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BACKGROUND Leadless cardiac pacemakers (LCPs) aim to mitigate
lead- and pocket-related complications seen with transvenous pacemakers (TVPs).
OBJECTIVE The purpose of this study was to compare complications between the LCP cohort from the LEADLESS Pacemaker IDE
Study (Leadless II) trial and a propensity score–matched realworld TVP cohort.

12.3 years; 63% men), patients with LCPs experienced fewer complications (hazard ratio 0.44; 95% conﬁdence interval 0.32–0.60;
P , .001), including short-term (5.8% vs 9.4%; P 5 .01) and
mid-term (0.56% vs 4.9%; P , .001) events. In the short-term
time frame, patients with LCPs had more pericardial effusions
(1.53% vs 0.35%; P 5 .005); similar rates of vascular events
(1.11% vs 0.42%; P 5 .085), dislodgments (0.97% vs 1.39%;
P 5 .54), and generator complications (0.70% vs 0.28%;
P 5 .17); and no thoracic trauma compared to patients with TVPs
(rate of thoracic trauma 3.27%). In short- and mid-term time
frames, TVP events absent from the LCP group included leadrelated, pocket-related, and infectious complications.

METHODS The multicenter LEADLESS II trial evaluated the safety and
efﬁcacy of the Nanostim LCP (Abbott, Abbott Park, IL) using structured
follow-up, with serious adverse device effects independently adjudicated. TVP data were obtained from Truven Health MarketScan claims
databases for patients implanted with single-chamber TVPs between
April 1, 2010 and March 31, 2014 and more than 1 year of preimplant
enrollment data. Comorbidities and complications were identiﬁed via
International Classiﬁcation of Diseases, Ninth Revision and Current Procedural Terminology codes. Short-term (1 months) and mid-term
(.1–18 months) complications were compared between the LCP
cohort and a propensity score–matched subset of the TVP cohort.
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RESULTS Among 718 patients with LCPs (mean age 75.6 6 11.9
years; 62% men) and 1436 patients with TVPs (mean age 76.1 6
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Introduction

and is the most common source of complications, occurring in
up to 12% of device recipients.2,3 Acute complications
are related to implantation and include pneumothorax,

Approximately 1 million transvenous pacemakers (TVP) are
implanted annually worldwide.1 Despite technological advances, the implantation technique involving a subcutaneous
pulse generator and transvenous lead has remained unchanged
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CONCLUSION Patients with LCPs experienced fewer overall shortand mid-term complications, including infectious and lead- and
pocket-related events, but more pericardial effusions, which were
uncommon but serious.
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hemothorax, cardiac perforation, pocket hematoma, and lead
dislodgment.4 Most long-term complications are associated
with the pulse generator or lead and include pocket erosion,
infection, lead fracture or insulation failure, tricuspid valve
regurgitation, and venous thrombosis.2,3,5–7
Leadless cardiac pacemakers (LCPs) represent a new paradigm in cardiac pacing developed to mitigate complications
by eliminating the need for a subcutaneous pocket and transvenous leads. These devices are small (w1 cm3), entirely selfcontained units that are delivered via a transfemoral venous
catheter and afﬁxed in the right ventricle using either an active
(Nanostim, Abbott, Abbott Park, IL) or a passive (Micra, Medtronic, Minneapolis, MN) ﬁxation mechanism.8–13 The shortterm safety and efﬁcacy of these devices at 6 months have
been established in nonrandomized comparisons to prespeciﬁed
historical performance measures of TVPs.8,9 Complications
occurred in 4.0%–6.7% of patients, with cardiac perforation
being the most common adverse event. While the quantity
and type of complications were fewer and different from
those reported with TVPs, comparison is limited by
differences in patient comorbidities and study characteristics.
In this study, short-term and mid-term complications of the
Nanostim LCP (Abbott, Abbott Park, IL) are compared with
those of conventional single-chamber TVPs. The LCP safety
data are obtained from the extended follow-up of the previously
reported LEADLESS II IDE study.8 Comparative safety data
for TVPs are reported from a propensity score–matched cohort
obtained from a large US real-world insurance claims database.

Methods
LCP study
The LEADLESS Pacemaker IDE Study (Leadless II) trial is a
prospective, nonrandomized, multicenter clinical study conducted in the United States, Canada, and Australia. The trial
design has been described in detail previously.8 Patients with
indications for permanent single-chamber ventricular pacing
were implanted with a Nanostim LCP between February 1,
2014 and January 31, 2016. Full inclusion and exclusion
criteria for the LEADLESS II trial are described in the
Supplement. The LCP is a self-contained, active-ﬁxation,
rate-adaptive single-chamber pacemaker. The 42-mm-long,
5.99-mm-diameter device contains a helical screw-in ﬁxation
electrode at the distal end. A specially designed delivery catheter is used to percutaneously implant the LCP in the right
ventricular apex or apical septum. Patients were evaluated
before hospital discharge with device interrogation, chest
radiography, and standard 12-lead electrocardiography. Subsequently, patients were followed at 2 weeks, 6 weeks, 3
months, 6 months, and every 6 months thereafter.

LCP safety data
All complications in the LEADLESS II trial were reported as
part of the active clinical study follow-up and adhered to the International Standard Organization deﬁnition of a serious
adverse device effect (SADE). A SADE is any untoward but
not unanticipated medical occurrence that is related to the
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investigational device or procedure and that is classiﬁed as
serious. A “serious” event is deﬁned as any event that led to
death or to a serious health deterioration that resulted in either
a life-threatening illness or injury or a permanent impairment of
a body structure or body function. It also includes events that
led to an inpatient or prolonged hospitalization or medical or
surgical intervention that was required to prevent the abovementioned effects. All adverse events were adjudicated by an
independent clinical events committee. SADEs were categorized into those related to cardiac perforation, vascular complications, device dislodgment, pacing threshold elevation, or
other types of events. Complications were evaluated from
implantation until 18 months or the time of withdrawal from
the study, last available follow-up visit, or death.

TVP study
TVP data were extracted from the Truven Health MarketScan
Research Databases, which contain more than 20 billion deidentiﬁed, person-speciﬁc health insurance claims from
approximately 350 US private sector payers.14 Data for this
study were extracted from 2 MarketScan databases—the
Commercial Claims and Encounters database and the Medicare Supplemental database—spanning the time period from
April 1, 2010 to March 31, 2014. The Commercial Claims
and Encounters database contains data from active employees, dependents, and early retirees covered by
employer-sponsored health plans. The MarketScan database
contains data from Medicare-eligible retirees with employersponsored Medicare Supplemental plans.
The study population included patients 18 years and older
implanted with single-chamber pacemakers from any device
manufacturer. Patients with pacemaker were identiﬁed as those
having the International Classiﬁcation of Diseases, Ninth
Revision procedure code 37.81 (initial insertion of a singlechamber device, not speciﬁed as rate responsive) or 37.82
(initial insertion of a single-chamber device, rate responsive)
or the Current Procedural Terminology code 33207 (insertion
or replacement of a permanent pacemaker and lowerchamber electrodes). Patients with any implantable cardiac
rhythm management device-related codes at any time before
pacemaker implantation (Supplemental Table S1) were
excluded from the analysis to eliminate non–de novo implants.
To characterize baseline comorbidities in the study population with TVPs, relevant inpatient and outpatient diagnostic
and procedure codes were identiﬁed over the entire available
time period before implantation. To ensure completeness of
baseline data, patients with less than 1 year of MarketScan
enrollment data were excluded from the analysis. Codes
that indicated a history of atrial ﬁbrillation, hypertension, diabetes, coronary artery disease, vascular disease, or tricuspid
valve disease were included in the baseline characterization
(comorbidity codes are listed in Supplemental Table S2).

TVP safety data
Pacemaker-related complications were identiﬁed for the TVP
cohort using inpatient and outpatient billing codes recorded
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from the day of implantation onward. Complications were
compiled into the following categories (detailed in
Supplemental Table S3): (1) infection, including endocarditis
and other device-related infection; (2) thoracic trauma,
including pneumothorax and hemothorax attributed to lead
insertion; (3) pocket complication, including hematoma and
pocket revision; (4) electrode dislodgment; (5) other lead
complication requiring revision; (6) venous embolism or
thrombosis; (7) cardiac perforation and its downstream clinical manifestations; and (8) generator complications. Generator explants were considered generator complications since
they occurred within 30 days for acute and within 18 months
for mid-term time frames, which are earlier than expected
longevity of these devices.
To avoid overestimating complication rates, multiple codes from the same complication category that occurred on
the same or consecutive dates were counted as a single event.
In cases in which a pacemaker implantation and a complication occurred on the same date, the implantation was assumed
to have preceded the complication. Thoracic trauma, cardiac
perforation, and venous embolism/thrombosis occurring
more than 1 month after implantation were not included in
the TVP mid-term complication analysis, as they could not
be deﬁnitively attributed to the pacemaker implant beyond
the ﬁrst month of implantation. Complications were evaluated from implantation until 18 months or the time of device
upgrade, removal, or replacement or the patients’ withdrawal
from MarketScan.
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the basis of age, sex, and relevant baseline comorbidities
including atrial ﬁbrillation, coronary artery disease, diabetes,
hyperlipidemia, hypertension, tricuspid valve disease, and
peripheral vascular disease. The overall freedom from complications was evaluated in the matched cohort. In addition,
the proportion of patients experiencing each prespeciﬁed
short-term complication type was compared between patients
with LCPs and patients with TVPs. In the mid-term time
frame, rates of complications per patient-year were compared
between the groups.

Statistical analysis
Continuous variables were compared using the Student t test.
Categorical variables were compared using the c2 test.
Complication rates were quantiﬁed by the number of patients
with pacemaker who experienced at least 1 instance of a
particular complication. Percentages were calculated relative
to the total number of patients with pacemaker available
within each time frame. Proportions were compared using
the Fisher exact test, and event rates were compared using
Poisson regression. Freedom from complications was
computed using the Kaplan-Meier method and compared between patients with TVPs and patients with LCPs using the
weighted Cox proportional hazards regression, adjusted for
age, sex, and baseline comorbidities. All calculations were
performed in R version 3.1.1, augmented with the following
R packages: survival,15 MatchIt,16 and coxphw.17

Safety data comparison

Results

Both LCP and TVP complications were classiﬁed as short- or
mid-term relative to device implantation. Short-term complications occurred within 1 month, while mid-term complications occurred between 1 and 18 months after pacemaker
implantation. In order to compare complication rates between
LCP and TVP groups, a subset of patients with TVPs with
similar baseline comorbidities to patients with LCPs was
identiﬁed. Patients with TVPs were 2:1 propensity score
matched to patients with LCPs using the nearest-neighbor
method without replacement. The 2:1 ratio was the highest
ratio for which resulting groups were well-matched on all
baseline parameters. Propensity scores were computed on

LCP cohort

Table 1

The baseline clinical characteristics of the patient cohort
enrolled in the multicenter LEADLESS II trial (n 5 718) between February 2014 and January 2016 with a minimum
follow-up of 180 days and a median follow-up of 323 days
(interquartile range 197–489 days) are listed in Table 1.
Single-chamber pacemaker indications in the LCP cohort
were atrial ﬁbrillation with atrioventricular block (n 5 407
[56.7%]), sinus rhythm with high-grade atrioventricular
block (n 5 61 [8.5%]), and sinus bradycardia with infrequent
pauses or syncope (n 5 250 [34.8%]). Acute implantation
success, deﬁned as the patient leaving the implant procedure

Baseline demographic characteristics of propensity score–matched patients

Characteristic

Patients with leadless pacemaker
(n 5 718)

Patients with transvenous pacemaker
(n 5 1436)

P

Age (y)
Follow-up (d)
Sex: male
Atrial ﬁbrillation
Coronary artery disease
Diabetes mellitus
Hyperlipidemia
Hypertension
Tricuspid valve disease
Peripheral vascular disease

75.6 6 11.9
323 (197–489)
447 (62.3%)
425 (59.2%)
262 (36.5%)
178 (24.8%)
475 (66.2%)
557 (77.6%)
150 (20.9%)
91 (12.7%)

76.1 6 12.3
408 (167–547)
905 (63.0%)
881 (61.4%)
485 (33.8%)
335 (23.3%)
970 (67.5%)
1146 (79.8%)
266 (18.5%)
163 (11.4%)

.39
,.001
.77
.36
.23
.49
.55
.25
.21
.41

Values are presented as mean 6 SD, as median (interquartile range), or as n (%).
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with an implanted and functioning device, was achieved in
692 patients (96.4%) with the mean implantation time of
27.5 6 17.0 minutes, which included 13.4 6 9.3 minutes
of ﬂuoroscopy. Most of the failed implants were due to
inability to deliver the LCP to the desired location in the right
ventricle. Five of the failed implantations were due to pericardial effusion with tamponade and 1 (0.14%) due to pericardial effusion without tamponade. These events are included
in the overall complication analysis. The pacemaker required
repositioning more than 2 times in 25 patients (3.6%), and the
mean hospital stay was 1.1 6 1.0 days.
Short-term LCP complications occurred in 42 patients
(5.8%), including 7 dislodgments (0.97%) requiring percutaneous retrieval, vascular-related events in 8 patients (1.11%),
pericardial effusion with tamponade in 7 patients (0.97%),
and pericardial effusion without tamponade in 4 patients
(0.56%). Of the 8 vascular events, 2 (0.28%) required surgery; and of the 7 pericardial effusion with tamponade
events, 3 (0.42%) required surgery. Pacing threshold elevation requiring percutaneous retrieval occurred in 5 patients
(0.70%) within 1 month of implantation and in 1 patient
(0.14%) after the ﬁrst month. Overall, there were only 4 patients (0.56%) with a complication beyond 1 month. There
were no reported dislodgments beyond 1 month. There
were no infections in this patient cohort at short- and midterm follow-up. The overall freedom from SADEs was
95.7% at implantation (95% conﬁdence interval [CI]
94.2%–97.2%), 94.1% at 1 month (95% CI 92.4%–95.9%),
and then remained at 93.5% (95% CI 91.7%–95.3%) starting
at 100 days onward up to 18 months.

TVP cohort
The MarketScan database query yielded 120,556 patients with
pacemaker, from whom we excluded 33,126 (27.4%) patients
with less than 1 year of preimplant clinical data, 7442 (6.17%)
patients with indeterminate pacemaker type, 7174 (5.95%) patients with evidence of preexisting devices, 113 (0.094%) patients less than 18 years of age, and 63,325 (52.5%) patients
with dual-chamber devices. Ultimately, 9376 (7.78%) patients
with single-chamber pacemaker (5323 [56.8%] men; mean age
80.4 6 9.6 years; median follow-up 393 days [interquartile
range 166–547 days]) were included in the unmatched analysis.
The unmatched transvenous cohort was older and had fewer
men and higher incidence of comorbidities including atrial
ﬁbrillation, coronary artery disease, diabetes, hyperlipidemia,
hypertension, tricuspid valve disease, and peripheral vascular
disease. A summary of complications in the unmatched TVP
cohort and a comparison with LCPs are presented in
Supplemental Figure S1.

Propensity score–matched analysis
After applying 1:2 propensity score matching to the 9376
patients with TVPs from the unmatched analysis, the 718
patients with LCPs were matched with 1435 (15.3% of unmatched cohort) patients with TVPs with clinical characteristics as listed in Table 1. As shown in Figure 1, there were
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Leadless

Transvenous

Adjusted HR: 0.44; 95% CI (0.32-0.60); p<0.001

Number at risk
Leadless

718

516

285

82

Transvenous

1436

939

665

486

Figure 1 Kaplan-Meier curve (with 95% CI) illustrates that patients with
LCPs were at a lower risk of experiencing a complication than were patients
with TVPs. The Cox proportional hazards result is adjusted for age, sex, and
baseline comorbidities. The starting point for the curves is the implantation of
the device for both the LCP and TVP cohorts. CI 5 conﬁdence interval;
HR 5 hazard ratio; LCP 5 leadless pacemaker; TVP 5 transvenous pacemaker.

fewer overall complications in the leadless group when
compared with the propensity score–matched transvenous
group (adjusted hazard ratio 0.44; 95% CI 0.32–0.60; P ,
.001). This reduction persisted in all demographic and comorbidity subgroups (Figure 2).
Short-term complications were greatly reduced in the LCP
cohort (42 [5.8%] vs 165 [9.4%]; P 5 .0095) despite a higher
rate of pericardial effusions (11 [1.53%] vs 5 [0.35%]; P 5
.0056) in the leadless group. Of the 5 patients with TVPs
with pericardial effusions, 4 (0.28%) were identiﬁed with
the code for cardiac tamponade (423.3). There were no statistical differences between the leadless and transvenous groups
with regard to rates of vascular complications (8 [1.11%] vs 6
[0.42%]; P 5 .085), electrode dislodgment (7 [0.97%] vs 20
[1.39%]; P 5 .54), and generator complications (5 [0.70%]
vs 4 [0.28%]; P 5 .17). In the leadless group, there was a
complete absence of lead-related complications, infections,
and pocket complications, which were seen in 52 (3.62%),
25 (1.74%) and 6 (0.42%) TVP patients, respectively
(Figure 3). In the LCP group, there was a single case of hemothorax associated with a perforation and cardiopulmonary
resuscitation performed during the procedure, while in the
TVP group, there were 47 (3.27%) occurrences of thoracic
trauma. There were several complications in patients with
LCPs that could not have been quantiﬁed in patients with
TVPs because of limitations of insurance claims data. These
included 5 instances of arrhythmia during implantation
(0.70%), 2 acute migrations during implantation (0.28%), 1
angina event (0.14%), and 3 transient neurological events
(0.42%). Of the 25 patients in the TVP cohort experiencing
infection, 20 (1.39%) used an insurance code indicative of
endocarditis while the other 5 (0.35%) used only the
996.61 code (infection and inﬂammatory reaction due to cardiac device, implant, and graft). Of the 6 patients experiencing pocket complications, none had an infection.
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Figure 2 Plot presents adjusted hazard ratios and 95% conﬁdence intervals for the risk of complication with the leadless pacemaker vs transvenous pacemaker
in various patient subgroups.

Short-term Complicaons (Within 1 Month of Implant)
4.00%
3.50%

Nanosm™ Leadless Pacemaker (Leadless II IDE)

3.62%

Transvenous Pacemaker (MarketScan®)
3.27%

Complicaon Rate

3.00%
2.50%
2.00%

1.74%
1.53%

1.50%

1.39%
1.11%

1.00%

0.97%
0.70%

0.50%

0.42%

0.35%

0.42%
0.28%
0.00%

0.00%

0.00%

0.00%

0.00%

Figure 3 Short-term complication rates presented per category for patients with leadless pacemaker and patients with transvenous pacemaker. The exact rate is
shown at the top of each bar.
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Beyond 1 month, there were only 4 patients (0.56%) experiencing 4 complications in the leadless group (0.62 per 100
patient-years) vs 71 patients (4.94%) experiencing 127
complications in the TVP group (9.12 per 100 patientyears) (P , .001). In the leadless group, the mid-term
complications included 1 instance of threshold elevation
requiring revision (0.16 per 100 patient-years) and 1 temporary loss in pacing and sensing during ablation (0.16 per 100
patient-years) as compared to 5 (0.36 per 100 patient-years)
generator complications in the TVP cohort. The leadless
group also experienced 2 instances of new-onset heart failure
(0.31 per 100 patient-years). In the transvenous group, there
were a number of complications that were wholly absent in
the leadless group, including lead-related complications
(n 5 36; 2.59 per 100 patient-years), electrode dislodgment
(n 5 4; 0.29 per 100 patient-years), infection (n 5 66; 4.74
per 100 patient-years), and pocket complications (n 5 16;
1.15 per 100 patient-years) (Figure 4). Most of the infectious
complication encounters contained a code indicative of endocarditis, while only 10 (0.72 per 100 patient-years) contained
only the 996.61 code. Of the 16 patients with pocket complications, 4 (0.29 per 100 patient-years) patients also had an
infection, with only 2 (0.14 per 100 patient-years) of these infections occurring during the same hospital stay as the pocket
complication.

of traditional pacemaker complications observed over the
past 50 years. The TVP complications in this study are consistent with an extensive body of literature, showing that
lead-related problems, thoracic trauma, vascular injury, pocket
hematoma, and infection drive short-term complications and
that lead-related problems dominate the mid-term complications.2–7 The latter relate to electrical phenomena involving
sensing, pacing, or insulation failures. These ﬁndings
reinforce the use of a leadless pacemaker as an alternative to
TVPs in patients requiring single-chamber ventricular pacing.
Both the short-term and mid-term TVP complication rates
of 9.40% and 4.94% reported in our study exceeded those reported in The Mode Selection Trial (MOST) (4.8% at 30
days and 2.1% at 3 years)18 and were slightly lower than those
reported in the FOLLOWPACE study (12.4% at 2 months and
9.2% by 5 years).3 Both MOST and FOLLOWPACE studies
investigated dual-chamber devices, which are expected to
have more complications than do single-chamber devices.2,3,19,20 In addition, the FOLLOWPACE study did not
exclude non–de novo systems while our study focused only
on new implants. Similar to the FOLLOWPACE study and
in contrast to the MOST trial, claims data capture complications
occurring across the full spectrum of operators performing
pacemaker surgery at community and urban hospitals and are
not limited to the academic or tertiary medical centers with
highly experienced operators. Furthermore, the MOST trial
was performed between 1995 and 2001 and the FOLLOWPACE study between 2003 and 2007 while our patients were
implanted between 2010 and 2014. A report from a large national survey demonstrates that the population receiving pacemakers has greatly expanded, and has become older and
sicker,21 which could lead to higher rates of complications.
The categories in which TVPs fared better had slightly
lower rates of uncommon but potentially serious complications of pericardial effusion and vascular events. It should

Discussion

The principal ﬁnding of this analysis is that patients from the
LEADLESS II IDE trial demonstrated fewer short- and midterm complications when compared with a large propensity
score–matched cohort of patients with single-chamber TVPs.
The overall reduction in both short- and mid-term events
was driven by a virtual elimination of lead, pocket, and
infectious complications, suggesting that this disruptive technology has successfully targeted the most common sources

Mid-term Complicaons (1 month – 1.5 years aer implant)
5

4.74
Nanosm™ Leadless Pacemaker (Leadless II IDE)

4.5

Complicaon Rate per 100 Paent-Years

Transvenous Pacemaker (MarketScan®)
4
3.5
3
2.59
2.5
2
1.5
1.15
1
0.5

0.31

0.36

0.29
0

0

0

0

0
Generator Complicaon

Electrode Dislodgement

Pocket

Lead Complicaon

Infecon

Figure 4 Mid-term complication rates presented per category for patients with leadless pacemaker and patients with transvenous pacemaker. The exact rate is
shown at the top of each bar. One of the reported cardiac perforation complications also had an associated hemothorax as a result of a cardiopulmonary resuscitation performed during the procedure.
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be noted that the introduction of femoral vascular complications with LCPs represents a true trade-off created by the
paradigm shift away from pectoral surgical incisional access
to percutaneous femoral vascular access; the introduction of
an 18-F vascular delivery sheath provides challenges to
achieving hemostasis after use of femoral instrumentation.
However, the elimination of pocket-related and infectionrelated acute complications arguably more than compensates for the small increases in rates of vascular events in
LCPs. The possibility of cardiac perforation and pericardial
effusion exists with both technologies since decades of
innovation in lead design and ﬁxation mechanisms have
not eliminated this problem even with transvenous leads.22
The 0.35% pericardial effusion rate in this transvenous
group is similar to other published data involving transvenous leads (0.3%–0.8%) and is lower than the 1.5% event
rate in the leadless cohort.3,18,22,23 It is concerning that 3
of the 7 patients with pericardial effusion in the LCP
group required surgery. This suggests more traumatic
tearing-type injuries that need to be mitigated by future iterations of LCP technology, as well as improvements in
operator technique. Previous studies have associated acute
pacemaker complications with operator experience and
training.2,4 Encouragingly, the original LEADLESS II
study investigators reported a reduction in complications
from 6.8% to 3.6% after 10 operator implants.8 While the
future performance of subsequent iterations of leadless delivery systems is unknowable, it is expected that design
changes incorporating operator feedback as well as greater
experience will improve acute implantation safety. It is
possible that LCP delivery systems will always remain
stiffer and more traumatic to cardiac tissue than will transvenous leads because of the support needed to introduce
and steer the catheter-based device. Even in this scenario,
it would be premature to equate small absolute differences
in pericardial effusions to a net clinical beneﬁt of avoiding
complications associated with transvenous systems. Transvenous lead extractions carry signiﬁcant risk in the event
of vascular or cardiac tears.24 Some of these complications
may arise with LCPs if there is a need for extraction. No
incidents of tricuspid valve injury occurred during the
placement of LCPs in the trial, but there could be such incidents associated with LCP extraction. However, fully
eliminating lead, pacemaker pocket, and infectious complications beyond the acute period will obviate the need for at
least some of these procedures and extend some degree of
still unknown beneﬁt in avoiding procedure-related catastrophes. Finally, this ﬁeld is simply too young to judge
and compare the long-term implications that remain, as of
yet, unknown; indeed, the end-of-service clinical experience
of the leadless device will not be fully understood for
another 10–15 years.
Development of a new technology can be accompanied by
unexpected challenges. Field safety advisories were issued
for the Nanostim leadless pacemaker due to battery malfunction and docking button detachments. The replacement
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battery for the Nanostim LCP has been approved by several
regulatory agencies and the next generation LCP will include
an updated docking button design.

Study limitations
Limitations of the present analysis include limitations of the
MarketScan databases, which do not contain a random
sample of patient claims data, but rather a cohort that is
primarily drawn from large employers. Patients who are
self-insured and those insured through small and medium
employers are underrepresented, and those covered by
Medicare Advantage and traditional Medicare plans are
excluded. To avoid overestimating complication rates in
the transvenous cohort, multiple diagnostic and procedure
codes observed on the same or consecutive service dates
were treated as a single occurrence; however, these could
only have resulted in repeat occurrences to be undercounted
in some scenarios. Similarly, single complications with encounters on nonconsecutive service dates could be overcounted. Furthermore, it was not possible to deﬁnitively
associate every complication with the pacemaker implant.
Some complications may have wrongly been attributed to
pacemaker implants, and others may not have been identiﬁed if unanticipated claims codes were used. Finally, the
severity of a complication could not be ascertained, as there
is not a systematic way to identify cases requiring surgical
management.
Another limitation of the analysis is lack of speciﬁc data
on atrial ﬁbrillation in the TVP cohort. Insurance claims do
not distinguish between AF of different severities. Therefore,
the distribution of various severities of AF may not have been
the same between the matched TVP and LCP groups.
Limitations related to comparison of the 2 data sets
include the differing deﬁnitions of complications and
different types of complications that can occur with the
different pacemaker systems. The LEADLESS II study
included complications deemed serious by an independent
committee. The TVP complications were not adjudicated
and could have included both more and less severe events.
One can only be sure that patients experiencing these complications had active encounters with the medical system, and
the encounters resulted in the ﬁling of insurance claims.
Furthermore, since the LEADLESS II study was a clinical
trial, it may have had more experienced implanters operating
at academic centers and research hospitals as compared with
TVP implanters from a full spectrum of US hospitals and
with varying degrees of experience. Despite these limitations,
the magnitude of the difference between complications in the
LCP and TVP groups suggests that future studies will
conﬁrm the advantage of leadless technology.

Conclusion
This propensity score–matched analysis of leadless pacemakers from the LEADLESS II IDE study and TVPs from
the MarketScan claims database suggests that leadless
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pacemakers are associated with signiﬁcant reduction in overall short- and mid-term complications, particularly among infectious, pocket-related, and lead-related events, but can be
accompanied by more pericardial effusions, which are uncommon but may be serious enough to require surgery. Additional data about the long-term risk and complication proﬁle
of these devices are needed.

Appendix
Supplementary data
Supplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.hrthm.2018.
04.022.

References
1. Mond HG, Proclemer A. The 11th world survey of cardiac pacing and implantable cardioverter-deﬁbrillators: calendar year 2009—a World Society of Arrhythmia’s project. Pacing Clin Electrophysiol 2011;34:1013–1027.
2. Kirkfeldt RE, Johansen JB, Nohr EA, Jorgensen OD, Nielsen JC. Complications
after cardiac implantable electronic device implantations: an analysis of a complete, nationwide cohort in Denmark. Eur Heart J 2014;35:1186–1194.
3. Udo EO, Zuithoff NP, van Hemel NM, de Cock CC, Hendriks T,
Doevendans PA, Moons KG. Incidence and predictors of short- and long-term
complications in pacemaker therapy: the FOLLOWPACE study. Heart Rhythm
2012;9:728–735.
4. Tobin K, Stewart J, Westveer D, Frumin H. Acute complications of permanent
pacemaker implantation: their ﬁnancial implication and relation to volume and
operator experience. Am J Cardiol 2000;85:774–776, A9.
5. Al-Mohaissen MA, Chan KL. Prevalence and mechanism of tricuspid regurgitation following implantation of endocardial leads for pacemaker or cardioverterdeﬁbrillator. J Am Soc Echocardiogr 2012;25:245–252.
6. Hauser RG, Hayes DL, Kallinen LM, Cannom DS, Epstein AE, Almquist AK,
Song SL, Tyers GF, Vlay SC, Irwin M. Clinical experience with pacemaker pulse
generators and transvenous leads: an 8-year prospective multicenter study. Heart
Rhythm 2007;4:154–160.
7. Johansen JB, Jorgensen OD, Moller M, Arnsbo P, Mortensen PT, Nielsen JC.
Infection after pacemaker implantation: infection rates and risk factors associated
with infection in a population-based cohort study of 46299 consecutive patients.
Eur Heart J 2011;32:991–998.
8. Reddy VY, Exner DV, Cantillon DJ, et al. Percutaneous implantation of an
entirely intracardiac leadless pacemaker. N Engl J Med 2015;373:1125–1135.

Heart Rhythm, Vol 15, No 7, July 2018
9. Reynolds D, Duray GZ, Omar R, et al. A Leadless intracardiac transcatheter
pacing system. N Engl J Med 2016;374:533–541.
10. Reddy VY, Knops RE, Sperzel J, et al. Permanent leadless cardiac pacing: results
of the LEADLESS trial. Circulation 2014;129:1466–1471.
11. Knops RE, Tjong FV, Neuzil P, et al. Chronic performance of a leadless cardiac
pacemaker: 1-year follow-up of the LEADLESS trial. J Am Coll Cardiol 2015;
65:1497–1504.
12. Ritter P, Duray GZ, Steinwender C, et al. Early performance of a miniaturized
leadless cardiac pacemaker: the Micra Transcatheter Pacing Study. Eur Heart J
2015;36:2510–2519.
13. Miller MA, Neuzil P, Dukkipati SR, Reddy VY. Leadless cardiac pacemakers:
back to the future. J Am Coll Cardiol 2015;66:1179–1189.
14. Truven Health MarketScanÒ Research Databases. Truven Health Analytics;
2018. Available at: https://truvenhealth.com/markets/life-sciences/products/
data-tools/marketscan-databases. Accessed May 23, 2018.
15. Therneau T. A Package for Survival Analysis in S. R package version 2.41-3;
2018. Available at: https://cran.r-project.org/web/packages/survival/index.html.
Accessed May 23, 2018.
16. Ho DE, Imai K, King G, Stuart EA. MatchIt: nonparametric preprocessing for
parametric causal inference. J Stat Softw 2011;42.
17. Heinze G, Ploner M, Dunkler D. coxphw: weighted estimation in Cox regression.
R package version 4.0.1; 2018. Available at: https://www.jstatsoft.org/article/
view/v084i02/v84i02.pdf. Accessed May 23, 2018.
18. Ellenbogen KA, Hellkamp AS, Wilkoff BL, Camunas JL, Love JC, Hadjis TA,
Lee KL, Lamas GA. Complications arising after implantation of DDD pacemakers: the MOST experience. Am J Cardiol 2003;92:740–741.
19. Wiegand UK, Bode F, Bonnemeier H, Eberhard F, Schlei M, Peters W. Longterm complication rates in ventricular, single lead VDD, and dual chamber pacing.
Pacing Clin Electrophysiol 2003;26:1961–1969.
20. Chauhan A, Grace AA, Newell SA, Stone DL, Shapiro LM, Schoﬁeld PM,
Petch MC. Early complications after dual chamber versus single chamber pacemaker implantation. Pacing Clin Electrophysiol 1994;17:2012–2015.
21. Greenspon AJ, Patel JD, Lau E, Ochoa JA, Frisch DR, Ho RT, Pavri BB,
Kurtz SM. Trends in permanent pacemaker implantation in the United States
from 1993 to 2009: increasing complexity of patients and procedures. J Am
Coll Cardiol 2012;60:1540–1545.
22. Moazzami K, Dolmatova E, Mazza V, Klapholz M, Waller A. Trends in cardiac
tamponade among recipients of permanent pacemakers in the United States: 2008
to 2012. J Am Coll Cardiol 2016;67:776.
23. Cano O, Andres A, Alonso P, Osca J, Sancho-Tello MJ, Olague J, MartinezDolz L. Incidence and predictors of clinically relevant cardiac perforation associated with systematic implantation of active-ﬁxation pacing and deﬁbrillation
leads: a single-centre experience with over 3800 implanted leads. Europace
2017;19:96–102.
24. Buiten MS, van der Heijden AC, Schalij MJ, van Erven L. How adequate are the
current methods of lead extraction? A review of the efﬁciency and safety of
transvenous lead extraction methods. Europace 2015;17:689–700.

