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Figure 1S. 12-lead ECG recorded during decrease in pacing output in two patients. Left panel: Transition from 

non-selective His bundle capture (ns-HB) to right ventricular septal capture (RVS). Right panel: Transition from 

ns-HB capture to selective (s-)HB capture.  

 



 

Figure 2S. Asynchronous non-selective His Bundle (ns-HB) pacing in VOO mode results in 

scanning of the diastole with pacing stimuli. Left panel: The first two stimuli with coupling 

intervals of 640 ms and 630 ms result in ns-HB capture while the third with a coupling 

interval of 400 ms occurs when the HB is refractory and depolarises only the right 

ventricular septum, thus providing a diagnostic 'myocardial' response. Right panel: The first 

two stimuli (coupling intervals of 230 ms and 280 ms) fall on the effective refractory period 

of the HB and right ventricle (RV) myocardium and result in non-capture, while the third 

stimulus (coupling interval of 340 ms) occurs when the RV myocardium is refractory and 

propagates only via the HB, resulting in a short isoelectric interval and supraventricular QRS 

morphology with right bundle branch aberration (Ashman phenomenon). Stimuli 4 and 5 

(with coupling intervals of 890 ms and 1000 ms, respectively) result in ns-HB capture, since 

with longer coupling both the HB and RV myocardium are excitable.  

Source: Jastrzebski et al. 2019.21 Reproduced with permission from Wolters Kluwer Health Inc. 



 

Figure 3S. Double extra-stimuli delivered during intrinsic rhythm confirm capture of the left bundle branch 

(LBB) during presumed non-selective pacing. The first extra-stimulus (S1, showing the QRS morphology in 

question) shortens the effective refractory period (ERP) of the LBB, while the ERP of the LVS myocardium 

remains long as it is determined by the relatively slow native rhythm. As a result, the second extra-stimulus 

can capture only the LBB (‘selective response’), providing diagnosis that the QRS morphology of the S1 

represents non-selective capture rather than only left ventricular septal myocardial-only capture.  

 



 

Figure 4S.  Left panel: During incremental pacing at a cycle length of 250 ms, there is sudden reversal of QRS 

morphology in lead V1 from predominantly negative to predominantly positive as non-selective His bundle 

capture transitions into selective His bundle capture (’elective response’). Right panel: With a rapid burst 

during non-selective left bundle branch pacing, the second captured QRS is broader, with much longer time to 

V6 R-wave peak, most likely due to the transition to left ventricular septal myocardial-only capture 

(‘myocardial response’). 



 

Figure 5S.  Loss of left bundle branch capture results in sudden increase in the ventriculo-atrial interval and the 

retrograde P wave becomes noticeable (arrows). Note that the increase in V6 R-wave peak time is less 

apparent (although present), and it is V1 that provides firm diagnosis in this case. 

  



 

 

Figure 6S. Left panel: The interval from the His bundle potential to the left bundle branch (LBB) potential 

during native conduction equals the LBB lead stimulus to retrograde His bundle potential, indicating LBB 

capture during pacing (courtesy of Dr Pugazhendhi Vijayaraman). Right panel: During LBB capture, the LBB 

potential precedes the QRS, while during left ventricular septal myocardial-only capture the LBB potentials are 

within the QRS complexes, indicating passive activation of the LBB. It should be noted that passive LBB 

activation occurs relatively early, approximately 25 ms after QRS onset.  

Source: Upadhyay et al. 2019.30 Adapted with permission from Elsevier. 

 

 

 



Table 1: Criteria for His bundle capture 
 

His bundle capture criteria Application/comments SN [%] SP [%] Ref. 

ECG based criteria 

Notch/slur/plateau in lead I Loss of HB capture, highly specific 46 - 48 97 - 100 4, # 

Notch/slur/plateau in any of the LV 
leads: I, V4-V6 

Loss of HB capture; balanced 
sensitivity and specificity 

67 - 83 92.5 - 96.3 4, # 

Paced V6RWPT < 100 ms* Confirms HB capture with very 
certainty. 

64.9 - 70.4 100 4, 14 

Paced V6RWPT > 110 ms* Loss of HB capture 95.8 92.6 4 

Paced V6RWPT < 107 ms* ROC curve based optimal cut-off to 
diagnose HB capture in narrow 
QRS/RBBB patients 

90.2 95.7 14 

Paced V6RWPT < 108 ms* ROC curve based optimal cut-off to 
diagnose HB capture 

86.3 92.1 4 

HB capture algorithm To diagnose loss of HB capture 93.2 83.9 4 

Stim-V6RWPT + 12 ms  ≤ His-
V6RWPT  (ΔV6RWPT < 12 ms) 

Not applicable to patients with 
LBBB / NIVCD  

100 99.1 14 

Stim-QRSend + 8 ms  ≤ His-QRSend 
(ΔQRS < 8 ms) 

Applicable only to patients with 
narrow intrinsic QRS  

95.2 93.2 14 

Stim-QRSend  ≤ His-QRSend SN and SP for narrow QRS patients 100 100 16, 1 

Global QRS duration < 151-154 ms* ROC curve based optimal cut-off to 
diagnose HB capture. 

72 - 74 91 - 93 4, 14 

QRS morphology transition during 
threshold test. Transition from HB to 
RVS capture should  results in 
V6RWPT prolongation of  ≥ 20 ms. 

Any QRS morphology transition 
during unipolar output test provide 
firm diagnosis of conduction 
system capture. 

95 100 14, 
15, 
18, 25 
 

Dynamic maneuvers / PSA based criteria 

Programmed stimulation  100 100 21 

Burst pacing  100 ND 25 

Incremental pacing  (up to CL 250 ms) ND ND 26, #  

Near field EGM: time from stimulus 
to the peak or nadir  > 40 ms 

 94 93 27 

Near field EGM: positive initial 
sharp deflection  

 94 90 27 

Sudden VA / RP interval in increase Useful only when ECG is not 
available or limited to a single lead 
with unequivocal transition.  

ND ND 27, 28 

All these criteria assume that the pacing lead is in the HB region. Both global QRS duration and V6RWPT 
measurements require 100-200 mm/s sweep speed or tracing enlargement for assessment. 
PSA - pacing system analyzer; HB – His bundle ; LBBB – left bundle branch block;  NIVCD – non-specific 
intraventricular conduction disturbance, V6RWPT –  V6 R-wave peak time; EGM – electrogram;  ROC – receiver 
operating characteristics  RVS – right ventricular septal;   VA – ventriculo-atrial;  RP – R wave to P wave, ND – 
no data.  
* - measured from pacing stimulus; # based on personal experience/unpublished data and/or experts’ opinion  



Table 2. Criteria for left bundle branch capture 

His bundle capture criteria Application/comments SN 
[%] SP [%] Ref. 

ECG based criteria 

Paced V6RWPT < 83 ms* ROC curve based optimal cut-off for 
narrow QRS/RBBB patients 

84.7 96.3 12 

Paced V6RWPT < 74-75 ms* Nearly certain diagnosis of LBB 
capture regardless of native baseline 
QRS type; not very sensitive. 

38.7-82 95-100 11, 12 

Paced V6RWPT ≤  80 ms* Nearly certain diagnosis of LBB 
capture in LBBB, NIVCD and asystole 
patients; not very sensitive 

44.2 100 12 

Paced V6RWPT < 101 ms* ROC curve based optimal cut-off for 
LBBB; NIVCD and asystole patients; 
rather low specificity 

90.4 78.9 12 

V6-V1 > 34 ms ROC curve based optimal cut-off for 
LBB capture 

71.8 90 17 

V6-V1 > 40 ms Very specific for LBB capture; this cut-
off is recommended by the author for 
use during implantation when 
V6RWPT criteria are not fulfilled. 

51.6 96.7 17, # 

V6-V1 > 44 ms Nearly certain diagnosis of LBB 
capture regardless of native baseline 
QRS type; not very sensitive 

38.7 100 17 

Paced stim-V6RWPT + 10 ms <  
potential- V6RWPT in native 
rhythm 

Application limited to patients with 
recorder LBB potential. Sensitivity 
calculated for patients with LBB 
potential. 

88.2 95.4 12 

Paced V6RWPT (measured from 
true QRS onset) + 10 ms < native 
QRS V6RWPT 

Not applicable to patients with asystole 
or LBBB 

98.0 85.7 12 

Paced V6RWPT +10 ms < (V6 IDT 
– TCT) 

Developed for patients with LBBB 77.8 100 12 

Dynamic maneuvers / endocardial mapping based criteria 

QRS morphology transition during 
threshold test 

Any QRS morphology transition during 
threshold test (unipolar pacing) provide 
firm diagnosis of conduction system 
capture. More useful at pre-final lead 
depth. Transition to RVS should result 
in V6RWPT prolongation of ≥10 ms.  

26.5-74 100% 10-12 

Sudden VA interval prolongation 
during threshold test 

Useful in unequivocal/subtle QRS 
morphology transition 

ND ND # 

Programmed stimulation Tailored pacing protocols (“Denker 
protocols”) highly recommended to 
increase diagnostic yield.  

  22, 23 

Burst pacing Probably only selective response is 
absolutely diagnostic of LBBB capture 

ND ND # 

Incremental pacing  (up to CL 250 ms) Probably only 
selective response is absolutely 
diagnostic of LBBB capture 

ND ND # 

∆V6RWPT > 10 ms  
(HBpaced V6RWPT minus LBB 
paced V6RWPT >10 ms) 

Developed for patients with LBBB in 
whom LBBB can be temporarily 
corrected with high output HB pacing 

93 100 13 



Recruitment of LBB / LV PP 
potentials in multielectrode LV 
septal mapping 

 100 100 11 

Stimulus to retrograde HB 
potential = HB potential to LBB 
potential 

Applicable only to patients with non-
LBBB native QRS 

100 100 11 

LBB potential present on pacing 
lead 

Some share the opinion that LBB 
potential must be always present 
(sensitivity = 100%); in author’s 
experience distant LBB capture (i.e. no 
potential) is a common phenomenon. 

56-100 ND, 
probably 
> 90% 

10, 12, 22 

All these criteria assume that the pacing lead is located deep in the mid-septum. ND - no data; LBB – left bundle 
branch; RVS – right ventricular septal;   V6RWPT –  V6 R-wave peak time HB – His bundle ; LBBB – left 
bundle branch block; VA – ventriculo-atrial; ROC – receiver operating characteristics ; CL – cycle length; IDT -  
intrinsicoid deflection time, TCT – transseptal conduction time  
* - measured from pacing stimulus; ND – no data; # based on personal experience/unpublished data. 


