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VS.
His-Bundle Pacing 

is a reasonable 
alternative to CRT

CRT is still the Gold 
Standard 



Chronic RV pacing & 
New-onset LV systolic dysfunction

Int J Cardiol. 2015Cho EJ, Park SJ et al.
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Worse outcomes of chronic RV-pacing

Cho SW, Park SJ et al. Eur J Heart Fail. 2019 



CRT upgrade for PiCM

Electrical reverse remodeling Mechanical reverse remodeling
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Absolute change =Pre-CRT – post-CRT
Relative change =
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Direct His Bundle Pacing

Europace (2010) 12, 527–533



Advantages of CRT over HBP

l Implantation success rate
; particularly in anomalous structure or valve disease

l Stability of the Lead

l Concern for disease progression
of conduction system

l Availability of defibrillator

l Automated optimization algorithm

l More data: more patients for longer duration
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Crossover rate: HBP à BiV pacing (48%) vs. BiV pacing à HBP (26%) 

Heart Rhythm. 2019. pii: S1547-5271(19)30440-0.

No superiority of HBP over BiV pacing (In the intention-to-treat analysis) 
regarding QRS narrowing, 6-month LVEF improvement, 

and12-month mortality/hospitalization.



Failure rate of HBP

Success rate 59~100%

Failure ~20% 



Failure rate of CRT

J Am Coll Cardiol EP 2016;2:69–77



Procedural complexity of HBP

• Procedure time (70.2 ±34 minutes)
• Capture threshold (1.30±0.85V at 0.79±0.26ms) 
• Early lead revision (4.2%)

• Concerns for subsequent development of   
low infra-Hisian block remain.
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M/60, ICMP

• 1984   AMI

• 2010  Echo:  ICMP with severe LV systolic  
dysfunction(LVEF = 19%)

• 2014. 07 CRT-ICD implantation 



Wide QRS & CRT-D 



ICMP







Single center (Marburg, Germany) ICD-Registry

(1)123 non-ischemic DCM with NYHA II~III & LV EF 
≤35%
despite optimal medical therapy (OMT) ≥ 3 month

s,



LVEF reassess & follow-up

Initial ICD/CRTD
(LV EF<35%)

Repeated Echo
3~12 mo

post-implant

74 mo follow-up
Appropriate ICD therapies for VT/VF 

(stored electrograms), 
All-cause mortality, &
Heart-transplant-free survival

LV EF<35%

N=123   

LV EF≥35%

(n=93)

(n=30), 24%



Clinical outcomes



Arrhythmia-free survival

LV EF<35%

LV EF≥35%



LVEF reassess & follow-up

Initial 
Repeated Echo

3~12 mo
post-implant

74 mo follow-up
Appropriate ICD therapies for VT/VF 

(stored electrograms), 
All-cause mortality, &
Heart-transplant-free survival

EF 27±7%

N=123   

EF 47±7%

(n=93)

(n=30), 24%

(EF 23±6%)

(EF 23±6%)



à Multicenter Prospective Study ?



LVEF reassess & follow-up

Initial 
ICD/CRTD

(LV EF<35%)

Last f/u Echo
4.9 yrs

post-implant

2 yrs follow-up
Appropriate ICD therapies
All-cause mortality

LV EF <35%

N=538   

LV EF≥35%

(n=404)

(n=134), 25%



F/U LVEF after ICD implant



ICD shock 

*100 person-years



Outcomes After ICD Replacement 
for Primary Prevention of SCD

• Mayo Clinic & Beth Israel Deaconess Medical Center
• January 2001 ~ June 2011 

• in 253 patients (mean age, 68.3±12.7 years; 82% men)
• (1) undergoing ICD replacement 

(initially implanted for primary prevention) 
(2) no appropriate ICD therapy prior to replacement

Circ Arrhythm Electrophysiol. 2016;9:e003283



LVEF reassess & follow-up

• LVEF obtained within 6 months before or  
3 months after ICD generator replacement

Initial ICD
(LV EF<35%)

Replacement
-6mo ~ +3mo

LV EF 

4.8 (±1.9) years 3.3 (1.8–5.3) years
Appropriate ICD therapy
: Anti-tachycardia pacing 

or shock 
for VT/VF



Circ Arrhythm Electrophysiol. 2016;9:e003283

N=253

LV EF <35%
(n=181, 72%)

26.0±6.4%

LV EF ≥35%
(n=72, 28%)

47.7±9.6% 



Rates of Appropriate ICD Therapy



Mortality



ICD settings



Cumulative rates of appropriate 
ICD therapy 

• Cumulative rates of appropriate ICD therapy 
for a ventricular arrhythmia

increased over time in the group with EF>35%
(7%, 9%, and 14% at 1,2, and 3 years
à annual rate of 5%)

• Annual rate of 5% is in the range for which 
guidelines recommend ICD therapy 
for many conditions



Survival after CRT: 
results from 50,084 implantations

• England Nationwide Cohort Undergoing CRT 

Europace (2019) 21, 754–762

CRT-D

CRT-P



Survival after CRT: 
results from 50,084 implantations

Europace (2019) 21, 754–762



Advantages of CRT over HBP

l Implantation success rate
; particularly in anomalous structure or valve disease

l Stability of the Lead

l Concern for disease progression
of conduction system

l Availability of defibrillator

l Automated optimization algorithm

l More data: more patients for longer duration



üProlonged AV delay à diastolic mitral regurgitation

üShortened AV delay à fusion of E-and A- waves  
Decrease in  
Cardiac Output 



Optimization of AV delay required 
for better performance of HBP

Jacc: Clinical Electrophysiology 2015; 1: 582-591

However, ….
No automatic 

algorithm
in HBP device



AdaptivCRT
algorithm

SyncAV algorithm
SonR PEA sensor



HB Gwag, SJ Park, et al. 
J Korean Med Sci. 2019 Jul 15;34(27):e187
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Data on HBP

All patients 
(n=1,156) HF (+)=442 (38%)



Data on CRT

US trends in CRT device implantation

Circ Arrhythm Electrophysiol. 2016;9:e00
3108.



Data on CRT

Statistics on the use of CRT: report from the EHRA

Europace (2015) 17, i1–i75

Total cases=51,274;    CRT-P 12,766  +  CRT-D 38,429    in 2013



Summary 

l CRT, higher success rate of implantation
no concern for disease progression

of conduction system

l Defibrillator can be adopted into CRT

l Automated optimization algorithm in CRT

l CRT, more data in more patients for longer period
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