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Abstract With the increasing interest in conduction system pacing (CSP) over the last few years and the inclusion of this treatment
modality in the current guidelines, our aim was to provide a snapshot of current practice across Europe. An online ques-
tionnaire was sent to physicians participating in the European Heart Rhythm Association research network as well as to
national societies and over social media. Data on previous experience with CSP, current indications, preferred tools, unmet
needs, and perceptions for the future are reported and discussed.
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What’s new?

• Over half of 184 respondents had previous experience with either
His bundle pacing or left bundle branch area pacing (LBBAP), indicat-
ing high adoption rates (but most of the data reflected practice in
university centres).

• Themain reason (75% of the respondents) for not adopting conduc-
tion system pacing (CSP) was lack of training, and only a minority
(4.4%) believed that CSP was not useful.

• Conduction system pacing was the preferred pacing modality in pa-
tients with a bradycardia indication.

• Biventricular (BiV) pacing remains the preferred strategy in patients
with an indication for cardiac resynchronization therapy with a left
bundle branch block.

• The majority of CSP implantations are performed using lumenless
leads, although most participants reported that they have also
used stylet-driven leads for LBBAP.

• It is anticipated that CSP (mainly LBBAP) will predominate over con-
ventional right ventricular and BiV pacing in the future.

Introduction
With the advent of new tools that have increased implantation success
rates,1 conduction system pacing (CSP) has been gaining marked inter-
est over the last few years for providing a more physiological alternative
to right ventricular pacing (RVP) and also for cardiac resychronization
therapy (CRT). His bundle pacing (HBP) was introduced for the
first time in the European Society of Cardiology (ESC) guidelines on
supraventricular tachycardias as a Class I (Level of evidence C) recom-
mendation for an ‘ablate and pace’ indication for treating tachycardio-
myopathy.2 The 2021 ESC pacing and CRT guidelines expanded the use
of HBP as a Class IIa (Level of evidence B) indication as rescue therapy
for failed CRT implantation and defined a Class IIb (Level of evidence C)
indication as an alternative to RVP in patients with left ventricular ejec-
tion fraction (LVEF)> 40% who require >20% ventricular pacing, as
well as for patients with an ‘ablate and pace’ indication.3 No recommen-
dations were made on left bundle branch area pacing (LBBAP) due to
limited evidence at the time of writing the guidelines. A considerable
number of reports have been published since then and are shaping
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current clinical practice. Despite not having been included in the ESC
guidelines as yet, LBBAP seems to be overtaking HBP due to superior
electrical thresholds, shorter procedural durations, and higher success
rates.4 The aim of this European Heart Rhythm Association (EHRA)
survey is to evaluate the current status of CSP adoption amongst device
implanters.

Methods
An online EHRA survey consisting of 22 questions was prepared by a writ-
ing group appointed by the EHRA scientific initiatives committee and dis-
tributed to members of the EHRA research network involved with
device implantation. We also contacted the members of our National
Societies and distributed invitations via social media platforms (Twitter,
LinkedIn, and Facebook). The EHRA survey was conducted between 14
April and 22 May 2022.

Statistical analysis
Continuous variables are presented as mean and standard deviation, while
categorical variables are expressed as percentages based on available data
(as it was not obligatory to fill out all the fields). Descriptive statistics
were performed using Microsoft Excel (Microsoft Corporation,
Redmond, WA, USA).

Results
A total of 184 physicians filled out the online questionnaire. Each ques-
tion was answered on average by 90.6± 8.8% of the respondents.

Profile of the respondents and previous
experience with conduction system pacing
Respondents were based in 31 countries, mostly aged 30–50 years
(77.2%), with 81.2% being male, working mostly in a university hospital

(69.6%) followed by in a specialized cardiology centre (12.2%). Of the
respondents, the average experience with device implantation was
12.3± 8.5 years. Conduction system pacing had been implanted by
117 (63.6%) respondents. Both HBP and LBBAP had been implanted
by 86 (46.7%) respondents, only HBP by 9 (4.9%) and only LBBAP by
22 (12.0%). Of 95 physicians who had previously implanted HBP,
32.6% had experience with> 40 implantations and 16.8% with >100
implantations. Of 108 physicians who had previously implanted
LBBAP, 40.7% had experience with >40 implantations and 18.5%
with >100 implantations. About half of the HBP implanters had started
since ≥2 years, whereas LBBAP implantation was more recent with
only a fifth having had this experience. Of the few physicians who
were only implanting HBP, 7/9 (77.8%) were planning to start implant-
ing LBBAP, whereas only 4/22 (18.2%) of physicians who were per-
forming only LBBAP declared that they were planning to start HBP.
Of 67 respondents who had never implanted CSP, 41.8%were planning
on starting in the future.

Amongst respondents who gave a reason for not having yet started
implanting CSP, the main motives (several possible answers) were lack
of training (75.0%), lack of necessary tools at the implanting centre
(33.8%), restricted lab time (22.8%) or requirement for a 12-lead elec-
trocardiogram (ECG)/electrophysiology recording system (16.2%).
Only a minority had not started yet because of lack of evidence
(11.8%) or because they did not believe CSP to be useful (4.4%).

Pacing indications among conduction
system pacing implanters
The distribution of pacing types for different indications is shown in
Figure 1. For anti-bradycardia pacing, CSP was preferred only if ven-
tricular pacing was frequent (>20% of the time), in 42.9% of the respon-
dents, whereas CSP and RVP were preferred by default in 30.6 and
26.5% of the respondents respectively. On average, 44.4± 34.8% of
all anti-bradycardia pacing was performed using CSP, but responses
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Figure 1 Preferred pacing modality according to indication amongst physicians who implant conduction system pacing. ‘Other’ includes
His-optimized and left bundle pacing optimized CRT (HOT-CRT and LOT-CRT, respectively). AV, atrioventricular; BiV, biventricular; CRT, cardiac
resynchronization therapy; HBP, is bundle pacing; LBBAP, left bundle branch area pacing; LBBB, left bundle branch block; LVEF, left ventricular ejection
fraction; RVP, right ventricular pacing.
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were very heterogenous, ranging from 1 to 100% of the cases. The ma-
jority of the respondents opted for biventricular (BiV) pacing in patients
with a CRT indication and left bundle branch block (LBBB) but in only
half of the patients in case of non-LBBB. On average, CSPwas implanted
in 33.0± 30.8% of the patients with a CRT indication (ranging from 0 to
90% of patients). In the case of failed coronary sinus lead implantation,
94.7% of respondents replied that they would switch to CSP.

Technical aspects of conduction system
pacing implantation
A backup lead for HBP was used in pacemaker-dependent patients by
43.7% of the respondents and by 25–30% of respondents in patients
with high-grade atrioventricular block (AVB), ‘ablate and pace’ indica-
tion, high capture thresholds or sensing issues. Backup leads were never
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Figure 3 Perceived obstacles for adoption of conduction system pacing. HBP, His bundle pacing; LBBAP, left bundle branch area pacing.
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Figure 2 Preference of lead type according to pacing modality. HBP, His bundle pacing; LBBAP, left bundle branch area pacing; SDLs, stylet-driven
leads.
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used by 14.9% of the respondents in the case of HBP, compared with
68.2% in the case of LBBAP. In the setting of LBBAP, backup leads were
used in 5–15% of the patients with pacemaker dependency, high-grade
AVB, ‘ablate and pace’ indication, or in case of sensing issues.

Lumenless leads were predominantly used compared with stylet-
driven leads (SDLs) for HBP, and to a lesser extent for LBBAP (see
Figure 2).

Perceptions regarding conduction system
pacing
The perceived obstacles for the general adoption of CSP in the future
are shown in Figure 3. The main hurdles for CSP follow-up (reported by
about 45% of the respondents) were the lack of trained personnel, re-
quirement for more time, and recording of a 12-lead ECG. Suggested
priorities in innovation for improving CSP adoption are displayed in
Figure 4. Overall, the majority of the respondents believe that CSP (es-
pecially LBBAP) will predominate in the future over conventional RVP
or BiV pacing (see Figure 5).

Discussion
Our EHRA survey indicates that over half of the respondents have per-
formed CSP, albeit in relatively limited numbers (mostly <40 cases).
The main reason for physicians to have not yet started implanting
CSP was the lack of training, which was also the main obstacle men-
tioned as a hurdle for performing CSP follow-up and for future adop-
tion of CSP. This underlines the need for educational and training
activities in this field. The upcoming EHRA consensus document on im-
plantation technique for CSP implantation (due in 2023) should provide
a framework to standardize CSP implantation.

In the subset of physicians who had started CSP implantation for
anti-bradycardia indications with requirement for frequent ventricular
pacing, CSP predominated over RVP in patients with preserved LVEF
and over BiV pacing in case of reduced LVEF. Overall, slightly less
than half of all devices for anti-bradycardia pacing were CSP (as not
all of these patients require frequent ventricular pacing). This propor-
tion is likely to grow as the physicians gain experience and the workflow
in the operating rooms gets streamlined over time for CSP
implantation.
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Figure 4 Unmet needs and priorities for innovation for facilitating adoption of HBP and LBBAP. Abbreviations as in Figure 3.
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Figure 5 Anticipated application of different pacing modalities according to indication. Abbreviations as in Figure 1.
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In patients with a CRT indication and LBBB, > 70% of CSP implan-
ters continue to implant BiV pacing, which is in line with the sound evi-
dence for this therapy from randomized controlled trials5 and the
absence of first-line indications for CSP in CRT candidates in current
guidelines.3 The small randomized studies6–9 which compared CSP
with BiV pacing have shown promising results, but more data are re-
quired before CSP can become more firmly anchored in the guidelines.
The question also remains if patients with non-LBBB or CRT non-
responders will benefit more from CSP than from BiV pacing.10

Observational data from a limited number of patients are
encouraging11,12 but require further confirmation. Some of the respon-
dents have indicated that they combine CSP with BiV pacing.
His-optimized or LBBAP-optimized CRT (termed HOT-CRT and
LOT-CRT, respectively) have been shown to significantly improve elec-
trical synchrony compared to each modality alone13 and exploit a syn-
ergistic effect with a fusion of activation wavefronts.

Daily clinical practice is likely to evolve before recommendations be-
come implemented in guidelines. For example, HBP has been shown to
be effective in an ‘ablate and pace’ indication14,15 and is currently re-
commended in the ESC guidelines,2,3 whereas this is not yet the case
with LBBAP. However, due to the risk of compromising HBP thresh-
olds by ablating near the lead tip,16 LBBAP is probably already being
used in the overwhelming majority of patients with this indication.

Overall, LBBAP was more often used than HBP in our EHRA survey
and was anticipated to predominate in the future, which is not surpris-
ing, given the reasons mentioned in the introduction. There are never-
theless advantages and limitations of both techniques.17 The main
advantages of HBP are a narrower QRS complex18 and well-defined
endpoints for conduction system capture.19 The main limitations are
suboptimal electrical parameters18,20 and high incidence of lead revi-
sion.21 Left bundle branch area pacing on the other hand has excellent
electrical parameters, but long-term lead survival and extractability are
uncertain. The learning curve for HBP flattens out at about 40–50 cases
in the hands of experienced device implanters.22,23 Left bundle branch
area pacing success rate has been reported to be higher compared with
HBP,18 but the definition of success is variable in different studies. The
multicentre MELOS study has shown that LBBAP implantation is suc-
cessful in 92.4% of bradycardia indications and in only 82.2% of heart
failure indications and that the learning curve may require as many as
100 cases to flatten out.24 These findings support the continued use
of HBP and coronary sinus pacing as alternatives in case LBBAP is
not successful or does not yield favourable results.

A ventricular backup lead was used in a minority of patients with
HBP, despite high-risk features such as pacemaker dependency and
suboptimal electrical parameters. This is contrary to the 2021 ESC pa-
cing and CRT guidelines,3 which gave a Class IIa (Level of evidence C)
recommendation for a backup lead in these selected patients. The rec-
ommendation was formulated in the interest of patient safety, given the
high rate of requirement for HBP lead revision.21 It is also surprising
that backup leads were implanted with LBBAP (albeit in a minority of
patients), as electrical parameters are usually excellent with this pacing
modality. The practice probably reflects the initial experience during
the learning curve of the operators.

Lumenless leads were preferred over SDLs, especially for HBP, as
they were introduced earlier for CSP. Lumenless leads are more resist-
ant to screw damage than SDLs when repositioning is required, espe-
cially for HBP, which targets fibrotic sites. However, SDLs are gaining
popularity for LBBAP,25 as penetration of the interventricular septum
may be facilitated by greater backup by the stylet and by stiff delivery
sheaths. Most major manufacturers are currently developing tools
that will facilitate implantation and probably increase SDL adoption
for LBBAP.

Unmet needs and perceived priority for innovation in CSP varied
slightly between HBP and LBBAP. Due to high capture thresholds
that may be encountered with HBP, the requirement for increased

battery longevity was stressed, followed by better delivery catheters
for locating the His bundle and for automatic algorithms to facilitate
programming (which can be complex).26,27 For LBBAP, an improved
lead and delivery catheter design was the main request, most probably
to facilitate challenges such as penetration of the interventricular
septum.

Study limitations
The number of participants in the EHRA survey was relatively limited.
Furthermore, the majority of the respondents were based in academic
centres and were experienced with over a decade of practice with de-
vice implantation. Therefore, the results of our EHRA survey are likely
to be biased and may not reflect common practice.

Conclusions
Our EHRA survey provides a snapshot on adoption of CSP and indi-
cates that the technique has gained mainstream clinical practice in
many centres. There is likely to be continued uptake of CSP (predom-
inantly of LBBAP) as familiarity and expertise with implantation grows,
new tools are developed to facilitate the procedure, and more data are
published to confirm the safety and effectiveness of this treatment
modality.
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