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Effect of His Bundle Pacing on Right Bundle Branch Block Located

Distal to Site of Pacing.
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Abstract

Aims: it is generally accepted that bundle branch block (BBB) may be corrected simply by pacing (P) the His bundle (HB)

distal to site of block. This hypothesis, based on observations with percutaneous catheters, assumes that conduction block is in

proximal HB. However, these postulations have not been systematically studied following active fixation of HB pacing lead. We

analyzed role of pacing voltage and capture thresholds in selective (S) and non-selective (NS) HBP in patients with right (R)

BBB. Methods: In thirty-nine patients with RBBB, 4 showed S-HBP, 18 showed NS-HBP, and 17 showed NS-HBP at >2.4?0.8

V and S-HBP at lower voltage (NS-S HBP group). Results 1. During S-HBP there was no correction of RBBB. 2. NS-HBP

either completely or partially corrected RBBB along with with a decrease in QRS activation time (91?9ms from 98?6ms). 3.

NS-HBP group with capture threshold of 1.3?0.5V completely resolved RBBB in 9/14 vs 3/11 patients in NS-S HBP group with

higher capture threshold of 2.4?0.8V. 4. During NS-HBP higher voltage caused complete resolution of RBBB in 22/39 patients

vs 10/39 at lower voltage. Conclusions: 1.) Lack of correction with S-HBP suggests that RBBB was distal to site of HBP

and yet was corrected with NS-HBP. 2.) Voltage dependent properties in NS-HBP suggests that conduction via a specialized

parallel pathway maintains normal ventricular activation time. 3.) Correction of RBBB in all patients with NS-HBP, suggests

that conduction block was either bypassed or right ventricular free wall pre-excited by conduction via a parallel pathway.
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Abstract

Aims: it is generally accepted that bundle branch block (BBB) may be corrected simply by pacing (P) the
His bundle (HB) distal to site of block. This hypothesis, based on observations with percutaneous catheters,
assumes that conduction block is in proximal HB. However, these postulations have not been systematically
studied following active fixation of HB pacing lead.

We analyzed role of pacing voltage and capture thresholds in selective (S) and non-selective (NS) HBP in
patients with right (R) BBB.

Methods: In thirty-nine patients with RBBB, 4 showed S-HBP, 18 showed NS-HBP, and 17 showed NS-HBP
at >2.4±0.8 V and S-HBP at lower voltage (NS-S HBP group).

Results

1. During S-HBP there was no resolution of RBBB.
2. NS-HBP completely or partially resolved RBBB along with a decrease in QRS activation time (91±9ms

from 98±6ms).
3. NS-HBP group with capture threshold of 1.3±0.5V completely resolved RBBB in 9/14 vs 3/11 patients

in NS-S HBP group with higher capture threshold of 2.4±0.8V.
4. During NS-HBP higher voltage caused complete resolution of RBBB in 22/39 patients vs 10/39 at

lower voltage.

Conclusions:

1. Lack of correction with S-HBP suggests that RBBB was distal to site of HBP and yet was corrected
with NS-HBP.

2. Voltage dependent properties in NS-HBP suggests that conduction via a specialized parallel pathway
maintains normal ventricular activation time.

3. Correction of RBBB in all patients with NS-HBP, suggests that conduction block was either bypassed
or right ventricular free wall pre-excited by conduction via a parallel pathway.

Introduction

In His bundle pacing (S-HBP) it is generally assumed that conduction block is in proximal His bundle and
pacing distal to site of block results in normal QRS complex (1-4).

However, the site of His bundle pacing is predicated on recording a His bundle electrogram and achieving
acceptable pacing threshold and moving the lead distally along the His bundle is not always an option. It
would seem plausible therefore that correction of HPS conduction block may be due to mechanisms other
than serendipitously pacing from a site distal to site of block.

Right bundle branch block (RBBB) presents a unique opportunity to study the mechanisms involved as acute
RBBB seen following lead fixation may well be in close proximity yet ‘distal’ to pacing lead tip location,
whereas chronic RBBB may be in either proximal or distal.

Furthermore, in RBBB the conduction delay primarily affects terminal QRS vectors and is less likely to be
directly affected by NS-HBP which alters the initial portion of QRS.

Methods

Definitions: Selective (S) and non-Selective (NS) His bundle pacing (HBP) have been defined before (2). In
general S-HBP had an isoelectric stimulus to QRS interval and NS-HBP had a delta wave like abnormality
following the stimulus.

Acute RBBB was defined as right bundle branch block which occurred during active fixation of the lead. A
pre-existing RBBB was labeled as chronic RBBB .
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Patient population: An ethical informed consent approved by the relevant hospital institution was obtained
from each patient along with the patient’s consent to publish de-identified data. All analysis was done on
stored data routinely obtained during pacemaker implant.

An audit of past 300 consecutive patients who had undergone His bundle pacing revealed 27 patients with
chronic RBBB and 12 patients who developed acute RBBB which persisted throughout the implant pro-
cedure. All patients had undergone a standardized pacing threshold protocol. Using 1.0 ms bipolar pulse
width, starting at 5V with stepwise decrements to 1V. A 12 lead electrocardiogram (ECG) at each pacing
voltage was labeled and stored for review.

The patients were further divided into 3 groups based on whether observable conduction was occurring via
a) His bundle, a parallel pathway or both:

1. Both NS-HBP and S-HBP was observed (NS-S HBP group)
2. Only NS-HBP was observed (NS-HBP group):
3. Only S-HBP was observed (S-HBP group):

We did not identify any patient with S-HBP at high voltage with transition to NS-HBP at lower voltage.

Method of implantation of the Medtronic 3830 HBP lead has been previously described (5).

Site of implantation: In brief, we required that post lead fixation H-V interval was > 35 msec and that
the stimulus to peak ventricular activation time at 5V was not > 10 msec longer than baseline His- peak
ventricular activation time, otherwise the lead was relocated.

Measurements:

Following active fixation of His bundle pacing lead a baseline H-V interval plus ventricular activation time
(VAT) in Lead 1 was measured and designated as baseline HVAT interval (Fig.1)

In addition, the following intervals were measured during paced beats at each

1-V decrement.

1. The interval from His bundle pacing artifact (H) to the peak deflection of the QRS in Lead 1, i.e., His
(H) to peak ventricular activation time (VAT), designated as HVAT of paced beat) (Fig. 1).

2. Stimulus to QRS (Stim-q) interval in S-HBP (Fig. 1).
3. Lead I voltage (Fig. 1).
4. QRS axis in frontal plane was measured using an online ECG analysis tool.
5. V lead transition in chest leads.

We used a Cardiolab (GE Healthcare) signal acquisition and recording system. The 12 lead ECG filter setting
was 0-100 Hz. The His bundle electrogram

Study data including QRS morphology was analyzed offline on a review monitor. Activation times were
measured using an on-screen multi-leg caliper.

Statistics: A paired t test was applied to the data, using an online statistics calculator (GraphPad). Mean
difference at a p value <0.05 was considered significant.

Results

Threshold testing resulted in non-selective (NS) and selective (S) His bundle pacing (HBP as follows.

1. NS-S HBP group: Both NS and S HBP was observed in 17 patients (11 chronic and 6 acute RBBB).
2. NS-HBP group): Only non-selective HBP was observed in 18 patients (14 chronic, 4 acute)
3. S-HBP group: Only selective HBP was see in 4 patients (2 chronic, 2 acute).

3
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The changes in baseline characteristics are shown in Table 1. The His Purkinje system-peak ventricular
activation time (HVAT), showed no change with S-HBP however slight but significant decrease was seen
with NS-HBP. Whereas the

S-HBP complex was nearly identical to baseline, the NS-HBP complex showed characteristic changes which
included a significant increase in L1 voltage (all patients) as well as a significant

counterclockwise rotation observed as rightward transition in chest V leads (Table 1)

However, there was no change in frontal QRS axis with NS-HBP which remained in normal range in all
patients.

.

Table 1. Changes in baseline characteristics in NS-HBP and S-HBP

n=17 Baseline
Non selective-HBP @
5V Selective HBP

HVAT (ms) 98±6 91±9 P=0.04 90±7 P=ns
LEAD 1 VOLTAGE
(mV)

0.6±0.3 1.02±0.3 P=0.004 0.5±0.3

FRONTAL AXIS
(degrees)

38±23° 34±30° 36±28°

V LEAD
TRANSITION

V4 V3 P=0.01 V4

Analysis by patient groups

NS-S Group:

Acute RBBB=6, Chronic RBBB=11.

These patients transitioned from NS-HBP to S-HBP at a mean pacing voltage of 2.4±0.8V (capture threshold
of NS-HBP). The capture threshold of S-HBP was 1.0±0.7 V.

The baseline H-V interval was 53±8 ms. Following transition to S-HBP the stim-q interval was 57±10 ms.

In patients who developed acute RBBB with active fixation, the RBBB was completely reversed with NS-
HBP phase (from 5.0V to > 2.4±0.8V), however upon transition to S-HBP phase complete RBBB recurred
in all patients in this group (Fig. 1).

In patients with chronic RBBB, either partial (8/11) or complete correction of RBBB (3/11 patients) occurred
but only during the NS-HBP phase at pacing voltage > 2.4±0.8V. Like acute RBBB, in all 11 patients with
chronic RBBB recurred on transition to S-HBP phase (Figures 2,3).

Of the 9 patients with complete correction of RBBB, in 2 patients with acute RBBB and 1 patient with
chronic RBBB as pacing voltage was lowered, a progressive increase in rightward delay was seen (Figs. 1,4).
This voltage effect was seen only with NS-HBP and not during S-HBP where abrupt recurrence of complete
RBBB was seen in all patients.

Figure1: Effect of NS-HBP and S-HBP in acute RBBB

4
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All figures show surface ECG recordings at 100 mm/sec

Panel A shows the development of acute RBBB during active fixation of the His bundle pacing lead, suggesting
that pacing site was not be distal to site of block.

In panel B, complete resolution of RBBB is seen with 5V.

In panel C, note development of progressively greater RBBB (wider S wave in L1 is seen as pacing voltage
is lowered until complete RBBB occurs upon transition to selective HBP (last beat) which shows that site of
block is ‘distal’ to pacing site.

Figure 2: Partial resolution of RBBB with of NS-HBP, unchanged by pacing voltage.
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Upper panel: In a patient with chronic RBBB (see first sinus beat) pacing at 5 volts results in partial
correction of RBBB with L1 S wave decreasing from 82 msec to 46 msec.

Lower panel: There is no change L1 S wave and V1 r’, as pacing voltage is lowered (first beat). However,
as transition to S-HBP occurs (second beat) there is abrupt recurrence of complete RBBB.

This figure shows that RBBB was only partially corrected with NS-HBP and not affected by decrease in pacing
voltage in NS-HBP, The complete recurrence of RBBB upon transition to S-HBP documents that the site of
RBBB was distal to pacing site.

Figure 3: Complete correction of a distal site of chronic RBBB with NS-HBP but not with S-HBP

6
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Left panel: Shows 12 lead ECG of a sinus beat with RBBB with a ‘clipped’ high gain His electrogram.

Middle panel: This patient showed complete resolution of RBBB at 5V and as capture threshold is reached
at 2.4 V transition to S-HBP occurs with abrupt recurrence of complete RBBB.

Note the pre-excited beat maintains a normal frontal QRS axis, there is increase in L1 voltage and counter-
clockwise rotation in chest leads, from V5 (left panel, sinus beat) to V2 during NS-HBP (first beat middle
panel). With S-HBP (2nd beat, middle panel) counterclockwise rotation is no longer seen.

Right panel: This patient developed transient NS-HBP alternating with S-HBP with complete resolution and
complete recurrence of RBBB respectively.

This figure suggests that complete resolution of RBBB occurs only when a parallel pathway causing the delta
wave is activated.

Figure 4: Pacing voltage dependent correction of RBBB with NS-HBP

This figure shows progressive increase in rightward delay, best seen in Lead V1, as the pacing voltage is
lowered from 1.5 V. The fall in Lead 1 voltage (last complex) marks the transition from NS-HBP to S-HBP
where abrupt development of complete RBBB is seen. This slide shows decreasing effect of parallel wavefront
which resolves RBBB as the voltage is lowered.
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.

NS-HBP Group:

Acute RBBB=4, Chronic RBBB=14

These patients showed only NS-HBP. The baseline characteristics were similar to NS-S group however the
capture threshold of the pre-excitation wave now occurred at lower pacing voltage of 1.3±0.5V compared to
2.4±0.8V in NS-S HBP group. The mean H-V interval was 52±5 ms. The HVAT at baseline was 98±6 ms
and decreased to 89±5 ms with 5V pacing.

All 4 patients with acute RBBB showed complete resolution of RBBB at 5V pacing 2 of the 4 showed partial
recurrence of RBBB at lower voltage.

Of 14 patients with chronic RBBB, 9 had complete resolution at 5V and 5 had incomplete resolution at both
high and low voltage pacing. In 9 patients with complete resolution at 5V, 6 developed partial recurrence at
lower voltage during NS-HBP.

Thus in 8 patients (2 acute and 6 chronic), RBBB showed a voltage effect where complete resolution was
seen at 5V however the only partial correction at lower voltage.

S-HBP Group:

Acute RBBB=2, Chronic RBBB=2.

Only 4 patients showed S-HBP at both high and low pacing voltages.

The mean H-V interval was 57±12 ms, the baseline HVAT interval was 108±19 and decreased to 97±15 ms
with S-HBP.

Acute RBBB (2 patients): Only 1 patient with acute RBBB resolved completely with 5V although NS-HBP
could not be ruled out. Complete RBBB recurred at 3.5V (Fig.5).

Chronic RBBB (2 patients). Neither complete nor incomplete resolution of RBBB was seen at any voltage
(Fig. 5).

Figure 5: Effect of 5V pacing on RBBB in S-HBP

Panel A: Shows one patient with S-HBP where a transient but complete correction of acute RBBB appears
to occur with S-HBP with recurrence as voltage was lowered to 3.5 V. However, if corrected and uncorrected
beats are compared (first and second beats) there are subtle differences (L1 voltage and initial r in V1)
suggesting that septal activation may have been different in corrected beat and an alternate pathway may
have been activated.

8
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Panel B: In remaining 3 patients with RBBB (one acute and 2 chronic) did not resolve with selective His
bundle pacing at any pacing voltage.

Panel C: In one patient, chronic RBBB resolves partially, however with transient NS-HBP (3rd and 4th beats)
but recurs abruptly as selective HBP occurs with voltage still at 5V.

In patients in S-HBP group, the site of block was distal to pacing lead and was not resolved with S-HBP.

Note HVAT intervals in NS-HBP and S-HBP of 93msec and 97 msec respectively.

Discussion

The observation that both acute and chronic right bundle branch block (RBBB) remained uncorrected with
selective His bundle pacing (S-HBP) clearly suggests that site of RBBB was distal to pacing lead tip (Fig.
1-4). Intra-operative study of conduction times and velocity would indicate that the mean H-V intervals
of 53±11 ms obtained in our study would place the lead tip in proximal His bundle; 2-3 cm from the
bifurcation of His bundle into bundle branches and the ventricular septum (6). Even so, the RBBB was
partially or completely corrected in all patients with non-selective (NS)-HBP where a characteristic ‘delta’
wave indicating that a parallel pathway, in addition to the His bundle, is also being activated (Fig. 1-4).
From same pacing site, even in acute RBBB ostensibly located in close proximity to pacing lead, conduction
block was rarely corrected with S-HBP.

Correction of RBBB appeared to correlate with pacing voltage, as higher pacing voltage (5V) resulted in
complete correction of RBBB in 22 patients while only 10 showed complete correction at lower voltage.The
voltage effect including a unique pattern of progressive beat by beat correction of RBBB with higher voltage
was seen only during NS-HBP . Complete recurrence of RBBB was seen only with S-HBP never with NS-HBP
(Fig. 1,4).

NS-HBP group showing lower capture threshold of the delta wave (1.3±0.5V,) had more patients with
complete resolution of RBBB (9/14 patients) as compared to NS-S HBP group where the delta wave had
higher capture threshold (2.4±0.8V) and only 3/11 patients had complete correction of RBBB.

Voltage related resolution of slow conduction has been observed in injured Purkinje fibers where higher
voltage is required to generate a propagating impulse (7-10) and our observations during NS-HBP suggests
that the parallel pathway may have properties similar to specialized conduction fibers. Increased pacing
threshold is also predicted by virtual electrode polarization (VEP) theory and is felt to occur as a result
of tissue damage (11,12). Based on planar model of cardiac muscle, the VEP theory does not explain how
higher voltage would result in improvement of conduction particularly in His Purkinje system. In our study,
in acute RBBB in which injured His bundle fibers are in close proximity to pacing lead tip a clinically
significant VEP effect was not readily apparent in S-HBP where conduction is exclusively via His bundle.

The explanation why the parallel pathway in NS-HBP demonstrates voltage dependent phenomenon, may
lie in the work of Effimov group which shows evidence of parallel pathways in the His region (13). The His
bundle and surrounding area shows a rich density of gap junction proteins (Cx43, Cx40, and Cx45) extending
from right lower extension (RLE) of the AV node to the interatrial septum and the latter has more than
twice the expression of CX-43 compared to the His bundle (13,14). Thus, a molecular compartmentalization
exists in the peri- Hisian region which connects directly to a specific Cx43-positive domain of the His bundle
(13). Hucker et al. have suggested that as these molecular pathways are not encased in fibrous tissue, pacing
the RLE would not only activate the His bundle but may require lower voltage than direct pacing of His
bundle itself (13).

Thus, one may speculate that the pacing lead may disrupt and activate subendocardial tissues rich in gap
junction proteins which may behave as a parallel specialized conduction pathway injured by the active
fixation process.

Thus, If one assumes as our observations suggest, that conduction through normal pathway (His bundle) re-
sults in RBBB and conduction through parallel pathway results in correction of RBBB then robust conduction
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through the parallel pathway at higher voltage may completely resolve RBBB while at lower pacing voltage,
slower conduction in the parallel pathway would allow conduction through His bundle to manifest the RBBB
and progressive slowing in the parallel pathway would result in progressively greater RBBB (Fig.1,4).

Two possible mechanisms whereby interaction between the two wavefronts may resolve RBBB is depicted
in Figure 6. In one possibility, early excitation of the RV free wall may decrease or abolish ECG evidence
of RBBB. This mechanism is suggested by the counterclockwise rotation of the NS-HBP complex (Table 1,
Fig. 3), a consistent feature of NS-HBP (15) it may result from an early rightward wavefront.

The work of Durrer et al (16,17) and more recently of Almeida et al (18,19) lays out the specialized conduction
pathway to early RV free wall pre-excitation in NS-HBP. In normal QRS activation (Fig.6), following left
to right septal activation, the wavefront proceeds to the septal border of the crista supraventricularis (CSV)
and meets the RV free wall wavefront exiting from right bundle branch (16-19)

(Fig. 6, left upper panel). During NS-HBP early activation of septum would also result in activation
proceeding anteriorly to the crista supraventricularis (CSV) which alone connects the septum to RV free
wall (20). This early activation wavefront, upon finding the RV free wall unexcited because of RBBB, would
proceed to pre-excite the RV free wall (fig. 6, right upper panel), thus decreasing the duration of the S wave
in Lead 1 without actually resolving the conduction delay at the distal site. This mechanism also explains
why allpatients, particularly those in whom conduction block may be located more distally in the right bundle
branch, showed at least partial ‘correction’ of RBBB .

The right lower panel in figure 6 shows another mechanism where the parallel pathway bypasses a more
proximally related site of block. This mechanism may be a more plausible explanation of complete correction
of RBBB. The transition from actively bypassing a more proximal RBBB to just passive pre-excitation of
RV free wall at lower voltage may explain the change from complete resolution of RBBB to partial resolution
of RBBB.

More than one parallel pathway with different capture thresholds would also explain the voltage dependent
phenomenon.

The novel effect of NS-HBP in correcting a distal RBBB may seemingly be at odds with previous reports
which suggest that given the longitudinal dissociation of the His bundle (21,22) only pacing the His bundle
distal to site of block would correct bundle branch block (1,2). However, it appears that the narrowed QRS
they described as ‘normal range, not normal activation’ (1), ‘with stim-Q interval shorter than H-V interval’
(1,2), would be similar to the NS-HBP QRS complex we observed with high voltage pacing. It is also likely
that our use of 12 lead ECG with filter setting of 0-100 Hz allowed easier visualization of the delta wave as
opposed to fewer leads with filter setting of 0-20 Hz in previous studies (1).

El Sherif et al also reported that in some cases higher pacing voltage was required to narrow the QRS complex
and in discussing their results state that longitudinal dissociation in His bundle itself would only explain their
conclusions if the transverse interconnections between the longitudinally dissociated fibers (23,24) become
functionally inoperative and the conduction block was indeed located in proximal His bundle in all patients
(2).

In summary, our previous observation that ventricular activation time decreases with increased pacing voltage
in NS-HBP (5,15) (manuscript in review), is extended in this study with the novel finding of greater reduction
of RBBB with higher voltage and there appears to be a stark difference between selective and non-selective
His bundle pacing on correction of distal block. While we have attempted to explain the mechanisms
involved with our current understanding of the A-V conduction system, the answers may well lie in the less
well understood molecular biology of the His region (13, 14, 25). Further studies are needed to understand
non-selective His bundle pacing, which appears to be distinctly different from the septal paced complex with
HVAT of 146 +-26 ms reported by Vassallo et al (26), or the description of the ‘wide paced septal complex’
to which the term ‘non-selective His bundle pacing’ was originally applied. (27).

Fig. 6: Myocardial activation models in normal QRS, with non-selective His bundle pacing.
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The top left panel shows normal ventricular activation (blue arrow). Note left to right septal activation,
then superiorly to septal border of the crista supraventricularis (CSV) and meets the RV free wall wavefront
exiting from right bundle branch

The left lower panels show a possible pathway of the of the parallel wavefront (yellow arrow) which, after it
reaches the septum moves superiorly to CSV towards the RV free wall. This early rightward activation may
result in counterclockwise rotation of the QRS complex.

The right upper panel shows that in RBBB, the parallel wavefront after reaching the CSV and finding an
unexcited RV free wall it continues rightward and decreases the duration of S wave. At higher voltage the
parallel wavefront may pre-excite larger portion of RV free wall than at lower voltage with slower conduction.
The degree of fusion would determine the duration of S wave while the block remains unresolved.

Right lower panel shows an alternative mechanism where the parallel pathway connects to the His Purkinje
system distal to site of block. At higher voltage the parallel wavefront would arrive at this site earlier and no
RBBB is seen, and at lower voltage the slower conduction in parallel wavefront allows conduction to occur
via His bundle with manifest RBBB.

.

Limitations

There are many difficulties in trying to explain phenomenon observed following active fixation of pacing
lead with electrophysiologic principles obtained using atraumatic diagnostic catheters. The mechanism will
remain a hypothesis until further studies increase our understanding of the complex area surrounding the
His bundle.

No high-density mapping data was obtained to determine the exact pathway of the pre-excitation wavefront
and we relied mainly on analysis of surface ECG.

Clinical Significance

11



P
os

te
d

on
A

u
th

or
ea

16
S
ep

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

02
98

28
.8

86
61

07
6

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Non-selective His bundle pacing may, in essence, be activating an additional pathway with behavior suggestive
of a ‘parallel His bundle’ (25). In patients with His bundle disease, NS-HBP may deserve consideration as
preferred mode of His bundle pacing.

Our study also suggests that the paradigm of lowering pacing voltage to prolong battery life may not apply
to His bundle pacing as correction of conduction block often occurs at higher voltage pacing.
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