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The aim of this European Heart Rhythm Association (EHRA) prospective snapshot survey is to assess procedural settings, safety measures,
and short-term outcomes associated with implantation of leadless pacemakers (LLPM), across a broad range of tertiary European electro-
physiology centres. An internet-based electronic questionnaire (30 questions) concerning implantation settings, peri-procedural routines,
complications, and in-hospital patient outcomes was circulated to centres routinely implanting both LLPMs and transvenous pacemakers
(TV-PM). The centres were requested to prospectively include consecutive patients implanted with either LLPMs or TV-PMs during the
10-week enrolment period. Overall, 21 centres from four countries enrolled 825 consecutive patients between November 2018 and
January 2019, including 69 (9%) implanted with LLPMs. Leadless pacemakers were implanted mainly under local anaesthesia (69%), by an
electrophysiologist (60%), in the electrophysiology laboratory (71%); 95% of patients received prophylactic antibiotics prior to implanta-
tion. Most patients on chronic oral anticoagulation were operated on-drug (35%), or during short-term (to 48 h) drug withdrawal (54%).
Implantation was successful in 98% of patients and the only in-hospital procedure-related complication was groyne haematoma in one pa-
tient. This EHRA snapshot survey provides important insights into LLPM implantation routines and patient outcomes. These findings sug-
gest that despite the unfavourable clinical profile of pacemaker recipients, LLPM implantation is associated with relatively low risk of com-
plications and good short-term outcomes.
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Introduction electrical circuits and smaller and more efficient devices, this therapy
is not free of complications, most of which being related to a pres-
Since 1958, when a ‘fully implantable’ pacemaker (PM) was first ence of endovascular leads.>® In the National Swedish Pacemaker
implanted, next generations of implantable cardiac PMs have been and Implantable Cardioverter-Defibrillator Registry, the reported in-
widely used to manage bradycardias."™ Despite more sophisticated cidence of PM-related complications equalled 5.4% per year, with
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lead displacement and dysfunction being the two leading types of
complications (2.2% and 0.7%lyear, respectively).” Furthermore, the
extraction of infected or damaged leads remains a difficult task with
significant procedural risks, and re-implantation of new leads some-

5689 :
with complete occlusion of venous ac-

10,11

times may be challenging,
cess observed in 3-26% of upgrade procedure cases.

Those limitations of transvenous pacemakers (TV-PM) initiated the
development of pacing systems free of endovascular leads—leadless
pacemakers (LLPM). Currently, one device is routinely used in many
European centres: the Micra™ (Medtronic, Inc., Minneapolis, MN,
USA),"™ which is a totally freestanding, intracardiac, single-chamber
ventricular-only pacing device (VVI), implanted into the right ventricu-
lar endocardium. This European Heart Rhythm Association (EHRA)
survey was designed to provide an insight into LLPM utilization across
a broad range of European centres, to examine implantation settings,
equipment, peri-procedural routines, and safety measures, as well as
implantation-related in-hospital complications.

Methods

The European Snapshot Survey on Leadless Pacemaker Implantation
(ESSS-LLPM) was a prospective, observational, multicentre survey of con-
secutive patients undergoing PM implantation between 5 November
2018 and 18 January 2019. Electronic link to the online questionnaire,
prepared by the EHRA Scientific Initiative Committee members, was sent
to all centres participating in the EHRA Electrophysiology (EP) Scientific
Research Network who routinely implant both types of PMs (conven-
tional and leadless). All European countries were invited to participate,
with a particular focus was placed on the 17 largest countries, in which
>8000 PMs were implanted in 2014 or 201 5.3 The indications for PM, as
well as implantation techniques, equipment, and peri-procedural treat-
ment, were all left entirely to the discretion of the responsible physicians,
but had to conform to current standards of good clinical practice and clin-
ical routine. Each participating centre was responsible for obtaining ethics
committee approval, as required by national or local rules.

The questionnaire consisted of four general questions (centre charac-
teristics and number of procedures), and 26 specific questions about indi-
vidual patient demographics, functional class, underlying heart disease and
left ventricular ejection fraction, co-morbidities, electrocardiogram, indi-
cations for PM implantation, procedural details, and in-hospital outcomes.
All data were entered anonymously.

Statistical analyses

Continuous variables were presented as mean + standard deviation (SD),
or as median [25th to 75th percentile], if not normally distributed.
Categorical variables were reported as counts with percentages. The
Student’s t-test was used for comparison of continuous variables with a
normal distribution, and Mann—-Whitney U test for those with non-
normal distribution. Differences in categorical variables were tested by
the % test. A value of P < 0.05 was considered statistically significant in all
analyses.

Results

Enrolment and participating centres
Twenty-one centres from four countries (France: n =12, Spain: n =4,
the Netherlands: n=3, and ltaly: n=2) enrolled a total of 825

patients. Most (86%) participating centres were university hospitals;
this percentage was even higher (94%) considering only centres
implanting LLPMs. The median number of LLPMs implanted in the
year 2018 was 17 [6-26] per participating centre, 8 centres (33%)
implanted <10, and 2 (8%) >30 LLPMs/year.

Patients’ characteristics

Of the 825 patients enrolled during the 10-week study period, 69
(9%) patients were implanted with LLPMs (74% males, 43% aged 76—
85 years, 12% older than 85years, and 3% younger than 55 years)
(Table 7). Most patients (n =41, 59%) had an underlying heart disease,
most frequently valvular (n=19, 45%) or ischaemic heart disease
(n=15, 36%). Patients presented predominantly with NYHA class I
(43%), and median left ventricular ejection fraction was 55% [54—
60%). Permanent atrial fibrillation with slow ventricular rate (45%)
and intermittent (18%) or permanent high degree atrioventricular
block (14%) were the most common indications for pacing; bi- or tri-
fascicular block, sick sinus syndrome, or syncope without docu-
mented bradycardia (8% each) were less common.

Anaesthesia, operator, and settings

Out of 67 LLPM patients with available data on operation settings, 46
(69%) patients were implanted under local anaesthesia, 19 (28%)
patients under sedation, and within 2 (3%) patients under general an-
aesthesia. An electrophysiologist was an operator in 40 patients
(60%), whereas interventional cardiologist was involved in the
remaining implantations. None of LLPMs was implanted by a surgeon.
Patients were most commonly implanted in EP laboratory (71%), less
frequently (27%) in hybrid catheter lab, and only incidentally (2%) in a
surgical theatre (Figure 7).

Implantation feasibility and success rate
Among 66 patients with data reported, LLPM implantation was suc-
cessful in 65 (98%). The reason for the implantation failure was lack
of vascular access in a female patient, aged between 76 and 85, with
diabetes and chronic renal failure, implanted for chronic atrial fibrilla-
tion with a slow ventricular rate. This procedure took place in the hy-
brid cath lab and was performed by an interventional cardiologist/
electrophysiologist. Procedure duration (skin-to-skin time) was
<45min in most cases (43 patients; 65%).

Peri-operative routines and safety
measures

Among the 20 centres in which LLPMs were implanted during the
study period (one centre implanted TV-PMs only), 19 (95%) had car-
diac surgery on-site. Sixty-four patients (95%) received a prophylactic
dose of antibiotic peri-procedurally. Most patients (77%) were taking
oral anticoagulants (OACs) prior to implantation, of whom 59%
were on vitamin K antagonists (VKA) and 41% on non-VKA oral anti-
coagulants (NOAC). Patients taking anticoagulants were most com-
monly operated on uninterrupted OACs (35%), or during transient
(24-48h) interruption of an antithrombotic drug (35%). Less fre-
quently, OACs were discontinued for <24h (19%), or for >48h
(6%). Anticoagulation was only permanently withdrawn prior to the
procedure in 2%, or temporarily replaced with fractionated heparin
(2%) (Figure 2).
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Table | Baseline characteristics of LLPM patients
N (%) LLPM (n=69)
Age, in years

18-30 0
31-45 1(1.45)
46-55 1(1.45)
56-65 7 (10.14)
6675 22 (31.88)
76-85 30 (43.48)
86 and over 8 (11.59)
Female 18 (26.09)
Body mass index, kg/m?
Underweight 2 (2.90)
Normal 30 (43.48)
Overweight 30 (43.48)
Obese 7 (10.14)
NYHA class
| 26 (37.68)
I 30 (43.48)
Il 11 (15.94)
v 2 (2.90)
LVEF %; median [25; 75 percentile] 55 [54; 60]
Underlying heart disease
Ischaemic 15 (35.71)
Dilated 2 (4.76)
Hypertrophic 0
Valvular 19 (45.24)
Congenital 1(2.38)
Other 4(9.52)
Unknown 1(2.38)
Co-morbidities®
Coronary artery disease 16 (23.88)
Chronic renal failure 19 (28.36)
Diabetes 23 (34.33)
COPD 11 (16.42)
Neoplasm 7 (10.45)
None 23 (34.33)
Cardiac rhythm at implant®
Sinus rhythm 19 (28.36)
Atrial fibrillation 43 (64.18)
Atrial flutter 1(1.49)
Other 4 (5.97)
LBBB 8(11.59)
RBBB 9 (13.04)

PQ duration; median [25; 75 percentiles]
QRS duration; median [25; 75 percentiles]
Indication for implamta’cionb

160 [110; 186]
103 [85; 140]

Syncope without documented bradycardia 5(7.69)

Sick sinus syndrome 5(7.69)

Permanent AF with slow ventricular rate 29 (44.62)

Permanent high degree AV block 9 (13.85)
Continued

Table I Continued
N (%) LLPM (n=69)
Paroxysmal high degree AV block 12 (18.46)
Bi- or tri-fascicular block 5(7.69)

Data presented as numbers (%), unless stated otherwise.

AF, atrial fibrillation; AV, atrioventricular; COPD, chronic obstructive pulmonary
disease; LBBB, left bundle branch block; LVEF, ejection fraction of left ventricle;
NYHA, New York Heart Association; RBBB, right bundle branch block.

?Data available for 67 patients.

®Data available for 65 patients.

In-hospital outcomes

The in-hospital period was uneventful for 97% of patients (62/64
patients with available data). One male patient developed groyne
haematoma after the procedure. The patient had a history of myo-
cardial infarction and coronary artery by-pass grafting and was taking
NOAC prior to the procedure, and the anticoagulant has been dis-
continued for >48 h, without bridging. One patient died 1 day after
unsuccessful implantation, presumably due to pulmonary embolism.

Discussion

This prospective, multicentre, international survey provides insight
into European implantation routines and short-term outcomes in
LLPMs patients. Although the relatively small number of patients in-
cluded, unlike most previous documents based on data derived from
clinical trials or national registers, this survey provides valuable infor-
mation on contemporary clinical practices across a broad range of
European centres and consecutive patients. The main findings are as
follows: (i) typical procedure of LLPM implantation in European
tertiary centre is carried out mostly under local anaesthesia, by an
electrophysiologist in the electrophysiological laboratory; the in-
volvement of surgeon is imperceptible and the use of the operating
theatre is only anecdotal, despite the fact, that almost all implanting
centres are equipped with cardiac surgery on-site; (i) the success
rate of implantations was very high, and the lack of vascular femoral
access may be the main reason of implantation failure; (iii) peri-
operative safety measures (use of prophylactic antibiotic or no ‘bridg-
ing’ of oral anticoagulation prior to procedure) are mostly in line with
the current recommendations; (iv) despite very unfavourable clinical
profile of LLPM patients (older age, many co-morbidities), the short-
term outcomes after implantation are good and the proportion of in-
hospital, procedure-related complications remains very low.

Procedural settings and feasibility of the
procedure

The results of the present survey indicate that currently only anec-
dotally implantations are performed using surgical room, and what is
of note, no surgeon was involved in any of the implantation proce-
dures despite the fact that almost all centres implanting LLPMs
reported to have a surgery on-site. Such surgical backup is quite
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Figure | Anaesthesia used, operator, and implantation settings in patients undergoing implantation of leadless pacemakers. EP, electrophysiology.

Data on operation theatre were reported for 63 LLPM patients.

90.0 q
80.0 1 77.3%
70.0 4
60.0 - 58,8%
50.0 1
40.0 4
30.0 1
20.0 4

10.0 4

0 B
% No OAC

OAC prior to VKA NOAC
LLPM

OAC usage prior to procedure Type of OAC used

2,2% 2,2%

continuation of  discontinued discontinued discontinued permanently bridging with
OAC for <24h for24-48h  for>48h  withdrawn Heparin

Approach to OAC interruption/change during procedure

Figure 2 Anticoagulation prior to and during pacemaker implantation. LLPM, leadless pacemaker; NOAC, non-vitamin K oral antagonist; OAC,

oral anticoagulants; VKA, vitamin K antagonist.

typical in many countries for the early stages of implementation of
new invasive procedures. Probably, with the growth in experience of
the operators, greater availability of LLPMs and with the spread of
these methods to non-tertiary centres, the proportion of sites which
implant LLPMs, and have on-site surgery will decrease. Implantation
success rate was close to 99% in this survey, and majority of proce-
dures lasted <45min; these data are very similar to previously pub-
lished data on LLMPs implantations.14 Noteworthy is that the only
failure was due to lack of adequate vascular access. Compared with
historical TV-PM procedures, LLPMs implantations turned out to be
at least similarly feasible. In a retrospective German analysis of 610
procedures, VVI implantation performed by operators with different
levels of experience lasted roughly 40 and 30 min (less experienced
Vvs. more experienced, respec'cively).15 As shown previously, in case
of LLPMs, procedure and fluoroscopy duration (but not complication

rates, which remain low, even with unexperienced operator) de-
crease with the number of implantations performed by an operator,
and the learning curve is rather steep (procedure duration decrease
by 2%, and fluoroscopy time by 3.2% per case).'®

Peri-procedural safety measures

Almost all patients in the current survey were given prophylactic
dose of antibiotics before the procedure. This peri-procedural rou-
tine has become a Class | recommendation for patients undergoing
TV-PM implantations, since the 2015 Guidelines on Infective
Endocarditis were issued by the European Society of Cardiology.!”
Effectiveness of such prophylaxis in LLPM patients remains currently
unknown yet, given the potential possibility of developing systemic
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bacteraemia\infection with this procedure, it seems reasonable to
use the same prevention measures, as in the case of TV-PMs.1®

Over three-quarters of patients implanted with LLPMs were
treated chronically with OAC before the procedure, what is not sur-
prising given that the main indication for a VVI PM implantation is per-
manent atrial fibrillation. Of these, over 95% were implanted on
either uninterrupted OAC (one-third), or during short-term (mainly
up to 48 h) interruption of anticoagulants. Only in 2% ‘bridging’ with
heparin was used prior to implantation. Facing the data on the safety
of TV-PM implantations on uninterrupted OAC (which by far over-
whelms safety of bridging with Heparin), such approach is fully justi-
fied and recommended by current guidelines.'” The 2015 EHRA
position document on Antithrombotic Management in Patients
Undergoing Electrophysiological Procedures proposes that TV-PMs
are implanted on uninterrupted VKA in patients with AF and a
CHA,DS,-VASc score of >3, or with a CHA,;DS,-VASc score of 2
resulting from stroke or transient ischaemic attack within 3 months. It
suggests also, that NOACs should be temporarily discontinued for a
period of 24—48h in most cases, depending on the characteristics of
the anticoagulant.?® No recommendations are provided to date per-
taining to OAC use in LLPM procedures; however, the growing
amount of data on safety of implantations under uninterrupted VKA
and temporarily withdrawn NOACs suggest that the approach rec-
ommended in TV-PMs patients may be safely used also in this group,

until reliable data are available.2"??

In-hospital outcomes

In comparison to several European national registries of cardiac elec-
tronic implantable devices, patients in this study presented with sub-
stantially more unfavourable clinical profile (i.e. were aged mostly
>75years, burdened with diabetes in one-third, and renal failure in
one-fourth of the patients).>”** Patients’ baseline risk profile
remained unfavourable in this survey even when limiting the analysis
to patients with VVI PMs, who usually constitute the oldest and the
sickest group of TV-PMs patients, and typically present with chronic
atrial fibrillation. However, despite significant proportion of patients
remaining under anticoagulation, complications rate after LLPMs im-
plantation was surprisingly low (indeed, only one procedure-related
complication was recorded). These results are in line with results of
the Micra Transcatheter Pacing Study, which suggested (by compar-
ing LLMPs with a historical TV-PM group) that the 1-year risk associ-
ated with LLPM implantation can be 48% lower as compared with
patients with TV-PMs.2* Even greater reduction of complications (by
63%) with LLPMs, as compared with TV-PMs, was found by another
study, based on Micra Investigational Device Exemption Study and
Micra Post-Approval Registry.”> Overall, available data indicate that
in the near future, LLPMs can not only become a reasonable alterna-
tive to single-chamber TV-PMs, but due to safety reasons, may be-
come a preferred option.

Study limitations

The small number of patients included in this survey is the main limi-
tation. In addition, the number of questions was limited due to con-
straints associated with the format of online questionnaire, and some
important issues (e.g. another co-morbidities, procedural details, like

fluoroscopy exposure) may have been omitted. Furthermore, most
participating centres were tertiary, highly specialized cardiology
centres, what makes data generalization more difficult.

Conclusions

This EHRA survey provided the opportunity to prospectively evalu-
ate current practice on management and in-hospital outcomes of
patients implanted with LLPM, in a broad range of European tertiary
electrophysiology centres. Our study suggests that LLPM implanta-
tion, despite relatively unfavourable clinical profile of patients (includ-
ing frequent need for anticoagulation), remains safe and is associated
with a low risk of complications.
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