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INTRODUCTION

Leadless pacemaker (PMK) therapy is a new
technology that has been recently introduced
into clinical practice. The aim of leadless
pacing is to avoid lead- and pocket-related
complications. Conventional cardiac PMKs are
prone to multiple potential short- and long-

term complications as a result of the creation
of a surgical pocket and/or the placement of
epicardial or transvenous leads. In this article,
we sought to describe the state of the art of
leadless pacing and compare the currently
available devices with traditional transvenous
PMKs. This article also addresses the future
perspectives of leadless pacing.
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KEY POINTS

� Conventional cardiac pacemakers are prone to multiple potential short- and long-term complica-
tions owing to the surgical pocket and/or placement of epicardial or transvenous leads.

� Leadless pacemaker therapy is a new technology that aims at avoiding lead- and pocket-related
complications of conventional transvenous and epicardial pacing.

� Two self-contained leadless pacemakers for right ventricular pacing are available clinically: the
Nanostim Leadless Pacemaker System and the Micra Transcatheter Pacing System.

� A new multicomponent leadless pacemaker for endocardial left ventricular pacing (WiSE-CRT) has
been proposed as an alternative for cardiac resynchronization therapy.
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PACEMAKER TECHNOLOGY: HISTORICAL
CONSIDERATIONS AND STATISTICS

In 1932, Albert S. Hyman reported for the first time
the effect of an external cardiac PMK: a bipolar
needle electrode introduced via an intercostal
space was used to direct electrical impulses into
the patient’s right atrium at pacing rates of 30,
60, or 120 per minutes. Since the report on the
successful implantation of the first epicardial pac-
ing system by Rune Elmquist and Åke Senning and
of the first transvenous temporary pacing lead in
1958, technology for conventional cardiac pacing
has evolved considerably. Initially, efforts were
addressed to size and battery life, in an attempt
to downsize the body and prolong longevity.
In the mid 1980s, rate-responsive PMKs were

developed; this feature can adapt the pacing rates
according to the patient’s physical activity. In the
1990s, microprocessor-driven PMKs were intro-
duced into clinical practice; as a result of the
development of several algorithms, devices
became automatically capable of adapting their in-
ternal parameters to the changing needs of the
patient. The idea of biventricular pacing was
developed in the late 1980s and early 1990s, after
the results of several animal studies that demon-
strated a linear decrease in left ventricular pres-
sure as the QRS duration increases.1 In 1996,
Cazeau and colleagues2 demonstrated that biven-
tricular pacing is associated with an acute and
sustained hemodynamic improvement in patients
with end-stage heart failure. In patients undergo-
ing cardiac resynchronization therapy (CRT), an
additional lead is generally introduced to the
epicardial surface of the left ventricle (LV) via the
coronary sinus, in the attempt to resynchronize
contraction of the LV, thereby improving cardiac
function and symptoms.
Despite remarkable advances in cardiac pacing

and resynchronization therapy,3–5 this technology
is still prone to several potential acute and chronic
complications.
Overall, approximately 1 million pacemakers are

implanted worldwide, with 26% of the total
being replacement devices.6 Complications are
mainly related to the transvenous leads and the sub-
cutaneous generator pocket. Short-term complica-
tions often related to the procedure include
pneumothorax, cardiac tamponade, lead dislodge-
ment, and pocket hematoma. Long-term complica-
tions include insulation breaches, lead fractures,
skin erosions, pocket infections, and septicemia.
Transvenous leads can also cause upper extremity
deep vein thrombosis, venous obstruction, tricuspid
valve insufficiency, and endocarditis. The incidence
of postoperative adverse events has been estimated

as high as 10%.7 Transvenous leads are the most
vulnerable components of the system: in addition
to insulation defects and fractures, which require
reintervention, endocarditis can be a life-threatening
complication with mortality rates of 12% to
31%.8,9 Pocket-related complications occur in
0.7% to 2.4% of patients10,11: a clinically signifi-
cant pocket hematoma is an important risk factor
of infection, which is associated with a greater
than 7-fold increased risk of hospitalization
owing to infection within 1 year after device
implantation.11

Leadless cardiac pacing was proposed in the
1970s12 as an alternative solution to conventional
pacing, with the aim to avoid transvenous leads
and the need for a subcutaneous device pocket,
thereby eliminating lead- and pocket-related com-
plications. Additionally, a self-contained device,
delivered directly to the heart, prevents any
cosmetic concern by eliminating the physical
signs of the device.
The leadless pacing system proposed in 197012

was a prototype capsule, 8 mm in diameter and
18 mm in length, designed to allow transvenous
insertion in animal models. The intracardiac sys-
tem was powered by a mercury battery and had
a radially directed spiral barb system that showed
stable thresholds. The system was implanted in a
dog and showed stable pacing rates even during
severe exercise. The further development of these
technologies have led to the introduction of 2
different leadless pacing systems.
To date, 2 self-contained leadless pacemakers

are clinically available: the Nanostim Leadless
Pacemaker System (LPS; St. Jude Medical,
Sylmar, CA) and the Micra Transcatheter Pacing
System (TPS; Medtronic, Minneapolis, MN).

TECHNOLOGICAL FEATURES OF CURRENTLY
AVAILABLE SINGLE-COMPONENT LEADLESS
PACEMAKERS
Technological Aspects

The Nanostim LPS (St. Jude Medical) was the
world’s first commercially available leadless pac-
ing system: it received the CE mark in October
2013, but is still awaiting US Food and Drug
Administration approval. The Micra TPS (Med-
tronic) received the CE mark in April 2015 and
US Food and Drug Administration approval in April
2016. A comparison of the characteristics of the 2
pacing systems is reported in Table 1. The Nano-
stim LPS measures 41.4� 5.99 mm and has a vol-
ume of 1 cm3. The Micra TPS is a 25.9 � 6.7-mm
device, which displaces a volume of 0.8 cm3. The
2 currently available leadless pacing systems
share a few similarities: (a) they are delivered
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