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Introduction

Conduction system pacing (CSP) is a novel method
of cardiac pacing that uses the heart’s own
conduction system to enable efficient, physiological
ventricular activation (1,2).

Right ventricular pacing (RVP) and biventricular
pacing (BVP) are the known conventional pacing
methods. In RVP, by the nature of lead placement,
inter-ventricular dysynchrony is introduced. In
patients with left bundle branch block (LBBB) and
severe left ventricular dysfunction, dysynchrony is
particularly deleterious, and so a left ventricular
lead is added in an endeavour to overcome this
dysynchrony (3-5).

Conduction system pacing, through careful
placement of the lead in the His-bundle or the left
bundle area (LBA), provides an alternative to
overcome inter-ventricular dysynchrony through
physiological activation (5,6).

Take Home Messages

Conduction system pacing, (His-bundle and left
bundle area pacing) is an emerging alternative
method of pacing that is gaining prominence for
superiority demonstrated in observational data
when compared to conventional pacing.

The level of block in the conduction system needs
to be considered before lead implant in order to
ensure lead placement is distal to the level of
block.

Technical challenges such as a higher capture
threshold, less accessible anatomy and no
dedicated device autoregulation algorithms
remain an obstacle.

Conduction system pacing is most commonly
considered in biventricular pacing with a failed
left ventricular lead implant, and as a primary
implant in patient undergoing concomitant AV
node ablation, patients with heart failure and
biventricular pacing indications and in AV block.

Techniques

His-bundle pacing was first described in 2000 when
leads were successfully implanted in the His-bundle
in 12 patients undergoing atrio-ventricular node
ablation and pacemaker insertion (7). It is a
technically challenging procedure with complex
criteria to establish capture of the conduction system
(8). Over the last twelve years, sheaths, leads and
techniques have been developed to faciliate these
challenging implants. We are now seeing promising
outcomes reported in observational studies. Initial
work concentrated on pacing from the His-bundle,
however techniques have evolved to now include
left bundle area pacing (Figure 1).
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Figure 1.

A: Conduction system pacing sites.

B: Anatomy of the conduction system.

C: Capture sites; Selective HBP captures the His-bundle alone. Non-selective HBP captures the His-bundle and the
myocardium. Myocardium only capture, captures the myocardium alone.

AV =Atrio-ventricular; HBP = His-bundle pacing.
(This image was produced by Akriti Naraen)

Both these methods aim to place a lead distal to the
level of block in the conduction system, promoting
rapid conduction through the specialised His-
Purkinje fibres. This not only restores inter-
ventricular synchrony but also improves efficiency
of electrical conduction compared to the slow

myocardial activation seen in both RVP and BVP.
This is reflected with a narrow QRS complex with a
similar morphology to the intrinsic QRS (Figure 2)

(1,8).
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Figure 2: ECGs with a His-bundle lead in comparison to conventionally paced ECGs

LBBB = Left bundle branch block.
(This image was produced by Akriti Naraen)
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Evidence
1. Observational data

Observational data has demonstrated improved left
ventricular ejection fraction (LVEF), heart failure
outcomes and mortality rates with His-bundle
pacing (HBP) compared with RV pacing in those
with  atrioventricular nodal block (5,9,10).
Improvement in symptoms, heart failure related
hospitalisation, LVEF and mortality was also seen
in CSP when compared to BVP across different
patient populations (6,11,12). Similar improvements
in LVEF were seen in patients undergoing AV node
ablation and HBP (13). These findings are
summarised in Table 1.

2. Randomised control trials

The conclusions from observational studies have
formed the foundations for multi-centre randomised
control trials such as His-SYNC (14), LBBP-
RESYNC (15), LEVEL-AT (16) and PROTECT-
HF (17). LEVEL-AT showed non-inferiority of
CSP to BVP. And although His-SYNC, a pilot
randomised trial, did not show a significant
improvement in LVEF or reduction in QRS
duration, LBBP-RESYNCH did show better LVEF
in LBA pacing compared to BVP. However, in
view of the small population, an overestimated
effect size should be considered. Additionally, a
high cross-over rate in His-SYNC invalidated the
intention-to-treat analysis of the efficacy of HBP
compared to BVP (14-16).

3. Meta-analyses

Several meta-analyses have reviewed the extensive
observational and limited randomised data. These
reviews confirm that CSP has superiority in
preserving LV function compared to RVP in AV
block (18,19). Improved LV function and NYHA
class outcomes in CSP were seen when compared to
BVP as a primary intervention and in device
upgrade to cardiac resynchronisation therapy (CRT)
(20,21).

4. Guidelines

The European Society of Cardiology (ESC) and
American College of Cardiology (ACC) have
recognised these consistent promising outcomes
with inclusion of CSP in their guidelines.

Notably ESC recommends the use of CSP in failed

LV implants and in those with an anticipated high
RV pacing burden, where ACC recommends CSP
in the latter indication alone (22,23).

5. Ongoing trials

PROTECT-HF is a large multicentre randomised
trial that is underway. The study aims to recruit
2600 patients (with a median four-year follow-up)
to assess CSP against RV pacing in bradycardia
indications (17).

Limitations

Although CSP outcomes are encouraging, there
remains challenges in delivering conduction system
pacing universally. Firstly, there is the technical
aspect of the procedure with an associated learning
curve; the area for His-capture is small, usually
needing  electrophysiological  expertise  with
specialist electrophysiology equipment to establish
His-capture as per the agreed yet complex criteria of
selective and non-selective capture (8). RV pacing,
however, is wusually delivered by general
cardiologists in non-tertiary settings. Furthermore,
the His-bundle is wrapped in a fibrous tissue
(Figure 1) that can be difficult to penetrate and lead
to high capture thresholds, which quickly deplete
battery life, requiring multiple generator changes
with their associated risks (1).

Additionally, LBA pacing does not have defined
capture characteristics leading to ambiguous and
inconsistent practice in lead placement (35).

Additional training is required for cardiologists,
cardiac physiologists and the wider catheter lab
team due to higher overall complexity of CSP, not
only at the time of implant but during follow-up and
in device programming. Devices do not have CSP-
directed algorithms and therefore are unable to
identify problems, or preserve battery life with auto-
adjustments as in conventional pacing (36). Finally,
there is limited experience in extracting CSP leads
embedded deep in the septum (37).

Work is underway to overcome some of these
challenges to enable widespread adoption of
conduction system pacing outside of tertiary
centres. In particular addressing the complexities in
standardising the procedure and establishing
capture.

The benefits and challenges of CSP are summarised
in Table 2 (1,8,22,35-39).
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Table 1 (continued on page 5). Data on conduction system pacing in comparison to BVP

Inclusion Patient Number | Follow-
Study . Year Study Design of up Outcomes
criteria cohort .
patients | (months)
Primary outcome of HFH +
< 359 i
EF <35% CSP (87 mortality
Viiavaraman HBP. 171 Two-centre (28.3% vs 38.4%; HR 1.52; 95%
e{t‘('ﬂ (1) |Class b 2022 | gamy |Retrospective | 477 12 |C11.082-2.087; p = 0.013)
: indication for BVP Observational Improved EF in CSP
CRT (39.7% + 13% vs 33.1% + 12%;
p <0.001)
Multicentre Improved absolute EF at 1 year
Chenetal. |EF<35% 2022 LBAP v Prospective 100 12 in CSP
(12) LBBB BVP Obs:rvational (49.10 £ 10.43% vs. 43.62 +
11.33%, p = 0.021)
0,
Viiavaraman (E:;; j:)ﬁ LBAP v Multicentre Improved EF in CSP
jay : 2021 Retrospective | 325 12 [(33+10%to44+11%, p<
etal. (24) |ventricular BVP .
L Observational 0.01)
pacing indication
Non-ischemic CM LBAP in Improved EF in CSP
EF <50% el Multicentre (33 £ 8% vs. 55 + 10%; p <
Huang et al. |LBBB . . 0.001)
(25)  |cRTor 2020 indication |Prospective 63 12 INYHA improved in CSP: 2.8 +
. or failed [Observational .
ventricular BVP 0.6 at baselineto 1.4 £ 0.6 at 1
pacing indication year
Multicentre Comparable EF improvement
EV<40% . LABP V HBP.
LABP v Prospective
Wu et al. (6) |LBBB 2020 137 12 (+23.9% vs +24%, p = 0.977)
[T HBP v BVP |Case control
CRT indication Observational Improved EF compared to BVP
Improved NYHA in CSP
Improved EF in CSP (27.6
9 +
EF < 35% HBP + LV STy, 6.4% to 41.1 £ 12.5, at 25
Deshmukh et lead in . mean months, p = 0.001)
LBBB 2020 Retrospective 21 30 .
al. (26) NYHA 2-4 BVP Observational Improved NYHA in CSP: 3.1 +
indications 0.5to0 2.1 £0.8, at mean 32
months, p < 0.001).
Conventional CRT
indication: No significant difference in EF
Upadhvav et LBBB + EF <35% Multicentre (p =0.33). High crossover
pal (‘1/4‘; EF <35% + RVP > | 2019 |HBP v BVP |Prospective 41 12 rates.
’ 40% Crossover RCT Trend toward high echo
AF + 100% RVP + response in HBP (p = 0.078)
EF <35%
LBBB HBP in Improved EF in CSP (32.4+8.9%
Huang et al. |NYHA 2-4 LBBB with [Single centre t0 55.9+10.7%, p < 0.001)
(57) ) Indication for 2019 |CRT or Prospective 74 37 Improved NYHA in
CRT o pacin pacing Observational CSP:2.73+0.58 to 1.03+0.18 (p
P & indications <0.001
LBAP in
Viiavaraman Bradycardiac pacing Single centre
ej't‘clll (28) pacing indication | 2019 |indication |Prospective 100 3 High success of CSP (93%)
’ Failed LV lead or failed [Observational
BVP
TEErErEn EF <35% :22 i+nLV Multicentre Improved EF (24+7% to
. g
et al. (29) LBBB 2019 BVP Retrospective 27 12 38+10%, p < 0.0001),

indications

Observational

NYHA improved: 3.3 to 2.04
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Table 1 (continued). Data on conduction system pacing in comparison to BVP

Inclusion Patient B
Study . Year Study Design of up Outcomes
criteria cohort .
patients | (months)
HBP in
. . Improved EF 30% + 10% to
Sharma et |NYHA 2-4 2018 gar"Ed BVP m(‘;':'ceirt‘lt\:: 106 1 |43%%13% p=00001)
al. (30) |EF <50% . pectt Improved NYHA: 2.8 + 0.5 to
alternative |Observational
to BVP 1.8+ 0.6 p=0.0001
NYHA 2-4 . . Improved EF (31+10% to
HBP in Multicentre
Sharma et |EF <50% . . 39+13%, p = 0.004)
al.(31) |RBBB 2018 ifi":;BBBVP gitsr:rsv’zic:r:’:l 39 15 |improved NYHA: 2.8+0.6 to
2%0.7, p = 0.0001)
Aiiiola et al NYHA 2-4 HBP in Single centre Improved EF (27% £ 10% to
i (32) “|EF < 35% 2017 |BVP Prospective 21 12 41% + 13%, p < 0.001) NYHA: 3
BBB indications [ Observational to2,p<0.01
o Multicentre
Lustgarten | CRT indication | 1 |\yap gyp [prospective 29 6  |Improved NYHA
etal. (33) |QRS >120ms
Crossover RCT
Failed LV lead
Barba- LBBB HBP in Single centre
Pinchardo |NYHA 3 despite 2013 failed BVP Prospective 16 31 Improved NYHA
etal. (34) |medical Observational
management

BVP = Biventricular pacing; CRT = Cardiac resynchronisation therapy; CSP = Conduction system pacing; EF = Ejection
fraction; HBP = His-bundle pacing; LBAP = left bundle area pacing; LBBB = left bundle branch block; LV = Left ventricle(ular);
NYHA = New York Heart classification; RBBB = Right bundle branch block; RCT = Randomised control trial

Conclusion

Conduction system pacing is a capable alternative to

challenges to widespread uptake, work is underway
to overcome them. Conduction system pacing, the
future of pacing? It may well be.

conventional pacing with very encouraging data
from observational studies and small randomised
control trials. Large scale trials are on-going to

establish these findings.

Although,

there

arc

Table 2. Benefits and challenges of conduction system pacing(1,8,22,35-39)

Benefits of conduction system pacing

Challenges of conduction system pacing

* Synchronised ventricular contraction with
intrinsic activation patterns to overcome
dysynchrony of left bundle branch block
Improvement in ejection fraction when
compared to conventional pacing
Reduces likelihood of right ventricular
pacing induced cardiomyopathy when
compared to biventricular pacing
Haemodynamic improvement in patients
with heart failure seen by a rise in blood
pressure when compared to biventricular
pacing

Alternative implant site for failed left
ventricular lead implantation

Contrast not required for implant

* An understanding of level of block is needed prior to implant

to guide appropriate site selection, eg. Infranodal block
would require pacing distal to the site of the block

* Technically challenging with increased lead displacement and

associated learning curve resulting in long procedure and
fluoroscopy times. Often limited to specialist centres with
specialised electrophysiology equipment and expert teams

* Need for “back-up” RV pacing lead in high degree AV block

and AV node ablation

* Difficulty in identifying capture of the His-bundle and lack of

defined capture characteristics of left bundle area pacing

* High thresholds resulting in more readily depleted battery

life, in turn requiring more frequent battery changes

* Challenging and complex device programming, especially

with the lack of dedicated conduction system algorithms for
the devices




6

Conduction System Pacing: the future of pacing? A Naraen

References

10.

11.

12.

13.

14.

15.

16.

Arnold AD, Whinnett ZI, Vijayaraman P. His-Purkinje
conduction system pacing: State of the art in 2020.
Arrhythm Electrophysiol Rev. 2020;9(3).

Huang W, SuL, Wu S, Xu L, Xiao F, Zhou X, et al. Long-
term outcomes of His bundle pacing in patients with heart
failure with left bundle branch block. Heart. 2019;105(2).
Dayer M, Popat R. Cardiac resynchronisation therapy for
heart failure. WIT Transactions on State-of-the-art in
Science and Engineering. 2008;

Curtis AB, Worley SJ, Adamson PB, Chung ES, Niazi I,
Sherfesee L, et al. Biventricular Pacing for
Atrioventricular Block and Systolic Dysfunction. N Engl J
Med. 2013;368:1585-93.

Catanzariti D, Maines M, Cemin C, Broso G, Marotta T,
Vergara G. Permanent direct his bundle pacing does not
induce ventricular dyssynchrony unlike conventional right
ventricular apical pacing: An intrapatient acute
comparison study. Journal of Interventional Cardiac
Electrophysiology. 2006;16(2).

Wu S, Su L, Vijayaraman P, Zheng R, Cai M, Xu L, et al.
Left Bundle Branch Pacing for Cardiac Resynchronization
Therapy: Nonrandomized On-Treatment Comparison With
His Bundle Pacing and Biventricular Pacing. Canadian
Journal of Cardiology. 2021;37(2).

Deshmukh P, Casavant DA, Romanyshyn M, Anderson K.
Permanent, direct His-bundle pacing: A novel approach to
cardiac pacing in patients with normal His-Purkinje
activation. Circulation. 2000;101(8).

Keene D, Arnold AD, Jastrzgbski M, Burri H, Zweibel S,
Crespo E, et al. His bundle pacing, learning curve,
procedure characteristics, safety, and feasibility: Insights
from a large international observational study. J
Cardiovasc Electrophysiol. 2019;30(10).

Abdelrahman M, Subzposh FA, Beer D, Durr B,
Naperkowski A, Sun H, et al. Clinical Outcomes of His
Bundle Pacing Compared to Right Ventricular Pacing. J
Am Coll Cardiol. 2018;71(20).

Lewis AJM, Foley P, Whinnett Z, Keene D,
Chandrasekaran B. His Bundle Pacing: A New Strategy
for Physiological Ventricular Activation. Vol. 8, Journal
of the American Heart Association. 2019.

Vijayaraman P, Zalavadia D, Haseeb A, Dye C, Madan N,
Skeete JR, et al. Clinical outcomes of conduction system
pacing compared to biventricular pacing in patients
requiring cardiac resynchronization therapy. Heart
Rhythm. 2022 Aug;19(8):1263-71.

Chen X, Ye Y, Wang Z, Jin Q, Qiu Z, Wang J, et al.
Cardiac resynchronization therapy via left bundle branch
pacing vs. optimized biventricular pacing with adaptive
algorithm in heart failure with left bundle branch block: a
prospective, multi-centre, observational study. EP
Europace. 2022 May 3;24(5):807-16.

Vijayaraman P, Subzposh FA, Naperkowski A.
Atrioventricular node ablation and His bundle pacing.
Europace. 2017;19.

Upadhyay GA, Vijayaraman P, Nayak HM, Verma N,
Dandamudi G, Sharma PS, et al. His Corrective Pacing or
Biventricular Pacing for Cardiac Resynchronization in
Heart Failure. J] Am Coll Cardiol. 2019 Jul;74(1):157-9.
Wang Y, Zhu H, Hou X, Wang Z, Zou F, Qian Z, et al.
Randomized Trial of Left Bundle Branch vs Biventricular
Pacing for Cardiac Resynchronization Therapy. J] Am Coll
Cardiol. 2022 Sep;80(13):1205-16.

Pujol-Lopez M, Jiménez-Arjona R, Garre P, Guasch E,
Borras R, Doltra A, et al. Conduction System Pacing vs

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Biventricular Pacing in Heart Failure and Wide QRS
Patients. JACC Clin Electrophysiol. 2022
Nov;8(11):1431-45.

Whinnett Z. Physiological Vs Right ventricular pacing
Outcome Trial Evaluated for bradyCardia Treatment.
British Heart Foundation. 2021 Oct;

Zhang Y, Jia Y, Liu J, Du R. A systematic review and
Bayesian network meta-analysis comparing left bundle
branch pacing, his bundle branch pacing, and right
ventricular pacing for atrioventricular block. Front
Cardiovasc Med. 2022 Oct 25;9.

Qu Q, Sun J, Zhang Z, Kan J, Wu L, Li F, et al
His-Purkinje conduction system pacing: A systematic
review and network meta-analysis in bradycardia and
conduction disorders. J Cardiovasc Electrophysiol. 2021
Dec 25;32(12):3245-58.

Kaza N, Htun V, Miyazawa A, Simader F, Porter B,
Howard JP, et al. A systematic review and meta-analysis
of upgrade to biventricular or conduction system pacing
approaches. Eur Heart J. 2022 Oct 3;43(Supplement_2).
Gui Y, Ye L, Wu L, Mai H, Yan Q, Wang L. Clinical
Outcomes Associated With His-Purkinje System Pacing
vs. Biventricular Pacing, in Cardiac Resynchronization
Therapy: A Meta-Analysis. Front Cardiovasc Med. 2022
Feb 11;9.

Glikson M, Nielsen JC, Kronborg MB, Michowitz Y,
Auricchio A, Barbash IM, et al. 2021 ESC Guidelines on
cardiac pacing and cardiac resynchronization therapy. Vol.
42, European Heart Journal. 2021.

Kusumoto FM, Schoenfeld MH, Barrett C, Edgerton JR,
Ellenbogen KA, Gold MR, et al. 2018 ACC/AHA/HRS
Guideline on the Evaluation and Management of Patients
With Bradycardia and Cardiac Conduction Delay: A
Report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice
Guidelines and the Heart Rhythm Society. Circulation.
2019 Aug 20;140(8).

Vijayaraman P, Ponnusamy S, Cano O, Sharma PS,
Naperkowski A, Subsposh FA, et al. Left Bundle Branch
Area Pacing for Cardiac Resynchronization Therapy.
JACC Clin Electrophysiol. 2021 Feb;7(2):135-47.

Huang W, Wu S, Vijayaraman P, Su L, Chen X, Cai B, et
al. Cardiac Resynchronization Therapy in Patients With
Nonischemic Cardiomyopathy Using Left Bundle Branch
Pacing. JACC Clin Electrophysiol. 2020 Jul;6(7):849-58.
Deshmukh A, Sattur S, Bechtol T, Heckman LIB, Prinzen
FW, Deshmukh P. Sequential His bundle and left
ventricular pacing for cardiac resynchronization. J
Cardiovasc Electrophysiol. 2020 Sep 29;31(9):2448-54.
Huang W, SuL, Wu S, Xu L, Xiao F, Zhou X, et al. Long-
term outcomes of His bundle pacing in patients with heart
failure with left bundle branch block. Heart. 2019
Jan;105(2):137-43.

Vijayaraman P, Subzposh FA, Naperkowski A, Panikkath
R, John K, Mascarenhas V, et al. Prospective evaluation of
feasibility and electrophysiologic and echocardiographic
characteristics of left bundle branch area pacing. Heart
Rhythm. 2019 Dec;16(12):1774-82.

Vijayaraman P, Herweg B, Ellenbogen KA, Gajek J. His-
Optimized Cardiac Resynchronization Therapy to
Maximize Electrical Resynchronization. Circ Arrhythm
Electrophysiol. 2019 Feb;12(2).

Sharma PS, Dandamudi G, Herweg B, Wilson D, Singh R,
Naperkowski A, et al. Permanent His-bundle pacing as an
alternative to  biventricular pacing for cardiac

resynchronization therapy: A multicenter experience.
Heart Rhythm. 2018 Mar;15(3):413-20.




Conduction System Pacing: the future of pacing? A Naraen

31.

32.

33.

34.

35.

36.

37.

38.

39.

Sharma PS, Naperkowski A, Bauch TD, Chan JYS,
Arnold AD, Whinnett ZI, et al. Permanent His Bundle
Pacing for Cardiac Resynchronization Therapy in Patients
With Heart Failure and Right Bundle Branch Block. Circ
Arrhythm Electrophysiol. 2018 Sep;11(9).

Ajijola OA, Upadhyay GA, Macias C, Shivkumar K, Tung
R. Permanent His-bundle pacing for cardiac
resynchronization therapy: Initial feasibility study in lieu
of left wventricular lead. Heart Rhythm. 2017
Sep;14(9):1353-61.

Lustgarten DL, Crespo EM, Arkhipova-Jenkins I, Lobel R,
Winget J, Koehler J, et al. His-bundle pacing versus
biventricular pacing in cardiac resynchronization therapy
patients: A crossover design comparison. Heart Rhythm.
2015 Jul;12(7):1548-57.

Barba-Pichardo R, Manovel Sanchez A, Fernandez-
Gomez JM, Morifla-Vazquez P, Venegas-Gamero J,
Herrera-Carranza M.  Ventricular  resynchronization
therapy by direct His-bundle pacing using an internal
cardioverter ~ defibrillator. EP  Europace. 2013
Jan;15(1):83-8.

Huang W, Chen X, Su L, Wu S, Xia X, Vijayaraman P. A
beginner’s guide to permanent left bundle branch pacing.
Heart Rhythm. 2019;16(12).

Burri H, Keene D, Whinnett Z, Zanon F, Vijayaraman P.
Device Programming for His Bundle Pacing. Circ
Arrhythm Electrophysiol. 2019 Feb;12(2).

Wijesuriya N, Elliott MK, Mehta V, Behar JM, Niederer
S, Wilkoff BL, et al. Transvenous lead extraction in
conduction system pacing. Front Physiol. 2022 Aug 11;13.
Ali N, Keene D, Arnold A, Shun-Shin M, Whinnett ZI,
Sohaib SA. His bundle pacing: A new frontier in the
treatment of heart failure. Vol. 7, Arrhythmia and
Electrophysiology Review. 2018.

Archontakis S, Sideris K, Laina A, Arsenos P,
Paraskevopoulou D, Tyrovola D, et al. His bundle pacing:
A promising alternative strategy for anti-bradycardic
pacing — report of a single-center experience. Vol. 64,
Hellenic Journal of Cardiology. 2022.




