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Leadless pacing is an emerging technology with the potential to significantly improve
outcomes associated with the need for long-term pacing. Specifically, the major advantage
of leadless systems is abolishing the need for transvenous leads and subcutaneous pockets,
both of which account for most adverse events associated with traditional pacemakers. Two
leadless pacemakers are currently available: the Nanostim (leadless cardiac pacemaker
[LCP)) device (St. Jude Medical, Sylmar, California) and the Micra Transcatheter pacing
system (Medtronic, Minneapolis, Minnesota). These 2 pacemakers have shown promising
results in clinical trials. In conclusion, in this review we summarize the results of the 2
investigational device exemption trials and compare the pros and cons of these devices to

traditional transvenous pacemakers.
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The introduction of “leadless” pacing systems as an
alternative to traditional systems could potentially eliminate
many of the described complications associated with trans-
venous leads and device pockets.'> There are currently 2
available leadless pacing systems: the Nanostim (leadless
cardiac pacemaker [LCP]) device (St. Jude Medical, Sylmar,
California) and the Micra Transcatheter pacing system
(TPS) (Medtronic, Minneapolis, Minnesota).

Leadless Pacing Systems

The 2 leadless pacing systems share some characteristics,
including delivery through the femoral vein through a
deflectable catheter, but they differ with respect to their
dimensions, how they attach to the myocardium, and the
type of rate response sensor used (Table 1).

The LCP is a 4.2 x 0.6-cm capsule-like device
(Figure 1) inserted into the right ventricle (RV) abutting the
apical septum using an 18Fr deflectable sheath. The device
attaches to the myocardium using an active fixation helix.*
The TPS measures 2.6 x 0.7 cm (Figures | and 2), and
requires a larger, 23Fr introducer. Unlike the LCP, it attaches
to the myocardium through the use of nitinol tines. Both
devices incorporate rate response features based on motion
sensors. The LCP utilizes a temperature sensor, whereas the
TPS uses an accelerometer technology to facilitate pro-
grammable rate response algorithms. Each device was
designed to allow potential extraction/retrieval from the area
of attachment.®* However, in vivo data on the feasibility of
extraction, particularly of chronically implanted leadless
pacers, are limited. Two reports in abstract form are avail-
able. Animal data on chronic LCP implants retrieval were
presented by Sperzel et al (2013)° and recently Reddy et al®

Department of Medicine, Division of Cardiology-Section of Electro-
physiology, Emory University School of Medicine, Atlanta, Georgia.
Manuscript received August 27, 2016; revised manuscript received and
accepted October 4, 2016.

See page 148 for disclosure information.

*Corresponding author: Tel: 404-686-2504; fax: 404-686-4826.

E-mail address: melcham@emory.edu (M.F. El-Chami).

0002-9149/16/$ - see front matter © 2016 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.amjcard.2016.10.012

presented the largest clinical experience with chronic device
(LCP) retrieval (abstract presented at HRS 2016).

Clinical Data: Safety and Effectiveness

Nanostim LCP: The LEADLESS clinical evaluation of
the Nanostim LCP enrolled 33 subjects with a need for
ventricular pacing without an indication for atrial
sensing or stimulation. Most patients in this study had atrial
fibrillation and atrioventricular block.” Implanters successfully
inserted the device in 97% (32 of 33) of subjects (the
procedure was aborted in 1 patient after developing cardiac
perforation during device repositioning). The 3-month
complication-free rate was 94%, with 2 major adverse
events. As mentioned earlier, 1 subject experienced an RV
perforation, requiring urgent pericardiocentesis for
pericardial tamponade followed by cardiac surgery to
repair the perforation. The subject died 5 days later from a
catastrophic  stroke. A second subject underwent
inadvertent insertion of the LCP into the left ventricle
through a patent foramen ovale. This device was later
retrieved and a new LCP was inserted into the RV. The
reported 1-year follow-up of this trial noted no device-
related complications from 3 to 12 months after implant.”
Additionally, electrical parameters of the LCP were stable
over 1-year follow-up.

The LEADLESS 1I clinical evaluation of the same pacing
system prospectively enrolled 527 subjects in a non-
randomized assessment of the performance of the LCP.'
Implanters achieved success in 95.8% (504 of 527) of
attempts. Major adverse events occurred in 6.5% of sub-
jects, including cardiac perforation in 1.6%: hemopericar-
dium not requiring intervention in 0.4%, hemopericardium
requiring intervention in 0.2%, and pericardial tamponade
requiring intervention in 1%. Acute device dislodgement
occurred in 6 patients (1.5%): 4 of these devices migrated to
the pulmonary artery and 2 to the femoral vein. In all cases,
the dislodged devices were successfully retrieved percuta-
neously. An additional 0.8% of patients underwent device
retrieval for elevated stimulation threshold during follow-up
(mean time for retrieval 160 days). Vascular access com-
plications occurred in 1.2% of subjects.
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Table 1
Comparison of Nanosim leadless cardiac pacemaker (LCP) and Micra
Transcatheter pacing system (TPS) features

LCP TPS
Length (mm) 41.4 25.9
Volume (cm3) 1 0.8
Weight (g) 2 2
Fixation mechanism  Screw-in helix Nitinol tines
Pacing mode VVI/R VVI/R
Sensor Temperature Accelerometer

Battery Longevity 9.8 (2.5 V @0.4 ms)*
(years) 14.7 (1.5 V @ 0.24 ms)

4725V @ 0.4 ms)*
10 (1.5 V @ 0.24 ms)

Adapted and modified from Sperzel et al® and Miller at.al.*

* Battery longevity based on ISO (International Organization for Stan-
dardization) for reporting battery longevity (2.5 V @ 0.4 ms), 600 Ohms
and fixed pacing at 60 beats/min.

Micra TPS: The Micra TPS investigational device
exemption study, a multicenter prospective, nonrandomized
clinical evaluation enrolled 725 subjects to evaluate the
pacing system performance.” The evaluation compared
outcomes in these subjects with a historical cohort of
subjects enrolled in 6 prior Medtronic transvenous pacing
system clinical evaluations.

Micra TPS implantation succeeded in 719 of 725 subjects
(99.2%). The 6-month major complication rate was 4%,
compared with a rate of 7.4% in the historical transvenous
control group (hazard ratio 0.51, 95% confidence interval
0.33t0 0.75, p = 0.001). The Micra subjects were older and
had more comorbidities compared with the historical cohort.
The reduction in complication rates seen with the Micra
cohort was even more pronounced when a matched group
was used for comparison.

Complications included cardiac perforation in 1.6%,
access-related issues in 0.7%, venous thromboembolism in
0.3%, and a rise in stimulation threshold despite the absence
of overt dislodgement in 0.3%.

One subject died after implant from metabolic acidosis,
underlying renal failure, and possibly sepsis. There was no
evidence of mechanical complication related to the pro-
cedure. The rate of pericardial effusion in the Micra subjects
was 1.6% compared with 1.1% in the historical cohort. This
difference was not statistically significant. The absence of
lead-related issues and device pocket infection could explain
the lower rate of complications seen with the TPS compared
with the transvenous pacing control. Electrical measure-
ments at 6 months, including stimulation threshold, intra-
cardiac signal amplitude, and pacing impedance remained
excellent and stable in most patients (98.3%).

Comparing the LCP with TPS: The 2 currently
commercially available leadless pacing systems eliminate
the need for a subcutaneous pocket and the use of intrave-
nous electrodes connecting the device to the myocardium,
thus eliminating pocket- and lead-related complications.
Table 2 summarizes the investigational device exemption
trial results.”

The 6-month complication rate appears generally com-
parable between the 2 systems. Rates of pericardial effu-
sion and groin complications are also similar. The rate of

Figure 1. The Micra and Nanostim pacemakers.

acute dislodgment appears higher with LCP; however,
these 2 devices have not been compared head to head and
any such comparisons should be considered hypothesis
generating.

Comparing the leadless pacemakers to traditional
pacemakers: The 4% to 6.5% complication rate observed
in the early experience with leadless pacemakers compares
favorably with the complication rate reported in clinical
evaluations of transvenous pacing systems (Figure 3).
Kirkfeldt et al'” analyzed outcomes after cardiac device
implantation and reported a 7.5% rate of complications in
single-lead system implants and a 12.5% rate with dual-
lead transvenous pacing systems. The FOLLOW PACE
study reported a similar rate of complications (12.5%)
after single- and dual-chamber pacemaker implantation."’
Although leadless pacemakers compare favorably with
transvenous pacemakers, it should be noted that the
reported comparison in this manuscript (Figure 3) to dual-
and single-chamber systems rather than single-chamber
systems alone.

The rate of pericardial effusion reported during leadless
system implants slightly exceeds that observed with tradi-
tional pacing system implants. The reported rate of peri-
cardial effusion associated with transvenous pacing system
implants approximates 1%, versus 1.5% and 1.6%, respec-
tively, with LCP and TPS implants (Figure 4). A Mayo
Clinic report documented a 1.2% incidence of pericardial
effusion in over 4,000 transvenous system implants
(including both single- and dual-chamber systems), similar
to the 1.1% rate of pericardial effusion seen in the Micra
historical cohort (average rate of the 6 studies included as a
comparative cohort).'” Pericardial effusion associated with
leadless pacing system implants might require more
aggressive intervention, including surgery, to correct
myocardial perforation created by the larger-diameter
delivery system and devices used in these implants.

Future implications: The early experience with the first-
generation leadless pacing systems supports the potential for
more widespread use of this novel technology. The decrease
in pocket- and transvenous electrode-related adverse events
provides leadless technology a promising advantage.
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Nanostim

Figure 2. LAO fluoroscopy of a Micra pacemaker. RAO fluoroscopy of Nanostim pacemaker. LAO = left anterior oblique; RAO = right anterior oblique.

Modified from Miller et al.

Table 2

Summary of Nanostim leadless cardiac pacemaker (LCP) and Micra
Transcatheter pacing system (TPS) investigational device exemption (IDE)
trials

Variables Trials

Leadless 1I-LCP Micra-TPS

(n=526) (n=725)

Implant Success 95.8% 99.2%
Thresholds @ Implant 0.82 @ 0.4 0.63 @ 0.24
(V@ms)
Threshold @ 6 Months 0.53 @ 04 054V @ 0.24
(V@ms)
Complication Rates 6.5% 4%
(6 months)
Pericardial Effusion 1.5% 1.6%
Groin Complication 1.2% 0.7%
Device Dislodgement 1.1% 0%

Adapted and modified from Link.’

Development of smaller and less traumatic delivery systems and
devices will likely decrease associated complications. The
evolution of technology will likely involve multichamber
systems for dual-chamber stimulation and cardiac
resynchronization.™'*'*  Incorporation of leadless pacing
technology into  subcutaneous defibrillating  systems
(subcutaneous implantable cardioverter defibrillator [S-ICD])
to provide effective bradycardia rate support and
antitachycardia pacing will greatly expand the applicability of
these devices to a larger population.

Clearly, any evolving technology will need continuing
clinical evaluation in larger populations to demonstrate the
safety and efficacy of these newer generation systems.'”>'®
Specifically, randomized controlled studies comparing
leadless pacemakers with traditional transvenous systems
will help identify the pros and cons of this technology.

Historical Danist stry FOLLOW
Cohort PACE

Chamber)

Figure 3. Complication rates of leadless and transvenous pace-
makers.*'%!" Adapted and modified from Medtronic training (new im-
planters) slides.

Unanswered questions: The early results from clinical
evaluations suggest that leadless pacing could gain wider
adoption. Whether leadless systems expand beyond a small
niche to replace traditional transvenous pacing systems rem-
ains to be determined,' " and will likely depend in large part on
the evolution of feasibility and ease of multichamber leadless
stimulation. Long-term follow-up will need to verify device
performance, including the projected battery longevity,
stable stimulation thresholds, adequate sensing, and the
safety of extraction, if needed.” The fate of these devices
after reaching end of service remains undetermined.
Whether they will remain in place and be turned off, or
extracted during implantation of replacement pacing
systems (leadless or traditional) is unknown at this point.
The perfused cadaveric human heart can fit up to 3 Micra
devices along the RV septum.'® Conceivably, because a
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Mayo Clinic Historical Danish Registry
Cohort

Figure 4. Pericardial effusion rate with leadless and transvenous pace-
makers.">'%'> Adapted and modified from Medtronic training (new im-
planters) slides.

human heart could fit multiple devices, a strategy to manage
patients with sequential leadless devices over a long interval
appears possible, if not reasonable. We know little about the
feasibility and risks of extracting chronically implanted
leadless pacing systems. They can be extracted using
traditional snares'”; however, the ease and safety of
extraction of a device implanted long term might be
difficult because of near-complete endothelialization of the
pacing system against the myocardium.””
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