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Physiological System Pacing 
in Heart Failure Patients



Ploux S et al JACC 2013



BiV induced Dyssynchrony

Ploux S et al Heart Rhythm 2015



Acute Hemodynamics - His vs Biv

Arnold AD et al JACC 2018

His

BiV



His-sync

Upadhyay G et al Heart Rhythm 2019



His-sync

Upadhyay G et al Heart Rhythm 2019



Left bundle pacing

P Vijayaraman et al Heart Rhythm Case Report 2019



LBBB case
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SHBP
Intrinsic SHBP BiV

Intrinsic SHBP BiV

RV activation Time 
(ms)

27 41 46

LV activation Time 
(ms)

82 51 68

Total Activation Time 
(ms)

108 51 72

Intrinsic SHBP BiV



SHBP vs Peri-LBBB vs Intrinsic
PLBPIntrinsic

Intrinsic SHBP Peri-LBB

RV activation Time (ms) 23 19 26
LV activation Time (ms) 110 36 42
Total Activation Time 
(ms)

117 38 48

SHBP



JYS Chan et al Europace 2019



LBBB

Intrinsic BiV
NSHP
With 
correction

LBBP LBBP 50msec offset
RV



Intrinsic LBP

BiV LBP 50ms RV

Intrinsic BiV LBP LBP 50ms RV
172ms 124ms 104ms 92ms



Huang W et al JACC EP 2020



LBBB (Bi- bundle capture)

Intrinsic BiV
NSHBP 
with 
correction

LBP
unipolar

LBP
bipolar

LBP AVD
100ms



Intrinsic NSHBP

BiV LBBP AVD 100

Instrinsic BiV NSHBP LBBP AVD 100
180ms 148ms 96ms 100ms



RBBB

Hara H et al EHJ 2012



Sharma PS et al Cir EP 2018



No Correction with SHBP

Sharma PS. et al Cir EP 2018



Sharma PS et al Cir EP 2018

HBP with RBBB correction was seen in 
78% of patients (S-HBP 34% and NS-
HBP in 66%). 



Intrinsic
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His with partial
correction

RBBB



RBBB cases
Intrinsic RV

BIV His

Intrinsic RV BiV HIS

RV activation Time (ms) 64 75 64 51

LV activation Time (ms) 41 129 64 59

Total Activation Time (ms) 109 143 85 59



Intrinsic

184ms

RV

175ms

NSHBP

176ms

His + LV

151ms

RBBB



Intrinsic RV

NSHP His + LV
Intrinsic RV His His + LV

RV activation Time (ms) 82 64 40 38

LV activation Time (ms) 46 59 59 52

Total Activation Time (ms) 112 106 111 55



RBBB

Intrinsic RV BiV

NSHBP
With 
correction

His 
40msRV LBP

LBP 
40msRV

164ms



Intrinsic SHBP without correction

NSHBP with correction LBBP



HIS40RV LBBP40RV

HIS40LV LBBP40LV



Intrinsic NSHBP
With
correction

SHBP
without 
correction

LBP BiV His40RV LBP40RV His40LV LBP40LV

RV 
activation 
Time (ms)

38 22 47 31 57 63 37 78 60

LV 
activation
Time (ms)

45 40 46 31 72 58 44 77 76

Total 
Activation 
Time (ms)

76 41 72 40 86 63 49 142 86



Non LBBB
Intrinsic BiV NSHP His 40ms

LV 
His AVD 80



Intrinsic NSHBP

His AVD 80msec His 40ms LV 

Intrinsic BiV NSHP His AVD 80 His 40 LV
156ms 136ms 148ms 120ms 120ms



ECGi guided CRT implantation in 
non LBBB



Results:
12 patients recruited with baseline Echo, 

ECG, clinical assessment
(8 RBBB + 4 IVCD patients)

• 1 patient died before first 
FU period 

11 patients had completed FU Echo, ECG and clinical 
assessment after 3-6 months of CRT implantation

(4 had His pacing; 4 had LB pacing as final configuration)





Immediate effect of 
resynchronization:



ENHANCE CRT study 248 patients
LVEF improved between baseline and 6 months from 24.8  to 28.8  in the QLV arm 
and from 25.8 to 30.9 in the control arm in 6 months
Singh J et al JACC EP



Clinical and echo responder rate:
• Echo responder rate 58% 

• if we define LVESV reduction >=15% as responder
• Clinical responder rate 75% 

• if we define NYHA class improvement by >= 1 class as 
responder



LBBB patients
Age Gende

r
Pacing 

configuration
Device NYH

A
QRS (ms) TAT (ms) LVEF (%) FU

NYHA
TAT% 

change
LVESV

% 
changePre Post Pre BiVP Final Pre Post

1 63 M LBB tip to HIS tip CRTD 2 198 123 140 100 52 35 63 1 62.86 55.67
2 77 F HIS pacing CRTD 3 158 124 93 106 44 25 64 1 52.69 67.92
3

60
M

LBP CRTD 2 162 133 104 91 60 27 35 1 42.31 7.04

4 85 M HIS40LV CRTP 4 162 135 76 106 69 16 21 2 9.21 -23.79
5 79 M HIS pacing CRTD 2 152 135 111 77 40 30 50 1 NA NA
6 54 F LV pacing AVD120 CRTD 4 167 130 108 103 64 30 56 1 40.74 51.22
7 76 F LBP AVD 60 CRTD 2 129 96 89 88 38 35 60 1 57.30 54.23
8 80 M LBP CRTP 3 139 133 87 91 60 28 38 2 31.03 25.50
9 59 M LBP CRTD 3 155 154 96 61 61 30 38 2 NA 30.00

10 80 M LBP AVD 100 CRTD 3 176 92 128 82 54 18 38 2 57.81 22.32
11 69 M BiV-CRT CRTD 1 164 131 104 53 53 20 40 1 49.04 NA

Mean 2.6 160 126 103 87 54 27 46 1.4 45.1 32.2



LBBB patients

80

100

120

140

160

180

200

Baseline Final

QRS duration (ms)

Patient 1 Patient 2 Patient 3 Patient 4

Patient 5 Patient 6 Patient 7 Patient 8

Patient 9 Patient 10 Patient 11

100.0

110.0

120.0

130.0

140.0

150.0

160.0

170.0

Baseline Final

QRS durations (ms)



LBBB patients
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LBBB patients
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LBBB patients
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LBBB patients
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Conclusions

• ECGi can provide information on global picture of 
the activation pattern and timing that may not be 
provided by 12 lead ECG

• ECGi guided CRT implantation for patient with heart 
failure and widened QRS complex may provide a 
better guide for lead configuration to achieve best 
synchronization


