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Introduction
The paced morphology similar to right bundle 
branch block (RBBB) in lead V1, which usually 
featured Qr, qR, rSR’, or QS patterns, is one of 
the expected parameters during left bundle 
branch pacing (LBBP) implantation [1–3]. It is 
due to the early activation of the left ventricle 
(LV) and delayed activation of the right ven-
tricle (RV) (Figure 1A). A possible explanation 
for this phenomenon is that since LV excitation 
precedes RV excitation, then the paced QRS 
morphology of patients with RBBB produced 
by LBBP can be significantly different from 
the intrinsic one, especially that the paced 
QRS duration has been always narrower 
than the intrinsic duration. (Supplementary 
material, Figure S1A–S1D). We herein discuss 
several possible mechanisms to explain this  
shortening.

Methods
This single-center prospective self-control 
study enrolled 32 patients who underwent 
LBBP, with complete right bundle branch 
block (cRBBB) but not incomplete or inter-
mittent RBBB, and without other conduction 
disturbance (left posterior fascicular block, left 
anterior fascicular block, or septal fascicular 
block). The surface electrocardiograms (ECGs) 
with the preoperative diagnosis of cRBBB were 
carefully identified according to the criteria 
that included the QRS duration >0.12 sec, 
a rSR’ or RR’ pattern in leads V1 and/or V2 and 
a wide and slurred S wave in leads V6 and I (S 
>R duration or S wave duration ≥0.06 sec). 
The process of LBBP has been previously de-
scribed [1, 2]. Both selective LBBP (SLBBP) and 
non-selective LBBP (NSLBBP) were acceptable. 
The definition of LBB capture was the constant 
Stim-LVAT (measured from the onset of the 

stimulus artifact to peak R-wave in lead V6), 
regardless of different outputs. We used the 
criteria proposed by Jastrzębski M et al. [4] to 
differentiate between LBBP and left ventricular 
septal pacing in patients with cRBBB. On each 
pair of ECGs, we measured both intrinsic QRS 
duration (iQRSd), from the onset to the end 
of the QRS, and paced QRS duration (pQRSd), 
following closely the pacing spike from the 
first deviation from baseline to the end of 
QRS. The local Ethics Committee approved the 
study protocol, and all of the patients provided 
their informed, voluntary, and written consent 
for participation.

Statistical analysis
The continuous variables were expressed as 
the means (SD), and the categorical variables 
were expressed as percentages. QRS duration 
before and after LBBP in each pair of subjects 
was compared by using paired-samples 
t-tests. Statistical analyses were performed 
with SPSS 22.0 (SPSS Inc, Armonk, NY, USA). 
P-values of less than 0.05 were considered to 
be statistically significant.

Results and discussion 
The mean age of the participants was 
72.76 (8.71) years, and there were 25 males 
in total (73.53%). Three patients had sick 
sinus syndrome (SSS) whereas the rest of 
the participants had high-grade atrioven-
tricular conduction blocks (AVBs). Postop-
erative ECGs were recorded under unipolar 
pacing configuration in 15 patients and 
under bipolar pacing configuration in the 
remaining patients. There was a significant 
decrease (compared to the iQRSd) with the 
pQRSd (144.31 [4.83] ms vs. 115.58 [5.80] 
ms, respectively; P <0.001), and the pQRSd 
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was 28.74 (3.30) ms shorter than the iQRSd. A similar 
shortening was observed in both unipolar (Figure 1B) 
and bipolar (Figure 1C) pacing configurations, as shown 
in Supplementary materials, Table S1.

The 3 possible mechanisms for these results are as fol-
lows.

An excited fusion of the LV and local RV septum
NSLBBP and anodal capture induce excited fusion of 
the LV and local septum. Some studies have described 
LBBP in a patient with RBBB, where the R’ wave peak time 
(measured from the onset of the stimulus artifact to peak 
R’-wave in lead V1) and R’ wave duration in the end of QRS 
complex were shorter in NSLBBP than in SLBBP [5, 6]. With 
the increase in pacing output, SLBBP is converted into 
NSLBBP with no isoelectric interval (Figure 1B), thus indi-
cating that both LBB and local adjacent septal myocardium 
are captured.

The cathode tip of lead was placed in the LBB area (trunk 
or left anterior and posterior fascicle of the LBB), and the an-
ode ring was located in the right ventricular septum. During 
a bipolar pacing configuration at high output, the anodal 
right ventricular ring can pre-excite a portion of the right 
septum to compensate for the RV delay (Figure 1C). This 
minimizes QRS duration because at least 2 depolarization 
wavefronts activate the ventricles, thus shortening the con-
duction time from the LV to the RV. The QRS morphology 
generated by anodal capture is the general shortened QS 
pattern without R wave on lead V1, which is significantly 
different from the Qr pattern generated by NSLBBP in the 
presence of short Stim-LVAT.

Transverse interconnection between the LBB and 
the RBB
The His-Purkinje system is complex, variable, and inter-
connected. In the 1970s, Lazzara et al. suggested that 

Figure 1. Schematic diagram of excitation conduction of left bundle branch pacing. A. Selective left bundle branch pacing (SLBBP) captures 
only the left bundle branch (LBB) to excite the left ventricle (LV) and then excites the right ventricle (RV) via the intercalated discs of the myo-
cardium. B. Non-selective left bundle branch pacing (NSLBBP) causes fusion of excitation of the LV, the LBB area, and the local RV septum. 
C. Anodal capture occurred in the bipolar pacing configuration, wherein a portion of the RV septum was pre-excited by the anodal right 
ventricular ring. D. LBBP may bypass the right bundle branch (RBB) block through transverse interconnection fibers (TF)/functional transverse 
interconnection (FTI) (dashed line) and eventually activate RBB. E. The impulse is anterogradely conducted through the LBB to activate the 
LV, after which it is retrogradely conducted to the atrioventricular node and then recruits the RBB. F. TF/FTI (dashed line) may also exist within 
His bundle (HB), wherein it laterally connects to LBB and RBB, which can transmit the retrograde impulse from LBB to RBB and then capture 
RBB. See the text for details

Abbreviations: LPF, left posterior fascicular; LAF, left anterior fascicular; IVS, intraventricular septum
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a functional transverse interconnection (FTI) exists in the 
His bundle (HB) and in the bundle branches (Figure 1F), 
which transmit impulses across the fibers [7]. Chu et al. [8] 
described LBBP as a possible treatment for correcting the 
RBBB through transverse interconnection fibers (TFs) that 
connect the LBB and RBB (Figure 1D). However, based on 
the properties of anisotropic conduction of longitudinal 
dissociation [7], it is suspected that the combination of 
the rapid longitudinal conduction of the impulse to the LV 
and the slow lateral conduction to the RV would result in 
a shortened pQRSd. If transverse interconnection coexists 
with longitudinal dissociation, then the impulse generated 
by LBBP circumnavigates the structure block to excite the 
RV without a paced morphology of the RBBB. In addition, 
the anatomical structure of these fibers has not been pre-
viously reported.

Retrograde conduction from LBB to RBB
It is clear that impulses can be bidirectionally transmitted 
in the His–Purkinje system. During LBBP, the impulse 
anterogradely captured the LBB to excite the LV and ret-
rogradely captured the RBB to excite the RV [9]. In these 
circumstances, the pulse will retrogradely propagate in the 
LBB fibers to a turnaround point on its way up and create 
a deviation from the LBB to the RBB. Of course, the location 
of the turnaround point is important, wherein it is possibly 
located in the LBB and RBB (Figure 1D), in the proximity of 
HB (Figure 1F), and in the atrioventricular node (Figure 1E). 
However, even if the impulse can deflect from the LBB to 
the RBB, it is not clear whether it can recruit the distal RBBB.

In summary, excited fusion is most likely to shorten 
QRS duration after LBBP in patients with RBBB, and the 
specific mechanisms may be multifactorial, which requires 
more precise mapping and further anatomical study of the 
conduction system of the heart.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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