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ABSTRACT
Introduction: Despite the challenges related to His bundle pacing (HBP), recent data suggest
an improved success rate with experience. As a non-university, non-electrophysiology
specialised centre in Singapore, we report our experiences in HBP using pacing system
analyser alone.
Methods: Data of 28 consecutive patients who underwent HBP from August 2018 to February
2019 was retrospectively obtained. The clinical and technical outcomes of these patients were
compared between two timeframes of three months each. Patients were followed up for 12
months.
Results: Immediate technical success was achieved in 21 (75.0%) patients (mean age 73.3 ±
10.7 years, 47.6% female). The mean left ventricular ejection fraction was 53.9% ± 12.1%. The
indications for HBP were atrioventricular block (n = 13, 61.9%), sinus node dysfunction (n =
7, 33.3%) and upgrade from implantable cardioverter-defibrillator to His-cardiac
resynchronisation therapy (n = 1, 4.8%). No significant difference was observed in baseline
characteristics between Timeframe 1 and Timeframe 2. Improvements pertaining to mean
fluoroscopy time were achieved between the two timeframes. There was one HBP-related
complication of lead displacement during Timeframe 1. All patients with successful HBP
achieved non-selective His bundle (NSHB) capture, whereas only eight patients had selective
His bundle (SHB) capture. NSHB and SHB capture thresholds remained stable at the 12-month
follow-up.
Conclusion: Permanent HBP is feasible and safe, even without the use of an electrophysiology
recording system. This was successfully achieved in 75% of patients, with no adverse clinical
outcomes during the follow-up period.
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INTRODUCTION
Although right ventricular pacing (RVP) has been pursued successfully for decades, it may be
associated with adverse remodelling, leading to left ventricular dysfunction, functional mitral
regurgitation, left atrial dilatation and atrial fibrillation.(1-4) His bundle pacing (HBP) has
emerged as a viable alternative to RVP as it delivers more physiological patterns of ventricular
activation via the native His-Purkinje system.(5-7)
Challenges related to HBP include the learning curve of His bundle lead placement and
lack of robust HBP implantation tools; these result in a potential increase in the
procedure/fluoroscopy duration and an increase in threshold leading to shorter battery
longevity. Our centre is a non-university hospital with only two electrophysiologists without
prior experience of HBP and without any electrophysiological (EP) mapping system. The main
objective of this study is to share our HBP experiences, learning curves, outcomes and safety
as compared with the existing published literature.

METHODS
At our institution, Changi General Hospital, Singapore, we perform about 150 (by two
electrophysiologists) cardiac implantable electronic device (CIED) procedures per year.
Between 1 August 2018 and 28 February 2019, 28 patients underwent the HBP procedure. We
retrospectively reviewed the clinical and technical data collected at the time of implant and at
six-month and 12-month follow-ups. The study was approved by the institutional review board.
We started HBP at our centre in August 2018. As the operators had no prior experience
of HBP, the first two cases were performed with the help of an experienced proctor and
subsequent cases were performed by the local operators. Because our centre does not have an
EP recording system, we rely on a pacing system analyser alone. All HBP procedures were
attempted using a dedicated delivery sheath (C315 His, Medtronic, MN, USA) and a 4-Fr
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lumen-less active fixation lead with an exposed screw (3830 SelectSecureTM, Medtronic). The
HBP technique has already been described and published.(8,9) Briefly, after obtaining left
venous access (cephalic, subclavian or axillary vein), the C315 sheath (together with 3,830
SelectSecure lead at the tip of the sheath) was positioned near the His bundle region under
fluoroscopic guidance (right anterior oblique 30°). The other end of the lead was connected to
the atrial channel of the Medtronic Pacing System Analyzer to identify the His bundle
electrogram in the unipolar configuration. The lead tip was gently rotated clockwise, and once
the His electrogram was identified (or pace mapping was used to assess His capture on a 12lead electrocardiogram (ECG) if there was no identifiable His electrogram), the lead was
screwed in. The sheath was then pulled back to allow the lead to form a loop within the right
atrium. Next, capture threshold testing was performed at a pulse width of 1 ms, together with
the 12-lead ECG to determine non-selective, selective and right ventricular (RV) capture
thresholds (Figs. 1 and 2) according to the consensus document.(8,9) Once an acceptable capture
threshold was obtained, the sheath was slit and removed.
Immediate technical success was defined as a successful HBP with a satisfactory
capture threshold. In most patients, acceptable His bundle capture threshold was less than 2.0
V at 1 ms. In patients with His-Purkinje disease, a higher His bundle capture threshold may be
acceptable provided the RV capture threshold is significantly lower.(10) Patient demographics,
medical history, electrocardiographic and echocardiographic findings were reviewed. HBP
capture thresholds (performed at a pulse width of 1 ms) and other parameters were obtained at
implantation, one month, three months and six months after implant and every six months
thereafter, according to the recommended consensus.(10) For this study, we present only the
result of HBP capture thresholds at implant and at six and 12 months after implantation.
The period of recruited patients was divided into two timeframes to study the learning
curve. Timeframe 1 was defined as the first three months of the procedures that is, 1 August
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2018 to 31 October 2018 (n = 16) and Timeframe 2 was between 1 November 2018 and 28
February 28 2019 (n = 12). We investigated whether there was any improvement in the
following parameters: number of acute lead dislodgement, procedure, fluoroscopy and
radiation times.
Statistical analysis was performed only on the success cases of HBP. All data was
summarised using frequencies and percentages for categorical data and means and standard
deviation for continuous data. Comparison between the groups was accomplished using the
two-sample t-test. Statistical analysis was performed using IBM SPSS Statistics version 23.0
for Windows (IBM Corp, Armonk, NY, USA). A p-value < 0.05 was considered significant.

RESULTS
During the study period, 28 patients underwent HBP in our centre. Immediate technical success
was achieved in 21 (75.0%) patients.
The mean age of the patients (47.6% female) was 73.3 ± 10.7 years. The mean left
ventricular ejection fraction (LVEF) was 53.9% ± 12.1%. The indications for pacing were
atrioventricular (AV) block (n = 13, 61.9%), sinus node dysfunction (n = 7, 33.3%) and upgrade
from implantable cardioverter-defibrillator to His-cardiac resynchronisation therapy (n = 1,
4.8%). Previous history of atrial fibrillation and ischaemic heart disease was present in 12
(57.1%) and 8 (38.1%) patients, respectively (Table I).
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Table I. Baseline characteristics of patients with successful His bundle pacing (HBP).
Characteristics
No. (%)/mean ± standard deviation
Total
Timeframe 1
Timeframe 2
p-value*
(n = 21)
(n = 10)
(n = 11)
73.3 ± 10.7
74.7 ±10.9
72.0 ± 11.0
0.61
Age at implant (yr)
Gender
Male
11 (52.4)
6 (54.5)
5 (45.5)
1.0
Female
10 (47.6)
4 (40.0)
6 (60.0)
1.0
Ethnicity
Chinese
18 (85.7)
8 (44.4)
10 (55.6)
0.5
Malay
3 (14.3)
2 (66.7)
1 (33.3)
–
Chronic conditions
Diabetes mellitus
5 (23.8)
2 (40.0)
3 (60.0)
1.0
Hypertension
14 (66.7)
6 (42.9)
8 (57.1)
1.0
Ischaemic heart disease 8 (38.1)
5 (62.5)
3 (37.5)
1.0
Atrial fibrillation
12 (57.1)
6 (50.0)
6 (50.0)
1.0
53.9 ± 12.1
50.2 ±16.1
57.2 ± 6.0
0.19
Baseline LVEF %
Indications for HBP
Atrioventricular block 13 (61.9)
6 (46.2)
7 (53.8)
1.0
Sinus node dysfunction 7 (33.3)
3 (42.9)
4 (57.1)
1.0
Upgrade to CRT-His
1 (4.8)
1 (100.0)
0 (0.0)
–
pacing
Baseline QRS morphology
Native duration
15 (71.4)
6 (40.0)
9 (60.0)
1.0
RBBB
1 (4.8)
0 (0.0)
1 (100.0)
–
Left bundle brunch
4 (19.0)
3 (75.0)
1 (25.0)
–
block
RBBB + left anterior
1 (4.8)
1 (100.0)
0 (0.0)
–
fascicular block
100.91 ± 31.2
0.37
Baseline QRS duration (ms) 106.5 ± 29.4 112.7 ± 27.5
105.7 ± 24.0 113.5 ± 24.5
98.6 ± 22.2
0.16
Paced QRS duration (ms)
Timeframe 1 was Aug 2018–Nov 2018 and Timeframe 2 was Dec 2018–Feb 2019.
*Comparison of Timeframes 1 and 2. Values are mean ± SD, or number (%). CRT: cardiac
resynchronisation therapy; LVEF: left ventricular ejection fraction; RBBB: right bundle
branch block; SD: standard deviation

The intrinsic QRS morphology was normal in 15 (71.4%) patients, showed right bundle
branch block (RBBB) in 1 (4.8%) patient, left bundle branch block in 4 (19%) patients and
RBBB + left anterior fascicular block in 1 (4.8%) patient. The mean QRS duration before and
after HBP was 106.5 ± 29.4 ms and 105.7 ± 24.0 ms (p = 0.91), respectively (Table I).
Fig. 3 shows the fluoroscopy time and radiation dose during the implantation procedure.
The overall mean fluoroscopy time was 17.5 ± 11.1 min. The mean fluoroscopy time was
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shortened from 22.9 ± 13.1 min in Timeframe 1 to 12.6 ± 5.7 min in Timeframe 2, which was
statistically significant (p = 0.03). Likewise, the radiation dose exposure measured in the form
of dose area product was reduced from 8.6 ± 11.0 Gycm2 in Timeframe 1 to 4.4 ± 5.0 Gycm2
(p = 0.25) in Timeframe 2.
Fig. 4 shows the procedure time and the number of acute HBP lead displacements
during the implantation procedure. The overall mean procedure time was 117.0 ± 30.9 min.
The mean procedure time was also shortened from 128.1 ± 36.4 min in Timeframe 1 to 106.9
± 21.8 min in Timeframe 2, which trended towards significance (p = 0.12). The mean number
of acute HBP lead displacements trended lower in Timeframe 2 than in Timeframe 1 (0.11 vs.
0.57, p = 0.13, refer Table II).

Table II. Number of acute His bundle pacing lead displacements during the procedure
between two timeframes.
No. of acute lead
No. (%)
displacements
Timeframe 1
Timeframe 2
Total
4 (57.1)
8 (88.9)
12 (75.0)
0
2 (28.6)
1 (11.1)
3 (18.8)
1
1
(14.3)
0
(0.0)
1 (6.3)
2
7
9
16
Total

In our study, injury current at His bundle (ICHB) was recorded in 11 (52.4%) patients
with successful HBP. However, the mean non-selective His bundle (NSHB) and selective His
bundle (SHB) capture thresholds at implantation and at six-month and 12-month follow-up for
patients with and without ICHB were not statistically significant (Table III).
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Table III. Mean non-selective His bundle (NSHB) and selective His bundle (SHB)
capture thresholds at implantation and at six-month and 12-month follow-ups for
patients with and without injury current at His bundle (ICHB).
ICHB at the
Mean ± SD
time of implant
Selective HBP threshold (mth)
Non-selective HBP threshold (mth)
0
6
12
0
6
12
0.25 ± 0.0
1.75 ± 2.75 0.88 ± 0.12
1.81 ± 2.7
1.46 ± 1.05
1.14 ± 0.86
Without ICHB
0.68 ± 0.43 0.79 ± 0.29 1.42 ± 0.58 1.52 ± 1.73 2.39 ± 2.61
2.08 ± 2.92
With ICHB
–
0.23
0.07
0.56
0.16
0.14
p-value

All 21 patients with successful HBP achieved NSHB capture, whereas only 11 patients
had SHB capture. The mean NSHB capture threshold was 1.65 ± 1.10 V at 1 ms at implant.
Compared with the day of implant, the mean NSHB capture threshold at the six-month followup remained relatively stable at 1.95 ± 1.32 V at 1 ms (p = 0.42) and at the 12-month followup, at 1.68 ± 1.21 V at 1 ms (p = 0.89). Similarly, for the mean SHB capture thresholds, it was
0.56 ± 0.29 V at 1 ms on the day of implant and remained relatively stable at 1.18 ± 3.32 V at
1 ms (p = 0.17) during the six-month follow-up and 1.28 ± 0.43 V at 1 ms (p = 0.001) during
the 12-month follow-up. The mean RV capture threshold was 0.64 ± 0.20 V at 1 ms at implant.
At the six-month follow-up, this remained relatively stable at 0.75 ± 0.27 V at 1 ms, and at the
12-month follow up, it was 0.89 ±1.34 V at 1ms.
Complications were encountered in 2 (7.4%) patients with successful HBP, namely a
pneumothorax that occurred immediately after the procedure, requiring chest tube
thoracostomy, and lead dislodgement that required lead revision. Both complications occurred
during Timeframe 1. No infection necessitating device/lead removal or premature battery
depletion was noted in our cohort of patients with successful HBP. One patient died of sepsis
secondary to septic arthritis about six months after the procedure and another patient died of
renal complication one month after the procedure. Both cases were unrelated to the procedure.
HBP was unsuccessful in 7 (25%) patients because of lead placement. Six cases
occurred in the first timeframe and the remaining one occurred in the second timeframe. The
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majority of the unsuccessful cases (six patients, 85.7%) occurred in patients with an AV block.
Transthoracic echocardiography before the procedure in all these patients showed normal right
atrial and RV sizes. The main reason for unsuccessful HBP lead placement was the high capture
threshold of > 5 V at 1.0 ms (three patients, 42.8%). This was followed by the absence of the
His signal (two cases, 28.6%) and unstable His lead position resulting in recurrent
dislodgement (two cases, 28.6%). Four of these patients subsequently received RV septal
pacing and three patients received RV apical pacing. At the 12-month follow-up, the RV
capture thresholds remained stable in all patients.

DISCUSSION
We present the findings from 28 cases of HBP in a centre without an EP recording system and
for which only the pacing system analyser was used during implants.
The key findings of our study were that HBP was feasible, with an overall acute success
rate of 75%; HBP parameters were stable at the 12-month follow-up; HBP was safe, with one
HBP-related complication of lead displacement that required lead revision during the first
timeframe; and there was a short learning curve even for operators with no prior experience of
HBP.
The safety and feasibility of permanent HBP have been previously reported with a
success rate of 65% in the early experiences to as high as 85% in the new era in a high-volume
centre with experienced electrophysiologists.(5-7,11-13) Our current study shows that the success
rate was comparable to that in the study by Bhatt et al,(14) in which the acute implant success
rate was 75% at their experienced electrophysiology centre.
The mean fluoroscopy time for HBP in our study was acceptably low during Timeframe
2, at 12.6 min, without the use of an EP recording system. This finding was similar to that of
other larger studies(6-7,11-13) that used an EP recording system.
Kui SL, et al. A single-centre experience of His bundle pacing without electrophysiological mapping system:
implant success rate, safety, pacing characteristics and one-year follow up.
https://doi.org/10.11622/smedj.2022066

Singapore Medical Journal | Original Article

Page 9 of 16

Owing to challenging His bundle lead placement, the procedural and fluoroscopy time
are naturally longer for operators inexperienced in HBP. Studies have shown improvement of
the said outcomes over time, probably owing to accumulation of experience.(14,15) The
improvement observed in our study showed that even exposure to a relatively small number of
cases can result in gradual improvement in outcomes in a given time. Non-significant reduction
was noted in (a) the number of intra-procedure acute HBP lead displacements, (b) procedural
time, (c) dose of radiation exposure and (d) fluoroscopy time. Therefore, further increases in
collective operator experience may result in higher HBP success rates.
One of the major barriers to HBP is difficult lead implantation with acceptable capture
threshold because of the much smaller potential target area for lead placement. Therefore,
higher pacemaker energies were required to achieve His bundle capture compared with RV
capture.(10,13-15) A meta-analysis by Zanon et al(13) reported an average capture threshold of 1.71
V at the time of implant and 1.79 V at more than three months follow-up (at varying pulse
width). Our study showed that the mean HBP capture threshold was acceptable for both NSHB
(1.65 ± 1.10 V at 1 ms) and SHB (0.56 ± 0.29 V at 1 ms) at the time of implant. We also showed
the relative stability of the mean NSHB capture threshold (1.65 ± 1.10 V at 1 ms and 1.68 ±
1.21 V at 1 ms, respectively, p = 0.39) and mean SHBP capture threshold (0.56 ± 0.1 V at 1
ms and 1.28 ± 0.43 V at 1 ms, respectively, p = 0.10) on the day of implant and at the 12-month
follow-up. This provides further reassurance that HBP is a feasible alternative to RV pacing,
even without the use of an EP recording system. An alternative to mitigate this barrier would
require further evolution of implantation tools and techniques for HBP, which includes changes
in lead design, battery longevity and capture management algorithms.
Previous studies have shown that ICHB at the time of implant correlates with adequate
lead fixation and excellent capture thresholds.(16,17) Vijayaraman et al(18) first described ICHB
in 37% of patients during permanent HBP. They suggested that it may be a marker for superior
Kui SL, et al. A single-centre experience of His bundle pacing without electrophysiological mapping system:
implant success rate, safety, pacing characteristics and one-year follow up.
https://doi.org/10.11622/smedj.2022066

Singapore Medical Journal | Original Article

Page 10 of 16

short-term HBP capture thresholds on the basis of their findings of significantly lower capture
thresholds achieved compared with that in patients without recorded ICHB.(18) However, our
results showed no significant differences in both mean SHB and NSHB capture thresholds
when comparing those with ICHB and those without.
This study has some limitations. This was a retrospective, observational study analysing
a small cohort of patients who underwent HBP. Despite this limitation, our findings, in
particular, procedure-related complications and SHBP and NSHBP capture threshold stability
are consistent with existing data.(10,13-15) A larger sample size would be required to demonstrate
statistically significant reduction in implantation measurements such as fluoroscopy time,
procedure time, number of acute lead displacements during the procedure, and dose of radiation
exposure. Another important limitation is that NSHB pacing may not be able to clearly
differentiate (the transition zone) from RV pacing in certain cases at implantation, which
underscores the advantage of the EP recording system over the pacing system analyser. More
long-term follow-up is required to evaluate the stability of capture thresholds. Beside the
technical aspect of HBP, there is a need to evaluate long-term clinical outcomes of HBP, such
as new-onset atrial fibrillation, heart failure-related hospitalisation and mortality. To date, there
is no published large-scale randomised control trial that compared HBP with conventional RV
pacing. Therefore, a control group (RV pacing) is needed to compare the long-term clinical
outcomes.
In conclusion, HBP is feasible and safe in our centre, even without the use of an EP
recording system. The technique can be readily learned with high success rates comparable to
those in the existing literature. NSHB and SHB capture thresholds were stable until the 12month follow-up.
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FIGURES

Fig. 1 ECG shows transition of non-selective His bundle (NSHB) pacing to selective His
bundle pacing from the pacing system analyser strip at a sweep speed of 50 mm/s. The marker
channel is in the middle of tracing, in which ‘AP’ indicates pacing at the His Bundle region.
The ECG tracing (lead II) is above the marker channel. The intracardiac electrogram is below
the marker channel. The local electrogram (arrow) is discrete from the pacing stimulus
compared with the preceding beat, suggesting selective His bundle pacing with loss of
ventricular capture. The corresponding surface ECG QRS (arrow head) is narrower (120 ms)
than the previous QRS complex (160 ms). Therefore, the NSHB capture threshold is 0.6 V at
1 ms.
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Fig. 2 ECG of the same patient in Fig. 1 shows a transition from selective His bundle (SHB)
pacing to ventricular pacing based on the pacing analyser strip, which has a sweep speed of 50
mm/s. The marker channel is in the middle of the tracing in which ‘AP’ indicates pacing at the
His bundle region. The ECG tracing (lead II) is above the marker channel. The intracardiac
electrogram is below the marker channel. There is no discrete local electrogram (arrow) at
pacing compared with the preceding beat, suggesting pure ventricular capture because of loss
of SHB capture threshold. The corresponding surface ECG QRS (arrowhead) is wider (200 ms)
than the previous QRS complex (120 ms). Therefore, the SHB capture threshold is 0.3 V at 1.0
ms. The RV capture threshold is < 0.2 V at 1.0 ms.
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Fig. 3 Graph shows reduced fluoroscopy time and radiation between two timeframes. DAP:
dose area product
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Fig. 4 Graph shows improvement in procedure time and mean number of acute lead
displacement between two timeframes.
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