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Aims The field of conduction system pacing (CSP) is evolving, and our aim was to obtain a contemporary picture of European CSP
practice.
Methods A survey was devised by a European CSP Expert Group and sent electronically to cardiologists utilizing CSP. A total of 284

and results physicians were invited to contribute of which 171 physicians (60.2%; 85% electrophysiologists) responded. Most (77%) had

experience with both His-bundle pacing (HBP) and left bundle branch area pacing (LBBAP). Pacing indications ranked highest
for CSP were atrioventricular block (irrespective of left ventricular ejection fraction) and when coronary sinus lead implant-
ation failed. For patients with left bundle branch block (LBBB) and heart failure (HF), conventional biventricular pacing re-
mained first-line treatment. For most indications, operators preferred LBBAP over HBP as a first-line approach. When HBP
was attempted as an initial approach, reasons reported for transitioning to utilizing LBBAP were: (i) high threshold (reported
as >2V at 1 ms), (ii) failure to reverse bundle branch block, or (i) > 30 min attempting to implant at His-bundle sites.
Backup right ventricular lead use for HBP was low (median 20%) and predominated in pace-and-ablate scenarios.
Twelve-lead electrocardiogram assessment was deemed highly important during follow-up. This, coupled with limitations
from current capture management algorithms, limits remote monitoring for CSP patients.

Conclusions This survey provides a snapshot of CSP implementation in Europe. Currently, CSP is predominantly used for bradycardia
indications. For HF patients with LBBB, most operators reserve CSP for biventricular implant failures. Left bundle branch
area pacing ostensibly has practical advantages over HBP and is therefore preferred by many operators. Practical limitations
remain, and large randomized clinical trial data are currently lacking.
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What’s new?

® The highest ranked pacing indications for CSP are atrioventricular
block (irrespective of left ventricular ejection fraction) and when
coronary sinus lead implantation failed.

e Conventional biventricular pacing remains first-line treatment for
patients with LBBB and HF.

® For most indications, operators prefer LBBAP over HBP as a first-
line approach.

® When HBP was attempted as an initial approach, reasons reported
for transitioning to utilizing LBBAP were: (i) high threshold (re-
ported as >2 V at 1 ms), (ii) failure to reverse bundle branch block,
or (i) > 30 min attempting to implant at His-bundle sites.

® Backup right ventricular lead use for HBP is low (median 20%) and
predominated in pace-and-ablate scenarios.

Introduction

Permanent His-bundle pacing (HBP) was first reported over 20 years
ago' as a means of providing physiological ventricular activation and
currently features in major societal guidelines.>”” More recently, left
bundle branch area pacing (LBBAP) using a transseptal approach was
described®” as an approach for delivering physiological pacing in cases
where HBP could not be delivered. Its use though has expanded, and it
is now often reported as a first-line approach for providing physiologic-
al pacing.'®"" Left bundle branch area pacing is currently however, not
included in either the European or US guidelines for pacing therapy.
This is perhaps because much of the published data were not available
when the guidelines were being prepared. Most of the data regarding
the safety and efficacy of conduction system pacing (CSP) come from
observational studies, with only small numbers of patients included in
randomized studies to date.

His-bundle pacing and LBBAP are both promising pacing options as
they might prevent or mitigate the ventricular dyssynchrony and mech-
anical adverse remodelling associated with right ventricular (RV) pacing
or even biventricular pacing when utilized in patients with bradycar-
dia.>™® His-bundle pacing and LBBAP may also have a role for patients
currently indicated for traditional biventricular pacing [LBBB >150 ms
and heart failure (HF)]'? as CSP can frequently correct bundle branch
block, resulting in more rapid ventricular activation times."®

The objective of this study was to conduct and report a survey from
a sample of European device implanters with a range of experience in
CSP. Our aim was to gather information regarding current CSP practice
as well as desired developments in the field. We looked to better
understand: (i) patient selection, (ii) implant techniques, (iii) physician
preference for HBP vs. LBBAP, (iv) backup lead utilization, (v) patient
follow-up approaches, and (vi) desired developments in the field.

Methods

A group of 20 experienced device implanters from 14 European countries,
with expertise in both HBP and LBBAP, was gathered with the responsibility
of (i) developing a detailed questionnaire on CSP, (i) identifying and sending
the questionnaire to physicians performing CSP, and (iii) reviewing and in-
terpreting the analyses.

A literature search first identified relevant publications, consensus docu-
ments and guidelines to determine reported potential indications for CSP.
A total of nine®®"*"7 publications reporting recommendations on the ap-
plication of CSP in selected patients were considered and used as a base for
developing the first round of the questionnaire. Table 1 reports the identi-
fied indications for CSP (i.e. HBP).

The results of the literature search were discussed by the steering group
leading to the formation of the questions to include within the proposed
survey (see Supplementary material online, Appendix S1 details the survey
questions in full). The survey consisted of a total of 35 questions: 8 were

Table 1 Comparison of cardiovascular society guidelines
indications for CSP

Patients with AVB/atrioventricular conduction disorders

Consider His-bundle pacing in patients with Class Level
pacemaker-adapted atrioventricular conduction disorders  lla A
with predicted high-frequency ventricular pacing and
moderate reduced left ventricular systolic function [left
ventricular ejection fraction (LVEF) 36-50%].*

His-bundle pacing may be considered in patients with Class Level
pacemaker-adapted atrioventricular conduction disorders  lib C
in whom high-frequency ventricular pacing is predicted and
no left ventricular systolic dysfunction is observed.*

His-bundle pacing may be considered as an alternative Class Level

ib C

to right ventricular (RV) pacing in patients with AVB and
LVEF >409%, who are anticipated to have >20%
ventricular pacing.3

In patients with AVB who have an indication for permanent Class Level
pacing with a LVEF between 36 and 50% and are expected  lia B
to require ventricular pacing more than 40% of the time, it
is reasonable to choose pacing methods that maintain
physiologic ventricular activation [e.g. cardiac
resynchronization therapy (CRT) or His-bundle

pacing] over RV pacing.2
In patients with AVB at the level of the atrioventricular Class Level
node who have an indication for permanent pacing, lib B

His-bundle pacing may be considered to maintain
physiologic ventricular activation.”

CRT-indicated patients

His-bundle pacing may be considered in patients with CRT Class Level
indications who do not require defibrillation function if lib C
conventional transcoronary left ventricular lead pacing is
ineffective or cannot be established for any reason.*

In CRT candidates in whom coronary sinus lead Class Level
implantation is unsuccessful, His-bundle pacing lia B
should be considered as a treatment option.®

Ablate and pace patients

His-bundle pacing with a ventricular backup lead may be Class Level
considered in patients in whom a ‘pace-and-ablate’ lib C
strategy for rapidly conducted supraventricular
arrhythmia is indicated, particularly when the intrinsic
QRS is narrow.’

AV nodal ablation with subsequent pacing (‘ablate and Class Level
pace’), either biventricular or His-bundle pacing, is I C
recommended if the tachycardia responsible for the
tachycardiomyopathy cannot be ablated or controlled by

drugs.®
AV nodal ablation followed by pacing (preferable Class Level
biventricular or His-bundle pacing) should be lia C

considered for patients with left ventricular dysfunction
due to recurrent multifocal atrial tachycardia refractory
to drug therapy.®

Light Blue shading indicates recommendations from ESC 2021 Pacing guideline, Dark
Blue shading indicates recommendations from ESC 2019 SVT guideline, Light Red
shading indicates recommendations from 2021 Annual JCS/JHRS guideline, Red
shading indicates recommendations from ACC/AHA 2018 Pacing guideline.
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Survey sent to 284 clinicians

2
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Survey completed by 171 clinicians:

« 85% Electrophysiologists
« 12% General cardiologists
Heart Failure Cardiologist

25
' . 3%

38 physicians excluded due to
<10 implant experience

v

133 physicians included
Experience included:

« 72 physicians 10-40 cases
+ 29 physicians 41-99 cases
- 32 physicians 100+ cases

Figure 1 Summary of respondent’s profile.

introductory questions aimed at stratifying the sample of respondents, 5 fo-
cused on patient selection, 20 on clinical practice (12 were related to the
implant procedure, 5 to the follow-up management, and 3 to the use of
backup leads), the last 2 questions aimed to explore potential areas for im-
proving CSP.

Each member of the steering group sent the on-line survey to at least 10
physicians with expertise in CSP in their geographical area. A total of 284
invitations were sent and 171 European physicians completed the survey
anonymously via Qualtrics electronic platform'® (response rate 60.2%).
We only considered survey responses from physicians with at least a
10-patient experience in CSP. The subsequent surveys were reviewed
and discussed by the steering group.

Statistical analysis

Descriptive statistics were used to summarize respondents’ characteristics
and survey results. This includes fractions and percentages for categorical
variables and median (Q1-Q3) for continuous variables. One sample pro-
portion test was used to evaluate any difference in preference between
HBP and LBBAP. No imputation was used. A two-sided P-value of <0.05
was considered to indicate statistical significance. All statistical analysis
was performed using R Statistical Software (version 3.4.2; R Foundation
for Statistical Computing, Vienna, Austria).

Results

Physicians surveyed

The survey was completed by 171 physicians after being sent to 284
clinicians from 18 European countries (response rate 60.2%). The
role, location, and experience of those surveyed are displayed in
Figure 1 and Supplementary material online, Appendix S2. Responses
from 133 physicians were included in the analysis; the responses
from 38 physicians were not included in the main analysis as they did
not meet the CSP implantation experience (>10 cases) which was a
prespecified criteria.

The majority of respondents (77%) had experience with both HBP
and LBBAP techniques. Of the physicians with experience in both tech-
niques, just 8.7% currently perform mainly HBP when attempting CSP
in clinical practice, while 43% mostly perform LBBAP, the remaining
48.3% perform both techniques. From the remaining 23% with experi-
ence of just one technique, 13% perform HBP and 10% LBBAP.

Understanding physician decision-making

Ninety-nine per cent of physicians surveyed believe that CSP ap-
proaches have clinical advantages over alternative pacing approaches.
The main reported advantages were its ability to prevent HF (99% of
respondents) and to improve patient quality of life (72% of respon-
dents). For these reasons, implanters consider its role for patients (i)
likely to have a high burden of ventricular pacing or (ii) who have left
ventricular (LV) impairment prior to pacemaker implantation.

Surveyed implanters felt that experience and training (i.e. ‘need for
several procedures before being confident’) was the most substantial
barrier to greater adoption of the technique compared with other pa-
cing techniques. When compared with conventional biventricular (BiV)
pacing, 37% of responders felt that lack of implant kit limited the ap-
proach. Very few surveyed physicians felt that the lack of an electro-
physiology (EP) recording system was a limiting factor (only 10% of
those surveyed).

Indications for conduction system pacing
The three most frequently selected appropriate indications for CSP in-
cluded patients with (i) atrioventricular block (AVB) and narrow QRS,
(ii) failed biventricular cardiac resynchronization therapy (CRT), and (iii)
atrial fibrillation (AF) with planned AV node ablation (Figure 2). This
practice seems to be in line with current Guideline recommenda-
tions.”™ Atrioventricular block with broad QRS was also a frequent
first choice indication in the surveyed physicians (17% first rank).
Conversely, few physicians who were surveyed favoured using CSP
as the first-line CRT approach for patients with HF and bundle branch
block (6% first rank) and few ranked sinus node disease highly as an in-
dication for CSP.

His bundle pacing, left bundle pacing,

or biventricular pacing?

Across all pacing indications, LBBAP was the preferred approach in
most cases. His-bundle pacing preference was limited to patients
with (i) AVB and narrow QRS (47.1 vs. 42.9%; conduction disease pos-
sibly more proximal) and (ii) patients with sinus node disease (54.5 vs.
34.1%; no manifest evidence of AV conduction disease).
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Specialists consider this the
Strongest indication for CSP

|

AVB and narrow QRS
Failed BiV CRT

Pace & ablate

Specialist consider this the
Weakest indication for CSP

Specialists consider this
Not an indication for CSP

Physician ranking of
— preference for CSP use by
pacing indication

Slowly conducted AF -
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Sinus node disease 6th
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Figure 2 Survey answers on CSP indications. Reports the ranking of respondent’s preferences for CSP for different pacing indications. Patients with
AVB and narrow QRS were considered the strongest indication for CSP conversely. Patients with BBB and low ejection fraction (EF) were most fre-
quently considered not indicated for CSP. AVB, atrioventricular block; BBB, bundle branch block; CSP, conduction system pacing.

Preference between HBP and LBBAP by indication

AVB and narrow QRS |

Failed BiV CRT

Pace & Ablate

Slowly conducted AF

AVB and wide QRS

Sinus node di

BBB and Low EF

All-comers

40 20

20 40 60

Respondents (N)

! prefer P [ 1 do not have preferences between HBP and LBBAP  [JJ] 1 prefer LBBAP

Figure 3 Preferences between HBP and LBBAP by indication. HBP, His-bundle pacing; LBBAP, left bundle branch area pacing.

Surveyed physicians reported ‘conduction disease location’ to be a
key consideration when selecting a CSP approach with likely distal dis-
ease being a negative factor for HBP but not LBBAP.

For patients with bundle branch block and severely impaired LV func-
tion, BiV pacing was the preferred pacing option in 75% of surveyed
physicians (median value). If this failed though left bundle area pacing
was the second-choice option, rather than HBP, in the overwhelming
majority of respondents (Figure 3).

Implant approach considerations

Tools used

Fixed curve sheaths were the preferred first choice delivery approach
for both HBP and LBBAP in 88% of surveyed physicians, despite the
availability of more novel deflectable sheaths. Deflectable sheaths
were preferred by just 12% of those surveyed. In ~60%, the preferred
lead type was the lumen-less lead (3830 Medtronic). For the remaining
physicians, there was a greater preference for stylet driven leads when

utilizing LBBAP compared with HBP (29 vs. 14%, P=0.02) this is per-
haps because they felt it to be easier to deploy a stylet driven lead
into the interventricular septum compared with at the His-bundle
location.

Mapping the His bundle

When planning to perform HBP, most respondents (78%) report that
they identify the His bundle using the pacing lead in unipolar fashion. EP
mapping catheters (90% of responders) or 3D mapping systems (95%
of responders) are infrequently deemed to be necessary. About
one-third of operators map the His in all their LBBAP procedures
(33%) and 30% map the His in some cases.

Acceptable capture response

Following lead deployment at the His-bundle position, acceptable cap-
ture threshold was felt to be the key priority to check (88% of respon-
dents) followed next by the observation of a change in
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Real World Physicians Approach for Assessing Conduction System Capture

His Bundle
targeted

Higher concern for capture threshold
(Physicians tend to check this early)

Left Bundle
targeted

Lower concern for capture threshold

First:
12 lead ECG review

Assessment of
QRS duration and pattern

Next key confirmatory step:

Threshold test for morphology
change with change in capture

Next key confirmatory step:

LVAT and V1-V6 interpeak
measurements

Frequently considered next step if needed

Review lead EGM data
Look for latency, change in
activation from stimulus

Review lead EGM data
Impedance measure for septal
depth and safety

Less frequently considered steps to confirm capture
(but deliver high specificity)

Programmed Electrical Stimulation

Programmed Electrical Stimulation

Figure 4 How surveyed physicians approach their assessment of conduction system capture. ECG: electrocardiogram; EGM: electrogram; LVAT: left

ventricular activation time measured from pacing stimulus to R-wave peak in V5 or V6; V1-V6 interpeak measurement: R-wave peak time (measured as
the V6-V1 interpeak interval measured from R-wave peak in V5/6 to the R-wave peak in V1).

electrocardiogram (ECG) morphology during threshold testing, in or-
der to confirm His-bundle capture.

Conversely, thresholds were reported to be less of a priority at the
left bundle location (perhaps as there is an assumption that they are
likely to be lower and therefore less of a clinical problem) and the
top priority was the paced ECG response (96%) to confirm capture
type. This was followed by lead impedance, which is often used as a
marker for progression through the septum and therefore safety
(low impedance suggests potential septal perforation).

For both techniques, the paced ECG response (and paced QRS dur-
ation) were deemed to be the most useful and important technique for
confirming optimal lead position (~95% of surveyed physicians). For
HBP, lead electrogram recordings and the assessment of any latency
period were the next most important features, these characteristics
can help determine whether His-bundle capture has been achieved

and specifically whether it is selective or non-selective. For LBBAP how-
ever, the additional markers considered important were LV activation
time (LVAT; typically measured from pacing stimulus to R-wave peak in
V5 or V6) and the R-wave interpeak time (typically measured as the
V6-V1 interpeak interval measured from the paced R-wave peak in
V5/6 to R-wave peak in V1'%). These are widely cited markers to
help identify the likely presence of left bundle capture. Assessing for
change in morphology with HBP was more frequently reported than
for LBBAP to confirm capture (Figure 4).

Switching from His-bundle pacing to left bundle branch
area pacing or abandoning an implant attempt

In HBP implants, failure to capture the conduction system or a high pa-
cing threshold (indicated as >2 V at 1 ms by the most of respondents)
were considered the main factors to give up an HBP approach and/or to
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When do you consider using RV backup lead in HBP patients?

Patient with
pacemaker dependency

Pace & ablate procedure
High pacing threshold

Patient with infra-nodal block

Patient with
high-grade AV block
For sensing in case of
issues with detection
In ase of implanter
with less experience

Never

Reimbursement reasons

Figure 5 Questions and answers of the survey on backup lead use.

switch to LBBAP. Other reported reasons included (i) failure of bundle
branch recruitment in BBB, (ii) sensing issues, or (iii) if the His lead po-
sitioning was taking longer than 30 min.

Time constraints were considered less of a limitation for LBBAP. The
two main reasons reported to abandon a left bundle pacing attempt
were failure to reverse bundle branch block and difficulties fixating
the lead deep within the septum.

Backup lead use

The minority (18%) of physicians stated they would never consider a
backup lead when utilizing an HBP strategy. In contrast, the overwhelm-
ing majority (78%) of surveyed physicians reported that they did not
consider a backup lead to be necessary with LBBAP.

The most frequently cited reason for considering a backup lead
across both pacing approaches was pacemaker dependency, due to ei-
ther (i) AV node ablation (20% of physicians for left bundle pacing vs.
59% for HBP) or (ii) advanced conduction system disease. For HBP
cases, the additional reasons for backup lead use include (i) high thresh-
old at implant (>2 V) or (ii) poor sensing (Figure 5).

Follow-up

Most physicians (62%) see patients with CSP devices in person every 6
months, this is in keeping with ESC pacing guidelines.? Twenty-three per
cent review annually, whereas a much smaller minority see quarterly.

Of the 95 physicians that utilize remote monitoring (RM) for CSP pa-
tient follow-up, spread was variable for how often these virtual visits are
performed: 3 monthly 54%, 6 monthly 36%, and annually 11%.
Thirty-two physicians reported not using RM for follow-up at all.

Automated device-based threshold testing is not designed to deter-
mine capture type with CSP and therefore relying on capture manage-
ment algorithms for HBP is generally not recommended—particularly
in the presence of selective HBP.

For optimal follow-up care, surveyed physicians (>90%) stressed the
value of a 12-lead ECG which is different to follow-up of other cardiac
implantable electrical devices. To confirm CSP capture, survey respon-
dents mainly evaluate QRS morphology, coupled with threshold transi-
tions for HBP patients and with LVAT for LBBAP patients. Only
infrequently (24%) did physicians report resorting to more involved
or complex assessments like programmed electrical stimulation to con-
firm definitively the presence or absence of conduction system capture.

Respondents (%)

Future perspectives

Finally, the survey explored physician’s opinions regarding the priorities
for future development within CSP. The most selected technological
developments by surveyed physicians were: (i) new delivery sheaths de-
signed to assist with implantation in patients with challenging anatomies,
(i) leads with a longer screw length, (iii) dedicated capture management
algorithms, and (iv) batteries with longer life expectancy particularly for
HBP in keeping with its relatively higher capture thresholds.

Discussion

This survey provides a contemporary picture of European CSP prac-
tice. Summary findings are detailed in Figure 6.

Main findings

Our findings suggest that European conduction system implanters prac-
tice is consistent with guidelines recommendations for CSP, and with
similar findings to other surveys conducted.”® It is predominately uti-
lized for patients with ventricular rather than atrial pacing indications
but it is not currently replacing conventional biventricular pacing as a
first-line therapy for patients with LV impairment and bundle branch
block. It is possible that this practice may change in future as more
data are obtained from randomized clinical trials (RCTs).

Despite the 2021 European guidelines, only giving recommendations
for HBP (without covering LBBAP), the surveyed physicians show a
greater utilization and adoption of LBBAP for most indications. That
said, HBP is still frequently used particularly for patients with sinus
node disease and also those with AV block and a narrow QRS—per-
haps as in these cases the conduction system disease is presumed to
be proximal in location.

This survey interestingly for the first time defines what prompts
intra-procedural transition from one approach to the other.

Physicians have simplified implant approaches, and this survey high-
lights that clinicians no longer consider the need for femoral placed
mapping catheters or even in some cases an EP system to guide the im-
plant and have in general moved away from utilizing backup leads ex-
cept in the situation of proposed AV node ablation. Backup lead
usage is greater with HBP than for left bundle pacing.
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CSP Frequent Indications

1. AVB and narrow QRS

2. Failed / No response to BVP
3. Planned AVN ablation

4. AVB and broad QRS

H Guidelines support

practice for HBP
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of Cardiology

1
1
i No LBBAP guideline
! recommendation yet

Less Frequent current CSP Indications

1. First line for HF and BBB

2. Sinus Node Disease

1 Currently No
:-- Supporting
1 Guidelines / Trials

Current approach by clinicians with both
HBP and LBBAP experience

8.7% 48.5 %
HBP HBP and LBBAP

42.7 %
LBBAP

Back-Up Lead Considerations

More reasons with HBP than LBBAP:
1. Poor sensing
2. High threshold >2V
3. Pacing dependent
4. Proposed AV node Abl
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node ablation
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i
. HBP threshold Failure to
>30 mins >2v at 1ms reverse

Figure 6 Conduction system pacing survey summary of findings.

Pacing indications
Both ACC/AHA? and ESC guidelines®” make recommendations for the
use of HBP. Neither society at present provides recommendations for
LBBAP, although an update from the American guidelines is expected
shortly which is likely to include this treatment modality.

Our survey suggests that current clinical practice in Europe for con-
duction system implanters is largely in line with guideline

LBBB

recommendations for patient selection with respect to CSP, but that
many are increasingly using LBBAP rather than HBP. For patients
with LBBB and a reduced EF, conventional biventricular pacing remains
currently the preferred first-line treatment approach.

In contrast to guidelines recommendations, clinicians prefer to im-
plant far more left bundle leads rather than His-bundle leads. This
may lead some to consider the published guidelines already outdated
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although only recently published. This could be because left bundle pa-
cing is a relatively new approach and the appraisal of publications prior
to guideline writing may well predate much of the available data. That
said, the hesitancy around left bundle pacing in the recent ESC pacing
guidelines must be acknowledged. Left bundle pacing did not at the
time have as much longer term data as that which exists for His pacing
(hence why His is included) and unfortunately despite physician enthu-
siasm both approaches currently lack large adequately powered RCT
data supporting their widespread use. Large RCTs are therefore
needed to confirm the role that these physiological promising techni-
ques offer.

It is worth noting, although low in number, physicians will utilise CSP
for patients with sinus node disease. These patients may benefit from
CSP if they develop AV block, have tachy-brady syndromes requiring
AV blocking drugs or may potentially be candidates for future AV
node ablation. That said, these patients may not necessarily have
much to gain initially from CSP pacing approaches but the physician
might progress more rapidly along their personal learning curve with
very little cost/risk to the patient. It is well known there is a learning
curve associated with both His and left bundle implants.’"’

Which pacing approach?

His-bundle pacing provides the closest ventricular activation to how na-
ture intended by harnessing the exact same electrical pathways thus
providing the most physiological activation possible. Unfortunately,
with the current tools, techniques and devices, HBP cannot always
be delivered either due to failure to engage the conduction system
or due to pacing parameters being unacceptable e.g. high thresholds
or low sensing. Furthermore, it is apparent that 7-13% of His lead im-
plants will require lead revision or inactivation, prompting safety con-
cerns to be raised by some.'"?'™>* Left bundle pacing was first
described over 5 years ago and seemingly offers a robust alternative
to HBP with minimal compromise on providing physiological ventricu-
lar activation. For these reasons, many physicians appear to have transi-
tioned from utilizing His-bundle approaches to the left bundle approach
and with some new CSP implanters only learning the left bundle ap-
proach. This is because left bundle pacing, although not seen as the
physiological ideal by some, may be perceived as being quicker to im-
plant with overall less concerns regarding lead threshold or sensing.
However, follow-up data for this approach is limited both by time
and by number of patients and therefore vigilance is required assessing
for complications with this approziczh.11’21'22 The His-bundle approach
should not be abandoned, with many skilled operators reporting excel-
lent patient outcomes with very satisfactory long-term parameters.
What may be of use is further investment in improvements in implant-
ation techniques, patient selection, lead design and device technology to
improve the feasibility and safety of HBP which serves as the physio-
logical pacing ideal.

With the current RCT level of evidence supporting biventricular pa-
cing for patients with LV impairment and LBBB, it is of no surprise that
biventricular pacing remains the recommended first line in guidelines
for these patients and this recommendation is commonly followed by
physicians. Conduction system pacing does however offer an alterna-
tive when needed. Its use as a first-line approach though requires fur-
ther study; the current small studies which have been conducted
focused mainly on echo parameters and frequently report no difference
between the approaches, but no study has yet been conducted looking
even for non-inferiority for the much-needed hard endpoints of hospi-
talization and mortality.

Backup lead utilization

Backup lead use is far more likely in patients with His pacing systems
rather than with left bundle leads. This relates to the concerns,

regarding sensing and capture issues with His and as such for those
that use them, the backup lead fulfils an important safety role.

In the context of proposed AV node ablation, both His and LBBAP
approaches had high backup lead utilization. The rationale for backup
lead use in LBBAP is not clear cut. It could be because a backup lead
is recommended in ESC guidelines® for patients receiving His pacing
in the context of pace and ablate and this has been extrapolated by phy-
sicians for their left bundle lead practice or could be because of genuine
clinical concern amongst operators although this is not observed in
other situations where patients are also pacing dependent. Further re-
search is needed here to help understand this. What is known, how-
ever, is that additional hardware has both a financial cost and could
lead to greater device related complications due to more leads being
implanted, and as such should only be implanted if and when needed.

When to change approach

This survey for the first time has captured physician’s views on what
prompts a change in pacing strategy from HBP to left bundle pacing.
The reported criteria included (i) a threshold of >2V at 1 ms, (i)
time longer than 30 min to achieve His-bundle capture, and (iii) failure
to reverse LBBB when this was being targeted. VWhether these prompts
were different prior to the availability of the left bundle pacing is un-
known but in the current era seem pragmatic for those engaging in a
strategy that targets the His-bundle first. It is possible that when
LBBAP is attempted, even if true left bundle pacing has not been
achieved many operators may choose to accept LV septal pacing which
can frequently be obtained in this scenario.”® This has not been readily
shown to have detrimental effects for those with bradycardia indica-
tions” but may be less effective for those patients with impaired LV
function and LBBB.%

Assessing pacing response and device

follow-up

For CSP to be a true replacement for the current approaches to deliver
cardiac pacing (particularly to replace RV pacing in bradycardia indi-
cated patients), it must evolve into a simple and quick enough proced-
ure with simple yet accurate enough steps to accurately confirm
appropriate conduction system capture. The practice of surveyed phy-
sicians suggests this is already occurring, with reliance on 12-lead ECG
markers being the primary method in both pacing techniques to deter-
mine the type of pacing being delivered.

This is important as a 12-lead ECG is readily available in all pacing
catheter laboratories the world over. For both His and LBBAP cases,
the paced QRS was felt to be key, coupled for His pacing approaches
with the observation of QRS transitions during threshold testing. For
LBBAP additional key measurements of LVAT sometimes referred to
as R wave peak time (RWPT) measured as the time from pacing stimu-
lus to R wave in v5/v6 and the V6-V1 interpeak intervals were keys for
physicians to assess the type of capture delivered. Validation of these
simplified methods alone to enable confirmation of type of capture
must be performed to enable reliable pacing delivery while ensuring
physicians are not expected to be burdened with more complex testing
manoeuvres when not necessary.

Limitations

The present survey reflects the experience of those physicians (60.2%)
that choose to respond to our request and does not correspond to the
experience of all contacted physicians. As for any anonymous survey
based on voluntary participation, we can presume that willingness to
participate, together with the removal of responses from those with
<10 CSP implants, may identify healthcare professionals with a specific
interest on the topic of CSP and with specific knowledge on most re-
cent technologies for cardiac pacing. This may limit the possibility to
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extrapolate the findings to other healthcare professionals with a lower
degree of knowledge or confidence with CSP. The reported data were
not verified which could prompt bias with over or under reporting of
actual data but with such a survey we need to rely on the data entered
by respondents much like in many observational studies. Because of the
risk of significant bias towards under reporting of complications, we did
not attempt to collect complication rates in this survey.

Conclusions

This large survey of practicing physicians provides a picture of the im-
plementation of CSP in Europe. Conduction system pacing use is in-
creasing, particularly for bradycardia indications in keeping with the
guidelines, but does not yet replace the evidence based approach of
BiV pacing in HF patients with LBBB. Left bundle branch area pacing os-
tensibly has practical advantages over HBP and is therefore preferred in
many situations. Practical limitations remain for which solutions are
sought and notably large RCT data are currently missing.

Supplementary material

Supplementary material is available at Europace online.
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