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RV pacing:
electrical and  
mechanical dys-
synchrony 



Historical ventricular pacing sites-
any better?

• Alternate RV site (septum/RVOT) 
• not superior to RVA pacing

• Cardiac resynchronization therapy (CRT)
• still non physiological

• activates ventricular myocardium and not the specialized 
conduction system



Conduction system pacing

• Narula and El-Sherif
• Showed high amplitude His region pacing could resolve LBBB 

• (Circulation 1977;56 (6): 996 and Circulation 1978; 57 (3): 473)

• Deshmukh et al 
• First demonstrated permanent His-bundle pacing in patients with dilated 

CM and AF (normal QRSd) with AVN ablation
• (Circulation 2000; 101:869)

• Skill and time required were significant
• Development of CRT occurred around same time

• Lustgarten
• Showed His bundle region pacing could narrow QRS in pts with LBBB

• (Heart Rhythm 2015; 12(7): 1548) 



Tawara 1906

Description 1906 by Sunao
Tawara

LB branches into 2 or 3   
fascicles which further 
divide into finer branches 
+  ultimately the Purkinje     
fibers
Point stimulation at any  
branch will active this net-
work 

LBBP and LV septal pacing
May be able to overcome 
distal conduction disease

Arrhythm Electrophysiol Rev 20
21 Apr; 10 (1) : 51
Verleg Gustav Fischer 1906



EP Europace volume 2
5, issue 4,April 2023;  
1208; Burri H

Definition of conduction
system pacing

direct activation of conduction system 
of the heart by pacing 
stimulus

Determination of level of 
capture: 
anatomical position, paced QRS 
morphology and potential to QRS 
interval
These all have limitations



His bundle pacing
• Small target

• 1-2 mm wide + 10-20 mm long
• Encased in fibrous insulating sheath
• Pacing thresholds are generally high and increase with time

• Loss of capture over time can occur
• Atrial oversensing
• Small R waves
• Can have delay distal to pacing site

• His-Synch study (only randomized prospective trial of        
His Synchronization) 

• success rate only 56% 

• QRS cannot be normalized even with His bundle pacing in almost 
½ of pts with LBBB

Heart Rhythm 2019; 16(12): 1797



Left bundle pacing

• Huang et al performed LB pacing in 2017
• Medtronic 3830 lead screwed into RV septum and advanced 

until it paced LB with resolution of LB block

• Simpler than His bundle pacing
• Target is larger
• Pacing thresholds are low
• Pacing thresholds are stable over time
• R waves are good
• Lead position is stable over time

Can J Cardiol 2017; 33(12): 1736



What is left bundle branch pacing?
• LBBAP 

• Left bundle area pacing
• refers to LBBP or LVSP

• LBBP, LFP, LVSP
• Defined by anatomic position and terminal R wave V1                         

(not always present)
• LBBP 

• Pacing stimulus captures LB or it’s branches + capture of LV septal myocardi
um

• Lead deep in IVS about 1-2 cm from distal Hs, LBB potential to QRS     
about 24-34ms, normal QRS axis, criteria for csp

• LVSP 
• Only LV septal myocardium is captured
• Capture of left side of IVS without direct activation of left conduction system
• Terminal R wave in V1, deep septal position in basal to mid-septum, absence 

of criteria for csp
• Left sided conduction system may be engaged retrogradely

J Innov Cardiac Rhythm Manage.2022; 13(1):4829
EP Europace volume 25, issue 4,April 2023;  1208; Burri H



What is left bundle pacing?
• Left fascicular pacing

• Capture of one of LBB fascicles
• Short potential to QRS (<25ms), abnormal paced QRS axis, criteria for csp

• Usually 2-4 cm distant from His
• Wide target, minimal pseudo-delta wave during non-selective pacing-> narrow QRS

• LAFP -> + leads II, II
• Mid septal FP-> +/iso  in II, iso/- III
• LPFP-> - II,III

• Deep Septal Pacing
• Lead is deep in septum but does not reach LV subendocardial area
• No notches in left lateral leads, no terminal R wave V1

J Innov Cardiac Rhythm Manage.2022; 13(1):4829
EP Europace volume 25, issue 4,April 2023;  1208; Burri H





How to position lead: 
• 12 LEAD ECG
• Place 1-1.5 cm below His along imaginary line from distal HB to  RVA in 

RAO 30 degrees

• Looking for initial W pattern in V1

• Tall R wave in lead II

• RS in lead III

• Discordant QRS complexes in avR and avL

• As lead is screwed into septum: 
• lead V1 will develop R wave, current of injury on lead EGM

• DON’T want: 
• drop in pacing impedance of > 200 ohms or reduction in      

sensed R wave



EP Europace volume 25, issue 4,April 2023
Page 1208; Burri H
Heart rhythm 2022;19: 1202; 
Heart rhythm 023; 20;217

His bundle recording and tagged as reference in RAO 20-30
Takes extra time

Can use TV summit as anatomic marker
advance sheath 15-20 mm towards RV apex with lead within      
sheath, counter clock torque on sheath to reach RV basal to mid 
septum

Evaluate unipolar configuration on PSA
Paced QRS: W pattern with a notch in V1 and 
discordant QRS in II (~+) and III (~-)

Placement of the LBBP lead > 16mm or > 19 mm from TA has been   
associated with less TV regurgitation



EP Europace volume 25, issue 4,April 2023
Page 1208; Burri H

Position delivery catheter perpendicular to     
IVS with slight counter-clockwise rotation

30-40 degree LAO
want lead oriented 10-40 degrees        
superior to horizontal plane

Rapidly rotate lead (lumenless)
Assess behavior of lead during        
rotations

Don’t want drill effect, or strong 
torque build up on lead
want screwdriver effect





Card Fail rev 2021 Mar;7:e13



Confirming Left Bundle branch area     
capture
• This can be hard
• Transition in QRS morphology: GOLD STANDARD

• Unipolar pacing to confirm capture (avoids anodal capture) 
• Decrease from high output (5-10V) to 
• demonstrate transition from capture of LBB and septal myocardium  

(ns) to capture of either only LBB or septum (s)
• If no change: nonconclusive!

• could be that capture of both is equal



Positioning lead

• ways to look at lead depth
• watch rotation
• unipolar paced QRS morphology
• QRS should become narrower and lose notches

• Qr, qR, rsR’, R can appear in V1 and V6RWPT progressively shortens

• Can have fixation beats (pvcs) –
• morphology of these correspond to actual depth of lead tip

• Unipolar pacing impedance
• Usually increases then falls
• Don’t want values of <500 ohms or drop by 200 ohms



Positioning leads
• Myocardial COI **

• Sensed COI decreases as lead reaches LV     
subendocardium

• High COI assures ability for possibly more     
lead rotation

• Drop in COI: be careful
• Test with unipolar sensing: 

• If fall/disappear with bipolar sensing has 
no pathological significance

• If you see LBB/fascicular potentials: 
• subendocardium has been reached: 

• don’t rotate any more

• Contrast injection to be sure you are against the   
septum

Heart Rhythm 2022;19:1281

Heart Rhythm 2022;19:1281



Current of injury

Heart Rhythm 2022;19:1281



Positioning lead
• LBBP can be selective or nonselective

• Nonselective: 
• no isoelectric segment before onset of paced QRS complex
• Indicating direct activation of myocardium in addition to     

LBB

• Selective: 
• distinct isoelectric segment before onset of paced QRS com

plex

• At “working output” ns-LBBP is almost always present
• Transition from ns- to s- is usually observed shortly after     

lead fixation and often times rarely observed during follow-
up



Card Fail Rev. 2021; Mar 7:e13



Confirming left bundle area capture

• V6RWPT- surrogate of activation delay of lateral LV
• Narrow QRS, this is < 50 ms and with LBBB it is > 60ms
• With pacing

• measure from pacing stimulus to peak of R wave in V6
• Realize that this measurement was made in patients with dominant R wave in 

V5/6 and it is unclear in presence of rS

• Sudden increase in V6RWPT >15 msec at reduced pacing out
puts: probably means loss of LBB capture



Card Fail Rev 20
21 Mar: 7: e13

Confirming capture

Delay of LBB potential to V6RW
PT in intrinsic rhythm

should be equal to     
stimulus to V6RWPT



Confirming capture

• Acceptable thresholds for LBBAP capture are < 1-1.5 V @0.5 
ms and bipolar sensing > 4 mV

• Stylet driven leads:
• Larger lead diameters
• Be careful not to have outer lead body turn over inner coil and helix 

which can cause helix retraction



Left Bundle pacing

• Patients with cardiomyopathy and conduction system 
abnormalities?

• Retrospective observational analysis
• 325 pts with CM, EF < 50%, NYHA II-IV
• 44% had ischemic CM and 39% had LBBB
• LBBAP was successful in 85% (277/325)
• QRSd ↓ and EF ↑
• Lead dislodgement in 5/325 and acute LV perf in 10/325
• Initial recommendation place lead 1.5 cm apical to His but   

septal leaflet of TV could be perforated

J Am Coll Cardiol EP 2021; 7(2): 135



BiV vs Conduction System Pacing + 
AVNA in HF patients with AF
• Retrospective study of BiV pacing, HBP/LBBP in HF pts 
with sx AF,  narrow QRS, s/p AVNA

• 50 pts, 48% M,EF 39%, (5/15-1/22)

• EF < 50%; QRSd < 120ms
• 13  (26%) BiV pacing
• 27 (54%) HBP (backup pacing)
• 10 (20%) LBBP
• NYHA improved with HBP and LBBP but not BiV pacing
• LVEF improved in HBP (39->49%); LBBP (28->40%);  but not   

with BiV pacing (38->37%)
• LBBP had  more stable pacing parameters

J Cardiovasc. Dev Dis 2022,9,209



J cardiovasc. Dev Dis 2022,9,209

Sx improvement with CSP
(72% HBP; 80% LBBP)

CSP
-Less HF hospitalizations
-Reduced use of diuretics



Conduction system pacing (CSP) vs  
conventional pacing (CP) after AVNA
• Retrospective observation study of AVNA pts (1/2015- 10/2018) 

• 233 pts
• CSP- 84 HBP and 46 LBBP (110 pts)
• CP – RV or BiV (113 pts)

• f/u 27 + 19 m
• 52% male; EF 43 +15%; LVEF lower and  LBBB more often in CP group

• QRS interval increased in both groups
• EF improved in both groups (was higher in CSP group to begin with)

• 46.5 + 14.2->51.9 + 11.2 %(CSP) and 36.4 + 16.1-> 39.5 + 16 %(CP)

• Primary endpoint
• Combined first HF hospitalization or death

• Secondary outcomes
• Death from any cause; HF hospitalization if EF < 50% or if  > 50%

• Safety endpoints
• Rise in threshold of > 1 v or lead revision

Heart Rhythm O2. 2022 Aug; 3(4): 368–376.



Heart Rhythm O2. 2
022 Aug; 3(4): 368–3
76.

48% CSP vs 62 % CP 
(p < 0.01)

No difference b
etween HBP +  
LBBP



Heart Rhythm O2. 2022 Aug; 3(4): 368–376





Conduction system pacing vs CRT?
• Prospective nonrandomized multicenter study 6/17-8/18    

mean f/u 15m
• NICM, LBBB,EF < 50%, indications for CRT

• Successful in 61/63 (97%)
• QRSd-169+16 -> 118 +12 ms, LVEF 33+8 -> 55 + 10%

• Many retrospective trials and meta- analysis studies
• LBBAP vs CRT (8 nonrandomized studies)
• Meta-analysis of 4 nonrandomized controlled studies
• International LBBAP Collaborative Study

• LBCT @ HRS 2022
• LBCT @HRS 2023

JACC Clin Electrophysiol 2020 jul; 6(7):849
Heart + Vessels 2020 ;28 Jan
CJC Open 2021; 3(10):1282
LBCT; Heart Rhythm 2022
JACC May 21,2023



Use in CRT cases?

• LBBP-Resynch Study
• Randomized Controlled Pilot Study of LBBP vs BiV pacing
• NICM, cLBBB, LVEF < 35%
• 40 pts (22 LBBP vs 18 BiV)
• LBBP group had ↑LVEF, ↓LVESV, ↓NT proBNP

• HOT-CRT trial
• LBCT HRS 2023
• Randomized, controlled, single blinded pilot study from 4/21-

11/22
• CM, EF< 35%, NYHA I-IIa
• 100 pts (50  BiV vs 50 CSP)

• 82% BiV success vs 96% CSP (HBP/LBBAP/LOT-CRT)
• 8% Increase in EF vs 12% increase in EF
• No difference in safety or HFH/death J Am Coll Cardiol. 2022 Sep, 80 (13) 1205–1216

Heart Rhythm May 2023





Conduction system pacing versus biv
entricular pacing after atrioventricular 
node ablation (CONDUCT-AF)

• Posted on clinicaltrials.gov on July 20,2022
• Randomized, multicenter prospective study to 

• “explore whether CSP is non-inferior to biv pacing
• {evaluate}…clinical outcomes in heart failure (EF <50%)       

patients with symptomatic AF and narrow QRS scheduled    
for AVNA”

• In patients with narrow QRS and sx AF scheduled for 
AVN

• Study start date: September 1, 2022
• Estimated study completion date: September 1, 2026

• David Zizek, University Medical Centre Ljubljana

• Primary Outcomes:
Efficacy: Death for any cause, Hospitalization for HF

Safety: Percentage of device related complications

• Secondary Outcomes:
Disease Specific QOL: KCCQ-12

Disease Specific Distress: Cardiac Anxiety Questionnaire

Device Measured Patient Activity

Composite: death of any cause, HF hospitalization, LVESVi

Death of any cause

Cardiovascular Death

Hospitalization for Heart Failure

Hospitalization for Cardiovascular Cause

Hospitalization for any cause

Battery Longevity

Serum Biomarkers (NT-proBNP)

• Tertiary:

NYHA Class

Echocardiographic measures: LVEF, LVESVi

Appropriate ICD therapy for ventricular tachyarrhythmias

Incidence of atrial arrhythmias/ BNP level



Heart Rhythm 2022 1913-21DOI: (10.1016/j.hrthm.2021.07.057) 
Copyright © 2021 Heart Rhythm Society Terms and Conditions

Heart Rhythm 2022 1913-21DOI: (10.1016/j.hrthm

91/112  (91%) 
pts had success
ful LBBAP + CS
p

QRS d ↓ (p 0.00
1)

EF ↑ (p< 0.001)

@ 3 m NYHA 2.9->
1.9

• Primary Outcomes:
Efficacy: Death for any cause, Hospitalization for HF

Safety: Percentage of device related complications

• Secondary Outcomes:
Disease Specific QOL: KCCQ-12

Disease Specific Distress: Cardiac Anxiety Questionnaire

Device Measured Patient Activity

Composite: death of any cause, HF hospitalization, LVESVi

Death of any cause

Cardiovascular Death

Hospitalization for Heart Failure

Hospitalization for Cardiovascular Cause

Hospitalization for any cause

Battery Longevity

Serum Biomarkers (NT-proBNP)

• Tertiary:

NYHA Class

Echocardiographic measures: LVEF, LVESVi

Appropriate ICD therapy for ventricular tachyarrhythmias

Incidence of atrial arrhythmias/ BNP level



• Primary Outcomes:
Efficacy: Death for any cause, Hospitalization for HF

Safety: Percentage of device related complications

• Secondary Outcomes:
Disease Specific QOL: KCCQ-12

Disease Specific Distress: Cardiac Anxiety Questionnaire

Device Measured Patient Activity

Composite: death of any cause, HF hospitalization, LVESVi

Death of any cause

Cardiovascular Death

Hospitalization for Heart Failure

Hospitalization for Cardiovascular Cause

Hospitalization for any cause

Battery Longevity

Serum Biomarkers (NT-proBNP)

• Tertiary:

NYHA Class

Echocardiographic measures: LVEF, LVESVi

Appropriate ICD therapy for ventricular tachyarrhythmias

Incidence of atrial arrhythmias/ BNP level



Eur Heart J
. 2022 Oct 21;43(40):4161-4173



Complications
• Perforation of IVS (0-14.! %) 

• Watch COI
• Unipolar COI < 2.3 mV indicates perforation
• Good positions- show COI of 9mV
• Also COI <35% of V egm and ring >tip COI amplitude-> perforation

• Acute fall in pacing impedance to < 450 ohms or fall > 200 ohms
• Acute perforation is usually asx
• Late occurrence of perforation -> 0.1-0.3%

• ? oral anticoagulation
• Rare: acute coronary events, fistula with septal perforators, worsening of TR
• MELOS-> loss of terminal R wave in V1 over followup was 4%
• LOOK AT 12 LEAD DURING FOLLOWUP

•

• ? long term effects of fatigue on lead body
• ? extraction of lumenless leads





UNANSWERED QUESTIONS

• What is the most efficient implant technique?
• How do we define successful LB pacing?
• Only around since 2017

• Ongoing prospective registries
• One prospective pilot study

• If lead tip is in LV (such as LV perforation) is this a       
nidus for thrombus? 

• How many times is too many to manipulate lead?
• Ie screw it into the septum?

• Do we have to worry about the septal artery?



Arrhythm Electrophysiol Rev 2021 Apr; 10(1):51



Arrhythm Electrophysiol Rev. 2021 Oct; 10 (3):172



Left bundle pacing

• Description of human anatomy in 1906 by Sunao Tawara
• LB branches into 2 or 3 fascicles 

• which further divide into finer branches and ultimately the Purkinje 
fibers

• Point stimulation at any branch will active this network 

• LBBP and LV septal pacing
• May be able to overcome distal conduction disease

Arrhythm Electrophysiol Rev 2021 Apr; 10 (1) : 51
Verleg Gustav Fischer 1906



Arrhythmia & Electrophysiolo
gy Review 2021;10(3):165–71.



Criteria for left bundle branch pacing

• RBBB pattern in V1 
• QR or rSR pattern

• Evaluation of peak of R wave in V6 
• R wave peak time (RWPT)

• Abrupt shortening of interval between stimulus artifact and peak of R w
ave in V6 by at least 10 ms

• Paced RWPT equivalent to unpaced V6 RWPT (if no conduction delay pr
esent) shows LB capture

• ? 75 ms if have no conduction delay and 100 ms if have conduction del
ay

J Innov Cardac Rhythm Manage 2022; 13(1):4829







Arrhythm Electrophysiol Rev 2021 Oct:10 (3): 172



EP Europace volume 25, issue 4,April 2023
Page 1208; Burri H



Arrhythm Electrophysiol Rev 2021 Oct:10 (3): 172



J Am Coll Cardiol 2019;74 (
24):3039







HBP vs BiV pacing following AVNA in patients with AF and red
uced EF: A multicenter, randomized, crossover study—
The ALTERNATIVE-AF trial trial

• Multicenter, prospective, randomized,  
cross over study of PsAF + AVNA and  
EF< 40%

• HBP vs CRT x 9 months and then switched
in 50 pts

• 72% male, 38 pts totally evaluated
• Difference in EF

• First 9 months: HBP 21.3% vs CRT 16.7
%

• Second 9 months: 3.5% vs -2.4% 
• P = 0.015

July 13, 2022DOI:https://doi.org/10.1016/j.hrthm.2022.07.009



Randomized CSP studies

• LBBB-Resynch (JACC 2022)
• HOT-CRT trial (HRS 2023)

• Randomized, controlled, single blinded pilot of 100 pts
• 82% (41/50) BiV vs 96% (48/50) HOT-CRT

• 8% increase in EF vs 12% increase in EF





J cardiovasc. Dev 
Dis 2022,9,209





COMPLICATIONS

• Perforation of IVS (0-14.1 % ) 
• Watch COI
• Unipolar COI < 2.3 mV indicates perforation
• Good positions show COI of 9mV

• Also COI <35% of V egm and ring >tip COI amplitude-> perforation

• Acute fall in pacing impedance < 450 ohms or fall > 200 ohms
• Acute perforation is usually asx

• Late occurrence of perforation -> 0.1-0.3%
• ? oral anticoagulation

• MELOS-> loss of terminal R wave in V1 over followup was 4%
• LOOK AT 12 LEAD DURING FOLLOWUP

• Rare: acute coronary events, fistula with septal perforators, worsening of TR

• ? long term effects of fatigue on lead body
• ? extraction of lumenless leads

• Primary Outcomes:
Efficacy: Death for any cause, Hospitalization for HF

Safety: Percentage of device related complications

• Secondary Outcomes:
Disease Specific QOL: KCCQ-12

Disease Specific Distress: Cardiac Anxiety Questionnaire

Device Measured Patient Activity

Composite: death of any cause, HF hospitalization, LVESVi

Death of any cause

Cardiovascular Death

Hospitalization for Heart Failure

Hospitalization for Cardiovascular Cause

Hospitalization for any cause

Battery Longevity

Serum Biomarkers (NT-proBNP)

• Tertiary:

NYHA Class

Echocardiographic measures: LVEF, LVESVi

Appropriate ICD therapy for ventricular tachyarrhythmias

Incidence of atrial arrhythmias/ BNP level


