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ABSTRACT. [t has been suggested that nonselective His bundle pacing (NS-HBP) corrects
terminal conduction delay in right bundle branch block by early excitation of the right ventricular
free wall. A similar analysis of NS-HBP, in patients with left bundle branch block (LBBB) and
left-axis deviation (LAD) has not been done. Therefore, we compared the baseline QRS parameters
in LAD and LBBB during NS-HBP and selective HBP (S-HBP). In LAD patients (n = 16),
NS-HBP normalized the QRS axis from —35° £ 10° to 30° + 34° (p < 0.01) and increased the lead
1 voltage (L1V) from 0.55 + 0.3 mV to 0.88 £ 0.2 mV (p < 0.001) without increasing the peak
lateral wall activation time (PLWAT) (p = not significant). In 23 of 41 LBBB patients, NS-HBP
decreased the prolonged PLWAT by 73 ms (p < 0.0001), resolved the mid-QRS notch, normalized
the QRS axis, and increased the L1V from 0.5+ 0.3 mV to 1.15+ 0.3 mV (p < 0.0001). In the
remaining 18 LBBB patients, NS-HBP did not resolve the mid-QRS notch; however, the peak
septal activation time decreased by 45 ms (p < 0.0001), PLWAT decreased by 53 ms (p < 0.0001),
L1V increased from 0.5+ 0.3 mV to 0.87 + 0.4 mV (p < 0.0001), and the QRS axis normalized.
All patients who developed S-HBP at lower pacing showed uncorrected LBBB (n=6) or LAD (n
=7). In conclusion, NS-HBP, which causes myocardial activation in advance of simultaneously
initiated S-HBP, results in a paced QRS complex with a normal axis and shorter activation times
and restores the L1V in patients with LAD and LBBB. In some patients, a mid-QRS notch was

seen with NS-HBP, which suggests fusion with S-HBP, which conducts without LBBB correction.
A higher L1V in association with a shorter PLWAT and a normal QRS axis suggests that a more
organized degree of left ventricular activation occurs with NS-HBP as compared to LBBB.
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Introduction

There is growing awareness that the site of left bundle
branch block (LBBB) may be distal to the His bundle
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pacing (HBP) site.! This realization has led to consider-
able interest in pacing the left bundle itself.>* However,
HBP continues to show favorable outcomes in LBBB.>

It was recently reported that nonselective (NS) HBP
(NS-HBP) corrected terminal conduction delay in right
bundle branch block (RBBB), possibly by activating early
the delayed right ventricular free wall depolarization.'
It is not known whether NS-HBP may similarly correct
areas of delayed myocardial activation in patients with
left-axis deviation (LAD)" or LBBB.!? !4
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Methods

This was a single-arm observational study designed to
evaluate the effects of selective HBP (S-HBP) and NS-HBP
in patients with LBBB or LAD.

Definitions

Patients with LBBB were defined as those with a QRS
duration of 140 ms or more with a delayed intrinsicoid
deflection of 70 ms or more, together with mid-QRS
notching in two or more leads (I, II, AVL, V5, or V6).?
Patients with LAD were defined as those with a QRS axis
between —30° and —-90° and a QRS duration of less than
120 ms. S-HBP was defined as a QRS complex nearly
identical to the baseline QRS and a stimulus—QRS inter-
val greater than or equal to the H-V interval. Finally,
NS-HBP was defined as a stimulus—-QRS interval less
than the H-V interval with initial slurring or a delta wave
that begins following the pacing stimulus in one or more
electrocardiogram (ECG) leads.

Patient selection

Of 300 patients who underwent HBP, 42 patients met the
criteria for LBBB as previously described.” One of these
42 patients showed S-HBP at a higher voltage with com-
plete correction of LBBB and was subsequently excluded
from the analysis as pacing was clearly distal to the site of
the block. The remaining 41 patients showed NS-HBP at
a higher voltage and, of these, six patients showed S-HBP
at a lower voltage. Two of the 41 patients showed rate-re-
lated LBBB; in these patients, HBP was performed at rates
greater than that at which LBBB developed.

Separately, among 28 patients with LAD, 12 had a
QRS duration of more than 120 ms and were excluded;
the remaining 16 patients were analyzed. All showed
NS-HBP at higher voltages; of these, six transitioned to
S-HBP at a lower voltage.

Measurements

From LAD patients, the following measurements were
collected: (1) His or stimulus to peak lateral wall acti-
vation time (PLWAT), (2) QRS axis, (3) lead 1 voltage
(L1V), and (4) V lead transition. Separately, among LBBB
patients, the following measurements were gathered
where possible: (1) from the His or pacing stimulus to the
end of the QRS interval (for QRS activation time), (2) from
the His or pacing stimulus to the first notch, (3) from the
His or pacing stimulus to the second notch or to the peak
lead 1 QRS complex (in the absence of a notch), (4) notch
duration, (5) the lead I QRS first notch voltage for septal
voltage, (6) the lead I QRS second notch voltage [for the
left ventricular (LV) lateral wall voltage], (7) frontal QRS
axis, and (8) V lead transition. All native and paced meas-
urements were performed after active fixation of the lead.

In patients with LBBB, the first notch was considered the
peak septal activation time'>!® and the second notch was
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considered the peak LV lateral wall activation time,'*"

respectively. Activation times were measured from the
His bundle electrogram (obtained from the pacing site) or
from the onset of the pacing stimulus. The H-V intervals
were measured in both the LAD and LBBB study groups.

In summary, patients who met the criteria for LBBB or
LAD diagnosis underwent HBP starting at 5 V, which was
then decreased in 1-V increments. With each decrement,

Table 1: Effect of NS-HBP in Patients with LAD

Measurements (n = 16) Baseline | NS-HBP
His or stimulus to peak lateral wall 102+19 [92+10
activation time, ms p=n.s.
QRS axis —35°+10° | +30° + 34°
p <0.01
Lead 1 voltage, mV 0.55+0.3 |0.88+0.2
p <0.01
V lead transition V6 £ 1 V4 £1
p <0.01

NS-HBP: nonselective His bundle pacing; n.s.: not significant.

m—

Figure 1: Effect of NS-HBP on isolated LAD. Twelve-lead
ECG panel, 25 mm/s. The transition from NS-HBP to S-HBP
is shown, marked by an asterisk. Note the fall in L1V with
S-HBP. A shift in the QRS axis occurred from 5° to -30° and
late transition is seen in V leads.
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Effect of NS-HBP on Delayed Myocardial Activation in LAD and LBBB

a 12-lead ECG (filter setting: 0-100 Hz) as well as
His bundle electrograms were recorded and stored on
the CardioLab signal acquisition and recording system
(GE Healthcare, Chicago, IL, USA). Study data, includ-
ing QRS morphology, were analyzed offline on a review
monitor; all measurements were made using CardioLab’s
multi-leg calipers.

Statistical analysis was performed using an online cal-
culator (GraphPad, San Diego, CA, USA) with a paired
t-test.

All patient data were deidentified, and all patients gave
consent for the use of their data for publication. Approval
for analyzing the stored data was obtained from the
appropriate institutional review board.

Results

In patients with LAD (n = 16) (H-V interval: 42 + 12 ms),
NS-HBP produced a significant 58° + 18° shift in the QRS
axis from —35° = 10° to 30° + 34° (p < 0.01) together with a
shift in chest leads from V6 to V4 (Table 1 and Figure 1).

Figure 2: Comparison of baseline LBBB with NS-HBP with and without a notch and S-HBP. Recordings in the figure were made
at 100 mm/s. A: At baseline LBBB, the H-V interval was 88 ms, the interval from the His bundle electrogram to the septal notch
was 148 ms, and the interval from the His bundle electrogram to the lateral wall was 189 ms. The L1V was 0.24 mV. The V lead
transition occurred in V6. B: NS-HBP complex (first and third beats) without evidence of septal notch. The stimulus to lateral
wall interval was reduced by 64 ms to 125 ms, L1V increased to 0.67 V, and the QRS transition is now in V4. As the pacing
voltage is reduced, the second beat shows a wide complex with a mid-QRS notch in V6; however, the stimulus to septal notch
interval of 80 ms and the stimulus to lateral wall interval of 121 ms were less than those in LBBB. The L1V is higher than in LBBB
and less than in NS-HBP, and the QRS axis is normal. C: The transition from NS-HBP to S-HBP and complete LBBB are seen as
the paced impulse now conducts exclusively via the His bundle and blocks in the left bundle branch. HVAT: His Purkinje system

ventricular-activation time.
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Figure 3: NS-HBP and S-HBP in a patient with rate-related LBBB. Recordings in the figure are presented at 100 mm/s. A: A sinus
beat with an H-V interval of 43 ms, a His to peak QRS interval of 120 ms, and a QRS interval of 114 ms. B: Atrial pacing at 120
bpm resulted in rate-related LBBB. Note the notched wide QRS, decrease in L1V, leftward QRS axis, and loss of R-waves in the
chest leads. C: HBP at 130 bpm. NS-HBP (first two beats) shows the paced complex to be very similar to the native QRS inter-
val in A without LBBB; as the pacing voltage is reduced from 2.0 to 1.8 V, the third beat shows widening of the QRS interval
followed by transition from NS-HBP to S-HBP. The “delta” wave is prolonged (third beat) and lost in the next beat as conduc-
tion block occurs in the NS-HBP pathway. In the last two beats, S-HBP is seen with uncorrected LBBB, which is identical to the
rate-related LBBB in B. D: Normal NS-HBP at 140 bpm. Note that the delta waves in the NS-HBP complex are subtle and seen in

the initial portion of leads 2, 3, and AVF.

L1V increased from 0.55 = 0.3 mV to 0.88 £ 0.2 mV
(p <0.001); however, baseline His to PLWAT (102 £ 19 ms)
was not significantly different compared to stimulus to
PLWAT NS-HBP (92 + 10 ms) (Table 1). S-HBP was seen at
a lower pacing voltage in seven of 16 patients (Figure 1);
all showed uncorrected LAD.

In the LBBB patient group (n = 41), the baseline QRS
duration was 172 * 26 ms and the H-V interval was 73
+ 29 ms. All 41 patients showed NS-HBP at 5-V pacing
and a loss of pacing occurred at a mean of 1.6 V. S-HBP
was seen in six patients at a lower pacing voltage and
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showed uncorrected LBBB (Figures 2 and 3). However,
in the same patient, “correction” of LBBB was observed.

With NS-HBP, the QRS complex showed a significant
decrease in PLWAT, an increase in L1V, and a normal
QRS axis (Table 2 and Figures 2-5). In 23 of 41 patients,
NS-HBP showed no mid-QRS notch (Figures 2-4). In
the remaining 18 patients, NS-HBP continued to mani-
fest a mid-QRS notch (Figure 5); however, the stimulus
to peak LV lateral wall activation time was not signifi-
cantly different between the two patient groups (Table
2), although patients with NS-HBP without a mid-QRS
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Table 2: Comparison of Native LBBB and NS-HBP

LBBB Native Conduction NS-HBP Without a NS-HBP with a Notched
(n =41) Notched Complex (n = 23) Complex (n = 18)

His or stimulus to the end | 244 +43 177 + 27 (-76) 176 £ 26 (-61)
of QRS activation time*, ms *p < 0.00001 *p < 0.00001

**p =n.s.
His or stimulus to peak 136+ 24 N/A 91 + 21 (-45)
septal activation time*, ms *p < 0.00001
His or stimulus to peak 188 + 40 119 + 20 (-73) 131 +£28 (-53)
lateral wall activation *p < 0.00001 *p < 0.00001
time*, ms **p =n.s.
Notch duration, ms 48 + 22 N/A 44 + 18 (-6.8)

*p=n.s.
Lead | QRS voltage septum, | 0.5+ 0.3 N/A 0.8+0.4(0.18)
mV *p < 0.005
Lead | QRS voltage LV 0.5+0.3 1.15+£0.3 (0.6) 0.87 £0.4 (0.37)
lateral wall, mV *p > 0.0001 *p > 0.0001

**p < 0.01
Frontal QRS axis -14° + 40° 18° £ 32° (30°) 20° £ 28° (24°)

*p < 0.02 *p < 0.02

**p =n.s.

V lead transition 6+1 3+1(=2) 4+1(-1)
**p < 0.001 *p < 0.001
**p < 0.05

LBBB: left bundle branch block; LV: left ventricular; N/A: not available; n.s.: not significant; NS-HBP:
nonselective His bundle pacing.

*Compared to baseline LBBB.

**Compared to NS-HBP without notch.

L
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Figure 4: Comparison of LBBB and NS-HBP in iatrogenic complete heart block. A: LBBB with LAD (at 100 mm/s). B: Complete
heart block, which occurred during active fixation of the His bundle lead (at 25 mm/s to allow for more complexes to be seen).
RV paced complexes (first two beats) can be compared to NS-HBP complexes (third and fourth beats). C: The complex is likely
caused exclusively by NS-HBP given the complete heart block. As compared with LBBB, the NS-HBP complex has a narrow QRS,
a higher L1 voltage, a normal frontal QRS axis, and R-waves in the anterior chest leads.

notch showed a significantly higher L1V and an earlier = The presence of a notch during NS-HBP allowed a com-
chest lead transition relative to those with NS-HBP and parison between the His to peak septal-activation time
a mid-QRS notch. (PSAT) and the stimulus to PSAT, which was significantly

The Journal of Innovations in Cardiac Rhythm Management, July 2021 4581



shorter by 45 ms with NS-HBP relative to at baseline (p
< 0.0001). The septal voltage (of the first notch) measured
during NS-HBP was significantly higher than the base-
line septal voltage (p < 0.01) (Table 2).

Two of 41 patients showed rate-related LBBB; in these
patients, HBP was performed at rates greater than that at
which LBBB developed (Figure 3). Also, in these patients,
the NS-HBP complex showed QRS with an activation
time, QRS axis, and L1V nearly identical to those of the
baseline QRS without LBBB. Transition to S-HBP led to an
uncorrected rate-related LBBB pattern (Figure 3).

Discussion

Delayed activation of the left anterior paraseptal basal
segment results in isolated LAD."? In these patients,
NS-HBP resulted in a normal QRS axis, a significantly
higher L1V, and a stimulus to PLWAT similar to the base-
line His to PLWAT (Figure 1 and Table 1). The normal
QRS axis suggests that the delayed segment in LAD is
excited early in NS-HBP. Thus, similarities to normal
excitation of the heart are evident, where the left anterior
paraseptal basal segment is also the first to depolarize
(Figure 6)." There is little evidence that S-HBP plays a
role in the correction of LAD. First, as previously reported

R. Mahmud, S. Jamal, S. Kukla, et al.

in patients with acute and chronic RBBB,!° S-HBP, when
observed in this study, always showed uncorrected
LAD (Figure 1). Second, although NS-HBP and S-HBP
wavefronts were initiated simultaneously, myocardial
depolarization in NS-HBP was initiated immediately fol-
lowing pacing stimulus, while, with S-HBP, myocardial
activation starts following a duration that is greater than
or equal in length to the H-V interval (42 + 12 ms in LAD
patients).

Compared to native LBBB, in NS-HBP, the his to peak
lateral activation time was significantly shorter, lead 1
voltage was significantly higher, and the QRS axis was
more normal (Figures 2-5 and Table 2). The mid-QRS
notch, caused by the delayed activation of the septum
and lateral wall,"*"® was not seen during NS-HBP in 23
of 41 LBBB patients (Figures 2-4). In these patients, the
NS-HBP complex, apart from the initial slurring or the
“delta wave,” was narrow with a normal QRS axis and
without a mid-QRS notch.

Rate-related LBBB provides an opportunity to compare
NS-HBP with normal QRS before the development of
LBBB in the same patient. Figure 5 shows that onset of
LBBB is associated with a fall in lead 1 voltage, leftward
axis, and prolonged septal and lateral wall activation

Figure 5: NS-HBP showing fusion with the underlying LBBB. Recordings in the figure are presented at 100 mm/s. A: LBBB with
a His to septum interval of 131 ms and a His to lateral wall interval of 193 ms. B: NS-HBP with mid-QRS notching; however, the
stimulus to septum interval was 65 ms and the stimulus to lateral wall interval was 99 ms, which are significantly shorter than
in LBBB. Also, L1V is higher and the QRS axis is normal, with a more normal R-wave progression.
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A

Cc

Figure 6: Comparison of excitation pathways in normal activation and in NS-HBP. A: A transverse section of the heart with blue
arrows representing the normal excitation of the heart.” The left anterior basal paraseptal (LABP) segment, the distal third of
the left septum, and the right posterior paraseptal area (RPPA) are the first to be excited.” Also depicted is the normal left to
right septal activation. In LBBB, slow septal activation would occur from the right to the left, starting from RPPA, which is the
exit point of the right bundle branch.'>' LAD occurs due to delayed activation of the LABP segment. B: The recently described
specialized conducting cardiomyocytes (SCCs) (shown as pale striations), which make up the distal conduction network."-?'
C: A likely activation sequence in NS-HBP. The LAD is corrected by early excitation of the LABP segment, while a higher L1V
may be explained by the right to left septal activation; however, shorter QRS activation times would require utilization of the
specialized conduction network. LV: left ventricle; RV: right ventricle.

times as well as delayed transition in chest leads. These
characteristic changes of LBBB occur as a result of slow,
disorganized and abnormally directed activation.'®™'® The
abnormal activation of LBBB is seen with S-HBP but not
with NS-HBP, even though, in both instances, the QRS
activation would initiate with right to left septal mus-
cle depolarization. Figure 3 shows that, apart from the
subtle delta wave, the NS-HBP complex, at pacing rates
which cause LBBB both during atrial pacing and S-HBP,
is strikingly similar to patients’ normal QRS. This figure
suggests that NS-HBP bypasses the left bundle branch;
the site of rate-related conduction block; and, following
the delta wave, appears to use the same distal conduction
system.!®192L This postulation is not beyond the realm of
possibility, as experimental studies have shown that, in
LBBB, Purkinje fibers comprising the distal conduction
system are activated earlier on than cardiac myocytes,
thereby causing the LV lateral wall to be activated sooner

The Journal of Innovations in Cardiac Rhythm Management, July 2021

than expected.!®® Use of the distal conduction system
would need to be invoked to explain the increase in L1V
along with the decrease in PLWAT—that is, why more LV

mass is being depolarized in a shorter time (Tables 1 and
2).1618-21

Conceptualizing NS-HBP as a unique pathway may
also explain the mid-QRS notch in NS-HBP seen in the
remaining 18 patients (Figure 5 and Table 2).

In this study, S-HBP, which is simultaneously activated in
NS-HBP, did not correct LBBB (Figures 1-3).'° Thus, when
conduction in the NS-HBP pathway slows down, perhaps
as a result of diffuse Purkinje system disease, such would
result in fusion complexes with an S-HBP wavefront and
would explain the mid-QRS notch, lower L1V, and late
transition in chest leads in these patients. Of interest, the
stimulus to PLWATs were not significantly different in the
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setting of NS-HBP with and without a mid-QRS notch. As
compared with baseline LBBB, however, the His to PSAT
and the His to peak lateral-activation time were signifi-
cantly shorter, the L1V was significantly higher, and the
QRS axis was normal in NS-HBP (Figure 5 and Table 2).

Clinical implications, limitations, and the need for
further research

Interest in transseptal left-bundle pacing is growing in an
effort to place the pacing lead beyond the site of conduc-
tion block.>™ Our observations suggest that NS-HBP is an
alternative method to achieve the same objective, where
the site of conduction block is not a concern and the exact
site of pacing is determined by locating the His bundle
electrogram.

Past authors have accepted subtle differences in His
bundle paced complexes and categorized S-HBP as being
in the normal range without normal activation or having
a stimulus—Q interval shorter than the H-V interval.?>?*
In our study, these variances were associated with delta
waves in one or more ECG leads and thus were classified
as NS-HBP (Figure 3). S-HBP, seen following conduc-
tion block in the delta wave, resulted in a QRS complex
that was identical to the baseline complex in every lead
(Figures 1-3). The fact that S-HBP was always associated
with uncorrected LBBB or LAD demonstrated that con-
duction block was distal to the site of pacing,'’ and “cor-
rection” or “recruitment” with a more narrowly defined
S-HBP was rarely observed.'

Further research is needed to better understand pac-
ing in an area rich in gap-junction proteins®; special-
ized conducting cardiomyocytes®*?*; and ring tissues,
which may participate in the formation of accessory

pathways.”?

Summary

Ventricular activation in NS-HBP, occurring in advance of
S-HBP, bypasses the conduction block in bundle branches
and results in a unique QRS with a normal activation pat-
tern. Slow conduction in NS-HBP allows for fusion with
S-HBP, which continues to manifest an underlying con-
duction defect.
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