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ABSTRACT

Permanent cardiac pacing is a recognized method of treatment of patients with sick sinus syndrome
and/or atrioventricular conduction disturbances. Implantation of a traditional pacing system with trans-
venous leads is associated with a risk of complications, such as pneumothorax perforation of cardiac
wall or cardiac device-related infection. An alternative method that may be used for permanent cardiac
pacing is represented by the leadless pacemaker, implanted directly into the target cardiac chamber.
Such devices have been implanted in Poland since 2016, but the number of procedures is limited due
to the lack of clear reimbursement rules.

The expert panel appointed by the National Consultant in Cardiology and the Executive Board of the
Heart Rhythm Section of the Polish Cardiac Society presents a statement on the use of a leadless pace-
maker in Polish conditions. The statement present streatment method and results of clinical studies that
confirm its safety and efficacy, indications and contraindications for its use, and precise requirements
to be fulfilled by the implanting centers.
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INTRODUCTION
Permanent cardiac pacing is a method of treatment com-
monly used in patients with bradycardia due to sinus node
disease and/or atrioventricular conduction disturbances
[1]. A pacemaker (PM) consists of a device can, containing
the battery and the processor controlling its operation,
and the lead or leads, routed transvenously into the target
cardiac chambers. Implantation of a PM with endocardial
leads is associated with a risk of complications during the

procedure. Those complications include pneumothorax,
perforation of heart chambers and dislocations [2]. The use
of endocardial leads also increases the risk of lead-depend-
ent endocarditis [3]. Last but not least, the leads are the
main source of problems leading to malfunction of pacing
systems, mainly due to their mechanical damage. Infec-
tions of the PM pocket, developing in the postoperative
period or later, as a result of progressive skin damage or
developing decubitus, constitute another crucial problem
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of electrotherapy. Due to those reasons, the development
of a leadless cardiac pacemaker (LCP), implanted directly
into the cardiac chambers, has been carried out for many
years now [5]. Currently, the PM produced by Medtronic
company (Micra Transcatheter Pacing System) is the only
available LCP, and therefore the majority of publications
presenting the outcomes of this method are based on the
analyses of the use of that particular system. One might
expect though, that in the course of time other manufac-
turers will also introduce their own devices of that type.

CONSTRUCTION AND OPERATION
OF THE LCP

The currently available LCP weighs 1.75 g, has a volume of
0.8 cm?® and 26 mm of length. The implantation procedure
involves the introduction of a vascular sheath of an outer
diameter of 27 Fr through the femoral vein into the right
ventricle. In the next step, having confirmed the appro-
priate placement of the sheath, the pacemaker’s body
is released from its end and fixed in the interventricular
septum by means of special nitinol tines. Once stimulation
threshold and appropriate sensing have been confirmed,
the device is finally separated from the guiding catheter
and left in the cardiac chamber. The operating parameters
of the pacemaker are entirely programmable, both sensing
and pacing current (energy and the pulse width), which
makes the device operation identical to the PM system
with transvenous leads. Adaptation of pacing rate to the
physical activity is also available (rate-responsive mode).
Magnetic resonance imaging is also possible in patients
with that type of pacing system [6].

The leadless pacemaker is currently available in two
versions the VR version — performing pacing in VVI(R)
mode and the AV version — offering a possibility of ven-
tricular pacing triggered by atrial activity (the VDD mode).
This is acquired by using an accelerometer that effectively
senses vibrations associated with blood flow through the
tricuspid valve. Research data show that atrio-ventricular
synchrony may be acquired in nearly 90% of heart beats
[7-9].The limitation of this device is, however, the relatively
low upper sinus rate tracked in VDD mode, and above that
rate, the device automatically switches into VVIR mode.The
device life is estimated at 8-12 years, depending on the
percentage of paced beats and pacing threshold.

CURRENT KNOWLEDGE ABOUT THE SAFETY
OF USE AND EFFICACY OF LCP

The research data collected so far confirm the safety
of use and efficacy of LCP. A procedural success rate of
99.2% was reported for the very first study of 725 patients
who underwent PM implantation. During the follow-up
of 6 months, serious complications were observed in
25 patients, resulting mainly from mechanical damage to

the heart wall or femoral vein, that occurred during the
implantation procedure [10]. During follow-up prolonged
up to 12 months, 96% of patients were free from serious
complications of the therapy, and thus the rates of serious
complications were reduced by 48% in comparison with
patients having transvenous systems, as reported in ear-
lier studies [11]. It has been thereby confirmed that the
incidence of complications during implantation of LCP is
lower compared to a traditional PM, the reoperation rate is
lower, and final pacing and sensing parameters are stable.
In another study, including 795 patients, LCP was success-
fullyimplanted in 99.6% of cases and serious complications
occurred in 1.5% of patients during 1-month follow-up [12].
In the follow-up period extended to 12 months, altogether
including 1817 patients, serious complications were report-
ed in 2.7% of patients, which equals to 63% reduction in
comparison with the patients undergoing PM implantation
with transvenous leads [13].

Although the leadless pacemaker offers a valuable
alternative for the commonly used transvenous systems, is
not free from certain limitations. Implantation technique,
small size, and healing into the heart wall may result in
significantly more difficult removal of the device if such
anecessity occurs [14-16]. LCP cannot be used in patients
with a filter in the inferior vena cava, with mechanical
tricuspid valve, or in the case of femoral vein anatomy
precluding the introduction of a sheath size required for
LCP implantation. The procedure is also contraindicated
if there is any risk of potential interference with other pre-
viously implanted devices or intolerance of materials that
the device is made of. Nonetheless, LCP is a cardiac pacing
modality for patients without vascular access needed for
traditional PM implantation, or patients with skin lesions
that increase risk of infection of a transvenous system.
Moreover, LCP may be a safe therapeutic option for pa-
tients with infective complications of previously implanted
transvenous systems, or at high risk of such events [17]. Of
note, in an obvious manner, the use of LCP eliminates the
risk of endocardial lead-related complications, as well as
local complications affecting the PM pocket, which have
always been the weak point of traditional permanent
cardiac pacing.

Leadless cardiac pacemaker implantations have been
performed in Poland since January 2016, however, its use
is limited by the lack of clear rules for reimbursement, and
it follows individual applications to the National Health
Fund or is performed as part of clinical trials.

A working group appointed by the National Consultant
in Cardiology and the Board of the Heart Rhythm Section
of the Polish Cardiac Society, having analyzed the available
data and related it to participants’ personal experience,
issues an opinion on the use of leadless pacing systems in
Polish conditions.
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RECOMMENDATIONS
FOR IMPLANTATION OF A LCP

A. Implantation of a leadless cardiac
pacemaker should be considered (class IIA of
recommendations) in the following clinical
settings in patients qualified for permanent
cardiac pacing:

1. Lack of vascular access or other reasons
precluding or significantly limiting the

possibility of performing a standard transvenous
implantation

This recommendation applies to the damage of the vas-
cular system, both the subclavian vein and superior vena
cava, resulting from an iliness, iatrogenic causes, the use of
vascular ports and other similar situations, as well as con-
genital abnormalities and anomalies in the cardiovascular
system, and the history of their treatment (e.g. the history
of tricuspid valve repair or implantation of a tricuspid bi-
oprosthesis).

2, Recurrent or permanent focal or systemic
inflammation, that may lead to (or led in the past)
infective endocarditis

This recommendation, for example, includes patients with
infected orthopedic or other implants, in whom infection
of the implant is difficult to control and radical treatment
is not planned. It also applies to patients with chronic
inflammatory disorders of the skin or other organs, that
increase the risk of infective endocarditis.

3. Comorbidities (or necessary medical
interventions) that led to infective endocarditis,
and therefore to the extraction of the traditional
cardiac pacing system

This recommendation applies to patients undergoing
dialysis or other analogous therapeutic interventions re-
quiring permanent vascular access, as well as patients on
long-term immunosuppressive treatment, or with other
comorbidities that significantly and permanently impair
the immunity.

4. Comorbidities (or medical interventions) that
led to local damage within the pocket of the
implanted pacemaker, resulting in its removal,

or conditions in which the implanted device
restricts or precludes the use of specific oncologic
therapeutic interventions (e.g. radiotherapy)

This recommendation applies to patients undergoing radi-
otherapy in the course of oncologic treatment if it overlaps
the pocket of the traditionally implanted pacemaker.

B. Implantation of a leadless cardiac pacemaker
may be considered (class IIB of recommendations)
in the following clinical settings in patients
qualified for permanent cardiac pacing:

1. Comorbidities (or medical interventions) leading
to an increased risk of infective endocarditis

This recommendation applies to patients undergoing dial-
ysis or other analogous therapeutic interventions requiring
permanent vascular access, as well as patients on long-term
immunosuppressive treatment, or with other comorbidities
that significantly and permanently impair the immunity.

2. Comorbidities or clinical situations (or medical
interventions) possibly leading to local damage of
the pacemaker pocket or the leads

This recommendation applies to patients undergoing ra-
diotherapy or in whom radiotherapy is considered in the
course of oncologic treatment if it overlaps the traditional
pacemaker pocket, and implantation of a traditional pace-
maker is planned. This recommendation also applies to
patients potentially or chronically pacemaker dependent,
in whom the risk of mechanical damage to the transvenous
lead(s) isincreased due to the nature of their work or limited
supervision because of other socio-medical factors.

3. Comorbidities (or medical interventions)
requiring permanent or periodical vascular access
This recommendation applies to patients, in whom there
is an increased probability that vascular access may be
needed for reasons other than implantation of a cardi-
ac pacemaker.

4. Anticipated small percentage of pacing in young
patients with a long life expectancy

This recommendation applies to young patients, requiring
only ventricular pacing or with only occasional atrioven-
tricular conduction disturbances. In such cases, the possible
risks and benefits of the procedure should be evaluated
with special care.

C. Leadless cardiac pacemaker should be avoided
(class lll of recommendations) in the following
clinical situations in patients qualified for
permanent cardiac pacing:

1. Sick sinus syndrome, especially with maintained
retrograde ventriculoatrial conduction, in case of
chronic bradycardia, when a high percentage of
ventricular pacing is anticipated

This contraindication applies to patients with chronic
(non-paroxysmal) sinus bradycardia, in whom, due to the
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high percentage of pacing and maintained retrograde
conduction, atrial contraction occurs nearly simultaneously
with ventricular contraction (when atrioventricular valves
are closed), causing the symptoms of pacemaker syndrome.

In all of the abovementioned recommendations, in
case of maintained sinus rhythm, implantation of a leadless
pacemaker capable of ventricular pacing triggered by atrial
rhythm should be preferred.

REQUIREMENTS FOR CENTERS
IMPLANTING LCP

Apart from the centers that have already performed
implantation of LCP systems, cardiology centers that have
the most considerable experience in performing cardiac
electrophysiology and electrotherapy procedures, as
well as in the treatment of early and late complications of
such procedures, including transvenous lead extractions
should be preferred. The availability of cardiac surgery in
the center is essential. The possibility of performing outpa-
tient follow-up visits of patients after electrotherapy and
electrophysiology procedures is indispensable.

It is recommended to introduce the national registry
of leadless pacemaker implantations and regular supervi-
sion from appropriate regulatory boards over the centers
performing such procedures.

SUMMARY

Leadless pacemaker implantation is an important
therapeutic option for patients requiring permanent
cardiac pacing, in whom the use of a transvenous system
is impossible or is associated with a high risk of complica-
tions. The possibility of maintaining vascular access intact
for the purpose of future treatment and interventions is
an important merit. It should be noted that the number
of Polish centers utilizing this method is small, and their
experience limited, which is mainly due to the current
reimbursement regulations. The authors of that statement
believe that introduction of clear reimbursement rules and
fees covering entirely the costs of the procedure will result
in increased availability of that method to fully satisfy the
demand in Poland, which is estimated at approximately
300 procedures annually.

Article information

Conflict of interest: MK received fees from: Abbott, Biotronik, Boston
Scientific, HammerMed, Medtronic. PM received fees from: Abbott,
Biotronik, Boston Scientific, Medtronic, HammerMed; research grants
from: Abbott, Biotronik, Medtronic; participated in advisory com-
mittees: Medtronic. OK received consultancy and lecture fees from:
Medtronic. MS received fees from: Abbott, Biotronik, Boston Scientific,
HammerMed, Medtronic, Zoll. AP received consultancy and lecture
fees from: Medtronic. JK received lecture fees from: Abbott, Medtronic.

Open access: This article is available in open access under Creative
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, allowing to download articles and
share them with others as long as they credit the authors and the
publisher, but without permission to change them in any way or use

them commercially. For commercial use, please contact the journal
office at kardiologiapolska@ptkardio.pl.

How to cite: Kempa M, Mitkowski P, Kowalski O, et al. Expert opinion
of a Working Group on Leadless Pacing appointed by the National
Consultant in Cardiology and the Board of the Heart Rhythm Section
of the Polish Cardiac Society. Kardiol Pol. 2021; 79(5): 604-608, doi:
10.33963/KP.15982.

REFERENCES

1. 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(29): 2281-2329, doi:
10.1093/eurheartj/eht150, indexed in Pubmed: 23801822.

2. vanRees JB,deBie MK, Thijssen J, et al. Implantation-related complications
of implantable cardioverter-defibrillators and cardiac resynchronization
therapy devices: a systematic review of randomized clinical trials.J Am Coll
Cardiol. 2011;58(10): 995-1000, doi: 10.1016/j.,jacc.2011.06.007, indexed
in Pubmed: 21867832.

3. Poole JE, Gleva MJ, Mela T, et al. REPLACE Registry Investigators. Com-
plication rates associated with pacemaker or implantable cardiovert-
er-defibrillator generator replacements and upgrade procedures: results
from the REPLACE registry. Circulation. 2010; 122(16): 1553-1561, doi:
10.1161/CIRCULATIONAHA.110.976076, indexed in Pubmed: 20921437.

4. Udo EO, Zuithoff NPA, van Hemel NM, et al. Incidence and predictors
of short- and long-term complications in pacemaker therapy: the
FOLLOWPACE study. Heart Rhythm. 2012; 9(5): 728-735, doi: 10.1016/j.
hrthm.2011.12.014, indexed in Pubmed: 22182495.

5. Spickler JW, Rasor NS, Kezdi P, et al. Totally self-contained intracardiac
pacemaker. J Electrocardiol. 1970; 3(3-4): 325-331, doi: 10.1016/50022-
0736(70)80059-0, indexed in Pubmed: 5517593.

6.  Ritter P, Duray GZ, Steinwender C, et al. Micra Transcatheter Pacing Study
Group. Early performance of a miniaturized leadless cardiac pacemaker:
the Micra Transcatheter Pacing Study. Eur Heart J. 2015; 36(37): 2510-
2519, doi: 10.1093/eurheartj/ehv214, indexed in Pubmed: 26045305.

7. Chinitz L, Ritter P, Khelae S, et al. Accelerometer-based atrioventricular
synchronous pacing with a ventricular leadless pacemaker: Results from
the Micra atrioventricular feasibility studies. Heart Rhythm. 2018; 15(9):
1363-1371, doi: 10.1016/j.hrthm.2018.05.004.

8.  Steinwender C, Khelae SK, Garweg C, et al. Atrioventricular synchronous
pacing using a leadless ventricular pacemaker: results from the MARVEL
2 study. JACC Clin Electrophysiol. 2020; 6(1): 94-106, doi: 10.1016/j.
jacep.2019.10.017, indexed in Pubmed: 31709982.

9. Garweg C, Khelae SK, Steinwender C, et al. Predictors of atrial mechanical
sensing and atrioventricular synchrony with a leadless ventricular pace-
maker: Results from the MARVEL 2 Study. Heart Rhythm. 2020; 17(12):
2037-2045, doi: 10.1016/j.hrthm.2020.07.024, indexed in Pubmed:
32717315,

10.  Reynolds D, Duray GZ, Omar R, et al. Micra Transcatheter Pacing Study
Group. A leadless intracardiac transcatheter pacing system. N Engl
J Med. 2016; 374(6): 533-541, doi: 10.1056/NEJMoa1511643, indexed in
Pubmed: 26551877.

11.  Duray GZ, Ritter P, EI-Chami M, et al. Micra Transcatheter Pacing Study
Group. Long-term performance of a transcatheter pacing system:
12-Month results from the Micra Transcatheter Pacing Study. Heart
Rhythm.2017; 14(5): 702-709, doi: 10.1016/j.hrthm.2017.01.035, indexed
in Pubmed: 28192207.

12.  Roberts PR, Clementy N, Al Samadi F, et al. A leadless pacemaker in the
real-world setting: The Micra Transcatheter Pacing System Post-Ap-
proval Registry. Heart Rhythm. 2017; 14(9): 1375-1379, doi: 10.1016/j.
hrthm.2017.05.017, indexed in Pubmed: 28502871.

13.  El-ChamiMF, Al-SamadiF, Clementy N, et al. Updated performance of the
Micra transcatheter pacemaker in the real-world setting: A comparison
to the investigational study and a transvenous historical control. Heart
Rhythm. 2018; 15(12): 1800-1807, doi: 10.1016/j.hrthm.2018.08.005,
indexed in Pubmed: 30103071.

www.journals.viamedica.pl/kardiologia_polska 607


http://dx.doi.org/10.1093/eurheartj/eht150
https://www.ncbi.nlm.nih.gov/pubmed/23801822
https://www.ncbi.nlm.nih.gov/pubmed/21867832
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.976076
https://www.ncbi.nlm.nih.gov/pubmed/20921437
http://dx.doi.org/10.1016/j.hrthm.2011.12.014
http://dx.doi.org/10.1016/j.hrthm.2011.12.014
https://www.ncbi.nlm.nih.gov/pubmed/22182495
http://dx.doi.org/10.1016/s0022-0736(70)80059-0
http://dx.doi.org/10.1016/s0022-0736(70)80059-0
https://www.ncbi.nlm.nih.gov/pubmed/5517593
http://dx.doi.org/10.1093/eurheartj/ehv214
https://www.ncbi.nlm.nih.gov/pubmed/26045305
http://dx.doi.org/10.1016/j.hrthm.2018.05.004
http://dx.doi.org/10.1016/j.jacep.2019.10.017
http://dx.doi.org/10.1016/j.jacep.2019.10.017
https://www.ncbi.nlm.nih.gov/pubmed/31709982
http://dx.doi.org/10.1016/j.hrthm.2020.07.024
https://www.ncbi.nlm.nih.gov/pubmed/32717315
http://dx.doi.org/10.1056/NEJMoa1511643
https://www.ncbi.nlm.nih.gov/pubmed/26551877
http://dx.doi.org/10.1016/j.hrthm.2017.01.035
https://www.ncbi.nlm.nih.gov/pubmed/28192207
http://dx.doi.org/10.1016/j.hrthm.2017.05.017
http://dx.doi.org/10.1016/j.hrthm.2017.05.017
https://www.ncbi.nlm.nih.gov/pubmed/28502871
http://dx.doi.org/10.1016/j.hrthm.2018.08.005
https://www.ncbi.nlm.nih.gov/pubmed/30103071

KARDIOLOGIA POLSKA, 2021; 79 (5)

14.

15.

608

Bonner MD, Neafus N, Byrd CL, et al. Extraction of the Micra transcatheter
pacemaker system. Heart Rhythm. 2014; 11: S342.

Hasegawa-Tamba S, lkeda Y, Tsutsui K, et al. Two-directional snare
technique to rescue detaching leadless pacemaker. Heart Rhythm Case
Rep. 2020; 6(10): 711-714, doi: 10.1016/j.hrcr.2020.06.027, indexed in
Pubmed: 33101938.

Jimenez E, Aggarwal V, Bass J, et al. Micra leadless pacemaker retrieval in
a pediatric patient. Indian Pacing Electrophysiol J. 2020; 20(3): 132-134,
doi: 10.1016/j.ipej.2020.03.006, indexed in Pubmed: 32222422.
El-Chami MF, Johansen JB, Zaidi A, et al. Leadless pacemaker implant
in patients with pre-existing infections: Results from the Micra postap-
proval registry. J Cardiovasc Electrophysiol. 2019; 30(4): 569-574, doi:
10.1111/jce.13851, indexed in Pubmed: 30661279.

www.journals.viamedica.pl/kardiologia_polska


http://dx.doi.org/10.1016/j.hrcr.2020.06.027
https://www.ncbi.nlm.nih.gov/pubmed/33101938
http://dx.doi.org/10.1016/j.ipej.2020.03.006
https://www.ncbi.nlm.nih.gov/pubmed/32222422
http://dx.doi.org/10.1111/jce.13851
https://www.ncbi.nlm.nih.gov/pubmed/30661279

	_GoBack

