cardiopatia estructural. La RM
cardiaca creo que es el mejor método.

Si la duda existe, y es oportuno dudar ante este caso, creo que la TECNICA DE CHIALE publicada en HR en 2012 podria clarificarnos y
recientemente ISABEL publico 2 casos analizando ECG/VCG en BR enmascarado y Brugada.

Si no hay displasia haria esto. Va a ser muy interesante lo que vos plantees ya que sos quien mas experiencia tiene en estos casos. gran abrazo.
Oscar Pellizon.

Dear Andrés, Brugada syndrome (BrS) versus RBBB is an interesting proposal. BrS, is uncommon in women, but it can happen. The syncopal
episode associated with the family history of sudden death are strong arguments in favor of BrS. We must determinate the eventual presence of
structural heart disease. For this propose the CMRI is the choice method. If the doubt exists, | think that the Chiale's maneuver (Heart
Rhythm. 2012 Jun;9(6):974-6. 12) could clarify this doubt. Recently, Dr. Isabel Konopka published 2 cases analyzing the masquerading RBBB
with BrS using ECG/VCG.

If there is no dysplasia | would do this. It is going to be very interesting what you say since you are the one who has more experience in these
cases.

Big hug.

Oscar Pellizon MD

Thank you dear friend Oscar for your lucid response. In relation to the Chiale’s maneuver, | do not believe that in this case it is necessary because
the RBBB does not hide the Brugada type 1 pattern. The two ECG features are clearly seen. The septal or predivisional RBBB is observed in 28%
of the cases in the BrS. In most cases, they are divisional blocks of the superior or subpulmonary division of the right bundle branch, which,
differently from the trivial, septal RBBB has the final delay in the right posterior quadrant. Septal RBBB has right end conduction delay in the
anterior right quadrant with “glove finger” shape in the horizontal plane.



Dear Andres and Britt,

| would indeed consider this a type-1 ECG for ECG 1. There are some aspects which | would like to highlight :
- there is a profound right ventricular conduction delay, with extreme wide S inferior and lateral, and broad R' in V1. There is also QRS
fractionation

- the right axis and (not as impressive) PR lengthening also contribute to the conduction disorder

- V1 itself | would not consider type-1, there is still a clear and angle at the J point between the end of the QRS and start of ST

- in V2 however, the same angle at the J point is still present although of less magnitude and there is a more profound positive coved type angle in
the ST segment about 40-60 ms later. The J point seems to be elevated exactly 0.2 mV on my screen (but | might overestimate). From this lead |
would consider this Ecg as type-1 (although it would have been more clear when the angle at the J point would have disappeared ).

- In V3 a similar aspect is seen but not quite high enough and not too relevant any more for the type-1 question because of V2. The QRS complex
in V3 is rather peculiar

- the extreme conduction delay does question whether sodium channel blocking drugs or other provocative conditions are present. If not, and this
IS an unprovoked baseline ECG, | would be quite reluctant to give ajmaline because of the amount of conduction slowing already present.

- undoubtedly there will be more information on the syncopal episode, on imaging results and on the family history / family ECGs

- ecg 2 | would interpret as remarkable right conduction delay but not type-1 (nor type-2 or -3)
Surely I'm very interested in the opinion of our colleagues

\ery best wishes

Pieter G. Postema, MD, PhD, Cardiologist-electrophysiologist

Department of Cardiology | Academic Medical Centre - University of Amsterdam
P.O. box 22660 | 1100DD Amsterdam | The Netherlands

Email: P.G.Postema@cardiologie-amc.nl | Postema@-cardionetworks.org

Director of www.BrugadaDrugs.org and chair of the BrugadaDrugs.org Advisory Board
Secretary of the Cardionetworks Foundation: www.Cardionetworks.org




A M
Andreés Ricardo Pérez-Riera, M.D.Ph.D.
Laboratory Design of Studies and Scientific Writing - ABC Faculty of Medicine-ABC Foundation - Santo André — Sdo Paulo — Brazil
ECG / VCG PEREZ-RIERA
My cardiology site of scientific interests

https://ekgvcg.wordpress.com

To my dear friends the Brugada brothers Pedro and Josep,

“The Doctors do not discover diseases, diseases are as old as the World, what Drs discover are very small signs which were
previously overlooked...”

""Los médicos no descubren enfermedades; éstas son tan antiguas como el mundo mismo. Lo que los médicos descubren son
signos infimos, que previamente habian sido pasados por alto."™

Best for both of you


https://ekgvcg.wordpress.com/

Dear Maria Beckmann, here is my opinion:
Sinus rhythm

1

2. Prolonged P wave duration: > 110 ms, typical of Brugada syndrome (BrS) with mutation.

3. QRS axis with right axis deviation QRS positive in Il1-aVR and aVF in 25mm/s +117°

4. Predivisional or troncular CRBBB

5. Type 1 Brugada pattern

6. Prolonged QTc duration =550ms: Phenotypic overlap of LQT3 + Brugada syndrome (BrS) + cardiac conduction disease (CCD), SCN5A-
E1784K mutation? (Veltmann 2003) Overlapping of LQT3 and BrS in patients carrying the most common mutation is high. The ajmaline
challenge represents an important step to rule out potential BrS overlapping in these patients before starting sodium channel blockers for the
beneficial effect of QT shortening in LQTS3.

7. The patient’s ECG shows spontaneous coved-type ST-segment elevation and epsilon-like waves in 11, aVF, Ill and from V1 to V4 (epsilon-like
wave is observed on ECG 50mm/s): Overlapping characteristics of BrS and arrhythmogenic right ventricular cardiomyopathy/dysplasia
(ARVC/D)? (Kataoka 2016) A disease state combining both conditions has a different clinical course than uncomplicated BrS. A subgroup of
BrS patients may demonstrate the features of ARVC/D after the initial BrS diagnosis. Structural heart diseases and histological findings
consistent with ARVC/D have been revealed after autopsy of patients who were diagnosed with BrS and who died suddenly. Thus, careful
observation of the changing clinical course is vital and may indicate the transformation from BrS to ARVC/D.

Conclusion:  "sodium channel syndrome®“ (Napolitano 2003)? Brugada syndrome and arrhythmogenic right ventricular

cardiomyopathy/dysplasia? Overlapping syndrome ?(Pérez-Riera 2016) see next slide
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Basal P wave duration (Pd) is prolonged (Pd=118 ms — normal <110 ms). These atrial dromotropic disorders could be the substrate for reentrant
atrial tachycardias such as AF. In BrS the PR interval of ECG and the His bundle electrogram in approximately 50% of the cases are prolonged
(Yokokawa 2007). When the PR interval is prolonged it is observed predominantly in cases where the SCN5A gene mutation can be proven
(carriers). The presence of a prolongued HV interval is possible in HBE by the existence of intra-His or infra-His block. PR prolongation
consequence of HV split or HV prolongation is considered another ECG risk marker (Miyamoto 2011), absent in the presente case.



Presence of aVR sign

R wave voltage >3 mm

The aVR sign: Presence of prominent final R wave on aVR lead; R wave >3 mm or R/q >0.75 in lead aVR (aVR sign). It is indicative of slow
conduction at the RVOT. It may contribute to the induction of VF by PVS (Babai Bigi 2007).



50 mm/s épsilon-like waves

Epsilon potentials(g), epsilon waves, or Fontaine waves are specific ECG
markers that reflect ventricular conduction delay in ARVC/D. & are
commonly observed in subjects with spontaneous or drug-induced type 1
ECG pattern of BrS as well. These depolarization abnormalities may be
related to subtle underlying structural abnormalities (Letsas 2011).
Recognition of € waves are extremely important aspects of the ECG findings
in ARVD/C. The characteristics of these potentials are

Intrinsic features: & waves are one or more small notches or
oscillations in the ECG signal. Wang et al (Wang 2010) describe 3
different morphologies of £ waves: wiggle waves, small spike waves,
and smooth potential waves that formed an atypical prolonged R' wave.
The most common configuration was small spiked waves.

Location: they are found at the end of QRS, in the J point, or at the
onset of ST segment. The definition of ¢ waves remains difficult
because within the QRS complex notches or deflections are called
fragmentation of the QRS complex (f-QRS). The f-QRS at the
beginning, on the top, and at the end of the QRS complex (termed "pre-
, top-, and postsilons™) was proposed as a typical extension of the
definition of € waves (Kukla 2012).




V.

VI,

VII.

Leads: observed in the right precordial leads. If the epsilon wave is of a large magnitude, a reciprocal epsilon wave may be seen in V5 or
V6.This may indicate that large part of the RV is depolarizing late. When there is extensive scarring of both the right and left ventricle,
epsilon waves may be observed from V1 to V6, reflecting extensive ventricular wall involvement (Saprungruang 2013).

Frequency in ARVC/D: present in approximately 15-30% of cases usingonly the standard 12-lead ECG(S-ECG). This percentage increases
using a modified ECG protocol adding right-sided precordial leads (R-ECG) and the Fontaine bipolar precordial lead (F-ECG).The detection
rate of epsilon wave using combined methods is near 40% (\Wang 2010).

High resolution ECG: epsilon waves are observed more frequently with this method.

Pathognomonic character: in spite their importance in the diagnosis of ARVC/D, epsilon waves are not pathognomonic of this disease as
they have been described in other diseases associated with myocardial scarring or damage including: right ventricular infarction (Zorio
2005), inferior or lateral(old dorsal) infarction, sarcoidosis (Santucci 2004),sickle cell anemia(Hurst 1998) and others. Specific ECG
markers that reflect ventricular conduction delay in ARVC/D are commonly observed in subjects with spontaneous or drug-induced type 1
Brugada pattern. These depolarization abnormalities may be related to subtle underlying structural abnormalities(Letsas 2011).

V1I1.Meaning: epsilon waves are a reflection of delayed conduction of the right ventricle and are considered to be one of the major diagnostic

IX.

criteria on the Revised Task Force criteria 2010 (Fontaine 1999, McKenna 1994). They are late posterior potentials (PP) that occur in the
RV free wall in patients with ARVC/D and rarely in others entities. Inversion T waves in leads VV1-V3 and/or g-waves are found in 70% of
patients with ARV C/D. Epicardial electrophysiological studies in dysplastic areas of the RV reveal that late potentials occurring at the end of
the QRS complex, in the J point, or at the onset of the ST segment can be explained by fibro-fatty replacement of myocardial tissue
(Fontaine 1984).

Epsilon waves and their relationship to VT: the presence of these waves are indicative of slow and fragmented conduction leading to
reentry circuits which, in turn, result in monomorphic ventricular tachycardia (M-VT) with a LBBB morphology by originating in the
RV(Aldakar 1998, Sajeev 2004).
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' QT =440 ms

25 mm/s

Heart rate = 97 bpm

QTc =559 ms: prolonged: BrS + LQT3? See next slide




The JT and JTc intervals the posible value in the present case

JT and JTc intervals: interval that extends from the J point to the end of the T wave.

The QTc interval constitutes the classical measurement of ventricular repolarization; however, the parameter includes ventricular depolarization.
Thus, when there is bundle branch blocks( RBBB/LBBB), nonspecific intraventricular conduction disturbance or ventricular preexcitation, the
measurement of ventricular repolarization by QTc may be incorrect. In such cases, the measurement of JTc is more accurate than the QTc
interval, because it excludes depolarization.

The measurement of JTc may be useful to identify LQTS cases with borderline values, where QTc interval could be normal in rest ECG.

We find an example in patients carriers of tetralogy of Fallot who underwent surgery, and as a consequence of RV ventriculostomy, developed
CRBBB. In these cases, JTc interval measurement is more sensitive than the QTc interval to detect prolonged repolarization The same think
probably occur in the present case.

el [T intervald—

S

—AV

QTc interval or electric systole

Normal value: 350 to 440 ms or 446 + - 15%
QTc < 330 ms: short QT interval
QTc > 450 ms: long QT interval



BrS and LQT3 variant in association (overlapping phenotype)

The defects on the SCN5A gene that encode the alpha subunit of the cardiac Na+ current may cause both the LQT3 variant and BrS. Both are
allelic disorders with a common genotype. Evidence shows the existence of an overlapping of phenotypes between BrS and LQT3 variant. Bezzina
et al (Bezzina 1999) described a large family that displays an SCN5A mutation, where in all the members of the family a mixed ECG pattern was
observed, characterized by RBBB, J point and ST segment elevation from V1 to V2, long QT interval and high tendency to nocturnal SCD. The
genotype study of these patients revealed the insertion of 3 nucleotides (TGA) in the 5537 position, which would cause an insertion of aspartic
acid (1795insD) in the C-terminal domain of the protein of the SCN5A gene. Some class | antiarrhythmic agents have been used to differentiate
these diseases. Endovenous flecainide can cause ST segment elevation in some patients carriers of the LQT3 variant (Cerrone 2001; Khan 2004).
An SCN5A mutation (1795insD) in the C terminus results in a clinical phenotype combining QT prolongation and ST segment elevation,
indicating a close interrelationship between BrS and the LQT3 variant. Two novel mutations on the same codon, Y1795C (LQT-3) and Y1795H
(BrS), have marked and opposing effects on channel gating consistent with activity associated with the cellular basis of each clinical disorder.
Y1795H speeds and Y1795C slows the onset of inactivation. The Y1795H, but not the Y1795C, mutation causes a marked negative shift in the
voltage dependence of inactivation, and neither mutation affects the kinetics of the recovery from inactivation. Interestingly, both mutations
increase the expression of sustained Na+ channel activity compared with wild type (WT) channels, although this effect is most pronounced for the
Y1795C mutation, and both mutations promote entrance into an intermediate or a slowly developing inactivated state. This data confirms the key
role of the C-terminal tail in cardiac Na+ channel gating, illustrates how subtle changes in channel biophysics can have significant and distinct
effects in human disease, and, additionally, provides further evidence of the close interrelationship between BrS and LQT3 at the molecular level
(Rivolta 2001). Pfahnl et al. (Pfahnl 2007) identified a threonine-to-isoleucine missense mutation at position 353 (T353l) adjacent to the pore-
lining region of domain | of the cardiac sodium channel (SCN5A) in a family with BrS. Both male and female carriers are symptomatic at young
ages, have typical Brugada-type ECG changes, and have relatively normal QTc. The clinical presentation of patients carrying the T3531 mutation
Is that of BrS and could be explained by a cardiac Na(+) channel trafficking defect. However, when the defect was ameliorated with mexiletine, a
Na(+) channel blocking agent the mutated channels had biophysical properties consistent with LQTS. The lack of phenotypic changes associated
with the LQTS could be explained by a T353I-induced trafficking defect reducing the number of mutant channels with persistent currents present
at the sarcolemma.
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Overlapping
syndromes

SUNDS

SIDS
MEPPC

Representation of numerous phenotypes consequence of SCN5A gene mutations: Early repolarization syndrome (ERS), Brugada sindrome (RrS),
Progressive Cardiac Conduction Disease(PCCD) or Lenegre diseasse, Sick Sinus Syndrome(SSS), Sudden unexplained nocturnal death
syndrome (SUNDS), Multifocal Ectopic Purkinje-related Premature ontraction(MEPPC), Sundden Infant Death Syndrome(SIDS) Overalpping
syndromes, Dilated Cardiomyopathy(DCM), and Familial Atrial Fibrillation (FAF)(Pérez-Riera 2016).



Brugada syndrome versus ARVC/D and suspected overlap of BrS and ARVC/D

Although presentation of the overlapping disease state may vary among patients, past investigations have demonstrated some common features of
the overlap. First, sodium channel blockers can induce BrS ECG in a subgroup of patients with ARVC/D(Peters 2004) and epsilon-like waves are
seen in some patients with type 1 ECG. Epsilon-like waves are more common in drug-induced type 1 ECGs than in spontaneous type 1 ECGs
(Letsas 2011). Rather than using the term “epsilon wave,” we use the term “epsilon-like wave” because distinguishing the epsilon wave from the
fragmented QRS wave was difficult. The epsilon wave is located between the end of the QRS complex and beginning of the T-wave. In contrast, a
fragmented QRS (f-QRS) is defined as the presence of additional spikes within the QRS complex. In patients with BrS, defining the end of QRS
complex is difficult, and it is still controversial where the J wave represents depolarization component or repolarization component. Therefore,
occurrence of additional spikes at the end of QRS complex or immediately after the QRS complex in BrS is not certain. The term “epsilon-like
wave” has been used to avoid such discrepancies in ECG interpretation (Letsas 2011). Some studies revealed that epsilon potentials and fQRS
fragmentation have similarly high diagnostic values, and epsilon-like potentials in different leads at the beginning, top, or end of the QRS complex
are typical ECG findings in patients with ARVC/D (Zhang 2006). Second, imaging studies have revealed RV wall motion abnormalities or RV
dilatation, which are characteristic of ARVC/D, in some patients with BrS(Catalano 2009; Papavassiliu 2004). Third, the fibro-fatty replacements
required to diagnose ARVC/D have been detected during endocardial biopsies of patients with type 1 ECG(Zumhagen 2009). Finally, specific
gene mutations involving ARVC/D have been identified in some patients with BrS(Koopmann 2007). These overlapping features are considered a
result either of genetic interactions or of the combined influence of BrS’ electrophysiological abnormalities and ARVC/D's structural
abnormalities. Accordingly, ARVC/D patients can satisfy the diagnostic criteria of BrS, and BrS patients can satisfy the diagnostic criteria of
ARVC/D. A disease state combining both conditions has a different clinical course than uncomplicated BrS. A subgroup of BrS patients may
demonstrate the features of ARVC/D long after the initial BrS diagnosis. Structural heart diseases and histological findings consistent with
ARVC/D have been revealed after autopsy of patients who were diagnosed with BrS and who died suddenly(Tada1998). Thus, careful observation
of the changing clinical course is vital and may indicate the transformation from BrS to ARVC/D. Detailed evaluation in the cases of suspected
overlap of BrS and ARVC/D is also needed to determine a better treatment course for these patients. In this case, we used a range of methods, from
physical examination to genetic testing (BrS- and ARVC/D-specific), to confirm dual diagnosis and to determine a better course of treatment.
Since this patient experienced an episode of syncope, demonstrated epsilon-like waves in spontaneous type 1 ECG, and showed RV dilatation and
RV wall motion abnormalities, a diagnosis of overlap disease of BrS and ARVC/D for the patient can be asserted with certainty.



Differential diagnosis between ARVCD and BrS

Clinical ARVCD
characteristics

Age 25-35 35-40

Sex (M/F) M>F (3:1) M>F (8:1)

Race Caucasian predominance Asian predominance

Distribution Endemic (Veneto/Italy, Naxos Island) Endemic (Southeast Asia: Thailand, Philippines, Japan)

Inheritance AD or AR AD or new mutations

Chromosomes 1,2,3,6,10, 14, 17 3

Gene, Locusand  ARVC1 TGFp-3 cause myocardial fibrosis, SCN5A Locus 3p21 Protein Navl.5, (BrS1), GPD1L Locus 3p24,
protein ARVC2 RYR2 CPVT1/ regulates intra-cellular Ca(2+) protein G3PD1L (BrS2), CACNA1C locus 12p.13.3 protein Cavl.2

concentration by releasing Ca(2+) reserves from the (BrS3), CACNB2 Locus 10p12.33 protein Cavp2(BrS4), SCN1B Locus
sarcoplasmic reticulum (SR), It mutation cause impaired 19¢13.1 Protein Navgl(BrS5), KCNE3 Locus 11q13-14 Protein MiRP2,

Calcium handling, Ito/lks  (BrS6), SCN3B Locus 11g23,2 Protein Navg3(BrS7), HCN4
ARVC3 chromosome 11.42-943, Locus 7935 Protein kv11.1, Ikr (BrS8),KCNJ8 Locus 12p12.1 Protein
ARVC4 chromosome 2032.1-0932.3, kir6.1,IK-ATP (BrS 9),CACNA2D1 Locus 7g21-22 Protein Cava2s-1
ARVC5 TMEM-43 gene fibrofatty infiltration, severe ICD (BrS 10), RANGRF Locus 17p13.1 Protein MOG1 (BrS11) CACNA2D1
ARVC6 chromosome 10p12-14, Locus 7q21-22 Protein Cava2o—1 (BrS12) KCND3 Locus 1p13.2 Protein
ARVCY desmin, DSP Kv4.3, Ito (BrS13) HCN4 Locus 15q924.1 Protein If (BrS14) SLMAP
ARVC8 DSG2desmoplakin Locus 3p21.2-p14.3 Protein SLMAP (BrS15) TRPM4 Locus 19913.33
ARVC9 PKP2 plakophilin Protein NSCCa (BrS16) SCN2B Locus 11923 Protein Navp2 (BrS17)
ARVC10, DSC2 desmoglein-2 SCN10A Locus 3p22.2 Protein Navl.8 (BrS18) HEY2 Locus 6022
ARVC11 JUP desmocollin impaired desmossomal fuction  Protein Navl.5 (BrS19) PQP2 Locus 12q11.21 Protein Plakophilin2
ARVC12, TMEM43, RYR2, RPSA, TGFB3 (BrS20) ABCC9 Locus12q11.21 Protein SUR2A (sulfonylurea receptor

Plakoglobin (Naxos disease) subunit 2A, IK-ATP (BrS21).



Genes associated with Brugada syndrome and other inherited arrhythmia diseases
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Symptoms Palpitation, syncope, cardiac arrest

Circumstances

Pathology

Atrial arrhythmias
Ventricular teachycardia
Mechanism

Distribution

Inheritance
Chromosomes

ECG changes

Epsilon waves on ECG

B Stimulation
(isoproterenol infusion)

Quinidine

ECG changes

Effort

Fibrofatty replacement

Late secondary

Monomorphic with LBBB pattern
Scar-related reentry

Endemic (\Veneto/ltaly, Naxos Island)
AD or AR

1,2, 3,6,10, 14, 17

Fixed mostly

Major criteria

T

Not indicated

Fixed mostly

Syncope, cardiac arrest (if AF, palpitation)
Nocturnal

Collagen and epicardial and interstitial fibrosis are increase in the
RVOT, The Cx43 is reduced (structural heart disease). Sudden
structural changes, such as RVOT dilation may point to a localized
arrhythmogenic substrate.

Early primary (20%)

Polymorphic. Monomorphic is posible

Phase 2 reentry

Endemic (Southeast Asia: Thailand, Philippines, Japan)
AD or new mutations

3

Dynamic variable

Excepcional

1 Can be useful in suppressing arrhythmic storms.

For the treatment of electrical storm and prevention of recurrent
shocks. Can be useful in patients qualify for an ICD but present a
contraindication to the ICD or refuse it and/or have a history of
documented supraventricular arrhythmias that require treatment.

Dynamic variable, transient



Chinese herb extract
Wenxin Keli

Cilostazol
Cilostazol + bepridil

Flecainide in
combination
with sotalol/
metoprolol

Radiofrequency
catheter ablation
(RFCA)

Implantable
cardioverter-
defibrillator (ICD)

Not indicated

Not indicated
Not indicated

The addition of flecainide in combination
with sotalol/metoprolol may be an effective antiarrhythmic
strategy for the control of ventricular arrhythmias in patients
with ARVC refractory to single-agent therapy and/or catheter
ablation(Ermakov 2017).

RFCA of VT in ARVC patients should be considered a
potentially effective strategy for eliminating frequent VT
episodes and ICD shocks rather than a curative therapeutic
approach, until long-term efficacy has been consistently
documented. Research into the optimal mapping and ablation
techniques are promising and ongoing (Romero 2017).

Recurrence of SVT/VF is frequent in high-risk patients
with ARVC. The prognosis is favorable for ARVC patients
treated with an ICD for prevention of SCD. The most
important parameters to consider when determining
arrhythmic risk include electric instability, the frequency of
PVCs and SVT, proband status; extent of structural disease;
cardiac syncope; male sex; the presence of multiple mutations
or a mutation in TMEMA43; and the patient's willingness to
restrict exercise and to eliminate participation in competitive
or endurance exercise(Callkins 2017).

BrS

It inhibits the Ito current, acting to diminish the AP notch and thus
to suppress the substrate and trigger for VT or VF

Used by inhibition of transient outward current Ito
Possible utility in presence of J-wave syndrome (Shinohara 2014)
No

Epicardial RFCA offers an alternative therapy for patients with BrS,
especially when ICD shocks are encountered. It may be an effective
approach to treat VTs in BrS patients with arrhythmic storms.
Arrhythmogenic electrophysiological substrate elimination by
RFCA results in ECG normalization and VT/VF noninducibility.
Substrate-based ablation is effective in potentially eliminating the
arrhythmic consequences of this genetic disease (Pappone 2017).

Survivors of a cardiac arrest, documented spontaneous sustained
VT with or without syncope. ICD implantation can be useful in
patients with a spontaneous diagnostic type | ECG who have a
history of syncope judged to be likely caused by ventricular
arrhythmias.



EXxpert consensus recommendations on BrS diagnosis:

1. BrS is diagnosed in patients with ST-segment elevation with type 1 morphology >2 mm in >1 lead among the right precordial leads V1, V2,
positioned in the 2nd, 3rd or 4th intercostal space occurring either spontaneously or after provocative drug test with intravenous administration
of Class I antiarrhythmic drugs.

2. BrSis diagnosed in patients with type 2 ST-segment elevation in >1 lead among the right precordial leads V1, V2 positioned in the 2nd, 3rd or
4th intercostal space when a provocative drug test with intravenous administration of Class | antiarrhythmic drugs induces a type | ECG
morphology.

Expert consensus recommendations on BrS therapeutic interventions:
Class |
1. The following lifestyle changes are recommended in all patients with diagnosis of BrS:
a) Avoidance of drugs that may induce or aggravate ST-segment elevation in right precordial leads (for example, visit Brugadadrugs.org),
b) Avoidance of excessive alcohol intake.
c) Immediate treatment of fever with antipyretic drugs.
2. I1CD implantation is recommended in patients with a diagnosis of BrS who:
a) Are survivors of a cardiac arrest and/or
b) Have documented spontaneous sustained VT with or without syncope.
Class lla
3. ICD implantation can be useful in patients with a spontaneous diagnostic type | ECG who have a history of syncope judged to be likely caused
by ventricular arrhythmias.
4. Quinidine can be useful in patients with a diagnosis of BrS and history of arrhythmic storms defined as more than two episodes of VT/VF in
24 hours.
5. Quinidine can be useful in patients with a diagnosis of BrS:
a) Who qualify for an ICD but present a contraindication to the ICD or refuse it and/or
b) Have a history of documented supraventricular arrhythmias that require treatment.
6. Isoproterenol infusion can be useful in suppressing arrhythmic storms in BrS patients.



Class Ilb

7. 1CD implantation may be considered in patients with a diagnosis of BrS who develop VF during programmed electrical stimulation (inducible
patients).

8. Quinidine may be considered in asymptomatic patients with a diagnosis of BrS with a spontaneous type | ECG.

9. Catheter ablation may be considered in patients with a diagnosis of BrS and history of arrhythmic storms or repeated appropriate ICD shocks.

Class 111

10. ICD implantation is not indicated in asymptomatic BrS patients with a drug-induced type | ECG and on the basis of a family history of SCD

alone (Priori 2013).

ICD: BrS patients with first arrhythmic event documented after prophylactic ICD implantation exhibited their arrhythmic event at a later age with
a higher incidence of positive family history of SCD and SCN5A mutations compared to those presenting with an aborted cardiac arrest. Only 75%
of patients who suffered an arrhythmic event after receiving a prophylactic ICD complied with the 2013 Class Il indications, suggesting efforts are

still required for improving risk stratification (Milman 2018).



Long QT Syndrome (LQTS) KCNQ1, KCNH2, SCN5A, ANK2, KCNE1, KCNE2, KCNJ2, CACNA1C, CAV3, SCN4B, AKAP9, SNTA1, KCNJ5

Brugada Syndrome SCN5A Locus 3p21 Protein Navl.5, (BrS1), GPDIL Locus 3p24, protein G3PD1L (BrS2), CACNALC locus
12p.13.3 protein Cavl.2 (BrS3), CACNB2 Locus 10p12.33 protein Cavs2(BrS4), SCN1B Locus 19913.1 Protein
Navs1(BrS5), KCNE3 Locus 11g13-14 Protein MiRP2, Ito/lks (BrS6), SCN3B Locus 11g23,2 Protein
Nav33(BrS7), HCN4 Locus 7935 Protein kv11.1, lkr (BrS8),KCNJ8 Locus 12p12.1 Protein kir6.1,IK-ATP (BrS
9),CACNA2D1 Locus 7921-22 Protein Cava26-1 (BrS 10), RANGRF Locus 17p13.1 Protein MOG1 (BrS11)
CACNAZ2DL1 Locus 7921-22 Protein Cava26—1 (BrS12) KCND3 Locus 1p13.2 Protein Kv4.3, Ito (BrS13) HCN4
Locus 15q924.1 Protein If (BrS14) SLMAP Locus 3p21.2-p14.3 Protein SLMAP (BrS15) TRPM4 Locus 19913.33
Protein NSCCa (BrS16) SCN2B Locus 11923 Protein Navp2 (BrS17) SCN10A Locus 3p22.2 Protein Nav1.8
(BrS18) HEY2 Locus 6922 Protein Navl.5 (BrS19) PQP2 Locus 12q11.21 Protein Plakophilin2 (BrS20)
ABCC9 Locus12qg11.21 Protein SUR2A(sulfonylurea receptor subunit 2A, IK-ATP (BrS21).

Catecholaminergic RYR2 (CPVT1), CASQ2 (CPVT2), TRDN (CPVT3), ANK2 (CPVT4),TRD (CPVT5), KCNJ2 (Pérez-Riera 2017)
Polymorphic Ventricular
Tachycardia (CPVT)

WPW Syndrome PRKAG2

Short QT Syndrome (SQTS) KCNH2 (SQT1), KCNQ1 (SQT2), KCNJ2 (SQT3), CACNALC (SQT4), CACNB2b (SQT5), CACNA2D1 (SQT®6),
CAVES3 (SQT7?)

Arrhythmogenic Right TGFB-3 (ARVC1) myocardial fibrosis, RYR2CPVT1/ARVC2 impaired Calcium handling, ARVC3 chromosome

Ventricular Cardiomyopathy  11.42-9g43, ARVC4 chromosome 2032.1-g32.3, ARVC5 TMEM-43 gene fibrofatty infiltration, ARVCG6

(ARVC) chromossome 10p12-14, ARVC7 desmin, DSP desmoplakin (ARVCS8), PKP2 plakophilin

(ARVC9), DSG2(ARVC10), DSC2 desmoglein-2 (ARVC11), JUP desmocollin impaired desmossomal fuction
(ARVC12), TMEMA43, RYR2, RPSA, TGFB3

Familial Sick Sinus SCN5A, HCN4
Syndrome (SSS)



Cardiac conduction disease SCNS5A on chromosome 3 (coding for the Na' channel alpha subunit)
(CCD) or Lenegre disease

Hypertrophic MYH7, MYBPC3, TNNT2, TNNI3, TPM1, ACTC1, MYL2, MYL3, MYH6, LAMP2, PRKAG2, CSRP3, GLA, VCL,
Cardiomyopathy (HCM) TNNC1, TTR, TTN, TCAP, MYLK2, MYOZ2, MYOG6

Dilated cardiomyopathy DES, TNNT2, MYH7, CSRP3, PLN, TCAP, ABCC9, LMNA, DMD, TAZ, TTN, VCL, EYA4, EMD, ACTNZ2, SGCD,
(DCM) ACTC1, TNNI3, TPM1, MYBPCS, LDB3, MYH6, CTF1, ANKRD1

Dilated cardiomyopathy with  SCN5A, LMNA
Cardiac conduction defect

(DCM+CCD)

Left ventricular LDB3, TAZ, MYH7, MYBPC3, ACTC1, TNNT2, SCN5A, LMNA, DMPK, DTNA, AMPD1, PMP22, LMX1B,
noncompaction (LVNC) YWHAE

Restrictive cardiomyopathy MYH7, TNNI3, TNNT2

(RCM)

Familial Atrial Fibrillation KCNQ1, KCNE2, KCNJ2, KCNH2, SCN5A, KCNAS, NPPA, NUP155, GJA5, ABCC9, GATA4, GATAS, GATAS,
(FAF) KCNELL

Long QT Syndrome (LQTS) KCNQ1, KCNH2, SCN5A, ANK2, KCNE1, KCNE2, KCNJ2, CACNALC, CAV3, SCN4B, AKAP9, SNTA1, KCNJ5



Schematic representation of a cardiomyocyte exhibiting the proteins involved in Brugada syndrome pathogenesis
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Dear Andres,

Thanks a lot for your interpretation!

My opinion is:

1)  Sinus rhythm

2)  Prolonged P Wave duration>110ms

3) QRS axis with right axis deviation QRS positive in llI-aVR and aVF

4) CRBBB

5)  Type 1 Brugada pattern

6) Prolonged QTc duration =550ms : due to the cRBBB | wouldn 't consider QTc as clearly prolonged

7)  Genetic testing is still not perfomed as the patients insurance until now wasn 't willing to cover the costs, but well try again

8)  Acardiac MRI was performed 4 years ago without signs of ARVC but we ‘ll follow careful obervation of a possible transformation
Hence, at present we would agree with the working diagnosis: “Sodium channel syndrome/Diffential diagnosis :Brugada syndrome and possible
arrhythmogenic right ventricular cardiomyopathy/dysplasia”.

| highly appreciated your valuable opinion
Best regards
Britt



https://www.researchgate.net/profile/Britt-Maria_Beckmann
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"It is not the strongest species that
survive, nor the most intelligent, but

the most responsive to change."
CHARLES DARWIN

ORIGIN OF SPECIES




