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Abstract 
Background 
The recent introduction of leadless pacemakers (LP) was 
aimed to eliminate transvenous lead- and pocket-related 
complications. While the initial results with the leadless 
pacemakers seem promising, the non-randomized 
nature, limited implant experience of operators and 
short follow up period of these studies preclude a facile 
comparison to transvenous pacemakers. 

Objectives 
The objective of this study is to provide a balanced com-
parison of leadless versus transvenous single-chamber 
pacemaker (PM) therapy through a propensity matched 
analysis. 

Methods 
Leadless patients from three experienced leadless im-
plant centers were propensity matched to VVI patients 
from a contemporary prospective multicenter transve-
nous pacemaker registry.  The primary outcome was 
device-related complications which required an invasive 
intervention during mid-term follow-up. Separate analy-
sis in- and excluding PM advisory-related complications 
were performed. 

Results 
A total of 440 patients (median age of 78 years, 61% 
male) were successfully matched (leadless: n=220 
vs transvenous: n=220). The complication rate at 800 
days of follow-up was 0.9% (95% CI: 0-2.2%) in the 
leadless group versus 4.7% (95% CI: 1.8-7.6%) in the 
transvenous group when excluding PM advisory related 
complications; P = 0.02. When including these PM 
advisory-related complications the complication rate at 
800 days increased to 10.9% (95% CI: 4.8-16.5%) in the 
leadless group versus 4.7% (95% CI: 1.8-7.6%) in the 
transvenous group; P = 0.063. 

Conclusions 
This study reveals favorable complication rates for lead-
less compared to transvenous single-chamber pacing 
therapy at mid-term follow-up in a propensity matched 
cohort. When including PM advisory related complica-
tions, this advantage is no longer observed. 
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Introduction
Pacing therapy has been well established over decades as an effective treatment for bradycardia (1). Although 
numerous developments have augmented pacemaker design and functionality, standard transvenous pacemakers 
are still associated with a significant amount of complications (8-12%), mostly related to the transvenous lead 
or subcutaneous pocket (2, 3). The recent introduction of leadless pacemakers (LP) was aimed to improve pacing 
therapy by eliminating the transvenous lead- and pocket-related complications. First, non-randomized clinical 
trials revealed relatively low short-term complication rates of 4-6.7% (4, 5), particularly striking considering that 
these study cohorts included the initial physician learning curves for this procedure.  While the initial results 
with the leadless pacemakers seem promising, the non-randomized nature, limited implant experience of oper-
ators and short follow up period of these studies preclude a facile comparison to transvenous pacemakers. The 
aim of this study is to provide a balanced comparison of leadless versus transvenous single-chamber pacemaker 
therapy through a propensity matched analysis. This analysis is performed using patient-level data from three ex-
perienced leadless implant centers and a contemporary prospective multicenter transvenous pacemaker registry.   

Methods
Leadless Cardiac Pacemaker Systems
The design, technical specifications, and method of implanting the Nanostim leadless cardiac pacemaker (LCP; 
St. Jude Medical/Abbott, St. Paul, MN, USA) and the Micra Transcatheter Pacing System (TPS, Medtronic, USA) 
have been described previously (4-7). In short, both leadless pacemakers are rate-adaptive single chamber pace-
makers (VVI-R) implanted using a percutaneous femoral approach and delivered by a designated large size (18Fr 
for LCP, 23Fr for TPS) delivery catheter in the right ventricle. The fixation mechanism of these two devices differs: 
the LCP is fixated by rotation of a screw-in helix and secondary tines into the myocardial tissue, and the TPS is 
actively fixated using four nitinol tines. Programming of the device is performed using conducted communication 
for the LCP and radiofrequency signals for the TPS. A designated, steerable retrieval catheter is only available for 
the LCP. 

Study Patient cohort
Data for the leadless pacing cohort were retrospectively obtained from three experienced tertiary centers: 1) 
Academic Medical Center, Amsterdam, The Netherlands, 2) Na Homolce Hospital, Prague, Czech Republic, 3) 
Mount Sinai Hospital, New York City, NY, United States of America. All leadless patients who were implanted 
at these centers, between December 2012 and December 2016, were included in this analysis. Clinical follow-up 
data until January 15, 2017 were collected retrospectively. Patients were followed prospectively and most partic-
ipated in one or more of the following trials: 1) LEADLESS Trial (6) (NCT01700244), 2) The Leadless Observational 
Study (NCT02051972), 3) The Leadless IDE Trial (4) (NCT02030418), 4) The MICRA TPS Study (5) (NCT02004873), 
and 5) The Micra TPS Post-Approval Registry (NCT02536118). Data for the transvenous single-chamber pacemak-
er cohort was obtained from the prospective FOLLOWPACE nationwide cohort study performed in 23 centers in 
the Netherlands (2, 8) (NCT00135174). Adult patients who received their first PM were included between 2003 
and 2007 and followed until 2010. Only VVI-R patients were selected for this analysis. All studies complied with 
the Declaration of Helsinki and were approved by local Institutional Review Boards. 

Study population
For this analysis, the following inclusion criteria were used: patients > 18 years old and implanted with a 
single-chamber leadless or transvenous pacemaker. Patients implanted with a leadless pacemaker who did not 
provide informed consent to use their anonymized data were excluded. 

Definition of outcomes
Adverse events (AEs) were defined as all adverse events which were attributed to the device or implant pro-
cedure. Complications were defined as all device-related AEs requiring invasive intervention. Upgrades from 
single-chamber pacing (VVI-R) to dual-chamber pacing (DDD-R), implantable cardioverter defibrillator (ICD) or 
resynchronization therapy (CRT) devices were not considered device-related complication unless the upgrade to 
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such system was due to a complication caused by the VVI-R device. All complication endpoints were adjudicated 
by an internal adjudication committee. 

PM advisory-related complications
During the scope of the study a PM-advisory was issued for one of the leadless pacemakers (LCP, St. Jude 
Medical) regarding the occurrence of device failures due to abrupt battery failure. This PM advisory is related to 
a specific battery failure and expected not to be inherent to the leadless pacing concept, and to be resolved in 
the near future. To understand the differences in performance with and without the effects of any PM advisories 
in both leadless and transvenous cohort, we have performed separate analyses in- and excluding all PM advisory 
related complications.

Statistical Analysis
Entire cohort
Categorical variables were presented as numbers and percentages and were compared for the entire cohort with 
Fisher’s exact test. Based on their distributions, continuous variables are presented as mean ± standard deviation 
or median with interquartile ranges (25th – 75th quartile) and compared with student’s t or Wilcoxon rank sum 
test.

Propensity score matching
Propensity score matching was performed using the following ten baseline variables: age, sex, BMI, PM indica-
tion (a. high grade atrioventricular block (AVB), b. sinus bradycardia/ sick sinus syndrome (SSS), c. atrial fibril-
lation (AF) with AVB and/or pauses), hypertension, AF, coronary artery disease/myocardial infarction, diabetes 
mellitus, (congestive) heart failure, and cardiac surgery (CABG/valve surgery). A logistic multivariable regression 
was used with device type (leadless or transvenous pacemaker) as the dependent variable and the 10 above list-
ed baseline variables as independent predictors to calculate the propensity score.  Patients were 1-to-1 greedy 
matched using the nearest-neighbor method. The caliper for the propensity match was set at 0.2. Two analyses 
were performed: 1) 1-to-1 propensity match for the entire cohort with caliper of 0.2, and 2) comparison of the 
entire leadless (n=254) versus transvenous (n=381) cohorts corrected for the propensity score.

Analysis of the matched cohort
Baseline variables of the matched cohort were compared with paired tests; Fisher’s exact test and student’s t or 
Wilcoxon rank sum test and standardized mean differences were calculated. We used the Kaplan-Meier method 
to correct for differences in follow-up and to estimate the cumulative incidence of outcomes at 800 days of 
follow-up. P-values and hazard ratios were calculated using the log-rank test and Cox proportional hazards (CPH) 
models.  P-values <0.05 were considered statistically significant. All analyses were conducted in R studio and R 
version 3.2.2 and the package Matchit for propensity matching (9).

Results
Entire cohort
A total of 635 adult patients who required a single-chamber right-ventricular pacemaker (leadless n=254 or trans-
venous n=381) were included in this analysis (Figure 1). Thirteen patients were excluded, all but one because 
they did not provide informed consent for utilizing their data.  Median follow-up of patients in the leadless group 
was 599 days (375-831 days), and in the transvenous group 1486 days (802 -1932 days).  No patients were lost 
to follow-up, and one patient withdrew study consent after 1 month.  The baseline characteristics are displayed 
in Table 1. The cohort reflects a traditional single-chamber pacemaker patient cohort with relatively old patients 
(median age 78 years; quartiles 70-84 years), most frequently implanted because of AF with slow ventricular 
rate or AV block (56%), and with various comorbidities.  The leadless pacemakers were implanted by 5 different 
physicians at 3 centers (median of 34 implants per implanter; range 9-139).  Seventy percent of the leadless 
patients received an LCP, the remaining 30% received a TPS device. Transvenous pacemakers were implanted in 
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23 hospitals in The Netherlands, constituting a mix of general, teaching and academic hospitals, with implanters 
with variable levels of experience.

Figure 1
 

Propensity-matched cohort
In the propensity-matched cohort, leadless cases (n=220) were similar to their transvenous (n=220) controls 
(Supplemental Table).  Leadless pacemaker systems were implanted with a similar ratio as the entire cohort 
(70% LCP, 30% TPS).

Complications
Excluding complications related to the PM advisory, the complication rate at 800 days (2.2 years) of follow-up 
was 0.9% (95% CI: 0-2.2%) in the leadless PM group versus 4.7% (95% CI: 1.8-7.6%) ) in the transvenous group; 
p = 0.02 (Figure 2, Panel A). When including all complications directly related to the PM advisory, the compli-
cation rate at 800 days of follow-up increased to 10.9% (95% CI: 4.8-16.5%) in the leadless PM group versus 
4.7% (95% CI: 1.8-7.6%) in the transvenous group; p = 0.063 (Figure 2, Panel B). In Table 1, an overview of all 
complications is provided. In the transvenous PM group, most complications were related to the lead (2.8%; 
95% CI 0.6-5%), with lead dislocation requiring invasive intervention being the most frequent cause (2.3%, 95% 
CI: 0.3-4.3%).  In the leadless PM group only 2 complications occurred which required an invasive procedure: in 
two patients, elevated pacing thresholds resulted in LCP retrieval and placement of a new device (both received 
a new LCP). Both device retrievals occurred within the first 3 months after implant (at day 9 and 88). When 
including the PM advisory-related complications, 12 patients (9.4%, 95% CI: 4-15.6%) underwent revision of 
their leadless PM (all LCP). This number contributed substantially to the total complication rate for this group. No 
cardiac perforations requiring an invasive procedure occurred in either group. Moreover, no dislodgements of LPs 
were observed in the leadless group. 

648 patients enrolled

635 patients included

13 patients excluded:
- Not enrolled in study or 

consented to use data (n=12)
- Patient received two 

leadless pacemakers (n=1)

381 Transvenous PM254 Leadless PM

220 Transvenous PM220 Leadless PM

Propensity Score Matching
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Table 1

Complication Endpoints for Matched Cohort With and Without PM Advisory Related Complications

Figure 2

Leadless versus Transvenous PM Matched cohort: Time-To-Event Curves for Complications In-and Excluding PM Advisory 
Related Events

Table 1. Complication Endpoints for Matched Cohort With and Without PM Advisory Related Complications

n
800-d KM estimate 

(%) n
800-d KM 

estimate (%) P value† n
800-d KM 

estimate (%) P value†
Lead (total) 7 2,8 0 0 0 0

    Lead dislocation 5 2,3 0 0 0 0

    Lead fracture 1 0,5 0 0 0 0

   Tricuspid valve damage by 
lead

1 0,5 0 0 0 0

Elevated pacing threshold 0 0 2 0,9 2 0,9

Pneumothorax 1 0,5 0 0 0 0

Hemothorax 1 0,5 0 0 0 0

Pocket revision 1 0,5 0 0 0 0

PM revision due to PM 
advisory

– – – – 12 9,4

Total 10 4,7 2 0,9 0,02 14 10,9 0,063
KM = Kaplan-Meier; PM = pacemaker. * Crude number of patients with a device-related complication in the first 800 d (2.2 y) and the adjusted KM estimate for the follow-up duration.
† P value compared to transvenous pacemakers.

Complication∗

Transvenous Leadless

(n = 220) PM advisory excluded (n = 220) PM advisory included (n = 220)
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In Table 2, all adverse events (AEs) attributable to the device or implant procedure are summarized. In the 
transvenous group, 21 AEs occurred (9.5%, 95% CI: 5.4-14.1%) versus 9 in the leadless group (4.1%, 95% CI: 
1.4-6.7%), showing favorable outcomes for the latter (p=0.03). Most of the AEs in the leadless group were 
procedure related (n=7/9); conversely in the transvenous group, only half were procedure related, the other 
half occurred during longer follow-up (>2 months). In the leadless group, the majority of AEs concerned femoral 
access: one patient had a femoral aneurysm (0.5%), one a groin hematoma (0.5%), and three patients had an 
access site bleeding (2.9%), all receiving a conservative treatment (e.g. pressure bondage). Further, one patient 
had asymptomatic pericardial effusion (0.5%), one had ventricular fibrillation during the procedure without any 
sequelae (0.5%), and 2 patients had elevated pacing thresholds requiring LP revision. For the transvenous group, 
adverse events included: pacing threshold issues (3.2%), lead dislocation (2.3%), cardiac perforation (0.9%), 
pneumothorax (0.9%), lead fracture (0.5%), tricuspid valve damage by lead (0.5%), pericardial effusion (0.5%), 
hemothorax (0.5%), pocket revision (0.5%), pocket infection (0.5%), and generator issues (0.5%). When including 
all PM advisory-related events, similar event rates were observed in both groups (n=22, 9.5%, CI: 5.4-14.1% 
versus n=21, 13.4%, 95% CI: 7.3-19.1%; p=0.39).  

Table 2

 

All Adverse Events for the Matched Cohort With and Without PM Advisory Related Events

In the Cox proportional hazard model for the propensity matched cohort, the hazard ratio (HR) for complications 
for leadless PM therapy was 0.20 (95% CI: 0.04 – 0.89; p = 0.02) when excluding the advisory-related events, 
and 2.09 (95% CI: 0.94 – 4.62; p = 0.06) when including these events (Figure 3). When analyzing the entire cohort 
adjusted for the propensity score in 629 patients with available propensity scores, similar HRs were found: HR 
for complications for leadless PM therapy was 0.28 (95% CI: 0.08 – 0.97; p = 0.03) when excluding the adviso-
ry-related events, and 1.91 (95% CI: 0.97 – 3.76; p = 0.16) when including these events (Figure 3). 

Table 2. All Adverse Events for the Matched Cohort With and Without PM Advisory Related Events

n
800-d KM 

estimate (%)
n

800-d KM 
estimate (%) P value† n

800-d KM 
estimate (%) P value†

Procedure related

 Cardiac perforation (no tamponade) 2 0,9 0 0 0 0

 Pericardial effusion 1 0,5 1 0,5 1 0,5

 Ventricular arrhythmia during the procedure 0 0 1 0,5 1 0,5

 Lead dislocation‡ 5 2,3 0 0 0 0

 Pneumothorax 2 0,9 0 0 0 0

 Hemothorax‡ 1 0,5 0 0 0 0

 Pseudoaneurysm 0 0 1 0,5 1 0,5

 Groin hematoma 0 0 1 0,5 1 0,5

 Access site bleeding 0 0 3 2,9 3 2,9

Device related

 Lead fracture‡ 1 0,5 0 0 0 0

 Tricuspid valve damage by lead‡ 1 0,5 0 0 0 0

 Elevated pacing threshold‡ 0 0 2 0,9 2 0,9

 Pacing threshold issue 3 3,2 0 0 0 0

 Pocket revision‡ 1 0,5 0 0 0 0

 Pocket issue 1 0,5 0 0 0 0

 Pocket infection 1 0,5 0 0 0 0

 Pocket erosion 1 0,5 0 0 0 0

 Generator issue 1 0,5 0 0 0 0

 Pacemaker recall – – – – 0 0

 PM revision due to PM advisory‡ – – – – 12 9,4

Total 21 9,5 9 4,1 0,03 21 13,4 0,39

KM = Kaplan-Meier; PM = pacemaker. * Patients could have ≥1 complication. † The χ2 test was used to calculate the P value for mean difference between pacemaker types.
‡ Complication required invasive treatment.

Adverse event∗

Transvenous Leadless

(n = 220) PM advisory excluded (n = 220) PM advisory included (n = 220)
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Figure 3

Pacemaker advisory-related events
In October 2016, a battery advisory was issued by the manufacturer of the LCP (St. Jude Medical). This issue con-
cerned the occurrence of device malfunction due to abrupt battery failure resulting in loss of pacing and commu-
nication. In total, the battery advisory prompted conversion of the LCP in 15 out of 254 leadless patients (5.9%), 
either to a different leadless model (n=5) or a transvenous pacemaker system (n=10). In 12 out of the 13 patients 
in whom retrieval was attempted (92%), the device was successfully explanted using a designated retrieval 
catheter. In 1 case, device retrieval was not feasible due to an inability to anchor the LCP properly. In 2 patients, 
there was no retrieval attempt and it was decided to abandon the LCP, program the device off, and co-implant a 
transvenous PM. In one of the 13 patients in whom a retrieval was attempted (7.7%), a complication occurred: 
the patient had an arteriovenous (AV) fistula in the right groin which required a covered stent to close the defect. 
During the course of the FOLLOWPACE Study, several pacemaker advisories were issued by device manufacturers 
(10). One patient in the transvenous group of the matched cohort, was subject to a PM recall. This patient was 
implanted with a Guidant Insignia 1198 VR pacemaker, for which in 2005 a recall was issued concerning the risk 
of intermittent or permanent loss of pacing output without warning. For this patient however, it was assessed 
that this PM recall did not have any clinical consequences - no PM revision or explant was required. Therefore, 
there were no complications as a result of a PM advisory in the transvenous PM group in this study. 

Survival
The mortality rate of this matched cohort at 800 days of follow-up was comparable in both groups: 17.9% (95% 
CI: 9.4- 25.7%) versus 16.4% (95% CI: 11.4 - 21.2%) for the transvenous group; p = 0.56 (Supplemental Materials, 
Figure S1).

Discussion
Main findings
This is the first study to report a large propensity matched comparison between leadless and transvenous sin-
gle-chamber pacemaker therapy beyond the initial clinical experience and including both commercially available 
leadless pacemaker devices. When excluding any PM advisory related complications, we found a significant 
lower complication rate in patients with leadless therapy compared to transvenous therapy (0.9% versus 4.7%, 
p=0.02) at 800 days of follow-up. As expected, the absence of lead-related complications in the leadless pace-
maker group was the largest driver for this difference. Importantly, in the leadless group we observed no occur-
rences of cardiac perforation or device dislodgements which required invasive intervention. When including PM 
advisory-related complications, transvenous therapy appeared more favorable than leadless therapy, although 
not statistically significant (4.7% vs 10.9%, p=0.06). In 12 leadless pacemaker patients (9.4%), a PM revision was 
required (only LCP) due to this advisory, which had a dominant effect on overall complication rates. The results 
from this study suggest that leadless pacemaker therapy is more favorable than transvenous VVIR-pacemaker 
therapy with regard to complications at mid-term follow-up. 
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Comparison to literature
The complication rates for leadless therapy observed in the present study are lower than the complication rates 
reported in the leadless pivotal trials: 0.9% versus 6.7% for the LCP (4), and 4.0% for the TPS (5), especially 
considering the longer follow-up period in our study (27 vs 6 months). All complications occurred within 3 months 
post-procedure, confirming the capped survival curves observed in other leadless studies (11, 12). Interesting-
ly, in both studies the risk for cardiac perforation was modest (1.5% for LCP, 1.6% for TPS), which compares 
unfavorably with our results (1 patient with asymptomatic pericardial effusion, 0.5%). Further, the moderate risk 
of device dislodgement observed in the Leadless IDE Trial (2.3%), was not observed in our leadless cohort (no 
dislodgements).

Several factors are important to consider when interpreting these results. First, these pivotal leadless studies on 
the first clinical experience with both leadless devices were implanted by nearly 200 individual implanters, with 
a mean implant experience of 5-7 implants. The presence of a learning curve with this novel implant technique 
is likely in these studies. Therefore, it is important to recognize that implanters in the present study were well 
experienced (median implant experience of 34 implants; range: 9-139) and may better represent the implant per-
formance at a more mature stage of this technology. Other factors may also have influenced these low compli-
cation rates, such as the high patient volume at the implant centers in this study, and the pre-clinical experience 
of these implanters in animal labs. Finally, the complication rates were defined differently in all studies, with our 
definition to be the most stringent (only complications which required an intervention).  

The complication rate in the transvenous group of 4.7% is slightly higher than previously reported short-term (<3 
months) complication rates for single-chamber transvenous pacemakers (4.1%) (13). This might be explained due 
to the longer follow-up period in our analysis. Interestingly, the rate of pocket and pacemaker infections was 
low in our study (0.5%). It can be expected that with longer follow-up, the occurrence of lead and pocket related 
complications continue to rise as has been shown in previous literature (2, 14-18). In a recent study (19) leadless 
pacemaker data (LCP only) was matched with claims data from transvenous single-chamber pacemaker patients 
from a large U.S. database (Truven Market Scan). This study showed fewer complications in the leadless group 
compared to the transvenous pacemaker group (5.8% vs 16.2% for short term complications, p<0.001; and 0.56% 
vs 9.6% for mid-term complications (1 – 18 months, p<0.001). This difference corresponds with a similar adjusted 
HR of 0.30 (95% CI:0.22-0.41) for leadless pacing therapy. Although a large database was used entailing 3:1 
matching, the complications of the transvenous pacemakers derived from US claims data are inherently less ro-
bust compared to the prospectively followed transvenous pacemaker patient cohort employed in our study. Also, 
PM advisory related complications did not affect patients within the 18 month follow up period in their study. 

In addition, Reynolds et al. compared TPS to a historical cohort of transvenous pacemaker systems and showed 
a reduction in complication rates with a HR of 0.49 (95% CI: 0.33-0.75, p=0.001) at 12 months (5). Complications 
of transvenous systems in this study were based on dual chamber pacemaker implants, subtracting all compli-
cations related to the atrial lead to create a comparison to single chamber transvenous pacing. As a result, the 
complication rate is expected to be overestimated which is in line with our findings in the transvenous cohort (4.7 
% in our study compared to 7.4% in Reynolds et al.). 

PM advisory
The PM advisory of the LCP is a significant issue and is expected to affect the majority of the LCP patients with 
implant durations over 2.3 years, much more than the previously reported 0.5% of implanted patients (7 out 
of 1423). This battery issue concerns only the LCP device and is not observed nor expected in the TPS device, 
which contains different battery components. Although the LCP battery advisory is clearly a clinically important 
problem, as any other pacemaker advisory or recall, it is expected to be resolved with a new battery. Thus, from a 
conceptual basis of comparing leadless vs transvenous pacemakers, the comparison excluding the advisory-relat-
ed complications is most informative. Fortuitously, this advisory has provided insights into the retrievability of the 
LCP: in 12/13 retrievals attempts, the retrieval was successful, albeit with the occurrence of an AV fistula in one 
patient. Of course, more data on the feasibility of long-term LCP retrievability and safety is mandated. 
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Limitations
The limitations and strengths of propensity matched comparison study designs have been previously described 
(20). In order to put the value of this technology in clinical perspective, a randomized comparison between 
transvenous and leadless pacemakers with long-term follow-up is warranted, especially since pacemaker therapy 
is expected to have a lifetime of at least 5 years. Further, while highly experienced centers regarding LCP with 
overall low pacemaker complication rates were included for this study, the transvenous groups constitutes an 
unselected cohort highly representative of every day clinical practice, constituting both low- and high volume 
centers and operators with different levels of experience. This has inherently introduced selection bias and could 
have resulted in an underestimation of complication rates regarding LCP. Furthermore, the propensity score 
matching did not account for differences between transvenous and leadless pacemaker patients originating from 
different geographical regions and time frames of PM implant.  

Conclusions
This study reveals favorable complication rates for leadless compared to transvenous single-chamber pacing 
therapy at mid-term follow-up in a propensity matched cohort. When including PM advisory related complica-
tions, this advantage for leadless pacemaker therapy is no longer observed. To fully appreciate the clinical signifi-
cance of this novel technology, a prospective randomized comparative trial with long-term follow-up is required. 
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Supplemental Table 1. Baseline Characteristics of the Unmatched and Matched Cohorts

Leadless SMD* p Value Transvenous Leadless SMD* p Value

n = 254 n = 220 n = 220

79  (73 - 85) 77 (68 - 83) 0,365 <0.001 77 (69 - 82) 78 (70 - 84) 0,051 0,172

162  (42.5) 102 ( 40.2) 0,048 0,61 87 ( 39.5) 86 ( 39.1) 0,009 1.000

26  (24 - 28) 27 (24 - 31) 0,296 0,004 26 (25 - 28) 26 (24 - 30) 0,092 0,743

0,142 0,225 0,058 0,83

High degree AV block 91  (23.9) 47 ( 18.5) 44 ( 20.0) 39 ( 17.7)

Sinus bradycardia / SSS 84  (22.0) 57 ( 22.4) 46 ( 20.9) 47 ( 21.4)

AF with slow ventricular rate 201  (52.8) 149 ( 58.7) 130 ( 59.1) 134 ( 60.9)

Missing 5  (1.3) 1 ( 0.4) - -

Diabetes Mellitus 54  (14.2) 51 ( 20.1) 0,157 0,064 40 ( 18.2) 40 ( 18.2) <0.001 1.000

AF 244  (64.0) 180 ( 70.9) 0,146 0,089 153 ( 69.5) 161 ( 73.2) 0,081 0,46

Hypertension 273  (71.7) 166 ( 65.4) 0,136 0,111 146 ( 66.4) 145 ( 65.9) 0,01 1.000

Coronary artery disease / Myocardial 
Infarction

52  (13.6) 23 ( 9.1) 0,145 0,103 22 ( 10.0) 22 ( 10.0) <0.001 1.000

Cardiac Surgery 83  (21.8) 31 ( 12.2) 0,257 0,003 38 ( 17.3) 31 ( 14.1) 0,088 0,432

Congestive Heart Failure 30  (7.9) 26 ( 10.2) 0,082 0,376 21 ( 9.5) 22 ( 10.0) 0,015 1.000

- - - -

Leadless Cardiac Pacemaker 0  (0) 179 (70) 0 (0) 155 (70)

Transcatheter Pacemaker System 0  (0) 75 (30) 0 (0) 65 (30)

Transvenous VVI 381  (100) 0 (0) 220 (100) 0 (0)

- - - -

Academic Medical Center 0  ( 0) 72 ( 28) 0 ( 0) 69 ( 31)

FOLLOWPACE 381  (100) 0 ( 0) 220 (100) 0 ( 0)

Homolka 0  ( 0) 142 ( 56) 0 ( 0) 111 ( 51)

Mount Sinai 0  ( 0) 40 ( 16) 0 ( 0) 40 ( 18)

Comorbidities

PM device type

Hospital

Values are median (interquartile range), or %. *Standardized mean difference is the difference in group means divided by the control standard deviation. Absolute values <0.2 suggest balance
between propensity-matched groups. PM = pacemaker; VVI = single-chamber right-ventricular pacemaker; AV = atrioventricular block; AF = atrial fibrillation

PM indication

Propensity Score-Matched Cohort

Age, yrs

Women, n

Body Mass Index  

Transvenous 

n = 381

Entire Cohort
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Supplemental Figure S1

 

Leadless versus Transvenous PM: Survival Curve in Matched Cohort. In this Figure the survival curve is shown for leadless 
versus transvenous pacemaker therapy in the matched cohort.




