Defecto del sistema de conduccion infrahisiano alternante y transitorio

Martin Ibarrola, MD,
Buenos Aires, Argentina



Spanish: Reporte de un caso

Paciente masculino de 59 afios concurre a la consulta por presentar cuadro diarreico de 5 dias de evolucion.

Antecedentes personales: Hipertenso leve en uso de Losartan 25 mg 2x por dia, refiere ser portador de enfermedad de Chagas. Historia familiar

negativo para muerte subita o arrritmias cardiacas. Historia social niega tabaco o alcohol

Examen fisico: Presion arterial: 130-80 mmHg, nada digno de nota. Fueron realizados varios ECGs en el momento de la consulta. Traia con €1 dos

ECGs realizados en Diciembre de 2015. Los exdmenes de laboratorio de urgencia revelaron apenas moderada hipokalemia (nivel de potasio sérico

2,8 mEg/L). Ecocardiograma: Leve hipertrofia ventricular izquierda excéntrica con funcion ventricular conservada, fraccion de eyeccion normal

(55%), patron diastolico de relajacion prolongado, diametro telediastolico del ventriculo izquierdo normal (55 mm), auricula 1zquierda con leve

dilatacion (48 mm). Ventriculo derecho con funcion sistolica y didmetro normal. Diametro de la raiz de la aorta normal (36 mm).

Preguntas:

1. Describir la evolucion de los trastornos dromotropos intraventriculares. 2) ;Cual es la causa(s) mas probable de los mismos?; 3. ;Existe riesgo
de muerte subita?. 4. ;Cual es la conducta mas adecuada a seguir?

English: Case report

59 male patient presented for consultation due to diarrheic scenario with 5 days of evolution.

Personal history: Mild hypertension, in use of Losartan 25 mg, 2x per day. He refers to be carrier of Chagas disease.

Family history: Negative for sudden cardiac death or cardiac arrhythmias.

Social history: Negative for tobacco, alcohol abuse or illicit drugs.

Physical examination: Blood Pressure: 130-80 mmHg. Nothing worthy of note.

Several ECGs were performed at the consultation. He brought with him two ECGs performed in December 2015.

Emergency laboratory tests were requested that revealed just moderate hypokalemia (potassium serum level 2.8 mEq/L).

Echocardiogram: Mild eccentric left ventricular hypertrophy with preserved ventricular function, normal LV ejection fraction (55%), LV with

diastolic dysfunction pattern, normal left ventricular diastolic diameter (55 mm). Left atrium with mild dilatation (48 mm). Right ventricular with

normal systolic function and diameter. Normal root diameter of the aorta (36 mm).

Questions:

1. Describe the evolution of intraventricular dromotropic disorders; 2. What is the most probable cause(s) of these dromotropic disorders?; 3. Is
there a risk of sudden death?; 4. What are the most appropriate approach steps?
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Dec 2015 normal ECG, neither PVC or APC is associated with RBBB. In 2016 there is phasic RBBB (non rate related ) as well as LAFB pattern.
An interpolated PVC (from the anterior apical LV) produces the RBBB pattern perhaps due to trans septal concealed conduction into the RBB
which is perpetuated perhaps due to the same mechanism. Another PVC associated with near compensatory pause is also associated with RBBB
pattern perhaps due to phase 4 block in a diseased RBB. Wonder whether bifascicular block is related to either Chagas disease or hypertrophic
myopathy. An EP study with overdrive atrial pacing would define presence of HP disease and if H-V is very prolonged would suggest use of
pacemaker.

Spanish

Dic. 2015. ECG normal, ni extrasistoles ventriculares o auriculares asociadas con BRD. En el 2016 hay BRD fasico (no relacionado a la
frecuencia) asi como patron de BDASI. Extrasistole ventricular interpolada desde el VI apical anterior, que produce el patron de BRD, talvez por
conduccidon transeptal oculta en el BRD, que se perpetia, probablemente por el mismo mecanismo. Otra ESV asociada con pausa casi
compensatoria, también se asocia a patron de BRD, probablemente por bloqueo en fase 4 en una rama derecha enferma.Me pregunto si el bloqueo
bifascicular se relaciona con enfermedad de Chagas o miopatia hipertrofica.Un EEF con sobreestimulacion auricular definiria la presencia de
hipertrofia y st H-V esta muy prolongado, sugeriria el uso de marcapasos.

Melvin N. Scheinman, MD

Overview

Dr. Melvin Scheinman is Professor of Medicine, Walter H. Shorenstein Endowed Chair in Cardiology, and one of the founding fathers of the field
of cardiac electrophysiology. Dr. Melvin Scheinman is one of the founding pioneers of clinical cardiac electrophysiology. He grew up in
Brooklyn, New York and took his undergraduate degree at Johns Hopkins University where he graduated first in his class. Postgraduate medical
education included Albert Einstein College of Medicine, residency training at the University of North Carolina (Chapel Hill) and cardiology
training at the University of California, San Francisco Medical Center.

Dr. Scheinman is best known as the first person to have performed catheter ablation in humans.
We are very pround with his participation in our virtual discusions.




Hola Martin y Andres,

There is a significant change in the electrocardiogram between 2015 and 2016. Both are in sinus rhythm, but now he has developed a left anterior
fascicular block and intermittent right bundle branch block. Most ECGs also show premature ventricular complexes of a single morphology (right
bundle inferior axis) originating in the anterior (superior) wall of the LV close to the mitral annulus. Some of these PVCs are interpolated. Others
have a compensatory pause.

We see RBBB at cycle lengths equal or less than 1000 msec and normal or minimally degree of delay in the right bundle with cycle lengths equal
or longer than 1012 msec. This suggest phase-3 RBBB. There are two beats with RBBB after a PVC with longer cycle lengths (1269 and 1319
msec). This is more difficult to analyze because the previous PVC may have had retrograde concealed conduction into the right bundle resulting
in aberrancy. It is impossible to determine the timing of such retrograde concealed conduction. Certainly it would be quire delayed since the PVC
originated from the LV and has to cross the septum before reaching the right bundle branch retrogradely.

This progression of conduction abnormalities indicate that the patient has Chagas cardiomyopathy. His systolic left ventricular function is
preserved, which is a good finding.

I would performed an exercise stress test and obtain Holter recording to see if he has more malignant arrhythmias. If possible, I would obtain an
MRA with late enhancement to look for areas of fibrosis. This information will help us to better determine his risk of sudden death.

Un abrazo,

Mario Gonzalez MD

Penn State Hershey Heart and Vascular Institute
500 University Drive

Hershey, PA 17033

Tel: 800-243-1455

Fax: 717-531-4077




Spanish

Hay un cambio significativo en el electrocardiograma entre 2015 y 2016. Ambos estan en ritmo sinusal, pero ahora el paciente ha desarrollado
bloqueo divisional antero-superior izquierdo y bloqueo de rama derecha intermitente. La mayoria de los ECG también muestran extrasistoles
ventriculares de morfologia unica (eje inferior de la rama derecha), que se originan en la pared anterior (superior) del VI cerca del anillo
mitral. Algunas de las extrasistoles ventriculares son interpoladas. Otras presentan una pausa compensatoria. Vemos BRD a longitudes de ciclo
iguales o menores a 1000 ms, y una conduccion normal o minimo de retardo en la rama derecha con longitudes de ciclo iguales o mayores a 1012
ms. Esto sugiere BRD en fase 3. También hay dos latidos con BRD luego de extrasistoles ventriculares con mayores longitudes de ciclo (1269 y
1319 ms). Esto es mas dificil de analizar porque la extrasistoles ventriculares previa podria haber presentado conduccion retrograda oculta hacia la
rama derecha, resultando en aberracion. Es imposible determinar el momento de tal conduccion retrégrada oculta. Ciertamente estaria bastante
atrasada, puesto que la extrasistoles ventriculares se originaron en el ventriculo izquierdo y debe cruzar el septo antes de alcanzar la rama derecha
en forma retrograda. Esta progresion de anormalidades de conduccidn indica que el paciente tiene miocardiopatia chagéasica. Su funcion sistolica
del VI esta preservada, lo que es un buen hallazgo. Yo realizaria una prueba de esfuerzo y obtendria un registro Holter para verificar si presenta
arritmias malignas. De ser posible obtendria una resonancia magnética con realce tardio para procurar eventuales areas con fibrosis. Esta
informacion nos ayudaria a determinar mejor su riesgo de muerte subita.

Mario Gonzalez MD

Guest of Honor, College of Medicine, National University of Rosario, Argentina Invited Visiting Professor, College of Medicine, Pontifical
Catholic University of Argentina, Buenos. Distinguish International Educator. University of Florida




Portugués

Hé uma mudanca significativa no eletrocardiograma entre 2015 e 2016. Ambos estdo em ritmo sinusal, porém, atualmente o paciente desenvolveu
BDAS e BRD intermitente. A maioria dos ECG também mostram extra-sistoles ventriculares com morfologia tnica (eixo inferior do ramo direito),
que se originam na parede anterior superior do VE perto do anel mitral. Algumas extra-sistoles ventriculares sao interpoladas. Outras apresentam
pausa compensatoria.

Vemos BRD com comprimentos de ciclos < 1000 ms, € uma conduc¢ao normal ou atraso minimo no ramo direito com o ciclo de comprimento
igual ou superior a 1012 ms. Isto sugere BRD na fase 3. H4 também duas batidas com BRD apds extra-sistoles ventriculares com ciclos de
comprimentos maiores (de 1269 e 1319 ms). Isso ¢ mais dificil de analisar, porque as extra-sistoles anteriores poderiam haver apresentado
condugdo retrograda oculta, resultando em aberragio. E impossivel determinar o tempo de tal condugio oculta retrograda. Certamente seriam
bastante tardias, uma vez que as extra-sistoles ventriculares originadas no VE e devem atravessar o septo antes de chegar ao ramo direito em
retrograda. Esta progressio de anormalidades de condug¢do indica que o paciente possui cardiomiopatia miocardiopatia chagasica. A funcao
sistolica do VE ¢ preservada, o que ¢ um bom sinal. Eu solicitaria um teste de esfor¢co e um registro de Holter para verificar se aparecem arritmias
malignas. Se possivel faria uma ressonancia nuclear magnética cardiaca com MRI realce tardio na procura de eventuais areas com fibrose. Esta
informacao nos ajudard a determinar melhor o risco de morte stubita.
Mario Gonzalez MD

Penn State Hershey Heart and Vascular Institute




Spanish

Queridos colegas: El paciente tiene ritmo sinusal con interval PR normal, extrasistoles ventriculares aisladas (de cara anterior del VI). BRD
intermitente (no transitorio) con diferentes grados de BIRD llegando hasta la conduccion normal en los ultimos latidos del primer trazado. Es
frecuencia-dependiente (diferente para cada fecha). Una vez instalado el BRD tiende a perpetuarse por activacion retrograda de la rama derecha
desde el VI que desplaza el periodo refractario de la rama derecha hacia la derecha.

Clasicamente el BRD transitorio ocurre cuando persiste a través de un cierto tiempo independiente de la frecuencia.

BRD alternante ocurre cuando la conduccion alterna con la normal o con BRI ( conduccion 2:1).Por ahora no requiere marcapaso.

Lindo trazado, gracias.

Les deseo un lindo domingo

Gerardo Nau MD Argentine

English
Dear colleagues: The patient has sinus rhythm with normal PR interval, isolated premature ventricular contraction from LV anterior face. BRD
intermittent (non-transient) with different degrees of BIRD reaching normal driving in the last heartbeat first tracing. It is frequency-dependent
(different for each date). Once installed RBBB tends to perpetuate itself by retrograde activation of the right bundle branch from the sixth shifting
the refractory period of the right bundle branch to the right.
Classically it occurs when the transitional RBB persists through some time independent of frequency.
Alternating RBBB driving occurs when alternating with normal or BRI (conduction 2: 1) .For now requires pacemaker.
Nice ECGs, thanks.
I wish you a nice Sunday
Gerardo Nau MD from Argentine



Interesante ECG!!!. la EV que emerge de una onda U (algunas interpoladas y otra con pausa compensadora) provoca BCRD intermitente pero
haciéndolo de una manera gradual (pasando del BCRD al BIRD y normalizacion de la conduccion). La penetracion retrograda de la EV (del VI
pared anterior/apical) en la rama modifica el periodo refractario provocando el trastorno de conduccion. Es interesante que existan dos posibles
mecanismos, uno de ellos cuando la EV es interpolada (linking?) y la otra cuando existe pausa compensadora (en F4?). un EEF seria
académicamente bonito para demostrar esto. Seguiremos esperando las opiniones de las maestros de este 1

abrazos.
Oscar Pellizon MD PhD.

Méedico, Fac. Cs. Médicas, Rosario, UNR.Argentina

M¢édico Cardidlogo Universitario, Fac. Cs. Médicas, Rosario, UNR.

Doctor en medicina, Fac. Cs. Médicas, Rosario, UNR.

Jefe del servicio de arritmia del Hospital Provincial del Centenario. Rosario
Direccion postal: Oscar A. Pellizzon. Ocampo 1969. Rosario. Santa Fe. Argentina.
E-mail: opelliz@fmedic.unr.edu.ar

English

Interesting ECG!!! The PVC that originates at the U wave (some interpolated and another with compensatory pause) causes intermittent CRBBB,
but gradually (going from CRBBB to IRBBB and conduction normalization). The retrograde penetration of the PVC (from the anterior/apical LV
wall) in the branch modified the refractory PR causing conduction disorder. It is interesting that there may be two possible mechanisms; one of
them when the PVC is interpolated (linking?) and the other when there is compensatory pause ((Bradycardia-dependent or in phase 4?7). EPS would
be academically pretty to show this. We will continue waiting for the opinions of the masters in this forum.

Warm recatrdc



Final comments



ECG performed in 2016
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The first three beats have RBBB + LAFB pattern; the fourth, fifth and sixth beats show a lower degree of LAFB + minimal IRBBB and the
seventh one has lower degree of IRBBB. From eighth to eleventh beats, the degree of LAFB is still smaller and the RBBB disappears. This
dromotropic modification occurs without heart rate variations. Small degrees of block in the left anterior fascicle of LBB totally overlap normal
variants (Elizari 2012).
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ECG performed in 2016
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Graus variaveis de BDAS associado a graus decrescentes de BRD
Variable degrees of LAFB associated with decreasing degrees of RBBB without modification in heart rate.
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Decreasing degrees of RBBB without modification in heart rate.

Classification of RBBB by steadiness:
* Permanent;
» Temporary, transient or transitory (see next slide);
* Intermittent (Okajima 1980):
» Dependent on heart rate:
v' Tachycardia-dependent or in phase 3 (Izumi 1996);
v' Bradycardia-dependent (Kinoshita 2003) or in phase 4: by mild or moderate hypopolarization.
» Independent from hear rate:
v By severe hypopolarization: the present case?

T e e e

Mayor degree of LAFB h— Minor degree of LAFB
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The figure below shows the effect on the configuration of the horizontal QRS loop produced by development of RBBB during cardiac
catheterization. With onset of the block, a rightward anterior final appendage was produced, which gradually went away has the transient BBB
cleared. A slight increase in the leftward forces, which were partially uncancelled because of the delay in activation of the RV, occurred with the

block and gradually cleared.

Normal Transition CRBBB
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The first five beats have LAFB associated with minimum degree of RBBB. The sixth beat is a premature ventricular contraction with focus shows
LPFB + CRBBB. Seventh beat on register LAHB + CRBBB. Since the seventh beat forward LAFB + CRBBB pattern.
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The 6™ beat is an interpolated PVC that occurs between two consecutive
sinus-conducted beats (5" and 7' beats). This nomenclature

_ (“interpolated”) 1s used because they occur sandwiched in between two

normal sinus beats without the compensatory pause that typically follows
a PVC. Additionally, the 7" beat has a prolonged PR interval typical of
interpolated PVCs. Such PR interval prolongation is the result of

. . concealed conduction. Concealed conduction commonly occurs when a

retrogradely conducted interpolated PVC enters the atrioventricular (AV)
node; thus, the next sinus beat is not conducted to the ventricle or
conducted with a prolonged PR interval because of increased
refractoriness of AV conduction system (Langendorf 1956). PVC occurs
mostly when the bradycardic sinus rate and the PVC is early. The PR
interval of the following beat after the PVC is prolonged because the
canceled retrograde conduction of the ectopic beat, which renders the AV
Junction partially refractory to the closely following sinus impulse.

« Disturbances of AV conduction caused by an interpolated PVC affect the

conduction not only of the first but also fo the second postextasystolic
complex as a result of changing the RP-PR relation. This accounts for a
postponed compensatory pause (Langendorf 1956). But this is a
misnomer because, by definition, interpolated PVCs do not have
compensatory pauses. Thus, it follows that what does not exist cannot be
postponed. In reality, the basic manifest feature is a prolongation of the
first RR interval that follows the interpolated beat. However, in view of
its use for more than half a century, it is probably best to continue using

.. this terminology, but only as long as its underlying mechanism and

fundamental manifestations are properly understood (Castellanos 2006).



The focus of the PVC is located in the in the anterosuperior wall (RBBB+LAFB) (Rosenbaum 1968). Most PVCs are associated
with retrograde conduction of the impulse back toward the AV node. If this retrograde conduction extends far enough to reach the atria,
a negative P wave may be seen in lead II after the PVC. Even when retrograde conduction from a PVC does not extend all the way back to the
atria — retrograde conduction usually lasts long enough to prevent forward conduction of the next sinus P wave. (Chung 1972).

An interpolated PVC may produce either delayed AV nodal conduction or complete block of the next sinus impulse or depression of AV nodal
conduction with a prolonged AH interval (Bissett 1977) or pseudo-AV dissociation in the presence of dual atrioventricular nodal pathway(Luzza

1994). This accounts for the Compensatory pause” that is usually seen following a PVC (as occurs for the PVCs with full compensatory pause).
If the timing 1s just right — a PVC may occur at moment when enough recovery of the conduction system has occurred to allow forward
conduction of this next sinus beat. This is what happens with interpolated PVCs. In cases of bigeminy repetitive interpolated PVCs, these are
occasioned by strongly modulated ventricular pacemaker accelerated by an intervening normal QRS (Takayanagi 2013).

The presence of ventriculoatrial block at a ventricular pacing cycle length of 600 ms correlated with the presence of interpolation. Patients with
interpolation had a longer mean ventriculoatrial block cycle length than patients without interpolated PVCs (520 = 110 ms vs. 394 £ 92 ms; P =.
01).

The presence of interpolated PVCs is predictive of the presence of PVC cardiomyopathy. Interpolation may play an important role in the

generation of PVC-induced cardiomyopathy (Olgun 2011).



ECG performed in 2016
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The first four beats show a pattern of LAFB + incomplete RBBB. The 5™ and 11™ beats are PVCs with near full compensatory pause (light blue
rectangles). The focus of PVCs is located in the anterosuperior wall of the LV (RBBB morphology + LAFB) (Rosenbaum 1968). From the 6 to
the 10 beats and from de 12t to the end, the pattern is LAFB + CRBBB. Additionally, Arising from a same ectopic focus; that interpolated PVC
because has the same pattern that interpolated PVCs.
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One of the characteristic features of PVCs is the full compensatory pause which follows. A full compensatory pause is said to exist when the R-R
interval containing the VPC is two times the R-R interval of the basal rhythm,



In 1977, the researchers of Argentinean school of the great master Mauricio B. Rosenbaum and his favorite pupil, Marcelo Victor Elizari, analyzed
thoroughly the diagnosis and management of active ventricular rhythms, especially premature PVCs. This legendary group of investigators divided
monomorphic PVCs into the following types:

A) Narrow PVCs: QRS duration <120 ms. These PVCs could originate in the His bundle, branches, or the main fascicles or divisions of the His

system. The authors differentiate seven patterns within this group:

1. PVCs originating at the penetrating portion of the His bundle: QRS with pattern identical to the base complex (normal).

PVCs that originate in the right bundle: QRS with ILBBB pattern.

PVCs that originate in the left branch truncus: CRBBB pattern + minimal degree of LAFB.

PVCs that originate in the contact area between the right branch and the left anterior fascicle: QRS with IRBBB pattern.

PVCs that originate in the anterosuperior fascicle: pure LPFB pattern.

PVCs that originate in the left posterior fascicle: QRS complex with ILAFB + IRBBB.

7. PVCs that originate in the left anterior fascicle: QRS with ILPFB and IRBBB pattern.

Clinical notes: all narrow PVCs are characterized by a variable coupling, that could be confused with parasystole. This coupling could reach 100

ms. The constant pattern of beats rules out aberrancy. Such variable coupling suggests that the mechanism is not reentry, but variations in Purkinje

cells automatism by a variation in phase 4 slope (variable diastolic depolarization of rapid fibers). The narrow PVCs are observed in healthy young
individuals, without heart disease, and they are nearly always asymptomatic. They should not be treated. There was scant therapeutic response in
those who did receive medications.

B) Broad PVCs: when QRS > 120 ms.

1. PVCs from the base of the ventricles or Wolffian: They are characterized by displaying positive QRS complexes in the precordial leads from
V1 through V6, thus making them similar to Wolffian beats. The initial part of the QRS complex is broad, resembling a dwave. This initial
broadening indicates its basal origin, where there are few Purkinje cells and conduction is slower. SAQRS could be either superior or inferior,
depending on whether the source is on the anterior or posterior wall. They appear in healthy individuals. They should not be treated.

2. PVCs from the tip of the ventricles or PVCs of the tip: They have a CLBBB pattern.

3. PVCs that originate in the base of the anterior papillary muscle of the right ventricle: They appear in healthy individuals. They should not
be treated!!!! All of those that originate in the RV are considered to appear to healthy individuals and display a CLBBB pattern, with inferior
axis between +60 and +120 degrees, except for the rare ARVc/D. In these PVCs there are certain atypical features worthy of note: initial forces
from 10 to 20 ms heading to the front in the horizontal plane and of slow inscription; VCG with clockwise rotation in the HP,

SR BN



unlike the typical counterclockwise rotation of typical CLBBB; and frequent variable coupling. In 50% of the cases, there is no underlying
structural heart disease. Probably the papillary muscle stretching by the tendinous chords during the mechanical activity of the heart, participates in
the genesis of these PVCs. The rest of the PVCs that originate in the right ventricle, except the Wolffian ones, have a CLBBB pattern.

Two revolutionary Electrocardiographers of the Southern Hemisphere

Mauricio B. Rosenbaum Marcelo Victor Elizari



Electrocardiographic characteristics of premature ventricular contraction

QRS duration: wide QRS complex (> 120 ms) with abnormal morphology because of the abnormal propagation of the ectopic impulse in the
ventricles due to the asynchronous onset of the excitation in the two ventricles.

Premature: occur earlier than would be expected for the next sinus beat;

Compensatory pause: a full compensatory pause almost always follows this arrhythmia when the basic rhythm is sinus.

Constant coupling interval: the coupling interval of the unifocal PVCs is usually constant because the impulse formation in the ventricle is
dependent upon the preceding beat of the basic rhythm. Different coupling intervals are indicatives of multifocal origin or parasystole.
Retrograde capture of the atria may or may not occur

Postectopic pause: one of the characteristic features of PVCs 1is the full compensatory pause is said to exist when the R-R interval is two times
the R-R interval of the basic rhythm. A full compensatory pause is observed when the PVC meets with the sinus impulse at the SA junction
(sinus atrial interference), in the atria (atrial interference), at the AV junction (AV interference), and in the ventricles (ventricular interference).
Discordant ST segment and T wave changes: occasionally the T wave of the sinus beat immediately following a PVC may show alteration of
its contour, amplitude, and/or direction. This phenomenon is termed “postectopic T wave changes”. The postectopic T wave changes are much
more common following an interpolated PVC than PVC with full compensatory pause. The recognition of postectopic T wave changes is
important clinically because it almost always indicates organic heart disease.

Post ectopic aberrant ventricular and aberrant atrial conduction (Chung’s phenomenon): the QRS complex of the sinus beat following an
interpolated PVC occasionally shows a slightly or markedly deformed configuration, considered to be due to the fact that ventricular activation
by the sinus impulse immediately following the interpolated PVC is carried out during a partial refractory period. This form of aberrant
ventricular conduction commonly is associated with postectopic T wave changes. Extremely rarely , the P wave of the sinus beat following a
PVC may have a deformed configuration. This is termed “aberrant atrial conduction” (Chung’s phenomenon). This is analogous of ventricular

conduction.



Sinus rhythm with left axis deviation of P wave (P axis -15°) and PVCs (X) followed by aberrant atrial conduction. Note that the configuration of
the P wave in the sinus beats (indicated by arrows) following the PVC (X) is bizarre. This finding is called aberrant atrial conduction (Chung’s
phenomenon) (Chung 1977).



ECG December 2015
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The 1st, 2nd | 4th 5th 6th apd 7t beats show possible minimal
degree of LAFB or without conduction disturbance. The 3™
beat 1s an interpolated PVC with LPFB+CRBBB pattern.

The 1st, 2nd 3th and 5th beats have normal
interventricular conduction. The 4% beat is a
premature atrial beat.



Clinical significance of ventricular premature contractions

1. When the PVCs are provoked by mild exercise (with less than 70% of maximum heart rate), the finding often indicates the presence of organic
heart disease mainly coronary artery disease. In the other hand, PVCs often disappear with exercise in healthy subjects.

2. PVC with QRS duration > 180 ms suggests myocardial abnormality.

3.  Multiform or multifocal PVCs are always indicative of abnormality.

4. PVC with variable coupling and variable interectopic intervals are more apt to be associated with cardiac disease.

5. PVCs with LBBB and vertical or rightward axis occur most frequently in normal person.

6. PVCs of bizarre configuration with multiple notching and slurring or both are considered always associated with heart disease.

7. Bidirectional PVCs are usually are indicative of digitalis intoxication.

8. PVC with bigeminy are often, but not Always, a sign of digitalis toxicity.

9. PVC occurring during the vulnerable phase (at or near the peak of T wave) of the preceding beat may result in VI/VF and sudden death.

10. Postectopic T wave changes are usually indicative of organic heart disease.



Conclusion: Transient alternating infrahisian system conduction defects. The term bilateral bundle-branch block, bifascicular block, is not
recommended (Surawicz 2009) because of the great variation in anatomy and pathology producing such patterns. The international committee
(USA and European) recommends that each conduction defect be described separately in terms of the structure or structures involved instead of as
bifascicular, trifascicular, or multifascicular block. Because a great majority of patients with chronic complete heart block have bilateral bundle-
branch lesions, it becomes important to recognize earlier degrees of bilateral bundle-branch block (BBB). The H-V interval in the His bundle
electrogram during unilateral bundle-branch block reflects the conduction primarily through the contralateral bundle branch, and thus the His
bundle electrogram in BBB provides information regarding the functional status of the contralateral bundle branch in addition to helping in the
localization of defects elsewhere in the conduction system. Lichstein et al (Lichstein 1978) presented a similar case which had an ECG pattern of
complete RBBB with alternating periods of LAFB and LPFB. During one of the periods of alternating fascicular block, an His bundle electrogram
was recorded and the His Purkinje (H-V interval) conduction time was within normal limits. In a second episode of alternating fascicular block,
periods of Mobitz type II second-degree A-V block were noted. It is postulated that this case provides clinical evidence that incomplete block of a
fascicle may occur in spite of an ECG pattern of complete fascicular block. It is thought that the periods of alternating fascicular block result from
a changing relationship between conduction velocity and refractory period.

The intraventricular conduction defects started observed some 10 years after the introduction of the string galvanometer by Einthoven. As early as
1910, it was known that conduction blockade could occur along either branch of the intraventricular conducting pathway. It took some 20 years to
identify properly the ECG manifestations of RBBB and LBBB. A further 30 years were needed to obtain a sound correlation between these
functional disorders and the presence of anatomical lesions. The introduction of the concept of left hemiblocks by Argentinian Rosenbaum’s School
further improved our understanding of intraventricular conduction defects. The latter concept is based on the hypothesis of the anatomical and
functional bifascicularity of the LBB, a hypothesis which cannot be accepted to day because the left bundle branch in most of cases is trifascicular.
Later developments indicated that left fascicular block (LAFB, LPFB and LSFB) associated with RBBB represent manifestations
of bilateral conduction disturbances (incomplete bilateral bundle branch block). Such an association may constitute a forerunner of complete
atrioventricular block, or an indicator of the possibility of sudden death. Whether these complications occur frequently or unfrequently in the
setting of incomplete bilateral bundle branch block remains an unsettled question (Kulbertus 1978). Developments of left fascicular blocks
associated with RRBB represent manifestations of bilateral conduction disturbances (incomplete bilateral BBB). Definitive diagnosis
of bilateral bundle-branch delay/block may be made when catheter-induced RBBB develops in patients with baseline LBBB. An ECG pattern of
RBBB in lead V1 with absent S wave in leads I and aVL indicates concomitant LBB delay. Pure RBBB and bifascicular blocks are associated with
S waves in leads [ and aVL.



This pattern was named in the past masquerading bundle-branch block, it has been postulated to be secondary to either septal myocardial infarction
or bilateral bundle-branch disease (Richman 1954; Unger 1958).

Since the seminal Rosembaum et al studies we recognize two masquerading ECG types (Rosenbaum 1973):

* The “standard type” (“standard masquerading right bundle-branch block’) and

* The “precordial type” (“precordial masquerading right bundle-branch block™)

In the “standard type” the LAFB obscured totally or partially the diagnosis of CRBBB only in the frontal plane leads by abolishing (or becoming
very small) the final broad S wave in the left leads I and aVL and the precordial leads remain the typical CRBBB pattern.

In the standard type in the frontal plane, there are four main developmental phases that do not necessarily occur in the chronological sequence. The
table below shows the four main developmental ECG patterns of masquerading standard type.

The four main developmental ECG patters of masquerading standard type

Uncomplicated LAFB: QRS duration < 120ms

SIII>SII
LAFB with CRBBB: QRS duration >120ms qRS qRS rS with notch on the rS with notch on the
ascending ramp of S ascending ramp of S
LAFB with CRBBB and diminution of the final qR qR rS rS
QRS vectors. QRS duration >120ms
LAFB with CRBBB and diminution of the final R R QS QS

and initial QRS vectors



Electrocardiographic pattern of bilateral bundle-branch block. Note the absence of S waves in leads I and aVL: formerly called “Standard
masquerading Right Bundle Branch Block”. Association RBBB + LAFB. The “standard type” or “standard masquerading right bundle-branch
block™, has been postulated to be secondary to either septal myocardial infarction or bilateral bundle-branch disease (Richman 1954; Unger 1958).
In the “standard type” the LAFB obscured totally or partially the diagnosis of Complete RBBB only in the frontal plane leads by abolishing (or
becoming very small) the final broad S wave in the left leads 1 and aVL and the precordial leads remain the typical CRBBB pattern.



II. The precordial type (“precordial masquerading right bundle-branch block”)

This type shows the pattern of CRBBB in the right precordial leads and complete left branch block pattern (CLBBB) in the left-side precordial
leads. This result from CRBBB associated with severe left ventricular hypertrophy/enlargement (LVH/LVE), a localized block in the anterolateral
wall of the left ventricle often due to myocardial infarction, and usually LAFB. Presumably, the intramural left ventricular block, together with the
LVH or the LAFB, or both, produce predominant leftward forces which tend to cancel out the late rightward forces of the RBBB in the left
precordial leads. Finally, masquerading bundle-branch block can be associated with severe and diffuse conduction system disease, and patients
with this finding may require permanent pacemaker implantation, especially if they are symptomatic (Kowey 1989).




III. The Standard and Precordial masquerading bundle-branch block in association

In this case the limb leads show an apparent Left bundle-branch block pattern with extreme left axis deviation (LAFB) and the precordial leads
exhibit the pattern of CRBBB in the right precordial leads and LBBB pattern in left precordial leads V5-V6. Additionally, an abnormal Q waves are
frequently present on right precordial leads.
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Cardiac Magnetic resonance imaging (CMRI) in chronic Chagasic myocarditis

Cardiac magnetic resonance imaging (CMRI) after gadolinium infusion seems also a promising technique to obtain a better regional
characterization of myocardial tissue, and may be important in the non-invasive diagnosis of active myocarditis in patients with chronic Chagasic
myocarditis such us the present case. CMRI seems to be a good diagnostic method to detect myocarditis in chronic Chagasic myocarditis. Its use in
the diagnosis of chronic Chagas' heart disease myocarditis is promising and it has the potential to be a useful alternative to endomyocardial biopsy.
An important advantage of CMRI is the ease of performance of serial studies as may be necessary in long-term follow up. Further observations on
larger number of patients will be of interest to confirm these results and determine the sensitivity and specificity of CMRI in the detection of
chronic Chagasic myocarditis.

The gold standard for validation of the CMRI technique or for any other method used for the diagnosis and distribution of myocarditis should be
the realization of multiple biopsies in many segments of the heart or a post-mortem pathological examination of the whole heart, which was clearly
not possible. The association of endomyocardial biopsy, Gallium-67 myocardial uptake and CMRI in this study is an alternative to improve the
analysis of the role of each method. Kalil filho (Kalil Filho 1995) used regional cardiac CMRI for the assessment of the inflammatory process in
chronic Chagasic myocarditis. Cardiac signal intensity from the septal and free wall myocardial regions was compared with that from skeletal
muscle before and after a bolus injection of gadolinium. Increased relative signal intensity was observed in the LV free wall and in the septum.
Researches of Heart Institute (InCor SP/Brazil) have seriously studied chronic Chagasic myocarditis pathophysiology. They clearly demonstrated
differences between chronic Chagasic myocarditis and idiopathic dilated cardiomyopathy. These researches have shown that hearts with chronic
Chagasic myocarditis exhibited severe diffuse fibrosis and arteriolar dilatation with organized thrombi (Higuchi 1999). Those findings led to the
hypothesis that ischemic myocardial lesions could explain the severity of diffuse fibrosis and lesions like the aneurysm of LV apex and inferior-
basal LV wall.

In chronic Chagasic myocarditis, the presence of two or more contiguous segments with transmural fibrosis was an independent predictor of VT
(4.1-fold greater VT risk) (Melo 2012). The identification of two or more segments of transmural delayed enhancement by use of CMRI is
associated with the occurrence of clinical VT in patients with chronic Chagas myocarditis. Thus, CMRI improved risk stratification. However,
there are not enough data supporting the role of LGE for VT prediction in viral or autoimmune myocarditis.

Increase in T2-weighted (T2W) myocardial signal intensity and T1-weighted myocardial early gadolinium enhancement (MEGE) can be detected
by CMRI in patients throughout all phases of chronic Chagasic myocarditis, including its subclinical presentation. Moreover, those findings were
parallel to myocardial fibrosis (LGE) in extent and location and also correlated with the degree of chronic chagasic myocarditis clinical severity.
These findings might have therapeutic and prognostic usefulness in the future (Torreao 2015).



Cardiac Magnetic Resonance Imaging in chronic Chagasic myocarditis

A typical example of a short axis nuclear
magnetic imaging view of the heart at the
level of the papillary muscles after the
infusion of Gadolinium of a patient with
chronic Chagasic myocarditis and biopsy
proved significant myocarditis. Note the
greater signal intensity of the lateral and
posterior walls of the LV.

Four-chamber CMRI reveals normal left
ventricular size with marked thinning and
focal aneurysm at the apex. The aneurysm
measures 3.6 x 3.2 x 3.1 cm. Overall left
ventricular systolic function was preserved
with focal apical dyskinesis on cine images.

Focal enhancement in

LV aneurysm

CMR delayed images revealed focal myocardial
hyper-enhancement within the thinned wall of
the aneurysm. The remainder of the
myocardium demonstrated no abnormal delayed
enhancement. The renal infarcts are thought to
be due to emboli from thrombus in the LV
aneurysm.




Important definitions/criteria: Right Bundle Branch Block

Supraventricular cardiac command

If the rhythm is sinus, PR > 120 ms (0.12 s);

QRS duration >100 and <120 ms (IRBBB) or >120 ms (CRBBB). Incomplete RBBB (IRBBB): QRS duration between 100 and < 120 ms in
adults, between 90 and 100ms in children between 4 and 16 years old, and between 86 and 90 ms in children less than 8 years old. Complete
RBBB (CRBBB): advanced or of 3° degree: QRS duration >120 ms, greater than 100 ms in children from 4 to 16 years old, and greater than
90 ms in children less than 4 years old. It is considered complete RBBB when the QRS duration i1s > 120 ms or > 60 comets in
vectorcardiography.

Terminal broad R wave of the QRS complex in lead V, or V, and V, and in aVR. Right precordial leads (V3R, V1 or V1 and V2) with rsr’,
SR’ or rsR’ pattern. The R’or r” deflection 1s usually wider than the initial R wave. The final R’ wave wide and sometimes notched: triphasic
QRS complex called “M complex”. In a few cases, a wide an often notched pure R wave pattern may be seen in lead V1 and/or V2. When a
pure dominant R wave with or without a notch is present in V1, R-peak time >50ms in lead V1 is present.

Slurred wide final S wave in left leads: I, aVL, V., and V, S waves were not required in ECG leads I, aVL, and V6. S wave of greater duration
than R wave or grater than 40 ms in leads I and V6 in adults.

A delay in the appearance of the ventricular activation time, “R-peak time or intrinsicoid deflection > 50 to 80 ms (Lerecouvreux 2005) may
also be observed in the right precordial leads and normal in V5-V6.

Ventricular repolarization (ST/T) with opposite direction to the terminal deflection of the QRS complex: T wave polarity opposite to the
polarity of the last deflection of QRS complex, ST segment and T wave: Opposite to the terminal deflection of the QRS complex.
Asymmetrical T wave: With an ascending slow slope with superior concavity and faster descending slope. The evidence presented by Moore
and his colleagues that the IRBBB pattern may be due to a heritable focal hypertrophy of the RV, and not consequence of delayed conduction
within the right bundle branch, should stimulate us to reappraise the validity of our electrocardiographic vocabulary. Continued anatomic and
electrophysiologic research is vital to verify or disprove our current electrocardiographic concepts, so that the words accurately reflect the best
known facts about electrical activity of the heart (Massing 1972; Barker 1949). IRBBB may be present in the absence of heart disease,
particularly when the V1 lead is recorded higher than or to the right of normal position and r” is less than 20 ms. In children, IRBBB may be
diagnosed when the terminal rightward deflection is < 40ms but >20ms. QRS duration < 120ms associated with rS pattern in V1 with S
presenting notch in ascending slope is called atypical IRBBB (Schamroth 1985).



Left Bundle Branch Block (LBBB)

a) QRS duration: >120 ms. Stricter criteria for complete LBBB (CLBBB): QRS duration > 140 ms for men and > 130 ms for women, along
with mid-QRS notching or slurring in > 2 contiguous leads. This new values are used for Cardiac Resynchronization Therapy (CRT) (Strauss
2011). Up to one-third of patients diagnosed with LBBB by conventional ECG criteria are misdiagnosed. 1/3 of patients diagnosed with LBBB
by conventional ECG criteria may not have true CLBBB, but likely have a combination of left ventricular hypertrophy and left anterior
fascicular block. Strict LBBB shows decreased left ventricular pumping efficiency compared with nonstrict LBBB (Strauss 2011). Stricter
criteria for CLBBB include a QRS duration > 140 ms for men and > 130 ms for women, along with mid-QRS notching or slurring in > 2
contiguous leads. Almost all patients who developed evidence of LBBB after transcatheter aortic valve replacement (TAVR) met the new strict
criteria, indicating probable procedural injury to the left bundle branch. Preprocedural QRS duration did not predict the development of strict
LBBB (Sundh 2015).

b. QRS pattern: 1S or QS deflection in ECG leads V1 and V2; and monophasic, broad notched or slurred R wave, recorded slowly in the left
leads: 1, aVL, V5 and V6. Since the aVL lead is higher, it can rarely show gR pattern in absence of complicated LBBB. When the left septal
division emerges before the blocked area, preserving septal vector I as normal, heading to the right and the front: qR in left leads (atypical
CLBBB). Occasional Rs or RS pattern in V5 and V.. In this case, it may indicate: displaced transition of QRS complex to left; associated right
ventricularhypertrophy or RVE; associated LAFB or association with myocardial infarction on LV free wall.

c. Ventricular Activation Time, R-peak time > 50 ms in I and V5-V6, but normal in V1-V2 and V3, when small initial r waves can be discerned
in the above leads. '

| 1

The "R peak time" is the interval elapsed since the beginning of the QRS complex preferably measured in multiple simultaneous leads up to the
summit of R or R* if the latter is present. If the R-wave has a notch the "R peak time" should be measured to the second peak according to the
recommendations of the Minnesota code (Pineas 1982)



Outline that shows the four depolarization-activation vectors in CLBBB in the HP. There is an ECG/VCG
correlation of the QRS loop and the leads V1 and V6
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The QRS loop duration is > 120ms J

The QRS loop shape is elongated and narrow

The main body of the QRS loop is inscribed posteriorly and to the left within -90 and -40°.
Conduction delay noted in the mid and terminal portion

The main body of QRS loop is inscribed clockwise (CW)

The magnitude of the max QRS vector is increased above normal exceeding 2mV.

ST segment and T wave vector are directed rightward and anteriorly (opposite to QRS loop)
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d. Abnormalities in the ST segment and T wave: that occur as the direct result of changes in the sequence and/or duration of ventricular
depolarization, manifested electrocardiographically as changes in QRS shape and/or duration. These abnormalities are referred to as secondary
repolarization abnormalities. Recognition of secondary repolarization abnormalities is usually not difficult. In LBBB, the ST- segment and T-
wave vectors are generally directed opposite to the mean QRS vector. Depressed ST segment and/or negative T wave in leads V1-V2 with
negative QRS (negative concordance) are abnormal (Sgarbossa 1996; Gunnarsson 2001). Positive T waves in leads with upright QRS (V5-
V6) may be normal (positive concordance). Depression upwardly convex of ST segment in left leads (I, aVL, V. and V) is called secondary
repolarization abnormalities. The distinction between primary and secondary repolarization abnormalities is clinically relevant because primary
abnormalities indicate changes in the repolarization characteristics of ventricular myocytes whereas secondary changes do not. The designation
of the ST and T-wave abnormalities as primary or secondary is appropriate, and it is recommended that automated interpretative algorithms be
programmed to identify them. The ST segment and T-wave vectors opposite to a greater deflection of QRS: positive from V, to V; and
negative in left leads I, aVL, V, and V. These are Secondary Repolarization Abnormalities with wide QRS-ST-T angle and normal ventricular
gradient. The classic ventricular gradient concept introduced by Wilson et al (Wilson 1931) in 1931 is of some theoretical interest concerning
primary versus secondary repolarization abnormalities. Ventricular gradient in a single ECG lead is the net time integral of the ECG voltage
from the beginning of the P wave to the end of the U wave. Its spatial counterpart is the ventricular gradient vector determined from the
orthogonal XYZ leads. The practical utility of the ventricular gradient in differentiating primary from secondary repolarization abnormalities
has not been demonstrated. When the direction of the QRS axis is normal, an abnormal direction of the T-wave axis is generally an indication

of primary repolarization abnormalities (Wilson 1931; Surawicz 1988).
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ECG/VCG correlation of CLBBB in the Horizontal Plane (HP)
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See the explanation in the next slide.



Vectocardiographic criteria of CLBBB not complicated in the HP

Narrow, long QRS loop, and with morphology usually in 8.

The QRS loop duration is > 120ms.

The QRS loop shape is elongated and narrow.

The main body of the QRS loop is inscribed posteriorly and to the left within -90 and -40°.

Maximal vector of QRS located in the left posterior quadrant (between —40° to -80°) and with increased magnitude (>2 mV).
Main portions of QRS loop with clockwise rotation. CCW rotation may indicate parietal CLBBB or complicated with lateral infarction or

severe left ventricular hypertrophy (LVH).

Vector of initial 10 ms directed to the left and anteriorly (I)

The efferent limb (II) located to right related afferent limb ('!7 and I'V).

Conduction delay noted in the mid and terminal portion

The main body of QRS loop is inscribed clockwise (CW)

The magnitude of the max QRS vector is increased above normal exceeding 2mV.

ST segment and T wave vector are directed rightward and anteriorly.

T loop of counterclockwise recording. The clockwise rotation of T wave in this plane suggests CLBBB complicated with infarction or LVH.



Vectocardiographic criteria of CLBBB not complicated in the FP

QRS and T loop in the LBBB

Vector of initial 10 ms directed to the left and inferior; rarely to the left and superior;
QRS loop with counterclockwise rotation or in eight;

QRS loop with characteristic middle final delay;

Direction of maximal vector usually between +30 and —30°;

Vectors of ST and T opposite to QRS (angle around 180°) and with counterclockwise rotation.



ECG diagnostic criteria of isolated LAFB (Willems 1985; Ioan 1988; Elizari 2007; Surawicz 2009)

Frontal plane

Y

2)
3)
4)
S)
6)
7)
8)
9)
10)

Extreme shift of SAQRS in the left superior quadrant (beyond 30 up to -90°). Some authors accept between -45 and —90° (Elizari 2012);
frontal plane axis between —45 and —90°, qR pattern in lead aVL, R-peak time in lead aVL > 45 ms, and QRS duration <120 ms (Surawicz
2009).

rS in II, IIT and aVF. If SAQRS was in -30°, II would be R = S;

r I > r IT (it indicates CCW rotation in the FP). The voltage of the r waves is 3 to 5 mm in average;

SIIT > SII: this criterion differentiates it from RECD of the right branch and SI-SII-SIII syndrome, where SII > SIII;

qR pattern in I and aVL;

Frequent notch of the descending limb of R wave in I and aVL (this sign would be present in 80% of the cases);

R-peak time in aVL > 45 ms;

aVR always begins with q or Q wave: qR, QR or Qr. QS is rare;

Possible notch in R wave of aVR;

QRS duration < 120 ms.

Horizontal plane (Elizari 2007)

Y
2)
3)

4)

This plane is very little affected when compared to the frontal plane;

Possible dislocation to the left of the transition area: normally it is in V3 and V4. In LAFB it may be in V5 and V6;

Voltage decrease of R wave and concomitant increase in S wave depth in V5 and V6, as a consequence of the superior dislocation of the
forces;

Possible pattern of pseudo anterior infarction with appearance of q wave in the right precordial leads, as a consequence of the initial forces

heading below and back. In case of doubt, recording one intercostal space below removes the q wave from pseudo infarction (McHenry
1971).



VCG criteria of LAFB (L.ongo 1981)

Frontal Plane (Ramalhao 1976): Froni_l.. C’, e
1) QRS loop < 100 ms. When intermittent, the increase does not exceed 20 ms; R AT TR
. . . . : . ’.: ~ R qR
2)  Constant counterclockwise rotation of QRS loop when not associated to other diseases; TR A AT
180% ____: 1 i X. L | —/\! A

in the presence of LVH or Acute MI, the rotation of the initial 20 ms may change;

‘ . QRS axis near -30°

3. Vector of initial 10 to 20 ms heading below and rightward; e T
4.  Maximal vector of QRS heading above around -20°; L m | x H
5. QRS loop located predominantly in the left superior quadrant; 1 —r 5
6.  ST/T loop always normal in non-complicated LAFB. e 1% -
IS

Horizontal Plane | ,}’f"- \‘\\\ o
1) QRS loop with counterclockwise rotation; I AVAN VAV o \;
2)  Vector of initial 10 to 20 ms heading to the right and the front;
3) QRS loop of location slightly posterior than normal;
4)  Maximal middle vector of QRS near —40°.
Left Sagittal Plane A : /ﬁ Fe s
1) Vector of initial 10 to 20 ms heading to the front and below; AN ’/ ‘
2)  Most area of QRS loop located in the posterior and superior quadrant; Vs | A Z
3) Maximal middle vector of QRS around —145°. L
4)  Vector of 40 to 80 ms in the posterosuperior quadrant. ‘

aVF
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10.
11.
12.
13.
14.
15.
16.

Isolated Left posterior fascicular block electrocardiographic criteria

Frontal plane axis between +90° and £180° (predominantly > +120°): The diagnosis is clinical-electrocardiographic because it is necessary the
absence of right atrial enlargement and RVH, vertical heart in a slender person, large lateral MI, tricyclic antidepressant overdose(non-
specific intraventricular conduction delay, right axis deviation of the terminal QRS, terminal R wave > 3 mm in aVR and R/S ratio > 0.7 in
aVR), etc. In summary, not evidence of any other clinical cause for right axis deviation

1S pattern in leads I and aVL

gR pattern in leads IIT and aVF. LPFB. When associated with MI reduces the Q waves in leads III, aVF, and II and produces tall R waves in
the inferior leads by a delayed excitation of preserved myocardium of inferolateral portions of the left ventricle, thereby masking MI.
(Castellanos 1987). The development of RBBB + LPFB during acute myocardial infarction is a sign of poor prognosis. RBBB + LPFB has a
high probability to turn into complete AV block.

Increased R voltage in III and II leads

Prolonged R wave peak time in aVF: > 45ms

The pattern can appears similar to the S,Q,T; pattern sometimes present in a patient with an acute pulmonary embolus.

Therefore, instead of the expected broad and deep Q waves or QS waves in leads III and aVF leading generally to left axis deviation, the
clinician meets a small Q wave and tall R waves in the same leads, with a AQRSF. Moreover, the T waves are asymmetrically negative, rather
than symmetrically negative as in simple IMI. When associated with inferior MI severe two- and three-vessel disease is the rule.

S1Q3 pattern in the limb leads

Deep S waves in V, -V, by posterior dislocation and to the right of the final forces.

QRS duration <120 ms. QRS duration normal or slightly prolonged (80-110ms). 20 milliseconds longer than normal conduction

Persistent S waves in low lateral leads V5-V6

Scant progression of growth of r wave in precordial leads: dislocation to the left of the transition precordial zone.

V,and V: qRs or Rs patterns.

Increased R peak time of V and V(> 45 ms to 50 ms)

Disappearance of g wave in V5 and V6 when LPFB occurs

It is extremely rare to see LPFB in isolation. It usually occurs associated with RBBB. The rarity of LPFB is attributed to the thickness of the
left posterior fascicle and to the vascular immunity secondary to its dual blood supply from the first septal perforator branch of the left
anterior descending artery and from the AV node artery arising from the dominant artery, either the right or the circumflex coronary artery.



ECG/VCG correlation of isolated LPFB

Horizontal -90°

ECG/VCG correlation in the frontal plane of a typical case of
LPFB: vector of initial 10 to 20 ms heading upward and to the left;
rS pattern in I and aVL; gR in inferior leads; R in III > R in II;
middle final notch in ascending limb of R wave of III; QRS loop of
clockwise rotation and broadened morphology in clinical absence of
RVH, vertical heart or lateral infarction (the diagnosis of LPFB must
obligatorily be clinico-electrocardiographic). Only diagnosis if there
1s clinical absence of RVH, “vertical heart” or lateral infarction.

ECG/VCG correlation in the horizontal plane of a typical
case of LPFB: vector of initial 10 to 20 ms heading to the
front and the left; counterclockwise rotation; > 20% of the
area of QRS loop located in the right posterior quadrant; deep
S waves in V2 by posterior dislocation of final forc