Cardiac resynchronization therapy with wireless left ventricular
endocardial pacing: is this the direction to go?
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Cardiac resynchronization therapy (CRT) nowadays is
an important part of invasive heart failure therapy (1).
Furthermore, it gains increasing recognition for anti-
bradycardia pacemaker indications with an expected
high burden of ventricular pacing by reducing cardiac
remodeling (2). With a considerable number of CRT
implantations worldwide, the impact of the recent clinical
evaluation of wireless endocardial left ventricular (LV)
pacing with a novel wireless cardiac resynchronization
system (WiSE-CRT, EBR Systems, Sunnyvale, California,
USA) by Reddy ez al. 2017 should be further debated (3).

Repeatedly reported issues with CRT have been a high
non-responder rate at about 30-40% (4) and suboptimal
positioning of the LV electrodes in the coronary sinus
in about 10% of patients (5). Canine models suggest the
superiority of endocardial LV pacing over transvenous
epicardial pacing for acute hemodynamic response (6). Atrial
and ventricular transseptal approaches for LV endocardial
electrode implantation carry the risk of thromboembolism
and the need for oral anticoagulation (7,8). In addition,
device related infections with potential endocarditis in an
already high-risk population of patients with indications for
CRT present a considerable burden (9).

In the SELECT-LV Study (Safety and Performance
of Electrodes implanted in the Left Ventricle) Reddy
et al. included 35 patients ineligible for conventional CRT
systems either due to previously failed attempts, an increased
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risk of the procedure or the “non-responders” to CRT via
the coronary sinus. The WiSE-CRT system was implanted
in two steps. First an ultrasound transmitter was implanted
in a favorable acoustic window as defined by periprocedural
echo- and electrocardiography which is then subcutaneously
connected to a battery. Step two was the implantation
of the LV pacing electrode with a transaortic retrograde
approach by anchoring it into the LV endocardium.
The ideal endocardial pacing site was determined by a
combination of echo- and electrocardiographic as well
as pacing threshold considerations. Antiaggregation/
anticoagulation protocol included dual antiplatelet therapy
with aspirin and clopidogrel for three months continued by
aspirin thereafter or just a continued oral anticoagulation
with warfarin for those with other long-term indications
for oral anticoagulation. The WiSE-CRT system requires
an implanted conventional pacemaker to receive right
ventricular (RV) pacing impulses and transmit impulses to
the LV electrode. The set-up of the conventional pacemaker
in conjunction with the wireless LV system is shown in
Figure 1.

The success rate of the implantation was 97.1% (34/35).
At 1 month the primary endpoint, a 12-lead ECG showing
biventricular pacing, was accomplished in 97.1% (33/34)
and in 93.9% at 6 months (31/33). Moderate to marked
echocardiographic improvement measured as LV ejection

fraction (EF), LV end-systolic volume (ESV) and LV end-

Cardiovasc Diagn Ther 2018;8(4):534-537



Cardiovascular Diagnosis and Therapy, Vol 8, No 4 August 2018

535

Figure 1 The WiSE-CRT system consists of a transmitter with battery, a receiver electrode in the LV and a co-implanted pacemaker. Up on

receiving the RV pacing impulse the transmitter sends an ultrasound signal to the LV electrode. A brief summary of clinical, structural and

electrical responses is presented (3). RV, right ventricular; LV, left ventricular; EE, ejection fraction; ESV, end-systolic volume; CRT, cardiac

resynchronization therapy; ICD, implantable cardioverter defibrillator.

diastolic volume (EDV) was shown for 70% at 6 months.
Clinical symptoms described by the clinical composite score
or the New York Heart Association (NYHA) functional class
were reduced and the quality of life improved. Interestingly
SELECT-LV compares favorably to the conventional CRT
trials. In SELECT-LV 85% showed an improvement in
the clinical composite score compared to 52-69% in the
historical cohorts of MIRACLE ICD, REVERSE and
PROSPECT while the rate with a worsening in the score
remained lower (3). A direct comparison of the cohorts
is impossible due to different patient profiles; however, it
remains an interesting aspect to be considered.

In order to evaluate the safety of the system it needs
to be brought to attention that the previously introduced
WIiSE-CRT has been withdrawn due to safety concerns (10).
Initially it was intended for 100 patients; however only 17
were enrolled after the occurrence of three periprocedural
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pericardial effusions, one ending lethally. The delivery
system was therefore redesigned to enable atraumatic
handling of the LV endocardium. Pericardial effusions have
been a concern in RV wireless pacing with the Nanostim™
and the Micra™ TP, too (11,12); however this problem has
been shown to be reduced in more recent trials (13,14).
SELECT-LV showed no occurrence of pericardial effusions.
One periprocedural death was reported due to ventricular
fibrillation after the delivery catheter got in contact with the
LV endocardium and consequent prolonged resuscitation.
Notably an electrode embolization in the tibial artery
required no intervention. Two patients developed battery
pocket infections, one requiring antibiotic therapy and the
other system removal. Two femoral artery complications
required a surgical repair. In one patient a stroke occurred
three days after the intervention in the context of low level
anticoagulation and atrial fibrillation.
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To bring these numbers into context a comparison
to other RV leadless pacemakers with more clinical data
seems to be appropriate. Overall complication rates of the
Nanostim ™ and the Micra™ TPS have been reported
at about 4% to 6.5% which is slightly less than 7.5% for
traditional single-lead systems (15). On the contrary the rate
of pericardial effusions may be higher for wireless devices
in comparison to conventional pacemaker devices (1.5% vs.
1.0%) (13,15). Furthermore, cardiac perforations caused
by leadless devices may require a more invasive therapeutic
approach due to the larger diameter of the delivery
systems (15). For the future, after passing the implant-
associated learning curve and with future size-reduction of
the delivery systems a further reduction of implantation-
associated pericardial effusion can be anticipated. The
question still remains whether a safe wireless device could
be developed for the thin-walled atria.

Nowadays new therapeutic options are also viewed from
a socio-economic perspective. CRT has shown its cost-
effectiveness compared to medical treatment both with
and without implanted defibrillator (16). More recently
the cost-effectiveness could also be demonstrated for the
patient collective from the REVERSE-study with only mild
heart failure symptoms (17). For the WiSE-CRT device
a price tag has not yet been set. Considering the two-step
implantation approach and for now a lack of competition,
the periprocedural and device costs may be higher than that
of conventional CRT systems. On contrary in the long-term
there could be an economic benefit by lower healthcare
utilization costs due to altered complication rates and a
high rate of implantation success. This benefit has recently
been shown in comparison of quadripolar and bipolar LV
coronary sinus leads (18).

There are several uncertainties associated with the
wireless stimulation of the LV. The energy transmission via
ultrasound is less efficient than via conventional wires. This
fact leads to a higher frequency of battery replacements
with consequently possible higher risk of implant site
infection (19). Self-sustainable devices using a
piezoelectric effect as an energy source are currently under
development (20). Additionally, it remains unclear what
happens if the wireless intracardiac electrodes reach their
end of life. In a cadaveric human heart, a maximal number
of three Micra'™ TPS devices could have been fitted
along the RV septum (21). An extraction of these devices
is possible but likely to be complicated due to advanced
endothelialization (15).

With the increasing use of quadripolar coronary
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sinus leads, which can reduce the risk of phrenic nerve
stimulation, low pacing thresholds and the need for
lead reposition, the number of patients ineligible
for conventional LV lead implantation will further
decrease (22). Consequently, fewer patients need a wireless
device while finding an ideal acoustic window for ultrasound
transmission for the wireless devices will probably remain
an issue. Considering that SELECT-LV included only
patients ineligible for conventional CRT, the patient
number for wireless pacing may be reduced.

Technical advancements seem to be very promising for
future development. Extending the spectrum of indications
from the treatment of bradycardias to the treatment of
tachycardias would be revolutionary and has been already
evaluated in a first proof of concept pre-clinical study
(22,23). Furthermore, the ability of leads to simultaneously
sense and pace while exchanging information gathers a
great promise (22). Completely different concepts for
patients with pacemaker indications are gene therapies to
modify non-pacing myocytes to automaticity or application
of stem-cell therapy (22). Both approaches are not yet ready
for clinical application.

In conclusion, the CRT with wireless LV endocardial
pacing and generally all wireless pacing technologies are
showing great development with vast potential for further
improvements. The effort of further development should
definitely be taken to provide the benefits of wireless pacing
for a broader patient cohort.
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