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Leadless stimulation of the right ventricle is now a reality, especially in patients
with very specific indications and clinical characteristics, even in the absence of ran-
domized studies to support its use. The reduction of device costs and the refinement
of atrioventricular synchronization algorithms will sanction its greater diffusion in
the future. The possibility of using leadless technology also for resynchronization
therapy, on the other hand, is currently a promising option but, pending randomized
studies with robust case histories and adequate follow-ups, it should still be consid-
ered as a niche therapy, to be limited to centres highly specialized and in patients in
whom conventional resynchronization has been impossible or ineffective.

The introduction of transvenous cardiac pacing (electro-
stimulation) in the middle of the last century marked one
of the main advances in modern medicine, allowing an im-
provement in the quality of life and, in many cases, a
reduction in mortality of patients suffering from bradyar-
rhythmias. Over the years, the technology has evolved
significantly, allowing the implantation of devices for the
prevention of sudden death (defibrillators) and the treat-
ment of heart failure [resynchronization, cardiac resynch-
ronization therapy (CRT)], but nevertheless, this therapy is
still associated with a significant risk of complications, ba-
sically linked to the presence of the leads and the pocket in
which the device is housed. Short-term complications
range from 9.5% to 12.6% and are mainly caused by elec-
trode dislocation and, less frequently, by pocket haema-
toma, pneumothorax, or cardiac tamponade. Long-term
complications account for an additional 9% and are caused
by lead malfunction, endocarditis, venous obstruction, se-
vere tricuspid insufficiency, pocket problems (infection
and skin erosion), often require reoperation, and are possi-
ble causes of increased morbidity and mortality. The only
possible solution to these problems is in the elimination of
the two main sources of complications: the leads and the
pocket. For this purpose, the so-called wireless pace-
makers have been developed. The first (Nanostim)

received the CE mark in 2013 and is awaiting approval by
the FDA, the second (MICRA) was approved by the
European Commission in 2015 and by the FDA the following
year.

The present

Both devices are implanted in the wall of the right ventricle
which they reach, through a catheter, via the femoral vein
and the inferior cava. The Nanostim is fixed through a
screw mechanism, the Micra through four teeth. Both the
Nanostim and the Micra weigh 2 g but the former is longer
(41.4mm) and narrow and can therefore be implanted with
an 18-Fr sheath, while the latter is shorter (25.9mm) but
wider and requires a 23-Fr sheath. Both are magnetic reso-
nance imaging conditional, the Nanostim at 1.5 Tesla, the
Micra also at 3 Tesla. Both devices have the rate responsive
function. The expected longevity at nominal stimulation
parameters is 15 years for the Nanostim and 12.5 for the
Micra. At the moment, given the limited number of years
that have passed since the first implants, it is not possible
to be certain of these estimates. The Nanostim interacts
with the manufacturer’s programmer and shows the endo-
cavitary electrogram, the status of the device, and can be
programmed. The Micra interacts with the manufacturer’s
programmer, has the self-capture algorithm and provides*Corresponding author. Email: filippostazi67@gmail.com
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data on the percentage of stimulation, evolution of the
sensing amplitude, threshold, and stimulation impedance.

The data available
Nanostim was evaluated in the LEADLESS,1 LEADLESS II,2

and LEADLESS Observational Study3 studies. The Micra in
the Micra Transcatheter Pacing Study4 and in the Micra
Transcatheter Pacing System Post-Approval Registry,5 for a
total of �1500 patients. For both devices, implant success
occurs in 95–99% of cases. The freedom from complications
is 94% for the nanostim and 96–98.5% for the Micra. At
greater risk of procedural complications, especially perfo-
ration, are the elderly, frail women, subjects with low
bodymass index, patients on chronic steroid therapy, those
who have undergone multiple electrode repositioning in an
attempt to find the best position and those with (where)
the device (is) implanted apically. The screwmechanism of
the Nanostim seems to increase both the risk of perforation
and dislocation: an excessive penetration of the screw, in
fact, increases the risk of perforation while a penetration
defect increases the possibility of dislocation. Both of
these events, however, decrease in parallel with the im-
provement of the experience of the operators. The most
frequent complications, in addition to the aforementioned
perforation, are of the vascular type at the entrance to the
system (haematoma, pain, pseudoaneurysm, and arterio-
venous fistula). There are no direct comparisons between
the two devices, but the implant complication rates and
the 6-month performance seem similar, apart from the
acute dislocation of the device, which has so far only been
reported with Nanostim (1.1% in LEADLESS II). The electri-
cal measurements of sensing, capture, and impedance are
usually good and tend to remain stable over time, like what
happens with transvenous pacemakers. The (system)
threshold value at the implant is important as it predicts its
subsequent evolution. With Micra, e.g. it is necessary to
obtain threshold values<2V/0.24ms.6

In 2016, problems related to the Nanostim battery
emerged, involving 2.4% of all devices implanted up to that
time. These defects caused the affected devices to have a
longevity of <2 years. In 2017, following another defect in
the device related to explantation procedures, the
Nanostim was removed from the market and at the mo-
ment, therefore, the Micra is the only leadless pacemaker
available.

Comparison with traditional pacemakers
There are no randomized comparisons between leadless
pacemakers and transvenous devices. In the absence of
these, comparisons with historical groups were conducted.
In the MICRA TPS Trial,7 the leadless device was compared
with a historical control group of 2667 patients implanted
with both single and dual-chamber transvenous pace-
makers. The major complication rate was 4.0% in the Micra
group and 7.6% in the control group (hazard ratio 0.52, 95%
confidence interval 0.35–0.77; P¼ 0.001). This reduction
was associatedwith a 47% drop in the extension of hospital-
ization and 82% in revisions of the device. The greatest ad-
vantage with leadless is in the reduction of late
complications (>3months after implantation). The rate of

cardiac perforations/pericardial effusion, on the other
hand, is higher in leadless pacemakers. A meta-analysis8 of
28 studies, including 60 744 conventionally implanted sub-
jects, in fact showed an incidence of perforations of 0.82%
against 1.6% of the studies with the new devices. The risk
of infection with leadless is certainly lower than with tradi-
tional devices and, in addition, it seems manageable with
antibiotic therapy, without the removal (having to resort to
explanting) of the device.
The duration of the leadless implant procedure is gener-

ally shorter and functional recovery is faster. The absence
of the wound also entails undoubted aesthetic advantages,
as well as the ability to resume driving vehicles early. Also
allowed are those activities (such as golf or hunting) that
traditional pacemakers make difficult.

The indications
In consideration of the device’s ability to stimulate only
the ventricular chamber, the main indication lies in atrial
fibrillation with low ventricular response. The leadless
pacemaker can however also be considered in the case of
paroxysmal AV blocks, sinus node disease or syncope, in
which a high percentage of pacing is not expected. Other
cases in which leadless may be the best choice are patients
at high risk of systemic infection or who have already expe-
rienced an infection from an implantable cardiac device.
Furthermore, leadless pacing is the only possibility (except
epicardial access with its inherent difficulties in obtaining
low and stable thresholds) when the upper central venous
system is damaged, as in the case of previous transvenous
pacemaker implantation, catheter permanent infection,
thoracic surgery, radiotherapy for thoracic tumours, or
trauma. The new devices should then be strongly consid-
ered in the case of dialysis, both to save the venous access
necessary for fistulas, and because the increased rate of
transient bacteraemia during dialysis can lead to haema-
togenous infection of the leads. Leadless pacemakers, on
the other hand, are less prone to such infections, probably
due to their small size and being encapsulated within the
heart wall.

Battery depletion and removal
The data relating to the extraction of chronically
implanted devices are limited and absent for devices
implanted for more than 3 years and largely come from the
experience gained with the Nanostim, which suffered from
premature battery depletion. However, the procedure
seems safe and feasible, regardless of the duration of the
implant and the type of device used. The success rate of
the manoeuvre seems slightly higher with the Micra and
tends to decrease as the temporal distance from the im-
plant increases. A comparison between the two devices is
not correct given the significant differences in time to the
extraction of the studies reported in the literature, but it is
possible that the different electrode fixing mechanism
makes it easier to remove the Micra. No cardiac perfora-
tions have been reported with either device. In case of fail-
ure to remove it is always possible to reprogramme the
devices in OOOmode and leave them inside the ventricular
wall, implanting a new one in a different position. In fact,
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it is estimated that, given the small size of the devices, cor-
responding to<2% of its normal volume, the right ventricle
can host up to three without negative consequences.
Which, with the expected longevity of about 15years per
device, should ensure coverage for the entire life expec-
tancy for those subjected to the implantation of such
devices.

The future

VDD stimulation
To overcome the limitations imposed by VVI stimulation
alone, the Micra has been enriched with a three-
dimensional accelerometer capable of sensing the atrial
contraction and consequently allowing VDD stimulation,
that is, to synchronize ventricular pacing with atrial activ-
ity. The use of a dedicated downloadable algorithm has
shown its effectiveness, both at rest and during walking, in
the MARVEL study9 in which, in acute, atrioventricular syn-
chrony increased from 37.5% of VVI pacing to 80% of that
VDD. The subsequent MARVEL 210 in 75 patients with persis-
tent atrioventricular block confirmed an increase in
atrioventricular synchrony, from 26.8% to 89.2%, moving
from VVI 50 to VDD pacing. This percentage was reduced to
69.8% when the patients were standing upright. However,
95% of patients had�70% coordination between the atrium
and ventricle. Furthermore, no pauses or tachycardia in-
duced by atrial over-sensing were observed. However, it
should be borne in mind that the system does not allow to
maintain synchronism for heart rates >105 b.p.m. and
therefore is not currently the optimal choice in young or
otherwise physically active subjects. In addition, the algo-
rithm, due to its high energy consumption, is currently only
downloadable, for temporary use and not physically incor-
porated into the device. A clinical case11 has recently been
published in which the Micra implanted in the right ventri-
cle was synchronized with a transvenous pacemaker posi-
tioned in the right atrium.

Leadless DDD stimulation
A dual-chamber stimulation (atrium and ventricle) requires
the presence of two devices, one implanted in the atrial
wall and the other in the ventricular one, which are capa-
ble of communicating with each other in real time, through
the emission and reception of signals. In order to ensure a
suitable longevity of the battery, this communication must
require a minimum energy consumption. Bereuter12 has
experimented in animals with a prototype of this kind in
which blood and myocardium are the means of transmis-
sion of electrical signals. Each of the two devices emits
small alternating current signals, which are transmitted to
the tissues through which they propagate and are detected
almost simultaneously by the other device, so as to provide
synchronized atrioventricular stimulation. The power con-
sumption seems modest, �0.1% of the total consumption,
and therefore not such as to significantly reduce the bat-
tery life. Signal transmission did not induce arrhythmias or
tissue overheating. The system must obviously be tested in

humans before further comments can be made on the mat-
ter. Among other things, the fears related to the risk of per-
foration of a thin wall such as that of the atrium during the
implantation procedure still remain to be dispelled.

Leadless pacemaker and subcutaneous
defibrillator
In some clinical cases, the possibility of the combined use
of a leadless pacemaker and a subcutaneous defibrillator
has been demonstrated.13 In particular, the pacing of the
stimulation system is correctly interpreted by the defibril-
lator, the simultaneous communication of the two devices
with their respective programmers does not interfere with
their correct functioning; the communication between the
leadless pacemaker and its programmer does not induce
over-sensing phenomena in the subcutaneous defibrillator
and, finally, the shock delivered by the defibrillator did not
change the position and function of the leadless device.

Leadless CRT
Traditional CRT has a significant percentage of failure,
both due to the inability to position the catheter intended
for epicardial stimulation of the left ventricle and due to
lack of response to stimulation. These negative aspects
could be overcome by the use of endocardial stimulation of
the left ventricle, which offers the advantages of a more
physiological activation, from the endocardium to the epi-
cardium, and thereforemore effective, of greater freedom
in the positioning of the electrode and of the absence of
the stimulation of the phrenic nerve, one of the most fre-
quent causes of transvenous CRT implant failure.

Awireless methodology of endocardial stimulation of the
left ventricle using the Wireless Stimulation Endocardially
for CRT (WISE-CRT) system is currently undergoing ad-
vanced experimentation. This system provides wireless
stimulation by transmitting acoustic energy from a pulse
generator transmitter, implanted under the skin, to a re-
ceiver electrode, implanted in the left ventricular wall.
This converts acoustic energy into electrical energy and
uses it for pacing. The pulse generator consists of a battery
and transmitter connected together by cable. The
WISE(R)-CRT system can be implanted with any device ca-
pable of stimulating the right ventricle. The biventricular
stimulation is obtained through the sensing of the signal
produced by the pacing of the right ventricle operated by
the co-implanted device. This signal is used as a trigger for
left ventricular pacing. The implantation of the WISE-CRT
is in two successive steps: in the first, the generator is sur-
gically implanted in an intercostal space, generally be-
tween the fourth and sixth rib, along the parasternal line;
in the second, the wireless electrode is implanted in the
wall of the left ventricle, where it is fixed with a barbed
anchoring system, by retrograde trans-aortic route or, al-
ternatively, by a trans-septal approach.

The feasibility and safety of the device were evaluated
in the WISE-CRT Study14 which enrolled 17 patients. In
seven of these coronary sinus cannulation had previously
failed, two had not benefited from a conventional CRTand,
finally, eight were candidates for upgrade, as they already
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had a pacemaker or defibrillator. The procedure was suc-
cessful in 13 of the 17 subjects (76%) and at 6months all 13
patients who had been implanted were alive, although 7
major adverse events occurred in 6 patients (35%). At
6months, as far as system performance was concerned,
ventricular pacing was detected in 92% of subjects. In addi-
tion, two-thirds of the patients presented an improvement
in at least one functional class and a significant increase of
at least six points in the ejection fraction of the left ventri-
cle. However, due to a high (18%) incidence of peri-
procedural cardiac tamponade, the study was prematurely
interrupted after the first 17 enrolments. A next genera-
tion device was therefore developed, with the addition of
a balloon on the tip of the catheter used for the implanta-
tion of the left ventricular electrode, aimed at inducing
less trauma to the ventricular wall. The new system was
tested in the Safety and performance of Electrodes
implanted in the Left Ventricle study.15 Total 35 of the 39
enrolled patients underwent the procedure, which was
successful in 34 (94.4%). There was no cardiac tamponade.
After 6months, biventricular pacing was achieved in 93.9%
of patients and 84.8% had shown clinical improvement.
During this follow-up period, a hematoma of the pocket,
two cases of infection of the subcutaneous device were ob-
served and the device was removed in one patient. The
first randomized study is currently underway, the
Stimulation Of the left Ventricular Endocardium for
C(c)ardiac Resynchronization Therapy in Non-Responders
and previously Untreatable Patients Study16 aimed at eval-
uating the safety and efficacy of the system in a cohort of
350 patients, who after implantation will be randomized to
ON or OFF stimulation, in order to evaluate both symptom-
atic and echocardiographic effects of the method. The
WISE-CRT has proven to be compatible with both conven-
tional right ventricular pacing devices and the Micra,17 and
can therefore enable true leadless resynchronization ther-
apy. In one case,18 the subcutaneous defibrillator was also
associated.

The WISE-CRT is an interesting device full of potential
but, at the moment, still held back by important limita-
tions. First of all, to obtain optimal stimulation of the left
ventricle, the transmitter must be able to concentrate the
acoustic energy produced on the receiving electrode. A se-
vere angle between the two system components, a dis-
tance between them >10cm or the absence of a good
acoustic window (occurring in about 10% of patients) be-
tween the two devices therefore reduces the efficiency of
the system. Furthermore, in subjects with marked ventric-
ular dilatation, it may be difficult to position the electrode
in some segments of the lateral wall of the ventricle, as de-
livery sheath currently involves only one type of curve.
Another aspect to consider is the possible risk of thrombo-
embolic events following implantation in the left ventricu-
lar wall of the electrode. Since the complication rate, even
serious, is not negligible, for the moment the procedure is
to be limited to centres with greater expertise and always
making use of the cardiac surgery stand-by. Another aspect
that requires technological improvement is the inability of
the device to determine the percentage of actual biven-
tricular stimulation. Finally, it is necessary to consider the

possibility of battery depletion at different times, with the
consequent need for multiple replacement interventions.

Conclusion

Leadless stimulation of the right ventricle is now a reality,
especially in patients with very specific indications and
clinical characteristics, even in the absence of randomized
studies to support its use. The reduction of device costs
and the refinement of atrioventricular synchronization
algorithms will sanction its greater diffusion in the future.
The possibility of using leadless technology also for

resynchronization therapy, on the other hand, is currently
a promising option but, pending randomized studies with
robust case histories and adequate follow-ups, it should
still be considered as a niche therapy, to be limited to
centres highly specialized and in patients in whom conven-
tional resynchronization has been impossible or
ineffective.

Conflict of interest: none declared.
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