Original article

Rev Esp Cardiol. 2017;70(4):275-281

ppr—

The Micra Leadless Transcatheter Pacemaker. Implantation @CmssMark
and Mid-term Follow-up Results in a Single Center

José Luis Martinez-Sande,” Javier Garcia-Seara, Moisés Rodriguez-Maiiero,
Xesus Alberte Fernandez-Lopez, Laila Gonzalez-Melchor, Alfredo Redondo-Diéguez,
Rocio Gonzalez-Ferreiro, and José Ramon Gonzalez-Juanatey

Unidad de Arritmias y Electrofisiologia Cardiaca, Servicio de Cardiologia y Unidad Coronaria, Hospital Clinico Universitario de Santiago de Compostela, Santiago de Compostela,

A Coruria, Spain

Article history:

Received 10 June 2016

Accepted 5 September 2016
Available online 28 December 2016

Keywords:

Leadless pacemaker
Cardiac pacing
Atrial fibrillation

Palabras clave:

Marcapasos percutaneo sin cable
Estimulacién cardiaca

Fibrilacion auricular

ABSTRACT

Introduction and objectives: Currently, studies on the leadless pacemaker (Micra) have mostly been
limited to clinical trials with less than 6 months’ follow-up and they often fail to reflect real population
outcomes. We sought to evaluate electrical parameters at implantation and chronologically during
follow-up, as well as the safety of this new technique.
Methods: This prospective, observational study included 30 consecutive patients, all > 65 years, with an
indication for single-chamber pacemaker implantation.
Results: Successful implantation was accomplished in all patients referred for leadless implantation. The
mean age was 79.4 4 6.4 years (range, 66-89 years); 20 (66.6%) were men and 28 had permanent atrial
fibrillation (93.3%); 1 had atrial tachycardia and 1 had sinus rhythm. Concomitant atrioventricular node
ablation was performed immediately after implantation in 5 patients (16.6%), and implantation was
performed after transcatheter aortic valve implantation in 2. The procedure was performed under an
uninterrupted anticoagulation regimen (maximum INR 2.4) in 23 patients (76.6%). With the exception of
1 moderate pericardial effusion without tamponade, there were no severe complications. The mean follow-
up was 5.3 + 3.3 months and 4 patients had more than 1 year of follow-up. Sensing and pacing parameters
were stable both at implantation and during the short- to mid-term follow-up.
Conclusions: Implantation of leadless pacemakers is feasible, safe and provides advantages over the
conventional system. Further studies with longer follow-up periods will be needed before these devices
become widely used in routine clinical practice.

© 2016 Sociedad Espaiiola de Cardiologia. Published by Elsevier Espaiia, S.L.U. All rights reserved.

Marcapasos transcatéter sin cables Micra. Resultados del implante y seguimiento
a medio plazo en un centro

RESUMEN

Introduccion y objetivos: Actualmente hay pocos estudios sobre el marcapasos sin cable (Micra) en la
practica clinica, especialmente con seguimientos > 6 meses. El objetivo es evaluar los parametros
eléctricos al implante y en el seguimiento, asi como la seguridad de esta nueva técnica.

Meétodos: Estudio prospectivo y observacional en el que se incluy6 a 30 pacientes consecutivos de edad
> 65 afios con indicacion de implante de marcapasos unicameral.

Resultados: Se implanté exitosamente el Micra en los 30 pacientes incluidos. La media de edad era
79,4 + 6,4 (66-89) aiios; 20 (66,6%) eran varones; 28 (93,3%) presentaban fibrilacién auricular permanente;
1, taquicardia auricular y 1, ritmo sinusal. En 5 pacientes (16,6%) se realizo ablacion del nédulo
auriculoventricular en el mismo procedimiento (4 pacientes en fibrilacién auricular rdpida y 1 con
taquicardia auricular); en 2 pacientes la indicacion fue tras el implante percutdneo de valvula adrtica. En 23
(76,6%) el implante se realizd estando en tratamiento anticoagulante oral (INR méximo, 2,4). No hubo
complicaciones mayores, salvo un derrame pericardico moderado sin repercusion hemodindmica. El
seguimiento medio fue de 5,3 + 3,3 meses y 4 pacientes superaron el afio de seguimiento. Los parametros de
estimulacion fueron excelentes tanto en el implante como en el seguimiento a corto-medio plazo.
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Conclusiones: El implante de marcapasos sin cables es factible y seguro y presenta potenciales ventajas
sobre los sistemas convencionales. Seran necesarios estudios con mayor seguimiento antes de
generalizar su uso en la practica clinica diaria.

Full English text available from: www.revespcardiol.org/en
©2016 Sociedad Espatiiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Abbreviations

AF: atrial fibrillation
AV: atrioventricular
OAC: oral anticoagulant

INTRODUCTION

Due in part to population aging, current medical practice is
witnessing a considerable increase in the number of pacemakers
implanted, which has led to a rise in the complications associated
with these devices.! The overall complication rate is estimated at
6% to 10% and includes those related to the implantation procedure
(pneumothorax), pericardial effusion, cardiac perforation, pro-
blems with the generator pocket (hematoma, infection, skin
erosion), lead complications (fracture, displacement, insulation
breaches), and sometimes, venous occlusion.?™®

Within this scenario, leadless pacemaker systems have
emerged, which in theory could overcome some of the complica-
tions associated with conventional systems. Nonetheless, the
available data on the safety and efficacy of leadless pacemakers has
mainly come from clinical trials.”~® There is much less evidence
from patients in real-life practice.

The aim of this study was to evaluate the electric parameters at
implantation and over follow-up of the Micra leadless transcath-
eter pacemaker (Medtronic Ibérica, SA), and to report on the
potential indications of the system and possible complications
related to the implantation procedure.

METHODS

This prospective, observational study included 30 consecutive
patients (June 17, 2015 to May 10, 2016) with an indication for
single-chamber pacemaker placement and age > 65 years. The
implantation procedure was carried out using a femoral approach
and conventional technique.” Target parameters at implantation
were as follows: pacing threshold < 1.0V to 0.24 ms, pacing
impedance 400 to 1500 (), and R wave amplitude > 5 mV. All
patients underwent transthoracic echocardiography, chest radiog-
raphy, and electrocardiography following the procedure. Informed
consent was obtained from all patients.

In accordance with Reynolds et al.,” a major adverse event was
defined as one leading to death or serious deterioration of the
patient’s clinical condition, an event producing a vital risk and
requiring some type of intervention for resolution, and any
complication that prolonged hospital admission more than
48 hours.

Micra Pacemaker Implantation Method
The Implantable Micra Device

The percutaneous Micra pacemaker (MC1VR0O1 Medtronic) is a
miniaturized, single-chamber transcatheter pacemaker system

that provides bipolar sensing and pacing to the right ventricle.
Micra is contained in a hermetically sealed capsule whose volume
is 0.8 cm,? length 25.9 mm, external diameter 6.7 mm, and weight
2.0 g. The device has an active fixation mechanism composed of
4 electrically inactive nitinol tines, designed to attach to the
cardiac tissue at the right ventricular site selected for the implant
(Figure 1). As to pacing, the cathode is a titanium-coated, sintered
platinum, steroid-eluting electrode. At the opposite end, the device
has a recessed retrieval feature to enable acute extraction with a
lasso catheter.

Communication with the device is carried out by conventional
radiofrequency telemetry using the Medtronic programmer.
Micra is compatible with 3T magnetic resonance imaging and
has an estimated service life of 10 years with 100% pacing at
60 bpm, 1.5 V output with pulse duration of 0.24 ms, and 600 ()
impedance.

Introducer and Delivery Catheter

A specific introducer sheath for femoral access, the Medtronic
MI2355A, is used for implantation. The introducer is 55.7 cm long,
has an internal diameter of 23 Fr (external diameter, 27 Fr), and
possesses a hydrophilic coating to facilitate insertion. Once the
introducer is inserted, the patient receives a bolus dose of 3000 IU
of heparin, and thereafter, continuous perfusion of heparinized
saline solution through the introducer side-port. The delivery
catheter is designed to position the device in the right ventricle,
with access through the femoral vein. The catheter is 105 cm long
and has a deflectable, flexible 23-Fr body with a compartment at
the distal end to contain the device (Figure 1). The Micra remains
joined to the catheter during implantation by a tether that runs
along the length of the catheter forming a loop from the delivery
system handle to the distal device recapture cone, which enables
recovery and repositioning of the device, if needed. The handle also
allows adjustment of the tether to advance or retract the distal
compartment for engaging and repositioning the device.

Once the steerable catheter is situated in the right ventricle, a
site in the septal apical or medial septal region is sought and
evaluated to determine its suitability for releasing and attaching
the device. This is achieved by injecting contrast medium and
filming in 2 complementary radiologic projections for further
analysis (Videos 1 and 2 of the supplementary material).

If the position is deemed adequate, the device is deployed,
usually in a right oblique projection (Figure 2 and Video 3 of the
supplementary material). The electrical parameters of the device
are then determined, and if they are appropriate, the degree of
fixation is evaluated. The maneuver of pulling and holding for a few
seconds is performed, and the movement of the device tines is
filmed and then analyzed frame by frame. Fixation is considered
adequate when movement of at least 2 of the 4 tines is confirmed
(Figure 3 and Video 4 of the supplementary material). Following
the pull-hold maneuver, the electrical parameters are again
determined and if they show no changes, implantation is
considered complete. The tether threads are cut and withdrawn,
and finally, the introducer is withdrawn and percutaneous closure
is carried out using figure-8 sutures with No. 1 silk thread.
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Figure 1. Micra pacemaker and deployment system. A: view of the device after it is removed from the sterile package. B: view of the device as it is flushed with saline
solution before complete retraction into the device cup (also how it will look at initiation of deployment). C: the device is completely retracted into the device cup,
and is adequately perfused with heparinized saline solution before the delivery system is inserted in the introducer sheath.

Figure 2. Initiation of device deployment by retraction of the device cup,
whose end in the middle of the Micra is made visible by a radio-opaque marker
(arrow).

Follow-up

All patients underwent electrocardiography and posterior-
anterior and lateral chest radiography before hospital discharge
(24 h following the procedure). At 1, 3, 6, and 12 months later,
the automated measurements of the device were reviewed, and
the adequacy of the programming and pacing parameters was
confirmed manually.

Statistical Analysis

An initial descriptive analysis was performed, in which
the continuous Gaussian variables are expressed as the mean

+ standard deviation, and non-Gaussian variables as the median
(range). Statistics were carried out with SPSS 19.

RESULTS
Baseline Characteristics

The baseline characteristics of the patients are shown in Table.

The outcome of the implantation procedure was satisfactory in
all 30 patients selected. Mean age was 79.4 + 6.4 (66-89) years and
20 patients (66.7%) were men. Mean follow-up was 5.3 + 3.3 months.
At the time of the procedure 28 of 30 patients had permanent atrial
fibrillation (AF). The indications for pacemaker implantation were
slow AF in 28 patients (93.3%), trifascicular block and syncope in
1 patient in sinus rhythm, who was expected to require a low
percentage of pacing, and recurrent episodes of rapid atrial
tachycardia in another patient. Of note, 2 patients underwent
pacemaker implantation following percutaneous aortic valve im-
plantation. One patient had a mechanical mitral valve and a De Vega
tricuspid annuloplasty, and another had severe mitral regurgitation.

In 5 patients with inadequate control of the ventricular
response (16.6%), radiofrequency ablation of the atrioventricular
(AV) node to improve valve competence was performed in the
same procedure, immediately after percutaneous implantation
of the Micra pacemaker. Ablation used the same sheath,
advancing with 16-Fr and 8-Fr introducers, and the additional
time needed (mean, 5 #+ 2 minutes) did not significantly prolong
the procedure.

Implantation was performed under uninterrupted oral
anticoagulant (OAC) therapy with coumerins in 23 patients
(76.6%); the maximum international normalized ratio (INR) was
2.4. In 4 other patients who were receiving new oral anticoagu-
lant agents, the dose prior to pacemaker implantation was
omitted and therapy was reinitiated on the same day as the
procedure. Hence, heparin bridge therapy was not used in any
patient.
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Figure 3. Pull and hold maneuver to evaluate the degree of fixation by putting tension on the system’s tether. (A) Baseline image and (B) after gentle pulling and
holding, which shows that 2 of the tines are curved outward from the device, the upper one being more markedly engaged (arrows).

The device was positioned in the apical region in 20 patients
(66.6%), in the medial septal region in 9 (30%), and in the right
ventricular outflow tract in 1 (3.3%).

Complications

Pacemaker implantation was achieved in all patients, with a
low rate of major complications, no displacements, and no
systemic infections. Of note, 1 patient experienced a moderate
pericardial effusion with no hemodynamic repercussions that
was resolved conservatively and did not prolong the hospital
stay. The patient was 83 years of age, was not receiving OACs, and
the device was placed in the medial septal region. In another
patient, the left femoral vein was used to implant the device
because the right femoral vein showed excessive tortuosity and a
local dissection. The patient was discharged 24 hours after the
procedure, with no local complications immediately after or
during follow-up. No local venous access-related complications
occurred in any of the patients.

Follow-up

The pacing variables were excellent at implantation and at
short- and mid-term follow-up (Figure 4). Four patients completed

Table

Baseline Characteristics of the Patients
Patients, No. 30
Age, y 79.4+6.4 (66-89)
Men 20 (66.7)
Hypertension 25(83.3)
Diabetes mellitus 11 (36.6)
COPD 6 (20)
Renal failure 2 (6.6)
Peripheral arterial disease 5(16.6)
Ischemic heart disease 6 (20)
Valve disease 8 (26.6)
LVEF, % 0.64+0.7
AF 28 (93.3)
LBBB 3(10)
AV node ablation 5(16.6)
OAC 25 (83.3)
NOAC 4(13.3)

AF, atrial fibrillation; AV, atrioventricular; COPD, chronic obstructive pulmonary
disease; LBBB, left bundle branch block; LVEF, left ventricular ejection fraction;
NOAC, new oral anticoagulant; OAC, oral anticoagulant

Values are expressed as No. (%) or mean + standard deviation (range).
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according to month of follow-up.
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1 year of follow-up with no changes in the sensing or pacing
parameters, or in the pacing impedances.

DISCUSSION

In this article, we describe our experience with transcatheter
implantation of the Micra pacemaker. These are the first available
data on the outcomes of patients receiving these devices in a large
Spanish series, and the results support the findings published by
other groups. The technique was safe and the system showed
excellent immediate and short-term parameters, thus confirming
in real-life practice the data obtained in clinical trials. Furthermore,
the system provides several potential advantages over conven-
tional pacemakers, such as the possibility of avoiding hematomas
in patients receiving OAC treatment, elimination of generator
pocket and lead infections, and the potential to carry out
simultaneous AV node ablation.

Contextualizing the Problem

With population aging, current medical practice is facing an
increase in the number of pacemaker implantation procedures,
which are associated with a far from negligible complication
complications, such as infections and hematomas.>® These
complications can also occur in device replacement proce-
dures.>10-13

The estimated complication rate in conventional pacemaker
implantation ranges from 6% to 10%>> and increases to 14.2% when
a new lead is implanted, the device must be checked for
malfunctioning, or an upgrade of the pacing system is required.?

With regard to cardiac perforations, the rate associated with
conventional pacemakers is 1%.>14!> The use of active fixation
systems has been associated with a low perforation rate. In the
study by Cano et al,!® the rate of clinically relevant cardiac
perforations was reported at only 0.8% and the predictors of this
event were advanced age and female sex.

The use of the new Micra transcatheter pacemaker system
could, at least theoretically, allow minimization of the complica-
tions associated with conventional systems, particularly those
related to the 2 elements that are eliminated in the Micra: a) the
pacing leads and connections, and b) the generator pocket
implanted in the prepectoral region. Another factor to consider
is the > 10-year estimated service life of the device.'® This raises
doubts about its use in patients with a long life expectancy, but
experimental studies have determined that the right ventricle can
accommodate up to 3 such devices.'”~'? In addition, acute capture
and extraction of the device at a few months of follow-up has been
possible, but current knowledge on the amount of fibrosis
associated with the implant is insufficient to predict the feasibility
of later withdrawal ?%-23

Analysis of the Series and Its Particularities

The present series has several important particularities. In our
opinion, the most important is that the procedure was carried out
without interrupting OAC therapy, which did not imply a higher
incidence of pericardial effusion or puncture site complications.
This is an important, considering that in the pivotal trial®
anticoagulation was not used in 36% of patients vs 64% who
received this therapy (heparin bridge therapy in 40% and OAC in
24%). In the study by Pachén et al.,>* 7 of the 10 patients included
were receiving OACs, but therapy was discontinued for the
procedure in 5 of them.?* From our point of view, it seems safe
to carry out the implantation procedure while continuing the

anticoagulant regimen, a therapy known to be associated with
hematomas when conventional pacemaker systems are used.
Therefore, safe implantation could be performed in at-risk
populations (eg, carriers of valvular prostheses) without the need
for heparin bridge therapy.?°~2” Among the patients in our series,
2 underwent Micra placement immediately after percutaneous
valve implantation, 1 patient had a mitral valve prosthesis, and
2 others had AF and severe mitral regurgitation, all situations in
which OAC interruption, even with heparin bridge therapy, would
considerably increase the risk of complications.?®

Second, for the first time, the versatility of the procedure was
seen, as pacemaker implantation was combined with AV node
ablation. In our experience (although limited to 5 patients), the
combined objective was satisfactorily achieved by taking advan-
tage of the introducer sheath of the Micra system. This is a clear
advantage over conventional systems, since a second puncture
and the additional cost of a second procedure are avoided.
Nonetheless, it may be argued that thisis arisky strategy. Based on
our previous experience with implantation of this device, we
believe that the combined technique could be a safe, convenient
strategy when there is no device displacement or malfunctioning
and patients are monitored by telemetry for a minimum of
24 hours following the procedure. The combination strategy of AV
node ablation and pacemaker implantation in the same procedure
is now commonly performed in our center and there have been no
complications related to dislodgement of the ventricular elec-
trode. Nevertheless, the value of this approach should be
confirmed in future studies with larger samples before it becomes
widespread practice.

Third, we believe the present study provides clinically
relevant information: Although the patients were drawn from
clinical practice and we included the learning curve, there was a
lower incidence of complications than that reported in the
pivotal clinical trial.® Specifically, that trial had 30 relevant
complications (in 26 patients, 18.6%), including ventricular
arrhythmia (n=9, 6.4%), femoral complications (n=9, 6.4%),
and pericardial effusion without tamponade (n =1, 0.7%). In the
study by Reynolds et al.,’ there were 28 major complications (in
26 patients, 3.2%), the most important being embolism/throm-
bosis (n =2, 0.3%), vascular complications (n =5, 0.7%), myocar-
dial injury (n=11, 1.6%) and problems with the pacing system
(n=2, 0.3%).

The total complication rate in the study by Reynolds et al.® was
only 4%, half the value reported in a historical series used for
comparison (7.4%). Nonetheless, myocardial injury in patients
receiving the Micra device was 1.6%, higher than the 1.1% in the
comparison group. The predictors of this adverse event were
advanced age, low weight, female sex, chronic obstructive
pulmonary disease, steroid use, and previous percutaneous
coronary artery revascularization. These are the factors classically
associated with the risk of perforation related to the intravenous
leads in conventional permanent pacemakers.”!*1>

There was 1 major complication in our series (pericardial
effusion) and no major complications at the venous access site.
Therefore, our data concur with those of Pachén et al.,>* who also
reported an absence of notable complications following the
procedure. These results may encourage more widespread
implementation of this technique in other centers, providing that
the patients selected are compatible with the characteristics of the
device.

Follow-up of the Electrical Parameters

At the scheduled clinical follow-up visits (24 hours, and 1, 3,
and 6 months after the procedure) there were no cases of device
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displacement or elevation of the pacing thresholds. Moreover,
the 4 patients who completed 1 year of follow-up showed an
identical trend. The trend in the electrical pacing parameters
(Figure 4) was very good, supporting the data described in the
study by Reynolds et al.?; that is, a decrease in the acute
threshold in the first 24 hours, with stable values during
follow-up. The same pattern was observed in the impedance
values. This information is of particular clinical importance
because, together with the automatic capture control function, it
enables the device to achieve an estimated service life of 8 to
9 years.

We found that the R wave detection values tended to
increase slightly over follow-up. This is likely because this
sequence has a relationship with the local microtrauma and
injury associated with deployment of the device and the later
beneficial effect of steroid elution from the cathode. This has
sparked controversy in some forums,?®3° and it is certainly
important to adhere to the recommendation to obtain values
> 5 mV. Nonetheless, we believe that borderline values may be
acceptable considering the inherent risk involved in device
repositioning. In the study reported by Pachén et al.,>* 1 patient
had an R wave value at implantation of 4.7 mV that increased to
5.7 mV during follow-up. In our series, 1 patient had excellent
threshold and impedance values, and an R wave value of 4.4 mV
at implantation, which increased to 5.5 mV in 24 hours. Thus, we
believe that, in terms of pacing, it is much more important to
have an optimal capture threshold (increased device duration)
as well as good impedance of around 700-800 (), which, in
addition to favoring the longevity of the device, is an indirect
marker of good fixation to the endocardium (and the safety of
the implant).

Limitations

A limitation of this study is that it was a single-center,
nonrandomized study. In addition, the number of patients
included and the follow-up are relatively small. Although it
provides 1-year follow-up data for the first time, only 4 patients
completed this period; hence, there is a need for studies with
longer follow-up and including larger numbers of patients. Last,
only 2 professionals performed all the procedures; therefore, the
results cannot be considered applicable to all centers.

CONCLUSIONS

In our experience, transcatheter implantation of the Micra
pacemaker is a safe procedure associated with excellent
immediate and short- to mid-term parameters that could avoid
the complications associated with conventional devices. Fur-
thermore, it can be safely performed in patients receiving
anticoagulant therapy, and it allows AV node ablation in the
same procedure through the device implantation system.
Further studies are needed to confirm these findings and
provide long-term data before the use of this device is
generalized.
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WHAT IS KNOWN ABOUT THE TOPIC?

- Conventional pacemaker systems are associated with
nonnegligible rates of acute and chronic complications
which, theoretically, could be avoided with the new
leadless intracardiac pacemaker devices.

- According to the data from clinical trials and small
retrospective series, transcatheter implantation of the
Micra pacemaker has an acceptable safety profile.

- This system could be an attractive alternative for
specific patient subgroups with indications for intracar-
diac pacemaker implantation, such as those with venous
access problems, a risk of hematoma or infection, or
congenital heart disease.

WHAT DOES THIS STUDY ADD?

- The experience of transcatheter implantation of the
Micra pacemaker are reported in a real-life cohort of
patients.

- Safety data are provided, not only related to the device,
but also to the possibility of performing the procedure
without interrupting OAC therapy in patients at high
risk of thromboembolism.

- The feasibility of performing transcatheter pacemaker
implantation and AV node ablation in the same
procedure are reported for the first time.

- Follow-up results at 1-year postimplantation are
reported, which show excellent pacing and sensing
parameters during that time.

SUPPLEMENTARY MATERIAL

Supplementary material associated with this article can
be found in the online version available available at
doi:10.1016/j.rec.2016.11.027.

REFERENCES

1. Cano Pérez O, Pombo Jiménez M, Coma Samartin R. Registro Espafiol de Marca-
pasos. XII Informe Oficial de la Seccién de Estimulacion Cardiaca de la Sociedad
Espafiola de Cardiologia (2014). Rev Esp Cardiol. 2015;68:1138-1153.

2. Kirkfeldt RE, Johansen JB, Nohr EA, Jorgensen OD, Nielsen JC. Complications after
cardiac implantable electronic device implantations: an analysis of a complete,
nationwide cohort in Denmark. Eur Heart J. 2014;35:1186-1194.

3. Udo EO, Zuithoff NP, Van Hemel NM, et al. Incidence and predictors of short- and
long-term complications in pacemaker therapy: the FOLLOWPACE study. Heart
Rhythm. 2012;9:728-735.

4. Krahn AD, Lee DS, Birnie D, et al. Predictors of short-term complications after
implantable cardioverter-defibrillator replacement: results from the Ontario ICD
Database. Circ Arrhythm Electrophysiol. 2011;4:136-142.

5. Poole JE, Gleva M], Mela T, et al. Complication rates associated with pacemaker or
implantable cardioverter-defibrillator generator replacements and upgrade pro-
cedures: results from the REPLACE registry. Circulation. 2010;122:1553-1561.

6. Nielsen JC, Gerdes JC, Varma N. Infected cardiac-implantable electronic devices:
prevention, diagnosis, and treatment. Eur Heart J. 2015;36:2484-2490.

7. Ritter P, Duray GZ, Zhang S, et al. Micra Transcatheter Pacing Study Group.The
rationale and design of the Micra Transcatheter Pacing Study: safety and efficacy of
a novel miniaturized pacemaker. Europace. 2015;17:807-813.

8. Ritter P, Duray GZ, Steinwender C, et al. Micra Transcatheter Pacing Study Group.-
Early performance of a miniaturized leadless cardiac pacemaker: the Micra Trans-
catheter Pacing Study. Eur Heart J. 2015;36:2510-2519.

9. Reynolds D, Dray GZ, Omar R, et al. A Leadless intracardiac transcatheter pacing
system. N Engl | Med. 2016;374:533-541.


http://dx.doi.org/10.1016/j.rec.2016.11.027
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0155
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0155
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0155
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0160
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0160
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0160
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0165
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0165
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0165
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0170
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0170
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0170
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0175
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0175
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0175
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0180
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0180
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0185
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0185
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0185
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0190
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0190
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0190
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0195
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0195

10.

11.

J.L. Martinez-Sande et al./Rev Esp Cardiol. 2017;70(4):275-281

Boriani G, Savelieva [, Dan GA, et al. Chronic kidney disease in patients with cardiac
rhythm disturbances or implantable electrical devices: clinical significance and
implications for decision making-a position paper of the European Heart Rhythm
Association endorsed by the Heart Rhythm Society and the Asia Pacific Heart
Rhythm Society. Europace. 2015;17:1169-1196.

Armaganijan LV, Toff WD, Nielsen JC, et al. Are elderly patients at increased risk of
complications following pacemaker implantation?. A meta-analysis of random-
ized trials. Pacing Clin Electrophysiol. 2012;35:131-134.

. Brignole M, Auricchio A, Baron-Esquivias G, et al. 2013 ESC Guidelines on cardiac

pacing and cardiac resynchronization therapy: the Task Force on cardiac pacing
and resynchronization therapy of the European Society of Cardiology (ESC).
Developed in collaboration with the European Heart Rhythm Association (EHRA).
Eur Heart J. 2013;34:2281-2329.

. Johansen JB, Jorgensen OD, Moller M, Arnsbo P, Mortensen PT, Nielsen ]C. Infection

after pacemaker implantation: infection rates and risk factors associated with
infection in a population-based cohort study of 46299 consecutive patients. Eur
Heart J. 2011;32:991-998.

. Hsu JC, Varosy PD, Bao H, Dewland TA, Curtis JP, Marcus GM. Cardiac perforation

from implantable cardioverter-defibrillator lead placement: insights from the
national cardiovascular data registry. Circ Cardiovasc Qual Outcomes. 2013;6:
582-590.

. Cano O, Andrés A, Alonso P, et al. Incidence and predictors of clinically relevant

cardiac perforation associated with systematic implantation of active-fixation
pacing and defibrillation leads: a single-centre experience with over 3800 implanted
leads. Europace. 2016. http://dx.doi.org/10.1093/europace/euv410.

. Sperzel ], Burri H, Gras D, et al. State of the art of leadless pacing. Europace.

2015;17:1508-1513.

. Bonner M, Eggen M, Haddad T, Sheldon T, Williams E. Early performance and safety

of the micra transcatheter pacemaker in pigs. Pacing Clin Electrophysiol. 2015;38:
1248-1259.

. Omdahl P, Eggen MD, Bonner MD, laizzo PA, Wika K. Right ventricular anatomy can

accommodate multiple Micra transcatheter pacemakers. Pacing Clin Electrophysiol.
2016;39:393-397.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

281

Chen K, Zheng X, Dai Y, et al. Multiple leadless pacemakers implanted in the right
ventricle of swine. Europace. 2016. http://dx.doi.org/10.1093/europace/euv418.
Link MS. Achilles’ lead: will pacemakers break free? N Engl | Med. 2016;374:
585-586.

Kypta A, Blessberger H, Lichtenauer M, Steinwender C. Complete encapsulation of a
leadless cardiac pacemaker. Clin Res Cardiol. 2016;105:94.

Kypta A, Blessberger H, Kammler J, et al. First autopsy description of changes 1 year
after implantation of a leadless cardiac pacemaker: unexpected ingrowth and
severe chronic inflammation. Can J Cardiol. 2015. http://dx.doi.org/10.1016/j.cjca.
2015.12.028.

Borgquist R, Ljungstrom E, Koul B, Hojler CJ. Leadless Medtronic Micra pacemaker
almost completely endothelialized already after 4 months: firstclinical experience
from an explanted heart. Eur Heart J. 2016. http://dx.doi.org/10.1093/eurheartj/
ehw137.

Pachén M, Puchol A, Akerstrom F, Rodriguez-Padial L, Arias MA. Implante de
marcapasos sin cables transcatéter Micra: experiencia inicial en un centro espafiol.
Rev Esp Cardiol. 2016;69:346-349.

Pachén M, Puchol A, Arias MA. Marcapasos sin cables tras hematoma complicado.
Rev Esp Cardiol. 2016;69:607.

Kerwin SA, Mayotte MJ, Gornick CC. Transcatheter pacemaker implantation in a
patient with a bioprosthetic tricuspid valve. J Interv Card Electrophysiol. 2015;
44:89-90.

Garweg C, Ector ], Willems R. Leadless cardiac pacemaker as alternative in case of
congenital vascular abnormality and pocket infection. Europace. 2016. http://dx.
doi.org/10.1093/europace/euw023.

Tolosana JM, Berne P, Mont L, et al. Preparation for pacemaker or implantable
cardiac defibrillator implants in patients with high risk of thrombo-embolic
events: oral anticoagulation or bridging with intravenous heparin? A prospective
randomized trial. Eur Heart J. 2009;30:1880-1884.

Morales Martinez de Tejada Aaue, Elduayen Gragera ]. Acerca del sistema de
marcapasos transcatéter Micra. Rev Esp Cardiol. 2016;69:715.

Pachén M, Arias MA. Acerca del sistema de marcapasos transcatéter Micra.
Respuesta Rev Esp Cardiol. 2016;69:716.


http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0200
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0200
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0200
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0200
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0200
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0205
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0205
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0205
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0210
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0210
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0210
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0210
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0210
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0215
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0215
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0215
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0215
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0220
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0220
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0220
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0220
http://dx.doi.org/10.1093/europace/euv410
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0230
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0230
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0235
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0235
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0235
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0240
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0240
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0240
http://dx.doi.org/10.1093/europace/euv418
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0250
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0250
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0255
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0255
http://dx.doi.org/10.1016/j.cjca.2015.12.028
http://dx.doi.org/10.1016/j.cjca.2015.12.028
http://dx.doi.org/10.1093/eurheartj/ehw137
http://dx.doi.org/10.1093/eurheartj/ehw137
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0270
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0270
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0270
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0275
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0275
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0280
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0280
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0280
http://dx.doi.org/10.1093/europace/euw023
http://dx.doi.org/10.1093/europace/euw023
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0290
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0290
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0290
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0290
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0295
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0295
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0300
http://refhub.elsevier.com/S1885-5857(16)30404-2/sbref0300

	The Micra Leadless Transcatheter Pacemaker. Implantation and Mid-term Follow-up Results in a Single Center
	INTRODUCTION
	METHODS
	Micra Pacemaker Implantation Method
	The Implantable Micra Device

	Introducer and Delivery Catheter
	Follow-up
	Statistical Analysis

	RESULTS
	Baseline Characteristics
	Complications
	Follow-up

	DISCUSSION
	Contextualizing the Problem
	Analysis of the Series and Its Particularities
	Follow-up of the Electrical Parameters
	Limitations

	CONCLUSIONS
	CONFLICTS OF INTEREST
	WHAT IS KNOWN ABOUT THE TOPIC?
	WHAT DOES THIS STUDY ADD?

	Supplementary material
	References


