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Abstract

Purpose of the Review Permanent pacemakers (PPMs) are common cardiac implantable devices indicated for patients
with bradycardia or tachycardia. Currently, PPMs include both transvenous pacemakers (TV-PM) and leadless pacemakers
(L-PM). This paper reviews the existing data on L-PM technology including: a) medical aspects and indications, b) patient
experience and quality of life (QOL) outcome studies, and ¢) recommendations for optimizing patient QOL through enhanced
knowledge and shared decision-making.

Recent Findings This review includes the seven papers that report on patient-reported outcomes (PRO) in leadless pacemak-
ers and indicate that QOL is as good, if not better, than TV-PM. Existing evidence from descriptive statistics suggests that
patients with L-PM report high levels of patient acceptance and satisfaction with esthetic appearance (96%), recovery (91%),
and level of physical activity (74%).

Summary Leadless pacemakers provide an attractive alternative for the indicated potential patient. The evidence demon-
strates the benefits of L-PM such as a minimal implant and lack of leads. Recommendations for future research indicate that
electrophysiology-specific metrics are essential and control for the common co-morbidities in the PM population are needed.
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The introduction of the pacemaker in the 1950s revolution-
ized the treatment of bradycardia and provided a “leading
edge” of medical innovation in cardiology. Over the sub-
sequent decades, innovation continued to refine the pace-
maker's functions via lead technology to improve quality of
life and remote management and minimize adverse effects
via excessive RV pacing. Transvenous leads have remained a
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duced and have now reported less infection and minimal
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despite difficulty with achieving consistent atrioventricular
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Greenville, NC, USA 20% of the patients who need pacemakers [1]. Knops et al.

2 Department of Cardiovascular Sciences, East Carolina (2023) recently extended the leadless pacemaker revolu-
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highlighted the now 10 years of experiences with leadless
pacemakers and their successes and significant future pos-
sibilities [3]. These authors point to the potential suitabil-
ity of leadless pacemakers being paired with subcutaneous
implantable cardioverter defibrillators and cardiac resyn-
chronization therapies and even energy harvesting leadless
pacemakers. Specifically, energy harvesting leadless pace-
makers utilize energy generated by the heart’s natural move-
ments or hemodynamics into electrical energy to power the
device, with the goal of extending the lifespan of the pace-
maker and reducing replacement surgeries. “Leading edge”
developments like this strike interest and appeal to patients,
but require systematic study and clinical trials. Moreover,
contemporary research entails a commitment to under-
standing the patient experience through patient-reported
outcomes (PRO), quality of life (QOL), and novel metrics.
Employment of measures of the patient experience, such as
patient acceptance, self-management, physical functioning,
and quality of life, have not been routinely employed until
more recently. The existing research provides some initial
views of the patient experience to consider in both clinical
and research applications.

This paper aims to review the existing data on leadless
pacemaker (L-PM) technology on patient experience and
quality of life (QOL) with comparison to transvenous pace-
makers. The paper will review a) medical aspects and indica-
tions, b) QOL outcome studies and results, and c) postulate
key areas of future investigation and recommend optimiz-
ing patient QOL through enhanced knowledge and shared
decision-making.

Existing Literature and Medical Aspects

Medical

A wide range of patients with slow heart rates (bradycar-
dia) benefit from PPM implantation. First are those with
sinus node dysfunction: when the sino-atrial node (the natu-
ral pacemaker of the heart) that generates electricity in the
heart, malfunctions and patients develop symptoms. Sec-
ond are those with atrio-ventricular node dysfunction; i.e.
patients who have defective electricity propagation between
atrium and the ventricle. Finally, are those patients with
atrial fibrillation, who either have slow heart rates or those
who develop long pauses when they switch from atrial fibril-
lation to sinus rhythm.

Since the inaugural implantation of a pacemaker uti-
lizing epicardial electrodes via thoracotomy by Senning
in 1958, there has been a relentless pursuit of innovation
aimed at refining the techniques of pacemaker implanta-
tion. These innovations have encompassed the progression
from transcutaneous pacing to epicardial and transvenous
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pacemaker placement methods. Patients are convention-
ally managed with transvenous pacemakers (TV-PMs) and
now approximate an annual implantation rate of about 1
million persons worldwide [4]. From an epidemiological
perspective, this surge in implantation rates can be pri-
marily ascribed to the aging population worldwide and
the heightened survival rates among patients afflicted
with heart-related ailments necessitating pacemaker
intervention.

Traditional transvenous pacemaker implantation neces-
sitates the creation of a subcutaneous pocket to house the
pulse generator, in conjunction with venous access near the
pericardial and pleural spaces (including the subclavian
vein, axillary vein, or cephalic vein) for lead placement.
Consequently, this procedure is susceptible to complica-
tions such as pocket hematoma, infection, lead perforation,
pericardial effusion, pneumothorax, lead dislodgment, and
hemorrhage [5-7]. Additionally, the long-term presence
of a pacemaker may lead to further complications such as
tricuspid valve damage, tricuspid insufficiency, and venous
occlusion. Research has extensively examined the inci-
dence rates of these complications, which typically range
from 8 to 12% [5]. The post-implantation recovery period
following TV-PM placement is invariably prolonged, with
patients requiring a minimum of 4 to 6 weeks to resume
their normal activities. This protracted recovery period
is attributable primarily to pain at the implant site and
restricted mobility in the arm on the side of pacemaker
generator placement, which is essential to prevent lead
dislodgment.

Quality of Life in TV-PM Patients

The overall QOL benefit of the implantation of a pace-
maker has been well-established for over two decades,
with improvements in mental and physical quality of life
across 11 studies [8—10]. The benefits of QOL are broadly
sustained as well. Long-term generic quality of life data
spanning a 7.5-year follow-up of 881 bradycardia pace-
maker patients in the Netherlands indicated QOL scores
remained improved from preimplantation over the study
period. The absolute scores declined slightly but remained
above preimplantation. This study is notable for using a
pacemaker-specific QOL measure as well (e.g., Aquar-
rel Measure), which indicated similar benefits, except for
an eventual decline in relief from dyspnea and decreased
exertion at 5 years follow-up that was equivalent to pre-
implantation levels [11]. Recent research and systematic
reviews have confirmed patient benefits from TV-PMs [12,
13]. Collectively, pacemaker technology has produced per-
ceptible QOL benefits for patients and warranted ongoing
refinement and continued innovation.
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Past, Present, and Future of Leadless Pacemakers

The evolution of leadless pacemakers (LPs) has marked
a significant shift in pacing technology. In 2012, the
first leadless implanted pacemaker in patients was the
Nanostim device {St. Jude Medical (now Abbott)}.
Despite its pioneering status, the device was discontin-
ued due to early battery depletion, prompting a technol-
ogy redesign. In 2016 the Medtronic Micra transcatheter
pacing system received the Food and Drug administration
(FDA) approval and was introduced into clinical practice
[14]. MICRA-VR, the single chamber right ventricular
pacemaker capable of single chamber RV pacing, become
the benchmark for leadless pacing, with over 150,000
implants worldwide providing robust data on safety and
performance [15].

The era of dual chamber leadless pacing began with
the FDA approval of MICRA-AV1 (the first-generation
dual chamber leadless system from Medtronic) in Janu-
ary 2020. The mechanistic basis behind the need for dual
chamber pacing is the essentiality of optimal atrio-ven-
tricular (AV) synchrony for effective cardiac output. The
ventricle should only contract when the atrium is relaxing
and vice-versa, for optimal blood flow through the atrio-
ventricular valves. Although an objective number for opti-
mal AV synchrony is not established, patients are generally
asymptomatic, when AV synchrony is above 70 — 75%.
MICRA-AV1 utilized an accelerometer based mechanical
sensing of atrial contractions. MICRA-AV1 could sense
the atrium and pace the ventricle thereby showed prom-
ise for reasonable atrio-ventricular (AV) synchrony. The
Marvel-2 study (Micra Atrial tRacking using a Ventricu-
lar accELerometer), showed 89.2% AV synchrony among
its MICRA-AV1 study recipients [16]. However, in con-
trary, subsequent post approval studies with MICRA-AV 1
reported much more conservative estimates of AV syn-
chrony ranging between 33 — 80% [17-19]. Medtronic,
then developed their second generation MICRA-AV?2 that
received FDA approval in May 2023. MICRA-AV2, in
addition to enhancements in design for easier implanta-
tion, also had better programming capabilities. With opti-
mal programming, MICRA-AV?2 is capable to achieving,
90% AV synchrony in a wide range of patients with vary-
ing heart rates [16].

After the setback with Nanostim, Abbott came back
with AVEIR-VR LP (Aveir leadless pacing), and received
FDA approval after demonstrating favorable safety and
efficacy in the LEADLESS II-phase 2 trial. In a recent
study, Shantha et al. (2023) compared 25 patients who
received the AVEIR-VR with an age- and sex-matched
cohort implanted with the MICRA-VR device, reporting
comparable effectiveness and safety between the two sys-
tems [20].

Clinical Outcomes of Leadless Pacemakers

Research into dual-chamber leadless pacing has also
yielded promising results. Knops (2023) reported that
90.3% of patients experienced freedom from complica-
tions at 90 days, with 90.2% achieving adequate atrial
capture thresholds and sensing amplitudes at 3 months.
Additionally, 97.3% of patients demonstrated at least 70%
atrioventricular synchrony while sitting [2]. Most recently,
1-year data for the Aveir DR dual-chamber system showed
an 88.6% freedom from system-related complications
(95% CI: 84.5%-91.8%), a composite success rate of
92.8% for atrial capture and sensing thresholds (95% CI:
89.7%-95.8%), and a 90% success rate for communication
between atrial and ventricular implants [21].

Leadless pacing has emerged as an effective alternative
for patients with unique needs, such as those with limited
vascular access (e.g., hemodialysis patients), those at high
risk of infection, and younger patients aiming to avoid
transvenous systems [15]. Current indications for LPs
include high-grade AV block (paroxysmal or permanent)
with or without atrial fibrillation and sinus node dysfunc-
tion. LPs are particularly valuable when dual-chamber
transvenous pacing is deemed high-risk, complicated, or
unnecessary.

Multiple clinical trials and meta-analyses have con-
firmed the benefits of LPs, including a lower risk of com-
plications and excellent electrical performance. Ngo et al.
(2021) reported a low complication incidence for Micra
LPs (0.46% at 90 days and 1.77% at 1 year) and acceptable
capture thresholds in>90% of devices [20]. Notably, Micra
LPs were associated with a 51% reduction in complica-
tions compared to transvenous pacemakers [22]. The latest
5-year data published in April 2024 further support these
findings, demonstrating low rates of major complications
(4.5% [95% CI: 3.6%—5.5%]) and system revisions (4.9%
[95% CI: 3.9%—6.1%]) [23].

Wu et al. (2023) highlighted the safety and efficacy of
LPs with atrioventricular synchrony algorithms, reporting a
6.3% overall complication rate, with significant complica-
tions related to the algorithm being rare. The pooled atrio-
ventricular synchrony proportion was 78.9% [24]. The Aveir
dual chamber leadless pacing system has been designed
for AV synchronous pacing using wireless, beat-to-beat,
implant-to-implant (i2i™) communication between distinct
atrial and ventricular leadless pacemakers. Alhuarrat et al.
(2023) reviewed national inpatient data from 2016-2019.
They found higher in-hospital mortality and complication
rates following LP implantation compared to single-chamber
TVPs, likely due to more significant comorbidities in LP
recipients [25]. Additionally, LPs offer comparable, if not
superior, battery life to TVPs and are currently being studied
for their retrievability.

@ Springer



77 Page 4 of 9

Current Cardiology Reports (2025) 27:77

Pacing Induced Cardiomyopathy and Leadless
Pacemakers

Pacing induced cardiomyopathy (PICM) remains the Achil-
les heel of RV pacing with a higher incidence noted with
a higher burden of RV pacing [26]. Transvenous pacing
is associated with a high incidence of PICM (14 — 36%)
[26-28]. In contrary, leadless pacing is associated with a
lower incidence of pacing cardiomyopathy compared to
transvenous pacing. Sanchez et. al., in their observational
study, compared 131 patients with TVP to 67 patients with
LP. Incidence of PICM in their LP group (3%) was lower
than their TVP group (13.7%) [29]. Further, Shantha et al.
in their study of 358 patients with leadless pacemakers,
reported a 7.8% incidence of PICM with 3 years follow-up
in their total cohort [20]. In a subgroup analysis, the authors
noted that the incidence of PICM was lower among those
who received a high septal LP implant (4%) compared to
a low apical septal implant (16.5%) [20]. This is in con-
trast to transvenous literature, where a high septal trans-
venous lead implantation did not lower incidence of PICM
[28]. Although the mechanistic basis behind the discrepant
associations of high septal LP implantations vs high septal
implantation of TVPs with regards to PICM is unclear, these
findings allude to the possibility of involvement of conduc-
tion system by high septal LPs. There is ongoing research
assessing this possibility to develop future prototypes of
LPs that can consistently perform conduction system pac-
ing. Considering all the above data, the safety and efficacy
of leadless pacemakers offer a promising alternative in car-
diac pacing, offering innovative solutions for diverse patient
populations.

Patient-Reported Outcomes and Quality
of Life in Patients with Leadless Pacemakers

The clinical scenario most associated with pacemaker consid-
eration involves an older patient who is managing bradycar-
dia, multiple comorbidities, reduced exercise tolerance, and
hope to feel better. Therefore, baseline functioning must be
considered when assessing the PROs or quality of life (QOL)
response to pacemaker implantation. Research into Medicare
beneficiaries in the United States suggests that approximately
75% of older adults regularly experience at least one of the
symptoms of pain, fatigue, breathing difficulties, sleep dif-
ficulties, depression, or anxiety. Thirteen-point six percent
had four or more of these symptoms [30]. An observational
study of 119 Italian pacemaker patients indicated that 71%
scored in the frail range and 71% had reduced activity scores
at 12-month follow-up [31]. These data suggest that the
value proposition of pacemaker implantation may have some
limitations regarding the potential for improvements from
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a single modality intervention, such as a pacemaker, given
competing causes of morbidity, symptoms, and dysfunc-
tion. Moreover, the process of TV-PM implantation requires
activity restriction for 4 to 6 weeks to avoid complications
and allow for lead endothelization. Conversely, the leadless
pacemaker only requires 3 to 7 days of activity restriction
[32]. Beyond the noticeable time differences, this scenario
and expectation of activity may decrease patients’ fears about
adverse events following their procedure.

Empirical evidence for QOL outcomes with the L-PM
is based primarily on observational studies. The first was a
single-arm observational study using a generic QOL metric
and 720 leadless pacemaker patients. Results indicated that
all domains of the SF-36 instrument improved from base-
line to 3 months and 12 months. Importantly, L-PM patients
reportedly were satisfied with the scars' esthetic appearance
(96%), recovery (91%), and level of physical activity (74%)
[33]. Similarly, Tjong et al., 2018 compared 106 non-rand-
omized pacemaker patients (L-PM =42: TV-PM =64) and
found that the L-PM patients reported better physical func-
tioning, physical role functioning, and mental health than
TV-PM patients [7]. Moreover, L-PM patients reported less
discomfort, less restrictions, and less preoccupation about
their health. Because this was not a randomized trial and
used only PROs, these data can only be used for descriptive
purposes, but remain supportive of potential advantages in
terms of the patient experience [32].

The most robust comparison study between patients
with L-PM and TV-PMs used propensity matching with
243 patients (77 pairs of L-PM & TV-PM patients) on both
generic and device-specific QOL (e.g., Florida Patient Accept-
ance Survey) [34]. Researchers compared baseline, 1-week,
3-month, and 12-month QOL reports with key potential dif-
ferences. Results indicated L-PM has less intra & post-op pain
intensity, shorter hospitalizations, better device acceptance,
and better mental & physical QOL scores. Notably, the proce-
dure time was longer for the leadless implantation procedure
(42 vs. 28 min) [34]. This may indicate that individuals with
L-PMs report improved health outcomes due to having fewer
concerns or psychological distress about their device. Conse-
quently, this experience can make them feel more encouraged
and safer to engage in physical activity, thus improving their
overall outcomes after device implantation.

Most recently, Yu et al. (2023) reported more signifi-
cant improvements in L-PM vs.TV-PM patients in metrics
of physical function, mental health, and social function-
ing [35]. These findings emphasize that patients with the
leadless pacemaker can feel normalcy despite living with
a cardiac device, which can, in turn, increase their overall
health outcomes. Finally, Chinitz et al., 2023 reported that
patients in a prospective single-arm trial reported improved
generic QOL from pre-implant to 3-month follow-up [19].
Table 1 provides a full roster of studies on QOL. While still
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Table 2 Proposed clinical implications for leadless pacemaker discussions

Pre-Implant

Post-Implant

e Describe the pacing problem and potential device solutions

e Engage in shared decision-making with the specifics of quality-of-life change

potential
o Allow for patient and family consultation about specifics
e Discuss both short and long-term outcomes of device decisions
e Receive the decision and confirm the rationale for the choice

o Acknowledge the potential value of technology

e Empathize with limits of age and comorbidities

e Encourage “testing the limits” related to physical activity
e Recognize fears and potential gains

e Target Movement: Early, Often and Always

o Activate family to pursue quality-of-life activities

observational, these data provide us with the broadest view
of the patient experience for comparison of the pacemaker

types.

Clinical and Research Implications
Clinical Implications Pre-Implant

Engaging patients in decision-making related to select-
ing cardiac pacemakers remains challenging. As an initial
first step, breakthrough technologies must establish patient
safety and clinical efficacy. Patients expect safety and effec-
tiveness but may not know how to inquire thoroughly about
QOL priorities. The challenge to innovators and industry
involves creating sufficient evidence for the QOL factors,
so that decision processes can go beyond the “wow factor”
of the technology.

The initiation of the shared decision-making era has
reduced the paternalism of medicine to a shared process
in which different kinds of information are now needed to

Fig. 1 Potential scope of rel-
evant patient-reported outcomes
and suggested surveys [40-50]

Pacemaker Patients
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address patient priorities. Burri (2022) provided a table
of pre-implant considerations to facilitate shared decision-
making [36]. Patients want to be informed about the pros
and cons of novel technologies to increase their device
acceptance and certainty in their ability to live and achieve
QOL goals with the device. Shared decision-making
aspires to be fully informed, enhance patients’ confidence
in engaging in activities, and improve their QOL post-
implantation. In the future, increased data regarding clini-
cal and patient reported outcomes will assist in comparing
medical outcomes and advance shared decision making.
Table 2 describes some key clinical considerations to facil-
itate shared decision-making with information relevant to
pre- and post-implant considerations to optimize patient
engagement and pursuit of QOL.

Clinical Implications Post-Implant
Following a successful shared decision-making process,

the hope is that patients will feel capable of returning to
daily activities, and providers should encourage patients

General Quality of Life\
* WHO Quality of Life
(WHOQOL-BREF)*

* Healthy Days Measure (CDC- . N\
HRQOL)"! Time & Cost
* Healthcare seeking and
utilization
Device Related Quality * The Cost for Patients
of Life Questionnaire** P
*Florida Patient N
Acceptance Survey (FP554)23 Device Complications
XThe Agusss] Questicnnaine * Infection incidence
* Technological malfunction
Functional Capacity * Physical discomfort
* Accelerometer / pedometer =
* Activity diaries
* Duke Activity Status Index .
(DASTY* Family Concerns
* Social Support Questionnaire
" (SSQ)*
General Distress * Medical Outcomes Study Social

* Generalized Anxiety Disorder — 7
(GAD-7)%

» Patient Health Questionnaire — 9
(PHQ-9)%*

» Cardiac Anxiety Questionnaire‘y

Support Survey (MOS-SSS)*0 )
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to increase physical activity as soon as possible. Given the
spectrum of patients that receive these technologies, it is
essential to address and empathize with limits to activity,
given factors such as age and comorbidities. However, physi-
cal activity can be tailored to the patient, and resources such
as cardiac rehabilitation can be utilized. Returning to activity
and reducing pain or discomfort in the first month of recov-
ery appears critical. Research indicates that approximately
12% of pacemaker patients remain on opioid prescriptions
for over a month following the implantation of cardiac
devices [37]. Lastly, family and partners should be aware of
the patients’ needs to increase activity engagement to help
promote these behaviors and facilitate improved quality of
life.

Research Implications

Current evidence indicates that patients generally have
positive experiences with leadless pacemakers. However,
existing studies face notable limitations, including non-
randomized designs and simplistic approaches to measur-
ing patient experiences. Most rely on generic QOL tools,
such as the SF-36 and EQ-5D at 30 days. These metrics
are useful for comparing pacemaker patients with same-
age peers without pacemakers but may fail to portray the
specific benefits of pacing. This is due to the confounding
effects of comorbidities and other conditions that influence
quality of life and create noise of measurement. Device-
specific and disease-specific quality-of-life tools offer
a more precise assessment of the benefits of pacemaker
therapy. Among the studies reviewed, Palmisano’s research
is the only one that incorporates device-specific metrics
[34]. Figure 1 provides an analysis of possible PROs and
relevant questionnaires for the leadless pacemaker stud-
ies. A key challenge is the absence of randomized con-
trolled trials (RCTs) comparing leadless to transvenous
pacemakers. While RCTs would provide more substantial
evidence of the relative benefits between the two devices,
their feasibility is hindered by high costs and the difficulty
of recruiting patients willing to be randomized. Although
this may set an unreasonable standard, it leaves questions
about the comparative patient experience between the two
approaches. Addressing these research gaps is essential
to enhance the shared decision-making process, allowing
patients, families, and clinicians to make more informed
and personalized treatment decisions.

Conclusions

Leadless pacemaker systems represent the “leading edge” of
cardiac electrophysiology and the future due to their tech-
nical elegance and potential patient benefit. The existing

research suggests that patients perceive substantial benefit
from leadless pacemakers, and the ability to return to activ-
ity is one predominant factor. Innovators have attempted to
overcome the limits of the transvenous pacemaker with its
pocket and potential infections, but leadless pacemakers also
allow for a quicker return to activity. Clinical and research
use of the leadless pacemaker suggests that comorbidities
play a more significant role in this population, likely due to
frailty and multiple potentially disabling conditions. Multi-
disciplinary teams that can address key aspects of accepting
this technology, re-engaging in daily and physical activi-
ties, and returning to a whole life are indicated. Continued
innovation using leadless approaches will likely continue to
provide evolution in cardiac electrophysiology.
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