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CSP concept arefinitions
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Figure 2 Synopsis of different entities of CSP and related forms of rLBBAP \ e —

stimulation.C5P = conduction system pacing; DSP = deep septal pacing \Y 1 el

HBP = His bundle pacing; LBBAF = left bundle branch area pacing ‘ = . " Al :

LBFF = left bundle branch pacing; LFP = left fascicular pacing; LV5P ‘g« L !

= left ventricular septal pacing; RBBP = right bundle branch pacing. ) R 5ms Bms  25ms Oms  Polentil - QRS interval
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LBBAP concept
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Feasible.......
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Procedural characteristics
Screw attempts, n
Implant depth, mm
Procedural time, min
Total fluoroscopy time, min

Electrophysiobogical characteristics
Paced QRS duration. ms
Stimulus to LVAT, mis
LEB potential, m (%)

LEBAF capture type
MS-LBEP, n (%)
S-LBEP, n (%)
LWSP, n (%)

Pacing characteristics at implant
Unipaolar pacing threshiold at 0.4 ms, ¥
Bipolar pacing threshold at 0.4 ms, ¥
Unipaolar R wawve amplitude, mb/
Bipolar R wave amplitude, mV/
Unipaolar impedance, ohms

Bipolar impedance, ochms
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SOL-LBBAF n =353
334 (95)

22+19
13+2
&0 [40-80]

7 [4-11]

126 +21
117

48 (14)

192 157
32 (14)
X0 {27

O&+04
0+ 17y
10+ 5
115
441 + 104

&07 + 54

Pacing characteristic Implant 1 Month & Months 12 Months  p value
Mumber of patients, n 353 349 259 &7

Pacing threshold at 0.4 ms, V 0.6 +0.4 046202 a7f+02 0.7+0.3 s |
R-wawve sensing, mh' 115 12+5 12+5 13+ 4 041
Unipolar impedance, Ohms 441 £ 106 379+ 20 184 + 74 I £ 75 15
Received: 21 February 2022 | Revised: 10 May 2022 | Accepted: 19 May 2022

DOl 10.1111jce 15558

ORIGINAL ARTICLE WILEY

-rythmo.com

Initial experience of left bundle branch area pacing using

stylet-driven pacing leads: A multicenter study

Jan De Pooter MD, PhD! | Emine Ozpak MD! | Simon Calle MD! |
Peter Peytchev MD? | Ward Heggermont MD, PhD? | Sebastien Marchandise MD® |
Frank Provenier MD, PhD* | Bart Francois MD* | Wim Anné MD, PhD® |
Peter Pollet MD, PhD® | Cynthia Barbraud MD® | Kris Gillis MD, PhD” |

Frank Timmermans MD, PhD* | Frederic Van Heuverswyn MD! |
Roderick Tung MD® @ | Aurélien Wauters MD, PhD?? |
Jean-Benoit le Polain de Waroux MD, PhD? @




His bundle

Collége

Cardiologues des

National des
Hopitaux

-



Figure 1: Human Atrioventricular Axis

.

'~

I Membranous septum

Non-branching AV bundle

Left bundle branch

Ut RVOT

Left tbundle branq ™
Penetratlng ;" '

bundle el Y SO % : =
i Pl R 1 Right bundie branchl
- W, WE Ly A -
el : e - Penetrating AV bundlel

Hight atrium / Compact AV node
\
/ ‘\'I Hinge of septal Ieafletl
N

Septal isthmus

Tendon of
Todaro

Triangle of Koch

l Coronary sinus |

CabreraArrhythmia& ElectrophysiologiRevienw2021

Collége Avec le parrainage de la
National des ; o ;

Cardiologues des WWW-pratICO -rythmo-com

Hopitaux




Figure 7: Area of His and the Left Bundle Branch Pacing
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A: Simufated (gross human specdmen) right anterior oblique view of the right heart showing the limits of the tiangle of Koch. The white point marks the area of the His bundle. Bi and BZ2: Fluoroscopic
views in nght anterior oblique projeciion demonstrating the HB and the LBB paang lead distal to the aortic prosthelic valves (TAVR). C: LBB pacing lead 17 mm below and apical to the HB pacing lead
position, as seen from the ventricuiar aspect in right anterior oblique fiuoroscopic ew. Dashed lines in A and C indicale the schematics of the left bundle branch and its branches on the left side of the
interventricular septum. CSO = coronary sinus ovifice; HB = His bundie; LBB = left bundle branch; OF = oval fossa; RAA = right atnal appendage; RVOT = right ventricular outflow tract; STV = septal leaflet

of the tricuspid vaive; TAVR = transcatheter aortic valve replacement; TC = terminal crest.
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Successriteriafor LBBAP

TABLE 1 Criteria for LABAP

1 Paced QRS morphology with REEE marphalogy: QR of FSR'

2. Presence of LEBp.

1. Pacing stim-LVAT.
—Stirmulus to peak of R-wave in Vs of Ve
—Shart and constant at high (5 V) and Low (1 V) output pacing.

4. Dertermination of 5 and NS-LEBAP
—5-LBEAP: Stim-0QRS lﬂ:tnq' seen. Disorete local EGM separate
fram stimulus artifact seen.
—MNS-LBBAP: No stim-0QRS latency. No discrete local EGM separate
fram stimulus artifact.

5. Evidence for direct LEE caplure.
—Stim 1o retrograde His time from unipolar tip vs. ring pacing.
—Retrograde VA time from wnipolar tip ve. ring pacing.

LABEAF was considered sucoessful when 2 or more of these oriteria wore mat.

EGM = plectrogram; LBEAP - loft bundle branch area pacing; LE8p = left
bundie Eranch potential; LWAT left  ventnicwlar activation  Eime
NS = nonselective; REBS - right bundle branch; 5 - selective; sbm - stimulus;
WA = wEntnoulo-atnal

Padaleet al, JACC ER020
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LBB capturalgorithm
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Figure 27 Algorithm for confirming conduction system capture with LBBAP. Some of the steps may be skipped according to operator preference,

experience, or feasibility to perform particular measurements/manoeuvres. DSP = deep septal pacing; IVCD = intra-ventricular conduction delay; .

LBBAP = left bundle branch area pacing LBBB = left bundle branch block; ns-LBBP = non-selective left bundle branch pacing; RBBB = right bundle Burri et al Europace2023
branch block; RBBP = right bundle branch pacing; RWPT = R-wave peak time; s-LBBP = selective left bundle branch pacing.
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Collége

National des
Cardiologues des
Hopitaux

B Intrinsic C

~— Vi -
| v2 B, Ko e W
v3 v3
va va
V3 ——/\——— V5 - N - -
V6 /\ V6 ,./\, — . TS N—; | S

LBB
IC g Ic

100 me /s

WwWw.pratico

100 mm /s

-rythmo.com

wo = ves 5
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Figure 27 Algorithm for confirming conduction system capture with LBBAP. Some of the steps may be skipped according to operator preference,
experience, or feasbility to perform particular measurements/manoeuvres. DSP = deep septal pacing; IVCD = intra-ventricular conduction delay;
LBBAP = left bundle branch area pacing; LBBB = left bundle branch block; ns-LBBP = non-selective left bundle branch pacing; RBBB = right bundle
branch block; RBBP = right bundle branch pacing; RWPT = R-wave peak time; s-LBEP = selective left bundle branch pacing.
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Figure 27 Algorithm for confirming conduction system capture with LBBAP. Some of the steps may be skipped according to operator preference,
experience, or feasbility to perform particular measurements/manoeuvres. DSP = deep septal pacing; IVCD = intra-ventricular conduction delay;
LBBAP = left bundle branch area pacing; LBBB = left bundle branch block; ns-LBBP = non-selective left bundle branch pacing; RBBB = right bundle
branch block; RBBP = right bundle branch pacing; RWPT = R-wave peak time; s-LBBP = selective left bundle branch pacing.
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QRS transition to LVSP or s-LBBP @ thresheld test
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* QRS tansition lo LVSP @ programmed stimulation
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Figure 27 Algorithm for confirming conduction system capture with LBBAP. Some of the steps may be skipped according to operator preference,
experience, or feasibility to perform particular measurementsimanoeuyres. DSP = deep septal pacing: IVCD = intra-ventricular conduction delay;

LBBAP = left bundle branch area pacing; LBBB = left bundle branch block; ns-LBBP = non-selective left bundle branch pacing; RBBB = right bundle
branch block; RBBP = right bundle branch pacing; RWPT = R-wave peak time; s-LBBP = selective left bundle branch pacing.

selective LBB-P «mwss=m non-select. LBB-P i) LV-septal

\
|
|
RWPT 156 ms RWPT 138 ms

V6 #

RWPT 88 ms RWPT 88 ms RWPT 108 ms

V1-V6 =68 ms V1-V6 = 50 ms V1-V6 = 30 ms

Figure 2 Three types of capture during left bundle branch area pacing (LBB-P) observed in the same patient during pacemaker implantation; leads
V4 and Vg are recorded simultaneously. During the transition from non-selective LBB-P to selective LBB-P, there is an increase in V3 R-wave peak
time (V4RWPT) but not in V{RWPT, resulting in a wider V-V interpeak distance. In contrast, during the transition from non-selective LBB-P to left
ventricular septal (LVS) myocardial capture there is an increase in V,RWPT but not in V,RWPT, resulting in a shorter V-V, interpeak distance.

V6-Vlinterval > 44ms
Jastrzebsket al, Europace2022
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Panel 1: LBBAP using Solia S, Biotronik

LBBARVIth SDL
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EPlabset up

Al12-leads ECG
APosition of V1 and V2

AEPrecordingsystem
AEGM
AMeasurements

APSA
AUnipolarpacing(helixvs stylet)

Patients undergoing CPP
implant

v v

CRT implant CSP implant
with BiV with HBP or
pacing LBBAP lead

} v '

G
L

v v

Position lead and | T LV lead

Assess for His bundle or left
Non -apicsl LV program device to | to sites of late bundle current of injury
lead location  maximally narrow ventricular (22, CLD)
(23, C-LD) final paced QRS activation .
! (2a, B-NR) (2b, C-LD)
1 ]
CS LV lead placemen t
unsuccessful or
suboptimal
|
Cross over to Crossover to r“’
HBP o LBBAP epicardial CRT with BiV pacing
(2a, C-LD) (2b, C-LD)

Chung et alHeartRhythm 2023
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EPlabset up

Al12-leads ECG
APosition of V1 and V2

AEPrecordingsystem

AEGM
AMeasurements

APSA
AUnipolarpacing(helixvs stylet)




Theenvironment

ATraineddeviceimplanter Training

Even experienced device implanters encounter a learning curve when
they begin implanting conduction system leads, with flattening of the

AS p ecCl fl dral NinN g fluoroscopy duration after 30-50 cases for HBP’*" and after 110 cases

for LBBP.” We therefore recommend that new implanters obtain train-

ATral n | ng fO rp hyS | O | O g |St ing in C5P through proctoring or attending dedicated courses. It is also

important that allied professionals are properly trained for assisting

ALearn | N mu 'veé 30_50 b rady cases with the procedure to ensure a successful programme.
. . . . P |
AAlways startwvith bradyindications (.o

CSP implantation is greatly facilitated by having a member of the team
who is able to perform the measurements and manoeuvres required to
confirm conduction system capture. Prompt recognition of fixation
beats, drop in impedance, or sudden decrease of myocardial COl is
also facilitated by having a person dedicated to evaluating electrical
measurements (as the operator may be focusing on fluoroscopy and
handling of the lead).
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The left bundle AREA: introduction to
catheters
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Stepl: Selectiorof the sheath
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SSPC2

Product NameC Radius

Selectra 3D (39 cm)

Demo Selectra 3D -40-39 40 mm
Demo Selectra 3D -55 -39 55 mm
Demo Selectra 3D -65-39 65 mm

9181 (SSPC1) - “C-shape” designed for RA and RV septal locations

9182 (SSPC2) — “Multipurpose” designed for RV septal locations

9183 (SSPC3) - “Extended hook” designed for dilated RV septal locations
9184 (SSPC4) — “Right sided” designed for right sided venous access to

RA and RV septal locations

WwWw.pratico

-rythmo.com

Length
(cm)

39 cm
39 cm
39 cm

Demo
Order Number

448 905
448 906
448 908




LBBAHargetting
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Step2: Sheathn the RV

ACross thericuspidvalvewith the wire
AAdvance thesheathin the RV over th&vire
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Step3: preparethe ventricularlead
AExtendthe helix (13-15 turns)

ABuild up extra tension in the inner coil of the lead.
APrevent the helix from retracting while turning the whole lead body for

fixation
ATurn the SG which is attached to the pin (while pushing it a little to ensure
complete attachment) abous times clockwise o0 full extra rns
AKeep the SG attached for keeping tension
o = @ ——
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Step3: preparethe ventricularlead
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Step4: check posmon
AAngulation 1640°
AAssesposition on the septum
with contrast

APace irunipolar(highouput)

Vi —rarrs

ARetractthe lead (few mm)
AExtendthe helix (+/- 15turns)

ACheckimpedance

W e QT




Step4: check position
AAngulation 1640°
AAssesposition on the septum
with contrast

APace irunipolar(highouput)

Vi —rarrs

ARetractthe lead (few mm)
AExtendthe helix (+/- 15turns)

ACheckimpedance




Initial position
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Initial position

Initial Final Initial Final

DIl e—

Vi )

W PN e



Step5: Lead Insertion
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Step5: Lead Insertion
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| ead insertion

AContinuousluroscopyLAO 3040°

AContinuouspacing: Unipolar5V
AECG modification
AMyocardialCOl
APacingmpedance

AFixation beats
ALBB, Lpotential

W PN e



Lead progressmn ECG progression

Deep septum LV septum LBB capture
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Fixation beats

¢ ¢ Fixation beats

¢ Fixation beats of QR/rSR’ morphology during intraseptal
lead implantation indicate with high sensitivity (96.5%) and

RV LV specificity (97.4%) that the left bundle branch area was reached.

W e PN e



LBBpotential

................................................

LBBP
100 mm/s

W NG
-



Step5: Lead insertion
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LBB capturalgorithm

nsLBBP — sLBEP nsLBBP — LVSP

Wi -W\HL vi ‘H\ W QRS transition to LVSP or s-LBBP @ threshold test —
_______ + ne-LBBP - &LBBP - spitting of EGM andior VIRWET T by > 10
.:Warvspzvﬂsguyﬂwz 5 e =
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VERWPT = 75 ms (native narrow QRS or isolated RBEB) :
A VBRWFT = B0 ms (LBEB, IVCD RBBB-+ascicular block, wide escape rhythm, asystole)
VB L b [

H @ ——

vi L | T | v,-v, interpeak interval > 44 ms | ———
—— N o
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LUl VBRWPT = BS ms (native narrow QRS or isolated REBB)

VERWPT < 100 ms (LBBE, IVCD, RBBB + fascicular block, wide escapa rhythm, asystole) .
V-V, interpeak interval > 33 ms ——> | Likely LBBP

QRS transition o LVSP @ programmed stimulation
QRS transition with VERWPT prolongation by 10—14 ms (@ threshold test

{}
T

e s s s

Figure 27 Algorithm for confirming conduction system capture with LBBAP. Some of the steps may be skipped according to operator preference,
experience, or feasibility to perform particular measurements/manoceuvres. DSP = deep septal pacing; IVCD = intra-ventricular conduction delay;
LBBAP = left bundle branch area pacing; LBBB = left bundle branch block; ns-LBBP = non-selective left bundle branch pacing; REBB = right bundle
branch block; RBBP = right bundle branch pacing; RWFT = R-wave peak time; s-LBBP = selective left bundle branch pacing.
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Step6: Assessinal ventricularlead position
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Step7/: Slitand checlagain

ARetractstylet andwithdraw Selectra3D about 10cm
AThisbringsSoliaf S R A y pogitB f || ESR ¢
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ACheckthe lead
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Step8: Asses$inal ECG
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Key values for LBBAP

ADemonstratel BB capture
AAssessype of captureselective non-selectiveor myocardialcapture
APacingcharacteristics

Treshold

>400K < 1V/0,4 ms > 4,5mV
Impedancedrop < 200K




Anordinarycasewith a goodresult
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Even incomplexcases

LVAT

| 1ime Comment QRS
58

| OO Unspecified 10:33.... 144

Archive:
<> B | 10164 ms « /<

IISeptember 7. 2023 0858102/ L &,

I
’

-rythmo.com

Collége
National des
Cardiologues des

Hépitaux

WwWw.pratico




Technicalssues

AlLeaddoesnot penetratethe septum
A Torque in the lead

U Rotateanticlockwisdill the leadis free in thesheath

U Reposition thesheath(usuallymore posterioror more
apical)

ALeadpenetratethe septum but no LBB capture
U Rotateanticlockwisethe sheath

U Try 34 differentspositions,then try anothercurve
U From55 to 65




