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Chapter

Conduction System Disorders
Associated With Valvular Heart
Disease and Interventions

Muhtashim Mian and Habib Rehman Khan

Abstract

The aging population of the Western world will lead to an increase in cardiac
pathologies. Valvular disorders include a spectrum of progressive diseases that
confers mechanical and functional impairment, including issues with the cardiac
conduction system. Pacemakers are a therapeutic standard to reinstate the syn-
chrony of cardiac contraction. Permanent pacemakers are often required for severe,
chronic presentations and have been effective in nullifying symptoms and improv-
ing cardiac function. Yet, these devices impart new risks and complications that
require additional interventions. However, recent advancements in leadless pace-
makers and cardiac resynchronization therapy provide a novel approach to applying
pacemaker technology and have been shown to reduce associated risks and improve
patient outcomes.

Keywords: aortic stenosis (AS), mitral regurgitation (MR), infectious endocarditis
(IE), mitral valve, aortic valve, left ventricular hypertrophy

1. Introduction

Amongst all cardiac procedures carried out in the United States, it is estimated
that 10-20% were related to Valvular Heart Disease (VHD) [1]. Moreover, given
the increasing age of the Western and developed population, the burden of VHD
is expected to increase. As VHDs become severe and/or symptomatic, surgery is
eventually required. There are invasive and minimally invasive percutaneous inter-
ventions for valve repair and surgery, with varying conductive tissue complications.
Conversely, treatment for the underlying conductive disease (i.e. pacemakers) has
valvular complications. This review will outline these complications.

2. Conduction tissue anatomy

The heart’s pumping action is mediated by specialized muscle fibers known as
cardiomyocytes. Unlike typical myocytes, they possess the capacity to self-initiate
an electrical impulse for muscular contraction. They are regulated by a highly
specialized group of cells compacted to form the conduction system (Figure1).

The sinoatrial (SA) node (the pacemaker) is the site of impulse generation
and is located between the superior vena cava (SVC) and the right atrium (RA).
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Figure 1.
Normal conduction system of the heart.

The generated electrical pulse propagates from the SA node and travels along the
myocardium of the left and right atria, stimulating contraction and propelling
blood from the atria into the ventricles. The electrical signal then travels along
specialized cardiac muscle fibers to the atrioventricular (AV) node. The specialized
cells that guide the signal are collectively known as the internodal pathways; 3 of
which originate from the RA and 1 from the left atrium (LA). Upon reaching the
AV node (AVN), the electrical impulse slows down, allowing the adequate filling
of the ventricles before contraction. The electrical impulse then travels to a group
of specialized cardiac cells called the His Bundle, which divides along the septum
into left and right branches terminating into the Purkinje fibers. Signal transduc-
tion along these fibers results in ventricular contraction to expel the blood from the
heart and into pulmonary (from the right ventricle) and systemic (from the left
ventricle) circulation.

3. Conduction tissue disease

Cardiac conduction tissue disorders are a group of disorders that impair the
above system. They are classified according to the area affected by disease processes
as shown in Figure 2.

3.1 Sinus node dysfunction

Sinus Node Dysfunction (SND) refers to the ailment in the SA node’s ability to
generate electrical impulses. SND primarily affects older individuals (over 65 years of
age), however, individuals of any age can present with it. As such, the most common
pathological mechanism is degenerative fibrosis of the SA node and its subsequent
remodeling. Any factors that affect the ionic currents of the pacemaker cells can lead
to the presentation of SND. These include beta-blockers, calcium channel blockers
and antiarrhythmic medication. SND is often associated with electrolyte imbalances
such as hyperkalemia, hypokalemia or hypercalcemia.
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Figure 2.
Conditions associated with conduction system abnormalities.

A characteristic form of SND is a tachycardia-bradycardia syndrome, whereby
tachycardia persists but devolves into severe bradycardia either spontaneously
or as an attempt to medically manage tachycardia [2]. SND can also present with
varying degrees of severity with differing ECG findings. First-degree SA block is
asymptomatic and cannot be detected on the ECG. The second-degree SA block is
characterized by a dropped P wave but is not associated with any change in the P-P
interval. Third-degree SA block is complete dysfunction of the SA pacemaker cells
with no discernable P wave on the ECG (23).

3.2 Atrioventricular block

Atrioventricular block (AVB) refers to disorders whereby the propagation of
impulse generated in the SA node is impaired from propagating to the ventricles
in varying degrees. AVB can be secondary to defined cardiomyopathy but often
is idiopathic. AVB can also be a consequence of intervention for valvular disease.
Diagnosis and progression of AVB are determined by the abnormalities in the AV
electrical activity and which cardiac structure is affected.

First-degree AVB (AVB I) is associated with a prolonged PR interval, indicating
adelay in the AVN, which is typically considered benign due to normal ventricular
filling. However, the patient may become symptomatic with increased activity due
to deterioration of AVN conduction associated with a faster heart rate. Moreover,
cases with marked first-degree AVB (delay greater than 300 ms) can result in
shorter diastolic time and produce “pacemaker-like syndrome” symptoms. This is
a major mechanism of increased risk of future atrial fibrillation and indicates the
need for pacemaker implantation [3].

Second-degree AVB (AVB II) is further sub-classed into Mobitz Type I
(Wenckebach) and Mobitz Type II. Mobitz Type I AVB classically presents with
progressive prolongation of the PR intervals until there is a non-conducted P
wave. Mobitz Type I AVB typically affects the AV node itself and is deemed to be
benign and reversible. Mobitz Type II presents with constant PR intervals that are
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preceded and followed by a non-conducted P wave. Mobitz Type II AVB is a chal-
lenging diagnosis as the PR interval may appear normal and the mere presence of
non-conducted P waves is not an automatic indication of Type I AVB. Type Il AVB
affects the conduction system distal to the AV node in the His Bundle system.
Third-degree AVB (AVB III) is also known as complete AVB in which there is
complete dissociation between atrial and ventricular conductive tissue. Thus, any
presence of QRS complexes is independent of the generation of P waves. Ventricular
contraction is due to intrinsic junctional or ventricular rhythm and poses the greatest
risk of hemodynamic instability and fatal cardiac arrhythmias resulting in death.

3.3 Left bundle branch block

Left bundle branch block (LBBB) refers to impaired conduction of branches of
the His Bundle system, specifically the narrow anterior fascicle and the broader
posterior fascicle. Typically, LBBB presents with prolonged QRS (>120 ms), absent
Q wave in Vg and rS complexes in V;-V, [4]. In isolation, LBBBs are asymptomatic
and confer no risk to the patient. However, LBBBs underlying etiology is dilated
cardiomyopathy, which itself can be caused by ischemic, infective, infiltrative or
valvular cardiac disease [5]. Moreover, it has been shown that individuals with
LBBB and incomplete AVB carry a greater risk of progressing to complete AVB [5].

Whilst there is no complete treatment for LBBB, cardiac resynchronization
therapy (Section 5.3) has been shown to benefit patients who present with heart
failure alongside LBBB (27).

4, Conductive tissue disorders associated with Valvular interventions

Historically, heart surgery has been the only option amongst patients with
symptomatic severe valvular heart disease. However, for patients that are not
surgical candidates, minimally invasive transcatheter approaches are increasingly
employed for valve repair and/or replacement. Each of these interventions can be
associated with differing rates of Conductive System Disorders (CSDs). Complete
or high-degree AVB is a particular concern, for which guidelines from the American
College of Cardiology/American Heart Association recommend permanent pace-
makers if there is no resolution after 1-week post-surgical intervention [6]. The
conductive tissue complications following invasive and minimally-invasive VHD
interventions will be outlined here.

4.1 Aortic valve interventions

Transcatheter aortic valve replacement (TAVR) is a minimally invasive tech-
nique for symptomatic severe AS that has gained wide adoption, having been per-
formed in over 400,000 patients worldwide as of 2017 [7]. While initially reserved
for patients at high surgical risk, TAVR has shown non-inferior or superiority to
SAVR for all-cause mortality, cardiovascular mortality and stroke amongst medium
and low surgical risk populations up to 5-year follow-up [8, 9]. However, TAVR has
lower valve durability and higher rates of paravalvular leaks and CSD, namely left
bundle branch blocks and AVBs requiring pacemaker insertion [8-10]. The rates
of pacemaker insertion post-TAVR vary based on type (self-expanding vs. balloon
expanding) and generation of valve used. Meta-analyses have reported pacemaker
insertion rates of approximately 3.8-6.5% for balloon-expanding vs. 12-25.8% for
self-expanding valves [11, 12]. The self-expanding valves do have increased effec-
tive orifice area at the cost of worse rates of CSD, though the clinical significance
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of better orifice area is not born out in short to medium-term studies done thus far
[11]. The mechanism of conductive tissue disruption is thought to be from injury
to the AV node while the deployment of the valve into the left ventricular outflow
tract; self-expanding valves by their nature exert a greater radial and compressive
force on peri-valvular conductive tissue over time which is likely results in the
observed outcome of increased pacemaker requirement. There is ongoing research
about the predictors of pacemaker requirement following TAVR in either type of
valve, but strong associations include male sex, baseline Mobitz type 1, baseline
wide QRS, depth of valve implant, and intraprocedural AV block [13-15]. Given
the increased risk of LBBB post-TAVR, pre-existing right bundle disease (RBBB or
bifascicular block) predisposes to complete AVB requiring pacemaker [13].
Surgical Aortic Valve Replacement (SAVR) is a well-established procedure for
the treatment of severe aortic stenosis or regurgitation. An important benefit of
SAVR over TAVR is valve durability, particularly with mechanical valves as these
are not possible currently with TAVR. SAVR has traditionally been performed using
sutured valves, with post-surgical pacemaker requirement in 2-4% of cases [16-18].
However, with the advent of TAVR, sutureless valves (similar in concept to balloon-
expanded TAVR valves) are increasingly being used in SAVR as they minimize
procedure and hospital time [19]. Given the stent-expanding nature of sutureless
SAVR, they result in higher rates of pacemaker requirement compared to conven-
tional SAVR [20, 21]. There are limited trials comparing SAVR to TAVR; many
have shown worse rates of pacemaker requirement in TAVR but the TAVR cohorts
include both self-expanding and balloon-expanded valves [22-24]. When compar-
ing balloon-expanded TAVR to sutureless SAVR however, the rates of pacemaker
requirement were similar over a two-year follow-up [25]. More studies are quired
for recommendations between sutureless SAVR and TAVR.

4.2 Mitral valve interventions

The Mitral valve (MV) is significantly more complex than the aortic valve due to
the papillary muscles and chordae tendinea that tether leaflets to the left ventricle,
as well as its ovoid annulus. The definitive treatment for severe MV stenosis or
regurgitation is surgical replacement or repair, but this is limited by surgical risk.
The incidence of AVBs following Mitral valve surgical replacement is up to 18%
AVB1, 5% AVBII, and 5% AVB III [26-29]. Following mitral valve surgical replace-
ment, a permanent pacemaker is required in approximately 2-11% of cases [30].
Notably, Mitral valve surgical replacement is associated with an approximately
20% higher risk of CSD requiring a permanent pacemaker compared to aortic
valve surgical replacement [28]. This is likely related to the proximity of the mitral
valve (MV) annulus to the AV node, Specifically, the posterolateral artery which
supplies the AV node is adjacent to the mitral annulus and may be damaged intra or
post-surgically.

While AVBs are well-document in the surgical intervention of MV, Conductive
tissue abnormalities are uncommon following mitral transcatheter edge-to-edge
repair (TEER). A case report of a patient with a baseline trifascicular block did
show complete AVB following the MitraClip procedure with a proposed mecha-
nism of injury being the instrumentation of MV apparatus during the procedure
[31]. Similarly, a case reported the development of Mobitz type II following the
Cardioband procedure subsequently degrading into complete AVB. The mechanism
of conductive tissue injury was thought to be the deployment of screws into the MV
annulus to anchor the Cardioband system. These case reports highlight the signifi-
cance of MV annulus instrumentation. Nevertheless, transcatheter mitral valve
repair is generally not complicated by CSDs.
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Transcatheter Mitral Valve Replacement (TMVR) is technically challenging
given the complexity of the mitral valve apparatus. Given its infancy, several
TMVR systems are undergoing development and research and as of 2020,
ACC/AHA guidelines for VHD do not offer any recommendations for TMVR
[10]. The TMVR techniques currently in development vary in the approach to
valve deployment (transapical vs. transfemoral/transeptal) and mechanism of
expansion into valve apparatus (self-expanding vs. balloon-expanding), which
theoretically could have implications for CSDs. Yet, AV blocks or bundle branch
blocks have not been reported as complications post-valve deployment short-
term in feasibility studies thus far [32-35].

4.3 Tricuspid valve interventions

Moderate to severe tricuspid regurgitation is often overlooked as a contributor
to mortality, despite its association with increased mortality even after adjusting for
LV dysfunction and pulmonary hypertension [36]. It can be categorized as primary
(congenital or acquired abnormality of tricuspid apparatus itself) or secondary
(abnormality of tricuspid apparatus occurring as a consequence of pulmonary
hypertension, right or left ventricular dysfunction). RV damage because of TR can
become irreversible, suggesting the benefits of earlier intervention [37]. Surgical
intervention is indicated for symptomatic patients with severe primary TR, or in
asymptomatic patients with worsening RV dysfunction. Similarly, ESC guidelines
recommend early consideration of surgical intervention in patients with symptom-
atic TR or mildly symptomatic severe TR with RV dilation [38]. However, surgical
correction has significant surgery-related morbidity and mortality. Transcatheter
Tricuspid Valve Interventions (T'TVI) aimed at poor surgical candidates are undo-
ing research and development and include direct annuloplasty, leaflet approxima-
tion or valve replacement. TTVIs have shown improvement in RV performance
and hemodynamics up to 6 months post-procedure, as well as improvement in HF
rehospitalizations and survival up to 1-year post-procedure. An expected complica-
tion of TTVIs is heart block, though this has not been a widely report complication
in preliminary reports [39, 40]. As the TTVI experience improves, it may become an
effective strategy to treat pacemaker-induced TR (Section 5.5).

5. Treatment of conductive tissue disorders

Cardiac CSDs are a major cause of morbidity and mortality. Approximately 1%
of the general population has CSDs necessitating permanent pacemakers (PPM),
with incident rates continuing to rise each year [41]. The first implantable pace-
maker by Senning in Stockholm in 1957, was an extravascular pulse generator with
leads implanted into the ventricular myocardium of a patient with complete heart
block. Since then, several innovations have made pacemakers more robust. Most
modern pacemakers comprise a pulse generator implanted subcutaneously, that is
connected to lead(s) that traverse transvenously into the myocardium of the heart
chamber(s). Pacing has gained complexity and now includes dual chamber pacing
(right atrium and ventricle), continuous resynchronization therapy (CRT), leadless
pacing and most recently, conductive tissue pacing as shown in Figure 3.

5.1 Single and dual chamber pacemakers

Single chamber pacemakers are the simplest form of pacing: they have a single
lead implanted into the myocardium of the right atrium or the right ventricle
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Figure 3.
Treatment of conduction system disease with different types of pacing techniques.

(Figure 4A). Single lead pacing is a cure for symptomatic conductive tissue disor-
ders in the short term. However, it was not physiologic as a ventricular contraction
occurred irrespective of atrial activity; with loss of synchronized atrial contrac-
tion in ventricular single chamber pacing, the ventricular filling would theoreti-
cally be diminished. Thus, Ventricular single-chamber pacemakers are now
primarily used in patients with poor atrial ejection fraction, namely persistent
atrial fibrillation, where the atrial mechanical coupling is compromised. Atrial
single-lead pacemakers are theoretically also useful in treating isolated sinus node
dysfunction but are rarely used as there is usually concomitant AV and sub-AV
node disease.

To preserve atrial and ventricular synchrony, dual-chamber pacemakers were
developed, whereby both an atrial and ventricular lead are implanted into the
myocardium (Figure 4B). Improved synchrony by dual-chamber pacemakers
translates to improved outcomes in some but not all populations. A 2004 Cochrane
review of 26 studies comparing dual to single-chamber pacemakers revealed a
significant reduction in atrial fibrillation and a non-significant reduction in heart
failure, stroke and mortality with dual-chamber pacing [42]. Interestingly, amongst
elderly patients, there was no difference in clinical outcomes between single and
dual chamber pacemakers, likely reflecting higher rates of baseline atrial fibrillation
in this age group [43].
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Figure 4.
(A) CXR showing a single chamber pacemaker with pacing lead placed in the RV, (B). CXR showing a dual
chamber pacemaker following mitral valve replacement and tricuspid valve annuloplasty.

5.2 Leadless pacemaker

Leadless pacing is a novel therapy whereby an electrical impulse generator is per-
cutaneously implanted directly into the myocardium, obviating the need for leads
(Figure 5). The lack of leads and subcutaneous pulse generator has the theoretical
benefit of avoiding lead-related (ex. lead infections, lead failure, tricuspid regurgi-
tation) and subcutaneous pocket (ex. Pocket infections, hematoma) complications.

At this time, the majority of literature is on two leadless pacemakers: Nanostim
(St. Jude Medical, St. Paul, MN,USA) and Micra (Medtronic, Minneapolis, MN).
Nanostim had promising results from initial trials but was recalled due to prema-
ture battery failure and spontaneous detachment from the myocardium. For these
reasons, it did not gain FDA approval and is not currently being implanted. An
updated Nansostim system called Aveir VR gained FDA approval in March 2022 but
no trials have been completed thus far. As Micra is the only FDA-approved lead-
less pacemaker with short to medium-term data, it will be the focus of this review.
Although there are no clinical trials directly comparing Micra to transvenous

Figure 5.
CXR of a leadless pacemaker. An antevoposterior (A) and a lateral (B) view show the position of the leadless
pacemaker.
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pacing, observational studies up to 1-year post-implant have shown a significant
reduction in the odds of developing infectious complications compared to trans-
venous pacing, while maintaining electrophysiologic pacing parameters [44-46].
Leadless pacing shows promise in reducing complications, but long-term trials are
needed to verify electrophysiologic stability.

5.3 Cardiac resynchronization therapy

CRT is a pacing strategy to improve dyssynchronous left and right ventricu-
lar contraction; it involves biventricular pacing (RV and LV lead as shown in
Figure 6) and can also be achieved in left-sided persistent SVC, congenital heart
disease and anomalous coronary sinus veins [47-49]. Cardiac mechanical desyn-
chrony is of particular concern amongst select patients with heart failure with
reduced ejection fraction (HFrEF) [50]. Patients with HFrEF undergo cardiac
remodeling over time which results in electrical dysregulation and interven-
tricular delays ultimately causing dyssynchronous contraction of the right and
left ventricles and poor cardiac function; these interventricular delays can be in
the form of left bundle branch block or non-specific electrical conduction delays
that increased QRS duration. Indeed, QRS duration correlates with worsening
heart failure and sudden cardiac death and death from any cause [50]. CRT is an
effective strategy to mitigate interventricular delays as the electrical generator
can be programmed to initiate optimal timing of contraction for each ventricle.
CRT has been shown to reduce mortality by up to 36% compared to medical
therapy alone in patients with interventricular delay [51]. Given the evidence,
ACCF/AHA/HRS guidelines suggest CRT for patients with Left Ventricular
Ejection Fraction <35%, sinus rhythm, LBBB with QRS > 150 ms and NYHA
class 2-4 symptoms on goal-directed medical therapy (class 1) [52].

Amongst HFrEF patients who would otherwise benefit from CRT, the presence
of atrial fibrillation (AF) can be problematic. The rapid ventricular response or
irregularity of AF can interfere with biventricular pacing capture rendering CRT
ineffective in up to 67% of patients with persistent AF [53]. One solution to this
dilemma is ablation followed by biventricular pacing. A recent meta-analysis showed
worse mortality in AF patients compared to normal sinus patients that underwent
CRT [54]. However, when AF patients underwent ablation, all-cause mortality

Figure 6.
CXR of CRT. An anteroposterior and lateral view showing the leads in the vight atrium, vight ventricle and a
quadripolar left ventricular pacing lead through the covonary sinus.
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was not different between the normal sinus and AF patients undergoing CRT [54].
Most recent ACCF/AHA/HRS guidelines recommend CRT for AF patients that a)
otherwise meet CRT criteria as above and b) AV nodal ablation or pharmacologic rate
control will achieve near 100% ventricular pacing with CRT (class IIa) [52].

5.4 Conductive system pacing

International guidelines for pacing currently recommend the above conventional
myocardial pacing whereby slow-conducting myocytes are activated and there-
fore only indirectly activate the fast-conductive cardiac tissue (i.e. His-Purkinje
network). Direct conduction system pacing (CSP) is emerging as an alternative
approach to myocardial pacing; by directly activating conductive tissue, CSP has the
theoretical benefit of mitigating electrical and mechanical ventricular desynchrony.

Two methods of CSP that have garnered attention are His Bundle Pacing
(HBP) whereby a lead is inserted proximally close to His bundle, and Left Bundle
Branch area Pacing (LBBaP) whereby a lead is inserted more distally close to the
LBB (Figure 7). Wang et al. recently showed that HBP was feasible and safe with
improvements in LVEF in patients with persistent AF and HFrEF who indicated
implantable cardioverter defibrillator [55]. Abdelrahman et al. showed that patients
with HBP had better survival and heart failure hospitalization rates compared to
conventional RV pacing [56]. While HBP can be effective, it can be technically
challenging given the small target area for lead placement, with longer procedure
times even amongst experienced electrophysiologists compared to conventional
pacing [57]. Furthermore, HBP has higher rates of lead dislodgement, up to twice
as compared to conventional RV pacing [58]. LBBaP may be a better alternative
in some patient populations. For instance, in patients requiring AV node ablation
LBBaP is technically less challenging and pacing output to correct the left bundle
branch block is lower. However, given the relative recency of CSP, there is currently
a paucity of data including complications, such that international cardiology societ-
ies have yet to make recommendations [59].

One possible advantage of CSP over conventional pacing is the concept of
synchrony. While right ventricular pacing is effective for the treatment of bradycar-
dia and syncope, this approach can lead to electrical and mechanical desynchrony
(particularly between ventricles) with the remodeling of the heart long-term; the
broad consequences are higher rates of atrial fibrillation, heart failure and mortality
[60, 61]. As previously described, Cardiac Resynchronization therapy (CRT) can
mitigate hemodynamic and structural complications associated with only right ven-
tricular pacing. Clinical trials have demonstrated that CRT reverses remodeling, and
improves left ventricular ejection fraction (LVEF) and overall mortality in patients
with reduced ejection fraction heart failure (HFrEF) [62, 63]. However, up to 40%
of patients eligible for CRT demonstrate “non-response” (i.e. poor improvement in
NYHA class, QRS duration, or echocardiographic parameters) [64]. Furthermore,
while conventional CRT does improve QRS duration, it does not return it to a range
seen in patients with intact conduction tissue, suggesting better therapeutic benefits
with shorter QRS [65]. Whether CSP can be used as an alternative to, or as rescue
therapy for patients with an indication for CRT remains to be seen. Several centers,
including our own, are undergoing trials to address this question.

5.5 Tricuspid regurgitation following pacing
As mentioned in Section 4.3, TR is an independent cause of mortality [66].

Pacemaker-associated TR can be primary TR by direct damage of the tricuspid
valve by leads, secondary TR by RV dilation and dysfunction due to pacemaker
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Figure 7.

CXR of dual chamber pacemaker. An anteroposterior and lateral view showing the position of a dual chamber
pacemaker. RV lead is placed in the apical position (A) in comparison to placement at the region of LBBAP
(B). Contrast injection through the delivery sheath showing the lead penetrating the RV septum to successfully
deliver LBBAP.

cardiomyopathy, or a combination of both. As TR is a major complication of pacing,
prevention of TR is an important consideration.

Leadless pacemakers (see 5.2) have the theoretical benefit of minimizing primary
damage to the tricuspid valve. However, Beurskens et al. showed that 12-month
follow-up for leadless pacing had comparable rates of TR to the dual-chamber paced
group, suggesting that lead-related damage to the tricuspid valve may not be the
primary mechanism of TR following pacing [67]. The TR observed in leadless pacing
may be due to RV dysfunction from pacemaker cardiomyopathy or damage to the
tricuspid apparatus while crossing the tricuspid valve during implantation [68]. One
way to avoid tricuspid apparatus entirely is to implant lead into the left ventricle via the
coronary sinus. Schliefer et al. tested this hypothesis in a prospective trial comparing
rates of TR at 12 months between pacing at RV-apex vs. RV-septum vs. LV-coronary
sinus; coronary sinus pacing failed to achieve a statistically significant reduction of TR
[69]. More studies over longer follow-ups are required to verify these findings.

6. Conclusion

Given the aging population of the Western world, the burden of Valvular
Heart Diseases is predicted to increase. Advancement and development of new

11
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percutaneous valvular interventions have been a boon for patients, particularly those
deemed to be poor surgical candidates. Alongside these percutaneous valvular interven-
tions are increased rates of CSDs, often requiring artificial pacing. Pacing techniques
have also seen rapid advancements, with the advent of CRT, leadless pacing and con-
ductive tissue pacing. Each of these has merit and warrants further research, particu-
larly in the need to tailor different pacing modalities to different valvular interventions.

Abbreviations

AF Atrial Fibrillation

AVN Atrioventricular Node

AVB Atrioventricular Block

CRT cardiac resynchronization therapy

CSD conduction system disorder

CSp conduction system pacing

HBP His Bundle Pacing

HFrEF heart failure with reduced ejection fraction
LA Left Atrium

LBBaP Left Bundle Branch area Pacing

LBBB Left Bundle Branch Block

LVEF left ventricular ejection fraction

MV Mitral valve

NYHA New York Heart Association

RA Right Atrium

RBBB Right Bundle Branch Block

SA Sinoatrial Node

SAVR Surgical Aortic Valve Replacement

SND Sinus Node Dysfunction

SVC Superior Vena Cava

TAVR Transcatheter aortic valve replacement
TEER transcatheter edge-to-edge repair
TMVR Transcatheter Mitral Valve Replacement
TR Tricuspid Regurgitation

TTVI Transcatheter Tricuspid Valve Interventions
VHD Valvular Heart Disease
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