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My preferred approach to left bundle branch area
pacing: Stylet-driven leads
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Left bundle branch area pacing (LBBAP) is emerging as an
attractive pacing modality, as it offers more physiologic pac-
ing compared with standard right ventricular apical pacing
and is associated with excellent pacing characteristics
compared with His bundle pacing.1–5 Left ventricular septal
pacing via a transseptal route was first reported by Mafi-Rad
and colleauges1 in 2017 using a custom-made pacing lead, a
modification of the lumenless SelectSecure model 3830 (Med-
tronic Inc, Minneapolis, MN) but with a prolonged helix of 4
mm. In the same year, Huang and colleagues6 introduced the
concept of left bundle branch capture (left bundle branch pac-
ing) by a transseptal route using the market-released SelectSe-
cure pacing lead 3830 delivered through a preshaped guiding
sheath. Following these initial reports, several large single and
multicenter studies confirmed the feasibility and safety of
LBBAP using this type of lumenless pacing lead (LLL).6–10

LBBAP using standard stylet-driven pacing leads (SDLs)
was first reported in 2020 by Zanon and colleagues11 in 2 pa-
tients as bail out after failed His bundle pacing using SDLs. A
small, single-center study by our group showed that LBBAP
using SDLs is feasible and yields comparable implant success,
procedural times, pacing characteristics, and safety compared
with LBBAP using LLLs.12 Since then, 2 large multicenter
studies have further confirmed the feasibility and safety of
LBBAP using SDLs with reported implant success rates of
.90%,8,13 with a tendency to higher implant success with
SDLs.8

The lead design of SDLs differs from LLLs, as SDLs are
stylet supported and come with an extendable-retractable he-
lix mechanism. LLLs lack an inner lumen for stylet insertion
and therefore present with smaller lead body diameters (4.1F
compared with 5.5F–6.0F for SDLs) and have a fixed helix
design.14 The overall implant technique for LBBAP using
SDLs is quite similar to LBBAP using LLLs, although lead
handling and lead behavior of SDLs might differ from
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LLLs due to the aforementioned differences in lead design.14

To obtain LBBAP with SDLs, sheath and lead positioning on
the right-sided septum is similar as with LLLs.8,12–14 Deep
septal lead deployment of SDLs is achieved by clockwise
rotating the outer lead body with the helix extended and the
stylet advanced. During screwing, attention should be made
to keep the stylet fully advanced to the lead tip, as this
contributes to the stability and torquability of SDLs. In our
experience, even in patients with hypertrophic septa, deep
septal positions with lead implant depths of 15 mm or more
are easily achieved with SDLs (Figure 1A). The success of
LBBAP using LLLs in patients with hypertrophic cardiomy-
opathy has been reported to be as low as 36%,15 and this suc-
cess rate might definitely be increased with SDLs due to
easier septal penetration. The support of the stylet helps to
keep position and track on the septum, even in cases in which
the delivery sheath inadvertently reverses (Figure 1B and
Video 1). Additionally, besides a better push on the septum,
insertion of a stylet enhances the overall torquability, as rota-
tions on the proximal outer lead body are easier transferred
toward the distal lead part and helix. In cases in which septal
penetration is difficult, especially in fibrotic or hypertrophic
septal tissue, LLLs might get twisted in front of the delivery
sheath. This phenomena does not occur with SDLs, as the
stylet prevents twisting. The guiding catheters used for
LBBAP with SDLs are generally wider and tend to be
more supportive compared with the delivery sheaths of
LLLs, which results less frequently in kinking of the guiding
sheath. Advantages of using SDLs for LBBAP are summa-
rized in Table 1.

The downside of SDLs is that clockwise rotations of the
outer lead body inadvertently can result in helix retrac-
tion.11,12,14 This helix retraction results from the outer lead
body turning over the inner coil and helix and should be
timely recognized during lead deployment, as a retracted he-
lix hampers further lead progression into the septum. Helix
retraction can be observed either on fluoroscopy or suspected
when steep increases in unipolar pacing impedances (often
.10,000 U) occur. Several methods to prevent helix retrac-
tion have been proposed. One method is to pretension the in-
ner coil of the lead with stylet insertion tools or cut lead end
caps.14 With pretensioned inner coils, rotations on the outer
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KEY FINDINGS

- Left bundle branch area pacing (LBBAP) using stylet-
driven pacing leads is a safe and feasible technique.

- Implant success, pacing, and electrocardiographic
characteristics of LBBAP seem comparable between
lumenless and stylet-driven pacing leads.

- The stiffness and additional support of stylets might
facilitate deep septal lead deployment for LBBAP,
without higher risk for septal perforation.
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lead body are better transferred to the inner coil and can avoid
helix retraction. Alternatively, if helix retraction occurs, the
helix of most SDLs can be re-extended even in mid or deep
septal positions using the regular clip-on tool. Although the
techniques described here can be applied to the different ven-
dors of SDLs, vendor-specific considerations have been pub-
lished in detail before.14

Despite the stiffer lead design of SDLs, septal perforation
rates of SDLs (2%–4%)8,13 are not higher compared with
LLLs, with perforation rates between 0.5 and 5%,9,16,17 and
in one study even up to 14%.18 Therefore septal perforation
during LBBAP seems not related to lead design, but rather
depends on striving of the operator to obtain conduction sys-
tem capture at the left-sided septal area (left bundle branch
pacing).19 Indicators of impending perforation such as drop
in unipolar impedance or decreases in current of injury
should be timely recognized to avoid septal perforation,
similar as with LLLs.8,12,13,18 Of interest, pacing characteris-
tics, in terms of R-wave amplitude and pacing thresholds, are
comparable between SDLs and LLLs; however, pacing im-
pedances might differ depending on lead length and lead
design. The latter is important when monitoring unipolar pac-
ing impedances to assess lead depth and avoid perforation.
Figure 1 A: Deep septal lead deployment in a patient with hypertrophic septum.
of 15–16 mm to achieve left bundle branch pacing. Contrast injections are not esse
such as septal coronary artery fistulas. B: The stylet of standard stylet-driven pacing
track on the septum, even in case the delivery sheath reverses due to the pushing forc
during deep septal lead deployment can easily be achieved by connecting the croco
lead rotations do not become hampered by the jump cable getting twisted around t
Continuous monitoring of unipolar pacing characteristics
during lead deployment is easily achieved by connecting
the crocodile clamp to the stylet, rather than to the lead pin
(Figure 1C).14,20 As such, lead body rotations are not
hampered by the jump cable getting twisted around the
lead. In a large Belgian multicenter study, lead revision rate
of SDL LBBAP was only 1.4%. In the European multicenter
MELOS (Multicenter European Left Bundle Branch Area
Pacing Outcomes Study) registry, the dislodgment rate was
3.8 and 1.1% for SDLs and LLLs, respectively, although in
that study most operators had vast experience with LLLs,
rather than with SDLs. One study reported higher rates of mi-
crodislodgment, resulting in loss of conduction system cap-
ture during LBBAP with SDLs compared with LLLs.21 To
avoid early and late lead (micro)dislodgments, we routinely
check the electrocardiogram for changes in paced QRS
morphology, especially after releasing tension on the inner
coil and when retracting stylet and sheath. Microdislodg-
ments are easily missed on fluoroscopy, whereas the paced
QRS is a more reliable marker of correct lead position. Disap-
pearance or decrease in the terminal R-wave in V1 suggests
microdislodgment and should alert the operator promptly to
correct the final lead position (preferentially before slitting
the delivery sheath) with 1 or more additional rotations. A
few cases of SDL entanglement have been described, result-
ing in helix fracture, elongation, or disuse.22,23 The extend-
able helix mechanism of the SDL might indeed be more
fragile and prone to helix damage than the fixed helix design
of LLLs, especially when attempting to reposition the lead
from a deep septal position. Lead entanglement can be
avoided if clockwise rotations on the lead are timely stopped
upon the observation that no lead progression is made or
when increasing resistance to lead body rotations is felt. In
that case, a new screw attempt on a different septal location
is recommended. If entanglement occurs, counterclockwise
rotation with gentle traction and without retracting the helix
The stylet-driven pacing lead (SoliaS 60; Biotronik) needed an implant depth
ntial, although they can help to assess lead depth and exclude complications
leads adds support to the lead, which facilitates to keep stable positions and

es on the septum.C:Continuousmonitoring of unipolar pacing characteristics
dile clamps to the stylet of the pacing lead, rather than the lead pin. This way,
he pacing lead.



Table 1 Advantages of SDLs over LLLs in left bundle branch area
pacing

Larger lead caliber allows for more grip when rotating outer lead
body.
Support of the stylet increases both torquability and septal
penetration performance.

Stiffness of the stylet avoids twisting of the lead in front of the
delivery sheath.

Additional support of the stylet might help to keep lead position
and track on the septum.

Clamps of the jumper cables can be connected to the stylet which
facilitate continuous pacing while screwing.

Wider delivery sheaths of SDLs tend to be more supportive compared
with the thinner delivery sheaths of LLLs with less risk of kinking.

LLL 5 lumenless lead; SDL 5 stylet-driven lead.
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usually disentangles the lead without helix damage. A recent
case of early conductor fracture has been reported with SDLs
in a deep septal position.24 Long-term lead performance of
SDLs in deep septal positions still needs to be proven,
although in a large multicenter registry of 353 patients only
1 lead fracture has been reported.13

LBBAP using SDLs is a safe and feasible technique with
implant success as least as good as LLLs and without
affecting overall safety. Several properties of current SDL
lead design might be considered advantageous to achieve
LBBAP, while other features might need further improve-
ment or adaptation. From a future perspective, development
of dedicated LBBAP leads should combine the advantageous
lead properties of both SDLs and LLLs to further improve the
implant success, safety, and overall feasibility of LBBAP.
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