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Case Summary 

• M/70. Non-smoker. Non-drinker.  

• PMH: Hypertension. Mild CAD.   

• c/o: SOB for 2 years, with exacerbation for 1 week 

• P/E: BP /P stable. JVP elevated. CVS: HS dual, PSM 
apex/LLSB. Chest: bi-basal crepitation. Bilateral ankle edema.  

• CXR: Cardiomegaly. Pulmonary congestion. 

• Blood tests: NTproBNP 8884pg/ml. TnT 0.066ng/ml. TFT & 
other blood tests unremarkable. 

 



Baseline ECG: Normal sinus rhythm. 
First degree AVB. Complete LBBB. QRS 150ms 



Holter: Sinus arrest. Junctional bradycardia. 
Complete LBBB. Alternating RBBB. Maximum RR 1.76s.  

RBBB morphology LBBB morphology 



Baseline Echo 
 

• Dilated LA: 5.5cm 
• Dilated LV: LVEDD 63mm  
• Global hypokinesia 
• LVEF 24% by Bi-plane  
        Modified Simpson’s  
• Severe MR 
• Moderate TR.  
• RVSP 36mmHg 
 



Management 

• Coronary angiogram : Mild CAD. No critical coronary artery 
stenosis. 

 

• Medical treatment: Entresto 100mg bd. Aldactone 20mg daily. 
Cardiprin 100mg daily. Frusemide. 

 

• Could not tolerate betablocker due to underlying SND, 
junctional bradycardia and alternating LBBB/ RBBB (inherent 
risk of CHB). 

 



Management 

• Symptomatic SND with junctional bradycardia. Alternating 
LBBB/RBBB.   

•  Pacing Indication (Risk of RV pacing induced cardiomyopathy) 

 

• Non-ischemic cardiomyopathy. LVEF 24%. NYHA III-IV. LBBB. 
QRS 150ms.  

• CRT-D Indication (Patient could not afford)  

 

• What would you do next ?  

 



His Bundle Pacing (HBP) / Left Bundle Branch Pacing (LBBP) 

Europace (2019) 00, 1–9 doi:10.1093/europace/euz188 



LBB Pacing – Hardware Requirement 
Select Secure 3830 & C315 His Catheter 

 
Nat Rev Cardiol. 2020 Jan;17(1):22-36. doi: 10.1038/s41569-019-0224-z. 



Step 1: Locating His Bundle  
 Fluoroscopic Confirmation  

Select Secure 3830  C315 

RAO 30 LAO 45 

C315 Select Secure 3830  

HIS HIS 

Tricuspid  
Annulus (TA) 

Septum 1. Advance / Clockwise Rotation  Cross tricuspid annulus  RV 
2. Withdraw / Counterclockwise Rotation towards superior margin of septal TA  

3. Look for His Potential   



Step 2: Locating His Bundle  
Electrical Confirmation –  

Identify His Signal & Perform His Pacing in Unipolar Mode 
Intrinsic rhythm: His Signal 

His Bundle Pacing 



His Signal – Baseline HV Interval 58ms 
(Normal HV 35-55ms) Prolonged HV  Infra-hisian Conduction Disease 
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His Bundle Capture :  
1. Narrow QRS (91ms) morphology & normal axis (+/- identical to intrinsic rhythm QRS) 

2. Stim to V interval (SV) Interval during His Bundle Pacing (48ms)  
 Similar to HV Interval in intrinsic rhythm (58ms) 
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Non-selective His Capture (with no isoelectric interval between pacing spike & QRS) 



Confirm His Bundle Pacing Capture Threshold 
High Pacing Threshold 

10V@0.4ms                5V@0.4ms             2V@0.4ms  
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QRS 91ms              QRS 91ms         QRS 136ms  

mailto:10V@0.4ms
mailto:5V@0.4ms
mailto:2V@0.4ms


His Bundle Pacing  
Corrects the LBBB and  QRS 150ms  90ms 

Intrinsic LBBB QRS ~150ms His Bundle Pacing QRS 91ms 



Step 3: Locating Left Bundle Branch 
Advance Pacing Lead from His Position Towards RV Apex for 1-2cm 

Fluoroscopic Confirmation  

 RAO 30 RAO 30 

AVN His 

LPF 

LAF 
AVN His 

LPF 

LAF 

LBB Pacing 

His Pacing 

1-2cm 



Step 4: LBB Pacing 
Electrical Confirmation –  

Identify the “W” Potential in V1 & Perform LBB Pacing in Unipolar Mode 
Before Screw-in – RV pacing “W-potential” in V1 

After Screw-in : LBBB Pacing rsR pattern in V1 



“W Potential” in V1 before Screw-in 
during pacing from RV septum (Unipolar) 
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Select Secure 3830 Screw-in: 3-5 clockwise turns/time  

https://www.youtube.com/watch?v=0skUko9_us0 

https://www.youtube.com/watch?v=0skUko9_us0


Step 5:  
Determine the Depth of Lead Implant – Sheath Angiography  

Avoid Implant Depth ≥ 8-10mm 

Contrast 

IVS = Interventricular Septum 

 



Step 5:  
Determine the Depth of Lead Implant – Sheath Angiography 

Avoid Implant Depth >8-10mm 

Screw Tip 
1.8mm Tip-Ring 

9mm 

IVS = Interventricular Septum 

Ring 
3.8mm 



Step 5:  
Determine the Depth of Lead Implant – Electrical Confirmation 

Transition of LBBB Morphology  RBBB Morphology in V1 during Lead Rotation 
Pacing in Unipolar Mode at High & Low Output 

 Intrinsic                Right Septum           Mid Septum          Left Septum     Left Bundle Branch 

LBB Potential 

Keping Chen et al. Europace 2018;0:1-8 



Evolution of V1 notching, morphology, QRS width & LVAT  
during LBBP lead advancement 
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Before Screw-in: “W-potential” in V1 
LBBB morphology.  
Paced-QRS 196ms. LVAT 140ms 

After Screw-in: “rSR pattern” in V1 
RBBB morphology.  
Paced-QRS 112ms. LVAT 93ms 

140msec 

LVAT = Left Ventricular Activation Time = Interval from pacing stimuli to peak of R wave in V5-V6 



Step 5: Determine the Depth of Lead Implant  
with Serial Impedance Monitoring 

 

• Measure lead impedance in unipolar mode every 3-5 turns 

 

• Stop advancing when impedance ≤ 500 Ω (which signifies 
increased risk of septal perforation) 



Step 6:  
Determine Lead Depth & Stability 

Sheath Withdrawal into RA – Fulcrum Sign 

Fulcrum Sign 
 

Sheath 
 

IVS = Interventricular Septum 

Fulcrum 



Step 7: Threshold Testing:  
LBB Pacing at high & low output: rsR Pattern in V1.  

RBBB morphology. QRS 112ms. Constant & Short LVAT 93ms 
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LVAT = Left Ventricular Activation Time = Interval from pacing stimuli to peak of R wave in V5-V6. 



Step 8: Slitting of C315 Sheath 

 



Slitting of C315 Sheath 

https://www.youtube.com/watch?v=0skUko9_us0 

https://www.youtube.com/watch?v=0skUko9_us0


Final fluoroscopic confirmation of  
Leads Positions in LAO & RAO views 

LAO 45  RAO 30 

LBBP LBBP 

LBBP 



Final ECG 

Baseline LBBB QRS ~ 150ms LBB Pacing. Correction of LBBB.  Narrowing of QRS ~120ms 



Echocardiographic Confirmation of  
LBBP Lead Implant Depth 

 
Trans-septal LBB 

Pacing Lead 

Trans-septal LBB 
Pacing Lead 



Post LBB Pacing Echo   

 
• LVEF Improved to ~40% 

by Biplane Modified 
Simpson’s (LVEF ~ 35-
40% by Eyeballing) 
 

• MR +++  ++ 
 



Electrophysiological Mechanism of  

His Bundle Pacing (HBP) / Left Bundle Branch Pacing (LBBP) 

Europace (2019) 00, 1–9 doi:10.1093/europace/euz188 

Longitudinal Dissociation of Conduction System:  
• Conduction fibers arising early from proximal His Bundle are 

predestined to the individual bundle branches  HBP & LBB 
pacing distal to the level of block  allows correction of BBB & 
restoration of electrical & mechanical synchrony 

LBB Pacing 
In LBBB 

JACC Clin Electrophysiol. 2017 Nov;3(11):1203-1219.  

https://www.ncbi.nlm.nih.gov/pubmed/29759615


Vijayaraman et al. Heart Rhythm 2019;16:1774–1782 

• N = 100.  
• AVB 54%. SND 23%.   
• LBBB 24% RBBB 25% 

 
• Implant success 93% 
• Paced QRS duration: 136±17 ms.  

 
• In patients with LBBB, correction of LBBB 

with QRS  162 ± 21ms  137 ± 19 ms 
during LBB Pacing (P <0 .001) 
 

• Stability: Stable sensing, threshold & 
impedance  at 12 months 
 



Heart Rhythm. 2019 Dec;16(12):1766-1773. 

Correction of  LBBB / RBBB with success rate of 68.7%  

(QRS 153.3 ± 27.8  122.2 ± 9.9 ms) 

LBB Pacing   QRS ,  LVEF,   LVEDD,   LV synchrony (time to peak strain delay) 

N = 33 AVB Patients. LBB Pacing success 90.9%. Safety: 1 septal lead perforation 

LBB Pacing Corrects LBBB/RBBB   

Improves LVEF, LV electrical & mechanical synchrony (strain) 



Left bundle branch pacing  

Preserves Electrical and LV Mechanical Synchrony 

(Gated SPECT MPI Phase Analysis) 

Europace (2019) 00, 1–9 doi:10.1093/europace/euz188 



• LVEF 36-50%.  

• Predicted Pacing 

Percentage ≥40% 

•  His Bundle Pacing 

Indications for His Bundle Pacing 

In patients with AV block at AVN 

level, who have an indication for 

permanent pacing, His Bundle 

Pacing may be considered to 

maintain physiologic ventricular 

activation (II b) 



Comparison of His Bundle Pacing (HBP) & LBB Pacing 

His Bundle Pacing LBB Pacing 

Implant site His Bundle Left Bundle Branch 

Implant depth ≤ 1.8mm (screw length) ~ 8-10mm (depending on orientation of lead) 

Sensing  

(Cross talk) 

Risk of atrial oversensing 

Cross talk 

No cross talk with atrial signal 

Pacing threshold Higher Lower (translating into longer battery longevity) 

Lead stability Lower Higher (low risk of lead dislodgment) 

Need for RV 

backup pacing 

+/- No 

(only temporary RV backup pacing during 

implant is suggested for patient with LBBB) 

Management of 

loss of HB/LBB 

capture  

Risk of simultaneous loss of His & RV 

capture; might need lead revision 

Increase pacing output to capture RV 

AVN ablation for 

AF patients 

Risk of loss of His Bundle Capture 

after AVN ablation 

Allows AVN ablation without affecting capture 

threshold 

Safety Lower risk of septal perforation Higher risk of septal perforation 

(depending on depth of implant) 

His Bundle Pacing LBB Pacing 

Implant site His Bundle Left Bundle Branch 

Implant depth ≤ 1.8mm (screw length) ~ 8-10mm (depending on orientation of lead) 

Sensing  

(Cross talk) 

Risk of atrial oversensing 

Cross talk 

No cross talk with atrial signal 

Pacing threshold Higher Lower (translating into longer battery longevity) 

Lead stability Lower Higher (low risk of lead dislodgment) 

Need for RV 

backup pacing 

+/- No 

(only temporary RV backup pacing during 

implant is suggested for patient with LBBB) 

Management of 

loss of HB/LBB 

capture  

Risk of simultaneous loss of His & RV 

capture (if too close to atrial side); 

might need lead revision 

Increase pacing output to capture RV 

AVN ablation for 

AF patients 

Risk of loss of His Bundle Capture 

after AVN ablation 

Allows AVN ablation without affecting capture 

threshold 

Safety Lower risk of septal perforation Higher risk of septal perforation 

(depending on depth of implant) 



Left bundle branch pacing (LBBP) is a viable 
physiological pacing alternative to CRT & His Bundle 
Pacing,  in patients with CHF, LV dysfunction, LBBB & 
high pacing dependence,  in improving left 
ventricular function, electrical and mechanical 
synchrony, & minimizing pacing induced 
cardiomyopathy.  

Conclusion 
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Cardiac Conduction System Anatomy – His Bundle  

HIS 

AVN 

Koch Triangle 



Three Types of Anatomical Variation of  
His Bundle Anatomy 

         Underneath MS                                Intramuscular                              Beneath Endocardium 
J Am Coll Cardiol 2018;72:927–47 

MS = Membranous Septum 



Left Bundle Branch Anatomy 

His Bundle arises distal to AVN   
runs underneath membranous 
interventricular septum (IVS)   
perforates the membranous IVS 
beneath the junction of RCC/NCC 
  gives rise to left bundle branch 
(LBB), which bifurcates into AF, 
PF +/- SF 

• AF = Anterior Fascicle 

• SF = Septal Fascicle 

• PF = Posterior Fascicle 

RCC 
NCC 

Membranous  
IVS 



Intra-Cardiac Recording: His Bundle Signal 

Medtronic His Bundle Pacing Basics Training 101 



His Bundle Pacing  30%  Death, CHF Hospitalization  

or Upgrade to CRT 

Primary endpoint reached in:  
25% HBP patients 
32% RVP patients 

Mortality (HBP 17.2% vs RVP 21.4%. P = 0.06) 

Benefit primarily seen in patients with RV pacing >20%.  



His-Bundle Pacing:  LVEF 5.9% (p=0.001)  (42.8%  49.5%) @ 17months follow-up 

N = 26  Studies (1438 patients). Indication of HBP – 62% for AVB. Implant success 84.8-92.1%.  Europace 2018.0;1-8. doi:10.1093/europace/euy058 

 

His Bundle Pacing Improves Left Ventricular Ejection Fraction 



LVEF 

CRT or HBP    LVEDV (-2.77ml) & LVESV (-7ml) . Preserved or  LVEF 5.328%  @ ~ 1.6y 
Patients with LVEF >35% - ≤52% or AVN ablation + Pacemaker   

more likely to benefit from CRT or HBP vs RV pacing.  

LVESV LVEDV 

His Bundle Pacing Improves  

Left Ventricular Reverse Re-modelling & LVEF 

J Am Coll Cardiol. 2019 Aug 20;74(7):988-1 
LVEDV = Left ventricular end diastolic volume 
LVESV = Left ventricular end systolic volume 

https://www.ncbi.nlm.nih.gov/pubmed/30412708


The first case report to describe LBB pacing correcting LBBB 



Heart Rhythm Open Access 2020;1:59–67 



Heart Rhythm Open Access 2020;1:59–67 



Y Li…, M Gold, S Zhang et al. Heart Rhythm. 2019 Dec;16(12):1758-1765. 

• N = 87 patients (AVB 32.2%. SND 67.8%) 
 

• LBB Pacing implant success 80.5% 
 

• LBBP produced narrower QRS than RV septal 
pacing (113.2 ± 9.9 ms vs 144.4 ± 12.8 ms; P 
<0.001).  
 

• The pacing threshold was low (0.76 ± 0.22 V at 
implantation and 0.71 ± 0.23 V at 3 months), 
with no loss of capture or lead dislodgment 
observed. 
 

• No major implantation-related complications 



Heart Rhythm 2019;16:1791–1796 



Heart Rhythm 2019;16:1791–1796 

LBB Pacing: Step 1 (Venous Access) 



LBB Pacing: Step 2 (Locating the His & LBB) 



LBB Pacing: Step 3  

(Determining the Depth of Lead Implant) 



LBB Pacing: Step 4  

(Threshold Testing & Confirmation of LBB Capture) 



Determining the Depth of Lead Implant 
When to Stop Screwing ?  

• Continuously monitor the following parameters every 3-5 turns 
of lead rotation: 

• Electrically 
• V1 morphology changed from LBBB  RBBB; with QRS narrowing 
• LVAT (Pacing stimuli to peak of R wave in V5-6) ≤ 80-90ms  
• Constant LBB capture morphology & short/constant LVAT at high & low 

output 
• LBBB potential detected in pacing lead 
• Unipolar impedance ≤ 500-600 ohms 

• Anatomically 
• Lead depth ≥ 8-10mm 



Bipolar  
AV 150/130ms 
2.5V@0.4ms  

Unipolar  

AV 130/150ms 

7.5V@0.4ms 

Unipolar  

AV 150/130ms 

2.5V@0.4ms 
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Programming: LBB Pacing in Unipolar / Bipolar mode at various output 
Choose the lowest output with narrowest QRS 

mailto:2.5V@0.4ms


Intrinsic  
QRS 150ms 
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Unipolar  

AV 150/130ms 

2.5V@0.4ms 
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Unipolar  

AV 250/220ms 

2.5V@0.4ms 
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Unipolar  

AV 90/70ms 

2.5V@0.4ms 
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Unipolar  

AV 220/200ms 

2.5V@0.4ms 

Programming – Choose the optimal AV delay with narrowest QRS 
LBB Pacing at various AV interval at constant output 


