Left bundle branch pacing vs ventricular septal pacing

‘ W) Check for updates

for cardiac resynchronization therapy

Jingjing Chen, MD,* T Fatima M. Ezzeddine, MD,' Xiaoke Liu, MD, PhD,*

Vaibhav Vaidya, MBBS,’ Christopher J. McLeod, MB ChB, PhD,'

Arturo M. Valverde, MD," Freddy Del-Carpio Munoz, MD,’

Abhishek J. Deshmukh, MBBS," Malini Madhavan, MBBS," Ammar M. Killu, MBBS,
Siva K. Mulpuru, MD, Paul A. Friedman, MD,' Yong-Mei Cha, MD'

From the *Department of Cardiovascular Medicine, Affiliated Hospital of Guizhou Medical University,
Guiyang, China, TDeparl‘mem‘ of Cardiovascular Medicine, Mayo Clinic, Rochester, Minnesota,
*Department of Cardiovascular Medicine, Mayo Clinic, La Crosse, Wisconsin, §Department of
Cardiovascular Medicine, Mayo Clinic, Eau Claire, Wisconsin, "Department of Cardiovascular
Medicine, Mayo Clinic, Jacksonville, Florida, and YDepartment of Cardiovascular Medicine, Mayo

Clinic, Phoenix, Arizona.

BACKGROUND The outcomes of left bundle branch pacing (LBBP)
and left ventricular septal pacing (LVSP) in patients with heart fail-
ure remain to be learned.

OBJECTIVE The objective of this study was to assess the echocar-
diographic and clinical outcomes of LBBP, LVSP, and deep septal
pacing (DSP).

METHODS This retrospective study included patients who met the
criteria for cardiac resynchronization therapy (CRT) and underwent
attempted LBBP in 5 Mayo centers. Clinical, electrocardiographic,
and echocardiographic data were collected at baseline and follow-up.

RESULTS A total of 91 consecutive patients were included in the
study. A total of 52 patients had LBBP, 25 had LVSP, and 14 had
DSP. The median follow-up duration was 307 (interquartile range
208, 508) days. There was significant left ventricular ejection frac-
tion (LVEF) improvement in the LBBP and LVSP groups (from 35.9 =
8.5% to 46.9 = 10.0%, P < .001 in the LBBP group; from 33.1 =
7.5% to 41.8 * 10.8%, P < .001 in the LVSP group) but not in

the DSP group. A unipolar paced right bundle branch block
morphology during the procedure in lead V1 was associated with
higher odds of CRT response. There was no significant difference
in heart failure hospitalization and all-cause deaths between the
LBBP and LVSP groups. The rate of heart failure hospitalization
and all-cause deaths were increased in the DSP group compared
with the LBBP group (hazard ratio 5.10, 95% confidence interval
1.14-22.78, P = .033; and hazard ratio 7.83, 95% confidence inter-
val 1.38-44.32, P = .020, respectively).

CONCLUSION In patients undergoing CRT, LVSP had comparable
CRT outcomes compared with LBBP.

KEYWORDS Cardiac resynchronization therapy; Deep septal pacing;
Heart failure; Left bundle branch pacing; Left ventricular septal pacing
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Introduction

Biventricular pacing has been the standard pacing modality
for cardiac resynchronization.1 However, ventricular activa-
tion spreading between the right ventricular (RV) endocar-
dium and left ventricular (LV) epicardium with
biventricular pacing is not physiological. Conduction system
pacing, including His bundle pacing (HBP) and left bundle
branch pacing (LBBP), has emerged as a physiological pac-
ing modality that activates the ventricles by recruiting the
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native conduction system. HBP is limited by higher pacing
thresholds and higher rates of lead dislodgement. LBBP,
which is performed by pacing distal to the His bundle, has
demonstrated better clinical and echocardiographic outcomes
compared with biventricular pacing in cardiac resynchroniza-
tion therapy (CRT) candidates.”” However, despite the
increasing experience with ventricular septal lead placement,
left bundle branch (LBB) capture is only achieved in around
50% to 80% of cases.”’

LBB area pacing is defined as capture of the subendocar-
dial area of the left side of the interventricular septum with or
without LBB capture.” '’ Deep septal pacing (DSP), defined
as the inability to penetrate the septum to reach the LV
subendocardium without a right bundle branch block
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m Left ventricular septal pacing had a comparable cardiac
resynchronization effect as left bundle branch pacing
with similar improvement in left ventricular ejection
fraction, rates of heart failure hospitalization, and
overall survival.

m Deep septal pacing had no significant effect on
improving left ventricular ejection fraction and left
ventricular reverse remodeling.

m Aunipolar paced right bundle branch block morphology
indicating left bundle branch pacing or left ventricular
septal pacing was associated with a greater cardiac
resynchronization therapy response.

(RBBB) pattern, which is mainly due to interventricular
scar,'" has been proposed as a potentially viable alternative.”
Left ventricular septal pacing (LVSP) provides short-term
hemodynamic and electrical resynchronization effects
similar to biventricular pacing and possibly HBP.'? However,
the clinical outcomes of LVSP remain to be learned. There-
fore, the objective of this study was to assess the comparative
echocardiographic and clinical outcomes of LBBP, LVSP,
and DSP in patients with heart failure and reduced ejection
fraction (HFrEF).

Methods

Study design and patient selection

The research reported in this article adhered to the Helsinki
Declaration guidelines. This retrospective study included
adult patients who met the American College of Cardiol-
ogy/American Heart Association/Heart Rhythm Society
guideline indications for CRT and underwent attempted
LBBP between October 1, 2018, and February 28, 2023."
CRT indications included (1) LVEF <35% and QRS dura-
tion >120 ms or (2) LVEF 36% to 50% and expected ventric-
ular pacing burden >40%. Patients with HFrEF were on
optimal medical therapy at least 3 months before CRT device
implantation. Clinical, electrocardiographic, echocardio-
graphic, device implantation, and interrogation data were
manually collected from the electronic health records.

Study sites

The study included 5 Mayo Clinic sites: (1) Rochester, Min-
nesota; (2) Eau Claire, Wisconsin; (3) La Crosse, Wisconsin;
(4) Jacksonville, Florida; and (5) Phoenix, Arizona. The
study was approved by the Institutional Review Board of
the Mayo Clinic. Only patients who had previously con-
sented to use their records for research purposes were
included.

Implantation procedure
LBBP was attempted in all patients using the SelectSecure
3830 pacing lead (Medtronic, Minneapolis, MN) and a deliv-

ery sheath as previously described.'*'” The sheath and the
lead were positioned against the basal RV septum, 1 or a
few centimeters below the His bundle. The lead was screwed
into the ventricular septum using clockwise rotation. While
advancing the lead, the unipolar tip paced QRS morphology
was closely monitored using a multichannel recording sys-
tem. After several attempts to place the lead tip in the LV
endocardium, DSP was considered a potentially viable alter-
native when LBBP and LVSP were not achievable. Fluoro-
scopic observation of contrast injection via the delivery
sheath in 30° left anterior oblique was performed to assess
the lead depth into the ventricular septum and to avoid lead
perforation into the LV. The depth of the lead inside the ven-
tricular septum using sheath angiography was reviewed by
J.C. and F.M.E. Additional RV pacing lead or defibrillation
lead was implanted at the operator’s discretion.

Pacing group definitions

Based on the pacing lead tip—unipolar pacing, LBBP was
defined by a terminal r/R-wave in lead V1 or RBBB with 1
of the following criteria of LBB capture: (1) short and con-
stant left ventricular activation time (LVAT) at high and
low output in lead V6 of <80 ms; (2) demonstrated LBB po-
tential; or (3) QRS transition during the threshold test or pro-
grammed stimulation (from nonselective to selective
LBBP).*'® LVSP was defined as unipolar-tip pacing with a
RBBB morphology in lead V1 and absence of LBB capture.”
DSP was defined as unipolar-tip pacing with absent terminal
r/R-wave in lead V1 (QS or rS morphology in lead V1)
(Figure l).8

Follow-up and definition of outcomes

Baseline patient demographic, medication use, and electro-
cardiographic data were collected. The procedure time and
fluoroscopy time were recorded during the procedure. The
distance of the lead to the tricuspid valve annulus was
measured at 30° right anterior oblique projection. Pacing
thresholds, R-wave amplitudes, and lead impedances
were measured at the end of the procedure. Patients re-
turned for in-person follow-up in the device clinic at 3
months and, subsequently, by remote monitoring every 3
months. At follow-up, R-wave amplitude, pacing thresh-
olds, and lead impedances were measured. All capture
thresholds were defined using a pulse width of 0.4 ms.
In patients who received CRT pacemaker or CRT defibril-
lator devices, LBB area pacing was programmed prior to
the RV lead.

Echocardiographic parameters were collected from base-
line and follow-up transthoracic echocardiography, including
left ventricular ejection fraction (LVEF), left ventricular end-
systolic diameter (LVESD), and left ventricular end-diastolic
diameter (LVEDD). Response to CRT was defined as an ab-
solute increase of >5% in LVEF after 3 months of device im-
plantation.'” Time to first heart failure (HF) hospitalization
and overall survival were determined by a review of elec-
tronic health records. HF hospitalization was defined as an
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Examples of pacing electrocardiograms and sheath angiographies to delineate the depth of the lead in the septum. Examples of illustrations and fluo-

roscopy images with left anterior oblique projection showing the lead depth in the left bundle branch pacing (LBBP) group (A), left ventricular septal pacing
(LVSP) group (B), and deep septal pacing (DSP) group (C). (D) Examples of electrocardiograms and ventricular electrograms (EGMs) by unipolar tip pacing
in LBBP with left ventricular activation time (LVAT) of 75 ms and QRS duration of 125 ms, in LVSP with LVAT of 93 ms and QRS duration of 138 ms,
and in DSP with LVAT of 94 ms and QRS duration of 155 ms. QRSd = QRS duration.

unplanned outpatient or emergency department visit or inpa-
tient hospitalization in which the patient presented with signs
and symptoms consistent with HF requiring intravenous
diuretic therapy. The follow-up time was estimated from
the date of the procedure to the date of the last clinical
encounter.

Statistical analysis
Continuous variables were reported as mean * SD or median
(interquartile range). One-way analysis of variance or the

Kruskal-Wallis test was used to compare the difference in
continuous outcomes between the 3 groups as appropriate.
Paired ¢ test or Wilcoxon signed rank test was used to compare
the difference in continuous outcomes within the same group
before and after the procedure as appropriate. Categorical var-
iables were reported as percentage and compared by using the
chi-square test or Fisher exact test as appropriate. Bonferroni
multiple comparisons were applied to pairwise comparisons.
Freedom from HF hospitalization and overall survival out-
comes were compared using Kaplan-Meier or Cox analyses.
The data analysis was performed using SPSS software
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Table 1  Baseline characteristics
LBBP (n = 52) LVSP (n = 25) DSP (n = 14) P value

Age, y 73.7 = 10.4 71.7 £ 12.1 78.5 £ 8.9 .162
Female 18 (34.6) 8 (32.0) 4 (28.6) .905
BMI, kg/m? 29.2 £ 5.9 31,1+ 7.2 27.1+ 6.1 .153
Hypertension 35 (67.3) 19 (76.0) 9 (64.3) .667
Coronary artery disease 35 (67.3) 21 (84.0) 11 (78.6) .254
Atrial fibrillation 26 (50.0) 14 (56.0) 9 (64.3) .616
ICM 23 (44.2) 15 (60.0) 8 (57.1) 374
NICM 29 (55.8) 10 (40.0) 6 (42.9) 374
Diabetes 20 (38.5) 15 (60.0) 4 (28.6) .101
Sleep apnea 20 (38.5) 13 (52.0) 3 (21.4) .168
CRT indication

LVEF <35% + QRS duration >120 ms 20 (38.5) 14 (56.0) 4 (28.6) .190

LVEF <50% + expected ventricular pacing >40% 32 (61.5) 11 (44.0) 10 (71.4) .190

Electrocardiography

LBBB 20 (38.5) 10 (40.0) 2 (14.3) .166

RBBB 4(1.7) 2 (8.0) 2 (14.3) .759

IVCD 5 (9.6) 5 (20.0) 4 (28.6) 179

Right ventricular pacing 13 (25.0) 6 (24.0) 4 (28.6) .949
Echocardiography

LVEF, % 35.9 = 8.5 33.1*+75 40.9 * 6.9 .018*

LVEDD, mm 56.4 £ 7.9 60.2 £ 7.6 59.4 £ 7.3 .129

LVESD, mm 455+ 7.9 49.9 * 8.3 45.3 + 8.3 .094
Medications

Beta-blocker 45 (86.5) 23 (92.0) 11 (78.6) 499

ACE inhibitor/ARB 28 (53.8) 14 (56.0) 6 (42.9) 712

Spironolactone 20 (38.5) 16 (64.0) 5 (35.7) .081

Sacubitril-valsartan 13 (25.0) 11 (44.0) 3 (21.4) 177

Diuretic 47 (90.4) 24 (88.0) 11 (78.6) .527

Values are mean = SD or n (%). *P < .05.

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; BMI = body mass index; DSP = deep septal pacing; ICM = ischemic cardio-
myopathy; IVCD = intraventricular conduction delay; LBBB = left bundle branch block; LBBP = left bundle branch pacing; LVEDD = left ventricular
end-diastolic diameter; LVEF = left ventricular ejection fraction; LVESD = left ventricular end-systolic diameter; LVSP = left ventricular septal pacing;

NICM = nonischemic cardiomyopathy; RBBB = right bundle branch block.

version 28.0 (IBM, Armonk, NY). A 2-sided P < .05 was
considered statistically significant.

Results

Baseline characteristics

A total of 91 consecutive patients with HFrEF underwent at-
tempted LBBP. LBBP was achieved in 52 (57.1%) patients,
LVSP in 25 (27.5%) patients, and DSP in 14 (15.4%) pa-
tients. The baseline characteristics of the study groups are
summarized in Table 1. The mean age was 73.9 = 10.8 years,
and 30 (33.0%) patients were female. The mean LVEF was
35.9 = 8.3%. There was no difference in QRS morphology
(left bundle branch block [LBBB], RBBB, or intraventricular
conduction delay) among the 3 groups. The LVSP group had
a lower baseline LVEF than the other groups. The median
follow-up duration was 307 (interquartile range 208-508)
days. A total of 36 (39.6%) of patients had CRT defibrillator
therapy, 20 (22.0%) patients had CRT pacemaker therapy,
and 35 (38.5%) patients had single- or dual-chamber pace-
makers. A total of 32 (35.2%) patients had a suboptimal or
failed coronary sinus lead placement and received alternative
LBBP. The median V-V interval in these patients was 70
(LBBP early interquartile range 0—-80) ms.

Implant characteristics and pacing parameters

The paced QRS duration was the narrowest in the LBBP
group (133.6 = 19.4 ms in LBBP vs 141.2 = 20.2 ms in
LVSP vs 151.1 £19.5 ms in DSP, P = .011) (Table 2).
The average paced LVAT was 83.3 = 20.5 ms and was
significantly different among the 3 groups (P < .001).
The examples of pacing electrograms and sheath angiog-
raphies to delineate the lead depth into the ventricular
septum in the 3 groups are shown in Figure 1. The lead
depths were comparable in the LBBP and LVSP groups
(12.8 £ 3.8 mm vs 10.3 = 3.7 mm, P = .251), while
DSP leads penetrated shallower in the interventricular
septum (6.7 = 1.5 mm, P = .034) compared with
LBBP leads. The lead distance from the annulus, proced-
ure duration, and fluoroscopy time were similar among
the 3 groups (Table 2).

Pacing thresholds at implantation and follow-up were
satisfactory and remained stable in all groups (Figure 2).
Ventricular R-wave sensing amplitudes were increased
during follow-up in the LBBP group (10.0 £ 6.1 mV
vs 16.0 = 9.3 mV, P < .001) (Figure 2). Impedances
were decreased during follow-up in the LBBP (695.1
* 201.7 Q vs 515.6%= 113.2 Q, P < .001) and LVSP
(712.6 £ 145.6 Q vs 451.1 = 137.9 Q, P < .001) groups.
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Table 2 Implant, electrocardiographic, and electrophysiologic characteristics
LBBP (n = 52) LVSP (n = 25) DSP (n = 14) P value

Implanted device type .054

Single/dual-chamber PM 26 (50.0) 4 (16.0) 5 (35.7)

CRT-P device 10 (19.2) 6 (24.0) 4 (28.6)

CRT-D device 16 (30.8) 15 (60.0) 5 (35.7)
Paced QRS duration, ms 133.6 * 19.4 141.2 * 20.2 151.1 = 19.5 .011*
LVAT, ms 72.5 £ 15.3 103.1*= 17.4 88.3 = 13.3 <.001
Lead depth, mm 12.8 + 3.8 10.3 * 3.7 6.7 + 1.5 .018f
Distance from the annulus, mm 23.0 £ 11.8 23.5*+ 9.6 31271 294
Procedure time, min 146.1% 73.2 167.0 £ 105.2 158.6 £ 79.7 578
Fluoroscopy time, min 28.8 + 22.7 31.0 = 30.3 34.6 *+ 23.2 .738

Values are n (%) or mean = SD. *In post hoc analysis, differences were present for pairs: LBBP vs LVSP (P = .348) and LBBP vs DSP (P = .012). 'In post hoc
analysis, differences were present for pairs: LBBP vs LVSP (P = .251) and LBBP vs DSP (P = .034).
CRT-D = cardiac resynchronization therapy defibrillator; CRT-P = cardiac resynchronization therapy pacemaker; LVAT = left ventricular activation time; other

abbreviations as in Table 1.

Echocardiographic outcomes

The LVEF increased from 35.9 = 8.5% at baseline to 46.9 *
10.0% (P < .001) at follow-up in the LBBP group and from
33.1 £7.5%1t041.8 = 10.8% (P < .001) in the LVSP group;
there was no significant increase in LVEF in the DSP group
(Figure 3A). The LBBP and LVSP groups had a comparable
LVEF incremental improvement (11.2 = 7.9% vs 8.7 =
8.6%, P = .581) and CRT response rate (69.8% vs 68.0%,
P = 913), while the response rate in the DSP group was
only 14.3% without significant LVEF improvement
(Figure 3B and 3C). As shown in Figure 3D, the LBBP
and LVSP groups had a significant decrease in LVESD (P
< .001) at follow-up. Similarly, LVEDD significantly
decreased in the LBBP (from 56.5 = 8.0 mm to 51.6 = 9.1
mm, P < .001) and LVSP groups (60.1 = 7.9 mm to 56.9
* 7.1 mm, P = .017). LVESD and LVEDD did not change
significantly in the DSP group.

Multivariate analysis for CRT response
Univariate analysis revealed that intrinsic LBBB and a unipo-
lar tip paced RBBB morphology in lead V1 during the pro-

cedure were associated with higher odds of CRT response
(Table 3), while a higher LVEF at baseline and a broader
paced QRS duration were associated with lower odds of
CRT response. On multivariate analysis, a unipolar tip paced
RBBB morphology in lead V1 during the procedure pre-
dicted better CRT response (adjusted odds ratio 13.75, 95%
confidence interval [CI] 2.52-74.98, P = .002).

Clinical outcomes

The incidence rate of HF hospitalization was comparable
between the LBBP and LVSP groups (9.1% vs 16.3%; haz-
ard ratio [HR] 0.95, 95% CI 0.17-5.19, P = .953). There
was a significant increase in HF hospitalization in patients
with DSP (31.2%) compared with those with LBBP (HR
5.10, 95% CI 1.14-22.78, P = .033) (log-rank P = .034,
Figure 4). Deaths from any cause occurred in 2.1% of pa-
tients in the LBBP group and 4.2% of patients in the
LVSP group (HR 1.07, 95% CI 0.10-11.85, P = .956)
compared with 38.6% of patients in the DSP group (HR
7.83, 95% CI 1.38—44.32, P = .020) (log-rank P = .010,
Figure 5).
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Figure3  Comparisons of echocardiographic parameters at baseline and follow-up in patients with LBBP, LVSP, and DSP. A: Left ventricular ejection fraction

(LVEF); B: LVEF change; C: cardiac resynchronization therapy (CRT) response rate; D: left ventricular end-systolic diameter (LVESD). ns = not significant;

other abbreviations as in Figure 1.

Discussion

In this retrospective study of patients with HFrEF who under-
went attempted LBBP, we found that (1) LVSP had a compa-
rable cardiac resynchronization effect as LBBP with similar
improvement in LVEF, rates of HF hospitalization, and over-
all survival; (2) DSP had no significant effect on improving
LVEF and LV reverse remodeling; and (3) a unipolar paced
RBBB morphology indicating LBBP or LVSP was predic-
tive of a greater CRT response.

LV activation starts from the left bundle, and 3 areas
on the left side of the interventricular septum are subse-
quently activated: an area high on the anterior paraseptal
wall just below the attachment of the mitral valve, a cen-
tral area on the left surface of the interventricular septum,
and the posterior paraseptal area at about one-third of the
distance from apex to base.'® Capturing the left bundle or
its branches by pacing facilitates a more physiologic and
fast activation in the LV compared with ventricular septal

Table 3  Univariate and multivariate analysis to assess the predictors of CRT response

Univariate analysis Multivariate analysis

OR 95% (I P OR 95% (I P
Age 1.01 0.97-1.05 791 1.04 0.99-1.09 .101
Female 1.20 0.49-2.95 .692 0.59 0.17-2.01 .396
Diabetes 1.31 0.56-2.08 .536 1.03 0.34-3.06 964
ICM 0.49 0.21-1.16 .105 0.38 0.14-1.04 .059
Intrinsic LBBB 2.71 1.05-7.00 .040* 2.07 0.63-6.83 .232
Baseline LVEF 0.94 0.89-0.99 .021* 0.94 0.89-1.00 .065
Paced RBBB 13.25 2.75-63.86 .001* 13.75 2.52-74.98 .002*
LVAT 0.99 0.97-1.01 .161 0.99 0.96-1.01 371
Paced QRS duration 0.98 0.96-0.99 .038* 0.98 0.95-1.01 .113

CI = confidence interval; OR = odds ratio; other abbreviations as in Tables 1 and 2.

*P < .05.
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Figure4  Kaplan-Meier curves demonstrating a comparison of time to first
heart failure (HF) hospitalization among the 3 groups. A hazard ratio >1 rep-
resents an increase in HF hospitalization compared with the LBBP group.
The hazard ratio for LVSP was 0.95 (95% confidence interval 0.17-5.19,
P = .953) and for DSP was 5.10 (95% confidence interval 1.14-22.78, P
= .033). Abbreviations are in Table 1.

myocardial conduction in the presence of LBBB. LBBP
resulted in a significant improvement in ventricular elec-
trical synchrony assessed by the QRS area.'’A recent
study demonstrated impressive outcomes of LBBP in
nonischemic cardiomyopathy with LBBB in which
mean LVEF improved from 33 * 8% to 52 = 10% at
6-month follow-up and LVEF normalized in 75% of pa-
tients at 1 year.”"

Our study, which included patients with severely
reduced LVEF requiring CRT, demonstrated that both
LBBP and LVSP groups had a significant improvement
in LVEF and reduction of LVESD and LVEDD, suggest-
ing LV structural reverse remodeling, even though the
LVSP group had a lower baseline LVEF. The incidence
of HF hospitalization and overall survival was comparable
between the LBBP and LVSP groups. Despite the
increasing experience with LBBP, it remains challenging
to achieve LBB capture because of a blind lead advance-
ment. When the lead penetrates the LV septum, the first
appearance of an r-wave in lead V1 is considered a sign
of LV synchrony through QRS area measurement.'”*" A
terminal r/R-wave in lead V1 appearing during postproce-
dure programming also indicates that the lead penetrated
the LV endocardium. We found that a paced RBBB
morphology in lead V1 in both the LBBP and LVSP
groups was associated with a better CRT response and
clinical outcomes. Although LVSP has a longer LVAT
in the absence of left bundle capture, the LV activation
is more likely to be completed before the RV, mitigating
the electrical dyssynchrony of the LV lateral wall.'*?*
Based on these findings, LVSP seems to have acceptable
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Figure 5  Survival curves and analysis for all-cause mortality. A hazard
ratio >1 represents an increase in deaths compared with the LBBP group.
The hazard ratio for LVSP is 1.07 (95% confidence interval 0.10-11.85, P
= .956) and for DSP is 7.83 (95% confidence interval 1.38-44.32,
P = .020). Abbreviations are in Table 1.

and comparable outcomes to LBBP. Although, currently,
LBBP is a desirable procedure endpoint, we could
consider LVSP as a sufficient procedure endpoint if larger
or more studies support this finding.

DSP, recognized as failure of penetrating the shared
ventricular septum to reach the LV endocardium, has not
been widely studied. Even though the DSP group had a
higher LVEF at baseline, it exhibited a higher rate of
HF hospitalization and mortality than the LBBP and
LVSP groups. In patients with uncorrected or paced
LBBB pattern without LV septal or LBB/Purkinje network
capture, ventricular dyssynchrony may persist. This
finding underscores the potential importance of LBBP or
LVSP. Considering the poor CRT response rate in patients
who underwent DSP in our study, a lead tip reaching the
LV endocardium seems to be critical for better CRT
response to mitigate ventricular dyssynchrony.” The
lead in DSP had much shallower penetration into the LV
septal endocardium, which is consistent with previous re-
ports using computed tomography imaging to compare
lead depth.”* As the left bundle runs very close to the
LV endocardium,”™*° an effort should be made to place
the lead in the left-sided ventricular septum using electri-
cal and imaging guidance (>10 mm).

Limitations

First, this was a retrospective study with a small sample size
and limitations inherent to the study design. Large prospec-
tive studies are needed to further assess the clinical outcomes
of LBBP vs LVSP. Second, this is our initial real-world expe-
rience with LBB area pacing, and the procedure endpoint was
at the operator’s discretion. Third, patients may have been
admitted to their local hospital for HF; therefore, the rate of
HF hospitalization may be underestimated.
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Conclusion 9. Jastrzebski M, Moskal P, Huybrechts W, et al. Left bundle branch-optimized car-
. . . . diac resynchronization therapy (LOT-CRT): results from an international LBBAP

In patients undergomg conduction system pacing for CRT’ collaborative study group. Heart Rhythm 2022;19:13-21.

LBBP should be aimed. LVSP had Comparable cardiac re- 10. Vijayaraman P, Ponnusamy S, Cano O, et al. Left bundle branch area pacing for

synchronization outcomes compared with LBBP. Therefore, card_iac resynchronization therapy: res_ulls from the International LBBAP Collab-

. . orative Study Group. J Am Coll Cardiol EP 2021;7:135-147.
LVSP may be considered as an acceptable pr ocedure Cl’ldelIlt 11.  Ponnusamy SS, Murugan M, Ganesan V, Vijayaraman P. Predictors of procedural
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. . . physiol 2023;34:760-764.
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