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Focus on left bundle-branch block
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Abstract: The anatomy of the cardiac conduction system has been studied extensively in the past. Some of the most 
notable contributors were Jan Evangelista Purkinje, Walter Gaskell, Wilhelm His Jr., Sunao Tawara and Ludwig Aschoff, Art-
hur Keith and Martin Flack while many others remain unnamed. In a medical academic era dominated by the neurogenic vs. 
myogenic theory of cardiac impulse generation, one of Tawara’stask under Aschoff’s indication was to dissect and examine 
150 myocarditic human hearts (thus, rheumatic myocarditic nodules – later called bodies of Aschoff and Tawara – were dis-
covered). Personally, Tawara saw it as an opportunity to refi ne Wilhelm His’s former studies that proposed the existence of 
a unique, central, muscular atrioventricular (AV) bridge that somehow connected the atrium to the ventricular myocardium 
after extensively dividing (peculiarly, he did not pursue a functional analysis). Since in rheumatic myocarditis Tawara perfor-
med extensive ventricular dissections he retrogradely followed His’s bundle (HB) back to the inferior interatrial septum 
(IAS), thus describing the AV node. Antegradely, he described the progressive division of the bundle, while realizing that his 
observations were consistent with those of Purkinje’s 60 years prior discovery of a “network of gelatinous fi bers”1,2.
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Rezumat: Anatomia sistemului excito-conductor a fost studiată extensiv în trecut. Fără a avea o enumerare completă, 
printre cei cu o contribuţie notabilă îi amintim pe Jan Evangelista Purkinje, Walter Gaskell, Wilhelm His Jr., Sunao Tawara şi 
Ludwig Aschoff, Arthur Keith şi Martin Flack. În era academică medicală în care teoria genezei impulsului cardiac era împăr-
ţită între teoria neurogenă şi cea miogenă, una dintre sarcinile lui Tawara la indicaţia lui Aschoff a fost să examineze 150 de 
corduri miocarditice umane (astfel au fost descoperiţi nodulii miocarditici reumatismali – ulterior denumiţi corpii Aschoff 
şi Tawara). Tawara a văzut această sarcină ca o oportunitate de a rafi na studiile premergătoare ale lui Wilhelm His care pro-
puneau existenţa unei singure conexiuni atrio-ventriculare, situată central, care conecta miocardul atrial de cel ventricular 
după o diviziune extensivă (în mod ciudat, cel din urmă nu a întreprins o analiză funcţională). Pentru a examina miocardita 
reumatismală, Tawara a efectuat disecţii ventriculare extensive, urmărind astfel retrograd fasciculul His până în porţiunea 
inferioară a septului interatrial (SIA), descriind astfel nodul atrio-ventricular. Anterograd, el a descris diviziunea progresivă 
a fasiculului, realizând că observaţiile proprii erau similare celor care îl precedau cu 60 de ani, când Purkinje a descoperit o 
“reţea de fi bre gelatinoase”1,2.
Cuvinte cheie: bloc de ramură stângă, sistem de conducere excitoconductor.

ANATOMY OF THE LBBB
After passing through the central fi brous body (CFB) 
of the heart the HB runs down through the membra-
nous part of the interventricular septum (IVS), occasi-
onally in a bit leftward fashion2. At the junction of the 
membranous and muscular parts of the IVS it divides 
into the right bundle (RB) and the left bundle (LB). We 
nowadays know that the LB divides as following3:

- a pre-divisional segment (also called the “dead-
end” tract, seen in fetal or infant hearts; it runs 
antero-superiorly and ends at the aortic root; 

sometimes it is described as arising from the HB 
itself2)

- an anterior fascicle (sprouts the Purkinje fi bers of 
the antero-lateral aspect of the LV)

- a posterior fascicle (sprouts the Purkinje fi bers of 
the postero-inferior aspect of the LV)

- a median fascicle (to the interventricular septum; 
also called the septal branch).

Many authors ignore the existence of the septal 
branch, while others consider it is rather present in a 
minority of cases3. However, according to Tawara him-
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self the triple branching of the proximal part of the LB 
is rather typical1,2. 

ELECTRICAL ACTIVATION
The fi rst ventricular part of the normal heart to be 
activated is the left side of the IVS. This occurs particu-
larly due to the short septal branch that quickly con-
nects with working myocardium at the inferior border 
of the middle septum4. The right side of the septum 
also becomes activated only a few milliseconds later 
but at a very distal, apical point where the RB fi rst con-
nects with working myocardium. Therefore, the overall 
septal activation vector of the normal heart (responsi-
ble for the initial 10-20% of the QRS complex) points 
in a rightward, anterior and upward fashion. Thus, on 
the normal surface ECG we frequently observe sharp 
and small r waves in leads V1 and V2 (because of the 
rightward and anterior orientation) as well as sharp 
and shallow q waves in leads DI and aVL (because of 
the rightward and upward orientation).

The aforementioned anatomical and electrocardio-
graphic considerations have clearly been confi rmed by 
classic endocardial catheter mapping of the normal LV. 
Not only did this prove that the earliest EGM of the 
normal LV can be collected on the inferior septum4 
but with some authors it also concluded that a normal 
LV is most often characterized by three endocardial 
breakthrough sites5. While due to catheters’ inter-elec-
trode distance some authors’ observations were only 
consistent with two of the breakthrough sites initially 
described by Durrer et al, using the CARTO® (Biosen-
se, Inc.) electrical-anatomic mapping system Josephson 
et al agree on the frequent existence of another acti-
vation point. 

CURRENT DEFINITION OF LBBB
The AHA/ACCF/HRS recommendations regarding the 
diagnostic of intraventricular conduction disturbances, 
specifi cally LBBB, include the following6:

- QRS duration greater than or equal to 120 ms in 
adults

- Absent q waves in leads I, V5, and V6, but in the 
lead aVL, a narrow q wave may be present in 
the absence of myocardial pathology.

- R peak time greater than 60 ms in leads V5 and 
V6 but normal in leads V1, V2, and V3, when 
small initial r waves can be discerned in the 
above leads.

Therefore with current defi nition of “complete” 
LBBB we admit that the normal left-sided activation 

vectors can exist; the term “complete LBBB” is only 
width-oriented.

Furthermore, it has been long observed that the 
response to cardiac resynchronization therapy (CRT) 
of patients who meet the current guideline criteria is 
very heterogenous, with slight to no improvement in 
almost a third of them. Tremendous efforts have been 
put into identifying the possible cause of this (with 
huge fi nancial implications). Non-contact mapping 
studies as early as 2003-2004 observed that the pat-
terns of LV depolarization in the presence of LBBB 
vary widely from one heart failure (HF) patient to 
another7-9. In one of these studies two more crucial 
observations were made: fi rst, the septal branch of the 
LB was the least often compromised part. Second, in 
the case of so-called “complete” LBBB, the activation 
of the LV would occur in an apical part of the anterior 
wall (opposite to the breakthrough point of the RB 
at the RV apex) and not in a trans-septal manner as 
observed in dog models7,10. Since block in the LB can 
occur at different levels, the authors of a more recent 
non-contact mapping publication state that preserved 
left-sided septal activation in the presence of LBBB 

Figure 1. LBBB (~200 msec) with persistence of left-sided septal vectors 
(r-wave in V1, V2; q-wave in DI and aVL).

Figure 2. True complete LBBB; although only ~160 msec width, notice 
complete absence of r-wave in V1, V2 and q-wave in DI and aVL.
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component in normal hearts). Thus, if it were for the 
depolarization pattern to be explained by the RB, less 
delay apically and more delay in the midseptal region 
(by retrograde, upward activation) would be systema-
tically observed.

Since most so-called “complete” LBBBs observed 
in CRT candidates have an early septal breakthrough 
point, it means that after implantation most resynchro-
nized patients are triple-sites in fact, with varying de-
grees of fusion during BiV pacing (except for those 
with very short set AVs). Small series have demonstra-
ted singnifi cantly improved responses to resynchroni-
zation with BiV pacing that favors fusion with the sep-
talwavefront (probably due to shorter LV activation 
times)13, thus, recognizing preserved left-sided septal 
activation is defi nitely valuable.

Data from 56CRT cases within our department cle-
arly point to more electrical delay in the apical region 
than in the mid-septal region in the vast majority of 
presumed “complete” LBBBs according with the surfa-
ce ECG characteristics (52 out of 56, p<0.0 01)14. Such 
data were also confi rmed bysinus rhythm LV endocar-
dial activation mapping done with atraumatic remote 
magnetic navigation catheter in 10 patients with CHF 
due systolic LVD and LBBB (unpublished observati-
ons).

CONCLUSION
Current data strongly suggests that left-sided activati-
on of the interventricular septum is preserved in the 
majority of patients of so-called “complete LBBBs”. 
From the electrical point of view it is improper to call 
a certain LBBB “complete” only because of its width. 
Morphological analysis of the presence/absence of the 
septal vectors is necessary to describe a truly com-
plete block; at the same time presence of a preserved 
septal breakthrough should be accounted for when 
implanting a patient with a resynchronization device 
especially if CRT with fusion is pursued.

Confl icts of interest: none declared.

References
1. Silverman ME, Grove D, Upshaw CB Jr. Why does the heart beat?.

Circulation 2006; 113:2775-2781.
2. Sánchez-Quintana D, Ho SY. Anatomy of Cardiac Nodes and Atri-

oventricular Specialized Conduction System. Rev EspCardiol 2003; 
56:1085-92

3. Sauer WH. Left bundle branch block. UpToDate Online
4. Josephson ME. Clinical Cardiac Electrophysiology: Techniques and In-

terpretations
5. Durrer D, van Dam RT, Freud GE, Janse MJ, Meijler FL, Arzbaecher 

RC. Total excitation of the isolated human heart. Circulation 1970; 
41:899-912
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