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Case report
Left ventricular septal pacing e can we trust the ECG?
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a b s t r a c t

In contrast to left bundle branch pacing, the criteria for left ventricular septal pacing (LVSP) were never
validated. LVSP is usually defined as deep septal deployment of the pacing lead with a pseudo-right
bundle branch morphology in V1. The case report describes an implant procedure during which this
definition of LVSP was fulfilled in four of five pacing locations within the septum, with the shallowest of
them present in less than 50% of the septal thickness. The case highlights the need for a more precise
definition of LVSP.
© 2023 Indian Heart Rhythm Society. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
A 73-years old patient was admitted after syncope due to
intermittent 3rd-degree AV block. He was otherwise healthy, had a
narrow QRS, and presented with normal echocardiography with a
septal thickness of 11 mm. A permanent pacemaker with left
bundle branch pacing was recommended. The patient understood
the nature of the procedure and signed informed consent. During
implantation, the ventricular pacing lead was placed at a depth of
approximately 13 mm into the septum, and LBB left posterior
fascicle capturewas observed. The surgeon decided to provide LBBP
with a normal heart axis, and the second lead was placed more
basally and superiorly to the first e Fig. 1, Panel A. At a depth of
12 mm, a far-field left bundle branch potential (LBBpo) appeared,
and LVSP was recognized during pacing. nsLBBP was obtained only
when pacing with the output of 10V at 0.5 ms - Fig. 1, Panel B. A
“drilling effect” (i.e., no further penetration with additional lead
rotations) prevented advancing the superior lead deeper into the
septum, and it was decided to use the inferior lead for permanent
pacing. The superior lead was then gradually withdrawn from the
septum, and temporary pacing was performed at various depths
with pacing outputs of 5V and 1V at 0.5 ms. The paced ECG and
EGM signals were recorded along with X-ray images of the depth of
the lead in the septum for each pacing location. The depth of the
lead was verified using dye injections at each pacing site e Fig. 2.

Five septal pacing positions at various depths were noted, four
of which, at lead depths of 12, 10, 8, and 6 mm, had a pseudo-right
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bundle branch morphology in V1 e Fig. 2, Panels AeD. No signifi-
cant changes in QRS morphologies and V6RWPT were noted while
pacing at 5V and 1V at any of these pacing locations. However, the
amplitude of the late r/R in V1 gradually decreased, V6RWPT pro-
longed, and V6eV1 interpeak interval shortened as the lead pro-
gressed to shallower pacing positions. Finally, the pseudo-right
bundle branch morphology disappeared at a depth of 5 mm. This
pacing location presented with a QS pattern in V1 and the shortest
V6RWPT e Fig. 2, Panel E.

LBBP and LVSP have recently appeared as physiological alter-
natives to His bundle pacing. In contrast to LBBP, which is defined as
the capture of the LBB trunk or its proximal fascicles [1], the criteria
for LVSP have never been validated. Usually, LVSP is characterized
by deep septal deployment of the pacing lead with a pseudo-right
bundle branch block morphology in V1 [2]. As shown in the case
described above, four of five septal pacing locations with different
lead depths fulfilled the criteria for LVSP. Moreover, the pseudo-
right bundle branch block morphology pattern in V1 was still
present at a depth of 6 mm, i.e., 50% of the distance to the location
where nsLBBP capture was possible. It points to the fact that the
presence of the r/R in V1 may not be an optimal marker of LVSP
because it only reflects that RV activationwasmore delayed than LV
activation [3]. Similarly, a right bundle branch block-like pattern is
not specific for any pacing location, since it can also be observed
during deep septal pacing [4], pacing from other right ventricular
sites [5,6], and also depends on the position of V1 lead on the chest
surface [5].

Another important question is, which pacing location should be
specific for LVSP? In a study by Salden et al., an electrophysiological
catheter placed in the LV cavity to pace the LV endocardium was
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Fig. 1. Panel A e visualization of pacing lead positions in the RAO projection. Panel Bea far-field LBBpo (red arrow) was present on the upper lead, with LVSP occurring when pacing
with outputs between 1V and 5V at 0.5 ms and nsLBBP when pacing with an output of 10V at 0.5 ms.

Fig. 2. The changes in the QRS morphologies, V6RWPT, amplitudes of late r/R in V1 and V6eV1RWPT differences are displayed at various depths of the lead tip inside the septum.
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used for LVSP [7].In a report from Mafi-Rad et al., the LVSP pacing
location was not specified, and of the ten cases included, only one
patient with late r in V1 was shown as an example of LVSP [8]. As
was recently published, a late r in V1 can be produced by leads at
various depths within the interventricular septum [9,10]. Also,
UHF-ECG studies of ventricular activation patterns showed that
LVSP with a late r/R or rs in V1, resulting from pacing at 66e80% of
the septal thickness, resulted inworse LV activation than nsLBBP. In
contrast, LVSP close to LBB (i.e., LVSP, which transitioned from
nsLBBP during decremental output pacing) had identical LV
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activation patterns as nsLBBP [3,11].
New pacing techniques such as HBP, LBBP, and LVSP entered

clinical practice to improve clinical outcomes in patients with
pacemakers. The criteria for LVSP have never been validated and
rely on deep septal deployment of the pacing lead with a presence
of late r/R in V1 during pacing. Our case report describes an implant
procedure during which this definition of LVSP was fulfilled in four
of five pacing locations within the septum. The shallowest lead was
at a depth of less than 50% of the septal thickness, highlighting the
need for a more precise definition of LVSP.
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V6RWPTe time difference between pacing artifact andmaximal
amplitude of the QRS complex in lead V6; V6eV1RWPT e the dif-
ference between the maximal amplitudes of the QRS complexes in
lead V6 and V1; the amplitude of late r/R n V1 was measured from
the V1 isoline.

Funding

Supported by the project National Institute for Research of
Metabolic and Cardiovascular Diseases (Programme EXCELES, ID
Project No. LX22NPO5104) - Funded by the European Union e Next
Generation EU.

Declaration of competing interest

Authors disclose no conflict of interest relevant to the
manuscript.

References

[1] Huang W, Chen X, Su L, Wu S, Xia X, Vijayaraman P. A beginner's guide to
permanent left bundle branch pacing. Heart Rhythm 2019;16(12):1791e6.

[2] Burri H, Jastrzebski M, Cano O, Curila K, de Pooter J, Huang W, Israel C, Joza J,
Romero J, Vernooy K, et al. EHRA clinical consensus statement on conduction
system pacing implantation: executive summary. Endorsed by the asia-pacific
heart rhythm society (APHRS), Canadian heart rhythm society (CHRS) and
Latin-American heart rhythm society (LAHRS). Europace 2023;25(4):
1237e48.

[3] Curila K, Jurak P, Jastrzebski M, Prinzen F, Waldauf P, Halamek J, Vernooy K,
Smisek R, Karch J, Plesinger F, et al. Left bundle branch pacing compared to left
157
ventricular septal myocardial pacing increases interventricular dyssynchrony
but accelerates left ventricular lateral wall depolarization. Heart Rhythm
2021;18(8):1281e9.

[4] Zhang JF, Sheng X, Pan YW, Wang M, Fu GS. Electrophysiological insights into
three modalities of left bundle branch area pacing in patients indicated for
pacing therapy. Int Heart J 2021;62(1):78e86.

[5] Tzeis S, Andrikopoulos G, Weigand S, Grebmer C, Semmler V, Brkic A,
Asbach S, Kloppe A, Lennerz C, Bourier F, et al. Right bundle branch block-like
pattern during uncomplicated right ventricular pacing and the effect of pacing
site. Am J Cardiol 2016;117(6):935e9.

[6] Almehairi M, Enriquez A, Redfearn D, Michael K, Abdollah H, Alfagih A,
Nolan R, Baranchuk A, Simpson CS. Right bundle branch block-like pattern
during ventricular pacing: a surface electrocardiographic mapping technique
to locate the ventricular lead. Can J Cardiol 2015;31(8):1019e24.

[7] Salden F, Luermans J, Westra SW, Weijs B, Engels EB, Heckman LIB,
Lamerichs LJM, Janssen MHG, Clerx KJH, Cornelussen R, et al. Short-term
hemodynamic and electrophysiological effects of cardiac resynchronization by
left ventricular septal pacing. J Am Coll Cardiol 2020;75(4):347e59.

[8] Mafi-Rad M, Luermans JG, Blaauw Y, Janssen M, Crijns HJ, Prinzen FW,
Vernooy K. Feasibility and acute hemodynamic effect of left ventricular septal
pacing by transvenous approach through the interventricular septum. Circul.
Arrhythmia Electrophysiol. 2016;9(3):e003344.

[9] Shimeno K, Tamura S, Nakatsuji K, Hayashi Y, Abe Y, Naruko T. Characteristics
and proposed mechanisms of QRS morphology observed during the left
bundle branch pacing procedure. Pacing Clin Electrophysiol : PACE (Pacing
Clin Electrophysiol) 2021;44(12):1987e94.

[10] Heckman LIB, Luermans J, Curila K, Van Stipdonk AMW, Westra S, Smisek R,
Prinzen FW, Vernooy K. Comparing ventricular synchrony in left bundle
branch and left ventricular septal pacing in pacemaker patients. J Clin Med
2021;10(4).

[11] Curila K, Jurak P, Vernooy K, Jastrzebski M, Waldauf P, Prinzen F, Halamek J,
Susankova M, Znojilova L, Smisek R, et al. Left ventricular myocardial septal
pacing in close proximity to LBB does not prolong the duration of the left
ventricular lateral wall depolarization compared to LBB pacing. Front. Car-
diovasc. Med. 2021;8:787414.

http://refhub.elsevier.com/S0972-6292(23)00075-X/sref1
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref1
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref1
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref2
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref2
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref2
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref2
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref2
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref2
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref2
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref3
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref3
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref3
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref3
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref3
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref3
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref4
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref4
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref4
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref4
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref5
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref5
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref5
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref5
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref5
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref6
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref6
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref6
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref6
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref6
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref7
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref7
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref7
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref7
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref7
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref8
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref8
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref8
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref8
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref9
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref9
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref9
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref9
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref9
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref10
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref10
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref10
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref10
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref11
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref11
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref11
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref11
http://refhub.elsevier.com/S0972-6292(23)00075-X/sref11

	Left ventricular septal pacing – can we trust the ECG?
	Funding
	Declaration of competing interest
	References


