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Abstract

Pacing induced cardiomyopathy (PICM) can occur as a complication due to pacing the right ventricle. Its precise definition varies across
different studies, leading to uncertainty as to the best approach for managing this entity. More than 10% of patients who undergo chronic
right ventricular pacing develop PICM. Risk factors associated with PICM include reduced left ventricular ejection fraction (LVEF), the
proportion of right ventricular pacing, and paced QRS duration. The main approach to treating PICM has been upgrading to biventricular
pacing cardiac resynchronization therapy when the LVEF decreases. However, emerging evidence suggest that conduction system pacing

might provide an opportunity to manage PICM.
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1. Introduction

Since the introduction of cardiac pacing in 1958, the
right ventricle (RV) has been the favored site for implant-
ing permanent pacemaker (PPM) leads, attributed to con-
siderable expertise, ease of implantation, and the stability
provided by passive fixation leads within the trabeculae of
the RV [1]. Nevertheless, extended periods of RV pac-
ing are linked to progressive left ventricular (LV) dysfunc-
tion, caused by asynchronous activation of the ventricles,
leading to significant functional, hemodynamic, electrical,
and structural alterations [2,3]. In some cases, LV func-
tion may deteriorate following PPM implantation without a
clear cause, a condition referred to as pacing-induced car-
diomyopathy (PICM). PICM is typically characterized by a
reduction in left ventricular ejection fraction (LVEF) in pa-
tients with a high burden of RV pacing and no other identifi-
able cause. It has been reported that 10-20% of patients de-
velop PICM after 2—4 years of RV pacing [4]. PICM is asso-
ciated with an increased risk of developing atrial fibrillation
(AF) [5,6], hospitalization due to heart failure (HF) [3,5,7],
and cardiac mortality [3,5,7-9]. In patients with PICM, up-
grading to biventricular pacing cardiac resynchronization
therapy (BiV-CRT) has been shown to alleviate HF-related
symptoms and promote reverse remodeling of the LV. Re-
cently, conduction system pacing (CSP), such as His bundle
pacing (HBP) and left bundle branch area pacing (LBBAP),
have demonstrated substantial improvements in LVEF and
HF symptoms in patients with PICM.

2. Definition

A significant number of patients with a normal pre-
implant LVEF who require RV pacing are prone to devel-
oping PICM. PICM is characterized by a decrease in LVEF

and the emergence of symptoms associated with systolic
heart failure. Although there is no single universally ac-
cepted definition of PICM, the current guidelines [10] rec-
ommend that it should meet the following criteria:

1. A decrease in LVEF of at least 10%, starting from
a baseline LVEF above 50% prior to RV pacing.

2. Substantial RV pacing (pacing percentage >20%).

3. No other definitive cause for reduction in LVEF
following RV pacing.

In some studies, the definition of PICM included heart
failure symptoms and hospitalization (Fig. 1) [4,11]. This
inclusion is particularly relevant because patients with HF
resulting from RV pacing may still have a relatively pre-
served LVEF. In the pacing to avoid cardiac enlargement
(PACE) study, 177 patients exhibiting a normal initial EF
were designated to undergo either Biventricular Pacing
(BVP) or Right Ventricular Pacing (RVP). The mean EF
of patients at the start of the study was 61.7% [12]. Af-
ter 12 months of follow-up, the mean LVEF dropped to
54.8% in the RVP cohort but stayed constant at 62.2% in
the BVP cohort (p < 0.001). Despite the LVEF maintain-
ing within the normal range, the decline in LVEF within the
RVP group correlated with a notable rise in left ventricu-
lar end-systolic volume (LVESV). Throughout the 4.8-year
average follow-up [7], the two cohorts exhibited continued
divergence, with a further dip in LVEF in the RVP group to
an average of 53.2% and an ongoing escalation in LVESV.
In contrast, these parameters remained steady in the BVP
group. Additionally, despite the relatively moderate reduc-
tion in LVEF within the RVP group, there was a notably
elevated occurrence of heart failure hospitalization (HFH)
in the RVP group (23.9% vs. 14.6%, p = 0.006).

The definition of pacemaker induced cardiomyopathy
(PICM) varies among studies; however, current guidelines
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Current definition of PICM

1. A reduction in EF by at least 10%, with a
baseline EF exceeding 50%

2. RV pacing burden exceeding 20%.

3. The absence of any other definitive causes.

Hospitalization due to HF triggered

by RV pacing

Heart failure Symptom, AF without

LVEF change

Fig. 1. Definition of pacemaker induced cardiomyopathy. PICM, pacing-induced cardiomyopathy; EF, ejection fraction; RV, right
ventricle; HF, heart failure; AF, atrial fibrillation; LVEF, left ventricular ejection fraction.

recommend defining PICM as a >10% decrease in LVEF
after chronic RVP, resulting in an LVEF <50%, with the
pacing percentage of RVP exceeding 20%. Nevertheless, it
has been suggested that the incidence of PICM is signifi-
cantly underestimated when defined solely by a reduction
in LVEF. While assessing LVEF is crucial, the development
of HF symptoms, HFH, and the onset of AF also plays a sig-
nificant role in PICM.

These findings suggest that many patients who expe-
rience adverse effects from RV pacing may still have pre-
served EF and may not meet the conventional definition of
PICM. While assessing LVEF remains crucial, the emer-
gence of HF symptoms or the occurrence of HFH also plays
a significant role in identifying PICM. Some patients may
develop symptoms due to ventricular dyssynchrony and el-
evated cardiac filling pressures before a noticeable decline
in LVEF becomes apparent. In certain cases, PICM may
present as a form of heart failure with preserved EF, which
is termed the PICM syndrome. Several studies support ex-
panding the definition of PICM to encompass the onset of
heart failure symptoms following PPM implantation, re-
gardless of specific LVEF criteria [4,11].

Besides the decline in LVEF and heart failure hospital-
ization, there is a suggestion that the onset of AF could also

serve as an indication of PICM in certain patients. Nielsen
et al. [6] observed that a greater burden of ventricular pac-
ing in the dual-chamber pacing group significantly elevated
the risk of AF over a 2.9-year follow-up compared to atrial-
only pacing (23.3% vs. 7.4%, p = 0.03). Similarly, in the
MOST (MOde Selection Trial) study, the occurrence of AF
demonstrated a relatively linear increase with a higher bur-
den of ventricular pacing. Nevertheless, it’s crucial to high-
light the difficulties in precisely determining the occurrence
of atrial fibrillation directly linked to extensive RV pacing,
especially considering the complex interaction between car-
diomyopathy and atrial arrhythmias.

3. Incidences

The incidence of PICM varies significantly depending
on the chosen definition, but on the whole, it appears to af-
fect approximately 10-20% of individuals within 3—4 years
following permanent pacemaker insertion [12—14]. This
variability can be attributed to variations in how PICM is
defined, differences in the characteristics of the studied pa-
tient populations, and disparities in the duration of follow-

up.
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The study illustrating the impact of definition on the
incidence of PICM within a single cohort was reported by
Kaye et al. [14]. In this investigation, three distinct defi-
nitions for PICM were utilized: (1) EF <40%, if the base-
line EF was >50%, or an absolute reduction in EF >5%
if the baseline EF was <50%, (2) EF <40%, if the base-
line EF was >50%, or an absolute reduction in EF >10%
if the baseline EF was <50%, (3) an absolute reduction
in EF >10%, regardless of the baseline EF. Over the 3.4-
year follow-up period, the occurrence of PICM ranged from
9.3%, 5.9%, to 39.0% depending on the chosen PICM def-
inition.

It is important to note that all of these studies on PICM
were conducted retrospectively and had varying criteria for
defining cardiomyopathy and the percentage of RVP as in-
clusion criteria, which makes them susceptible to selection
bias. A systematic review of PICM studies estimated the in-
cidence to be 12%, although the data was limited due to the
variability in PICM definitions and the duration of follow-
up across the studies [15].

4. Pathophysiology

Although the specific pathophysiological mechanisms
underlying the development of PICM have not been
fully understood, it has been hypothesized that ventricu-
lar dyssynchrony plays a central role. In RV apical pac-
ing, areas with early electrical activation exhibit early con-
traction, whereas segments of the left ventricle that activate
late experience delayed contraction. This disparity in elec-
trical activation timing between the RV and LV results in
irregular mechanical contraction, commonly referred to as
ventricular dyssynchrony (Fig. 2). In the absence of in-
volvement of the His-Purkinje system, there is a sluggish
transmission of electrical impulses from one myocyte to an-
other, often characterized by a solitary point of activation
across the ventricular septum. The latest activation typi-
cally takes place in the inferior, basal left ventricle [16].
The disturbed electrical activation leads to compromised
mechanical contraction. Regions closest to the pacing site
undergo rapid systolic shortening, leading to pre-stretching
of late-activating areas. This process results in a redistri-
bution of myocardial strain and workload, ultimately lead-
ing to less efficient overall contraction [17]. Redistribu-
tion of myocardial workload can also induce alterations in
cardiac metabolism, giving rise to regional irregularities in
myocardial blood flow. Long- term, RV pacing can affect
cardiac function and clinical outcomes by altering cardiac
histology, such as myocardial fibrosis in patients with con-
genital atrioventricular (AV) block after long-term RV pac-
ing [18]. Consequently, some individuals subjected to pro-
longed RV pacing may develop cardiomyopathy resulting
from dyssynchrony, leading to a reduction in left ventricu-
lar ejection fraction and the onset of heart failure. While
this adverse remodeling is considered a chronic process
that takes months or years to culminate in cardiomyopa-
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thy, changes in LVEF can be discerned within hours of RV
pacing [19]. These acute effects align with clinical studies
demonstrating a notable increase in heart failure incidence
during the initial weeks to months of high-burden pacing.

In the context of pacing the RV at the apex, areas with
early electrical activation exhibit early contraction, while
segments of the LV that activate later experience delayed
contraction. When the His-Purkinje system is not involved,
there is sluggish myocyte-to-myocyte propagation, marked
by a solitary breakthrough of activation across the ventric-
ular septum. Typically, the latest activating site is found in
the inferior, basal region of the left ventricle. The blue line
represents the activation time of the septal wall, and the red
line represents the activation time of the lateral wall.

The pathophysiology of PICM exhibits resemblances
to other cardiomyopathies linked to impaired electrical
conduction, such as left bundle branch block (LBBB)
and premature ventricular contractions. Because of these
shared characteristics, they are collectively known as
dyssynchrony-associated cardiomyopathies [11]. The like-
lihood of developing cardiomyopathy increases with a
higher frequency of dyssynchrony. In the case of PICM,
an RV pacing burden of >20% is correlated with an ele-
vated risk of developing PICM. Furthermore, there is evi-
dence indicating that the reversal of cardiomyopathy may
be achievable if the frequency of dyssynchrony is reduced
[20].

5. Risk Factor

Several factors, including advanced age [21], male
gender [22], atrial fibrillation [12], increased pacing burden
[5], impaired LVEF [3], prolonged QRS duration [23-27],
diastolic dysfunction [28] and abnormal global longitudinal
strain [29] have been identified as independent predictors of
the development of PICM.

Patients can tolerate a substantial burden of RV pac-
ing for an extended period without experiencing noticeable
adverse effects. The relationship between pacing-induced
heart failure and PICM remains unclear, with inconsistent
direct correlations observed in studies examining predictors
of PICM. Furthermore, certain individuals with PICM may
not develop heart failure, maintaining exercise capacities
and quality of life comparable to those without PICM [30].
There is considerable variability in individual susceptibil-
ity to the deleterious effects of RV pacing, underscoring the
need for additional research to pinpoint individuals at the
highest risk of developing PICM and to customize preven-
tive measures accordingly.

Previous studies have demonstrated that a lower EF is
a statistically significant factor in the development of PICM
[3,5]. In the Dual Chamber and VVI Implantable Defibril-
lator (DAVID) trial [3], among individuals considered for
defibrillator implantation, those with a more than 40% RV
pacing burden exhibited an incidence of death or heart fail-
ure hospitalization exceeding 30% at 18 months, in contrast
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___ Delayed activation of LV
Basal, lateral segment

Fig. 2. Right ventricular pacing induced left ventricular dyssynchrony. LV, left ventricular.

to less than 10% in those with lower RV pacing burdens.
Similarly, in the MADIT II [31], an RV pacing burden sur-
passing 50% was associated with nearly twice the risk of
new or worsening heart failure symptoms. High RV pacing
burden can markedly worsen left ventricular dysfunction,
even in patients with only mildly reduced baseline LVEF.

An RV pacing burden exceeding 40% has been cor-
related with a heightened risk of heart failure hospitaliza-
tion, as evidenced in the MOST Trial [5]. In a compar-
ison between VVI and DDD pacing in sinus node dys-
function, DDD pacing exhibited a heart failure hospitaliza-
tion incidence almost 2.5 times higher among those with a
greater than 40% RV pacing burden, compared with those
with lower burdens of VVI. Substantial RV pacing is de-
fined as pacing that either exceeds or is expected to exceed
40%. Nonetheless, some observational studies have sug-
gested that RV pacing beyond 20% may also yield unfavor-
able consequences [22,32].

RV pacing induces a left ventricular electrical activa-
tion pattern resembling left bundle branch block (LBBB),
leading to electrical dyssynchrony and a prolonged QRS du-
ration due to slow myocardial conduction. Consequently, a
prolonged paced QRS duration is identified as a risk factor
for PICM, indicating that patients with a lengthier paced
QRS duration face a higher risk of developing PICM [23—
26]. Some researchers propose that a paced QRS duration
of 150 ms is a sensitive indicator of PICM [24]. How-
ever, it’s crucial to note that while there is an association
between paced QRS duration and PICM, there is no estab-
lished causal relationship. A prolonged paced QRS dura-
tion might signify a higher degree of myocardial disease
and an increased risk of left ventricular dysfunction, irre-
spective of RV pacing. Additionally, it may suggest that
adverse remodeling due to dyssynchrony has already taken
place.

A study has shown that diastolic dysfunction is a risk
factor for PICM in patients with preserved LV function [28].
Diastolic function constitutes an equally crucial aspect of
the cardiac cycle, intimately connected with systolic func-
tion. Impaired diastolic relaxation, filling, or distensibil-
ity of the LV, resulting from diastolic dysfunction, compro-
mises LV contractility [33]. When diastolic dysfunction is
present, the added stress induced by RV pacing might lead
to further functional abnormalities, including electrome-
chanical delay due to a pacing-induced left bundle branch
block pattern and regional perfusion defects [34]. As a re-
sult, RV pacing has the potential to contribute to a height-
ened degree of LV systolic dysfunction and an increased
likelihood of clinical heart failure.

Myocardial strain is an emerging parameter for a more
detailed evaluation of the systolic function of cardiac cham-
bers. Among strain parameters, global longitudinal strain
has received the most scrutiny. It exhibits greater sensi-
tivity than LVEF and can detect subclinical left ventricular
dysfunction [35]. Recent research indicates that global lon-
gitudinal strain could function as a predictor for the deterio-
ration of LV systolic function after pacemaker implantation,
potentially identifying patients at risk for PICM [36].

6. Treatment

PICM might be reversible through enhancement of
dyssynchrony. Hence, in addition to adhering to recom-
mended medical therapy for heart failure with reduced ejec-
tion fraction, alternative pacing strategies have been sug-
gested. These strategies encompass upgrading to BiV-
CRT or adopting other more physiologically aligned pacing
methods like HBP or LBBAP, which are linked to consid-
erably reduced ventricular dyssynchrony [37].

The predominant approach for addressing PICM in-
volves upgrading to BiV-CRT. Current guidelines advo-
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Table 1. Upgrade to biventricular pacing cardiac resynchronization therapy in patients with pacemaker induced

cardiomyopathy.
Study Year Design Total Number of Follow-  Baseline Post Paced Clinical outcomes
number patients up period  EF (%) BiV- QRS
of upgraded to  (months) CRT EF  duration
patients BiV-CRT (%)
Merkely et 2023 Multicenter, 360 215 12 25 36 Improvement of
al. [40] randomized all-cause mortality,
comparative HF hospitalization
(CRT-D vs. (» <0.01)
ICD)
Loboda et 2020  Retrospective 115 115 72 27 31 180 No difference in
al. [38] cohort all-cause mortality
Khurshid e 2018  Retrospective, 1279 69 7 29 45 184 86% (LVEF
al. [20] cohort improvement >5%)
Kiehl et al. 2016  Retrospective, 823 101 168 34 45 161 84% (LVEF >10%
[32] cohort or LVESV decrease
>15%)
Schwerg et 2015 Prospective 615 20 6 33 48 152 85% (LVESV
al. [39] cohort decrease >15%)

Improvement of
NYHA class (p <
0.05)

BiV-CRT, biventricular pacing cardiac resynchronization therapy; EF, ejection fraction; HF, heart failure; LVESYV, left ventricular end sys-

tolic volume; NYHA, New Work Heart Association; CRT-D, cardiac resynchronization therapy-defibrillator; ICD, implantable cardioverter

defibrillator.

cate for patients with a cardiac implantable electronic de-
vice and a decline in left ventricular function or worsening
heart failure symptoms due to substantial ventricular pacing
to consider upgrading to BiV-CRT for enhanced LV func-
tion and relief from heart failure symptoms (Table 1, Ref.
[20,32,38—40]). In a recent retrospective review involving
1279 consecutive BiV-CRT cases, 78 patients with PICM
were identified [20]. The study indicated that BiV-CRT was
highly successful in reversing PICM, with 86% of patients
experiencing an improvement in LVEF by more than 5%.
A prospective cohort study also demonstrated symptom al-
leviation and reversal of LV remodeling (LVESV decrease
>15%) in patients who upgraded to BiV-CRT, as supported
by a meta-analysis showcasing improvements in various as-
pects of heart function and quality of life [39]. A recent
investigation showed that in comparison to an implantable
cardioverter defibrillator (ICD), upgrading to cardiac resyn-
chronization therapy-defibrillator (CRT-D) resulted in de-
creased morbidity and mortality, along with enhanced left
ventricular reverse remodeling among patients with PICM
[40]. The study encompassed 360 patients exhibiting symp-
toms of heart failure, reduced ejection fraction (<35%),
wide-paced QRS complex (>150 ms), and a high burden
of RV pacing (>20%). These individuals were randomly
assigned to either receive a CRT-D or an ICD. Addition-
ally, all participants had previously received a pacemaker or
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ICD at least six months prior and were already undergoing
guideline-directed medical therapy. The primary outcome
was the composite of HF hospitalization, all-cause mortal-
ity, or <15% reduction of LV end-systolic volume, which
occurred in 58 out of 179 patients (32.4%) in the CRT-D
group and 101 out of 128 patients (78.9%) in the ICD group
over a median duration of 12.4 months. The positive impact
of upgrading to CRT-D remained consistent across all pre-
defined subgroups. Furthermore, the combined incidence
of heart failure hospitalization and all-cause mortality was
lower in the CRT-D cohort compared to the ICD cohort.
Additionally, the evaluation of left ventricular morphology
and function using echocardiography favored CRT-D over
ICD, with a 12-month disparity of —39.00 mL in left ven-
tricular end-diastolic volume and a difference of 9.76% in
left ventricular ejection fraction.

However, the upgrade from right ventricular pacing
to BiV-CRT is limited by conditions related to venous
vascular access and cardiac venous anatomy [41]. Chal-
lenges include a 5% to 7% probability of unsuccessful coro-
nary sinus (CS) lead placement due to anatomical varia-
tions (CS valves, tortuosity, small-caliber target vessels),
elevated pacing thresholds, and diaphragmatic stimulation
[42]. Factors such as AV optimization, LV lead thresholds,
and the choice of LV electrodes in quadripolar leads can
also impact the response to BiV-CRT upgrades. The pro-
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cedure entails an elevated risk of pocket or lead infection
and the potential for LV pacing lead fracture or dislodgment
[43—45]. In the National Inpatient Sample Database, Che-
ung et al. [43] found that CRT upgrade procedures were
associated with cardiac perforation (1.3%), pneumothorax
(1.3%), and lead revision (2.9%). Similar findings were
found in the replace registry [44]. A prospective multicen-
ter registry on complications related to cardiac implantable
device replacement revealed that complications linked to
device upgrades included cardiac arrest (0.3%), pneumoth-
orax (0.8%), cardiac perforation or tamponade (0.7%), and
lead-related issues (7.9%). The highest complication rates
were noted in patients who underwent an upgrade or re-
vision of CRT (18.7%, 95% confidence interval (95% CI)
15.1 to 22.6). These results underscore that, while upgrad-
ing to CRT is highly effective in PICM patients, the associ-
ated complications should not be underestimated.

Recent investigations have assessed the role of phys-
iological pacing through His-Purkinje conduction system
pacing (HPCSP), demonstrating significant enhancements
in LVEF and HF symptoms in PICM patients. HBP has
been proven to markedly reduce the risk of HF hospital-
ization compared to RV pacing (Table 2, Ref. [46-48])
[46-50]. In individuals with RV pacing, HBP resulted in
a significantly narrower paced QRS duration and notable
improvements in EF for those with PICM [46]. In com-
parison to BiV-CRT, one prospective cohort study revealed
that HBP led to improvements in New York Heart Associ-
ation (NYHA) class and LVEF after 6 months [47]. While
HBP can reverse LV remodeling in PICM patients, its ap-
plication is constrained by relatively low implant success
rates and unstable pacing parameters (higher pacing thresh-
olds, which may lead to premature battery depletion, lower
sensing values, and reduced success rates in patients with
bundle branch block) [48].

LBBAP, initially introduced by Huang ef al. in 2017
[51], has attracted growing interest as a novel physiological
pacing technique in recent years. LBBAP entails the direct
pacing of the left bundle branch via the transseptal approach
and offers advantages such as enhanced R-wave amplitude,
relatively lower thresholds, and a greater likelihood of cor-
recting LBBB by pacing more distally to the site of conduc-
tion block [52,53]. Although pacing thresholds and R-wave
amplitudes were superior with LBBAP compared to HBP,
they remained consistent during medium-term follow-up.
While theoretically HBP might be considered superior to
LBBAP due to complete interventricular synchrony, recent
studies have demonstrated a reduced incidence of death and
heart failure hospitalizations compared to RV pacing [54—
58]. In small-sized retrospective studies, upgrading to LB-
BAP improved cardiac function and NYHA class in PICM
patients (Table 3) [55-58]. A multicenter study investigated
the efficacy of LBBAP in reversing PICM in patients with
infra-nodal block who had previously been implanted with
standard RV pacing leads [58]. LBBAP was successfully

upgraded in 19 out of 20 patients, resulting in improved
LVEF and LVESYV over a 12-month follow-up period, with
stable lead performance.

7. Prevention

7.1 Strategies to Reduce Pacing Burden by Pacemaker
Programming

Minimizing right ventricular pacing is advisable in pa-
tients without complete atrioventricular block. This can
be accomplished through AAI pacing, setting the lowest
clinically appropriate backup ventricular pacing rate, im-
plementing a prolonged atrioventricular delay to facilitate
intrinsic AV conduction, avoiding rate response pacing in
individuals with a competent sinus node, and programming
rate response settings that do not lead to non-physiological
heart rates at rest or during activity. Nevertheless, demon-
strating a significant improvement in clinical outcomes has
proven to be challenging. In a meta-analysis involving
4119 patients, dual-chamber pacing programmed with al-
gorithms to reduce RV pacing was compared to standard
DDD pacing [59]. Despite the significant reduction in RV
pacing burden through these algorithms, there were no dis-
cernible differences in terms of all-cause mortality, heart
failure hospitalization, or the development of atrial fibrilla-
tion.

7.2 Exploring Other Pacing Sites

Initially, there was a hypothesis that decreasing the
paced QRS duration via RV septal pacing would lower the
occurrence of PICM. However, clinical trials that compared
RV septal pacing to RV apical pacing did not reveal any
clinical advantages for RV septal pacing. In the Protect-
Pace study [60], there were no notable distinctions in terms
of mortality, heart failure hospitalization, the prevalence of
AF, or pro-brain natriuretic peptide (pro-BNP) levels be-
tween RV apical pacing and pacing in the high septal re-
gion.

7.3 Strategies Involving Biventricular Pacing Cardiac
Resynchronization Therapy

Small comparative studies such as the Homburg
Biventricular Pacing Evaluation (HOBIPACE) study [61]
and COMBAT [62], which compared RV pacing to BiV-
CRT in patients requiring pacing with reduced EF, demon-
strated the superiority of BiV-CRT over RV pacing in en-
hancing cardiac function and quality of life in those with ad-
vanced LV dysfunction. In the Block-HF study, focused on
patients with EF <50%, BiV-CRT outperformed RV pac-
ing in reducing composite endpoints, primarily driven by
heart failure hospitalization, without discernible differences
in cardiac mortality [9]. However, the PACE trial, involv-
ing patients with normal EF, revealed that BiV-CRT pre-
vented LV remodeling and a reduction in EF but found no
differences in functional parameters or heart failure hospi-
talization [63]. The BioPACE trials yielded conflicting re-

&% IMR Press


https://www.imrpress.com

Table 2. Upgrade to His bundle pacing in patients with pacemaker induced cardiomyopathy.

Study Year Design Total Number  Follow- Baseline Post Pre Post Clinical
number of up EF (%) HBP HBP HBP outcomes
of patients period EF (%) QRS QRS
patients  upgraded (months) duration  duration
to HBP (ms) (ms)
Shan et al. 2018 Prospective 11 11 24 36 53 156 107 Improvement of
[48] cohort NHYA
(HBP)
Decreased BNP
(» <0.01)
Vijayaraman 2019 Retrospective, 85 79 25 34 48 123 114 Improvement of
et al. [46] Case study NHYA (p <
(HBP vs. 0.01)
RVP)
Gardasetal. 2022  Prospective 61 39 6 34 48 182 118 Improvement of
[47] (HBP vs. NHYA (p =
BiV-CRT) 0.04)

BiV-CRT, Biventricular pacing cardiac resynchronization therapy; BNP, brain natriuretic peptide; EF, ejection fraction; HBP, His bundle

pacing; NYHA, New Work Heart Association; RVP, right ventricular pacing.

Table 3. Upgrade to left bundle branch area pacing in patients with pacemaker induced cardiomyopathy.

Study Year Design Total Number of  Follow- Baseline  Post Pre Post Clinical
number patients up EF (%) LBBAP LBBAP LBBAP outcomes
of upgraded to  period EF (%) QRS QRS
patients LBBAP (months) (ms) (ms)
Qian et al. 2021 Retrospective 13 13 10 40 48 174 117 Improvement in
[55] observa- NYHA (p <
tional 0.01)
Single arm Decreased
Pro-BNP
Yang et al. 2021 Retrospective 20 19 12 36 51 176 120 Improvement in
[58] observa- NYHA (p =
tional 0.02)
Single arm
Rademakers 2022 Retrospective 20 20 44 32 47 193 130 Improvement in
etal. [56] observa- NYHA (p <
tional 0.01)
Single arm
Shan et al. 2023 Retrospective 102 70 12 36 51 149 123 Improvement in
[57] observa- NYHA (p <
tional 0.001)

BNP, brain natriuretic peptide; EF, ejection fraction; LBBAP, left bundle branch area pacing; NYHA, New Work Heart Association.

sults regarding the benefit of BiV-CRT in patients with rel-
atively preserved EF (>40%), demonstrating no mortality
benefit and uncertain effects on hospitalization [8,64]. All
aforementioned studies comparing BiV-CRT to RV pacing
in patients with preserved LV function failed to show any
advantages in terms of mortality or hospitalization due to
heart failure. According to current guidelines [65], BiV
pacing is recommended in patients with an EF of 36-50%
who develop AV block and are expected to require >40%
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RV pacing. However, caution is advised when EF is >50%,
considering mixed results from the PACE and BioPACE
trials. Routine BiV-CRT implantation in patients likely to
experience a high burden of RV pacing has not become a
standard of care unless these patients have pre-existing LV
dysfunction.
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7.4 Strategies Involving Conduction System Pacing

Conduction system pacing, which includes HBP or
LBBAP, holds great promise as it may avoid the risk of
PICM while allowing for the implantation of a dual cham-
ber pacing system. In an observational investigation, the
initial placement of HBP, in contrast to a standard dual-
chamber pacemaker, was associated with a notable decrease
in the composite endpoint comprising death, heart failure-
related hospitalization, or the need for an upgrade to BiV-
CRT [50]. Additionally, there was a trend toward reduced
mortality with HBP. However, HBP does have its limi-
tations, including elevated pacing thresholds, sensing is-
sues, and difficulties in device programming. Recently,
LBBAP has emerged as a promising alternative to address
the shortcomings of HBP and is increasingly being uti-
lized for both bradycardia and heart failure. The findings
from a large European multicenter registry study (MELOS
study) [66] demonstrated that LBBAP is a viable primary
pacing method for bradyarrhythmia, achieving an overall
success rate of 92.4% with a complication rate of 8.3%
which includes peri-procedural chest pain (2.5%), acute
perforation of the left ventricle (3.6%), lead dislodgement
(1.5%), and pacing threshold issues (0.7%). Consequently,
a recent European survey indicated that clinicians are in-
creasingly favoring LBBAP over HBP as their first-line
approach for bradyarrhythmia [67]. However, it’s worth
noting that the bulk of evidence regarding the safety and
efficacy of these techniques is derived from observational
studies, and the long-term safety of LBBAP remains uncer-
tain. Currently, several global clinical trials are underway
to investigate the efficacy and safety of LBBAP, including
PROTECT-HF (Physiological vs. Right Ventricular Pac-
ing Outcome Trial Evaluated for bradyCardia Treatment,
NCTO05815745), PROTECT-SYNC (Preventive Effect of
Left Bundle Branch Area Pacing Versus Right Ventricu-
lar Pacing on all Cause death, Heart Failure Progression,
and Ventricular dyssynchrony in Patients with Substantial
Ventricular Pacing, NCT05585411), OptimPacing (Protec-
tion of Cardiac Function with Left Bundle Branch Pac-
ing in Patients with Atrioventricular Block, NCT04624763)
and LEAP-Block (Impact of Left Bundle Branch Area Pac-
ing vs. Right Ventricular Pacing in Atrioventricular Block,
NCT04730921). Parameters such as the stability of capture
thresholds, lead integrity, and lead extractability will need
to be assessed in adequately powered studies with extended
follow-up periods.

8. Conclusions

PICM is a common complication that can arise from
permanent RV pacing. It is characterized by a reduction
in EF in cases of chronic RVP, and constitutes just one as-
pect of PICM. After pacemaker implantation, many patients
may experience the onset of new heart failure symptoms or
atrial fibrillation. While some individuals can endure RV
pacing for prolonged periods without apparent adverse ef-

fects, there is considerable variability in susceptibility to the
detrimental effects of RV pacing. Further research is nec-
essary to identify those at higher risk of developing PICM
and tailor preventive measures accordingly. Current strate-
gies for managing PICM encompass BiV-CRT and CSP,
both associated with enhanced LV systolic function and im-
proved clinical outcomes. However, the routine adoption of
BiV-CRT and CSP implantation in patients expected to un-
dergo a high burden of RV pacing has not become standard
practice, except for those with pre-existing LV dysfunction.
Randomized trials comparing the clinical outcomes of CSP
with conventional implantation methods are needed to es-
tablish guidelines for its routine adoption.
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