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Leadless and symbiotic cardiac pacemakers; as an alternative to conventional pacemakers
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ABSTRACT

There have been considerable advancements in technology since the first permanent pacemaker was implanted
in 1960. A subcutaneous generator and battery module are connected to one or more endocardial leads in the
conventional pacemaker implantation. Despite their proven efficiency, traditional permanent pacemakers have
a number of drawbacks their use has been linked to potential complications during implantation procedure and
also during follow-up period; among the most notable ones are lead malfunction, limited battery life, and
device-related infections. Therefore, there had been tremendous efforts to avoid such complications and to
increase battery life. In this Review, we explore new electronic devices, leadless pacemaker systems and
symbiotic cardiac pacemakers, designed to avoid these current limitations.
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Leadless Cardiac Pacemakers
Approximately one million new pacemakers
are implanted each year [1]. Complications are
seen in approximately 10% of patients during
and after the implantation of permanent
pacemakers [2,3]. These complications which
are primarily lead- or pocket-related, include
pneumothorax, tamponade, hematoma, venous
obstruction, lead breakage/dislocation,
tricuspid regurgitation, and infection [4-6].
Therefore there had been continuing efforts to
improve pacemaker technology for easy use
and to avoid complications.

To address these issues, Leadless pacemaker
(LPM) research was started after the second
half of the 20th century. LPM was successfully

implanted in the right ventricle for the first time
in 2012 [7-9]. Due to its single chamber pacing
feature only, it is suitable for use in a limited
number of indications. These are (1) Permanent
atrial fibrillation (AF) with atrioventricular
(AV) block or AF with a slow ventricular
response (2) Sinus rhythm with 2"9/3" degree
AV block and significant comorbidities or (3)
sinus bradycardia with infrequent pauses or
unexplained syncope with electrophysiology
findings (like prolonged HV interval) [10].

The two LPM systems (Nanostim™ (St. Jude
Medical, Inc., St. Paul, MN, USA) and Micra™
transcatheter pacing system (TPS) (Medtronic,
Inc., Minneapolis, MN, USA)) that are
currently  available have  demonstrated
comparable performance and safety results.
Data for both Nanostim and Micra showed an
equally high degree of implant success, ranging
from 99 to 95%. The overall non-complication
rate for the Nanostim was around 94% and for
the Micra it was around 96-98.5%. Both LPM
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system are similarly implemented with
fluoroscopic guidance in the catheterization
laboratory. Dedicated introducer sheaths are
used which measure 18/21 French for Nanostim
LCP and 23/27 French for Micra TPS.
Percutaneously a LPM device is introduced
through the femoral vein that is mounted on the
deflectable tip in the end of the delivery
catheter. Then, through the vena cava inferior,
to the right atrium and through the tricuspid
valve, the deflectable delivery system is moved
to the right ventricular myocardium. The device
is fixated by either a screw-in helix (Nanostim
LCP) or nitinol tines (Micra TPS). The device
is discharged from the delivery system
following an electrical threshold test and a tug
test for stability. The two devices have been
designed to be removed after implantation
using a snare [11,12].

Due to the fact that the device is leadless,
electrode bending and possible damage to the
lead are prevented. Device pocket and
transvenous lead removal can also minimize
some of the long-term  pacemaker
complications such as tricuspid valve
regurgitation and thromboembolism [13].
Leadless pacemaker implantation appears to
have a slightly higher acute period
complication rate compared to traditional
pacemaker (TPM) implantation (4.8% versus
4.0%) [14]. This is probably due to
unfamiliarity of operators to new LPM system
technology and lack of experience for their
implantation.

The results of the Micra study showed that LPM
has a 48% lower complication rate, 47% lower
yearly hospitalizations and 82% less pacemaker
re-insertion rate than TPM [15]. A prospective,
multicenter, non-randomized trial with the
safety of the LCP Nanostim in a real world was
the LEADLESS Observational study. In 95
percent (285 of 300) of the patients, freedom

15

from grave adverse events was observed after 6
months of Nanostim LCP implantation.
However, cardiac perforation (1.3%, n=4) and
vascular complications (1.3%, n=4) were
reported [16]. Sattar et al. searched the
complication rates of conventional and leadless
pacemakers in a retrospective review published
in 2020. They reported that LPMs had better
safety profiled with lower electrode
dislodgement (56% vs 7%, p< 0.0001), pocket
site infection (16% vs 3.4%, p=0.02), and lead
fracture rate (8% vs 0%, p= 0.04). However,
LPMs had a statistically non-significant two-
times high risk of pericardial effusion (8% vs
4%, p=0.8) [17].

In all, comparable performance and safety
results were demonstrated by the 2 LPM
systems. Pneumothorax and infection with
pocket/lead did not occur as expected. The
leadless procedure was however associated
with femoral vascular complications unique to
percutaneous insertion of the device,
intraoperative repositioning and a moderate risk
of cardiac perforation that lead to pericardial
effusion. Despite many advantages in terms of
pacemaker pocket and lead-related
complications risk reduction, LPM therapy is
currently available only for VVI pacing, which
represents <15% of the pacemaker population.
It is difficult to compare complication rates of 2
leadless pacemaker systems exactly, due to
several differences in study design. The main
difference was the definition used for the
primary safety outcome in the studies. If the
major complication criteria in the Micra TPS
study were used in the Leadless Il study, the
reported complication rate could decrease from
6.5% to 4.9%. There was a difference in device
displacement rate between LCP and TPS (2.3%
vs 0%). This indicates that the screw fastening
mechanism of the LCP may result in a higher
risk of dislocation. Experience is very
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important in fixing the LCP correctly. Actually
evidence for this was seen in the European
LEADLESS Observational Trial. At the
beginning of the study, fatal pericardial
tamponade was observed in 2 of 147 patients
and the study was stopped. After the physician
training program, this rate decreased to 0 in 93
patients [14]. In the Micra study, there was no
evidence between operator experience and
major complications [18]. On the other hand,
the researchers showed that patients with older
age, female sex, low body mass index, and
chronic lung disease are more likely to suffer
from cardiac injury [19]. Estimated battery life
calculated using actual usage data at 6-month

follow-up is 15.0 years for LCP and 12.5 years
for TPS [20]. However, different methods have
been used to estimate the battery life for 2
devices and have a significant effect on the
predicted longevity. LCP, ISO standard 60
beats / minute at 0.4 ms, 100% pacing nominal
settings at 2.5 V were used. The TPS used an
alternative nominal setting of 100% at 1.5 V at
0.24 ms at 60 beats / min. If the TPS longevity
estimate was instead calculated using ISO
nominal settings, the battery life would be
reduced to 4.7 years [21]. Five major significant
publications of these two types of LPM are
compared in Table 1.

Table 1. Major clinical trials of cardiac leadless pacemaker treatment.

Study Number Follow up Primary end point Finding and Notes
of Time
Patients

LEADLESS 33 90 days Freedom from | The overall complication-free rate was

(2014) complications 94% (31/33). After 3 months of follow-up,
the measures of pacing performance either
improved or were stable within the
accepted range.

LEADLESS I 526 180 days Freedom from device- | Observed in 6.7% of the patients; events

(2015) related serious adverse | included device dislodgement with

events percutaneous retrieval (in 1.7%), cardiac

perforation (in 1.3%), and pacing-
threshold elevation requiring percutaneous
retrieval and device replacement (in 1.3%)

The Micra 744 183 days Freedom from major | The percentage of patients free from major

Transcatheter complications related | complications is significantly higher than

Pacing Study to the Micra system or | 83%, both low and stable thresholds is

(2015) implant procedure significantly higher than 80%.

LEADLESS 470 180 days Evaluation of safety via | The rate of freedom from serious adverse

Observational freedom from serious | device effects was 94.6%

Study adverse device effects

(2018)

The Micra Post- 795 30 days Assess  system-  or | Major complication rate of 1.51%,

Approval procedure-related (cardiac  effusion/perforation (0.13%),

Registry major  complications | device dislodgement (0.13%), and sepsis

(2017) through 30 days post | (0.13%))

implant.
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Promising results are expected from new
studies conducted such as LPM alternative
pacing modalities, devices with improved
battery longevity, possibilities of devices
delivering dual-chamber therapy and cardiac
resynchronization therapy to expand clinical
applicability and cover most indications.
Leadless pacemakers have the potential to
supplant conventional lead-based pacemakers
for most indications.

Symbiotic Cardiac Pacemakers

Including a fixed lifespan that results in lead
and/or generator replacement periodically,
implantable cardiac pacemakers are not without
limitations, despite technological advances.
Consequently, a symbiotic pacemaker is a
promising technique for dealing with these
challenges.

Living organisms are rich in chemical, thermal
and mechanical sources of energy [22-24]. The
use of these energy sources may be a viable way
of overcoming the battery capacity limit, which
restricts devices’ long-term
durability.

In 1999, Goto et al, tested an automatic power
generation system (AGS) for quartz watches
that converts kinetic energy into electrical
energy as a power source for implantable
leadless pacemakers in a dog. AGS produced 13
wJ per heartbeat, thus demonstrating that AGS
could provide enough energy for use in a
pacemaker [25].

A nanogenerator that can  harvest
biomechanical energy from cardiac motion and
thereby power the implanted pacemaker has
been developed by Ouyang et al. in 2019. The
researchers  developed an  implantable
pacemaker comprising a power management
unit, a pacemaker unit and a novel implantable
triboelectric nanogenerator (ITENG),
containing two triboelectric layers. The ITENG

implantable

17

was placed between the heart and the
pericardium of a pig; cardiac motion caused
periodic contact and separation of the two
triboelectric  layers, generating electrical
energy, which could be stored in the capacitor
of the power management unit. The ITENG-
based pacemaker successfully converted sinus
arrhythmia to a rhythm of pacing in a pig with
sinus arrhythmia inducted through sinus node
hypothermia. This new pacemaker is described
by the researchers as symbiotic because it
transforms biomechanical energy from the
beating heart into electricity energy for power
of the pacing module [26]. The iTENG provides
a promising method to harvest in vivo
biomechanical energy, with advantages of wide
choice of materials, high outputs, good
flexibility, light weight, excellent durability and
low cost.

To reach clinical applications, the advancement
of minimally invasive procedures like
interventional cardiac catheterization, which
are commonly used in pacemaker implantation,
could provide a suitable solution for symbiotic
cardiac pacemaker implantation. The size,
flexibility, and operability of the instruments
should be viewed as a major concern in order to
meet the criteria of minimally invasive surgery.

Conclusion

Clinicians are pursuing perfect systems in
pacemakers that comply with the normal
physiological transmission, are easy to implant,
have the least complications, do not contain too
many external structures, and do not need an
external battery for energy, and with each
discovery they are getting one step closer to
this. The treatment of heart conduction system
disorders is currently performed with
traditional pacemakers and recently with
leadless pacemakers that have been put into
service for humanity for the last 10 years.



Cosgun et al. / J Bionic Mem. 2021; 1(1):14-19

Although randomized clinical trials are not yet
available, they are expected to cover most of the

pacemaker indications. Probably and
hopefully, in addition to single RV pacing
modality, they will be used for multi-

component, dual-chamber pacing and cardiac
resynchronization therapies in near future.
Symbiotic  pacemakers, which achieving
pacemaker energy requirement via converting
biomechanical energy from the beating heart
into electricity have become a favorite of
researchers in recent years for cardiac pace
makers and also for stimulators for nerve and
muscle diseases.
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