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Abstract
Backgrounds: After a decade since the introduction of leadless pacemaker (L-PM), 
its use is still limited. The aim of this survey is to evaluate how this technology is 
perceived by electrophysiologist members of a National scientific society in clinical 
practice.
Methods: A questionnaire with 22 questions was posted in the reserved area of the 
society website. The multiple-choice questions concerned the center's characteris-
tics, patient selection criteria, limitations to the L-PM use, implant procedures, and 
follow-up. Additionally, non-implanting centers were also allowed to participate by 
completing the initial nine questions.
Results: Ninety-two responders participated in this survey: 59% implanted <20 L-PM 
yearly and 31% did not implant L-PM. The three main reasons to choose an L-PM 
were anatomic contraindications to a transvenous pacemaker, the patient's high in-
fective risk, and previous lead extraction, accounting for 78%, 74%, and 64% of the 
responses, respectively. Age >60 years was indicated as more suitable by most of the 
responders. Among the implanting centers, the main limitation to a wider adoption 
was cost (49%), the lack of atrial pacing (28%), the absence of a dedicated extraction 
tool, and data on replacement (22%). The L-PM implant was performed with only local 
anesthesia in 77% of the centers and was associated with limited procedure duration 
and fluoroscopy time even in low-volume centers.
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1  |  INTRODUC TION

Transvenous lead pacemaker (PM) has been, for many decades, 
and still is, the cornerstone treatment of bradyarrhythmias. 
Nevertheless, conventional transvenous PM therapy is burdened 
by a not negligible rate of complications, ranging from around 9% 
to 12% according to the most recent observational studies.1–4 It is 
also well known that device-related complications significantly in-
crease health-related costs.5,6 In order to overcome complications 
related to endovascular leads and subcutaneous pockets, leadless 
PM (L-PM) has been developed and introduced into clinical prac-
tice.7–9 L-PM has been proven to be as effective and safe as tra-
ditional transvenous pacemakers.10–12 Current guidelines indicate 
that L-PMs should be considered when no upper extremity venous 
access is feasible or when the risk of device pocket infection is par-
ticularly high. In other situations, the implantation of an L-PM might 
be considered on a case-by-case basis, taking into consideration life 
expectancy and using shared decision-making.13 However, there 
are still some issues that significantly limit a wider use of L-PM in 
everyday clinical practice, confining this therapy to a niche of pa-
tients. Higher costs, the unsettled issue on how to manage gener-
ator replacement, and the limited availability and poor experience 
with dual-chamber L-PM14,15 are among the factors affecting the 
wider use of L-PMs in real-world practice. Moreover, how L-PMs 
are currently managed from patients' selection, procedure work-
flow, and follow-up is still poorly described. Accordingly, the Italian 
Association of Arrhythmology and Cardiac Pacing (AIAC) decided 
to promote this survey to better portray how this newer technology 
is perceived and utilized among Italian centers.

2  |  METHODS

From February 2021 to April 2023, a survey promoted by the AIAC 
was published on its official website (https://​www.​aiac.​it/​). This 
survey was open to physician members of the association operat-
ing in Italian centers, both implanting and non-implanting L-PM. 
Participation in the survey was voluntary. In general, one physician 
from each center could complete the questionnaire, although multi-
ple responses from high-volume centers were accepted as multiple 
implanting teams may be present.

The questionnaire consisted of 22 questions: five focused on 
the characteristics of the participating center (i.e., annual volume of 

PM implants, the distribution of implants by PM type), four on the 
criteria for choosing a leadless over a transvenous PM, one on the 
limitations or barriers to L-PM implantation, seven on organizational 
aspects of L-PM implantation, and five on follow-up. All questions 
were multiple-choice, and two allowed multiple responses. The first 
nine questions of this survey could be completed also by physicians 
operating in centers not implanting L-PMs. The full text of this sur-
vey is available in the Supplementary Materials. Data were analyzed 
as aggregate and, when deemed appropriate, sub-analyzed accord-
ing to the center volume.

2.1  |  Statistical analysis

Descriptive statistics were reported as means for normally dis-
tributed continuous variables. Continuous variables with skewed 
distribution were reported as medians with 25–75th percentiles. 
Categorical data were expressed as percentages, reported in con-
tingency tables, and compared by means of χ2 test or Fisher's 
exact test, as appropriate. p-values <0.05 were considered statis-
tically significant.

3  |  RESULTS

3.1  |  Participating centers

Overall, 92 responders from 81 centers completed the survey. The 
list of the participants is reported in the Appendix A. The participat-
ing centers accounted for 44.5% of the 182 Italian centers performing 
both catheter ablation and all types of cardiac implantable elec-
tronic device implants for treatment of cardiac arrhythmias.16 The 
participating centers were geographically distributed as reported in 
Figure 1: a median of five responders per region was observed (range: 
0–17; interquartile range: 1–7), and, in nine regions, five or more phy-
sicians participated. The number of participating centers compared 
with the total number of operating centers was similar in Northern, 
Central, and Southern Italy (29%, 33%, 28%, p = 0.32).

As shown in Figure 2, most of the participating centers (60%) had 
a high volume of de novo implants of any type of PMs (Figure 2A) and 
of dual-chamber PMs (Figure 2C) per year. Forty percent of the cen-
ters had an intermediate volume (31–50) of new implants of single-
chamber PMs (Figure 2B) and devices for cardiac resynchronization 

Conclusions: Although the L-PM implant is not a particularly complex procedure, these 
data confirm that its use is currently limited to selected patients of older age. Cost de-
creases and new developments might increase the adoption of this technology.

K E Y W O R D S
leadless pacemaker, pacemaker implantation, survey
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therapy (Figure 2D) per year. Interestingly, as shown in Figure 2E, 29 
responders (31%) had never implanted a L-PM, whereas the majority 
implanted up to 10 (36%) or between 11 and 20 (23%) L-PMs per 
year; only a minority of the centers implanted between 21 and 30 or 
more than 30 L-PMs per year (8% and 2%, respectively).

3.2  |  Reasons for choosing a leadless versus a 
transvenous pacemaker

When the participants were asked to state their three main reasons 
to prefer implanting a L-PM instead of a transvenous PM, anatomic 
contraindication to a transvenous PM was chosen by 78% of the 
responders, followed by the patient's high infective risk (74%) and 
previous transvenous PM extraction for infection (64%). Six partici-
pants preferred not to answer, as they claimed to not have enough 
experience in L-PM.

As shown in Figure 3A, the age of the patient candidate for the 
L-PM implant was considered a determinant by 65% of the responders, 
while the remaining 35% considered age not important. In fact, 60% 
of the responders considered older patients more suitable candidates 
for the lower probability of device replacement during their life, and 
the remaining 5% preferred younger patients based on the assumption 
that the L-PM could be a more acceptable option for them. As to the 
age range at implant, 60% of the responding centers considered age 
between 61 and 80 years the most suitable, 30% age above 80 years, 
8% age between 40 and 60 years, and only 1% age below 40 years 
(Figure 3B). Nineteen participants preferred not to respond on the age 
range of candidates, as they did not implant L-PMs.

Most of the responders (56%) never implanted or would never 
implant a L-PM in a patient requiring a dual-chamber PM. For 32% 
of the responders, this was considered acceptable in less than 10% 
of the cases, and for 12% of responders, in 10%–50% of these 
patients.F I G U R E  1 Regional distribution of the responders.

F I G U R E  2 Volume of new annual device implants in the participating centers: Overall (A), single-chamber (B), dual-chamber (C) 
pacemakers, cardiac resynchronization therapy devices (D), and leadless pacemakers (E). The percentage of centers is reported on the 
vertical axis, while the range of implanted devices is on the horizontal axis. CRT, cardiac resynchronization therapy.
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3.3  |  Limitations to leadless pacemaker implant and 
barriers to device adoption

The participants were then asked to identify the factors limiting the 
implant of a L-PM in the implanting centers and the barriers to L-PM 
adoption in non-implanting centers. In the first group (Figure 4A), the 
main reason was the cost of the device, accounting for 49% of the re-
sponses, followed by lack of atrial pacing (28%), lack of a dedicated 
extraction tool (11%), lack of data on replacement (11%), and proce-
dure complexity (1%). For the participants not implanting a L-PM 
(Figure 4B), the main barrier to the use of this technology was that the 
device was not made available at their site (35%), followed by lack of a 
dedicated extraction tool (29%), cost (15%), lack of atrial pacing (9%), 
lack of data on how to manage device replacement (9%), and procedure 
complexity (3%). Of interest, among the non-implanting centers, 38% 

were high-volume centers (>200 PM implanted de novo yearly) and 
34% had an intermediate volume of PM implants (101–200 yearly).

3.4  |  Organizational aspects for leadless 
pacemaker implantation

As shown in Figure 5A, in 77% of the implanting centers, the L-PM 
implant was performed only with local anaesthesia; in 20%, deep 
sedation was used, and in only 3% of the centers, the procedure was 
performed under general anaesthesia. Most of the centers (67%) re-
ported using the figure of eight suture as the standard haemostatic 
method at the end of the procedure; only manual compression was 
used in 28% of the centers, and other methodologies were reported 
in the remaining 5% of the centers (Figure 5B).

F I G U R E  3 Age as a determinant factor in choosing a leadless pacemaker instead of a transvenous (A) and age range of candidates for 
leadless pacemaker implant (B). In B, the vertical axis reports the percentage of the center and the horizontal axis the age range.

F I G U R E  4 Barriers to device adoption in implanting (A) and non-implanting (B) centers.

F I G U R E  5 Type of anesthesia chosen by the implanting centers (A) and type of hemostasis of the vascular access (B).
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In general, the L-PM implant was associated with a short proce-
dure duration, lasting longer than 60 min only in 1 center. A mean 
procedure time shorter than 40 min was reported by the majority of 
the centers (Figure 6A). Similarly, fluoroscopy time was reported to 
be within 10 min by 88% of the responders (Figure 6B). Interestingly, 
among the 33 centers with a low (up to 10) annual volume of L-PM 
implants, all but 1 reported a procedure time within 60 min, and all 
but three reported a fluoroscopy time within 10 min. As to the need 
for intraprocedure device repositioning (i.e., device positioning requir-
ing more than one attempt) in the cases performed over the previ-
ous year, most of the responders (48%) reported that this occurred 
in less than 10% of the procedures, while 28% reported the need for 
repositioning in 11%–50% of the procedures (Figure 6C). About half 
of the implanting centers (51%) had never positioned a catheter for 

temporary pacing during an L-PM implant, while in the remaining cen-
ters, patients presenting with atrioventricular block and/or patients 
with left bundle branch block received temporary pacing (Figure 6E).

Forty-two implanting centers (67%) reported no complications, 
while the remaining 21 (33%) reported complications. The most 
frequently reported complication was related to the vascular ac-
cess, reported by 13 centers, and in four of them only manual com-
pression for haemostasis was used. Interestingly, the percentage of 
centers reporting complications, calculated on the number of cen-
ters with a similar L-PM implant volume, showed a trend to increase 
according to the center volume. In fact, regardless of the severity 
of complication, centers reporting complications accounted for 
only 27% of the centers implanting 1–10 L-PM yearly, 33% of those 
implanting 11–20 L-PM, and increased to 45% of those implanting 

F I G U R E  6 Intraprocedure variables reported by the implanting centers in terms of average procedure duration (A), fluoroscopy time 
(B), need for intraprocedure repositioning (C), and use of temporary pacing (D). In A, B, and C, the vertical axis indicates the percentage of 
implanting centers, while the horizontal axis indicates the range of the considered variable. AVB, atrioventricular block; LBBB, left bundle 
branch block.

F I G U R E  7 Follow-up data in terms of the number of patients with a leadless pacemaker in follow-up (A) and use of remote monitoring (B). 
The vertical axis indicates the percentage of implanting centers, while the horizontal axis indicates the number of devices in follow-up.
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>20 L-PM. Severe complications such as cardiac tamponade were 
reported only by 2 centers, one implanting 1–10 L-PM and the 
other implanting 11–20 L-PM.

3.5  |  Post-implant follow-up

As shown in Figure 7A, 44% of the responders reported that a rela-
tively high number of patients implanted with a L-PM were in follow-up 
in their center: more than 30 patients in 25% of the centers and be-
tween 21 and 30 in 19%. Remote monitoring was variably used in dif-
ferent centers: 34% of the responders followed up remotely >70% of 
the implanted patients, whereas another 35% preferred in-office fol-
low-up (Figure 7B). The remaining centers used remote monitoring in 
a variable percentage of implanted patients. During follow-up, in only 
five implanting centers (8%) malfunction of a single L-PM was observed 
with the need to switch to another pacing modality; among these cent-
ers, only one was a low-volume center for L-PM implantation.

4  |  DISCUSSION

The present study reports the results of an Italian survey that aims 
to evaluate how L-PM is utilized and perceived in everyday clinical 
practice. The main strength of this survey is that both centers im-
planting and not implanting L-PM were included, thus giving more 
insights into what the factors are that indeed limit a wider use of this 
technology. Moreover, this survey included both high, intermediate, 
and low-volume centers, giving a real-life picture of everyday clinical 
practice of L-PM implant in Italy.

The implant of a L-PM is still reserved for a minority of patients 
as assessed by the fact that most of the participating centers re-
ported less than 20 L-PM implants per year. Although the reasons 
for limiting the adoption of this technology in Italy seem various, 
the main barrier to a wider use of L-PM among both implanting and 
non-implanting centers seems related to device cost, addressed by 
roughly 50% of the responders in both groups. In fact, in the latter 
group, the unavailability of the L-PM is very likely related to the de-
vice cost as most non-implanting physicians, who accounted for 33% 
of the responders, were from high- or intermediate-volume centers 
with the potential of having a non-negligible number of candidates 
for L-PM implant. This, in turn, might discourage hospital adminis-
trations from making this technology available, as the costs may sig-
nificantly rise. This issue should be specifically considered in light 
that Italy has a universal tax-based healthcare system, and the de-
vice is available at an average cost of €7000. This is approximately 
3.5 times higher than a transvenous single-chamber pacemaker and 
there is no dedicated reimbursement for this new technology.

Our findings are in agreement with previous surveys conducted 
among European centers in 2018 and 2020 that showed a low adop-
tion of L-PM implantation in everyday clinical practice.17,18 Although 
L-PM has been introduced in 2015 and the number of implanting 
centers has progressively increased, no significant change in the 

penetrance of the therapy and in the factors limiting a wider use of 
this technology has been observed over time.

The main factors limiting a larger penetration of this technology 
into clinical practice are the cost of the device, the lack of atrial pac-
ing and of a dedicated tool for L-PM retrieval, and the issue of how to 
deal with L-PM replacement at the time of battery exhaustion. With 
this in mind, it is not surprising that L-PM implantation is mostly re-
served for patients with anatomic contraindications to transvenous 
PM implantation, higher infective risk profiles and/or history of prior 
transvenous PM extraction for infection. Moreover, most respond-
ers reported that L-PM implant is more likely to be chosen for pa-
tients older than 60 years of age. Specifically, about one third of the 
responders reported that the age of candidates for a L-PM was over 
80 years, and only one center declared having implanted patients 
below 40 years of age. In our and previous surveys, age emerged as a 
critical issue.17–19 Theoretically, considering the expected lower risk 
of lead and endovascular complications with L-PM in a long-term fol-
low-up, younger patients should be the ideal candidates. However, 
concerns about how to manage battery replacement and the pos-
sible future need for device upgrade limit its use in this group of 
patients, favoring the elderly.

Another important issue is the lack of atrial pacing in L-PMs 
available at the time of the survey. Actually, the majority of the re-
sponders reported that they had never implanted or would never 
implant a L-PM in patients with an indication for a dual-chamber PM. 
Also, the lack of dedicated tools for lead extraction was reported as 
an important limiting factor. Both problems might be addressed in 
the near future by the introduction into clinical practice of a dual-
chamber L-PM14 and of newer technologies.20,21 Meanwhile, it is 
not surprising that L-PM is still confined to a minority of patients, as 
those with an expected higher infective risk profile.9,22–24

Concerning the L-PM implant procedure, the results of this sur-
vey are in agreement with previous reports from European centers 
on procedure duration and sedation management.25 Indeed, L-PM 
implant was reported to be a straightforward procedure as assessed 
by mean duration below 40 min in the majority of the cases, short 
fluoroscopy duration, and need of multiple deployment attempts on 
few occasions. Moreover, the use of temporary pacing was limited 
to selected cases of patients with complete atrioventricular block or 
pre-existing left bundle branch block. Local anaesthesia and deep 
sedation were chosen in most of the cases, suggesting that implant 
of L-PM is a well-tolerated procedure.

Complications were reported by about one third of the partici-
pants and, not surprisingly, complications related to vascular access 
were the most frequently reported. Cardiac tamponade, although 
rare, was also observed as previously reported in other studies.25–27 
The use of the septal implant site confirmed by contrast dye injec-
tion under high-resolution fluoroscopy should be preferred, and the 
personnel should be trained and equipped to deal with the potential 
occurrence of cardiac perforation and tamponade.28 The lower per-
centage of centers reporting complications among the low-volume 
centers could lead to a hypothesis that L-PM implantation can be 
safely performed even at the beginning of the learning curve and in 
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low-volume centers. On the other hand, a higher percentage of cen-
ters reporting complications among the high-volume centers might 
be related to patient-specific anatomic variables encountered more 
frequently as the number of treated cases increases and to wider 
patient selection criteria adopted in high-volume centers. Indeed, 
these centers are likely to select more complex cases for these pro-
cedures, which could justify a higher percentage of centers reporting 
complications among those with a higher volume of L-PM implants.

5  |  LIMITATIONS

This survey has some intrinsic limitations. First, the number of pro-
posed questions was limited; therefore, not covering all aspects re-
lated to L-PM implant. The participating centers accounted for 44.5% 
of censored Italian arrhythmia centers. For this reason, our findings 
should be interpreted with caution, as they could not accurately re-
flect in detail the Italian clinical practice. All questions of the ques-
tionnaire were multiple-choice questions. This type of questionnaire 
is time-efficient, and responses are easy to code and interpret. On the 
other hand, the surveys based on multiple-choice questions have some 
limitations. Responders are required to choose a response that might 
not exactly reflect their answer. In addition, the subjective design of 
questionnaires and multiple-choice questions with preconceived cat-
egories may not fully allow a detailed representation of clinical reality. 
Data on complications and malfunctions were analyzed in an aggre-
gate way, as the exact number of complications and of L-PM implants 
was not individually asked for each center, as it can be the aim of an 
observational multicenter study, which is beyond the aim of this sur-
vey. For the same reason, we did not collect the clinical characteristics 
of patients implanted at each center, precluding an in-depth analysis 
of the adverse events according to the clinical variables. Finally, the 
survey was based on voluntary participation, thus possibly creating an 
unintended selection bias.

6  |  CONCLUSIONS

This survey provides a contemporary insight on the use of L-PM 
across nationwide implantation centres. Although L-PM implantation 
has become available since a decade ago and its use has increased 
progressively, there are still many factors limiting a wider penetra-
tion of this therapy into everyday clinical practice. In this Italian ex-
perience, the costs, the absence of atrial pacing, and of a dedicated 
tool for device retrieval, together with concern on how to replace 
the L-PM, still limit implants to a selected group of patients. New 
technologies, becoming available in the near future, might change 
the current scenario.
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